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User equipment determines to send first uplink control information
on a first PUCCH and in a subframe i, where the first uplink control
information includes at least one of channel state information CSI, a /\§IO]

hybrid automatic repeat request-acknowledgment
HARQ-ACK, or a scheduling request SR

-

The user equipment determines transmit power for sending the first
uplink control information on the first PUCCH and in the subframe
i, where the transmit power is a sum of a basc power adjustment
value and any one of a first power adjustment value, a second power /1*/3102
adjustment value, a third power adjustment value, a fourth power
adjustment value, or a fifth power adjustment value

I

The user equipment sends the first uplink control information on the
first PUCCH by using power that is not greater than the transmit /\§I a3
power

(57) Abrégé/Abstract:

Embodiments of the present invention provide a power control method and apparatus for an uplink control channel. The method
includes: determining, by user equipment, to send first uplink control information on a first PUCCH and in a subframe ' ;
determining transmit power for sending the first uplink control information on the first PUCCH and in the subframe '; and sending
the first uplink control information on the first PUCCH by using power that is not greater than the transmit power. In the
embodiments of the present invention, the transmit power is determined by using a sum of a base power adjustment value and any
one of a first power adjustment value determined according to a quantity of bits of the first uplink control information, a second
power adjustment value determined according to the quantity of the bits of the first uplink control information and a quantity of
resources of the first PUCCH, or a third power adjustment value, a fourth power adjustment value, or a fifth power adjustment
value that is determined according to a ratio of the quantity of the bits of the first uplink control information to the quantity of the
resources of the first PUCCH. Therefore, a method for determining the transmit power is provided.
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ABSTRACT

Embodiments of the present invention provide a power control method and

apparatus for an uplink control channel. The method includes: determining, by user

equipment, to send first uplink control information on a first PUCCH and in a subframe 1;

determining transmit power for sending the first uplink control information on the first

PUCCH and in the subframe ! ; and sending the first uplink control information on the first

PUCCH by using power that is not greater than the transmit power. In the embodiments of the
present invention, the transmit power is determined by using a sum of a base power
adjustment value and any one of a first power adjustment value determined according to a
quantity of bits of the first uplink control information, a second power adjustment value
determined according to the quantity of the bits of the first uplink control information and a
quantity of resources of the first PUCCH, or a third power adjustment value, a fourth power
adjustment value, or a fifth power adjustment value that is determined according to a ratio of
the quantity of the bits of the first uplink control information to the quantity of the resources

of the first PUCCH. Therefore, a method for determining the transmit power is provided.
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POWER CONTROL METHOD AND APPARATUS FOR UPLINK

CONTROL CHANNEL

TECHNICAL FIELD

{0001} Embodiments of the present invention relate to the field of communications

technologies, and in particular, to a power control method and apparatus for an uplink control

channel.

BACKGROUND

[0002] In a Long Term Evolution (Long Term Evolution, LTE for short) system, service
transmission is based on scheduling by a network device. A basic time unit for scheduling is
one subframe. One subframe includes multiple time-domain symbols. A specific scheduling
process is: The network device configures multiple carriers for user equipment, where each
carrier includes at least one physical uplink shared channel (Physical Uplink Shared Channel,
PUSCH for short); the network device sends control information to the user equipment; the
user equipment sends, according to the control information and on a PUSCH indicated by the
network device, uplink data, uplink control information, or both uplink data and uplink
control information; in addition, one of the multiple carriers includes a physical uplink control
channel (Physical Uplink Control Channel, PUCCH for short), and the user equipment sends

uplink control information on the PUCCH.
[0003] In the prior art, transmit power P"UCCH(I) for sending, by user equipment, uplink
control information on a PUCCH and in a subframe I is determined according to a formula

(1):

P (l) _ min PCMAX,c (l), }
poeet By pucen + PL. + h("cle sMyaro Pk )+ Ag puccn (F ) +ALp(F)+g (i ) ),

where
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P i) . ) . . P )
emaxe () is maximum transmit power of the user equipment; ~O-PUCCH s a value
2

configured for the user equipment by a network device by using higher layer signaling, and is

used to describe target receive power of a PUCCH; PLc s a path loss that is estimated by the
user equipment and that is of a downlink of a cell ¢ in which the PUCCH is located; Micor "

Mriaro ,and st are respectively quantities of bits of a CQI, a HARQ-ACK, and an SR that
are to be fed back by the user equipment, where a total of the quantities of bits of the CQI, the

HARQ-ACK, and the SR that are to be fed back by the user equipment is not greater than 22

. Fy . .
bits; Arpueen(F) g one of power offset values that are configured for the user equipment by

the network device and that are of a format of a current PUCCH relative to a second PUCCH

format; 2mpU™) is a power adjustment value that is configured for the user equipment by

the network device and that is used when the PUCCH in a first PUCCH format uses

multi-antenna transmit diversity; and g(’) is a power adjustment value that is in the
subframe 7 and that is configured for the user equipment by the network device by using

physical layer signaling.
M 1 PPUSCHc(i) H 3
[0004] In the prior art, transmit power : for sending, by the user equipment,

information on a PUSCH of a cell ¢ and in the subframe I is determined according to a
formula (2) and a formula (3):

when the user equipment sends information simultaneously on the PUSCH and the

PUCCH:
Pryscne(i) = min{Pc“’“‘(")’ . o N }
| 1010g,(Mpgscne () + Po puscns (D + @) PL + Are D+ O] oy o1
when the user equipment sends information not simultaneously on the PUSCH and
the PUCCH:

Prgsene () = min{

10 lOglo (PCMAX,c(i) - PPUCCH (l)) s
1 0 lOglO(MPUSCH,c (l)) + PO_PUSCH,c (j) + ac (J) ’ PLc + ATF,c (1) + fc (1) (3)

[0005] The current channel format of the PUCCH is any one of a PUCCH format 1, la,

1b, 2, 2a, 2b, or 3. Herein, it is defined that the first PUCCH format is different from any one
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of the PUCCH format 1, la, 1b, 2, 2a, 2b, or 3, the second PUCCH format is the PUCCH
format 1a, and a third PUCCH format is different from the first PUCCH format and different
from any one of the PUCCH format 1, la, 1b, 2, 2a, 2b, or 3. For a PUCCH in the first
PUCCH format or the third PUCCH format, the user equipment is incapable of determining,
according to transmit power used for sending information on an existing PUSCH or PUCCH,
transmit power for sending information on the PUCCH in the first PUCCH format or the third
PUCCH format.

SUMMARY

[0006] Embodiments of the present invention provide a power control method and
apparatus for an uplink control channel, so as to determine transmit power for sending
information on a PUCCH in a first PUCCH format.
[0007] A first aspect provides a power control method for an uplink control channel,
including:

determining, by user equipment, to send first uplink control information on a first

PUCCH and in a subframe , where the first uplink control information includes at least one

of channel state information CSI, a hybrid automatic repeat request-acknowledgment
HARQ-ACK, or a scheduling request SR;

determining, by the user equipment, transmit power for sending the first uplink

control information on the first PUCCH and in the subframe !, where the transmit power is a
sum of a base power adjustment value and any one of a first power adjustment value, a second
power adjustment value, a third power adjustment value, a fourth power adjustment value, or
a fifth power adjustment value; and

sending, by the user equipment, the first uplink control information on the first
PUCCH by using power that is not greater than the transmit power, where

the first power adjustment value is a power adjustment value determined by the
user equipment according to a quantity of bits of the first uplink control information, the

second power adjustment value is a power adjustment value determined by the user
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equipment according to the quantity of the bits of the first uplink control information and a
quantity of resources of the first PUCCH, the third power adjustment value is a power
adjustment value determined by the user equipment according to the quantity of the resources
of the first PUCCH and a ratio of the quantity of the bits of the first uplink control
information to the quantity of the resources of the first PUCCH, the fourth power adjustment
value is a power adjustment value determined by the user equipment according to the quantity
of the resources of the first PUCCH, and the fifth power adjustment value is a power
adjustment value determined by the user equipment according to the quantity of the resources
of the first PUCCH and a ratio of a quantity of bits of second uplink control information to a
quantity of resources occupied on the first PUCCH by the second uplink control information,
or the fifth power adjustment value is a power adjustment value determined by the user
equipment according to the quantity of the resources of the first PUCCH and a ratio of a
quantity of bits of second uplink control information to the quantity of the resources of the
first PUCCH, where the second uplink control information is a subset of the first uplink

control information; and

the base power adjustment value includes a sum of Fo_puccn and PLC, or the

a,-PL

. . P
base power adjustment value includes a sum of ~OPUCCH  and «, where

P . . .
OPUCCH s a value configured for the user equipment by the network device by

using higher layer signaling;

Ple is a path loss that is determined by the user equipment and that is of a

downlink of a cell ¢ in which the first PUCCH is located; and

% s a path loss factor that is configured for the user equipment by the network
device and that is of the cell ¢ in which the first PUCCH is located.
[0008] With reference to the first aspect, in a first possible implementation of the first
aspect, the quantity of the bits of the first uplink control information includes a quantity of
bits of a cyclic redundancy code CRC corresponding to the first uplink control information,
and the quantity of the bits of the second uplink control information includes a quantity of bits

of a cyclic redundancy code CRC corresponding to the second uplink control information.
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[0009] With reference to the first aspect or the first possible implementation of the first
aspect, in a second possible implementation of the first aspect, the first PUCCH is in a first
physical uplink control channel PUCCH format, and the PUCCH in the first PUCCH format
is characterized in that:

the PUCCH occupies at least one RB, and in a case of a normal cyclic prefix, only
one time-domain symbol in the middle of each timeslot corresponding to the PUCCH bears a
demodulation reference signal, or two time-domain symbols in each timeslot bear a
demodulation reference signal, or in a case of an extended cyclic prefix, the third time-domain
symbol in each timeslot bears a demodulation reference signal; or

the PUCCH is capable of encoding the first uplink control information according
to a convolutional code encoding manner; or

a maximum quantity of bits that are of the first uplink control information and that
the PUCCH is capable of bearing is greater than 22.
[0010] With reference to any one of the first aspect to the second possible implementation

of the first aspect, in a third possible implementation of the first aspect, if a quantity of RBs

occupied by the first PUCCH is not greater than N, , the transmit power for sending, by the
user equipment, the first uplink control information on the first PUCCH and in the subframe
I is a sum of the first power adjustment value and the base power adjustment value, or the

transmit power is a sum of the second power adjustment value and the base power adjustment

value; or

if a quantity of RBs occupied by the first PUCCH is greater than N“, the transmit

power for sending, by the user equipment, the first uplink control information on the first

PUCCH and in the subframe ! is a sum of the third power adjustment value and the base

power adjustment value, where

Ni is1,2,3, or 4.
[0011] With reference to any one of the first aspect to the third possible implementation of

the first aspect, in a fourth possible implementation of the first aspect, the quantity of the

K

resources of the first PUCCH is “ #, a quantity of modulation symbols occupied by the first
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PUCCH; or
the quantity of the resources of the first PUCCH is Q', a quantity of bits
_ . . Q'=Kp: *0
corresponding to modulation symbols occupied by the first PUCCH, where RE =m

and O is a modulation order used by the user equipment for sending the first uplink control

information on the first PUCCH; or

. . MPU(‘('H (l) .
the quantity of the resources of the first PUCCH is ' #» , a quantity of RBs
included in the first PUCCH; and
the quantity of the resources occupied on the first PUCCH by the second uplink

control information is Mzs , a quantity of modulation symbols occupied on the first PUCCH
by the second uplink control information; or

the quantity of the resources occupied on the first PUCCH by the second uplink

13
control information is < , a quantity of bits corresponding to modulation symbols occupied

"_ * )
on the first PUCCH by the second uplink control information, where Q"= My *Q, , and
O isa modulation order used by the user equipment for sending the second uplink control
information on the first PUCCH.
[0012] With reference to any one of the first aspect to the fourth possible implementation

of the first aspect, in a fifth possible implementation of the first aspect, the first power

adjustment value determined according to the quantity of the bits of the first uplink control

h'(nb,., (i))

information is , where i @ indicates the quantity of the bits of the first uplink

control information sent on the first PUCCH; and

it M @ is not greater than 22, h'(n’"’ (i)): P , and 6.1sh< 8'76;

if o @ is greater than 22 and " @ s not greater than 64, h (n,,,, @ ): 5 , and

82<P <12.12.

it Mo (@ is greater than 64 and 1y (1) is not greater than 128, h'(n,,,, (i)): P3,

and 14SB<1724,
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R, ()= K, n, D+ K, 4o 0.05<K, <008 0 S<SK,<7

[0013] With reference to any one of the first aspect to the fourth possible implementation
of the first aspect, in a sixth possible implementation of the first aspect, the second power

adjustment value determined according to the quantity of the bits of the first uplink control

h'(n,,,, (i), M 2VH (i))

b

5 information and the quantity of the resources of the first PUCCH is

where () indicates the quantity of the bits of the first uplink control information sent on

PUCCH

Pl .
the first PUCCH, My, () is the quantity of the RBs included in the first PUCCH, and a

h, (i MPUCCH . - PUCCH ¢+
(n"”(l)’ KB (l)) is determined by () ang Mas ()

value of
[0014] With reference to the sixth possible implementation of the first aspect, in a seventh

10 possible implementation of the first aspect,

R (1, (1), M " (i) = 10log o (M " (1)) + B'(n, () . where

when ME =1,

it ") s not greater than 22, H (7 (i)): P ,and 61sh< 8'76;

it i @) s greater than 22 and M () i not greater than 64, h (n”"’ (i)):P2,

15 and 82SB <1212,

if Mo (D) s greater than 64 and M () s not greater than 128, h ("bi:(i))= P3,

and 114<P <1724,

or

R (1, (D)= K, -1y D+ K, (pere 005K <008 g S<K, <7,
when M;;};CCH (l) — 2 :
20 it M) s not greater than 22, i (m, ()=P , and Ik < 8'4;

if o () is greater than 22 and My, () is not greater than 64, h (n”i'(i)):PZ,

and 68<P <10,

if () greater than 64 and M () i not greater than 128, h'(nbit(i)): P3,
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and 3SR <126

if () g greater than 128 and (D) s not greater than 256, B (my, (D) = P4,

and 10:6< P <177 “or

B (1, (D))= K 1, () + Ky here

0.02<K,£0.04 _and 55<K,<75
[0015] With reference to any one of the first aspect to the fourth possible implementation
of the first aspect, in an eighth possible implementation of the first aspect, the second power

adjustment value determined according to the quantity of the bits of the first uplink control

B (', 0, Mg ()

2

information and the quantity of the resources of the first PUCCH is

where 5 indicates a quantity of bits obtained by subtracting the quantity of the bits of

the cyclic redundancy code CRC corresponding to the second uplink control information from

PUCCH ¢+
the quantity of the bits of the second uplink control information, My " () s the quantity

' ' » PUCCH 4 -
of the RBs included in the first PUCCH, and a value of h (n o (D) My (l)) is determined
by n'bil (l) and MII{)I[;CCH (l) .

[0016] With reference to the eighth possible implementation of the first aspect, in a ninth

possible implementation of the first aspect,

(1 (0, M3 ()= 1010 o (Mg D)+ H (1 (D) here

M @iy =1 0, @) =Koy, )+ K, 0.05< K, <0.08

when , where

and —165K,<-0.7.

MY (iy=2 Ky, () =K xn,, ()+ K, 0.03< K, <0.05

when , where

and —03<K, <05

[0017] With reference to the eighth possible implementation of the first aspect, in a tenth

possible implementation of the first aspect,

(', (0, MY () =10l0g, M D)+ H T D) yhere when Min " (=1

>

B, () =K, x (1, (i) +8) + K 0.05<K, <0075 , 4 -22<K,<-L1, .

2, where
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when M (1) =2 , H(ny, (D) =K x (), () +8)+ K, where

0.03<K;<0.08 .4 —0.6<K,<0.1

[0018] With reference to any one of the first aspect to the fourth possible implementation
of the first aspect, in an eleventh possible implementation of the first aspect, the third power
adjustment value determined according to the quantity of the resources of the first PUCCH

and the ratio of the quantity of the bits of the first uplink control information to the quantity of

PUCCH

the resources of the first PUCCH is k(m(i), My (7)) , where m(i) indicates the ratio of

the quantity of the bits of the first uplink control information sent by the user equipment on

the first PUCCH to the quantity of the resources of the first PUCCH, and a value of
k(m(i). M (i) is determined by m() and My @
[0019] With reference to the eleventh possible implementation of the first aspect, in a

twelfth possible implementation of the first aspect, when the quantity of the resources of the

first PUCCH is M (@) , the quantity of the RBs included in the first PUCCH,
K(m(i), Mgy " (1)) = 1010g, (M (D) + 4" (D) pere
when M W (@)=1 :
it M) s not greater than 22, g'(m(D))= P‘, and O-15H £8.76;
if M) is greater than 22 and m(i) s not greater than 64, q'(m(i))=P2’ and

82<P <1212,

if m(i) is greater than 64 and m(i) is not greater than 128, q'(m(i)): P3, and
114<P £17.24; or

q'(m@)=K,-m@)+ K, yhere 005SK <008 g S<K, <7, o

when M w o (0)=2 :

it M) s not greater than 22, q'(m(i))= P , and 39shs 8'4;

if M0 s greater than 22 and m(i) s not greater than 64, q'(m(i))=P2, and
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6.8<P,<10.

b

it M s greater than 64 and m() s not greater than 128, q'(m(i))= P3, and

8<P, <126,

it M) s greater than 128 and ™) is not greater than 256, q'(m)=F, , and
106<P <177, o,
q'(m@)=K,-mi)+K, where 0:02<K <004 .4 555K,<75

[0020] With reference to the eleventh possible implementation of the first aspect, in a

thirteenth possible implementation of the first aspect, when the quantity of the resources of
the first PUCCH is KRE, the quantity of the modulation symbols occupied by the first
pucch, kOm(i), My (D) =10logi, (M " () +4'(m() | ypere

My =1 q(m®)=K -mih+K,

when where 8<K =11 , and
S5<K,<T.

when Mis (D=2 q'(m@)=K,-mi)+ K, pere 855K <105 g
6<K,<8

[0021] With reference to any one of the first aspect to the fourth possible implementation
of the first aspect, in a fourteenth possible implementation of the first aspect, the determining
the third power adjustment value according to the quantity of the resources of the first
PUCCH and the ratio of the quantity of the bits of the first uplink control information to the
quantity of the resources of the first PUCCH includes:

determining the third power adjustment value according to a ratio of the quantity

KRI:’, the quantity of the modulation

of the bits of the first uplink control information to
symbols occupied by the first PUCCH, where the third power adjustment value is

JCCH /+ s'BPRE PUCC CH (7
IOlOg‘O(M’l‘)’{‘MH(l)HlOlOg‘O((zK‘ o _l)ﬁ”]ﬁg‘f’w), where M " (i) is the quantity of

the RBs included in the first PUCCH, BPRE is the ratio of the quantity of the bits of the

10
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K

first uplink control information to ™ &:, the quantity of the modulation symbols occupied by

PUCCH
the first PUCCH, Pogsa is a value configured for the user equipment by the network

device by using higher layer signaling, and K5 is a value configured for the user equipment
by the network device by using higher layer signaling.

[0022] With reference to any one of the fourteenth possible implementation of the first

ﬂPl./('(‘,H
ot s a parameter used

aspect, in a fifteenth possible implementation of the first aspect,
to determine a quantity of modulation symbols in a PUSCH resource that are occupied when
first-type uplink control information is sent on a PUSCH, where the first-type uplink control
information is any one of the following:

a channel quality indicator CQI and/or a precoding matrix indicator PMI;

a hybrid automatic repeat request HARQ-ACK; or

arank indication RI; and

if the first uplink control information includes the HARQ-ACK or the RI, the
first-type uplink control information is the HARQ-ACK or the RI; or if the first uplink control
information does not include the HARQ-ACK and the RI, the first-type uplink control
information is the CQI and/or the PMI.
[0023] With reference to any one of the first aspect to the fourth possible implementation
of the first aspect, in a sixteenth possible implementation of the first aspect, the fourth power

adjustment value determined according to the quantity of the resources of the first PUCCH is

PUCCH g+ Cl .
1010g,(M g (l)), where M i () is the quantity of the RBs included in the first

PUCCH.

[0024] With reference to any one of the first aspect to the fourth possible implementation
of the first aspect, in a seventeenth possible implementation of the first aspect, the fifth power
adjustment value determined according to the quantity of the resources of the first PUCCH
and the ratio of the quantity of the bits of the second uplink control information to the
quantity of the resources occupied on the first PUCCH by the second uplink control
information or the fifth power adjustment value determined according to the quantity of the

resources of the first PUCCH and the ratio of the quantity of the bits of the second uplink

11



10

15

20

25

CA 02999587 2018-03-22

. PUCCH ;-
control information to the quantity of the resources of the first PUCCH is R(r(D), My (i)

2

where ") indicates the ratio of the quantity of the bits of the second uplink control

information to the quantity of the resources occupied on the first PUCCH by the second
uplink control information or the ratio of the quantity of the bits of the second uplink control
information to the quantity of the resources of the first PUCCH, and a value of
R(r(@), My, () is determined by 7 @ and M " @,
[0025] With reference to the first aspect or the first possible implementation of the first
aspect, in an eighteenth possible implementation of the first aspect, the first PUCCH is in a
third physical uplink control channel PUCCH format, and the PUCCH in the third PUCCH
format is characterized in that:

the PUCCH occupies one RB, and in a case of a normal cyclic prefix, only one
time-domain symbol in the middle of each timeslot corresponding to the PUCCH bears a
demodulation reference signal, or in a case of an extended cyclic prefix, the third time-domain
symbol in each timeslot bears a demodulation reference signal, where uplink control
information of at least two user equipments is capable of being sent on the PUCCH by means
of code division; or

the PUCCH is capable of encoding the first uplink control information according
to a convolutional code encoding manner; or

a maximum quantity of bits that are of the first uplink control information and that
the PUCCH is capable of bearing is greater than 22.
[0026] With reference to any one of the first aspect or the first or the eighteenth possible

implementation of the first aspect, in a nineteenth possible implementation of the first aspect,

the first power adjustment value determined according to the quantity of the bits of the first

uplink control information is k' (ny, () , where i ) indicates the quantity of the bits of
the first uplink control information sent on the first PUCCH; and

K(n,())=K, n, )+ K 0.08<K <0.12 , 4 -37<K,<-27

2 where
[0027] With reference to any one of the first aspect or the first or the eighteenth possible

implementation of the first aspect, in a twentieth possible implementation of the first aspect,
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the third power adjustment value determined according to the quantity of the resources of the

first PUCCH and the ratio of the quantity of the bits of the first uplink control information to

10 loglo ((ZKS-BI’RE _ 1) ﬂPU('CH

the quantity of the resources of the first PUCCH is offset ) , where

BPRE s a ratio of the quantity of the bits of the first uplink control information to Kee | a

PUCCH

quantity of modulation symbols occupied by the first PUCCH, Pogie is a value configured

for the user equipment by the network device by using higher layer signaling, and Ks isa
value configured for the user equipment by the network device by using higher layer
signaling.

[0028] With reference to the twentieth possible implementation of the first aspect, in a

ﬂPU(‘('H
offvet is a parameter used to

twenty-first possible implementation of the first aspect,
determine a quantity of modulation symbols in a PUSCH resource that are occupied when
first-type uplink control information is sent on a PUSCH, where the first-type uplink control
information is any one of the following:

a channel quality indicator CQI and/or a precoding matrix indicator PMI;

a hybrid automatic repeat request HARQ-ACK; or

a rank indication RI; and

if the first uplink control information includes the HARQ-ACK or the RI, the
first-type uplink control information is the HARQ-ACK or the RI; or if the first uplink control

information does not include the HARQ-ACK and the RI, the first-type uplink control
information is the CQI and/or the PMI.

[0029] A second aspect provides a power control method for an uplink control channel,
including:

determining, by a network device, that user equipment is to send first uplink

control information on a first PUCCH and in a subframe !, where the first uplink control

information includes at least one of channel state information CSI, a hybrid automatic repeat
request-acknowledgment HARQ-ACK, or a scheduling request SR;

determining, by the network device, transmit power for sending, by the user
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equipment, the first uplink control information on the first PUCCH and in the subframe i,

where the transmit power is a sum of a base power adjustment value and any one of a first
power adjustment value, a second power adjustment value, a third power adjustment value, a
fourth power adjustment value, or a fifth power adjustment value; and

receiving, by the network device, the first uplink control information that is sent
by the user equipment on the first PUCCH by using power that is not greater than the transmit
power, where

the first power adjustment value is a power adjustment value determined by the
user equipment according to a quantity of bits of the first uplink control information, the
second power adjustment value is a power adjustment value determined by the user
equipment according to the quantity of the bits of the first uplink control information and a
quantity of resources of the first PUCCH, the third power adjustment value is a power
adjustment value determined by the user equipment according to the quantity of the resources
of the first PUCCH and a ratio of the quantity of the bits of the first uplink control
information to the quantity of the resources of the first PUCCH, the fourth power adjustment
value is a power adjustment value determined by the user equipment according to the quantity
of the resources of the first PUCCH, and the fifth power adjustment value is a power
adjustment value determined by the user equipment according to the quantity of the resources
of the first PUCCH and a ratio of a quantity of bits of second uplink control information to a
quantity of resources occupied on the first PUCCH by the second uplink control information,
or the fifth power adjustment value is a power adjustment value determined by the user
equipment according to the quantity of the resources of the first PUCCH and a ratio of a
quantity of bits of second uplink control information to the quantity of the resources of the
first PUCCH, where the second uplink control information is a subset of the first uplink

control information; and

the base power adjustment value includes a sum of Fo pucn and P Lv, or the

. . P .
base power adjustment value includes a sum of ~O-FUCCH and a, PL, , Where

Fo rueen is a value configured for the user equipment by the network device by
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using higher layer signaling;

Ple s a path loss that is determined by the user equipment and that is of a

downlink of a cell ¢ in which the first PUCCH is located; and

% isa path loss factor that is configured for the user equipment by the network
device and that is of the cell ¢ in which the first PUCCH is located.
[0030] With reference to the second aspect, in a first possible implementation of the
second aspect, the quantity of the bits of the first uplink control information includes a
quantity of bits of a cyclic redundancy code CRC corresponding to the first uplink control
information, and the quantity of the bits of the second uplink control information includes a
quantity of bits of a cyclic redundancy code CRC corresponding to the second uplink control
information.
[0031]  With reference to the second aspect or the first possible implementation of the
second aspect, in a second possible implementation of the second aspect, the first PUCCH is
in a first physical uplink control channel PUCCH format, and the PUCCH in the first PUCCH
format is characterized in that:

the PUCCH occupies at least one RB, and in a case of a normal cyclic prefix, only
one time-domain symbol in the middle of each timeslot corresponding to the PUCCH bears a
demodulation reference signal, or two time-domain symbols in each timeslot bear a
demodulation reference signal, or in a case of an extended cyclic prefix, the third time-domain
symbol in each timeslot bears a demodulation reference signal; or

the PUCCH is capable of encoding the first uplink control information according
to a convolutional code encoding manner; or

a maximum quantity of bits that are of the first uplink control information and that
the PUCCH is capable of bearing is greater than 22.
[0032] With reference to any one of the second aspect to the second possible

implementation of the second aspect, in a third possible implementation of the second aspect,

if a quantity of RBs occupied by the first PUCCH is not greater than N, , the transmit power

for sending, by the user equipment, the first uplink control information on the first PUCCH
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and in the subframe ! is a sum of the first power adjustment value and the base power

adjustment value, or the transmit power is a sum of the second power adjustment value and

the base power adjustment value; or

if a quantity of RBs occupied by the first PUCCH is greater than N, , the transmit

power for sending, by the user equipment, the first uplink control information on the first

PUCCH and in the subframe ! is a sum of the third power adjustment value and the base

power adjustment value, where

N. is1,2.3, or 4.

[0033] With reference to any one of the second aspect to the third possible

implementation of the second aspect, in a fourth possible implementation of the second aspect,

the quantity of the resources of the first PUCCH is K pe , a quantity of modulation symbols

occupied by the first PUCCH; or
the quantity of the resources of the first PUCCH is Q', a quantity of bits
. . . 0'=K,.*Q
corresponding to modulation symbols occupied by the first PUCCH, where RE m

and 9 is a modulation order used by the user equipment for sending the first uplink control

information on the first PUCCH; or

. . MPUC(,'H (l) .
the quantity of the resources of the first PUCCH is " #8 , a quantity of RBs
included in the first PUCCH; and

the quantity of the resources occupied on the first PUCCH by the second uplink

control information is My,

, a quantity of modulation symbols occupied on the first PUCCH
by the second uplink control information; or

the quantity of the resources occupied on the first PUCCH by the second uplink

LA .
control information is 0 , a quantity of bits corresponding to modulation symbols occupied

"__ * /)
on the first PUCCH by the second uplink control information, where Q"=Mp*0, , and

9n is a modulation order used by the user equipment for sending the second uplink control
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information on the first PUCCH.
[0034] With reference to any one of the second aspect to the fourth possible
implementation of the second aspect, in a fifth possible implementation of the second aspect,

the first power adjustment value determined according to the quantity of the bits of the first

uplink control information is h (n,,,., (l)), where i (@) indicates the quantity of the bits of

the first uplink control information sent on the first PUCCH; and
if Mo @ is not greater than 22, 4 (n’"" (i)) =P , and 6.1<h < 8'76;

if o) g greater than 22 and M (D) i not greater than 64, h'(”bn (i)):P2’

and 82<B <1212,

if My, (1) is greater than 64 and 1y, (7) is not greater than 128, h'(n,,,., (i))z P3,

and 1L4SP <1724

W(n,, ()= K, n,, ({)+K, 0.05<K,<0.08 , 4 5<K,<7

, where
[0035] With reference to any one of the second aspect to the fourth possible
implementation of the second aspect, in a sixth possible implementation of the second aspect,
the second power adjustment value determined according to the quantity of the bits of the first

uplink control information and the quantity of the resources of the first PUCCH is

' . PUCCH /» .
& (n”f’(l)’MRB (l)), where ") indicates the quantity of the bits of the first uplink

PUCCH 4.
control information sent on the first PUCCH, M7 () s the quantity of the RBs included

] ) - MPU('(‘H . . . .
in the first PUCCH, and a value of h (nb”(l)’ RB (Z)) is determined by My, (0) and

MPU('('H (l) ‘

RB
[0036] With reference to the sixth possible implementation of the second aspect, in a
seventh possible implementation of the second aspect,

'y (0, M (3)) =10 log, (M5 @) + B Om, (D)

when M) =1,

if M) s not greater than 22, h'(n,,,., (i)): P , and 61<h< 8'76;
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if () is greater than 22 and i (@) is not greater than 64, hv(n’"" (i)):PZ,

and 82SP <1212,

if (D) g greater than 64 and i @ s not greater than 128, K (n,, ()=

and 114<P, 317.24;01,

5 H(n,, (D)= K, -1, () + K 005<K, <008 .04 5<K, <7, .

2, where

when M re o (0)=2 :

it Mo @) is not greater than 22, h'(nbil(i)) = P‘, and S9sh < 8'4;

if M (D) is greater than 22 and M) i not greater than 64, h'(nbir (i))=

and 68<PB <10,

10 if (D g greater than 64 and @) s not greater than 128, h'(nb”(i)):

and 3SR <126,

2

if (1) is greater than 128 and My (7) is not greater than 256, h'(n,,,.,(i)) - P“,

and 106<P <177

K (1, ()= K, -1y (D + Ky pere 0.025K, <004 4 55<K,<7.5

15  [0037] With reference to any one of the second aspect to the fourth possible

implementation of the second aspect, in an eighth possible implementation of the second
aspect, the second power adjustment value determined according to the quantity of the bits of

the first uplink control information and the quantity of the resources of the first PUCCH is

7' (', (0, M ()

20  quantity of the bits of the cyclic redundancy code CRC corresponding to the second uplink

, where ! b D) indicates a quantity of bits obtained by subtracting the

control information from the quantity of the bits of the second uplink control information,

Ml’l/('('H . . . . N
o W) s the quantity of the RBs included in the first PUCCH, and a value of

' ' . PUCCH /- ' . C, .
h (n o (D M (l)) is determined by "y () and M }’;g“”(z).

[0038] With reference to the eighth possible implementation of the second aspect, in a
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ninth possible implementation of the second aspect,

(o ), M " (1)) = 1010, (M )+ (7', (D) here

MPVCCH () =1 , h@',, (@)=K,xn'y, (H)+K,

when Mrs . where 0-05<K,<0.08
and —1-05K, 3—0.7; or

when M (=2 K@, @)=Kxn O+K, oo 003<K <005
and —0-3<K,<05

[0039] With reference to the eighth possible implementation of the second aspect, in a

tenth possible implementation of the second aspect,

hv (nvb” (i)oM{e)gCCH (l)): 10 loglo(MI};/(*oH (1)) + hv(nvb” (l)) , Where When M[[;}(}/('(.‘H (l) — 1

*

B ()= K x (1 D+ )+ Ky pere 005K <0075 54 —22<K, <-11,

where

when M[I;;/(,‘(‘H (l) =2 , ' (I’l'b,, (1)) = Kl x (n'bn (l) + 8) + Kz

0.03<K, S0.08’ and —06<K,<0.1
[0040] With reference to any one of the second aspect to the fourth possible
implementation of the second aspect, in an eleventh possible implementation of the second

aspect, the third power adjustment value determined according to the quantity of the resources

of the first PUCCH and the ratio of the quantity of the bits of the first uplink control
. PUCCH (+
information to the quantity of the resources of the first PUCCH is k(m(@D), My " (1)) | where

m() indicates the ratio of the uantity of the bits of the first uplink control information sent
q
by the user equipment on the first PUCCH to the quantity of the resources of the first PUCCH,
. PUCCH . PUCCH g+
and a value of KM Mws (1) s determined by m(i) and Mw O

[0041] With reference to the eleventh possible implementation of the second aspect, in a

twelfth possible implementation of the second aspect, when the quantity of th¢ resources of
MPUC('VH(.) . . .

the first PUCCH is " #8 !) | the quantity of the RBs included in the first PUCCH,

Km(i), My () =1010g,o (M ™ (D) +4'0n(D) yhere

when M :ilf/CCH =1,
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it M) s not greater than 22, q'(m(i))= P ,and O1SH < 8'76;

it ") s greater than 22 and ™ s not greater than 64, q'(m(i))=Pz’ and

82<P,<12.12.

it M) s greater than 64 and ™) is not greater than 128, q'(m())= P3, and

5 11.4SP3S17.24;Or

q'(m())=K, - m(i)+K, 0.05<K, <008 , 4 5<K,<7.,

where

when M r o ()=2 :

it M) s not greater than 22, q'(m(i))=P1 , and 9P < 8'4;

it M) is greater than 22 and ™) is not greater than 64, q'(m(i))=P2, and

10 68<P <10,

b

it M) s greater than 64 and m() s not greater than 128, q'(m())= P3, and

8§<P <126,
if m(i) is greater than 128 and m(7) is not greater than 256, q'(m(i))= L , and
10.6<P, <177 - or
15 q'(m@))=K,-mi)+K, where 002<K <004 , 4 555K, <75

[0042] With reference to the eleventh possible implementation of the second aspect, in a

thirteenth possible implementation of the second aspect, when the quantity of the resources of

the first PUCCH is KRI:‘, the quantity of the modulation symbols occupied by the first

pUCCH, K0m(D), Mig<" (1)) = 10Tog,, (M () + a'm()_ypere

20 when Mi =1 ¢m®O)=K -mi)+K, ypere SSKiSIL = 4ng
S<K,<7.,
when Mis "()=2  qm@D)=K -m)+K, ypere 85K <105 o4
6<K,<8
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[0043] With reference to any one of the second aspect to the fourth possible
implementation of the second aspect, in a fourteenth possible implementation of the second
aspect, the determining the third power adjustment value according to the quantity of the
resources of the first PUCCH and the ratio of the quantity of the bits of the first uplink control
information to the quantity of the resources of the first PUCCH includes:

determining the third power adjustment value according to a ratio of the quantity

K

of the bits of the first uplink control information to ™%, the quantity of the modulation

symbols occupied by the first PUCCH, where the third power adjustment value is

PUCCH K¢ BPRE PUCCH .
10og,o (M () +10l0g,o (27 1) BEEY) 4 ME" @) ¢ the quantity of

the RBs included in the first PUCCH, BPRE is the ratio of the quantity of the bits of the

K

first uplink control information to &%, the quantity of the modulation symbols occupied by

PUCCH

the first PUCCH, Pogpe is a value configured for the user equipment by the network

device by using higher layer signaling, and Ks is a value configured for the user equipment
by the network device by using higher layer signaling.

