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5 Power control

Downlink power control determines the Energy Per Resource Element (EPRE). The term

resource element energy denotes the energy prior to CP insertion. The term resource element
energy also denotes the average energy taken over all constellation points for the modulation
scheme applied. Uplink power control determines the average power over a SC-FDMA symbol

in which the physical channel is transmitted. 10

5.1 Uplink power control

Uplink power control controls the transmit power of the different uplink physical channels.

If a UE is configured with a LAA SCell for uplink transmissions, the UE shall apply the procedures
described for PUSCH and SRS in this clause assuming frame structure type 1 for the LAA SCell
unless stated otherwise.

For PUSCH, the transmit power ﬁPUSCH’c(i) defined in subclause 5.1.1, is first scaled by the ratio

of the number of antennas ports with a non-zero PUSCH transmission to the number of 20

configured antenna ports for the transmission scheme. The resulting scaled power is then split
equally across the antenna ports on which the non-zero PUSCH is transmitted.

For PUCCH or SRS, the transmit power Ppyccy (i), defined in subclause 5.1.1.1, orf’SRS,c(i) is split
equally across the configured antenna ports for PUCCH or SRS. ﬁSRS,c(i) is the linear value
of Pgs (i) defined in subclause 5.1.3.

A cell wide overload indicator (Ol) and a High Interference Indicator (Hl) to control UL

30
interference are defined in [9].
For a serving cell with frame structure type 1, a UE is not expected to be configured with

UplinkPowerControlDedicated-v12x0.
5.1.1 Physical uplink shared channel

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for
both MCG and SCG

40
gbooood
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- When the procedures are applied for MCG, the terms ‘secondary cell’, ‘secondary cells’,
‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells, serving
cell, serving cells belonging to the MCG respectively.
- When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’,
‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells (not
including PSCell), serving cell, serving cells belonging to the SCG respectively. The term
‘primary cell’ in this clause refers to the PSCell of the SCG. 10
If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this
clause for both primary PUCCH group and secondary PUCCH group
- When the procedures are applied for primary PUCCH group, the terms ‘secondary cell’,
‘secondary cells’, ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell,
secondary cells, serving cell, serving cells belonging to the primary PUCCH group
respectively.
- When the procedures are applied for secondary PUCCH group, the terms ‘secondary cell’, 20
‘secondary cells’, ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell,
secondary cells, serving cell, serving cells belonging to the secondary PUCCH group

respectively.
5.1.1.1 UE behaviour

The setting of the UE Transmit power for a Physical Uplink Shared Channel (PUSCH)
transmission is defined as follows.

30
If the UE transmits PUSCH without a simultaneous PUCCH for the serving cell ¢, then the UE

transmit power Ppyscp (i) for PUSCH transmission in subframe i for the serving cell c¢is given

by

P C(i)?
PPUSCH,c(i):min{ CMAX. } [ ]

10logo(Mpusch,c()) + Fo_pusch,e (/) + (/) PLe + Arp (D) + f.(D)
If the UE transmits PUSCH simultaneous with PUCCH for the serving cell ¢, then the UE transmit

power Ppyscy (i) for the PUSCH transmission in subframe i for the serving cell ¢ is given by

40
gbooood
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l0]0g10<ﬁCMAX,c(i)_ISPUCCH(i))’ } [dBm]

Bpusch,c (i) = min , . . . .
10log;o(Mpysch,c () + Fo pusche () + e (J)- PLe + Arp (D) + f.(0)

If the UE is not transmitting PUSCH for the serving cell ¢, for the accumulation of TPC command
received with DCI format 3/3A for PUSCH, the UE shall assume that the UE transmit power

Ppusch.c (i) for the PUSCH transmission in subframe i for the serving cell ¢ is computed by
Pouscite ()= min{Poaxe (0, Po pusciie D+ @ () PL.+ £.6) | [dBm]
where,
Pemax.c(0) is the configured UE transmit power defined in [6] in subframe i for serving cell
¢ and ISCMAX,c(i) is the linear value of Poyax (i) . If the UE transmits PUCCH without
PUSCH in subframe i for the serving cell ¢, for the accumulation of TPC command received
with DCI format 3/3A for PUSCH, the UE shall assume Py .« (i) as given by subclause

5.1.2.1. If the UE does not transmit PUCCH and PUSCH in subframe i for the serving cell c,
for the accumulation of TPC command received with DCI format 3/3A for PUSCH, the UE
shall compute Poyux (i) assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT =0dB,
where MPR, A-MPR, P-MPR and ATc are defined in [6].

- Poyccn (i) is the linear value of Ppyccp (i) defined in subclause 5.1.2.1

- Mpysch, () is the bandwidth of the PUSCH resource assignment expressed in number of
resource blocks valid for subframe i and serving cell ¢.