[0044] With reference to any one of the fourteenth possible implementation of the second

ﬁPUCCH
ot is a parameter

aspect, in a fifteenth possible implementation of the second aspect,
used to determine a quantity of modulation symbols in a PUSCH resource that are occupied
when first-type uplink control information is sent on a PUSCH, where the first-type uplink
control information is any one of the following:

a channel quality indicator CQI and/or a precoding matrix indicator PMI;

a hybrid automatic repeat request HARQ-ACK; or

a rank indication RI; and

if the first uplink control information includes the HARQ-ACK or the RI, the
first-type uplink control information is the HARQ-ACK or the RI; or if the first uplink control
information does not include the HARQ-ACK and the RI, the first-type uplink control
information is the CQI and/or the PMI.

[0045] With reference to any one of the second aspect to the fourth possible
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implementation of the second aspect, in a sixteenth possible implementation of the second

aspect, the fourth power adjustment value determined according to the quantity of the

10log,o (M, (1)) , where M " (0) is the quantity of

resources of the first PUCCH is
the RBs included in the first PUCCH.

[0046] With reference to any one of the second aspect to the fourth possible
implementation of the second aspect, in a seventeenth possible implementation of the second
aspect, the fifth power adjustment value determined according to the quantity of the resources
of the first PUCCH and the ratio of the quantity of the bits of the second uplink control
information to the quantity of the resources occupied on the first PUCCH by the second
uplink control information or the fifth power adjustment value determined according to the
quantity of the resources of the first PUCCH and the ratio of the quantity of the bits of the

second uplink control information to the quantity of the resources of the first PUCCH is

. PUCCH + .
RGr(@), Mps " (D) where ") indicates the ratio of the quantity of the bits of the second

uplink control information to the quantity of the resources occupied on the first PUCCH by
the second uplink control information or the ratio of the quantity of the bits of the second
uplink control information to the quantity of the resources of the first PUCCH, and a value of
R(r(i), M (i)

. PUCCH /+
is determined by ") and Mw @,

[0047] With reference to the second aspect or the first possible implementation of the
second aspect, in an eighteenth possible implementation of the second aspect, the first
PUCCH is in a third physical uplink control channel PUCCH format, and the PUCCH in the
third PUCCH format is characterized in that:

the PUCCH occupies one RB, and in a case of a normal cyclic prefix, only one
time-domain symbol in the middle of each timeslot corresponding to the PUCCH bears a
demodulation reference signal, or in a case of an extended cyclic prefix, the third time-domain
symbol in each timeslot bears a demodulation reference signal, where uplink control
information of at least two user equipments is capable of being sent on the PUCCH by means
of code division; or

the PUCCH is capable of encoding the first uplink control information according

to a convolutional code encoding manner; or
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a maximum quantity of bits that are of the first uplink control information and that
the PUCCH is capable of bearing is greater than 22.
[0048] With reference to any one of the second aspect or the first or the eighteenth
possible implementation of the second aspect, in a nineteenth possible implementation of the

second aspect, the first power adjustment value determined according to the quantity of the

bits of the first uplink control information is k'(n,, (1)) , where b () indicates the quantity
of the bits of the first uplink control information sent on the first PUCCH; and
K (n, (D)= K, -1, (i) + K

2 where 0-08<K <0.12 .4 —-3.7<K,<-2.7

[0049] With reference to any one of the second aspect or the first or the eighteenth
possible implementation of the second aspect, in a twentieth possible implementation of the
second aspect, the third power adjustment value determined according to the quantity of the
resources of the first PUCCH and the ratio of the quantity of the bits of the first uplink control
information to the quantity of the resources of the first PUCCH is

Ky BPRE 1\ pPUCCH
lOloglo((2 1) Poge ) , where BPRE is a ratio of the quantity of the bits of the first

uplink control information to K # , a quantity of modulation symbols occupied by the first
ﬂI’U('CH

PUCCH, "«  is a value configured for the user equipment by the network device by

using higher layer signaling, and Ks is a value configured for the user equipment by the

network device by using higher layer signaling.

[0050] With reference to the twentieth possible implementation of the second aspect, in a

IBP(]('('H
offset 1S a parameter used to

twenty-first possible implementation of the second aspect,
determine a quantity of modulation symbols in a PUSCH resource that are occupied when
first-type uplink control information is sent on a PUSCH, where the first-type uplink control
information is any one of the following:

a channel quality indicator CQI and/or a precoding matrix indicator PMI;

a hybrid automatic repeat request HARQ-ACK; or

a rank indication RI; and

if the first uplink control information includes the HARQ-ACK or the RI, the
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first-type uplink control information is the HARQ-ACK or the RI; or if the first uplink control
information does not include the HARQ-ACK and the RI, the first-type uplink control
information is the CQI and/or the PMI.

[0051] A third aspect provides user equipment, including:

a first processing unit, configured to: determine that first uplink control
information is to be sent on a first PUCCH and in a subframe !, where the first uplink

control information includes at least one of channel state information CSI, a hybrid automatic
repeat request-acknowledgment HARQ-ACK, or a scheduling request SR; determine transmit

power for sending the first uplink control information on the first PUCCH and in the

subframe I, where the transmit power is a sum of a base power adjustment value and any

one of a first power adjustment value, a second power adjustment value, a third power
adjustment value, a fourth power adjustment value, or a fifth power adjustment value; and

a sending unit, configured to send the first uplink control information on the first
PUCCH by using power that is not greater than the transmit power, where

the first power adjustment value is a power adjustment value determined by the
user equipment according to a quantity of bits of the first uplink control information, the
second power adjustment value is a power adjustment value determined by the user
equipment according to the quantity of the bits of the first uplink control information and a
quantity of resources of the first PUCCH, the third power adjustment value is a power
adjustment value determined by the user equipment according to the quantity of the resources
of the first PUCCH and a ratio of the quantity of the bits of the first uplink control
information to the quantity of the resources of the first PUCCH, the fourth power adjustment
value is a power adjustment value determined by the user equipment according to the quantity
of the resources of the first PUCCH, and the fifth power adjustment value is a power
adjustment value determined by the user equipment according to the quantity of the resources
of the first PUCCH and a ratio of a quantity of bits of second uplink control information to a
quantity of resources occupied on the first PUCCH by the second uplink control information,
or the fifth power adjustment value is a power adjustment value determined by the user

equipment according to the quantity of the resources of the first PUCCH and a ratio of a
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quantity of bits of second uplink control information to the quantity of the resources of the
first PUCCH, where the second uplink control information is a subset of the first uplink

control information; and
the base power adjustment value includes a sum of Fo pucen and PLC, or the

base power adjustment value includes a sum of Fo pucen and % Pl , where

P . . .
OPUCCH s a value configured for the user equipment by the network device by

using higher layer signaling;

PLe is a path loss that is determined by the user equipment and that is of a

downlink of a cell ¢ in which the first PUCCH is located; and

% s a path loss factor that is configured for the user equipment by the network
device and that is of the cell ¢ in which the first PUCCH is located.
[0052] With reference to the third aspect, in a first possible implementation of the third
aspect, the quantity of the bits of the first uplink control information includes a quantity of
bits of a cyclic redundancy code CRC corresponding to the first uplink control information,
and the quantity of the bits of the second uplink control information includes a quantity of bits
of a cyclic redundancy code CRC corresponding to the second uplink control information.
[0053] With reference to the third aspect or the first possible implementation of the third
aspect, in a second possible implementation of the third aspect, the first PUCCH is in a first

physical uplink control channel PUCCH format, and the PUCCH in the first PUCCH format

is characterized in that:

the PUCCH occupies at least one RB, and in a case of a normal cyclic prefix, only
one time-domain symbol in the middle of each timeslot corresponding to the PUCCH bears a
demodulation reference signal, or two time-domain symbols in each timeslot bear a
demodulation reference signal, or in a case of an extended cyclic prefix, the third time-domain
symbol in each timeslot bears a demodulation reference signal; or

the PUCCH is capable of encoding the first uplink control information according
to a convolutional code encoding manner; or

a maximum quantity of bits that are of the first uplink control information and that
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the PUCCH is capable of bearing is greater than 22.
[0054] With reference to any one of the third aspect to the second possible

implementation of the third aspect, in a third possible implementation of the third aspect, if a

quantity of RBs occupied by the first PUCCH is not greater than N, , the transmit power for
sending, by the user equipment, the first uplink control information on the first PUCCH and
in the subframe / is a sum of the first power adjustment value and the base power

adjustment value, or the transmit power is a sum of the second power adjustment value and

the base power adjustment value; or

if a quantity of RBs occupied by the first PUCCH is greater than N, , the transmit
power for sending, by the user equipment, the first uplink control information on the first
PUCCH and in the subframe ¢ is a sum of the third power adjustment value and the base

power adjustment value, where

N. is1,2,3, or 4.

[0055] With reference to any one of the third aspect to the third possible implementation

of the third aspect, in a fourth possible implementation of the third aspect, the quantity of the

resources of the first PUCCH is X , a quantity of modulation symbols occupied by the first

PUCCH; or
the quantity of the resources of the first PUCCH is Q', a quantity of bits
. : , 0'=Kp*0
corresponding to modulation symbols occupied by the first PUCCH, where RE=m

and O, is a modulation order used by the user equipment for sending the first uplink control

information on the first PUCCH; or

. MI’UC('H (1) .
the quantity of the resources of the first PUCCH is " =8 , a quantity of RBs
included in the first PUCCH; and

the quantity of the resources occupied on the first PUCCH by the second uplink

control information is s , a quantity of modulation symbols occupied on the first PUCCH

by the second uplink control information; or
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the quantity of the resources occupied on the first PUCCH by the second uplink

control information is € , a quantity of bits corresponding to modulation symbols occupied

on the first PUCCH by the second uplink control information, where Q"=My*0, , and

O isa modulation order used by the user equipment for sending the second uplink control
information on the first PUCCH.

[0056] With reference to any one of the third aspect to the fourth possible implementation
of the third aspect, in a fifth possible implementation of the third aspect, the first power
adjustment value determined according to the quantity of the bits of the first uplink control

h(

information is P (l)), where () indicates the quantity of the bits of the first uplink

control information sent on the first PUCCH; and

it ") s not greater than 22, K (n,, (1))= Pr ,and 0-1=H <876,

if Mo @) is greater than 22 and 1y, (1) is not greater than 64, h'(nbir (i))sz’

and 82<B <1212,

if () is greater than 64 and b @) is not greater than 128, h'(nbit(i)): P3’

and 114<P, 317.24;0r

' (n,, (i))=K, -n,, () + K, where 0-05SK <008 4 S<K,<7

[0057] With reference to any one of the third aspect to the fourth possible implementation
of the third aspect, in a sixth possible implementation of the third aspect, the second power

adjustment value determined according to the quantity of the bits of the first uplink control

. h. (i MPU('('H .
information and the quantity of the resources of the first PUCCH is (n””(l)’ 5 (1)),

where i @) indicates the quantity of the bits of the first uplink control information sent on

PUCCH [~
the first PUCCH, M " (D) is the quantity of the RBs included in the first PUCCH, and a

PUCCH

' - PUCCH . .
value of & (n””(l)’MRB (l)) is determined by M () and Mis ()
[0058] With reference to the sixth possible implementation of the third aspect, in a

seventh possible implementation of the third aspect,
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h '(nbit (D, M (i )) = 10log,, (M, (1)) + h'(m,, (1)) , where

when M e ()=1 :

if @ s not greater than 22, H(ny, ()= P ,and 6.1sh< 8'76;

it (D g greater than 22 and () i not greater than 64, h'(nbn (i))sz,

and 82<B <1212,

it 7@ g greater than 64 and @ s not greater than 128, h'(”bu(i)): P3’

and |14SP <1724,

B, (D)= K, 1y (D4 Ky gpore 0.05<K, <008 4 S<K, <7,

when M re o (D)=2 :

it P () is not greater than 22, d (n’"" (i))= P , and 5.9<h < 8'4;

if o () is greater than 22 and 1y, (1) is not greater than 64, h'(”fm (i))=Pz’

and 68<B <10,

it () g greater than 64 and b @ s not greater than 128, h'(nbit(i)): P3’

and 85 P <126,

it o () is greater than 128 and My (1) is not greater than 256, h'(”bu (i)) = P4,

and 106<P <177,

H(n,, ())=K, n,, @)+ K 0.02<K, <004 , 4 55<K,<75

2 where
[0059] With reference to any one of the third aspect to the fourth possible implementation
of the third aspect, in an eighth possible implementation of the third aspect, the second power

adjustment value determined according to the quantity of the bits of the first uplink control
. . hl t (i MP(/(.'('H .
information and the quantity of the resources of the first PUCCH is (n o (s My (l)) ,

where 5@ indicates a quantity of bits obtained by subtracting the quantity of the bits of

the cyclic redundancy code CRC corresponding to the second uplink control information from
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. . . . N PUCCH . B
the quantity of the bits of the second uplink control information, My " () s the quantity

[ [ - PUCCH 4+
of the RBs included in the first PUCCH, and a value of h (n b (D> M (l)) is determined

PUCCH

by "D ang M 0)
[0060] With reference to the eighth possible implementation of the third aspect, in a ninth

possible implementation of the third aspect,

(' 00, M (1)) = 1010, (M )+ B (0, () pore

when MA@ =1 KO, ()= K xny V4K, oo 005<K <008

and —16<K,<=07.

when Mu ()=2 K@, ))=Kxny O+K, (pere 003<K <0.05

and —0-35K, <05

[0061] With reference to the eighth possible implementation of the third aspect, in a tenth
possible implementation of the third aspect,
(1 ), M (1) = 10log o (M ™ () + K (, ()

PUCCH 1oy _
where when Mi (D=1

h'(n'hil ) =K, x@#', (H+8+K

s where 005<K <0075 4 —22<K,<-11, o

when M;:gCCH (=2 , @, () =K x(n', ) +8)+K,

where

0.03<K, <008 , 4 -06<K,<0.I

[0062] With reference to any one of the third aspect to the fourth possible implementation
of the third aspect, in an eleventh possible implementation of the third aspect, the third power
adjustment value determined according to the quantity of the resources of the first PUCCH

and the ratio of the quantity of the bits of the first uplink control information to the quantity of

. PUCCH ¢ » .
the resources of the first PUCCH is k(m(i), My~ (7)) , where m(i) indicates the ratio of
the quantity of the bits of the first uplink control information sent by the user equipment on

the first PUCCH to the quantity of the resources of the first PUCCH, and a value of
k(m(i), M (D) is determined by " and M " (@),

[0063] With reference to the eleventh possible implementation of the third aspect, in a
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twelfth possible implementation of the third aspect, when the quantity of the resources of the
. MPU(TH ( )

first PUCCH is ““rp ), the quantity of the RBs included in the first PUCCH,

K(m(i), My () = 101og,, (M3 " (D) + @'0MD)_pore

when MII:;KV(‘H (l) =1 .

5 it () s not greater than 22, q'(m(i))=P ,and 6155876,

if ™) is greater than 22 and () is not greater than 64, q'(m(i))zPZ, and

82< P <I12.12.

it M) g greater than 64 and m() s not greater than 128, q'(m())= P3, and

114<P <1724,
10 q'(mD)=K,-mi)+K, yhere 0-055K,<008 4 S<SK,<7.

when M w (D=2 :

it M) s not greater than 22, q'(m(i)) =P , and 59K 8‘4;

if M) is greater than 22 and ™) is not greater than 64, q'(m(i))=P2’ and

68<P <10,

b

15 it m0) g greater than 64 and m(i) s not greater than 128, q'(m@)= P3, and

8<P, <126,

if m(i) is greater than 128 and m(i) is not greater than 256, q'(m(i))= L, , and

10.6<P, <177,

q'(m@))=K,-m@i)+K, 0.02<K, <004 , 4 55<K,<75

where
20  [0064] With reference to the eleventh possible implementation of the third aspect, in a

thirteenth possible implementation of the third aspect, when the quantity of the resources of
the first PUCCH is KRE, the quantity of the modulation symbols occupied by the first

PUCCH
M

PUCCH, k(m(i), M, 7 (1)) =10log,, (szfgCCH (D) +4q'(m(D)) , where

30



10

15

20

25

CA 02999587 2018-03-22

when Mu =1 ¢m@)=K -m)+K, yhere SSKSII  gng

S<K,<7. .

when M )=2  ¢m®O)=K -mi)+K, ypere 855K <105 04

6<K,<8

[0065] With reference to any one of the third aspect to the fourth possible implementation
of the third aspect, in a fourteenth possible implementation of the third aspect, the
determining the third power adjustment value according to the quantity of the resources of the
first PUCCH and the ratio of the quantity of the bits of the first uplink control information to
the quantity of the resources of the first PUCCH includes:

determining the third power adjustment value according to a ratio of the quantity

of the bits of the first uplink control information to KRE, the quantity of the modulation
symbols occupied by the first PUCCH, where the third power adjustment value is

PUCCH . KgBPRE 1), pPUCCH UCCH ¢+
1010g,, (M 2" (1)) +10log,, (2 1) g ), where Mz () s the quantity of

the RBs included in the first PUCCH, BPRE is the ratio of the quantity of the bits of the

first uplink control information to KRF, the quantity of the modulation symbols occupied by

ﬂPU(,'(‘H

the first PUCCH, 7*®«  is a value configured for the user equipment by the network

device by using higher layer signaling, and Ks is a value configured for the user equipment
by the network device by using higher layer signaling.
[0066] With reference to any one of the third aspect to the fourteenth possible

implementation of the third aspect, in a fifteenth possible implementation of the third aspect,

PUCCH
Bogse is a parameter used to determine a quantity of modulation symbols in a PUSCH

resource that are occupied when first-type uplink control information is sent on a PUSCH,
where the first-type uplink control information is any one of the following:

a channel quality indicator CQI and/or a precoding matrix indicator PMI;

a hybrid automatic repeat request HARQ-ACK; or

a rank indication RI; and
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if the first uplink control information includes the HARQ-ACK or the RI, the
first-type uplink control information is the HARQ-ACK or the RI; or if the first uplink control
information does not include the HARQ-ACK and the RI, the first-type uplink control
information is the CQI and/or the PMI.
[0067] With reference to any one of the third aspect to the fourth possible implementation
of the third aspect, in a sixteenth possible implementation of the third aspect, the fourth power
adjustment value determined according to the quantity of the resources of the first PUCCH is

PUCCH - PUCCH
10log, (M (’)), where M (D) s the quantity of the RBs included in the first

PUCCH.

[0068] With reference to any one of the third aspect to the fourth possible implementation
of the third aspect, in a seventeenth possible implementation of the third aspect, the fifth
power adjustment value determined according to the quantity of the resources of the first
PUCCH and the ratio of the quantity of the bits of the second uplink control information to
the quantity of the resources occupied on the first PUCCH by the second uplink control
information or the fifth power adjustment value determined according to the quantity of the

resources of the first PUCCH and the ratio of the quantity of the bits of the second uplink

. PUCCH ¢
control information to the quantity of the resources of the first PUCCH is R(r(D), My (1)) ,

where 7() indicates the ratio of the quantity of the bits of the second uplink control
information to the quantity of the resources occupied on the first PUCCH by the second
uplink control information or the ratio of the quantity of the bits of the second uplink control

information to the quantity of the resources of the first PUCCH, and a value of
R(r (@), My (@) is determined by ” M ana M w0,
[0069] With reference to the third aspect or the first possible implementation of the third
aspect, in an eighteenth possible implementation of the third aspect, the first PUCCH isina
third physical uplink control channel PUCCH format, and the PUCCH in the third PUCCH
format is characterized in that:

the PUCCH occupies one RB, and in a case of a normal cyclic prefix, only one

time-domain symbol in the middle of each timeslot corresponding to the PUCCH bears a
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demodulation reference signal, or in a case of an extended cyclic prefix, the third time-domain
symbol in each timeslot bears a demodulation reference signal, where uplink control
information of at least two user equipments is capable of being sent on the PUCCH by means
of code division; or

the PUCCH is capable of encoding the first uplink control information according
to a convolutional code encoding manner; or

a maximum quantity of bits that are of the first uplink control information and that
the PUCCH is capable of bearing is greater than 22.
[0070] With reference to any one of the third aspect or the first or the eighteenth possible
implementation of the third aspect, in a nineteenth possible implementation of the third aspect,

the first power adjustment value determined according to the quantity of the bits of the first

uplink control information is K'(n,,, (D) , where i () indicates the quantity of the bits of
the first uplink control information sent on the first PUCCH; and
k'(nbit (i)): K, -n, () +K

2, where O'OSSK'SO'lz,and -37<K,<-27

[0071] With reference to any one of the third aspect or the first or the eighteenth possible
implementation of the third aspect, in a twentieth possible implementation of the third aspect,
the third power adjustment value determined according to the quantity of the resources of the

first PUCCH and the ratio of the quantity of the bits of the first uplink control information to

10 loglo(( 21<S.BPRE _ 1)‘ ﬂPUCCH

the quantity of the resources of the first PUCCH is offset ) , where

K RE
’

BPRE s a ratio of the quantity of the bits of the first uplink control information to a

ﬂPU( ‘CH

quantity of modulation symbols occupied by the first PUCCH, 7%  is a value configured

for the user equipment by the network device by using higher layer signaling, and Ks isa
value configured for the user equipment by the network device by using higher layer
signaling.

[0072] With reference to the twentieth possible implementation of the third aspect, in a

ﬂI’UCCH

twenty-first possible implementation of the third aspect, "¢  is a parameter used to

determine a quantity of modulation symbols in a PUSCH resource that are occupied when
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first-type uplink control information is sent on a PUSCH, where the first-type uplink control
information is any one of the following:

a channel quality indicator CQI and/or a precoding matrix indicator PMI;

a hybrid automatic repeat request HARQ-ACK; or

a rank indication RI; and

if the first uplink control information includes the HARQ-ACK or the RI, the
first-type uplink control information is the HARQ-ACK or the R1; or if the first uplink control
information does not include the HARQ-ACK and the RI, the first-type uplink control
information is the CQI and/or the PMI.
[0073] A fourth aspect provides a network device, including:

a second processing unit, configured to: determine that user equipment is to send

first uplink control information on a first PUCCH and in a subframe ¢, where the first uplink

control information includes at least one of channel state information CSI, a hybrid automatic
repeat request-acknowledgment HARQ-ACK, or a scheduling request SR; determine transmit

power for sending the first uplink control information on the first PUCCH and in the

subframe !, where the transmit power is a sum of a base power adjustment value and any

one of a first power adjustment value, a second power adjustment value, a third power
adjustment value, a fourth power adjustment value, or a fifth power adjustment value; and

a receiving unit, configured to receive the first uplink control information that is
sent by the user equipment on the first PUCCH by using power that is not greater than the
transmit power, where

the first power adjustment value is a power adjustment value determined by the
user equipment according to a quantity of bits of the first uplink control information, the
second power adjustment value is a power adjustment value determined by the user
equipment according to the quantity of the bits of the first uplink control information and a
quantity of resources of the first PUCCH, the third power adjustment value is a power
adjustment value determined by the user equipment according to the quantity of the resources
of the first PUCCH and a ratio of the quantity of the bits of the first uplink control

information to the quantity of the resources of the first PUCCH, the fourth power adjustment
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value is a power adjustment value determined by the user equipment according to the quantity
of the resources of the first PUCCH, and the fifth power adjustment value is a power
adjustment value determined by the user equipment according to the quantity of the resources
of the first PUCCH and a ratio of a quantity of bits of second uplink control information to a
quantity of resources occupied on the first PUCCH by the second uplink control information,
or the fifth power adjustment value is a power adjustment value determined by the user
equipment according to the quantity of the resources of the first PUCCH and a ratio of a
quantity of bits of second uplink control information to the quantity of the resources of the
first PUCCH, where the second uplink control information is a subset of the first uplink

control information; and
the base power adjustment value includes a sum of Fo vucen and P LC, or the
. . Py oucen o, PL,
base power adjustment value includes a sum of ~©- and "¢ * "¢ where

Fo pucen is a value configured for the user equipment by the network device by
using higher layer signaling;

Ple is a path loss that is determined by the user equipment and that is of a

downlink of a cell ¢ in which the first PUCCH is located; and

% isa path loss factor that is configured for the user equipment by the network
device and that is of the cell ¢ in which the first PUCCH is located.
[0074]  With reference to the fourth aspect, in a first possible implementation of the fourth
aspect, the quantity of the bits of the first uplink control information includes a quantity of
bits of a cyclic redundancy code CRC corresponding to the first uplink control information,
and the quantity of the bits of the second uplink control information includes a quantity of bits
of a cyclic redundancy code CRC corresponding to the second uplink control information.
[0075] With reference to the fourth aspect or the first possible implementation of the
fourth aspect, in a second possible implementation of the fourth aspect, the first PUCCH is in
a first physical uplink control channel PUCCH format, and the PUCCH in the first PUCCH
format is characterized in that:

the PUCCH occupies at least one RB, and in a case of a normal cyclic prefix, only
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one time-domain symbol in the middle of each timeslot corresponding to the PUCCH bears a
demodulation reference signal, or two time-domain symbols in each timeslot bear a
demodulation reference signal, or in a case of an extended cyclic prefix, the third time-domain
symbol in each timeslot bears a demodulation reference signal; or

the PUCCH is capable of encoding the first uplink control information according
to a convolutional code encoding manner; or

a maximum quantity of bits that are of the first uplink control information and that
the PUCCH is capable of bearing is greater than 22.
[0076] With reference to any one of the fourth aspect to the second possible

implementation of the fourth aspect, in a third possible implementation of the fourth aspect, if

a quantity of RBs occupied by the first PUCCH is not greater than N, , the transmit power

for sending, by the user equipment, the first uplink control information on the first PUCCH

and in the subframe ! is a sum of the first power adjustment value and the base power

adjustment value, or the transmit power is a sum of the second power adjustment value and

the base power adjustment value; or

if a quantity of RBs occupied by the first PUCCH is greater than N, , the transmit

power for sending, by the user equipment, the first uplink control information on the first

PUCCH and in the subframe ! is a sum of the third power adjustment value and the base

power adjustment value, where

Ny is1,2,3, or4.

[0077] With reference to any one of the fourth aspect to the third possible implementation

of the fourth aspect, in a fourth possible implementation of the fourth aspect, the quantity of

K

the resources of the first PUCCH is " #, a quantity of modulation symbols occupied by the

first PUCCH; or

the quantity of the resources of the first PUCCH is Q , a quantity of bits
H ; : Q= KRE * )
corresponding to modulation symbols occupied by the first PUCCH, where m

and 9 is a modulation order used by the user equipment for sending the first uplink control
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information on the first PUCCH; or

. . MPUC('H (l) A
the quantity of the resources of the first PUCCH is ™ z8 , a quantity of RBs
included in the first PUCCH; and
the quantity of the resources occupied on the first PUCCH by the second uplink

control information is M

rE | a quantity of modulation symbols occupied on the first PUCCH
by the second uplink control information; or

the quantity of the resources occupied on the first PUCCH by the second uplink

control information is Q”, a quantity of bits corresponding to modulation symbols occupied
. . . Q"=M,.*Q
on the first PUCCH by the second uplink control information, where RE =m and

o is a modulation order used by the user equipment for sending the second uplink control
information on the first PUCCH.

[0078] With reference to any one of the fourth aspect to the fourth possible
implementation of the fourth aspect, in a fifth possible implementation of the fourth aspect,

the first power adjustment value determined according to the quantity of the bits of the first

uplink control information is h (n”” (l)), where () indicates the quantity of the bits of

the first uplink control information sent on the first PUCCH; and

if Mo @ is not greater than 22, H (n,,,., (i)): P ,and 6.1<h= 8'76;

it (D) greater than 22 and " @ s not greater than 64, K (n,, (j)):P2,

and 825h 312.12;

it i 0 is greater than 64 and My (1) is not greater than 128, h (nb"(i))z P3,

and 114< P, S17.24; or

W(n,, ()= K, -n,, i)+ K 0.05<K, <008 , 4 5<K,<7

2, where
[0079] With reference to any one of the fourth aspect to the fourth possible
implementation of the fourth aspect, in a sixth possible implementation of the fourth aspect,
the second power adjustment value determined according to the quantity of the bits of the first

uplink control information and the quantity of the resources of the first PUCCH is
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' . PUCCH g« .
& (n”” (), My, (l)), where @ indicates the quantity of the bits of the first uplink

PUCCH

control information sent on the first PUCCH, My () s the quantity of the RBs included

' . PUCCH .
in the first PUCCH, and a value of & (nb” (D), Mo (l)) is determined by e @ and
M;;;ICCH (l) '
5  [0080] With reference to the sixth possible implementation of the fourth aspect, in a

seventh possible implementation of the fourth aspect,

h '(nbi, (1), My, " (i )) =101log, (M " (1)) + h'(m,, (1) , where

When M[};)]CCH (l) — 1 :

if Mo @) is not greater than 22, 4 (nbu (i)) =P ,and 6.1<A< 8-76;

10 it () greater than 22 and @ s not greater than 64, h'(n,m(i))=Pz

and 82<P <1212,

if M (D) s greater than 64 and M () s not greater than 128, h'(n,m (i))= P3’

and 114<P, 317.24;Or

Ry, D)=K, 1y D+ Ky (pere 005K <008 54 5<K, <7,

15 when M w o ()=2 :

if i @ is not greater than 22, h'(nbi’(i)) = Pl, and 59sh <84 ;

if o @) is greater than 22 and 1y (1) is not greater than 64, h'(”bu (i)):P2’

and 68<B <10,

if e () is greater than 64 and My (1) is not greater than 128, h (”bu (’)): P3’

20 and 8£P3£12.6;

if i () is greater than 128 and My (1) is not greater than 256, h (n,,,., (1)) - P4,

and 106<P <177

h'(nbil (l)) = Kl Py (l) +K

» where 002K <0.04 .4 555K, <75

38



10

15

20

25

CA 02999587 2018-03-22

[0081] With reference to any one of the fourth aspect to the fourth possible
implementation of the fourth aspect, in an eighth possible implementation of the fourth aspect,
the second power adjustment value determined according to the quantity of the bits of the first

uplink control information and the quantity of the resources of the first PUCCH is

hl 1 (i MPU(.‘CH . ' .
(n o (D Mgy (l)) , where " 0 indicates a quantity of bits obtained by subtracting the

quantity of the bits of the cyclic redundancy code CRC corresponding to the second uplink

control information from the quantity of the bits of the second uplink control information,

PUCCH
M,

@ s the quantity of the RBs included in the first PUCCH, and a value of
1 t - PUCCH 4+ ' : Ve .

h (n oD My (l)) is determined by 7y () and Mg (@)

[0082] With reference to the eighth possible implementation of the fourth aspect, in a

ninth possible implementation of the fourth aspect,

(1, (0, M (1)) = 1010g o (Mg () + H (', () here

when ML (i) =1 | R, D)= K xn'y, (D+ K, . where 0-05<K;<0.08
and — 165K, 3—0.7;0r
when M}};}I;]CCH (@) =2 ’ R, () =K xn', ()+K, . where 0.03<K,<0.05 i

and —035K, <05

[0083] With reference to the eighth possible implementation of the fourth aspect, in a
tenth possible implementation of the fourth aspect,

hv (n'b[, (l), M;’}[g/(‘('H (l))= IOIOgIO(MI[;iIJI('('H (l)) + h'(n'bn (l)) , M;:}l))/(w(vH (l) — 1

where when ,

H(n',, (i) = K, x (n',, (i) +8) + K 0.05<K, <0.075 , 4 -22<K,<-11.

2 where

when M I}:;/CCH H=2 , W'y, () = K x (', (D) +8) + K, where

0.03<K, S0.0S, and —0-6<K,<0.1
[0084] With reference to any one of the fourth aspect to the fourth possible
implementation of the fourth aspect, in an eleventh possible implementation of the fourth

aspect, the third power adjustment value determined according to the quantity of the resources

of the first PUCCH and the ratio of the quantity of the bits of the first uplink control
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information to the quantity of the resources of the first PUCCH is k(m(@), My, () , Where
m(@) indicates the ratio of the quantity of the bits of the first uplink control information sent
by the user equipment on the first PUCCH to the quantity of the resources of the first PUCCH,
and a value of KM@ My" " ) s determined by ") and M o @),

5 [0085] With reference to the eleventh possible implementation of the fourth aspect, in a

twelfth possible implementation of the fourth aspect, when the quantity of the resources of the
. MPU('(‘H (l) . . .

first PUCCH is " #s , the quantity of the RBs included in the first PUCCH,

k(i) A5 (1)) = 10log,, (M5 ™ () + q'(nD)_yyhere

when M 1}:113](”1 =1,

10 if m(i) is not greater than 22, q'(m(i))= P ,and 6.1<h< 8'76;

if m(i) is greater than 22 and m(i) is not greater than 64, q'(m(i))=P2’ and

82<P <1212,

it M s greater than 64 and m(i) s not greater than 128, q'(m(i)= P3, and
114< P, S17.24;0r
5 ¢ (n(0)= K, M)+ K, gpere 005K 008 40 SSK, ST o

PUCCH
M

when RB (l) =2 .
it M@ s not greater than 22, q'(m(H)= P ,and 59<F <84 :

it M) s greater than 22 and m(i) s not greater than 64, q'(m(i))=Pz’ and

6.8<P, <10,

k

20 if M) s greater than 64 and m(i) s not greater than 128, q'(m(®)= B and

8<P,<126.

it M0 s greater than 128 and m(i) s pot greater than 256, q'(m(i))= Py , and

10.6< P, <177, .,
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q'(m@))=K, - mi)+K, where 0-02<K <004 . 4 55<K,<75

[0086] With reference to the eleventh possible implementation of the fourth aspect, in a

thirteenth possible implementation of the fourth aspect, when the quantity of the resources of

the first PUCCH is KRE, the quantity of the modulation symbols occupied by the first

PUCCH, k(m(i), M, (1)) = 101og o (M 5, (1)) + 4'(m(3) , where

when M @®=1_ ¢mG)=K -mD+K, ypere SSK I g
5<K,<7.
when M @=2  qm@))=K -mi)+K, yhere 835K <105 o4

6<K,<8

[0087] With reference to any one of the first aspect to the fourth possible implementation
of the fourth aspect, in a fourteenth possible implementation of the fourth aspect, the
determining the third power adjustment value according to the quantity of the resources of the
first PUCCH and the ratio of the quantity of the bits of the first uplink control information to
the quantity of the resources of the first PUCCH includes:

determining the third power adjustment value according to a ratio of the quantity

of the bits of the first uplink control information to K

re, the quantity of the modulation
symbols occupied by the first PUCCH, where the third power adjustment value is

101og,o(M " (1)) +10 lOglo((zKS'BPRE - 1)' ﬂrf;;\/;m )’ where M " (0) is the quantity of

the RBs included in the first PUCCH, BPRE s the ratio of the quantity of the bits of the

first uplink control information to KRE, the quantity of the modulation symbols occupied by

PUCCH

the first PUCCH, Pogse is a value configured for the user equipment by the network

device by using higher layer signaling, and Ky is a value configured for the user equipment
by the network device by using higher layer signaling.
[0088] With reference to any one of the fourth aspect to the fourteenth possible

implementation of the fourth aspect, in a fifteenth possible implementation of the fourth
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PUCCH
Poge is a parameter used to determine a quantity of modulation symbols in a

aspect,
PUSCH resource that are occupied when first-type uplink control information is sent on a
PUSCH, where the first-type uplink control information is any one of the following:

a channel quality indicator CQI and/or a precoding matrix indicator PMI;

a hybrid automatic repeat request HARQ-ACK; or

a rank indication RI; and

if the first uplink control information includes the HARQ-ACK or the RI, the
first-type uplink control information is the HARQ-ACK or the RI; or if the first uplink control
information does not include the HARQ-ACK and the RI, the first-type uplink control
information is the CQI and/or the PMI.
[0089] With reference to any one of the fourth aspect to the fourth possible

implementation of the fourth aspect, in a sixteenth possible implementation of the fourth

aspect, the fourth power adjustment value determined according to the quantity of the

101og,, (M " (i) . where M w0 s the quantity of

resources of the first PUCCH is
the RBs included in the first PUCCH.

[0090] With reference to any one of the fourth aspect to the fourth possible
implementation of the fourth aspect, in a seventeenth possible implementation of the fourth
aspect, the fifth power adjustment value determined according to the quantity of the resources
of the first PUCCH and the ratio of the quantity of the bits of the second uplink control
information to the quantity of the resources occupied on the first PUCCH by the second
uplink control information or the fifth power adjustment value determined according to the

quantity of the resources of the first PUCCH and the ratio of the quantity of the bits of the

second uplink control information to the quantity of the resources of the first PUCCH is

R(r(®), MII;]CCH () , where 7 ® indicates the ratio of the quantity of the bits of the second
uplink control information to the quantity of the resources occupied on the first PUCCH by
the second uplink control information or the ratio of the quantity of the bits of the second
uplink control information to the quantity of the resources of the first PUCCH, and a value of
R(r(i), Mg (1))

. PUCCH g+
is determined by ") and M @,
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[0091] With reference to the fourth aspect or the first possible implementation of the
fourth aspect, in an eighteenth possible implementation of the fourth aspect, the first PUCCH
is in a third physical uplink control channel PUCCH format, and the PUCCH in the third
PUCCH format is characterized in that:

the PUCCH occupies one RB, and in a case of a normal cyclic prefix, only one
time-domain symbol in the middle of each timeslot corresponding to the PUCCH bears a
demodulation reference signal, or in a case of an extended cyclic prefix, the third time-domain
symbol in each timeslot bears a demodulation reference signal, where uplink control
information of at least two user equipments is capable of being sent on the PUCCH by means
of code division; or

the PUCCH is capable of encoding the first uplink control information according
to a convolutional code encoding manner; or

a maximum quantity of bits that are of the first uplink control information and that
the PUCCH is capable of bearing is greater than 22.
[0092] With reference to any one of the fourth aspect or the first or the eighteenth possible
implementation of the fourth aspect, in a nineteenth possible implementation of the fourth

aspect, the first power adjustment value determined according to the quantity of the bits of the

first uplink control information is k' (ny, (1)) , where i @) indicates the quantity of the bits
of the first uplink control information sent on the first PUCCH; and

k'(”bn (i)) =K, -m, ()+K, , Where

0.08<K, < 0.12, and —3 75K, $-27

[0093] With reference to any one of the fourth aspect or the first or the eighteenth possible
implementation of the fourth aspect, in a twentieth possible implementation of the fourth
aspect, the third power adjustment value determined according to the quantity of the resources
of the first PUCCH and the ratio of the quantity of the bits of the first uplink control
information to the quantity of the resources of the first PUCCH s

K¢ BPRE 1) PUCCH
10log, ((2 1) B ), where BPRE is a ratio of the quantity of the bits of the first

uplink control information to K g , a quantity of modulation symbols occupied by the first

PUCCH

PUCCH, Pogie is a value configured for the user equipment by the network device by
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using higher layer signaling, and Ky is a value configured for the user equipment by the
network device by using higher layer signaling.

[0094] With reference to the twentieth possible implementation of the fourth aspect, in a

twenty-first possible implementation of the fourth aspect, Z "lff(‘/‘:‘m is a parameter used to
determine a quantity of modulation symbols in a PUSCH resource that are occupied when
first-type uplink control information is sent on a PUSCH, where the first-type uplink control
information is any one of the following:

a channel quality indicator CQI and/or a precoding matrix indicator PMI;

a hybrid automatic repeat request HARQ-ACK; or

a rank indication RI; and

if the first uplink control information includes the HARQ-ACK or the RI, the
first-type uplink control information is the HARQ-ACK or the RI; or if the first uplink control
information does not include the HARQ-ACK and the RI, the first-type uplink control
information is the CQI and/or the PMI.
[0095] According to the power control method and apparatus for an uplink control

channel that are provided in the embodiments of the present invention, the transmit power for

sending the first uplink control information on the first PUCCH and in the subframe 7 is

determined by the user equipment by using the sum of the base power adjustment value and
any one of the first power adjustment value determined according to the quantity of the bits of
the first uplink control information that is to be sent on the first PUCCH, the second power
adjustment value determined according to the quantity of the bits of the first uplink control
information and the quantity of the resources of the first PUCCH, the third power adjustment
value determined according to the quantity of the resources of the first PUCCH and the ratio
of the quantity of the bits of the first uplink control information to the quantity of the
resources of the first PUCCH, the fourth power adjustment value determined according to the
quantity of the resources of the first PUCCH, the fifth power adjustment value determined
according to the quantity of the resources of the first PUCCH and the ratio of the quantity of
the bits of the second uplink control information to the quantity of the resources occupied on

the first PUCCH by the second uplink control information, or the fifth power adjustment

44



10

15

20

25

CA 02999587 2018-03-22

value determined according to the quantity of the resources of the first PUCCH and the ratio
of the quantity of the bits of the second uplink control information to the quantity of the
resources of the first PUCCH. Therefore, a method for determining the transmit power for

sending the first uplink control information on the first PUCCH is provided.

BRIEF DESCRIPTION OF DRAWINGS

[0096] To describe the technical solutions in the embodiments of the present invention or
in the prior art more clearly, the following briefly describes the accompanying drawings
required for describing the embodiments or the prior art. Apparently, the accompanying
drawings in the following description show some embodiments of the present invention, and
persons of ordinary skill in the art may still derive other drawings from these accompanying
drawings without creative efforts.

[0097] FIG. 1 is a flowchart of a power control method for an uplink control channel
according to an embodiment of the present invention;

[0098] FIG. 2 is a flowchart of a power control method for an uplink control channel
according to another embodiment of the present invention;

[0099] FIG. 3 is a structural diagram of user equipment according to an embodiment of
the present invention;

[0100] FIG. 4 is a structural diagram of a network device according to an embodiment of
the present invention; and

[0101] FIG. 5 is a structural diagram of a power control system for an uplink control

channel according to an embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0102] To make the objectives, technical solutions, and advantages of the embodiments of
the present invention clearer, the following clearly and completely describes the technical
solutions in the embodiments of the present invention with reference to the accompanying
drawings in the embodiments of the present invention. Apparently, the described

embodiments are some but not all of the embodiments of the present invention. All other
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embodiments obtained by persons of ordinary skill in the art based on the embodiments of the
present invention without creative efforts shall fall within the protection scope of the present
invention.

[0103] FIG. 1 is a flowchart of a power control method for an uplink control channel
according to an embodiment of the present invention. In this embodiment of the present
invention, it is defined that a first physical uplink control channel PUCCH format, that is, a
first PUCCH format, is different from any one of a PUCCH format 1, la, 1b, 2, 2a, 2b, or 3 in
the prior art, a second physical uplink control channel PUCCH format, that is, a second
PUCCH format, is the PUCCH format 1a, and a third physical uplink control channel PUCCH
format, that is, a third PUCCH format, is different from the first PUCCH format and different
from any one of the PUCCH format 1, 1a, 1b, 2, 2a, 2b, or 3 in the prior art. For a problem
that user equipment cannot determine, according to transmit power used for sending
information on an existing PUSCH or PUCCH, transmit power for sending information on a
PUCCH in the first PUCCH format or the third PUCCH format, the power control method for
an uplink control channel is provided. Specific steps of the method are as follows.

[0104] Step S101: User equipment determines to send first uplink control information on

a first PUCCH and in a subframe 7, where the first uplink control information includes at

least one of channel state information CSI, a hybrid automatic repeat
request-acknowledgment HARQ-ACK, or a scheduling request SR.

[0105] In the prior art, formats of a PUCCH include the format 1, the format la, the
format 1b, the format 2, the format 2a, the format 2b, and the format 3. In this embodiment of
the present invention, a format of the first PUCCH is the first physical uplink control channel
PUCCH format, or a format of the first PUCCH is the third physical uplink control channel
PUCCH format, and both the first PUCCH format and the third PUCCH format are different
from any PUCCH format in the prior art.

[0106] A network device configures multiple PUCCHs for the user equipment. The user
equipment determines the first PUCCH from the multiple PUCCHs, and sends the first uplink

control information in the subframe ! by using the first PUCCH. Alternatively, a network

device instructs, by using physical layer signaling, the user equipment to send the first uplink
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control information in the subframe 7 by using the first PUCCH. This embodiment of the

present invention does not limit a method for determining the first PUCCH in the subframe !

by the user equipment. The first uplink control information includes at least one of channel
state information CSI, a hybrid automatic repeat request-acknowledgment HARQ-ACK, or a
scheduling request SR. That is, the first uplink control information generated by the current
user equipment may include one of the channel state information CSI, the hybrid automatic
repeat request-acknowledgment HARQ-ACK, or the scheduling request SR; may include any
two of the channel state information CSI, the hyBrid automatic  repeat
request-acknowledgment HARQ-ACK, or the scheduling request SR; or may include all of
the channel state information CSI, the hybrid automatic repeat request-acknowledgment
HARQ-ACK, and the scheduling request SR.

[0107] Step S102: The user equipment determines transmit power for sending the first

uplink control information on the first PUCCH and in the subframe !, where the transmit

power is a sum of a base power adjustment value and any one of a first power adjustment
value, a second power adjustment value, a third power adjustment value, a fourth power
adjustment value, or a fifth power adjustment value.

[0108] The first power adjustment value is a power adjustment value determined by the
user equipment according to a quantity of bits of the first uplink control information. The
second power adjustment value is a power adjustment value determined by the user
equipment according to the quantity of the bits of the first uplink control information and a
quantity of resources of the first PUCCH. The third power adjustment value is a power
adjustment value determined by the user equipment according to the quantity of the resources
of the first PUCCH and a ratio of the quantity of the bits of the first uplink control
information to the quantity of the resources of the first PUCCH. The fourth power adjustment
value is a power adjustment value determined by the user equipment according to the quantity
of the resources of the first PUCCH. The fifth power adjustment value is a power adjustment
value determined by the user equipment according to the quantity of the resources of the first
PUCCH and a ratio of a quantity of bits of second uplink control information to a quantity of

resources occupied on the first PUCCH by the second uplink control information, or the fifth
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power adjustment value is a power adjustment value determined by the user equipment
according to the quantity of the resources of the first PUCCH and a ratio of a quantity of bits
of second uplink control information to the quantity of the resources of the first PUCCH,

where the second uplink control information is a subset of the first uplink control information.

[0109] The base power adjustment value includes a sum of Fo puccn and T LC, or the

base power adjustment value includes a sum of Fo puccn and % FL , Where Fo pucn isa
value configured for the user equipment by the network device by using higher layer signaling,

Ple jsa path loss that is determined by the user equipment and that is of a downlink of a cell

¢ in which the first PUCCH is located, and %< is a path loss factor that is configured for the

user equipment by the network device and that is of the cell ¢ in which the first PUCCH is

located.

[0110] In this embodiment of the present invention, when the base power adjustment

value includes the sum of Fo pucen and ¥ L“, the base power adjustment value further

includes at least one of A7mpU™) g(i)’ or Arrucen(F) CApp(F) g 5 power adjustment

value that is configured for the user equipment by the network device and that is used when

the PUCCH in the first UCCH format uses multi-antenna transmit diversity. Optionally, a

value of 2m=pU") js 2 dBor 0 dB. & (l) is determined by using a sixth power adjustment

value that is in the subframe 7 and that is configured for the user equipment by the network

device by using physical control information. Aepueen(F) g o power offset value that is
configured for the user equipment by the network device and that is of a PUCCH in the first

PUCCH format relative to a PUCCH in the second PUCCH format. Optionally, a value of

ArpueenF) o one of -2 dB, 0 dB, 1 dB, or 2 dB. Preferably, the base power adjustment

. . . . . P
value in this embodiment of the present invention includes a sum of ~OFUCCH PL",

Arp(F) | g(i)’ and Arpucen(f) , that is, the base power adjustment value is

Fo pucen + PL. + Ay (F')+g(0) + A

Ir_puccH (F). Alternatively, preferably, the base power
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adjustment value in this embodiment of the present invention includes a sum of PO—"UCC“,

PL, , gli) , and “rrucen(®) , that is, the base power adjustment value is

Fo rucen + PLe+ 81+ Ay e (F). Alternatively, preferably, the base power adjustment

value in this embodiment of the present invention includes a sum of POJ’UCC”, P LC, and
g (’ ) , that is, the base power adjustment value is Fo rucen + PL. + (1) .

[0111] When the base power adjustment value includes the sum of Fo_pucen and

ac-PLC’ the base power adjustment value further includes A (0) and/or /<) When

Kg=0 Ay (D=0

K 21.25, Ay (1) = IOIOglo((zBPRE.KT _I)VBrgflf/cS(w ) Ky isa

; or when

parameter that is configured for the user equipment by the network device by using higher

PUCCH

layer signaling and that is of the cell ¢ in which the first PUCCH is located. Pogie is a

parameter configured for the user equipment by the network device by using higher layer

,8 PUCCH

offel is equal to 1. BPRE=0/N

signaling, or Rt where O isa quantity of bits of third
uplink control information sent by the user equipment on the first PUCCH, the quantity of the

bits of the third uplink control information includes a quantity of bits of a cyclic redundancy

code CRC corresponding to the third uplink control information, and Nee is a quantity of

modulation symbols occupied by the first PUCCH. The third uplink control information is a

subset of the first uplink control information. 1. is a seventh power adjustment value that

is in the subframe ! and that is configured for the user equipment by the network device by

using physical control information. Preferably, the base power adjustment value in this

POfPUCCH a.-PL, ATF,c(i), and

embodiment of the present invention includes a sum of

J.@) , that is, the base power adjustment value may be Forucen + @ PL+ Ao (D f“(l).

Alternatively, preferably, the base power adjustment value in this embodiment of the present

P oruccn @, PL
>

invention includes a sum of ¢, and f.() , that is, the base power

adjustment value may be Fo rucen + @~ PL+ 1.(0) .
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[0112] In addition, in this embodiment of the present invention, 7o pucen = Fo puscu + AP

M

where Fo puscu and AP are values configured for the user equipment by the network

device by using higher layer signaling, and % may be equal to 1.

[0113] Step S103: The user equipment sends the first uplink control information on the
first PUCCH by using power that is not greater than the transmit power.

[0114] If the transmit power determined in the foregoing step is greater than a maximum
transmit power of the user equipment, the user equipment sends the first uplink control
information on the first PUCCH by using the maximum transmit power. If the transmit power
determined in the foregoing step is not greater than a maximum transmit power of the user
equipment, the user equipment sends the first uplink control information on the first PUCCH
by using the transmit power.

[0115] In this embodiment of the present invention, the transmit power for sending the

first uplink control information on the first PUCCH and in the subframe ! is determined by

the user equipment by using the sum of the base power adjustment value and any one of the
first power adjustment value determined according to the quantity of the bits of the first
uplink control information that is to be sent on the first PUCCH, the second power adjustment
value determined according to the quantity of the bits of the first uplink control information
and the quantity of the resources of the first PUCCH, the third power adjustment value
determined according to the quantity of the resources of the first PUCCH and the ratio of the
quantity of the bits of the first uplink control information to the quantity of the resources of
the first PUCCH, the fourth power adjustment value determined according to the quantity of
the resources of the first PUCCH, the fifth power adjustment value determined according to
the quantity of the resources of the first PUCCH and the ratio of the quantity of the bits of the
second uplink control information to the quantity of the resources occupied on the first
PUCCH by the second uplink control information, or the fifth power adjustment value
determined according to the quantity of the resources of the first PUCCH and the ratio of the
quantity of the bits of the second uplink control information to the quantity of the resources of

the first PUCCH. Therefore, a method for determining the transmit power for sending the first
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uplink control information on the first PUCCH is provided.

[0116] Based on the foregoing embodiment, the quantity of the bits of the first uplink
control information includes a quantity of bits of a cyclic redundancy code CRC
corresponding to the first uplink control information, and the quantity of the bits of the second
uplink control information includes a quantity of bits of a cyclic redundancy code CRC
corresponding to the second uplink control information.

[0117] The first PUCCH is in the first physical uplink control channel PUCCH format.
The PUCCH in the first PUCCH format is characterized in that: the PUCCH occupies at least
one RB, and in a case of a normal cyclic prefix (Normal Cyclic Prefix, normal CP for short),
only one time-domain symbol in the middle of each timeslot corresponding to the PUCCH
bears a demodulation reference signal, or two time-domain symbols in each timeslot bear a
demodulation reference signal, or in a case of an extended cyclic prefix (Extended Cyclic
Prefix, extended CP for short), the third time-domain symbol in each timeslot bears a
demodulation reference signal; or the PUCCH is capable of encoding the first uplink control
information according to a convolutional code encoding manner; or a maximum quantity of
bits that are of the first uplink control information and that the PUCCH is capable of bearing

is greater than 22,

[0118] The quantity of the resources of the first PUCCH is K pe , a quantity of modulation

symbols occupied by the first PUCCH. Alternatively, the quantity of the resources of the first

PUCCH is Q', a quantity of bits corresponding to modulation symbols occupied by the first

f— *
PUCCH, where Q'= Ky Q'", and On is a modulation order used by the user equipment

for sending the first uplink control information on the first PUCCH. Alternatively, the quantity

. MPUC(‘H (l) . . .
of the resources of the first PUCCH is ™ r» , a quantity of RBs included in the first
PUCCH.
[0119] The quantity of the resources occupied on the first PUCCH by the second uplink

M

control information is "' &%, a quantity of modulation symbols occupied on the first PUCCH

by the second uplink control information. Alternatively, the quantity of the resources occupied

on the first PUCCH by the second uplink control information is 9 , a quantity of bits
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corresponding to modulation symbols occupied on the first PUCCH by the second uplink

, . Q"=M,, *Q o . .
control information, where ¢ =m_and *m is a modulation order used by the user

equipment for sending the second uplink control information on the first PUCCH.

PUCCH _ A7PUCCH UCC
=M ‘N PUCCH

[0120] Specifically, Ky smbwhere s is a quantity of subcarriers

PUCCH

of the first PUCCH, and Nom is a quantity of OFDM symbols of the first PUCCH. For

QPSK, 9» =2 For 16QAM, Zn =4,

[0121] This embodiment of the present invention specifically defines characteristics of the
PUCCH in the first PUCCH format, to distinguish between the PUCCH in the first PUCCH
format and a PUCCH in an existing PUCCH format, and also specifically defines a method
for determining the quantity of the resources of the first PUCCH and the quantity of the
resources occupied on the first PUCCH by the second uplink control information.

[0122] Based on the foregoing embodiment, a specific method for determining the

transmit power includes the following five cases. Optionally, if a quantity of RBs occupied by

the first PUCCH is not greater than N", the transmit power for sending, by the user

equipment, the first uplink control information on the first PUCCH and in the subframe 7 is

a sum of the first power adjustment value and the base power adjustment value, or the

transmit power is a sum of the second power adjustment value and the base power adjustment

value. If a quantity of RBs occupied by the first PUCCH is greater than N, , the transmit

power for sending, by the user equipment, the first uplink control information on the first

PUCCH and in the subframe 7 is a sum of the third power adjustment value and the base

power adjustment value. N, is 1,2, 3, or4.

[0123] First case: The first power adjustment value determined according to the quantity

of the bits of the first uplink control information is h (n”"(l)), where i @ indicates the
quantity of the bits of the first uplink control information sent on the first PUCCH.

[0124] In the first case, the transmit power is a sum of the first power adjustment value

h'(ny, (1)) and the base power adjustment value
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Py sucen + PL+ Ay (F') + 80+ Ay pyeeyy (F) The transmit power is

Povcew () = Fy pycen + PL.+ h'(nbir (’)) + A pucen (F) +A,(F+8 (’) h'(nbit (’))

. A value of
is determined by @ . A specific determining relationship is as follows:

it "D s not greater than 22, h'(nb" (i))z P ,and 6l1shs 8'76;

5 it () greater than 22 and /" @) is not greater than 64, h'(”bn(")) =h , and

82<P <1212,

if My (1) is greater than 64 and 1, (0) is not greater than 128, h'(nb"’ (j)): P3,

and 11.4£P3£17.24;Or

B D) =K,y D+ Ky pore 0.05SK, <008 g 5K, <7

10 [0125]  Preferably, K, =0'07, and K2=36, Alternatively, preferably, K =0‘O6, and
K,=62
[0126] M) indicates the quantity of the bits of the first uplink control information sent
on the first PUCCH. For example, (1) may be specifically expressed as
P () = Ny + Mg + My , where "¢ is a quantity of bits of the channel state information
15 CSI, uaro s a quantity of bits of the hybrid automatic repeat request-acknowledgment

HARQ-ACK, st is a quantity of bits of the scheduling request SR, and any one of Pest |

Muaro or M may be 0.
[0127] Second case: The second power adjustment value determined according to the

quantity of the bits of the first uplink control information and the quantity of the resources of

' . PUCCH ¢ » .
20  the first PUCCH is & (nb” 0, Mz, (l)) , where M) indicates the quantity of the bits of

PUCCH ¢+
the first uplink control information sent on the first PUCCH, My " () s the quantity of

h v(nh” (i), M}f};}(f(ﬂ (1))

the RBs included in the first PUCCH, and a value of is determined by

M) g MACP ()
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[0128] In the second case, the transmit power is a sum of the second power adjustment

' . PUCCH
value & (n”"’ (@D, Moy (l)) and the base power  adjustment  value

Py pocen * PL A Ay (F)+ 8D+ Ay pyeey (F) The transmit power is

Prseen(®) = By pucen + PL + (1, (0. My () + Ap pucen (F)+ Ay (FI+£ ()

hv (i MPUCCH > R . .
(n”” D, My (Z)) indicates the second power adjustment value, %) indicates the
quantity of the bits of the first uplink control information sent on the first PUCCH, and a

h'(my, (D), M (1))

; PUCCH g »
value of is determined by 1y, () and Mrs () A specific

determining relationship is as follows:

B (1, (), M (i) = 10Tog o (M 5™ (i)) + h'(n,, (i)

PUCCH /»
[0129] When Mw () =1,

if M g not greater than 22, h'(n,,,., (i)): P , and 6.I<h= 8'76;

it M (@) is greater than 22 and (1) is not greater than 64, h (n”” (1)): B , and

82< P, <12.12.

if 7 (7) is greater than 64 and 7 (1) is not greater than 128, h (n’""(i)): P3,

and 114SP <1724,

H(n,,())=K, n,,()+K 0.05<K,<0.08 , 4 5<K, <7

2 where
[0130]  Preferably, K, =0.07 , and K, =56 Alternatively, preferably, K, =0.06 , and
K, =62
[0131]  When Mm (D=2,

if (D s not greater than 22, (1, ()= Py , and 595K <84 ;

it () greater than 22 and (D) s not greater than 64, K (n,, ()= Pz, and

6.8<P,<10.

E

if (1) is greater than 64 and (1) is not greater than 128, h (n”” (l)):P3,
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and 85 B <126.

if M (1) is greater than 128 and (1) is not greater than 256, h'(”bn(i))z P4,

and 106<P <177,

B (D)= Ky my D+ Ky oo 0.02<K <004 0 S5<K, <75,

0132]  Preferably, K1=003 ang K;=67.

[0133] Alternatively, in the second case, the second power adjustment value determined

according to the quantity of the bits of the first uplink control information and the quantity of

h'("'bn (l-),MI};;/C(‘H 0)

the resources of the first PUCCH is ), where 'y, (1) indicates a

quantity of bits obtained by subtracting the quantity of the bits of the cyclic redundancy code

CRC corresponding to the second uplink control information from the quantity of the bits of

M]];Jg](?("H (l)

the second uplink control information, is the quantity of the RBs included in the

h v(n vb" (l-),M;;/(‘('H (l))

first PUCCH, and a value of is determined by 7' (1) and

M]l:}lg/("('H (l) .
[0134]  Preferably, B, (), M s (i))= 10 log,o (M1 (i) + h' (1, ) . where when

0.05< K, <0.08

My @ =1 Ky, @) =K xn'y, (D+K, where , and

~1.6<K,<-0.7 My @y=2 K@, 0)=Kxn, ()+K,

; or when , ,  Where

g —03<K, <05

an

0.03< K, <0.05

[0135] Alternatively, preferably, a (n'b” @My (i)) =10log, (M " (D) + H (7', (1)) ,

0.05<K,<0.075

where

where when MIIQ)I;/(Y(YH (l) =1 , h'(n'bit (l)) = Kl x (n'bil (l) + 8) + KZ ,

—22<K,<-1.1 My (@iy=2_ K@y, ) =Kx @y O+ + Ky Lpere

and ; or when

0.03<K, <0.08 , 4 —0.6<K,<0.1

. hv ' (i ’MPU("CH i )
[0136]  When the second power adjustment value is (n oD Mg ( )) , the transmit

power is PPUCCH ()= P()JUCCH + PLc +h '(n 'bit @, Mllz)g(m (’)) + AFJ’UCCH (F) + ATxl) (F)+ g(i)
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Poscen (’) = P(LPUCCH +a,-PL +h '(” e (0 Mgé/(‘m (l)) +Ap pucen (F)+ 8., (F)+ 1, (1)

or
[0137] When the first PUCCH is in the first physical uplink control channel PUCCH
format, and the PUCCH in the first physical uplink control channel PUCCH format does not

support a transmit diversity solution, the transmit power is

Fovcen (’) = PO_PU(‘CH +PL +h '(n i (D), M}z)z;KVCH (’)) + AILPU(,'(‘H (F)+ g(i) or

Foucen (’) =B pucen + .- PL. + h'(” ' (), Mg " (’)) +Ap pycen (F)+ /£, (’)

P
PUCCH
, where ~OFUC

is a value configured for the user equipment by the network device by using higher layer

signaling, and is used to determine the transmit power of the first PUCCH in the first physical

uplink control channel. Fo pucen is determined by a cell-level parameter Fo novma_rucci 2

P, .
and a user-level parameter ~ O-VEPUCCH2 that are configured for the user equipment by the
network device. In the prior art, a network device configures a cell-level parameter

P P . .
O_NOMINAL_PUCCH_I gnd a user-level parameter ~O-UEPUCCHI for the user equipment by using

higher layer signaling. A value of Fo nowmar_rucer ranges from —127 dBm to —96 dBm. A

value of To.uerucors ranges from —8 dB to 7 dB. A sum Fo rucen. of values of the two
parameters is configured for the user equipment by the network device and is used to adjust
transmit power for performing, by the user equipment, sending on a PUCCH in an existing
PUCCH format (including the PUCCH format 1, the PUCCH format la, the PUCCH format
1b, the PUCCH format 2, the PUCCH format 2a, the PUCCH format 2b, and the PUCCH
format 3). In the prior art, the network device further configures a cell-level parameter

P P . .
O_NOMINAL_PUSCH and a user-level parameter = O-VEPUSCH for the user equipment by using

higher layer signaling. A value of Fo novmar_rusc ranges from —126 dBm to 24 dBm. A

P,
value of Fo_ve_puscu ranges from -8 dB to 7 dB. A sum ~°FUSH of values of the two
parameters is configured for the user equipment by the network device and is used to adjust

. . P .
transmit power for performing, by the user equipment, sending on a PUSCH. ~ OVt is

determined by the cell-level parameter Fo novmaw_rucci2 and the user-level parameter
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P, . .
OUEPUCCH2  that are configured for the user equipment by the network device.

P P
O NOMINAL_PUCCH2  may be any one of the cell-level parameter O_NOMINAL_PUCCH_I o

P . . .
O_NOMINAL_PUSCH  that is configured for an existing PUCCH format by the network device, or

. . P
may be determined by another parameter configured by the network device. O_UE_PUCCH 2

P P, .
may be any one of the user-level parameter = O-UE-PUCCHL o “OUEFPUSCH that is configured

for an existing PUCCH format by the network device, or may be determined by another

parameter configured by the network device. If Fo nommac_ruccit2 s determined by the
another parameter configured by the network device, a value of the parameter ranges from

—-126 dBm to 24 dBm. If Fo ue puccir2 is determined by the another parameter configured by

the network device, a value of the parameter ranges from —8 dB to 7 dB.

[0138] Ay_ricc (F) is the power offset value that is configured for the user equipment

by the network device and that is of the PUCCH in the first PUCCH format relative to the
PUCCH in the second PUCCH format.

[0139] g (i ) and £.0) indicate power adjustment values that are sent to the user
equipment by the network device by using a physical downlink control channel.
[0140] Third case: The third power adjustment value determined according to the quantity

of the resources of the first PUCCH and the ratio of the quantity of the bits of the first uplink

. PUCCH 4 »
control information to the quantity of the resources of the first PUCCH is k(m(@), My (1) ,

where M) indicates the ratio of the quantity of the bits of the first uplink control

information sent by the user equipment on the first PUCCH to the quantity of the resources of

PUCCH (l)

- PUCCH 4 » .
the first PUCCH, and a value of k(m(D), M ;" () is determined by m(i) and M s

In this case, the transmit power is the sum of the third power adjustment value

k(m(@), M, " (i) and the base power adjustment value

PO_PUCCH + PL( + A'I')rl) (F') + g(l) + AFJ’U(,TH (F) The transmit pOWCr iS

Proycen )=y _pucen + PLe + k(m(i), M, (D)) + Ap pcen )+ Agyp (F")+g() where
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. PUCCH 4+ .
k(m(i), Mz (D) indicates the third power adjustment value, m(i) indicates the ratio of
the quantity of the bits of the first uplink control information sent by the user equipment on

the first PUCCH to the quantity of the resources of the first PUCCH, and a value of

- PUCCH ¢+ . PUCCH 4~
k(m(@), Mz " (D) is determined by Mm@ ang M B A specific determining

relationship is as follows.
. . pMPUCCH 0) .
[0141] When the quantity of the resources of the first PUCCH 1s ™ ## , the quantity
. PUCCH g\y — PUCCH 4. 1 .
of the RBs included in the first PUCCH, K@M () =10logy (M () +4'(m(2))
PUCCH sy _

[0142] When M (=1,

if m(i) is not greater than 22, q'(m(i)) =P ,and 6.1<h = 8‘76;

it M0 s greater than 22 and m(@) s not greater than 64, q'(m(i))=P2, and

8.2< P <12.12.

if m(i) is greater than 64 and mii) is not greater than 128, q'(m(i))= P3, and
114<P 317.24; or

q'(m()= K, m(@)+ K, pere 005SK <008 g SSK, <7
[0143]  Preferably, K =007 ,ng K= 5.6 Alternatively, preferably, K =006 4nq
K,=62
(0144] When Mm  )=2,

it M) s ot greater than 22, q'(m(D)=Pr , and 5.9<h <84,

it "0 s greater than 22 and Mm@ s not greater than 64, q'(m(i)):P 2, and

6.8<P,<10.

b

it M) s greater than 64 and m{) s not greater than 128, 1 (m(i))= i , and

8<P, <126

if m(i) s greater than 128 and m(i) s not greater than 256, q'(m(i))= £y , and
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10.6<P <177,

q'(m@))=K,-m@i)+K 0.02<K, <004 , 4 55<K,<75

2, where
[0145]  Preferably, K1 =003 ang K, =67

[0146] When the quantity of the resources of the first PUCCH is Krs , the quantity of the
modulation symbols occupied by the first PUCCH,

k(m(i), M g " () = 101og,, (M "™ (D)) + ¢ '(m(D))

[0147]  When Mis (=1,

q'(m())= K, - m(i) + K, 8<K <11 44 5<K, <7

, Where
[0148]  Preferably, Ki=84 apq K;=63

[0149]  When M (D=2,

q'(m()))= K, - m(i)+ K, 8.5<K <105 , 4 6<K,<8

, Where

[0150]  Preferably, K, =95 and K2=0T,

[0151] Alternatively, the determining the third power adjustment value according to the
quantity of the resources of the first PUCCH and the ratio of the quantity of the bits of the
first uplink control information to the quantity of the resources of the first PUCCH includes:

determining the third power adjustment value according to a ratio of the quantity

of the bits of the first uplink control information to KRE,

the quantity of the modulation
symbols occupied by the first PUCCH, where the third power adjustment value is

10log (M [g/rm (1) +10log,, ((2KS'BPRE - 1)' ﬁlff%m ) where M Ilf)ng @ is the quantity of the

RBs included in the first PUCCH, BPRE is the ratio of the quantity of the bits of the first

K RE

uplink control information to , the quantity of the modulation symbols occupied by the

PUCCH

first PUCCH, Pogp is a value configured for the user equipment by the network device by

using higher layer signaling, and Ks s a value configured for the user equipment by the

network device by using higher layer signaling.
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K, =125

[0152] Preferably, . In this case, the transmit power is the sum of the third

1010g10(M1l;[3/(‘(,‘H (i))+10]0g10((21.258PR1? _1)_ﬂp(m~H

power adjustment value offset ) and the base

power adjustment value Fo pucen + PL. + 2(0) , that is, the transmit power of the PUCCH is

Poyeen () = POVPU(,‘('H +PL +10 loglo(Mgg(‘(VH (1)) +10log,, ((zllszPRE - 1)' ﬂ(f/,gf,(ﬂ )+ g() .

[0153] Alternatively, the transmit power is the sum of the third power adjustment value

PUCCH - L25BPRE __ . PUCCH
101og (M, (z))+1010g,0((2 l) Pogre ) and the base power adjustment value

Fo pucen + @ PL + £.(0) , that is, the transmit power of the PUCCH is

Poyeen () = PO_PU(‘(‘H +a,-PL. +10 lOglO (M;z)gCCH @ +10 lOglo ((ZLZSBPRE - 1)' ﬁ:f}s/ecxm )+ .

PL,

P . P . . .
where ~O-PUCCH {5 the same as ~O-FUCCH in the second case, is the path loss that is

determined by the user equipment and that is of the downlink of the cell ¢ in which the first
PUCCH is located, %< is the path loss factor that is configured for the user equipment by the
network device and that is of the cell ¢ in which the first PUCCH is located, & (i ) is the same

as & (’) in the second case, and fc(i) is the same as ﬁ(i) in the second case.

PUCCH
Pogse is a parameter used to determine a quantity of modulation symbols in a

[0154]
PUSCH resource that are occupied when first-type uplink control information is sent on a
PUSCH, where the first-type uplink control information is any one of the following: a channel
quality indicator CQI and/or a precoding matrix indicator PMI, a hybrid automatic repeat
request HARQ-ACK, or a rank indication RI. If the first uplink control information includes
the HARQ-ACK or the R, the first-type uplink control information is the HARQ-ACK or the
RI; or if the first uplink control information does not include the HARQ-ACK and the RI, the
first-type uplink control information is the CQI and/or the PMI.

[0155] In the prior art, the network device configures parameters "betaOffset-ACK-Index",

"betaOffset-RI-Index", and "betaOffset-CQI-Index" for the user equipment by using higher

HARQ—-ACK
layer signaling. The parameters are respectively used to determine parameters Pogia ,

RI cQI
B offiet - and Bogre that are required when the user equipment determines a quantity of PUSCH
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modulation symbols occupied for sending HARQ-ACK, rank indication RI (Rank Indication),
and channel quality indicator CQI (Channel Quality Indicator)/precoding matrix indicator

PMI (Precoding Matrix Indicator) information on a single-codeword PUSCH. Values of the

parameters are integers within [0I5] | The network device configures parameters

"betaOftset-ACK-Index-MC-r10", "betaOffset-RI-Index-MC-r10", and
"betaOffset-CQI-Index-MC-r10" for the user equipment by using higher layer signaling. The

ﬂ HARQ-ACK ﬂ RI cor
offset offset , an d offset

parameters are respectively used to determine the parameters
that are required when the user equipment determines a quantity of PUSCH modulation
symbols occupied for sending the HARQ-ACK, RI, and CQI/PMI information on a
multi-codeword PUSCH. Optionally, the user equipment determines that the quantity of the

PUSCH modulation symbols occupied for sending the HARQ-ACK, RI, and CQI/PMI

HARQ-ACK
information on the multi-codeword PUSCH are a product of Bopre and a first ratio, a

RI oI
product of Pogse and the first ratio, and a product of Bogie and the first ratio respectively.

O-M,:
The first ratio is R , Where O isa quantity of bits of the HARQ-ACK, the RI, or the
CQI/PMI (if CRC parity bits are added before channel encoding when the HARQ-ACK, RI,
or CQI/PMI information is transmitted on the PUSCH, the quantity of the bits includes a bit
quantity of CRC parity bits corresponding to the HARQ-ACK, RI, or CQI/PMI information),

My s a quantity of modulation symbols of the PUSCH, and R is a quantity of bits of

uplink data sent on the PUSCH.

ﬁHARQ—A(‘K ﬂRl CcoI .
offset ofet and P gre ratios of a first quantity of

[0156] Optionally,
modulation symbols to a second quantity of modulation symbols. The first quantity of
modulation symbols is a quantity of modulation symbols of the PUSCH that are occupied
when first encoded modulation symbols obtained by encoding and modulating uplink control
information of the HARQ-ACK, RI, or CQI/PMI are sent on the PUSCH. The second quantity
of modulation symbols is a quantity of modulation symbols of the PUSCH that are occupied

when second encoded modulation symbols obtained by encoding and modulating uplink data

are sent on the PUSCH. A quantity of the first encoded modulation symbols is equal to a
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quantity of the second encoded modulation symbols.

PUCCH
[0157] Boge in the third power adjustment value may be one of the parameter
HARQ—-ACK RI col
B B B - :
offset ol or Pofier that is corresponding to a parameter configured for the UE by

the network device.

PUCCH
[0158] Poge in the third power adjustment value is configured for the user equipment

ﬂI’I/C(“H ﬂHARQ—A(.‘K

by the network device by using the higher layer signaling. “%  may be "

corresponding to the parameter "betaOffset-ACK-Index" or "betaOffset-ACK-Index-MC-r10"

) ﬂHARQ—A(TK
that is configured for the UE by the network device. " corresponding to the
parameter "betaOffset-ACK-Index" is preferred.
ﬂPU('(,'H
[0159] Alternatively, ~“#¢ in the third power adjustment value is configured for the

ﬂl’(/(‘(‘H

user equipment by the network device by using the higher layer signaling. “***  may be

RI
Pofre corresponding to the parameter "betaOffset-RI-Index" or

RI
"betaOffset-RI-Index-MC-r10" that is configured for the UE by the network device. Pofi

corresponding to the parameter "betaOffset-RI-Index" is preferred.

ﬂ PUCCH

[0160] Alternatively, ~°% in the third power adjustment value is configured for the

ﬂ PUCCH

user equipment by the network device by using the higher layer signaling. ofe may be

cor
Pogie corresponding to the parameter "betaOffset-CQI-Index" or

col
"betaOffset-CQI-Index-MC-r10" that is configured for the UE by the network device. Pogie

corresponding to the parameter "betaOffset-CQI-Index" is preferred.

ﬂ PUCCH

[0161] Alternatively, 7% in the third power adjustment value is configured for the

ﬂ PUCCH
ofse may be

user equipment by the network device by using the higher layer signaling.
ﬂ(,‘QI
offset corresponding to the parameter "betaOffset-CQI-Index" or

cor
"betaOffset-CQl-Index-MC-r10" that is configured for the UE by the network device. Pogie

corresponding to the parameter "betaOffset-CQI-Index" is preferred.
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ﬂPUCCH
o

[0162] Alternatively, 7  in the third power adjustment value is configured for the

ﬁPl/F(‘H

user equipment by the network device by using the higher layer signaling. 7%  may be

B HARQ—-ACK i R ﬁ(‘Ql
one of "ok ofet or "ese that is corresponding to a parameter configured for the

UE by the network device. Specifically, if the first uplink control information includes the

PUCCH ﬂHARQ—A('K

HARQ-ACK or the RI, Pogie in the third power adjustment value may be /"% or
B

RI
offe that is corresponding to a parameter configured for the UE by the network device; if the

ﬂ PUCCH

first uplink control information does not include the HARQ-ACK and the RI, 7%  in the

third power adjustment value may be A ‘fffgfl’ that is corresponding to a parameter configured
for the UE by the network device.

[0163] It should be noted that if the quantity of the resources of the PUCCH in the first
PUCCH format is fixedly one RB, the third power adjustment value is a power adjustment
value determined by the user equipment according to the ratio of the quantity of the bits of the
first uplink control information to the quantity of the resources of the first PUCCH, and
impact of the quantity of the resources of the first PUCCH on the third power adjustment
value may not be considered.

[0164] Fourth case: The fourth power adjustment value determined according to the

PUCCH ¢~ PUCCH ¢~
quantity of the resources of the first PUCCH is 10log,, (M (l)), where Mz () s

the quantity of the RBs included in the first PUCCH.

[0165] In the fourth case, the transmit power is a sum of the fourth power adjustment

PUCCH ¢
value 10log, (M, (1) and the base power adjustment value
Fo pucen + @ PLeA+ A () + 1. () . The transmit power is

Foycen () =10 loglo(MggCCH () + By pycen + 0 PL + A (D) + (1) , where MII{’;/CCH () is the

quantity of the RBs included in the first PUCCH.
[0166] Fifth case: The fifth power adjustment value determined according to the quantity
of the resources of the first PUCCH and the ratio of the quantity of the bits of the second

uplink control information to the quantity of the resources occupied on the first PUCCH by
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the second uplink control information or the fifth power adjustment value determined
according to the quantity of the resources of the first PUCCH and the ratio of the quantity of

the bits of the second uplink control information to the quantity of the resources of the first

. PUCCH ¢ - »
PUCCH is R(r(), My (l)), where " indicates the ratio of the quantity of the bits of
the second uplink control information to the quantity of the resources occupied on the first
PUCCH by the second uplink control information or the ratio of the quantity of the bits of the

second uplink control information to the quantity of the resources of the first PUCCH, and a

PUCCH
M

value of RO@-Mus™" (1) s determined by ” @ and M W @,

[0167] In the fifth case, the transmit power is a sum of the fifth power adjustment value
and the base power adjustment value. The second uplink control information is a subset of the
first uplink control information, and the second uplink control information is at least one type
of uplink control information with a highest priority in the first uplink control information. A
priority sequence includes at least one of the following cases: a priority of the HARQ-ACK is
higher than a priority of the CSI, a priority of the SR is equal to or higher than a priority of the
HARQ-ACK, a priority of an RI/PTI in the CSI is higher than a priority of a CQI/PMI in the
CSI, or a priority of an RI/PTI in the CSI is equal to a priority of the HARQ-ACK.
Alternatively, the second uplink control information is at least one type of uplink control
information that is in the first uplink control information and that is used to determine a
benchmark of a quantity of resources occupied on the first PUCCH by each piece of control
information in the first uplink control information. For example, a quantity of resources
occupied on the first PUCCH by other control information may be determined according to a
preset ratio or difference between the quantity of the resources occupied on the first PUCCH
by the other control information and a quantity of resources occupied on the first PUCCH by
the at least one type of uplink control information.

[0168] It should be noted that if the quantity of the resources of the PUCCH in the first
PUCCH format is fixedly one RB, the fifth power adjustment value is a power adjustment
value determined by the user equipment according to the ratio of the quantity of the bits of the
second uplink control information to the quantity of the resources occupied on the first

PUCCH by the second uplink control information or a power adjustment value determined by
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the user equipment according to the ratio of the quantity of the bits of the second uplink
control information to the quantity of the resources of the first PUCCH, and impact of the
quantity of the resources of the first PUCCH on the fifth power adjustment value may not be
considered.

[0169] In addition, the first PUCCH may be in the third physical uplink control channel
PUCCH format. The PUCCH in the third PUCCH format is characterized in that: the PUCCH
occupies one RB, and in a case of a normal cyclic prefix, only one time-domain symbol in the
middle of each timeslot corresponding to the PUCCH bears a demodulation reference signal,
or in a case of an extended cyclic prefix, the third time-domain symbol in each timeslot bears
a demodulation reference signal, where uplink control information of at least two user
equipments is capable of being sent on the PUCCH by means of code division; or the PUCCH
is capable of encoding the first uplink control information according to a convolutional code
encoding manner; or a maximum quantity of bits that are of the first uplink control
information and that the PUCCH is capable of bearing is greater than 22.

[0170] When the first PUCCH is in the third physical uplink control channel PUCCH

format, the first power adjustment value determined according to the quantity of the bits of

the first uplink control information is k'(n,,, (1)) , Where (1) indicates the quantity of the
bits of the first uplink control information sent on the first PUCCH; and
K (n,, ()= K, -1y, () + K

0.08<K, <0.12 ~37<K, <27

2 where , and

[0171] In this case, the transmit power is the sum of the first power adjustment value
' ] . )+ A o (F .
k' (y,, (1)) and the base power adjustment value Fo puccn + PL+ )+ Ar_pyccn (F) , that is,

the transmit power is Foveen (’) =F, pycen +PL. + k'(nbn (i))+ Ay puecw (F)+ g(i) )

[0172] When the first PUCCH is in the third physical uplink control channel PUCCH
format, the third power adjustment value determined according to the quantity of the RBs

included in the first PUCCH and the ratio of the quantity of the bits of the first uplink control
information to Kzz , the quantity of the modulation symbols occupied by the first PUCCH is

Ks BPRE ). pPUCCH
1010&0((2 1) B e ), where BPRE s the ratio of the quantity of the bits of the
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Ky

first uplink control information to ', the quantity of the modulation symbols occupied by

PUCCH

the first PUCCH, Pogpe is a value configured for the user equipment by the network

device by using higher layer signaling, and Ky is a value configured for the user equipment
by the network device by using higher layer signaling.

K, =125

[0173] Preferably, . In this case, the transmit power is the sum of the third

10log,, ((21.2531%/; _ 1)-,3”/(”’

power adjustment value offset ) and the base power adjustment value

P + ] . . .
o rucen + PL, + g() , that is, the transmit power is

Pocen (j): By pucen + PL, +10log,, ((21‘2531)” - 1)' :Bo[,yf;f/(ﬁ )+ g(i)

[0174] Z ‘ff,f(f"/e(’w is a parameter used to determine a quantity of modulation symbols in a
PUSCH resource that are occupied when first-type uplink control information is sent on a
PUSCH, where the first-type uplink control information is any one of the following: a channel
quality indicator CQI and/or a precoding matrix indicator PMI, a hybrid automatic repeat
request HARQ-ACK, or a rank indication RI. If the first uplink control information includes
the HARQ-ACK or the RI, the first-type uplink control information is the HARQ-ACK or the
RI; or if the first uplink control information does not include the HARQ-ACK and the R, the

first-type uplink control information is the CQI and/or the PMI.

ﬂPU(‘(.‘H

[0175] ofet in the third power adjustment value may be one of the parameter
ﬁ:}%ZQ—ACK ﬂRl ﬂ(.‘Ql

ot or "o that is corresponding to a parameter configured for the UE by

the network device.

ﬁ PUCCH

[0176] ot in the third power adjustment value is configured for the user equipment

ﬁPUCCH ﬁHARQ—A(,'K

by the network device by using the higher layer signaling. ~*  may be *o/

corresponding to the parameter "betaOffset-ACK-Index" or "betaOffset-ACK-Index-MC-r10"

IBHARQ-ACK .
that is configured for the UE by the network device. %" corresponding to the

parameter "betaOffset-ACK-Index" is preferred.

ﬂ PUCCH
¢

[0177] Alternatively, 7 in the third power adjustment value is configured for the
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ﬂ PUCCH

user equipment by the network device by using the higher layer signaling. ~?**  may be

RI
B offset corresponding to the parameter "betaOffset-RI-Index" or

Ri
"betaOffset-RI-Index-MC-r10" that is configured for the UE by the network device. Pogie

corresponding to the parameter "betaOffset-RI-Index" is preferred.

PUCCH
[0178]  Alternatively, Pogiu in the third power adjustment value is configured for the

ﬂ PUCCH

user equipment by the network device by using the higher layer signaling. "%  may be

ﬂ co!
offset

corresponding to the parameter "betaOffset-CQI-Index" or

cor
"betaOffset-CQI-Index-MC-r10" that is configured for the UE by the network device. Pogie

corresponding to the parameter "betaOffset-CQI-Index" is preferred.
ﬂl’l/('(‘H
[0179] Alternatively, %  in the third power adjustment value is configured for the
ﬁl’(/(‘(fH
user equipment by the network device by using the higher layer signaling. 7%  may be
ﬁ(,‘Ql
offset corresponding to the parameter "betaOffset-CQI-Index" or

cor
"betaOffset-CQI-Index-MC-r10" that is configured for the UE by the network device. Pogie

corresponding to the parameter "betaOffset-CQI-Index" is preferred.

B PUCCH

[0180] Alternatively, 7  in the third power adjustment value is configured for the

ﬂ PUCCH
¢

user equipment by the network device by using the higher layer signaling. 7%  may be

ﬁHARQ—A(.'K ﬁm ﬂ('Q[
one of /et , bt or Tefte that is corresponding to a parameter configured for the

UE by the network device. Specifically, if the first uplink control information includes the

PUCCH HARQ-ACK
HARQ-ACK or the RI, Pogse in the third power adjustment value may be Pogse or

ﬂ Ri
o)

5 that is corresponding to a parameter configured for the UE by the network device; if

PUCCH
the first uplink control information does not include the HARQ-ACK and the RI, 7“#*  in

ﬁ(fgl
0]

the third power adjustment value may be 7 that is corresponding to a parameter
configured for the UE by the network device.

[0181] This embodiment of the present invention specifically provides an expression for
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calculating the transmit power according to the sum of the base power adjustment value and
any one of the first power adjustment value, the second power adjustment value, the third
power adjustment value, the fourth power adjustment value, or the fifth power adjustment
value, and provides a method for calculating the transmit power for sending the first uplink
control information on the first PUCCH.

[0182] FIG. 2 is a flowchart of a power control method for an uplink control channel
according to another embodiment of the present invention. In this embodiment of the present
invention, it is defined that a first physical uplink control channel PUCCH format, that is, a
first PUCCH format, is different from any one of a PUCCH format 1, 1a, 1b, 2, 2a, 2b, or 3 in
the prior art, a second physical uplink control channel PUCCH format, that is, a second
PUCCH format, is the PUCCH format 1a, and a third physical uplink control channel PUCCH
format, that is, a third PUCCH format, is different from the first PUCCH format and different
from any one of the PUCCH format 1, 1a, 1b, 2, 2a, 2b, or 3 in the prior art. For a problem
that user equipment cannot determine, according to transmit power used for sending
information on an existing PUSCH or PUCCH, transmit power for sending information on a
PUCCH in the first PUCCH format or the third PUCCH format, the power control method for
an uplink control channel is provided. Specific steps of the method are as follows.

[0183] Step S201: A network device determines that user equipment is to send first uplink
control information on a first PUCCH and in a subframe i, where the first uplink control
information includes at least one of channel state information CSI, a hybrid automatic repeat
request-acknowledgment HARQ-ACK, or a scheduling request SR.

[0184] In the prior art, formats of a PUCCH include the format 1, the format la, the
format 1b, the format 2, the format 2a, the format 2b, and the format 3. In this embodiment of
the present invention, a format of the first PUCCH is the first physical uplink control channel
PUCCH format, or a format of the first PUCCH is the third physical uplink control channel
PUCCH format, and both the first PUCCH format and the third PUCCH format are different
from any PUCCH format in the prior art.

[0185] A network device configures multiple PUCCHs for the user equipment. The user
equipment determines the first PUCCH from the multiple PUCCHs, and sends the first uplink

control information in the subframe ! by using the first PUCCH. Alternatively, a network
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device instructs, by using physical layer signaling, the user equipment to send the first uplink
control information in the subframe ! by using the first PUCCH. This embodiment of the
present invention does not limit a method for determining the first PUCCH in the subframe 1

by the user equipment. The first uplink control information includes at least one of channel
state information CSI, a hybrid automatic repeat request-acknowledgment HARQ-ACK, or a
scheduling request SR. That is, the first uplink control information generated by the current
user equipment may include one of the channel state information CSI, the hybrid automatic
repeat request-acknowledgment HARQ-ACK, or the scheduling request SR; may include any
two of the channel state information CSI, the hybrid automatic repeat
request-acknowledgment HARQ-ACK, or the scheduling request SR; or may include all of
the channel state information CSI, the hybrid automatic repeat request-acknowledgment
HARQ-ACK, and the scheduling request SR.

[0186] Step S202: The network device determines transmit power for sending, by the user
equipment, the first uplink control information on the first PUCCH and in the subframe 7,
where the transmit power is a sum of a base power adjustment value and any one of a first
power adjustment value, a second power adjustment value, a third power adjustment value, a
fourth power adjustment value, or a fifth power adjustment value.

[0187] The first power adjustment value is a power adjustment value determined by the
user equipment according to a quantity of bits of the first uplink control information. The
second power adjustment value is a power adjustment value determined by the user
equipment according to the quantity of the bits of the first uplink control information and a
quantity of resources of the first PUCCH. The third power adjustment value is a power
adjustment value determined by the user equipment according to the quantity of the resources
of the first PUCCH and a ratio of the quantity of the bits of the first uplink control
information to the quantity of the resources of the first PUCCH. The fourth power adjustment
value is a power adjustment value determined by the user equipment according to the quantity
of the resources of the first PUCCH. The fifth power adjustment value is a power adjustment
value determined by the user equipment according to the quantity of the resources of the first
PUCCH and a ratio of a quantity of bits of second uplink control information to a quantity of

resources occupied on the first PUCCH by the second uplink control information, or the fifth
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power adjustment value is a power adjustment value determined by the user equipment
according to the quantity of the resources of the first PUCCH and a ratio of a quantity of bits
of second uplink control information to the quantity of the resources of the first PUCCH,
where the second uplink control information is a subset of the first uplink control information.

5

[0188] The base power adjustment value includes a sum of ~O-FPUCCH apd PL", or the

base power adjustment value includes a sum of Fo pucen and % PL, , where Fo rucen isa
value configured for the user equipment by the network device by using higher layer signaling,

Ple isa path loss that is determined by the user equipment and that is of a downlink of a cell

¢ in which the first PUCCH is located, and % isa path loss factor that is configured for the

user equipment by the network device and that is of the cell ¢ in which the first PUCCH is

located.

[0189] In this embodiment of the present invention, when the base power adjustment

value includes the sum of Fo_rucen and PLC, the base power adjustment value further

includes at least one of Amp(f") g(’), or Arrvccn(F) CAnp(F) 5 5 power adjustment

value that is configured for the user equipment by the network device and that is used when

the PUCCH in the first PUCCH format uses multi-antenna transmit diversity. Optionally, a

value of A70(F") s 2 dB or 0 dB. & (i ) is determined by using a sixth power adjustment

value that is in the subframe # and that is configured for the user equipment by the network

device by using physical control information. Arrucen(F) o o power offset value that is
configured for the user equipment by the network device and that is of a PUCCH in the first
PUCCH format relative to a PUCCH in the second PUCCH format. Optionally, a value of

Aerueen) g one of —2 dB, 0 dB, 1 dB, or 2 dB. Preferably, the base power adjustment

. . . . . . P PL
value in this embodiment of the present invention includes a sum of ~OPUCCH = =%

Arp (") gli) , and Ar_pucen (F) , that is, the base power adjustment value is

Fo pucen + PLe+ Ay (B + WD+ A _picen (F) . Alternatively, preferably, the base power
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adjustment value in this embodiment of the present invention includes a sum of Fo puccn ,

oL g() , and “rrucen(f) g is, the base power adjustment value is

Fo pucers + PL+ 20+ Ay _puccy (F) . Alternatively, preferably, the base power adjustment

PL,

. . . . . . P
value in this embodiment of the present invention includes a sum of O_PUCCH | , and

gli) , that is, the base power adjustment value is Fo pucen + PL: + () :

[0190] When the base power adjustment value includes the sum of Fo_rucon and

a"'PL", the base power adjustment value further includes Brr () and/or /() When

Ko=0 Ag (=0 Ky =125 Ay ()=10log, (275 —1)- i) k.

; or when

parameter that is configured for the user equipment by the network device by using higher

PUCCH

layer signaling and that is of the cell ¢ in which the first PUCCH is located. "% is a

parameter configured for the user equipment by the network device by using higher layer

ﬂPU(‘CH
0

et is equal to 1. BPRE =0/N

signaling, or Re, where O isa quantity of bits of third
uplink control information sent by the user equipment on the first PUCCH, the quantity of the

bits of the third uplink control information includes a quantity of bits of a cyclic redundancy

code CRC corresponding to the third uplink control information, and Nee is a quantity of

modulation symbols occupied by the first PUCCH. The third uplink control information is a

subset of the first uplink control information. AU is a seventh power adjustment value that
is in the subframe  and that is configured for the user equipment by the network device by

using physical control information. Preferably, the base power adjustment value in this

POAPUCCH a, 'PLC A7'1~',c )

embodiment of the present invention includes a sum of and

1@ , that is, the base power adjustment value may be Fopucen + @ PLe+ A e () + /) .

Alternatively, preferably, the base power adjustment value in this embodiment of the present

invention includes a sum of Fo pucen , a.PL, , and ff(l), that is, the base power

adjustment value may be Fo rucen + @ PL. + 1.0) .
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[0191] In addition, in this embodiment of the present invention, To pucen = Fo puscn + AP,

P .
where “OFUSCH and AP are values configured for the user equipment by the network

device by using higher layer signaling, and % may be equal to 1.

[0192] Step S203: The network device receives the first uplink control information that is
sent by the user equipment on the first PUCCH by using power that is not greater than the
transmit power.

[0193] The network device receives the first uplink control information that is sent by the
user equipment on the first PUCCH. In a sending process, if the transmit power determined in
the foregoing step is greater than a maximum transmit power of the user equipment, the user
equipment sends the first uplink control information on the first PUCCH by using the
maximum transmit power; or if the transmit power determined in the foregoing step is not
greater than a maximum transmit power of the user equipment, the user equipment sends the
first uplink control information on the first PUCCH by using the transmit power.

[0194] In this embodiment of the present invention, the transmit power for sending the
first uplink control information on the first PUCCH and in the subframe i is determined by
the user equipment by using the sum of the base power adjustment value and any one of the
first power adjustment value determined according to the quantity of the bits of the first
uplink control information that is to be sent on the first PUCCH, the second power adjustment
value determined according to the quantity of the bits of the first uplink control information
and the quantity of the resources of the first PUCCH, the third power adjustment value
determined according to the quantity of the resources of the first PUCCH and the ratio of the
quantity of the bits of the first uplink control information to the quantity of the resources of
the first PUCCH, the fourth power adjustment value determined according to the quantity of
the resources of the first PUCCH, the fifth power adjustment value determined according to
the quantity of the resources of the first PUCCH and the ratio of the quantity of the bits of the
second uplink control information to the quantity of the resources occupied on the first
PUCCH by the second uplink control information, or the fifth power adjustment value
determined according to the quantity of the resources of the first PUCCH and the ratio of the

quantity of the bits of the second uplink control information to the quantity of the resources of
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the first PUCCH. Therefore, a method for determining the transmit power for sending the first
uplink control information on the first PUCCH is provided.

[0195] Based on the foregoing embodiment, the quantity of the bits of the first uplink
control information includes a quantity of bits of a cyclic redundancy code CRC
corresponding to the first uplink control information, and the quantity of the bits of the second
uplink control information includes a quantity of bits of a cyclic redundancy code CRC
corresponding to the second uplink control information.

[0196] The first PUCCH is in the first physical uplink control channel PUCCH format.
The PUCCH in the first PUCCH format is characterized in that: the PUCCH occupies at least
one RB, and in a case of a normal cyclic prefix (Normal Cyclic Prefix, normal CP for short),
only one time-domain symbol in the middle of each timeslot corresponding to the PUCCH
bears a demodulation reference signal, or two time-domain symbols in each timeslot bear a
demodulation reference signal, or in a case of an extended cyclic prefix (Extended Cyclic
Prefix, extended CP for short), the third time-domain symbol in each timeslot bears a
demodulation reference signal; or the PUCCH is capable of encoding the first uplink control
information according to a convolutional code encoding manner; or a maximum quantity of
bits that are of the first uplink control information and that the PUCCH is capable of bearing

is greater than 22.

[0197] The quantity of the resources of the first PUCCH is K e , a quantity of modulation

symbols occupied by the first PUCCH. Alternatively, the quantity of the resources of the first

PUCCH is Q', a quantity of bits corresponding to modulation symbols occupied by the first

PUCCH, where O'=Kp "0, ,and 9= is amodulation order used by the user equipment for

sending the first uplink control information on the first PUCCH. Alternatively, the quantity of

MI’U(,'CH ( ) . A
the resources of the first PUCCH is " r8 !} a quantity of RBs included in the first
PUCCH.
[0198] The quantity of the resources occupied on the first PUCCH by the second uplink

M

control information is “ &£, a quantity of modulation symbols occupied on the first PUCCH

by the second uplink control information. Alternatively, the quantity of the resources occupied
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on the first PUCCH by the second uplink control information is Q”, a quantity of bits

corresponding to modulation symbols occupied on the first PUCCH by the second uplink

control information, where € =Mx: O, ,and 2= is a modulation order used by the user
equipment for sending the second uplink control information on the first PUCCH.

_ PUCCH  A7PUCCH PUCCH
Ky = MIH N M,

[0199] Specifically, symb - where

is a quantity of subcarriers

PUCCH

of the first PUCCH, and Nomo is a quantity of OFDM symbols of the first PUCCH. For
QPSK, 9» =2 For 160AM, Z» =4,

[0200] This embodiment of the present invention specifically defines characteristics of the
PUCCH in the first PUCCH format, to distinguish between the PUCCH in the first PUCCH
format and a PUCCH in an existing PUCCH format, and also specifically defines a method
for determining the quantity of the resources of the first PUCCH and the quantity of the
resources occupied on the first PUCCH by the second uplink control information.

[0201] Based on the foregoing embodiment, a specific method for determining the

transmit power includes the following five cases. Optionally, if a quantity of RBs occupied by

the first PUCCH is not greater than N.. the transmit power for sending, by the user
equipment, the first uplink control information on the first PUCCH and in the subframe ¢ is
a sum of the first power adjustment value and the base power adjustment value, or the
transmit power is a sum of the second power adjustment value and the base power adjustment

N

value. If a quantity of RBs occupied by the first PUCCH is greater than "+, the transmit

power for sending, by the user equipment, the first uplink control information on the first

PUCCH and in the subframe i is a sum of the third power adjustment value and the base

power adjustment value. N is 1,2,3,0or4.

[0202] First case: The first power adjustment value determined according to the quantity

of the bits of the first uplink control information is h'(n””(i)), where My (1) indicates the
quantity of the bits of the first uplink control information sent on the first PUCCH.

[0203] In the first case, the transmit power is a sum of the first power adjustment value
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h'(n,, ()

and the base power adjustment value

PO_PUCCH + PLL + ATxl) (F’) + g(l) + Al"il’l/('('H (F) The transmit power iS

FPoyeen (D) = P())UCCH +PL + h'(nbir(i))+ AF_PUCCH (F)+ App(F)+ g("). A value of h'(nbit(i))

is determined by 0 A specific determining relationship is as follows:
if 7@ s not greater than 22, 7 (y, (1)) = P , and 6.1<F < 8-76;

if ") is greater than 22 and " @ s not greater than 64, k' (my, (D))= P, , and

82<P <12.12.

it ™) is greater than 64 and "» () is not greater than 128, h'(ny, (1)) =P, ,

and 114SP <1724,

B (n,, () =K, n,, ()+K 0.05<K <008 . 4 5<K,<T7

2, where
[0204] Preferably, K1:0'07, and K:=56_ Alternatively, preferably, K1=0'06, and

K, =62

[0205] (1) indicates the quantity of the bits of the first uplink control information sent
on the first PUCCH. For example, () may be specifically expressed as

(i) = Mesi + Muarg * e where " is a quantity of bits of the channel state information CSI,

uire s a quantity of bits of the hybrid automatic repeat request-acknowledgment

HARQ-ACK, ™ is a quantity of bits of the scheduling request SR, and any one of ’ts,

Mriarg , or Rsr may be 0.

[0206] Second case: The second power adjustment value determined according to the

quantity of the bits of the first uplink control information and the quantity of the resources of
hv (i M[’U(‘(‘H 3 . . . . .

the first PUCCH is <n”” (D My (l)) , where b () indicates the quantity of the bits of
. . . MI’U(‘(TH(I-) . .

the first uplink control information sent on the first PUCCH, s is the quantity of

h '(nbu (), M;;;/(‘(‘H (l))

the RBs included in the first PUCCH, and a value of is determined by
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PUCCH (l)

‘nbil(i) and MRB
[0207] In the second case, the transmit power is a sum of the second power adjustment

h'(n,, (i), M " (i)

value and  the base power  adjustment value

Po pueen +PL +Apn (F)+ () +Ar pyeen (F) The transmit power is

5 PPUCCH (l) = R)_PU(‘CH + PL{. + h '(nbiz (l)a MII:IEICCH (l)) + AFJ’UCCH (F) + ATxD (F') + g (l) , WhCI’C

h'(m,, (), MM @) . .. . N g
( b (0> My (l)) indicates the second power adjustment value, " @) indicates the

quantity of the bits of the first uplink control information sent on the first PUCCH, and a

' . PUCCH » . CH .
h<n””(1)’MRB (l)) is determined by M) and Mu @) A specific

value of
determining relationship is as follows:
o (. ML () =10Tog, (MU (1) + h'(m,, ()
[0208] When Mu (D=1,
it () s not greater than 22, H (1, (1)) = Py cand O1<H< 8'76;
it (D g greater than 22 and () s not greater than 64, 1, ()= P 2,
and 8255 S12.12;
15 if M) g greater than 64 and (1) is not greater than 128, 7y, () = P ,
and 11.4< P, $17.24;Or
n(n,, ()= K, n,(H+K, 0.05<K, <0.08 . where 005K, <008 .4
5<K, <7
[0209] Preferably, K :0'07, and K:=36_ Alternatively, preferably, K 20'06, and
20 K, =62

[0210] When Mw (D=2
if ™ s not greater than 22, (g, (D) = Py ,and SI9SH <84,

it M) s greater than 22 and ™) is not greater than 64, 1 (ny, (i) = P 2
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and 6:8<PB<10.

it () s greater than 64 and () is not greater than 128, R (ny, ()= P, ,

and 8SA <126,

it M) g greater than 128 and e s not greater than 256, H (1 (D) = P, ,

and 106<P <177,

W(n,, ()= K, -n,, (i) + K, where 002<K <004 , 4 55<K,<75

[0211] Preferably, K = 0'03, and K =6.7

[0212] Alternatively, in the second case, the second power adjustment value determined

according to the quantity of the bits of the first uplink control information and the quantity of

h'(n'b,., (), M (i))

the resources of the first PUCCH is , where 7w indicates a

quantity of bits obtained by subtracting the quantity of the bits of the cyclic redundancy code

CRC corresponding to the second uplink control information from the quantity of the bits of

PUCCH
M,y

the second uplink control information, () is the quantity of the RBs included in the

1 1 v PUCCH /+ , i
first PUCCH, and a value of h (n o (D Mg (l)) is determined by 7@ and

PUCCH ¢+
My (@)

[0213]  Preferably, By, () MY (1))= 10 log o (M 5 (1)) + ' (n', (1) . where when

0.05<K,<0.08

R where , and

MM (@) =1 R, (D)=K,xn', () +K,

PUCCH
M

“L6<K, <07 . o when M T®)=2

n(n'y, (1) = K, xn'y, () + K, , Wwhere

0.03<K, <005 , 4 —03<K, <05

[0214] Alternatively, preferably, h'("'hn () Mgy " (i))= 10log o (M g5 (1) + B'(7'y, (1)) s

0.05< K, <0.075

, where

where when MIZ?CCH (=1 , h'(n'y, (1) =K, x(n',, () +8)+K,

4 —22<5K,<-11.

; or when

an My P i)y=2 0y () =K x (0 D+ 8+ Ky here

0.03<K, <0.08 , 4 -06<K,<0.I
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(', (), M5 ()

[0215] When the second power adjustment value is

is PoocenD =1, 0_PUCCH +PL, +h'( n'y, (), MPU((H(’))“‘AFJUCCH (F)"'A]'xu(F ')+g(i)

, the transmit

power

or PPUCCH( ) By pucen T, - PL, +h' (” hu(l)>M11e}(3/((H(’))*‘Aﬁjmwz (F)"'Arxn(F')*'fc(i).

[0216] When the first PUCCH is in the first physical uplink control channel PUCCH
format, and the PUCCH in the first physical uplink control channel PUCCH format does not

support a transmit diversity solution, the transmit power is

Povcen (’) = RLPUCCH +PL. +h '(”’ i (s Mfé”m (’)) + AFﬁPUC(‘H (F)+ g(i) or

Prveen (7 ( ) By pucen + 2" PL, +h'( pir (D), MPUC(H( ))+AF_PU(.'(7H (F)+ . (l)

s Where POAPUCCH
is a value configured for the user equipment by the network device by using higher layer

signaling, and is used to determine the transmit power of the first PUCCH in the first physical

Py

uplink control channel. “o-rucct is determined by a cell-level parameter Fo nowmac._ pucn 2

and a user-level parameter Fo ue pucn that are configured for the user equipment by the
network device. In the prior art, a network device configures a cell-level parameter

P P . .
O_NOMINAL_PUCCHI gnd a user-level parameter ~ ©-VEPUCCHI for the user equipment by using

higher layer signaling. A value of Fo nowmvaw_rucer ranges from —127 dBm to —96 dBm. A

value of Fo ue puccny ranges from —8 dB to 7 dB. A sum Fo pucen. of values of the two
parameters is configured for the user equipment by the network device and is used to adjust
transmit power for performing, by the user equipment, sending on a PUCCH in an existing
PUCCH format (including the PUCCH format 1, the PUCCH format 1a, the PUCCH format
1b, the PUCCH format 2, the PUCCH format 2a, the PUCCH format 2b, and the PUCCH
format 3). In the prior art, the network device further configures a cell-level parameter
Ponowmar_ ruscn and a user-level parameter 7o e rsen for the user equipment by using

higher layer signaling. A value of Povowma_ ruscr ranges from —126 dBm to 24 dBm. A

value of Poveesen ranges from —8 dB to 7 dB. A sum Fo rusc of values of the two

parameters is configured for the user equipment by the network device and is used to adjust

78



10

15

20

25

CA 02999587 2018-03-22

transmit power for performing, by the user equipment, sending on a PUSCH. forvcen g

determined by the cell-level parameter Fo novmar._ pucer 2 and the user-level parameter

P, . .
O_UEPUCCH 2 that are configured for the user equipment by the network device.

P, P
ONOMINAL_ PUCCH2  may be any one of the cell-level parameter °O-NOMINALPUCCHI o

Povormoas_ pusc ghat s configured for an existing PUCCH format by the network device, or

may be determined by another parameter configured by the network device. Fo ve ruccn 2

P , .
may be any one of the user-level parameter ~O-VEPUCCHI or  Poue psc that is configured

for an existing PUCCH format by the network device, or may be determined by another

parameter configured by the network device. If Fo owmar_ rucciz s determined by the
another parameter configured by the network device, a value of the parameter ranges from

—126 dBm to 24 dBm. If Fo_ue pucen is determined by the another parameter configured by
the network device, a value of the parameter ranges from —8 dB to 7 dB.

A

[0217] w_rveen (F) i the power offset value that is configured for the user equipment

by the network device and that is of the PUCCH in the first PUCCH format relative to the
PUCCH in the second PUCCH format.

[0218] g(i) and £.46) indicate power adjustment values that are sent to the user

equipment by the network device by using a physical downlink control channel.
[0219] Third case: The third power adjustment value determined according to the quantity

of the resources of the first PUCCH and the ratio of the quantity of the bits of the first uplink
. PUCCH g+
control information to the quantity of the resources of the first PUCCH is k(m(i), My~ (D) |

where ™) indicates the ratio of the quantity of the bits of the first uplink control

information sent by the user equipment on the first PUCCH to the quantity of the resources of

- C . . PUCCH ;-
the first PUCCH, and a value of #(m().M w () s determined by ™) and My " (1),

In this case, the transmit power is the sum of the third power adjustment value

k(m(i), M " (1)) and the base power adjustment value
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PO_PUCCH + PLc + ATxD (Fv) + g(i) + Al«‘J’U(‘(‘H (F) The transmit pOWCI‘ 1s

Poveen (1) = POfPU('(‘H +PL, + k(m(i), Mzgg(‘CH (N+ AF}UCCH (F)+Apep (F) + g(i) where

- PUCCH ¢+ .
k(m(i), M5 " (1) indicates the third power adjustment value, () indicates the ratio of the

quantity of the bits of the first uplink control information sent by the user equipment on the

5 first PUCCH to the quantity of the resources of the first PUCCH, and a value of

. JCCH . PUCCH 4 -
k(m(@D.My“" (D) is  determined by ™ and My () A specific determining

relationship is as follows.
[0220] When the quantity of the resources of the first PUCCH is M ;Ilij(v(‘H () , the quantity
of the RBs included in the first PUCCH, F(m(D M (D) =101og, (M ;" () +q'(m(D)
10 [0221] When Mu = (=1
it M) s not greater than 22, q'(m(i))= P , and 61<h< 8'76;
if m() is greater than 22 and () is not greater than 64, q'(m@))=P, , and
82<P 312.12;
if m() is greater than 64 and ™ () is not greater than 128, g'(m h)=P, , and
15 11.4$P3S17.24;Or
q'(m(D)=K,-mi)+ K, wpere 005K <008 ;4 S<K, <7
[0222] Preferably, K, =007 ,nd K:=56_ Alternatively, preferably, K, =0.06 , and
K,=62 )
[0223] When Mu (D=2,
20 if m() is not greater than 22, g'(m()=Pr , and 59<h <84,

if m() js greater than 22 and m(i) s not greater than 64, q’(m(i))sz, and

6.8<P, <10,

>

if m() s greater than 64 and m(i) s not greater than 128, q'(m(i))=P3’ and
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8<P <126,

if m() is greater than 128 and (/) is not greater than 256, q'(m()=P, , and

106<P <177,

g (m(i))=K,-mi)+ K, wpere 0025K <004 , 4 55<K, <75

[0224]  Preferably, Ki=003 544 K,=67

[0225] When the quantity of the resources of the first PUCCH is Ky , the quantity of the
modulation symbols occupied by the first PUCCH,

k(m(i), M " (1)) = 101og,, (M " (D) + ¢ '(m())

[0226] When Mu (D=1,

q'(m())= K, -m(i)+ K, 8<K <11 , 4 5<K, <7

, Where
[0227]  Preferably, K1 =84 and K.=063

PUCCH 4+
[0228]  When M ") =2,

q'(m@))= K, -m@i)+ K, 8.5<K <105 , 4 65K, <8

, Where an

[0229]  Preferably, K, =95 , and K,=6.7

[0230] Alternatively, the determining the third power adjustment value according to the

quantity of the resources of the first PUCCH and the ratio of the quantity of the bits of the

first uplink control information to the quantity of the resources of the first PUCCH includes:
determining the third power adjustment value according to a ratio of the quantity

KRE, the quantity of the modulation

of the bits of the first uplink control information to
symbols occupied by the first PUCCH, where the third power adjustment value is

PUCCH K¢ BPRIY 1l PUCCH JCCH 4+
1010g,y (M (l))HOIng((Z 1) Pogre ), where Mrs () s the quantity of the

RBs included in the first PUCCH, BPRE s the ratio of the quantity of the bits of the first

uplink control information to KRE, the quantity of the modulation symbols occupied by the

PUCCH
first PUCCH, Poge is a value configured for the user equipment by the network device by
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using higher layer signaling, and K is a value configured for the user equipment by the

network device by using higher layer signaling.

[0231] Preferably, Ky =l'25. In this case, the transmit power is the sum of the third

lOloglo(M[l;é/ccH (l.))_i_lOloglo((zmsBPRE —1)-,81)”“”

power adjustment value offset ) and the base

P

power adjustment value ~ ©O-PUCCH +PL+g() , that is, the transmit power of the PUCCH is

Poieen () = E)_PUC("H +PL, +10log,, (Mlle’g('(w (1)) +10log,, (( 2B 1)’ ﬂ;ﬁﬁéz(ﬁ )+ g )

[0232] Alternatively, the transmit power is the sum of the third power adjustment value

PUCCH 4+ 25BPRE °C,
10log,, (M, (H(z))+1010g10((2' o _l)ﬂ ‘;;:Z’(H) and the base power adjustment value

Fo pucen + @ PL+ 1.G) , that is, the transmit power of the PUCCH is

Poyeen (D)= By pocen ta.-PL +10 log,, (MII:IEKTCH () +10log,, (( 2MEPRE 1)' ﬂtf/;fls/;c” )+ f.(

PL.

P, . P . . .
where ~O-FPUCCH g the same as ~O-PUCCH in the second case, is the path loss that is

determined by the user equipment and that is of the downlink of the cell ¢ in which the first
PUCCH is located, %« is the path loss factor that is configured for the user equipment by the
network device and that is of the cell ¢ in which the first PUCCH is located, & (’) is the same

as & (’) in the second case, and fc(l) is the same as fi (l) in the second case.

[0233] Z ‘;;‘/f’(ﬁ is a parameter used to determine a quantity of modulation symbols in a
PUSCH resource that are occupied when first-type uplink control information is sent on a
PUSCH, where the first-type uplink control information is any one of the following: a channel
quality indicator CQI and/or a precoding matrix indicator PMI, a hybrid automatic repeat
request HARQ-ACK, or a rank indication RI. If the first uplink control information includes
the HARQ-ACK or the RI, the first-type uplink control information is the HARQ-ACK or the
RI; or if the first uplink control information does not include the HARQ-ACK and the RI, the
first-type uplink control information is the CQI and/or the PMI.

[0234] In the prior art, the network device configures parameters "betaOffset-ACK-Index",

"betaOffset-RI-Index", and "betaOffset-CQI-Index" for the user equipment by using higher
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ﬁHARQ—A(,'K

layer signaling. The parameters are respectively used to determine parameters /o

RI CoI
A et and Boge that are required when the user equipment determines a quantity of

PUSCH modulation symbols occupied for sending HARQ-ACK, rank indication RI (Rank
Indication), and channel quality indicator CQI (Channel Quality Indicator)/precoding matrix

indicator PMI (Precoding Matrix Indicator) information on a single-codeword PUSCH.

Values of the parameters are integers within [015] * The network device configures

parameters "betaOffset-ACK-Index-MC-r10", "betaOffset-RI-Index-MC-r10", and

"betaOffset-CQI-Index-MC-r10" for the user equipment by using higher layer signaling. The

) ) ﬂHARQACK ﬁm ’B(z{l
parameters are respectively used to determine the parameters 7% , o and  7efse
that are required when the user equipment determines a quantity of PUSCH modulation
symbols occupied for sending the HARQ-ACK, RI, and CQI/PMI information on a
multi-codeword PUSCH. Optionally, the user equipment determines that the quantity of the

PUSCH modulation symbols occupied for sending the HARQ-ACK, RI, and CQI/PMI

ﬂHARQ—A(.'K
information on the multi-codeword PUSCH are a product of 7 effer and a first ratio, a

RI ol
B, Bogs

product of " and the first ratio, and a product of % and the first ratio respectively.

0-M,,
The first ratio is R where O isa quantity of bits of the HARQ-ACK, the RI, or the

CQI/PMI (if CRC parity bits are added before channel encoding when the HARQ-ACK, RI,
or CQI/PMI information is transmitted on the PUSCH, the quantity of the bits includes a bit
quantity of CRC parity bits corresponding to the HARQ-ACK, RI, or CQI/PMI information),

M s a quantity of modulation symbols of the PUSCH, and R is a quantity of bits of

uplink data sent on the PUSCH.

ﬁHARQ—ACK ﬁ Ri ﬂCQI
offset ofet and T are ratios of a first quantity of

[0235]  Optionally,
modulation symbols to a second quantity of modulation symbols. The first quantity of
modulation symbols is a quantity of modulation symbols of the PUSCH that are occupied
when first encoded modulation symbols obtained by encoding and modulating uplink control

information of the HARQ-ACK, RI, or CQI/PMI are sent on the PUSCH. The second quantity
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of modulation symbols is a quantity of modulation symbols of the PUSCH that are occupied
when second encoded modulation symbols obtained by encoding and modulating uplink data
are sent on the PUSCH. A quantity of the first encoded modulation symbols is equal to a

quantity of the second encoded modulation symbols.

ﬂ PUCCH

[0236] ofet in the third power adjustment value may be one of the parameter

ﬂHARQ-A(,'K ﬂRI ﬂ(’Ql
offset , Teffet or ot that is corresponding to a parameter configured for the UE by

the network device.

ﬂ]’l/('(“H

[0237] /5 in the third power adjustment value is configured for the user equipment

PUCCH HARQ-ACK
B B

by the network device by using the higher layer signaling. ~**¢  may be

corresponding to the parameter "betaOffset-ACK-Index" or "betaOffset-ACK-Index-MC-r10"

ﬂHARQ—ACK
that is configured for the UE by the network device. corresponding to the
parameter "betaOffset-ACK-Index" is preferred.

ﬂ PUCCH

[0238]  Alternatively, 7% in the third power adjustment value is configured for the

ﬂ PUCCH

user equipment by the network device by using the higher layer signaling. ~**  may be

RI
Bope corresponding to the parameter "betaOffset-RI-Index" or

RI
"betaOffset-RI-Index-MC-r10" that is configured for the UE by the network device. Pogre

corresponding to the parameter "betaOffset-R1-Index" is preferred.

PUCCH
[0239] Alternatively, Pogie in the third power adjustment value is configured for the
ﬂPU('CH
user equipment by the network device by using the higher layer signaling. ~***  may be
ﬁ(‘,QI
offset corresponding to the parameter "betaOffset-CQI-Index" or

cor
"betaOffset-CQI-Index-MC-r10" that is configured for the UE by the network device. Pogie

corresponding to the parameter "betaOffset-CQI-Index" is preferred.

ﬂ PUCCH

[0240]  Alternatively, ~°#*  in the third power adjustment value is configured for the

ﬂ PUCCH

user equipment by the network device by using the higher layer signaling. % may be
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Col
Bogre corresponding to the parameter "betaOffset-CQI-Index" or

Cor
"betaOffset-CQIl-Index-MC-r10" that is configured for the UE by the network device. Poge

corresponding to the parameter "betaOffset-CQI-Index" is preferred.

PUCCH
[0241]  Alternatively, Pogier in the third power adjustment value is configured for the

PUCCH
user equipment by the network device by using the higher layer signaling. Pogre may be

ﬂHARQ—A(‘K ﬂRI ,BCQI
one of /ol , e or Tefs that is corresponding to a parameter configured for the

UE by the network device. Specifically, if the first uplink control information includes the

ﬂ PUCCH ﬁ HARQ-ACK
HARQ-ACK or the RI, " in the third power adjustment value may be /o or

ﬂR]
0

el that is corresponding to a parameter configured for the UE by the network device; if

ﬂPUCCH

the first uplink control information does not include the HARQ-ACK and the RI, 7%  in

cor
ﬂ 0, s

the third power adjustment value may be ' that is corresponding to a parameter
configured for the UE by the network device.

[0242] It should be noted that if the quantity of the resources of the PUCCH in the first
PUCCH format is fixedly one RB, the third power adjustment value is a power adjustment
value determined by the user equipment according to the ratio of the quantity of the bits of the
first uplink control information to the quantity of the resources of the first PUCCH, and
impact of the quantity of the resources of the first PUCCH on the third power adjustment
value may not be considered.

[0243] Fourth case: The fourth power adjustment value determined according to the

PUCCH ¢+ PUCCH  »
quantity of the resources of the first PUCCH is 1010g,o(M sy (l)), where M () g

the quantity of the RBs included in the first PUCCH.

[0244] In the fourth case, the transmit power is a sum of the fourth power adjustment

PUCCH 4«
value 101og,, (M (1) and the base power adjustment value
Fo pucer + e PL + Agg (1) + 1. (1) The transmit power is
Pooen () =10l0g,, (MII?;;/(T(‘H O+ POfPUCCH +a,-PL + ATF’C @O+ £.() . where M}I;é/c(fﬁ () N
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the quantity of the RBs included in the first PUCCH.

[0245] Fifth case: The fifth power adjustment value determined according to the quantity
of the resources of the first PUCCH and the ratio of the quantity of the bits of the second
uplink control information to the quantity of the resources occupied on the first PUCCH by
the second uplink control information or the fifth power adjustment value determined
according to the quantity of the resources of the first PUCCH and the ratio of the quantity of

the bits of the second uplink control information to the quantity of the resources of the first

PUCCH is R(().M w (i)), where 7() indicates the ratio of the quantity of the bits of
the second uplink control information to the quantity of the resources occupied on the first
PUCCH by the second uplink control information or the ratio of the quantity of the bits of the
second uplink control information to the quantity of the resources of the first PUCCH, and a

R(r(D), My () is determined by ") and M W ).

value of
[0246] In the fifth case, the transmit power is a sum of the fifth power adjustment value
and the base power adjustment value. The second uplink control information is a subset of the
first uplink control information, and the second uplink control information is at least one type
of uplink control information with a highest priority in the first uplink control information. A
priority sequence includes at least one of the following cases: a priority of the HARQ-ACK is
higher than a priority of the CSI, a priority of the SR is equal to or higher than a priority of the
HARQ-ACK, a priority of an RI/PTI in the CSI is higher than a priority of a CQI/PMI in the
CSI, or a priority of an RI/PTI in the CSI is equal to a priority of the HARQ-ACK.
Alternatively, the second uplink control information is at least one type of uplink control
information that is in the first uplink control information and that is used to determine a
benchmark of a quantity of resources occupied on the first PUCCH by each piece of control
information in the first uplink control information. For example, a quantity of resources
occupied on the first PUCCH by other control information may be determined according to a
preset ratio or difference between the quantity of the resources occupied on the first PUCCH
by the other control information and a quantity of resources occupied on the first PUCCH by

the at least one type of uplink control information.

[0247] It should be noted that if the quantity of the resources of the PUCCH in the first
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PUCCH format is fixedly one RB, the fifth power adjustment value is a power adjustment
value determined by the user equipment according to the ratio of the quantity of the bits of the
second uplink control information to the quantity of the resources occupied on the first
PUCCH by the second uplink control information or a power adjustment value determined by
the user equipment according to the ratio of the quantity of the bits of the second uplink
control information to the quantity of the resources of the first PUCCH, and impact of the
quantity of the resources of the first PUCCH on the fifth power adjustment value may not be
considered.

[0248] In addition, the first PUCCH may be in the third physical uplink control channel
PUCCH format. The PUCCH in the third PUCCH format is characterized in that: the PUCCH
occupies one RB, and in a case of a normal cyclic prefix, only one time-domain symbol in the
middle of each timeslot corresponding to the PUCCH bears a demodulation reference signal,
or in a case of an extended cyclic prefix, the third time-domain symbol in each timeslot bears
a demodulation reference signal, where uplink control information of at least two user
equipments is capable of being sent on the PUCCH by means of code division; or the PUCCH
is capable of encoding the first uplink control information according to a convolutional code
encoding manner; or a maximum quantity of bits that are of the first uplink control
information and that the PUCCH is capable of bearing is greater than 22.

[0249] When the first PUCCH is in the third physical uplink control channel PUCCH

format, the first power adjustment value determined according to the quantity of the bits of

the first uplink control information is k' (n,,, () , where @) indicates the quantity of the
bits of the first uplink control information sent on the first PUCCH; and

k'(n,,, () =K, -, () + K

2 where 0.08<K,<0.12

Land —37<K,S-27

[0250] In this case, the transmit power is the sum of the first power adjustment value

+PL, +g(i)+ A[-‘_I’U(‘(‘H (F)

k' (my, (1) and the base power adjustment value Fo pucen , that is,

the transmit power is FPoveen (l) = PO_PUCCH +PL. + k‘(”bn (i))+ A[’_PU(‘(‘H (F)+g (’) _

[0251] When the first PUCCH is in the third physical uplink control channel PUCCH

format, the third power adjustment value determined according to the quantity of the RBs
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included in the first PUCCH and the ratio of the quantity of the bits of the first uplink control

information to Xz , the quantity of the modulation symbols occupied by the first PUCCH is

Kg-BPRE _ . PUCCH
1010g10((2 1) Pope ) , where BPRE is the ratio of the quantity of the bits of the

K

first uplink control information to &%, the quantity of the modulation symbols occupied by

PUCCH
the first PUCCH, Pogie is a value configured for the user equipment by the network

device by using higher layer signaling, and Ks isa value configured for the user equipment

by the network device by using higher layer signaling.

K =125

[0252] Preferably, . In this case, the transmit power is the sum of the third

10log,, ((2142531%;; 3 1)_ pruce

power adjustment value offset ) and the base power adjustment value

P +g(i . . .
o pucen + PL. +8(0) , that is, the transmit power is

Boueen (l) = E)fPUCCH +PL, +10log,, ((2]'2531)[“! - 1)' ﬂ(if;s/gi(ﬂ )+ g(i)

PUCCH
[0253] Poge is a parameter used to determine a quantity of modulation symbols in a

PUSCH resource that are occupied when first-type uplink control information is sent on a
PUSCH, where the first-type uplink control information is any one of the following: a channel
quality indicator CQI and/or a precoding matrix indicator PMI, a hybrid automatic repeat
request HARQ-ACK, or a rank indication RI. If the first uplink control information includes
the HARQ-ACK or the RI, the first-type uplink control information is the HARQ-ACK or the
RI; or if the first uplink control information does not include the HARQ-ACK and the Rl, the

first-type uplink control information is the CQI and/or the PMI.

ﬂ[’l JCCH

[0254] o in the third power adjustment value may be one of the parameter

ﬁHARQ—A(‘K ﬁRl ﬂ('(_)[
offset , [offet or effet that is corresponding to a parameter configured for the UE by

the network device.

PUCCH
[0255] Pogie in the third power adjustment value is configured for the user equipment

ﬁ” JCCH ﬂHARQ—ACK

by the network device by using the higher layer signaling. “*¢  may be "

corresponding to the parameter "betaOffset-ACK-Index" or "betaOffset-ACK-Index-MC-r10"
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. ﬂ HARQ-ACK
that is configured for the UE by the network device. %« corresponding to the

parameter "betaOffset-ACK-Index" is preferred.

ﬂPUC('H

[0256] Alternatively, 7%*¢  in the third power adjustment value is configured for the

PUCCH
user equipment by the network device by using the higher layer signaling. Pope may be

RI
ﬂ offset

corresponding to the parameter "betaOffset-RI-Index" or

R’
"betaOffset-RI-Index-MC-r10" that is configured for the UE by the network device. Boe

corresponding to the parameter "betaOffset-RI-Index" is preferred.

PUCCH
[0257]  Alternatively, Pogse in the third power adjustment value is configured for the

ﬂPUC CH

user equipment by the network device by using the higher layer signaling. "¢  may be

cor
A offset correspondin to the arameter "betaOffset-CQI-Index" or
Y g p

col
"betaOffset-CQI-Index-MC-r10" that is configured for the UE by the network device. Bogie

corresponding to the parameter "betaOffset-CQI-Index" is preferred.

ﬁPU(,'(,'H

[0258] Alternatively, 7#¢  in the third power adjustment value is configured for the

ﬂPl JCCH

user equipment by the network device by using the higher layer signaling. “#**  may be

cor
Pogier corresponding to the parameter "betaOffset-CQI-Index" or

cor
"betaOffset-CQI-Index-MC-r10" that is configured for the UE by the network device. Boger

corresponding to the parameter "betaOffset-CQI-Index" is preferred.
ﬁPU(‘CH
[0259] Alternatively, 7  in the third power adjustment value is configured for the
ﬂl’l/(‘CH
user equipment by the network device by using the higher layer signaling. ~%*  may be

HARQ-ACK RI CoI
ﬂ offset IB offser or ﬁ
? ’

one of offet that is corresponding to a parameter configured for the

UE by the network device. Specifically, if the first uplink control information includes the

ﬂPU(T(,‘H ﬁHARQ—A(,'K

HARQ-ACK or the RI, 7 in the third power adjustment value may be /" or

ﬁ(R[

ofset that is corresponding to a parameter configured for the UE by the network device; if
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PUCCH
the first uplink control information does not include the HARQ-ACK and the RI, Poge in

the third power adjustment value may be P ‘iffgé’ that is corresponding to a parameter
configured for the UE by the network device.

[0260] This embodiment of the present invention specifically provides an expression for
calculating the transmit power according to the sum of the base power adjustment value and
any one of the first power adjustment value, the second power adjustment value, the third
power adjustment value, the fourth power adjustment value, or the fifth power adjustment
value, and provides a method for calculating the transmit power for sending the first uplink
control information on the first PUCCH.

[0261] FIG. 3 is a structural diagram of user equipment according to an embodiment of
the present invention. The user equipment provided in this embodiment of the present
invention can execute a processing procedure provided in the embodiments of the power
control method for an uplink control channel. As shown in FIG. 3, the user equipment 30
includes a first processing unit 31 and a sending unit 32. The first power adjustment value is a
power adjustment value determined by the user equipment according to a quantity of bits of
the first uplink control information. The second power adjustment value is a power
adjustment value determined by the user equipment according to the quantity of the bits of the
first uplink control information and a quantity of resources of the first PUCCH. The third
power adjustment value is a power adjustment value determined by the user equipment
according to the quantity of the resources of the first PUCCH and a ratio of the quantity of the
bits of the first uplink control information to the quantity of the resources of the first PUCCH.
The fourth power adjustment value is a power adjustment value determined by the user
equipment according to the quantity of the resources of the first PUCCH. The fifth power
adjustment value is a power adjustment value determined by the user equipment according to
the quantity of the resources of the first PUCCH and a ratio of a quantity of bits of second
uplink control information to a quantity of resources occupied on the first PUCCH by the
second uplink control information, or the fifth power adjustment value is a power adjustment
value determined by the user equipment according to the quantity of the resources of the first

PUCCH and a ratio of a quantity of bits of second uplink control information to the quantity
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of the resources of the first PUCCH, where the second uplink control information is a subset

of the first uplink control information.

[0262] The base power adjustment value includes a sum of Fo rucen and PLL‘, or the

a,-PL

. . P
base power adjustment value includes a sum of ~OPUCCH  gpd ¢, where

P . . .
OPUCCH s a value configured for the user equipment by the network device by

using higher layer signaling;

Ple is a path loss that is determined by the user equipment and that is of a

downlink of a cell ¢ in which the first PUCCH is located; and

% isa path loss factor that is configured for the user equipment by the network
device and that is of the cell ¢ in which the first PUCCH is located.
[0263] The first processing unit 31 in this embodiment of the present invention may be
implemented by a processor.
[0264] In this embodiment of the present invention, the transmit power for sending the
first uplink control information on the first PUCCH and in the subframe / is determined by
the user equipment by using the sum of the base power adjustment value and any one of the
first power adjustment value determined according to the quantity of the bits of the first
uplink control information that is to be sent on the first PUCCH, the second power adjustment
value determined according to the quantity of the bits of the first uplink control information
and the quantity of the resources of the first PUCCH, the third power adjustment value
determined according to the quantity of the resources of the first PUCCH and the ratio of the
quantity of the bits of the first uplink control information to the quantity of the resources of
the first PUCCH, the fourth power adjustment value determined according to the quantity of
the resources of the first PUCCH, the fifth power adjustment value determined according to
the quantity of the resources of the first PUCCH and the ratio of the quantity of the bits of the
second uplink control information to the quantity of the resources occupied on the first
PUCCH by the second uplink control information, or the fifth power adjustment value
determined according to the quantity of the resources of the first PUCCH and the ratio of the

quantity of the bits of the second uplink control information to the quantity of the resources of
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the first PUCCH. Therefore, a method for determining the transmit power for sending the first
uplink control information on the first PUCCH is provided.
[0265] Based on the foregoing embodiment, the quantity of the bits of the first uplink
control information includes a quantity of bits of a cyclic redundancy code CRC
corresponding to the first uplink control information, and the quantity of the bits of the second
uplink control information includes a quantity of bits of a cyclic redundancy code CRC
corresponding to the second uplink control information.
[0266] The first PUCCH is in a first physical uplink control channel PUCCH format. The
PUCCH in the first PUCCH format is characterized in that:

the PUCCH occupies at least one RB, and in a case of a normal cyclic prefix, only
one time-domain symbol in the middle of each timeslot corresponding to the PUCCH bears a
demodulation reference signal, or two time-domain symbols in each timeslot bear a
demodulation reference signal, or in a case of an extended cyclic prefix, the third time-domain
symbol in each timeslot bears a demodulation reference signal; or

the PUCCH is capable of encoding the first uplink control information according
to a convolutional code encoding manner; or

a maximum quantity of bits that are of the first uplink control information and that

the PUCCH is capable of bearing is greater than 22.

[0267] If a quantity of RBs occupied by the first PUCCH is not greater than N v, the
transmit power for sending, by the user equipment, the first uplink control information on the
first PUCCH and in the subframe ? is a sum of the first power adjustment value and the base
power adjustment value, or the transmit power is a sum of the second power adjustment value

and the base power adjustment value; or

if a quantity of RBs occupied by the first PUCCH is greater than N, , the transmit
power for sending, by the user equipment, the first uplink control information on the first
PUCCH and in the subframe ! is a sum of the third power adjustment value and the base
power adjustment value, where

N, is 1,2, 3, or4.
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[0268] The quantity of the resources of the first PUCCH is K g , a quantity of modulation
symbols occupied by the first PUCCH.

[0269] Alternatively, the quantity of the resources of the first PUCCH is Q', a quantity of

- *
bits corresponding to modulation symbols occupied by the first PUCCH, where Q'=Kp: *0,

2

and O, is a modulation order used by the user equipment for sending the first uplink control

information on the first PUCCH.

PUCCH »
[0270]  Alternatively, the quantity of the resources of the first PUCCH is My () , a
quantity of RBs included in the first PUCCH.
[0271] The quantity of the resources occupied on the first PUCCH by the second uplink

control information is M

RE , a quantity of modulation symbols occupied on the first PUCCH
by the second uplink control information.

[0272] Alternatively, the quantity of the resources occupied on the first PUCCH by the

1A
second uplink control information is Y , a quantity of bits corresponding to modulation
p q p g

symbols occupied on the first PUCCH by the second uplink control information, where

" __ * ) !
Q" =My *0Q, , and On is a modulation order used by the user equipment for sending the
second uplink control information on the first PUCCH.

[0273] The first power adjustment value determined according to the quantity of the bits

of the first uplink control information is h (n”” (l)) where i @) indicates the quantity of

the bits of the first uplink control information sent on the first PUCCH.
[0274] It "o @ is not greater than 22, h'(”’"’ (i)): P , and 6l<h< 8‘76;

it o @ s greater than 22 and 7, (1) is not greater than 64, h (n,,,., (1)): b , and

82< P, <1212,

if 7 (0) is greater than 64 and (1) is not greater than 128, h (nb"(i)): P3,

114<P, <1724,

and or

W(n,,(H)=K, n,, i)+ K 0.05<K,<0.08 4 5<K,<7

2 where
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[0275] The second power adjustment value determined according to the quantity of the

bits of the first uplink control information and the quantity of the resources of the first

h v( n,, (i), M;;}g/cm ( l))

PUCCH is , where i (@) indicates the quantity of the bits of the first

PUCCH 4+
uplink control information sent on the first PUCCH, My () s the quantity of the RBs

B (), My ™ (i)

5 included in the first PUCCH, and a value of is determined by " @)

and MO
g (MG D) = 10l0gi (MG )+, @)
when M (D=1,
if Mo () is not greater than 22, H (nb” (i)): P , and 6.1<F < 8'76;
10 if () is greater than 22 and " @ is not greater than 64, h'(nb" (i)): 5 , and

82<P, <1212,

if My (1) is greater than 64 and 1, (7) is not greater than 128, h (nb"(l)): P3,

and 114<P, 317.24;or

K (ny, ()= K, -7y, () + K 005<K, <008 4 SSK,<7.

2 where
15 when M () =2 :

it M s ot greater than 22, K'(n,,(i))=Pr , and S9<h< 8'4;

if i @) is greater than 22 and M) s not greater than 64, h (nb"(i)) =h , and

68<P,<10.

it i s greater than 64 and (D) s not greater than 128, h (nb"(’)): P3,

20 and SSB <126,

if 7 (0) is greater than 128 and (1) is not greater than 256, h (nbit (’))= P4,
and 10.6<F <177 o

B (n,, ()= K, -1, @)+ K 0.02<K, <004 , 4 555K, <75

2 where
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[0277] The second power adjustment value determined according to the quantity of the

bits of the first uplink control information and the quantity of the resources of the first

. h' ! i ] ,MPI](V(VH j ' ] . . . .
PUCCH is (n (D M (l)), where "5/() indicates a quantity of bits obtained by

subtracting the quantity of the bits of the cyclic redundancy code CRC corresponding to the

second uplink control information from the quantity of the bits of the second uplink control

. . MPU('('H (l) . . . A
information, ™ &5 is the quantity of the RBs included in the first PUCCH, and a value

or 170 0)

' y PUCCH ;4 +
is determined by 7'y (1) and My, " ()

[0278] hl(nvb” (l), M][?)gCCH (l))= 10 IOglo (M}I;’g(f(,'H (l)) + h'(n',,,-, (l)) ’ Where

when M "@)=1 K@y, () =K xn'y ()+K

0.05< K, <0.08

2, where and

~1.6<K,<-07.

when Ml[;J(SKW(‘H (=2 , 'y, () =K, xn', ()+XK,

. where 003K, <0.05

and ~03<K, <05

[0279] h (”';m (), My, " (’)) =10log,(Mzs " () +H (n'y, (1)) . where

when MEUCCH () =1 ’ h,, () =K x(n',, ({)+8)+K, , where

0.05<K, <0.075 , 4 —22<K,<-1.1.

When MII{’;;/(V(‘H (l) = 2 h'(n'bit (l)) = Kl X (n'hn (l) + 8) + Kz

where
0.03<K, < 0.08’ and -0.6<K, <0.1 .

[0280] The third power adjustment value determined according to the quantity of the
resources of the first PUCCH and the ratio of the quantity of the bits of the first uplink control

. PUCCH +
information to the quantity of the resources of the first PUCCH is k(m(i), Mg " (1)) , where

M) indicates the ratio of the quantity of the bits of the first uplink control information sent

by the user equipment on the first PUCCH to the quantity of the resources of the first PUCCH,

- o . - PUCCH ¢+
and a value of k(m(i), Miys™ " () is determined by M) and Mrs (D

PUCCH ¢+
[0281] When the quantity of the resources of the first PUCCH is My () , the quantity
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of the RBs included in the first PUCCH, (m(D:Mps" " (1)) =10log,, (M ™ (1) +q'(m()

where

when M w (D) =1 :

if ") s not greater than 22, q'(m(D)= Py ,and 0151876,

if M) greater than 22 and m(@) s not greater than 64, q'(m(i))=P2, and

82<P <1212,

it M0 g greater than 64 and m() s not greater than 128, Q'(m(i))= Ps, and

114<P <1724,
; or

q'(m@))=K, - m(i)+ K, where 005<K <008 . 4 5<K,<7.

when M w1 =2 :

it m(@) is not greater than 22, q'(m(i)) =P ,and 59sh < 8'4;

if m(0) is greater than 22 and m(i) is not greater than 64, q'(m(i))=P2’ and

6.8<P, <10,

)

it (@) is greater than 64 and m(i) is not greater than 128, q'(m(i))=P3, and

8<P, <126

if m(i) is greater than 128 and m(i) is not greater than 256, q (m(i )): £, , and

10.6<P, <177

q'(m())=K,-m@i)+ K, 0.02<K, <004 , 4 55<K,<75

, where , an

K

[0282] When the quantity of the resources of the first PUCCH is &%, the quantity of the

modulation symbols occupied by the first PUCCH,
k(m(@), My, (D)) = 10logyy (Myy ™ () +q'0m(D) pore

My " @)=1  q(m@®)=K -mi)+K,

<
when where , and

5<K, <7,
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when M " ()=2  q(m)=K,-mi+K, 8.5<K <105

, where and

6<K,<8

[0283] The determining the third power adjustment value according to the quantity of the
resources of the first PUCCH and the ratio of the quantity of the bits of the first uplink control
information to the quantity of the resources of the first PUCCH includes:

determining the third power adjustment value according to a ratio of the quantity

K

of the bits of the first uplink control information to &%, the quantity of the modulation

symbols occupied by the first PUCCH, where the third power adjustment value is

PUCCH ¢+ KgBPRE __ 1) pPUCCH PUCCH
10log, (M ;" (i) + 1010%10((2 1) Bogser ), where My () is the quantity of the

RBs included in the first PUCCH, BPRE is the ratio of the quantity of the bits of the first

uplink control information to KRE, the quantity of the modulation symbols occupied by the

ﬂPUC('H

first PUCCH, 7%  isa value configured for the user equipment by the network device by

using higher layer signaling, and Ky is a value configured for the user equipment by the

network device by using higher layer signaling.

PUCCH
[0284] Pogie is a parameter used to determine a quantity of modulation symbols in a

PUSCH resource that are occupied when first-type uplink control information is sent on a
PUSCH, where the first-type uplink control information is any one of the following:

a channel quality indicator CQI and/or a precoding matrix indicator PMI;

a hybrid automatic repeat request HARQ-ACK; or

a rank indication RIL.
[0285] If the first uplink control information includes the HARQ-ACK or the RI, the
first-type uplink control information is the HARQ-ACK or the RI; or if the first uplink control
information does not include the HARQ-ACK and the RI, the first-type uplink control
information is the CQI and/or the PMI.
[0286] The fourth power adjustment value determined according to the quantity of the

10log, (M) " (i) MH (i)

resources of the first PUCCH is , Where is the quantity of

the RBs included in the first PUCCH.
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[0287] The fifth power adjustment value determined according to the quantity of the
resources of the first PUCCH and the ratio of the quantity of the bits of the second uplink
control information to the quantity of the resources occupied on the first PUCCH by the

second uplink control information or the fifth power adjustment value determined according

- to the quantity of the resources of the first PUCCH and the ratio of the quantity of the bits of

the second uplink control information to the quantity of the resources of the first PUCCH is

. PUCCH ¢ - .
RGr(i), My (l)), where ") indicates the ratio of the quantity of the bits of the second

uplink control information to the quantity of the resources occupied on the first PUCCH by
the second uplink control information or the ratio of the quantity of the bits of the second
uplink control information to the quantity of the resources of the first PUCCH, and a value of
R(r(i), My (1) is determined by " () and M W @,
[0288]  The first PUCCH is in a third physical uplink control channel PUCCH format. The
PUCCH in the third PUCCH format is characterized in that:

the PUCCH occupies one RB, and in a case of a normal cyclic prefix, only one
time-domain symbol in the middle of each timeslot corresponding to the PUCCH bears a
demodulation reference signal, or in a case of an extended cyclic prefix, the third time-domain
symbol in each timesiot bears a demodulation reference signal, where uplink control
information of at least two user equipments is capable of being sent on the PUCCH by means
of code division; or

the PUCCH is capable of encoding the first uplink control information according
to a convolutional code encoding manner; or

a maximum quantity of bits that are of the first uplink control information and that

the PUCCH is capable of bearing is greater than 22.

[0289] The first power adjustment value determined according to the quantity of the bits

of the first uplink control information is k' (my,, (1)) , where i @) indicates the quantity of
the bits of the first uplink control information sent on the first PUCCH; and
k'(nbn (i)): K, n, () +K

0.08<K,<0.12 -3.7<K,<-27

2 where , and

[0290] The third power adjustment value determined according to the quantity of the
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resources of the first PUCCH and the ratio of the quantity of the bits of the first uplink control
information to the quantity of the resources of the first PUCCH is

10 l K¢-BPRE i Pl‘/(,'(.'H . . . .
Oglo((z 1) Popse ) , where BPRE is a ratio of the quantity of the bits of the first

uplink control information to K e , a quantity of modulation symbols occupied by the first
ﬂPUC("H

PUCCH, " is a value configured for the user equipment by the network device by

using higher layer signaling, and s is a value configured for the user equipment by the

network device by using higher layer signaling.

[0291] P ‘ff;’t’(H is a parameter used to determine a quantity of modulation symbols in a
PUSCH resource that are occupied when first-type uplink control information is sent on a
PUSCH, where the first-type uplink control information is any one of the following:

a channel quality indicator CQI and/or a precoding matrix indicator PMI;

a hybrid automatic repeat request HARQ-ACK; or

a rank indication RI.
[0292] If the first uplink control information includes the HARQ-ACK or the RI, the
first-type uplink control information is the HARQ-ACK or the RI; or if the first uplink control
information does not include the HARQ-ACK and the RI, the first-type uplink control
information is the CQI and/or the PMI.
[0293] The user equipment provided in this embodiment of the present invention may be
specifically configured to execute the method embodiment provided in FIG. 1. Detailed
functions are not described herein again.
[0294] This embodiment of the present invention specifically defines characteristics of the
PUCCH in the first PUCCH format, to distinguish between the PUCCH in the first PUCCH
format and a PUCCH in an existing PUCCH format, and also specifically defines a method
for determining the quantity of the resources of the first PUCCH and the quantity of the
resources occupied on the first PUCCH by the second uplink control information. This
embodiment of the present invention specifically provides an expression for calculating the
transmit power according to the sum of the base power adjustment value and any one of the

first power adjustment value, the second power adjustment value, the third power adjustment
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value, the fourth power adjustment value, or the fifth power adjustment value, and provides a
method for calculating the transmit power for sending the first uplink control information on
the first PUCCH.

[0295] FIG. 4 is a structural diagram of a network device according to an embodiment of
the present invention. The network device provided in this embodiment of the present
invention can execute a processing procedure provided in the embodiments of the power
control method for an uplink control channel. As shown in FIG. 4, the network device 40
includes a second processing unit 41 and a receiving unit 42. The first power adjustment value
is a power adjustment value determined by the user equipment according to a quantity of bits
of the first uplink control information. The second power adjustment value is a power
adjustment value determined by the user equipment according to the quantity of the bits of the
first uplink control information and a quantity of resources of the first PUCCH. The third
power adjustment value is a power adjustment value determined by the user equipment
according to the quantity of the resources of the first PUCCH and a ratio of the quantity of the
bits of the first uplink control information to the quantity of the resources of the first PUCCH.
The fourth power adjustment value is a power adjustment value determined by the user
equipment according to the quantity of the resources of the first PUCCH. The fifth power
adjustment value is a power adjustment value determined by the user equipment according to
the quantity of the resources of the first PUCCH and a ratio of a quantity of bits of second
uplink control information to a quantity of resources occupied on the first PUCCH by the
second uplink control information, or the fifth power adjustment value is a power adjustment
value determined by the user equipment according to the quantity of the resources of the first
PUCCH and a ratio of a quantity of bits of second uplink control information to the quantity
of the resources of the first PUCCH, where the second uplink control information is a subset

of the first uplink control information.

PL

. . P
[0296]  The base power adjustment value includes a sum of ~O-PU“““ and * ~¢, or the

a,-PL

. . P
base power adjustment value includes a sum of ~©-FUCCH and ¢, where

Fo pucen is a value configured for the user equipment by the network device by

using higher layer signaling;
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PLe s a path loss that is determined by the user equipment and that is of a

downlink of a cell ¢ in which the first PUCCH is located; and

% isa path loss factor that is configured for the user equipment by the network
device and that is of the cell ¢ in which the first PUCCH is located.
[0297] The second processing unit 41 in this embodiment of the present invention may be
implemented by a processor.
[0298] In this embodiment of the present invention, the transmit power for sending the
first uplink control information on the first PUCCH and in the subframe ? is determined by
the user equipment by using the sum of the base power adjustment value and any one of the
first power adjustment value determined according to the quantity of the bits of the first
uplink control information that is to be sent on the first PUCCH, the second power adjustment
value determined according to the quantity of the bits of the first uplink control information
and the quantity of the resources of the first PUCCH, the third power adjustment value
determined according to the quantity of the resources of the first PUCCH and the ratio of the
quantity of the bits of the first uplink control information to the quantity of the resources of
the first PUCCH, the fourth power adjustment value determined according to the quantity of
the resources of the first PUCCH, the fifth power adjustment value determined according to
the quantity of the resources of the first PUCCH and the ratio of the quantity of the bits of the
second uplink control information to the quantity of the resources occupied on the first
PUCCH by the second uplink control information, or the fifth power adjustment value
determined according to the quantity of the resources of the first PUCCH and the ratio of the
quantity of the bits of the second uplink control information to the quantity of the resources of
the first PUCCH. Therefore, a method for determining the transmit power for sending the first
uplink control information on the first PUCCH is provided.
[0299] Based on the foregoing embodiment, the quantity of the bits of the first uplink
control information includes a quantity of bits of a cyclic redundancy code CRC
corresponding to the first uplink control information, and the quantity of the bits of the second
uplink control information includes a quantity of bits of a cyclic redundancy code CRC

corresponding to the second uplink control information.
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[0300] The first PUCCH is in a first physical uplink control channel PUCCH format. The
PUCCH in the first PUCCH format is characterized in that:

the PUCCH occupies at least one RB, and in a case of a normal cyclic prefix, only
one time-domain symbol in the middle of each timeslot corresponding to the PUCCH bears a
demodulation reference signal, or two time-domain symbols in each timesiot bear a
demodulation reference signal, or in a case of an extended cyclic prefix, the third time-domain
symbol in each timeslot bears a demodulation reference signal; or

the PUCCH is capable of encoding the first uplink control information according
to a convolutional code encoding manner; or

a maximum quantity of bits that are of the first uplink control information and that

the PUCCH is capable of bearing is greater than 22.

[0301] If a quantity of RBs occupied by the first PUCCH is not greater than N", the
transmit power for sending, by the user equipment, the first uplink control information on the
first PUCCH and in the subframe / is a sum of the first power adjustment value and the base
power adjustment value, or the transmit power is a sum of the second power adjustment value

and the base power adjustment value; or

if a quantity of RBs occupied by the first PUCCH is greater than N, , the transmit
power for sending, by the user equipment, the first uplink control information on the first

PUCCH and in the subframe 7 is a sum of the third power adjustment value and the base
power adjustment value, where
Niis1,2,3, 0r 4.

[0302] The quantity of the resources of the first PUCCH is K e , a quantity of modulation
symbols occupied by the first PUCCH.

[0303] Alternatively, the quantity of the resources of the first PUCCH is Q', a quantity of
L *
bits corresponding to modulation symbols occupied by the first PUCCH, where Q'=Kp:*Q, ,

and O is a modulation order used by the user equipment for sending the first uplink control

information on the first PUCCH.
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PUCCH ¢+
[0304] Alternatively, the quantity of the resources of the first PUCCH is My () ,a
quantity of RBs included in the first PUCCH.
[0305] The quantity of the resources occupied on the first PUCCH by the second uplink

control information is M

i a quantity of modulation symbols occupied on the first PUCCH
by the second uplink control information.

[0306] Alternatively, the quantity of the resources occupied on the first PUCCH by the

second uplink control information is Q”, a quantity of bits corresponding to modulation
symbols occupied on the first PUCCH by the second uplink control information, where

"__ * 7y !
Q"=Mpy*Q, , and On is a modulation order used by the user equipment for sending the

second uplink control information on the first PUCCH.

[0307] The first power adjustment value determined according to the quantity of the bits

h'(nbit (l))

of the first uplink control information is , Where (1) indicates the quantity of

the bits of the first uplink control information sent on the first PUCCH; and

if i) s not greater than 22, 7, ()= P ,and 6.1<F < 8-76;

if Mo () is greater than 22 and 1, (0) is not greater than 64, h (nb" (l)): P, , and

82< P <12.12.

if () is greater than 64 and M (0) is not greater than 128, h (nbit(i)): Pa,

114<P,<17.24,

and or

W(n,, ())=K, n,,({)+K 0.05<K,<0.08 , 4 5<K,<7

2 where
[0308] The second power adjustment value determined according to the quantity of the

bits of the first uplink control information and the quantity of the resources of the first

Py ), M " (1)

PUCCH is h ( , where " @) indicates the quantity of the bits of the first

. MPU('('H (1) . .
uplink control information sent on the first PUCCH, =3 is the quantity of the RBs
h -( n,, (), Mgé/c('ﬂ ( l))

included in the first PUCCH, and a value of 1y, ()

PUCCH ¢
and MRB (l)

is determined by
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(1, (0, M (1) = 10log o (M5 " (D) + ()

[0309] , Where

when M;;gCCH (l) =1 :

¢ M) ' (n,, ()= P _and 6-1SB <876,

is not greater than 22,

if i @ is greater than 22 and (1) is not greater than 64, h (”bn (i)) =F , and

s 82<R<I212,

i () is greater than 64 and D) i not greater than 128, () = P3,

and 14SP <1724,

n(n,, ()= K, -n,, i)+ K; where 005<K;<0.08 4 5<K,<7. .,

when M w o (0)=2 :

10 it @ s not greater than 22, i (m ()= Pl, and >9=h< 8'4;

if i @ is greater than 22 and i @) is not greater than 64, h'(”bn (i)): 2§ , and

6.8<P,<10.

2

if My (1) is greater than 64 and My (1) is not greater than 128, h'(nb"‘(i)): i

b

and 8<P<126,

15 if (1) is greater than 128 and () is not greater than 256, h'(n””(i)): P“,

and 106<P <177

n(n, ())=K, n, ()+K 0.02<K,<0.04 4 55<K,<75

2, where
[0310] The second power adjustment value determined according to the quantity of the

bits of the first uplink control information and the quantity of the resources of the first

h v(n Ibi’ (l), M[/;];/(‘CH (l))

20 PUCCH is . where "5 indicates a quantity of bits obtained by

subtracting the quantity of the bits of the cyclic redundancy code CRC corresponding to the

second uplink control information from the quantity of the bits of the second uplink control

. . MPUCCH (l) . . . .
information, &5 is the quantity of the RBs included in the first PUCCH, and a value
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of h'(n'b,, (l-),M;;g/(,‘CH (l))

' ; PUCCH ¢+
is determined by WD) gng Mis @)

[0311] n (”'hn () Mg " (i)) =10log, (M, " () +A'(n',,, (i) , where

My "M@y =1 K(n'y, (1) =K, xn,, () +K 0.05< K, <0.08

when and

2 where

~1.6<K,<-07.

My (=2 Ky, (D)= K xn'y, ()+K, 0.03<K,<0.05

when , where

and —03<K, <05

031z " (7, G, MEEC ()= 10T0g, o (ML (i) + B (1, (1)) . where

M;;;/CCH =1 i nn'y, D)) =K x(#,, )+8)+K,

when where
0.05<K, < 0.075’ and -22<K,<-1.1 - or
when Mg " () =2 , B0y, () = Kix (', () + 8) + K, where

0.03<K, < 0.08’ and ~06<K,<0.1
[0313] The third power adjustment value determined according to the quantity of the
resources of the first PUCCH and the ratio of the quantity of the bits of the first uplink control

k(m(i), M 1" (i))

information to the quantity of the resources of the first PUCCH is , where

m({) indicates the ratio of the quantity of the bits of the first uplink control information sent
by the user equipment on the first PUCCH to the quantity of the resources of the first PUCCH,

and a value of K(m(i),M we () is determined by mi) ang M o .

PUCCH ¢ »
[0314] When the quantity of the resources of the first PUCCH is My () , the quantity
. PUCCH f\\ _ PUCCH ;4 + [ -
of the RBs included in the first PUCCH, k(m(i), M, " (1)) =10log,, (M, " () +q (m(z)),
where

when M]}:];/CCH (l) = ] :

if m(i) is not greater than 22, q'(m(i)) =P , and 6l<h< 8‘76;

if m(i) is greater than 22 and m(i) is not greater than 64, q'(m(i))=Pz’ and
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82<P <12.12.

i m(i) is greater than 64 and m(i) is not greater than 128, q'(m(i))=P3’ and

114<P, <1724,
;or

q'(m(i)) = K, -m(i) + K, 0.05<K,<0.08 , 4 S<K,<7...

, where

When M}I;}(})/(T('H (l-) — 2 :

it M0 s not greater than 22, q'(m(i)) =P , and 59sK <84 ;

if m(i) is greater than 22 and m(i) is not greater than 64, q'(m(i))=P2’ and

6.8<P,<10.

b

if m(7) is greater than 64 and m(i) is not greater than 128, q'(m(i)):P3’ and

8< P, <126

it M) s greater than 128 and m(@) s not greater than 256, q'(m(i))z £ , and

10.6< P <17.7.

q'(m(i))= K, - m(i)+ K, 0.02<K <004 _ , 555K, <75

, where

[0315] When the quantity of the resources of the first PUCCH is KRE, the quantity of the

modulation symbols occupied by the first PUCCH,

k(m(@), My " (1) =10log,o(Myy, " ) +q'(m(@) op oo

when M "@=1 q'(m@))=K, -m@i)+K, . where S<KiSIT g
5<K,<7.
when M " )=2  qm®)=K m)+K, e 83<K <105 g

6<K,<8

[0316] The determining the third power adjustment value according to the quantity of the
resources of the first PUCCH and the ratio of the quantity of the bits of the first uplink control

information to the quantity of the resources of the first PUCCH includes:
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determining the third power adjustment value according to a ratio of the quantity

K , the quantity of the modulation

of the bits of the first uplink control information to
symbols occupied by the first PUCCH, where the third power adjustment value is

10log;, (M’[;’l’/(m (@)+10 log‘o((zKS.BPRE - 1) B ‘;{:’(H) where M w0 is the quantity of the

RBs included in the first PUCCH, BPRE is the ratio of the quantity of the bits of the first

K

uplink control information to &2, the quantity of the modulation symbols occupied by the

ﬂ PUCCH

first PUCCH, "% s a value configured for the user equipment by the network device by

using higher layer signaling, and Ky is a value configured for the user equipment by the

network device by using higher layer signaling.

PUCCH
Pogie is a parameter used to determine a quantity of modulation symbols in a

[0317]
PUSCH resource that are occupied when first-type uplink control information is sent on a
PUSCH, where the first-type uplink control information is any one of the following:

a channel quality indicator CQI and/or a precoding matrix indicator PMI;

a hybrid automatic repeat request HARQ-ACK; or

a rank indication RI.
[0318] If the first uplink control information includes the HARQ-ACK or the RI, the
first-type uplink control information is the HARQ-ACK or the RI; or if the first uplink control
information does not include the HARQ-ACK and the RI, the first-type uplink control
information is the CQI and/or the PMI.
[0319] The fourth power adjustment value determined according to the quantity of the
resources of the first PUCCH is 1010g1°(Mg/(V(VH(i)), where M w G is the quantity of
the RBs included in the first PUCCH.
[0320]  The fifth power adjustment value determined according to the quantity of the
resources of the first PUCCH and the ratio of the quantity of the bits of the second uplink
control information to the quantity of the resources occupied on the first PUCCH by the
second uplink control information or the fifth power adjustment value determined according

to the quantity of the resources of the first PUCCH and the ratio of the quantity of the bits of
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the second uplink control information to the quantity of the resources of the first PUCCH is

. PUCCH 4 » .
R (@), My (l)), where r(i) indicates the ratio of the quantity of the bits of the second

uplink control information to the quantity of the resources occupied on the first PUCCH by
the second uplink control information or the ratio of the quantity of the bits of the second
uplink control information to the quantity of the resources of the first PUCCH, and a value of
R(r(i), My (1) is determined by @) and M e @,
[0321] The first PUCCH is in a third physical uplink control channel PUCCH format. The
PUCCH in the third PUCCH format is characterized in that:

the PUCCH occupies one RB, and in a case of a normal cyclic prefix, only one
time-domain symbol in the middle of each timeslot corresponding to the PUCCH bears a
demodulation reference signal, or in a case of an extended cyclic prefix, the third time-domain
symbol in each timeslot bears a demodulation reference signal, where uplink control
information of at least two user equipments is capable of being sent on the PUCCH by means
of code division; or

the PUCCH is capable of encoding the first uplink control information according
to a convolutional code encoding manner; or

a maximum quantity of bits that are of the first uplink control information and that

the PUCCH is capable of bearing is greater than 22.

[0322] The first power adjustment value determined according to the quantity of the bits

of the first uplink control information is k' (ny, (1)) , where i @) indicates the quantity of
the bits of the first uplink control information sent on the first PUCCH; and

K'(ny, ()= K, - m,, () + K

2, where 0.08< K, 30-12’ and —37<K, <27

[0323] The third power adjustment value determined according to the quantity of the
resources of the first PUCCH and the ratio of the quantity of the bits of the first uplink control
information to the quantity of the resources of the first PUCCH is

K¢ BPRE _ 1. PUCCH
1010&0«2 1> Pogse ) , where BPRE s a ratio of the quantity of the bits of the first

uplink control information to K’\’E, a quantity of modulation symbols occupied by the first
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PUCCH
PUCCH, "% s a value configured for the user equipment by the network device by

using higher layer signaling, and Ky is a value configured for the user equipment by the

network device by using higher layer signaling.

ﬂ PUCCH
offset

[0324] is a parameter used to determine a quantity of modulation symbols in a
PUSCH resource that are occupied when first-type uplink control information is sent on a
PUSCH, where the first-type uplink control information is any one of the following:

a channel quality indicator CQI and/or a precoding matrix indicator PMI;

a hybrid automatic repeat request HARQ-ACK; or

a rank indication RI.
10325] If the first uplink control information includes the HARQ-ACK or the Rl, the
first-type uplink control information is the HARQ-ACK or the RI; or if the first uplink control
information does not include the HARQ-ACK and the RI, the first-type uplink control
information is the CQI and/or the PMI.
[0326]  The network device provided in this embodiment of the present invention may be
specifically configured to execute the method embodiment provided in FIG. 2. Detailed
functions are not described herein again.
[0327] This embodiment of the present invention specifically defines characteristics of the
PUCCH in the first PUCCH format, to distinguish between the PUCCH in the first PUCCH
format and a PUCCH in an existing PUCCH format, and also specifically defines a method
for determining the quantity of the resources of the first PUCCH and the quantity of the
resources occupied on the first PUCCH by the second uplink control information. This
embodiment of the present invention specifically provides an expression for calculating the
transmit power according to the sum of the base power adjustment value and any one of the
first power adjustment value, the second power adjustment value, the third power adjustment
value, the fourth power adjustment value, or the fifth power adjustment value, and provides a
method for calculating the transmit power for sending the first uplink control information on
the first PUCCH.

[0328] FIG. 5 is a structural diagram of a power control system for an uplink control

channel according to an embodiment of the present invention. The power control system for

109



10

15

20

25

CA 02999587 2018-03-22

an uplink control channel that is provided in this embodiment of the present invention can
execute a processing procedure provided in the embodiments of the power control method for
an uplink control channel. As shown in FIG. 5, the power control system 50 for an uplink
control channel includes the user equipment 30 and the network device 40 that are described
in the foregoing embodiments.

[0329] The power control system for an uplink control channel that is provided in this
embodiment of the present invention can execute the processing procedure provided in the
embodiments of the power control method for an uplink control channel.

[0330] To sum up, in this embodiment of the present invention, transmit power for

sending first uplink control information on a first PUCCH and in a subframe / is determined

by the user equipment by using a sum of a base power adjustment value and any one of a first
power adjustment value determined according to a quantity of bits of the first uplink control
information that is to be sent on the first PUCCH, a second power adjustment value
determined according to the quantity of the bits of the first uplink control information and a
quantity of resources of the first PUCCH, a third power adjustment value determined
according to the quantity of the resources of the first PUCCH and a ratio of the quantity of the
bits of the first uplink control information to the quantity of the resources of the first PUCCH,
a fourth power adjustment value determined according to the quantity of the resources of the
first PUCCH, a fifth power adjustment value determined according to the quantity of the
resources of the first PUCCH and a ratio of a quantity of bits of second uplink control
information to a quantity of resources occupied on the first PUCCH by the second uplink
control information, or the fifth power adjustment value determined according to the quantity
of the resources of the first PUCCH and a ratio of a quantity of bits of second uplink control
information to the quantity of the resources of the first PUCCH. Therefore, a method for
determining the transmit power for sending the first uplink control information on the first
PUCCH is provided. This embodiment of the present invention specifically defines
characteristics of a PUCCH in a first PUCCH format, to distinguish between the PUCCH in
the first PUCCH format and a PUCCH in an existing PUCCH format, and also specifically

defines a method for determining the quantity of the resources of the first PUCCH and the
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quantity of the resources occupied on the first PUCCH by the second uplink control
information. This embodiment of the present invention specifically provides an expression for
calculating the transmit power according to the sum of the base power adjustment value and
any one of the first power adjustment value, the second power adjustment value, the third
power adjustment value, the fourth power adjustment value, or the fifth power adjustment
value, and provides a method for calculating the transmit power for sending the first uplink
control information on the first PUCCH.

[0331] In the several embodiments provided in the present invention, it should be
understood that the disclosed apparatus and method may be implemented in other manners.
For example, the described apparatus embodiments are merely examples. For example, the
unit division is merely logical function division and may be other division in an actual
implementation. For example, a plurality of units or components may be combined or
integrated into another system, or some features may be ignored or not performed. In addition,
the shown or discussed mutual couplings or direct couplings or communication connections
may be indirect couplings or communication connections implemented by using some
interfaces, apparatuses or units, and may be implemented in electrical, mechanical, or other
forms.

[0332] The units described as separate parts may or may not be physically separated. Parts
shown as units may or may not be physical units, and may be located in one position or
distributed on a plurality of network units. Some or all of the units may be selected according
to actual requirements to achieve the objectives of the solutions of the embodiments.

[0333] In addition, functional units in the embodiments of the present invention may be
integrated into one processing unit, or each of the units may exist alone physically, or two or
more units are integrated into one unit. The integrated unit may be implemented in a form of
hardware, or may be implemented in a form of hardware in addition to a software functional
unit.

[0334] When the foregoing integrated unit is implemented in a form of a software
functional unit, the integrated unit may be stored in a computer-readable storage medium. The
software functional unit is stored in a storage medium and includes several instructions for

instructing a computer device (which may be a personal computer, a server, a network device,
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or the like) or a processor (processor) to perform some of the steps of the methods described
in the embodiments of the present invention. The foregoing storage medium includes: any
medium that can store program code, such as a USB flash drive, a removable hard disk, a
read-only memory (Read-Only Memory, ROM), a random access memory (Random Access
Memory, RAM), a magnetic disk, or an optical disc.

[0335] It may be clearly understood by persons skilled in the art that, for the purpose of
convenient and brief description, division of the foregoing functional modules is used as an
example for illustration. In actual application, the foregoing functions can be allocated to
different functional modules and implemented according to a requirement, that is, an inner
structure of an apparatus is divided into different functional modules to implement all or some
of the functions described above. For a detailed working process of the foregoing apparatus,
reference may be made to a corresponding process in the foregoing method embodiments, and
details are not described herein again.

[0336] Finally, it should be noted that the foregoing embodiments are merely intended for
describing the technical solutions of the present invention, but not for limiting the present
invention. Although the present invention is described in detail with reference to the foregoing
embodiments, persons of ordinary skill in the art should understand that they may still make
modifications to the technical solutions described in the foregoing embodiments or make
equivalent replacements to some or all technical features thereof, without departing from the

scope of the technical solutions of the embodiments of the present invention.
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What is claimed is:
1. A power control method for a physical uplink control channel (PUCCH), comprising:

determining, by user equipment, to send first uplink control information on a first PUCCH

and in a subframe !, wherein the first uplink control information comprises at least one of:
channel state information (CSI),
a hybrid automatic repeat request-acknowledgment (HARQ-ACK), and
a scheduling request (SR);

determining, by the user equipment, transmit power for sending the first uplink control

information on the first PUCCH and in the subframe !, wherein the transmit power is a sum of a
base power adjustment value and any one of:

a first power adjustment value,

a second power adjustment value,

a third power adjustment value,

a fourth power adjustment value, and

a fifth power adjustment value; and

sending, by the user equipment, the first uplink control information on the first PUCCH by
using the transmit power if the transmit power is not greater than a maximum transmit power of
the user equipment, or by using the maximum transmit power if the transmit power is greater
than a maximum transmit power of the user equipment, wherein
the first power adjustment value is a power adjustment value determined by the user

equipment according to a quantity of bits of the first uplink control information, the second
power adjustment value is a power adjustment value determined by the user equipment
according to the quantity of the bits of the first uplink control information and a quantity of
resources of the first PUCCH, the third power adjustment value is a power adjustment value
determined by the user equipment according to the quantity of the resources of the first PUCCH
and a ratio of the quantity of the bits of the first uplink control information to the quantity of the
resources of the first PUCCH, the fourth power adjustment value is a power adjustment value
determined by the user equipment according to the quantity of the resources of the first PUCCH,
and the fifth power adjustment value is one of:

a power adjustment value determined by the user equipment according to the

quantity of the resources of the first PUCCH and a ratio of a quantity of bits of second
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uplink control information to a quantity of resources occupied on the first PUCCH by the
second uplink control information, and

a power adjustment value determined by the user equipment according to the
quantity of the resources of the first PUCCH and a ratio of a quantity of bits of second
uplink control information to the quantity of the resources of the first PUCCH, wherein the
second uplink control information is a subset of the first uplink control information; and

the base power adjustment value comprises one of:

7
a sum of = O-FUCCH gng PL. , and

£ POfPUCCH and % L

asum o <, wherein

P ) ) ) ) )
O PUCCH. 5 a value configured for the user equipment by a network device by using higher

layer signaling;
Ple isa path loss that is determined by the user equipment and that is of a downlink of a
cell ¢ in which the first PUCCH is located; and

% is a path loss factor that is configured for the user equipment by the network device and

that is of the cell ¢ in which the first PUCCH is located.

2. The method according to claim 1, wherein the quantity of the bits of the first uplink
control information comprises a quantity of bits of a cyclic redundancy code (CRC)
corresponding to the first uplink control information, and the quantity of the bits of the second
uplink control information comprises a quantity of bits of a cyclic redundancy code (CRC)
corresponding to the second uplink control information.

3. The method according to claim 1 or 2, wherein the first PUCCH is in a first PUCCH
format, and the first PUCCH in the first PUCCH format satisfies at least one of the following:

the PUCCH occupies at least one resource block (RB), and in a case of a normal cyclic
prefix, only one time-domain symbol in the middle of each timeslot corresponding to the
PUCCH bears a demodulation reference signal, or two time-domain symbols in each timeslot
bear a respective demodulation reference signal, or in a case of an extended cyclic prefix, the
third time-domain symbol in each timeslot bears a respective demodulation reference signal;

the PUCCH is capable of encoding the first uplink control information according to a

convolutional code encoding manner; and
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a maximum quantity of bits that are of the first uplink control information and that the
PUCCH is capable of bearing is greater than 22.

4. The method according to any one of claims 1 to 3, wherein if a quantity of RBs occupied
by the first PUCCH is not greater than N.  the transmit power for sending, by the user

equipment, the first uplink control information on the first PUCCH and in the subframe [ is one
of:
a sum of the first power adjustment value and the base power adjustment value; and

a sum of the second power adjustment value and the base power adjustment value; and

if the quantity of RBs occupied by the first PUCCH is greater than N. | the transmit power
for sending, by the user equipment, the first uplink control information on the first PUCCH and

in the subframe / is a sum of the third power adjustment value and the base power adjustment

value, wherein
Niis1,2,3, or4.

5. The method according to any one of claims 1 to 4, wherein the quantity of the resources

of the first PUCCH is one of:

Kre , a quantity of modulation symbols occupied by the first PUCCH;
o' , a quantity of bits corresponding to modulation symbols occupied by the first

PUCCH, wherein Q'= Ky * 0, , and 9. is a modulation order used by the user equipment

for sending the first uplink control information on the first PUCCH; and

M () , a quantity of RBs comprised in the first PUCCH; and
the quantity of the resources occupied on the first PUCCH by the second uplink control

information is one of*

My , a quantity of modulation symbols occupied on the first PUCCH by the

second uplink control information; and

0" , a quantity of bits corresponding to modulation symbols occupied on the first

"_ %) )
PUCCH by the second uplink control information, wherein O'=My*0, , and ¢ isa

modulation order used by the user equipment for sending the second uplink control
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information on the first PUCCH.
6. The method according to any one of claims 1 to 5, wherein the first power adjustment

value determined according to the quantity of the bits of the first uplink control information is

h'(n,( . N .o : : , : : :
( ) ) , wherein ") indicates the quantity of the bits of the first uplink control information
sent on the first PUCCH; and

if ") js not greater than 22, i (ny, (1)) = P ,and 6-1= A =876

if 7D is greater than 22 and ") is not greater than 64, W'y, ()= Py ,and

82<P <12.12.

if 7o () g greater than 64 and i (1) is not greater than 128, (nb” @ ) is equal to one of:

h'(n,, (i) = P, _wherein 11452 <1724 04

W (n,, ())=K, n,, (i)+K, _wherein 005 <K, <0.08 ,,q5<K,<7

7. The method according to any one of claims 1 to 3, wherein the second power adjustment
value determined according to the quantity of the bits of the first uplink control information and

h 1 - - MPUCCH - .
the quantity of the resources of the first PUCCH is (n”” (D), Mgy (Z)) , wherein " ()

indicates the quantity of the bits of the first uplink control information sent on the first PUCCH,

M 5 (1) g a quantity of the RBs comprised in the first PUCCH, and a value of

. . PUCCH ;.
& (n”” (D), My (Z)) is determined by ") and M w ()

8. The method according to claim 7, wherein

h'(nbit (i)’ Mlsl;]CCH (Z)) =10 loglo (M;;JCCH (Z)) h '(nbit (Z)) 5 Wherein

when M (D=1

if " js not greater than 22, By (D)= P ,and 6-1= £ =876
if " js greater than 22 and " is not greater than 64, W, () = P, ,and

82<P, <12.12.

2

; ; h'(n,_ (i
if 7 () g greater than 64 and () is not greater than 128, ( ay ) is equal to one of:

n'(n,, (Y) = P, wherein 114 P <1724 .4

h'(n,, ())=K, n,, (i) +K, _ wherein 0.05<K,<0.08 _and 5<K,<7 - and
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when Mu (D=2,

if ") is not greater than 22, Wy, (D)= P1 gnq 5.9<FK <84,
if ") is greater than 22 and " is not greater than 64, (m (D)= P: and

6.8<P,<10.

if " (D ig greater than 64 and ") is not greater than 128, b (my, (1)) = P , and
8<P <12.6.

2

- ) iy h'(n,, (i
if ") js greater than 128 and "# (! is not greater than 256, (7,@)
(1 (D)= P yherein10-6 < Py <17.7 . 4ng

h'(n,, ())=K, n,, (i) +K, _wherein 002 <K, <004 ,q55<K,<75

is equal to one of:

9. The method according to any one of claims 1 to 5, wherein the second power adjustment

value determined according to the quantity of the bits of the first uplink control information and

h' [} (i MPUCCH -
the quantity of the resources of the first PUCCH is (n b (D), Mg (Z)) , Wherein:

"% () indicates a quantity of bits obtained by subtracting the quantity of the bits

of the

cyclic redundancy code (CRC) corresponding to the second uplink control information from the

quantity of the bits of the second uplink control information,

PUCCH
M .

(1) is a quantity of the RBs comprised in the first PUCCH, and a value of

' ' H PUCCH ¢~
h (n bit(l)aMRB (l)) is determined by n', (i) and M Py -

10. The method according to claim 9, wherein

(1, (), MES(0)) =10log (ME M@+ (1, (i)

, Wherein
when M g (i) =1 , h'(n'y, (i) = K, xn'y, (i) + K, wherein 0.05 <K, <0.08 and
-1.6<K, < _0'7;and
when MIJ;UCCH (i)y=2 ) h'(n'y, (i) =K, xn',, )+ K, ) wherein 0.03 <K, <0.05 ; and

~03<K,<05

11. The method according to claim 9, wherein

I (11,0, My (@) =10l0g (M “ (@) + 1 (1, (1)

, Wherein

when MgJCCH (=1 A'», (@)=K x(n', (H+8+K

> _wherein 0-05 = K, =0.075
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—22<K,<-11. 44

when Ml (y=2 B'(n', (D) = K, x (n',, () +8) + K 0.03 < K, < 0.08

2 wherein and

~06<K,<0.1

12. The method according to any one of claims 1 to 3, wherein the third power adjustment
value determined according to the quantity of the resources of the first PUCCH and the ratio of
the quantity of the bits of the first uplink control information to the quantity of the resources of

the first PUCCH is (7 (D, M 5" () wherein ™) indicates the ratio of the quantity of the
bits of the first uplink control information sent by the user equipment on the first PUCCH to the

quantity of the resources of the first PUCCH, and a value of ¥ (7 (). M w () is determined by
m(@) and M " ()

13. The method according to claim 12, wherein when the quantity of the resources of the

PUCCH

first PUCCH is M= (1) 3 quantity of the RBs comprised in the first PUCCH,

(i), My, (1)) =10log o (M " (1)) +4'(m(7))

, wherein

when Mw (D=1,

it () s not greater than 22, g'(m(@D)=Pr and 6-1= £ =876 .

it ™) is greater than 22 and @ is not greater than 64, g'(m(D))= P, , and
82<P, <12.12.

it M g greater than 64 and m() s not greater than 128, q’(m(i)) is equal to one of:
q'(m(@))= P, yherein 11-4<P <1724 4
q'(m())= K, -m(i) + K

> wherein 005 <K, <0.08 o q5<K,<7.

when M (D=2.

if ™ is not greater than 22, g'(m(D) = Pr ,and >-9=h =84,
it ™ s greater than 22 and ™ is not greater than 64, q'(m()=P, ,and 6-8=F, <10
it ™ is greater than 64 and ™ is not greater than 128, q'(m(@)= P, ,and 8= =126

if M@ jg greater than 128 and m(i) s not greater than 256, q'(m(i)) is equal to one of:

q'(m())=P, _wherein 10-6 <P <17.7 . angq

q'(m@D)=K, m()+ K, wherein 0-02 <K, <0.04 5 55<K,<7.5
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14. The method according to claim 12, wherein when the quantity of the resources of the

first PUCCH is Xz | a quantity of modulation symbols occupied by the first PUCCH,

k(m(D), My " (1)) =10log o (M (D) +'(m(0))

, Wherein
when M 5 (i) = L q'(m@))=K, m(D)+ K, wherein 8 < K1 <11 ang 5<K, <7 - gpq
when M ()=2 q'(m@))=K, -m@)+ K, wherein 8-3< K, <105 g 6<K, <8

15. The method according to any one of claims 1 to 3, wherein the determining the third
power adjustment value according to the quantity of the resources of the first PUCCH and the
ratio of the quantity of the bits of the first uplink control information to the quantity of the
resources of the first PUCCH comprises:

determining the third power adjustment value according to a ratio of the quantity of the bits

of the first uplink control information to K g quantity of modulation symbols occupied by the

first PUCCH, wherein the third power adjustment value is

10log, (ML) +10log,,(( 257 1). grecer)

PUCCH
M .

, wherein () is a quantity of the

RBs comprised in the first PUCCH, BPRE is the ratio of the quantity of the bits of the first

uplink control information to K | the quantity of the modulation symbols occupied by the first

PUCCH
PUCCH, ﬁ"ffse’ is a value configured for the user equipment by the network device by using

higher layer signaling, and Ks is a value confi gured for the user equipment by the network
device by using higher layer signaling.

ﬁPUCCH

oFet s a parameter used to determine a

16. The method according to claim 15, wherein
quantity of modulation symbols in a PUSCH resource that are occupied when first-type uplink
control information is sent on a PUSCH, wherein the first-type uplink control information is any
one of the following:

a channel quality indicator CQI and/or a precoding matrix indicator PMI,

a hybrid automatic repeat request HARQ-ACK; and

a rank indication RI; and

if the first uplink control information comprises one of the HARQ-ACK and the RI, the
first-type uplink control information is one of the HARQ-ACK and the RI; and if the first uplink

control information does not comprise the HARQ-ACK and the RI, the first-type uplink control
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information is at least one of the CQI and the PMI.
17. The method according to any one of claims 1 to 3, wherein the fourth power adjustment

value determined according to the quantity of the resources of the first PUCCH is

10log,(Mz; (0))

, wherein ¥ wo (D) iga quantity of the RBs comprised in the first PUCCH.
18. The method according to any one of claims 1 to 5, wherein one of:

the fifth power adjustment value determined according to the quantity of the
resources of the first PUCCH and the ratio of the quantity of the bits of the second uplink
control information to the quantity of the resources occupied on the first PUCCH by the
second uplink control information; and

the fifth power adjustment value determined according to the quantity of the
resources of the first PUCCH and the ratio of the quantity of the bits of the second uplink
control information to the quantity of the resources of the first PUCCH is

R(r(i), My, (1)

_wherein ”() indicates one of:

the ratio of the quantity of the bits of the second uplink control information to the
quantity of the resources occupied on the first PUCCH by the second uplink control
information; and

the ratio of the quantity of the bits of the second uplink control information to the

R . MPUCCH - .
quantity of the resources of the first PUCCH, and a value of (@), My (1)) is

determined by r@) ang M 0

19. The method according to claim 1 or 2, wherein the first PUCCH is in a third physical
uplink control channel PUCCH format, and the PUCCH in the third PUCCH format complies
with at least one of:

the PUCCH occupies one RB, and in a case of a normal cyclic prefix, only one time-domain
symbol in the middle of each timeslot corresponding to the PUCCH bears a demodulation
reference signal, or in a case of an extended cyclic prefix, the third time-domain symbol in each
timeslot bears a demodulation reference signal, wherein uplink control information of at least
two user equipments is capable of being sent on the PUCCH by means of code division; or

the PUCCH is capable of encoding the first uplink control information according to a

convolutional code encoding manner; and
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a maximum quantity of bits that are of the first uplink control information and that the
PUCCH is capable of bearing is greater than 22.

20. The method according to any one of claim 1, 2, or 19, wherein the first power
adjustment value determined according to the quantity of the bits of the first uplink control

information is © s (1)

, Wherein 7 () indicates the quantity of the bits of the first uplink
control information sent on the first PUCCH; and
k' (ny, ()= K, -y, () + K,

0.08 <K, <0.12 ~37<K,<-27

, wherein ,and
21. The method according to any one of claim 1, 2, or 19, wherein the third power
adjustment value determined according to the quantity of the resources of the first PUCCH and

the ratio of the quantity of the bits of the first uplink control information to the quantity of the

PUCCH

K¢ BPRE _ 1)
resources of the first PUCCH is 1010&0((2 l) Bogie ), wherein BPRE s a ratio of the

quantity of the bits of the first uplink control information to Kre , a quantity of modulation

PUCCH

symbols occupied by the first PUCCH, Bogue is a value configured for the user equipment by

the network device by using higher layer signaling, and Ks is a value configured for the user

equipment by the network device by using higher layer signaling.

ﬂPUCCH
offet is a parameter used to determine a

22. The method according to claim 21, wherein
quantity of modulation symbols in a PUSCH resource that are occupied when first-type uplink
control information is sent on a PUSCH, wherein the first-type uplink control information is any
one of the following:

a channel quality indicator CQI and/or a precoding matrix indicator PMI,

a hybrid automatic repeat request HARQ-ACK; and

a rank indication RI; and

if the first uplink control information comprises one of the HARQ-ACK and the RI, the
first-type uplink control information is one of the HARQ-ACK and the RI; and if the first uplink
control information does not comprise the HARQ-ACK and the RI, the first-type uplink control
information is at least one of the CQI and the PMI.

23. A power control method for a physical uplink control channel (PUCCH), comprising:

determining, by a network device, that user equipment is to send first uplink control

information on a first PUCCH and in a subframe ’ , wherein the first uplink control information
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comprises at least one of:

channel state information (CSI),

a hybrid automatic repeat request-acknowledgment (HARQ-ACK), and

a scheduling request (SR);

determining, by the network device, transmit power for sending, by the user equipment, the
first uplink control information on the first PUCCH and in the subframe /| wherein the transmit
power is a sum of a base power adjustment value and any one of:

a first power adjustment value,

a second power adjustment value,

a third power adjustment value,

a fourth power adjustment value, and

a fifth power adjustment value; and

receiving, by the network device, the first uplink control information that is sent by the user
equipment on the first PUCCH by using the transmit power if the transmit power is not greater
than a maximum transmit power of the user equipment, or by using the maximum transmit power
if the transmit power is greater than a maximum transmit power of the user equipment, wherein

the first power adjustment value is a power adjustment value determined by the user
equipment according to a quantity of bits of the first uplink control information, the second
power adjustment value is a power adjustment value determined by the user equipment
according to the quantity of the bits of the first uplink control information and a quantity of
resources of the first PUCCH, the third power adjustment value is a power adjustment value
determined by the user equipment according to the quantity of the resources of the first PUCCH
and a ratio of the quantity of the bits of the first uplink control information to the quantity of the
resources of the first PUCCH, the fourth power adjustment value is a power adjustment value
determined by the user equipment according to the quantity of the resources of the first PUCCH,
and the fifth power adjustment value is one of:

a power adjustment value determined by the user equipment according to the quantity of
the resources of the first PUCCH and a ratio of a quantity of bits of second uplink control
information to a quantity of resources occupied on the first PUCCH by the second uplink control
information, and

a power adjustment value determined by the user equipment according to the quantity of
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the resources of the first PUCCH and a ratio of a quantity of bits of second uplink control
information to the quantity of the resources of the first PUCCH, wherein the second uplink
control information is a subset of the first uplink control information; and

the base power adjustment value comprises one of:

d PL

P
a sum of ~ O FPUCCH ap ¢ and

P, o - PL .
a sum of ~ O FPUCCH apd e ¢ wherein

7o rucen is a value configured for the user equipment by the network device by using higher
layer signaling;
Ple isa path loss that is determined by the user equipment and that is of a downlink of a

cell ¢ in which the first PUCCH is located; and

% isa path loss factor that is configured for the user equipment by the network device and
that is of the cell ¢ in which the first PUCCH is located.

24. The method according to claim 23, wherein the quantity of the bits of the first uplink
control information comprises a quantity of bits of a cyclic redundancy code CRC corresponding
to the first uplink control information, and the quantity of the bits of the second uplink control
information comprises a quantity of bits of a cyclic redundancy code CRC corresponding to the
second uplink control information.

25. The method according to claim 23 or 24, wherein the first PUCCH is in a first PUCCH
format, and the first PUCCH in the first PUCCH format meets at least one of the following:

the PUCCH occupies at least one resource block (RB), and in a case of a normal cyclic
prefix, only one time-domain symbol in the middle of each timeslot corresponding to the
PUCCH bears a demodulation reference signal, or two time-domain symbols in each timeslot
bear a demodulation reference signal, or in a case of an extended cyclic prefix, the third time-
domain symbol in each timeslot bears a demodulation reference signal; or

the PUCCH is capable of encoding the first uplink control information according to a
convolutional code encoding manner; and

a maximum quantity of bits that are of the first uplink control information and that the
PUCCH is capable of bearing is greater than 22.

26. The method according to any one of claims 23 to 25, wherein if a quantity of RBs
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occupied by the first PUCCH is not greater than N, , the transmit power for sending, by the user
equipment, the first uplink control information on the first PUCCH and in the subframe ¢ is one
of:

a sum of the first power adjustment value and the base power adjustment value, and

a sum of the second power adjustment value and the base power adjustment value; and

if the quantity of RBs occupied by the first PUCCH is greater than N, , the transmit power
for sending, by the user equipment, the first uplink control information on the first PUCCH and
in the subframe ! is a sum of the third power adjustment value and the base power adjustment

value, wherein

N.is1.2.3 ord.

k- 2 k-

27. The method according to any one of claims 23 to 26, wherein the quantity of the
resources of the first PUCCH is one of:

K e , a quantity of modulation symbols occupied by the first PUCCH;

o' , a quantity of bits corresponding to modulation symbols occupied by the first PUCCH,

LI %k
wherein O'= Ky * 0, , and o8 is a modulation order used by the user equipment for sending

the first uplink control information on the first PUCCH; and

M (D) , a quantity of RBs comprised in the first PUCCH; and
the quantity of the resources occupied on the first PUCCH by the second uplink control
information is one of:

My , a quantity of modulation symbols occupied on the first PUCCH by the second uplink

control information; and

Q", a quantity of bits corresponding to modulation symbols occupied on the first PUCCH

by the second uplink control information, wherein Q"=Mpy*Q, , and 0, is a modulation
order used by the user equipment for sending the second uplink control information on the first
PUCCH.

28. The method according to any one of claims 23 to 27, wherein the first power adjustment

value determined according to the quantity of the bits of the first uplink control information is
h '(nbit (Z))

, Wherein (1) indicates the quantity of the bits of the first uplink control
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information sent on the first PUCCH; and

if i (&) is not greater than 22, K (nbif (i)) =P , and 6l=h= 8'76;

if bt (&) is greater than 22 and " (&) is not greater than 64, h'(nb” H)="P, , and
82<P, <1212,

: N h'(n, @) .
if i (&) is greater than 64 and M (1) is not greater than 128, ( a9 ) is equal to one of:

H(1) =P, herein 114< P <1724,

W (n,, ())=K,-n, () +K 0.05<K, <008 , 4 5<K,<7

2 wherein
29. The method according to any one of claims 23 to 25, wherein the second power

adjustment value determined according to the quantity of the bits of the first uplink control

hv (i MPUCCH -
information and the quantity of the resources of the first PUCCH is (n”” (D, My (Z)) ,

wherein i @ indicates the quantity of the bits of the first uplink control information sent on

PUCCH -

the first PUCCH, My (1) js a quantity of the RBs comprised in the first PUCCH, and a value

of ! (1 (DM D) M) g Mg Q).

is determined by

30. The method according to claim 29, wherein

By, (i), Mg (i)) = 101og,, (Ms " (i) + h'(n,, (1))  wherein

when M ™ () =1 :

if " s not greater than 22, (1, (1) = P , and 6l1<h< 8'76;

if i @ is greater than 22 and e (1) is not greater than 64, h (n’"" (i)) =5 , and
82<P <1212,

if "o @ is greater than 64 and (1) is not greater than 128, ( ay ) is equal to one of:

h (nbﬁ(i)) =P _ wherein 11.4<P, < 17_24; and

#(n,, ())=K,-n, ) +K 0.05<K, <008 , 4 5<K,<7.

2 wherein
PUCCH /3y __
when Mzs (=2 :

if "o (&) is not greater than 22, h'(n’”'f ()= P1 , and S9sh= 8'4;
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if bt (&) is greater than 22 and " (&) is not greater than 64, h'(nb” H)="P, , and
6.8<P, <10.

T (@) is greater than 64 and My (1) is not greater than 128, h'(nb” (i)) =5 , and
8<P, <126

2

: _ Win (i
i M () i greater than 128 and " @ is not greater than 256, (nb” @ )
of:

' (n,, () = P, wherein 106<P, <177 g

h'(nbit (l)) =K, n, (H)+K

is equal to one

2 wherein 0.02<K, <0.04 ,and 55<K,<75 _

31. The method according to any one of claims 23 to 25, wherein the second power

adjustment value determined according to the quantity of the bits of the first uplink control

. . . ) . hv (i MPUCCH -
information and the quantity of the resources of the first PUCCH is (n o (), Mg (Z)) ,

wherein ” (D) indicates a quantity of bits obtained by subtracting the quantity of the bits of the

cyclic redundancy code (CRC) corresponding to the second uplink control information from the

. . . . . pMprvecH (i) - .
quantity of the bits of the second uplink control information, " &3 ) is a quantity of the RBs

h' [} ) - MPUCCH - ' .
comprised in the first PUCCH, and a value of (n o (1) Moy (Z)) is determined by 7' (0)

PUCCH
M

and Mrs (D)
32. The method according to claim 31, wherein

I (1 00, M5 () = 1010g, o (ME“ @)+ H (1 () perein

MR Gy =1 K (', () = K, x 'y, () + K 0.05<K, <0.08

when 2 wherein and

~1.6<K,<-07., 4

Mg (@)=2 K@y, (D)=K xn', () +K, 0.03<K, <0.05

when , wherein and

~03<K,<0.5

33. The method according to claim 31, wherein

h (n'bl.t (D), Mgy~ (i)) =10log,, (M, " () + 1 (', (1)) , wherein
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0.05<K, £0.075

Mg]CCH (l) =1 h'(n'bit (l)) = K1 X (n'bit (l) + 8) +K and

when 2 wherein

~222K,<-11. 54

MEVCH () = 2 ’ nn',, (i) =K, x(n',, ()+8)+K, . wherein 0.03<K, < 0_08’ and

when

~0.6<K,<0.1

34. The method according to any one of claims 23 to 25, wherein the third power
adjustment value determined according to the quantity of the resources of the first PUCCH and

the ratio of the quantity of the bits of the first uplink control information to the quantity of the

H PUCCH - R
resources of the first PUCCH is k(m(i), My~ (1)) , wherein m(i) indicates the ratio of the

quantity of the bits of the first uplink control information sent by the user equipment on the first

- PUCCH -
PUCCH to the quantity of the resources of the first PUCCH, and a value of k(m(i), M, (@)

is determined by m(i) and M w0 i

35. The method according to claim 34, wherein when the quantity of the resources of the
first PUCCH is M = () , a quantity of the RBs comprised in the first PUCCH,

k(m(i), Mgy " (1)) = 10Togy, (Mg “™ D) +4'(m@D) (porein

when Mz (D=1,

if m(i) is not greater than 22, q'(m(i)): P , and 6l=h= 8'76;

if m(i) is greater than 22 and m(i) is not greater than 64, q (m(l)) b , and
82< P <1212,

if M) is greater than 64 and m(i) is not greater than 128, q’(m(i)) is equal to one of:
q'(m(i)) =P, wherein |14 B <1724

q'(m@)) =K, -m@i) + K, 0.05<K,<0.08 , 4 5<K,<7.

, wherein ; or

when M ™" () =2 :

if m(i) is not greater than 22, q'(m(i)):P1’ and S9<h= 8'4;

if m(i) is greater than 22 and m(i) is not greater than 64, q‘(m(i)) =D, , and 68<P < 10;

if m(i) is greater than 64 and m(i) is not greater than 128, q'(m(i)) =5 , and 8<Fh <126
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if M) i greater than 128 and m() is not greater than 256, q’(m(i)) is equal to one of:
q'(m(i))=P, wherein 106<5 <177 g

q'(m@)) =K, -m(@i) + K, 0.02<K, <004 , 4 55<K,<75

, wherein

36. The method according to claim 34, wherein when the quantity of the resources of the
first PUCCH is X2z | a quantity of modulation symbols occupied by the first PUCCH,

k(m(i), My ™ (1)) = 101og, (Mie " D) +4'(m(0) (i orein

PUCCH
M

when M@0 =1_q(m@)=K,-mi)+ K, ,perein 8K <11 nq S<K <7, g

MEVH (jy =2 q'(m(i)):Kl -m(i)+ K, 8.5<K, <105 , 4 6<K,<8

when , wherein

37. The method according to any one of claims 23 to 25, wherein the determining the third
power adjustment value according to the quantity of the resources of the first PUCCH and the
ratio of the quantity of the bits of the first uplink control information to the quantity of the
resources of the first PUCCH comprises:

determining the third power adjustment value according to a ratio of the quantity of the bits

of the first uplink control information to K a quantity of modulation symbols occupied by the
first PUCCH, wherein the third power adjustment value is

101og,, (MZ7° (i)) + 101og,, (( 257 —1). g2 )

PUCCH
offset M

, Wherein *" &8 @ jsa quantity of the
RBs comprised in the first PUCCH, BPRE is the ratio of the quantity of the bits of the first

uplink control information to K | the quantity of the modulation symbols occupied by the first

pPUCCH
PUCCH, Bogie is a value configured for the user equipment by the network device by using
higher layer signaling, and Ks is a value configured for the user equipment by the network
device by using higher layer signaling.

ﬂPUCCH
ofset is a parameter used to determine a

38. The method according to claim 37, wherein
quantity of modulation symbols in a PUSCH resource that are occupied when first-type uplink
control information is sent on a PUSCH, wherein the first-type uplink control information is any
one of the following:

a channel quality indicator CQI and/or a precoding matrix indicator PMI;

a hybrid automatic repeat request HARQ-ACK; and
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a rank indication RI; and

if the first uplink control information comprises one of the HARQ-ACK and the RI, the
first-type uplink control information is one of the HARQ-ACK and the RI; and if the first uplink
control information does not comprise the HARQ-ACK and the RI, the first-type uplink control
information is at least one of the CQI and the PMI.

39. The method according to any one of claims 23 to 25, wherein the fourth power

adjustment value determined according to the quantity of the resources of the first PUCCH is

101og, (M "™ ()

. MPUCCH(-) . . . .
, wherein " rB is a quantity of the RBs comprised in the first

PUCCH.
40. The method according to any one of claims 23 to 27, wherein the fifth power adjustment

value determined according to one of:

the quantity of the resources of the first PUCCH and the ratio of the quantity of the bits of
the second uplink control information to the quantity of the resources occupied on the first
PUCCH by the second uplink control information and

the quantity of the resources of the first PUCCH and the ratio of the quantity of the bits of
the second uplink control information to the quantity of the resources of the first PUCCH is

. PUCCH - .
R(r(D), My (D)) , wherein 7 (@ indicates one of:

the ratio of the quantity of the bits of the second uplink control information to the
quantity of the resources occupied on the first PUCCH by the second uplink control
information; and

the ratio of the quantity of the bits of the second uplink control information to the

- PUCCH ¢ -
quantity of the resources of the first PUCCH, and a value of R(r(@), Mz (D)) is

- PUCCH /-
determined by © (@) and Mzs (l).

41. The method according to claim 23 or 24, wherein the first PUCCH is in a third physical
uplink control channel PUCCH format, and the PUCCH in the third PUCCH format complies
with at least one of:

the PUCCH occupies one RB, and in a case of a normal cyclic prefix, only one time-domain
symbol in the middle of each timeslot corresponding to the PUCCH bears a demodulation
reference signal, or in a case of an extended cyclic prefix, the third time-domain symbol in each

timeslot bears a demodulation reference signal, wherein uplink control information of at least
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two user equipments is capable of being sent on the PUCCH by means of code division; or

the PUCCH is capable of encoding the first uplink control information according to a
convolutional code encoding manner; and

a maximum quantity of bits that are of the first uplink control information and that the
PUCCH is capable of bearing is greater than 22.

42. The method according to any one of claim 23, 24, or 41, wherein the first power

adjustment value determined according to the quantity of the bits of the first uplink control

information is k' (ny, (1)) , wherein i (@) indicates the quantity of the bits of the first uplink
control information sent on the first PUCCH; and

k'(n,, ()= K, - n,, (i) + K, 0.08<K, <0.12 , 4 —37<K,<-27

, Wherein
43. The method according to any one of claim 23, 24, or 41, wherein the third power
adjustment value determined according to the quantity of the resources of the first PUCCH and

the ratio of the quantity of the bits of the first uplink control information to the quantity of the

PUCCH

K¢ BPRE _ 1)
resources of the first PUCCH is 1010&0((2 1) Poge ) , wherein BPRE s aratio of the

quantity of the bits of the first uplink control information to K , a quantity of modulation

PUCCH

symbols occupied by the first PUCCH, B is a value configured for the user equipment by

the network device by using higher layer signaling, and Ks is a value configured for the user

equipment by the network device by using higher layer signaling.

ﬂPUCCH
offet s a parameter used to determine a

44. The method according to claim 43, wherein
quantity of modulation symbols in a PUSCH resource that are occupied when first-type uplink
control information is sent on a PUSCH, wherein the first-type uplink control information is any
one of the following:

a channel quality indicator CQI and/or a precoding matrix indicator PMI;

a hybrid automatic repeat request HARQ-ACK; or

a rank indication RI; and

if the first uplink control information comprises the HARQ-ACK or the RI, the first-type
uplink control information is the HARQ-ACK or the RI; or if the first uplink control information

does not comprise the HARQ-ACK and the RI, the first-type uplink control information is the
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CQI and/or the PMI.

45. User equipment, comprising:

a first processing unit, configured to: determine that first uplink control information is to be
sent on a first PUCCH and in a subframe ? , wherein the first uplink control information
comprises at least one of:

channel state information (CSI),
a hybrid automatic repeat request-acknowledgment (HARQ-ACK), and
a scheduling request (SR);

determine transmit power for sending the first uplink control information on the first
PUCCH and in the subframe ¢, wherein the transmit power is a sum of a base power adjustment
value and any one of:

a first power adjustment value,

a second power adjustment value,

a third power adjustment value,

a fourth power adjustment value, and
a fifth power adjustment value; and

a sending unit, configured to send the first uplink control information on the first PUCCH
by using the transmit power if the transmit power is not greater than a maximum transmit power
of the user equipment, or by using the maximum transmit power if the transmit power is greater
than a maximum transmit power of the user equipment, wherein

the first power adjustment value is a power adjustment value determined by the user
equipment according to a quantity of bits of the first uplink control information, the second
power adjustment value is a power adjustment value determined by the user equipment
according to the quantity of the bits of the first uplink control information and a quantity of
resources of the first PUCCH, the third power adjustment value is a power adjustment value
determined by the user equipment according to the quantity of the resources of the first PUCCH
and a ratio of the quantity of the bits of the first uplink control information to the quantity of the
resources of the first PUCCH, the fourth power adjustment value is a power adjustment value
determined by the user equipment according to the quantity of the resources of the first PUCCH,
and the fifth power adjustment value is one of:

a power adjustment value determined by the user equipment according to the quantity of
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the resources of the first PUCCH and a ratio of a quantity of bits of second uplink control
information to a quantity of resources occupied on the first PUCCH by the second uplink control
information, and

a power adjustment value determined by the user equipment according to the quantity of
the resources of the first PUCCH and a ratio of a quantity of bits of second uplink control
information to the quantity of the resources of the first PUCCH, wherein the second uplink
control information is a subset of the first uplink control information; and

the base power adjustment value comprises one of:

P
a sum of ~©-PUCCH and * ¢ and

a,-PL

P )
a sum of ~ O-PUCCH and ¢ wherein

O_PUCCH {g a value configured for the user equipment by the network device by using higher
layer signaling;

Ple isa path loss that is determined by the user equipment and that is of a downlink of a

cell ¢ in which the first PUCCH is located; and

% isa path loss factor that is configured for the user equipment by the network device and
that is of the cell ¢ in which the first PUCCH is located.

46. The user equipment according to claim 45, wherein the quantity of the bits of the first
uplink control information comprises a quantity of bits of a cyclic redundancy code CRC
corresponding to the first uplink control information, and the quantity of the bits of the second
uplink control information comprises a quantity of bits of a cyclic redundancy code CRC
corresponding to the second uplink control information.

47. The user equipment according to claim 45 or 46, wherein the first PUCCH is in a first
PUCCH format, and the first PUCCH in the first PUCCH format meets at least one of the
following:

the PUCCH occupies at least one resource block (RB), and in a case of a normal cyclic
prefix, only one time-domain symbol in the middle of each timeslot corresponding to the
PUCCH bears a demodulation reference signal, or two time-domain symbols in each timeslot
bear a demodulation reference signal, or in a case of an extended cyclic prefix, the third time-
domain symbol in each timeslot bears a demodulation reference signal; or

the PUCCH is capable of encoding the first uplink control information according to a
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convolutional code encoding manner; and
a maximum quantity of bits that are of the first uplink control information and that the
PUCCH is capable of bearing is greater than 22.

48. The user equipment according to any one of claims 45 to 47, wherein if a quantity of

RBs occupied by the first PUCCH is not greater than N, , the transmit power for sending, by the
user equipment, the first uplink control information on the first PUCCH and in the subframe ! is
one of:

a sum of the first power adjustment value and the base power adjustment value, and

a sum of the second power adjustment value and the base power adjustment value; and

if the quantity of RBs occupied by the first PUCCH is greater than N, , the transmit power
for sending, by the user equipment, the first uplink control information on the first PUCCH and
in the subframe ! is a sum of the third power adjustment value and the base power adjustment

value, wherein

Niis1,2.3, or 4.

49. The user equipment according to any one of claims 45 to 48, wherein the quantity of the

resources of the first PUCCH is one of:

K e , a quantity of modulation symbols occupied by the first PUCCH;
o' , a quantity of bits corresponding to modulation symbols occupied by the first PUCCH,
f— k]
wherein O'=Kes ™0, , and On is a modulation order used by the user equipment for sending
the first uplink control information on the first PUCCH; and

M " () , a quantity of RBs comprised in the first PUCCH; and

the quantity of the resources occupied on the first PUCCH by the second uplink control
information is one of:

My , a quantity of modulation symbols occupied on the first PUCCH by the second uplink

control information; and

Q", a quantity of bits corresponding to modulation symbols occupied on the first PUCCH

w__ k7)) )
by the second uplink control information, wherein Q" =My >0, , and O is a modulation

order used by the user equipment for sending the second uplink control information on the first
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PUCCH.
50. The user equipment according to any one of claims 45 to 49, wherein the first power

adjustment value determined according to the quantity of the bits of the first uplink control

information is h (n”” (Z)) , wherein i (&) indicates the quantity of the bits of the first uplink
control information sent on the first PUCCH; and

if bt (&) is not greater than 22, h'(nbif ()= Pr , and 6l=h= 8'76;

if Mo (&) is greater than 22 and M (7) is not greater than 64, h'(nb” (i)) =5 , and
82<P, <1212,

j j h'(n, @) .
if i (&) is greater than 64 and " (@) is not greater than 128, ( ay ) is equal to one of:

B D) =P erein 114< P <1724 1

#(n,, ())=K,-n, ) +K 0.05<K, <008 , 4 5<K,<7

2 wherein
51. The user equipment according to any one of claims 45 to 47, wherein the second power

adjustment value determined according to the quantity of the bits of the first uplink control

hv (i MPUCCH -
information and the quantity of the resources of the first PUCCH is (n”” (D, My (Z)) ,

wherein " (i) indicates the quantity of the bits of the first uplink control information sent on
. MPUCCH (l) R R R R
the first PUCCH, &8 is a quantity of the RBs comprised in the first PUCCH, and a value

. . PUCCH - . PUCCH
of h (nbi’ (0), M (Z)) is determined by 7 (1) and Mes (D

52. The user equipment according to claim 51, wherein

R (1, (), Mg (i) = 1010g,, (Mg (i) + h'(n,,, (1))  wherein

when M« (i) =1 :

if " @) is not greater than 22, (1, (1) = P ,and 6.1<Fh < 8'76;

if i (@) is greater than 22 and M (1) is not greater than 64, h (n’”" H)="r, , and
82<P <1212,

h'(nbit(i))

if "o @ is greater than 64 and (1) is not greater than 128, is equal to one of:
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1 (ny, (D) = P, wherein 14=P <1724 4

#(n,,(i)=K, -n,, (i) + K, wherein 0-05<K, <008 4 5<K,<7. 4

when M (i) =2 :

T (&) is not greater than 22, h'(n’"'f (@ ) =P , and 59sh= 8'4;

if i (&) is greater than 22 and My (7) is not greater than 64, h'(n”” (i)) =5 , and
6.8<P, <10.

if Mo @) is greater than 64 and 1y (1) is not greater than 128, h (nb” D)="5 , and
8<P, <126

. R hv (i
if "o () jg greater than 128 and " @ s not greater than 256, (nb” @ )
of:

H (n,, (1)) = P, wherein 106<P, <177 4

h(ny, (D) =K, -n,, () + K

is equal to one

2 wherein 0.02<K, <0.04 ,and 55<K,<75 _

53. The user equipment according to any one of claims 45 to 47, wherein the second power

adjustment value determined according to the quantity of the bits of the first uplink control

h' [} (i MPUCCH -
information and the quantity of the resources of the first PUCCH is (n o (D), Mg (Z)) ,

wherein 7 4 (@) indicates a quantity of bits obtained by subtracting the quantity of the bits of the

cyclic redundancy code (CRC) corresponding to the second uplink control information from the

PUCCH -
quantity of the bits of the second uplink control information, ™ &8 (@) is a quantity of the RBs

h' t (i MPUCCH - ' .
comprised in the first PUCCH, and a value of (n o (1) Moy (Z)) is determined by 7' (1)
and M w ()

54. The user equipment according to claim 53, wherein

h (n'bl.t (D), Mgy~ (i)) =10log,, (M, " () + 1 (', (1)) , wherein

and

when M @) =1 Ky, )=K xn', H+K

> wherein 0-05<K, <008

~16<K, <07 4
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when My (i) =2 , R (n'y, (D) = Ky x 'y, (D) + K, , wherein 0.03<K, <0.05 ,and

-03<K,<05
55. The user equipment according to claim 53, wherein
n (n'bit (), My~ (Z)) =101og, (M @)+ 1 (', (1)) _wherein

when Mgfccpz (=1 ’ ', @)=K x(#,, (i)+8)+K, . wherein 0.05<K, <0.075 _and

—22<K,<-11. .4

when MI};JCCH (l) =2 , h'(n'bit (l)) = Kl X (n'bit (l) + 8) + Kz , wherein 003< Kl <0.08 , and

~06<K,<01

56. The user equipment according to any one of claims 45 to 47, wherein the third power
adjustment value determined according to the quantity of the resources of the first PUCCH and

the ratio of the quantity of the bits of the first uplink control information to the quantity of the

> PUCCH ;- .
resources of the first PUCCH is k(m(D), Mpz () . wherein " () indicates the ratio of the

quantity of the bits of the first uplink control information sent by the user equipment on the first

. PUCCH -
PUCCH to the quantity of the resources of the first PUCCH, and a value of k(m(@), Mg (D))

is determined by " @) ang M w0 i

57. The user equipment according to claim 56, wherein when the quantity of the resources
of the first PUCCH is M m () , a quantity of the RBs comprised in the first PUCCH,
k(m(i), Mg ™ (1) = 1010g, (Mg ™ )+ ') g erein
when Mrs (=1
if M) s not greater than 22, g (m(i)) =P , and 6.1<h < 8'76;
if m(i) is greater than 22 and m(i) is not greater than 64, q (m(i)) =h , and
82<P, <1212,

if m(i) is greater than 64 and m(i) is not greater than 128, q’(m(i)) is equal to one of:

q'(m(i)) = P, wherein 145 R <1724y
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q'(m@)) =K, -m(@i) + K, 0.05<K,<0.08 4 5<K,<7. 404

, wherein

when M~ () =2 :

if ") is not greater than 22, g (m(H)=Pr , and 39<h< 8'4;

if M) s greater than 22 and m() s not greater than 64, q'(m(i)) =5 , and 6.8<h < 10;

if M) is greater than 64 and m(i) is not greater than 128, 9 (m(i)) R , and 8<Ph <126 ;

if M) i greater than 128 and m() s not greater than 256, q'(m(i)) is equal to one of:

q'(m(i))="P, wherein 106<5 <177 19

q'(m@)) =K, -m(@i) + K, 0.02<K, <004 , 4 55<K,<75

, wherein

58. The user equipment according to claim 56, wherein when the quantity of the resources
of the first PUCCH is Xz | a quantity of modulation symbols occupied by the first PUCCH,

k(m(@), Mg () =101og,, (M3, " () +q'(m@D) 4 erein

Mg]CCH(Z'):l q’(m(l.)):Kl‘m(i)"'Kz 8£K1§11 and 5§K2§7'and

when , wherein

Mg (@)=2 q'(m@)=K,-m@)+K, 8.5<K <105 . 4 6<K,<8

when , wherein
59. The user equipment according to any one of claims 45 to 47, wherein the determining
the third power adjustment value according to the quantity of the resources of the first PUCCH
and the ratio of the quantity of the bits of the first uplink control information to the quantity of
the resources of the first PUCCH comprises:
determining the third power adjustment value according to a ratio of the quantity of the bits

K

of the first uplink control information to ™ #z | a quantity of modulation symbols occupied by the

first PUCCH, wherein the third power adjustment value is

10 logm (Mlsl;JCCH (Z)) +10 1Oglo ((ZKS.BPRE - 1)' ﬂPUCCH )

PUCCH
offset M

, Wherein *" &8 @ is a quantity of the
RBs comprised in the first PUCCH, BPRE js the ratio of the quantity of the bits of the first

uplink control information to K | the quantity of the modulation symbols occupied by the first

ﬂPUCCH

PUCCH, " is a value configured for the user equipment by the network device by using

higher layer signaling, and Ky is a value configured for the user equipment by the network
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device by using higher layer signaling.

ﬂPUCCH
offet s a parameter used to

60. The user equipment according to claim 59, wherein
determine a quantity of modulation symbols in a PUSCH resource that are occupied when first-
type uplink control information is sent on a PUSCH, wherein the first-type uplink control
information is any one of the following:

a channel quality indicator CQI and/or a precoding matrix indicator PMI;

a hybrid automatic repeat request HARQ-ACK; and

a rank indication RI; and

if the first uplink control information comprises one of the HARQ-ACK and the RI, the
first-type uplink control information is one of the HARQ-ACK and the RI; and if the first uplink
control information does not comprise the HARQ-ACK and the RI, the first-type uplink control
information is at least one of the CQI and the PMI.

61. The user equipment according to any one of claims 45 to 47, wherein the fourth power

adjustment value determined according to the quantity of the resources of the first PUCCH is

10 loglo(Mg]CCH @)

. MPUCCH (l) . . . .
, Wherein * &8 is a quantity of the RBs comprised in the first

PUCCH.

62. The user equipment according to any one of claims 45 to 49, wherein one of:

the fifth power adjustment value determined according to the quantity of the
resources of the first PUCCH and the ratio of the quantity of the bits of the second uplink
control information to the quantity of the resources occupied on the first PUCCH by the

second uplink control information; and

the fifth power adjustment value determined according to the quantity of the
resources of the first PUCCH and the ratio of the quantity of the bits of the second uplink

control information to the quantity of the resources of the first PUCCH is
R(r (), My ()

.or(i) . .
, wherein @ indicates one of:

the ratio of the quantity of the bits of the second uplink control information to the
quantity of the resources occupied on the first PUCCH by the second uplink control
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information; and

the ratio of the quantity of the bits of the second uplink control information to the

‘ . MPUCCH - .
quantity of the resources of the first PUCCH, and a value of R(r(@), My () is

determined by 7 and M w ()

63. The user equipment according to claim 45 or 46, wherein the first PUCCH is in a third
physical uplink control channel PUCCH format, and the PUCCH in the third PUCCH format

complies with at least one of:

the PUCCH occupies one RB, and in a case of a normal cyclic prefix, only one time-domain
symbol in the middle of each timeslot corresponding to the PUCCH bears a demodulation
reference signal, or in a case of an extended cyclic prefix, the third time-domain symbol in each
timeslot bears a demodulation reference signal, wherein uplink control information of at least

two user equipments is capable of being sent on the PUCCH by means of code division; or

the PUCCH is capable of encoding the first uplink control information according to a

convolutional code encoding manner; and

a maximum quantity of bits that are of the first uplink control information and that the

PUCCH is capable of bearing is greater than 22.

64. The user equipment according to any one of claim 45, 46, or 63, wherein the first power

adjustment value determined according to the quantity of the bits of the first uplink control

information is k'(ny, (D) , wherein My (7) indicates the quantity of the bits of the first uplink
control information sent on the first PUCCH; and

k(n,, () =K, -n,, (i) +K, 0.08<K, <012 , 4 -37<K,<-27

, Wherein
65. The user equipment according to any one of claim 45, 46, or 63, wherein the third power
adjustment value determined according to the quantity of the resources of the first PUCCH and

the ratio of the quantity of the bits of the first uplink control information to the quantity of the

PUCCH

KgBPRE _ 1)
resources of the first PUCCH is 1010&0((2 l) Bogier ) , wherein BPRE is a ratio of the
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quantity of the bits of the first uplink control information to Kre , a quantity of modulation

PUCCH

symbols occupied by the first PUCCH, Pogie is a value configured for the user equipment by

the network device by using higher layer signaling, and K is a value configured for the user

equipment by the network device by using higher layer signaling.

ﬂPUCCH
offiet s a parameter used to

66. The user equipment according to claim 65, wherein
determine a quantity of modulation symbols in a PUSCH resource that are occupied when first-
type uplink control information is sent on a PUSCH, wherein the first-type uplink control
information is any one of the following:

a channel quality indicator CQI and/or a precoding matrix indicator PMI,

a hybrid automatic repeat request HARQ-ACK; and

a rank indication RI; and

if the first uplink control information comprises one of the HARQ-ACK and the RI, the
first-type uplink control information is one of the HARQ-ACK and the RI; and if the first uplink
control information does not comprise the HARQ-ACK and the RI, the first-type uplink control
information is at least one of the CQI and the PMI.

67. A network device, comprising;:

a second processing unit, configured to: determine that user equipment is to send first
uplink control information on a first PUCCH and in a subframe [ wherein the first uplink
control information comprises at least one of:

channel state information (CSI),
a hybrid automatic repeat request-acknowledgment (HARQ-ACK), and
a scheduling request (SR);
determine transmit power for sending the first uplink control information on the first
PUCCH and in the subframe ! , wherein the transmit power is a sum of a base power adjustment
value and any one of:
a first power adjustment value,
a second power adjustment value,
a third power adjustment value,

a fourth power adjustment value, and
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a fifth power adjustment value; and

a receiving unit, configured to receive the first uplink control information that is sent by the
user equipment on the first PUCCH by using the transmit power if the transmit power is not
greater than a maximum transmit power of the user equipment, or by using the maximum
transmit power if the transmit power is greater than a maximum transmit power of the user
equipment, wherein

the first power adjustment value is a power adjustment value determined by the user
equipment according to a quantity of bits of the first uplink control information, the second
power adjustment value is a power adjustment value determined by the user equipment
according to the quantity of the bits of the first uplink control information and a quantity of
resources of the first PUCCH, the third power adjustment value is a power adjustment value
determined by the user equipment according to the quantity of the resources of the first PUCCH
and a ratio of the quantity of the bits of the first uplink control information to the quantity of the
resources of the first PUCCH, the fourth power adjustment value is a power adjustment value
determined by the user equipment according to the quantity of the resources of the first PUCCH,
and the fifth power adjustment value is one of:

a power adjustment value determined by the user equipment according to the quantity of the
resources of the first PUCCH and a ratio of a quantity of bits of second uplink control
information to a quantity of resources occupied on the first PUCCH by the second uplink control
information, and

a power adjustment value determined by the user equipment according to the quantity of the
resources of the first PUCCH and a ratio of a quantity of bits of second uplink control
information to the quantity of the resources of the first PUCCH, wherein the second uplink
control information is a subset of the first uplink control information; and

the base power adjustment value comprises one of:

PL

P
a sum of ~©O-FPUCCH gnd * ¢ and

P o - PL .
a sum of ~©OFPUCCH gnd ¢ © e wherein

7o pucen is a value configured for the user equipment by the network device by using higher

layer signaling;

Ple is a path loss that is determined by the user equipment and that is of a downlink of a
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cell ¢ in which the first PUCCH is located; and

%o isa path loss factor that is configured for the user equipment by the network device and
that is of the cell ¢ in which the first PUCCH is located.

68. The network device according to claim 67, wherein the quantity of the bits of the first
uplink control information comprises a quantity of bits of a cyclic redundancy code CRC
corresponding to the first uplink control information, and the quantity of the bits of the second
uplink control information comprises a quantity of bits of a cyclic redundancy code CRC

corresponding to the second uplink control information.

69. The network device according to claim 67 or 68, wherein the first PUCCH is in a first
PUCCH format, and the first PUCCH in the first PUCCH meets at least one of the following:

the PUCCH occupies at least one resource block (RB), and in a case of a normal cyclic
prefix, only one time-domain symbol in the middle of each timeslot corresponding to the
PUCCH bears a demodulation reference signal, or two time-domain symbols in each timeslot
bear a demodulation reference signal, or in a case of an extended cyclic prefix, the third time-

domain symbol in each timeslot bears a demodulation reference signal;

the PUCCH is capable of encoding the first uplink control information according to a

convolutional code encoding manner; and

a maximum quantity of bits that are of the first uplink control information and that the

PUCCH is capable of bearing is greater than 22.

70. The network device according to any one of claims 67 to 69, wherein if a quantity of
RBs occupied by the first PUCCH is not greater than N. | the transmit power for sending, by the

user equipment, the first uplink control information on the first PUCCH and in the subframe [is

one of’
a sum of the first power adjustment value and the base power adjustment value; and

a sum of the second power adjustment value and the base power adjustment value; and
if the quantity of RBs occupied by the first PUCCH is greater than N. | the transmit power
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for sending, by the user equipment, the first uplink control information on the first PUCCH and

in the subframe ’ is a sum of the third power adjustment value and the base power adjustment

value, wherein

N.is1,2.3, or4.

k- 2 k-

71. The network device according to any one of claims 67 to 70, wherein the quantity of the

resources of the first PUCCH is one of:

Kre , a quantity of modulation symbols occupied by the first PUCCH;

o' , a quantity of bits corresponding to modulation symbols occupied by the first

PUCCH, wherein Q'= Ky *0Q, , and 9, is a modulation order used by the user equipment

for sending the first uplink control information on the first PUCCH; and

M " () 3 quantity of RBs comprised in the first PUCCH; and

the quantity of the resources occupied on the first PUCCH by the second uplink control

information is one of*

My , a quantity of modulation symbols occupied on the first PUCCH by the

second uplink control information; and

o , a quantity of bits corresponding to modulation symbols occupied on the first
"n__ %) )
O'=My, Q’”, and 9 isa

modulation order used by the user equipment for sending the second uplink control

information on the first PUCCH.

PUCCH by the second uplink control information, wherein

72. The network device according to any one of claims 67 to 71, wherein the first power

adjustment value determined according to the quantity of the bits of the first uplink control
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information is (nb” @ ) , wherein 7 () indicates the quantity of the bits of the first uplink

control information sent on the first PUCCH; and
if 70 js not greater than 22, 7' (1w (D)= P1_43q 6.1< P, <8.76 .

if " (D js greater than 22 and ") is not greater than 64, h'(ny, (1)) = P, , and
82<P, <12.12.
h'(nbit(i))

if 7u() ig greater than 64 and ") is not greater than 128, is equal to one of:

h'(n,, (i) = P, _wherein 1145 B <17.24 . ng
By, (D)= Ky my (D4 K3 wherein 0-05 <K, <0.08 gnq 5<K,<7

73. The network device according to any one of claims 67 to 71, wherein the second power
adjustment value determined according to the quantity of the bits of the first uplink control

h' ) - MPUCCH -
information and the quantity of the resources of the first PUCCH is (nb” (D), Mg (Z)) ,

wherein " @ indicates the quantity of the bits of the first uplink control information sent on

PUCCH

the first PUCCH, &8 @ isa quantity of the RBs comprised in the first PUCCH, and a value

of *' (e (D M D) MD) gng MAE (D).

is determined by
74. The network device according to claim 73, wherein wherein

' . PUCCH \\ _ PUCCH ' .
11y, (1), MEC (1)) = 101og, (M2 (1)) + h'(n,, D) herein

when M (D=1,

if " () g not greater than 22, By (D)= P ,and 6-1= £ =876

if "+ (D is greater than 22 and " is not greater than 64, W, (D)= P, ,and

82<P, <12.12.

2
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if 7o () g greater than 64 and i (1) is not greater than 128, (nb” @ ) is equal to one of:

n'(n,, (Y) = P, _wherein 114 =P <1724 - 44

B (ny (D))= K, -ny, () + K 0.05 < K, <0.08 S<K;<7.and

2 wherein ,and

when Mw (D=2,

if " () s not greater than 22, W (m, ()= P Jand >0 =h=84.

if s is greater than 22 and ") is not greater than 64, B (ny (D) = Py ,and

6.8<P,<I10.

if 75D js greater than 64 and ") is not greater than 128, 7' (D) = Py , and

B<P, <12.6.

2

if 7D jg greater than 128 and ™ () s not greater than 256, (nb” @ ) is equal to one of:

(1 (D)= P herein10-6 < P <17.7 . 4ng

B (ny, ()= K, -n,, () + K 002K, <004 5 55<K,<75

2 wherein

75. The network device according to any one of claims 67 to 71, wherein the second power

adjustment value determined according to the quantity of the bits of the first uplink control

hv ' MPUCCH -
information and the quantity of the resources of the first PUCCH is (n b (D M (Z)) ,
wherein ” bi (@) indicates a quantity of bits obtained by subtracting the quantity of the bits of the

cyclic redundancy code (CRC) corresponding to the second uplink control information from the

. . . . . M rvccH OF .
quantity of the bits of the second uplink control information, ™ r8 is a quantity of the RBs

h' (i MPUCCH . ' .
comprised in the first PUCCH, and a value of (n o (0) Moy (Z)) is determined by 7' (1)

and Ifg ! (@)

76. The network device according to claim 75, wherein
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10, (D), Mgy (i) =101l0g, (Mpe“ (D) + K (1, (1) , wherein

MIZ;JCCH (=1 ’ h'(n', (i) =K, xn',, (i) +K, . wherein 0.05<K,<£0.08 _and

when

~1.6<K,<-07.,4

when M (i) =2 , A (n'y, (D) = Ky xn'y, (1) + K, , wherein 0.03<K, <0.05 , and

~03<K, <05

77. The network device according to claim 75, wherein
I (1 00, M ()= 1010g3y (M5 )+ H (1 ) yerein

when MPUCCH (3 =] ’ ', @)=K x#,, ([{H)+8)+K, . wherein 0.05< K, <0.075 _and

—22<K,<-11. .4

M (D) =2 By (D)= Kyx(ly D +8) Ky iy 0.03<K,<0.08 g

when

-0.6<K,<0.1
78. The network device according to any one of claims 67 to 71, wherein the third power
adjustment value determined according to the quantity of the resources of the first PUCCH and
the ratio of the quantity of the bits of the first uplink control information to the quantity of the
- PUCCH - .
resources of the first PUCCH is k(m(i), Mzs " (1)) , wherein m(i) indicates the ratio of the
quantity of the bits of the first uplink control information sent by the user equipment on the first

. PUCCH -
PUCCH to the quantity of the resources of the first PUCCH, and a value of k(m(@), My, (D))

- PUCCH -
is determined by m(i) and Mes (D)

79. The network device according to claim 78, wherein when the quantity of the resources

of the first PUCCH is M = (D , a quantity of the RBs comprised in the first PUCCH,
- LCCH UCCH - ' H
k(m(i), My ™" (1)) =10log, (M (0)) +4'(m(D))

, Wherein

when M () =1 :

it M0 s not greater than 22, g'(m(@D)=Pr and 6-1= A =876 .

if ™ is greater than 22 and ™ is not greater than 64, q'(m(@)= P, , and
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82<P, <12.12.

if M) s greater than 64 and m(i) is not greater than 128, q'(m(i)) is equal to one of:
q'(m@i))= P, _wherein 114 P <1724 414

g'(m@))=K, -m@)+K 0.05 <K, <0.08 ,nq5<K,<7.

2 wherein

when Mu  ()=2.

it () s not greater than 22, g'(m(@D)=Pr ,and >0=h =84,
if () jg greater than 22 and m(@) s not greater than 64, q'(m(D))=P, _and 0-8= 1, =10

it ™ is greater than 64 and ™ is not greater than 128, q'(m(D)= P ,and 8= =126

it M@ js greater than 128 and m({) s not greater than 256, q'(m(i)) is equal to one of:
q'(m(i))=P, _wherein 10-6< P, <17.7 . angq

g'(m@))=K, -m@)+K 0.02<K, <004 o1q5.55K,<75

2 wherein

80. The network device according to claim 78, wherein when the quantity of the resources
of the first PUCCH is K # | a quantity of modulation symbols occupied by the first PUCCH,

k(m(i), Mgy " (1)) = 10Togy, (Mg “™ D) +4'(m@D) (porein

when Mis (D=1 q‘(m(i)):Kl-m(i)+K2’Wherein 8<K <1l 04 5K, <7, 49

when Mis " ()=2_q'(m@D)=K,-m()+XK,

_wherein 8-5<K, <105 4 6<K, <8

81. The network device according to any one of claims 67 to 71, wherein the determining
the third power adjustment value according to the quantity of the resources of the first PUCCH
and the ratio of the quantity of the bits of the first uplink control information to the quantity of
the resources of the first PUCCH comprises:

determining the third power adjustment value according to a ratio of the quantity of the bits
of the first uplink control information to K , a quantity of modulation symbols occupied by the
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first PUCCH, wherein the third power adjustment value is
101og,, (M5 (i) + 101og, (2 ~1)- B

PUCCH ¢~
) , Wherein My () isa quantity of the

RBs comprised in the first PUCCH, BPRE s the ratio of the quantity of the bits of the first

uplink control information to Xz | the quantity of the modulation symbols occupied by the first

pPUCCH
PUCCH, Bogie is a value configured for the user equipment by the network device by using

higher layer signaling, and K is a value configured for the user equipment by the network
device by using higher layer signaling.

ﬁPUCCH

ofet s a parameter used to

82. The network device according to claim 81, wherein
determine a quantity of modulation symbols in a PUSCH resource that are occupied when first-
type uplink control information is sent on a PUSCH, wherein the first-type uplink control

information is any one of the following:
a channel quality indicator CQI and/or a precoding matrix indicator PMI;
a hybrid automatic repeat request HARQ-ACK; and
a rank indication RI; and

if the first uplink control information comprises one of the HARQ-ACK and the RI, the
first-type uplink control information is one of the HARQ-ACK and the RI; and if the first uplink
control information does not comprise the HARQ-ACK and the RI, the first-type uplink control
information is at least one of the CQI and the PMI.

83. The network device according to any one of claims 67 to 71, wherein the fourth power

adjustment value determined according to the quantity of the resources of the first PUCCH is

101og,, (ML (i) M ()

, Wherein is a quantity of the RBs comprised in the first

PUCCH.

84. The network device according to any one of claims 67 to 71, wherein one of:

the fifth power adjustment value determined according to the quantity of the
resources of the first PUCCH and the ratio of the quantity of the bits of the second uplink

148

Date Regue/Date Received 2022-01-28



control information to the quantity of the resources occupied on the first PUCCH by the

second uplink control information; and

the fifth power adjustment value determined according to the quantity of the
resources of the first PUCCH and the ratio of the quantity of the bits of the second uplink
control information to the quantity of the resources of the first PUCCH is

~ A gPUCCH [
R(r(D), My (1) _wherein ”() indicates one of:

the ratio of the quantity of the bits of the second uplink control information to the
quantity of the resources occupied on the first PUCCH by the second uplink control

information; and

the ratio of the quantity of the bits of the second uplink control information to the

‘ . MPUCCH - .
quantity of the resources of the first PUCCH, and a value of R(r(@), My (1)) is

determined by 7D and M = ()

85. The network device according to claim 67 or 68, wherein the first PUCCH is in a third
physical uplink control channel PUCCH format, and the PUCCH in the third PUCCH format

complies with at least one of:

the PUCCH occupies one RB, and in a case of a normal cyclic prefix, only one time-domain
symbol in the middle of each timeslot corresponding to the PUCCH bears a demodulation
reference signal, or in a case of an extended cyclic prefix, the third time-domain symbol in each
timeslot bears a demodulation reference signal, wherein uplink control information of at least

two user equipments is capable of being sent on the PUCCH by means of code division; or

the PUCCH is capable of encoding the first uplink control information according to a

convolutional code encoding manner; and

a maximum quantity of bits that are of the first uplink control information and that the

PUCCH is capable of bearing is greater than 22.

86. The network device according to any one of claim 67, 68, or 85, wherein the first power
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adjustment value determined according to the quantity of the bits of the first uplink control

information is k'(ny, (D) , wherein "o (@) indicates the quantity of the bits of the first uplink
control information sent on the first PUCCH; and

k' (ny, (1)) = K, - 1, () + K, 0.08<K, <012 , 4 -37<K,<-27

, Wherein
87. The network device according to any one of claim 67, 68, or 85, wherein the third power
adjustment value determined according to the quantity of the resources of the first PUCCH and

the ratio of the quantity of the bits of the first uplink control information to the quantity of the

PUCCH

KyBPRE _ 1)
resources of the first PUCCH is 10log, ((2 1) Pope ) , wherein BPRE is a ratio of the

quantity of the bits of the first uplink control information to Kre , a quantity of modulation

PUCCH

symbols occupied by the first PUCCH, Poge is a value configured for the user equipment by

the network device by using higher layer signaling, and Ks is a value configured for the user

equipment by the network device by using higher layer signaling.

ﬂPUCCH

88. The network device according to claim 87, wherein ~%#¢  is a parameter used to

determine a quantity of modulation symbols in a PUSCH resource that are occupied when first-
type uplink control information is sent on a PUSCH, wherein the first-type uplink control

information is any one of the following:
a channel quality indicator CQI and/or a precoding matrix indicator PMI;
a hybrid automatic repeat request HARQ-ACK; and
arank indication RI; and

if the first uplink control information comprises one of the HARQ-ACK and the RI, the
first-type uplink control information is one of the HARQ-ACK and the RI; and if the first uplink
control information does not comprise the HARQ-ACK and the RI, the first-type uplink control
information is at least one of the CQI and the PMI.
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User equipment determines to send first uplink control information
on a first PUCCH and in a subframe i, where the first uplink control
information includes at least one of channel state information CSI, a
hybrid automatic repeat request-acknowledgment
HARQ-ACK, or a scheduling request SR

/\5101

The user equipment determines transmit power for sending the first
uplink control information on the first PUCCH and in the subframe
i, where the transmit power is a sum of a base power adjustment
value and any one of a first power adjustment value, a second power
adjustment value, a third power adjustment value, a fourth power
adjustment value, or a fifth power adjustment value

/1§102

The user equipment sends the first uplink control information on the
first PUCCH by using power that is not greater than the transmit
power

/\5103

FIG. 1
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A network device determines that user equipment is to send first

uplink control information on a first PUCCH and in a subframe /,

where the first uplink control information includes at least one of /\/S 201

channel state information CSI, a hybrid automatic repeat request-
acknowledgment HARQ-ACK, or a scheduling request SR

v

The network device determines transmit power for sending, by the
user equipment, the first uplink control information on the first
PUCCH and in the subframe 7, where the transmit power is a sum of
a base power adjustment value and any one of a first power /\/5202
adjustment value, a second power adjustment value, a third power
adjustment value, a fourth power adjustment value, or a fifth power
adjustment value

v

The network device receives the first uplink control information that
is sent by the user equipment on the first PUCCH by using power /\/5203

that is not greater than the transmit power

FIG. 2
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First processing unit 31

Sending unit \/\
32

FIG. 3

Second processing unit \/\41

Receiving unit \/\42

FIG. 4

User equipment \/\3 0

Network device

40

FIG. 5
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User equipment determines to send first uplink control information
on a first PUCCH and in a subframe 7, where the first uplink control
information includes at least one of channel state information CSI, a
hybrid automatic repeat request-acknowledgment
HARQ-ACK, or a scheduling request SR

/‘\3101

The user equipment determines transmit power for sending the first
uplink control information on the first PUCCH and in the subframe
i, where the transmit power is a sum of a base power adjustment
value and any one of a first power adjustment value, a second power
adjustment value, a third power adjustment value, a fourth power
adjustment value, or a fifth power adjustment value

/bmz

The user equipment sends the first uplink control information on the
first PUCCH by using power that is not greater than the transmit
power

/'\5103




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - DESCRIPTION
	Page 48 - DESCRIPTION
	Page 49 - DESCRIPTION
	Page 50 - DESCRIPTION
	Page 51 - DESCRIPTION
	Page 52 - DESCRIPTION
	Page 53 - DESCRIPTION
	Page 54 - DESCRIPTION
	Page 55 - DESCRIPTION
	Page 56 - DESCRIPTION
	Page 57 - DESCRIPTION
	Page 58 - DESCRIPTION
	Page 59 - DESCRIPTION
	Page 60 - DESCRIPTION
	Page 61 - DESCRIPTION
	Page 62 - DESCRIPTION
	Page 63 - DESCRIPTION
	Page 64 - DESCRIPTION
	Page 65 - DESCRIPTION
	Page 66 - DESCRIPTION
	Page 67 - DESCRIPTION
	Page 68 - DESCRIPTION
	Page 69 - DESCRIPTION
	Page 70 - DESCRIPTION
	Page 71 - DESCRIPTION
	Page 72 - DESCRIPTION
	Page 73 - DESCRIPTION
	Page 74 - DESCRIPTION
	Page 75 - DESCRIPTION
	Page 76 - DESCRIPTION
	Page 77 - DESCRIPTION
	Page 78 - DESCRIPTION
	Page 79 - DESCRIPTION
	Page 80 - DESCRIPTION
	Page 81 - DESCRIPTION
	Page 82 - DESCRIPTION
	Page 83 - DESCRIPTION
	Page 84 - DESCRIPTION
	Page 85 - DESCRIPTION
	Page 86 - DESCRIPTION
	Page 87 - DESCRIPTION
	Page 88 - DESCRIPTION
	Page 89 - DESCRIPTION
	Page 90 - DESCRIPTION
	Page 91 - DESCRIPTION
	Page 92 - DESCRIPTION
	Page 93 - DESCRIPTION
	Page 94 - DESCRIPTION
	Page 95 - DESCRIPTION
	Page 96 - DESCRIPTION
	Page 97 - DESCRIPTION
	Page 98 - DESCRIPTION
	Page 99 - DESCRIPTION
	Page 100 - DESCRIPTION
	Page 101 - DESCRIPTION
	Page 102 - DESCRIPTION
	Page 103 - DESCRIPTION
	Page 104 - DESCRIPTION
	Page 105 - DESCRIPTION
	Page 106 - DESCRIPTION
	Page 107 - DESCRIPTION
	Page 108 - DESCRIPTION
	Page 109 - DESCRIPTION
	Page 110 - DESCRIPTION
	Page 111 - DESCRIPTION
	Page 112 - DESCRIPTION
	Page 113 - DESCRIPTION
	Page 114 - DESCRIPTION
	Page 115 - CLAIMS
	Page 116 - CLAIMS
	Page 117 - CLAIMS
	Page 118 - CLAIMS
	Page 119 - CLAIMS
	Page 120 - CLAIMS
	Page 121 - CLAIMS
	Page 122 - CLAIMS
	Page 123 - CLAIMS
	Page 124 - CLAIMS
	Page 125 - CLAIMS
	Page 126 - CLAIMS
	Page 127 - CLAIMS
	Page 128 - CLAIMS
	Page 129 - CLAIMS
	Page 130 - CLAIMS
	Page 131 - CLAIMS
	Page 132 - CLAIMS
	Page 133 - CLAIMS
	Page 134 - CLAIMS
	Page 135 - CLAIMS
	Page 136 - CLAIMS
	Page 137 - CLAIMS
	Page 138 - CLAIMS
	Page 139 - CLAIMS
	Page 140 - CLAIMS
	Page 141 - CLAIMS
	Page 142 - CLAIMS
	Page 143 - CLAIMS
	Page 144 - CLAIMS
	Page 145 - CLAIMS
	Page 146 - CLAIMS
	Page 147 - CLAIMS
	Page 148 - CLAIMS
	Page 149 - CLAIMS
	Page 150 - CLAIMS
	Page 151 - CLAIMS
	Page 152 - CLAIMS
	Page 153 - DRAWINGS
	Page 154 - DRAWINGS
	Page 155 - DRAWINGS
	Page 156 - REPRESENTATIVE_DRAWING