- If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0
for serving cell ¢ and if subframe i belongs to uplink power control subframe set 2 as
indicated by the higher layer parameter tpc-SubframeSet-ri2,

- whenj=0, i O_PUSCH,c 0)=F O_UE_PUSCH,c,2 0)+ ])O_NOMINAI,_PUSCH,C,Z (0), where j=0 is used for

PUSCH (re)transmissions corresponding to a semi-persistent grant. £, ;5 pyscu..(0) and

By nommaL pusciie2(0) are the parameters p0-UE-PUSCH-Persistent-SubframeSet2-r12

and pO0-NominalPUSCH-Persistent -SubframeSet2-r12 respectively provided by higher

layers, for each serving cell c.

gboooog
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= when j=1, By pusene (1) = £ ue_puscrea (1) + Fo novmar_puscrea (1), where j=1 is used for

PUSCH (re)transmissions corresponding to a dynamic scheduled grant.

Fy uE pusciie2 (Dand Fy NoMINAL PUSCH,e2 (1) are the parameters p0-UE-PUSCH-

SubframeSet2-r12 and pO-NominalPUSCH-SubframeSet2-r12 respectively, provided by
higher layers for serving cell c.

- when =2, B, puscio(2) = By ve_puscre (2) + Fo nowiar puscre(2) Where By yp pusep(2) =0 10
and POfNOMINALfPUSCH,c(Z) =F pre t APREAMBLEﬁMsg3 , Where the parameter
preamblelnitialReceivedTargetPower [8] ( F, prg) and Apppivmie aigs are signalled from

higher layers for serving cell ¢, where j=2 is used for PUSCH (re)transmissions
corresponding to the random access response grant.
Otherwise

Py puscii,e (/) is @ parameter composed of the sum of a component 20

Py noMmINAL_ pUscH,c (/) Provided from higher layers for j=0 and 1 and a component
Py Uk pusch c (/) provided by higher layers for j=0 and 1 for serving cell c¢. For PUSCH

(re)transmissions corresponding to a semi-persistent grant then j=0, for PUSCH
(re)transmissions corresponding to a dynamic scheduled grant then j=1 and for PUSCH

(re)transmissions corresponding to the random access response grant then j=2.

Py UE_pusche(2)=0 and Py nomivar_pusci,e(2) = Po pRE + A prEamBLE  Msg3» WheTe the

30
parameter preamblelnitialReceivedTargetPower [8] (P, pre) and Apprivmire 1z are

signalled from higher layers for serving cell ¢.
- If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0
for serving cell ¢ and if subframe i belongs to uplink power control subframe set 2 as
indicated by the higher layer parameter tpc-SubframeSet-r12,
- Forj=0or1l, a,(j)=a,,€10,04,0.50.6,0.7,0.8,09,1}. a,,is the parameter alpha-
SubframeSet2-r12 provided by higher layers for each serving cell ¢. 40
- Forj=2, o.(j)=1.

Otherwise
OoooooOoao
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- Forj=0or1, e, €{0,0.4,05,06,0.7,08,09,1} is a 3-bit parameter provided by higher
layers for serving cell ¢. For j=2, a,.(j)=1.

PL. is the downlink path loss estimate calculated in the UE for serving cell ¢ in dB and

PL. = referenceSignalPower — higher layer filtered RSRP, where referenceSignalPower is

provided by higher layers and RSRP is defined in [5] for the reference serving cell and the

higher layer filter configuration is defined in [11] for the reference serving cell.

- If serving cell ¢ belongs to a TAG containing the primary cell then, for the uplink of the
primary cell, the primary cell is used as the reference serving cell for determining
referenceSignalPower and higher layer filtered RSRP. For the uplink of the secondary
cell, the serving cell configured by the higher layer parameter
pathlossReferencelinking defined in [11] is used as the reference serving cell for
determining referenceSignalPower and higher layer filtered RSRP.

- If serving cell ¢ belongs to a TAG containing the PSCell then, for the uplink of the
PSCell, the PSCell is used as the reference serving cell for determining
referenceSignalPower and higher layer filtered RSRP; for the uplink of the secondary
cell other than PSCell, the serving cell configured by the higher layer parameter
pathlossReferencelinking defined in [11] is used as the reference serving cell for
determining referenceSignalPower and higher layer filtered RSRP.

- If serving cell ¢ belongs to a TAG not containing the primary cell or PSCell then serving
cell ¢ is used as the reference serving cell for determining referenceSignalPower and

higher layer filtered RSRP.

- ATF,c(i)z1010g10((2BPRE'K~\‘ —1)- (%({f,c"’) for K, =1.25and 0 for K, =0where K, is given by

the parameter deltaMCS-Enabled provided by higher layers for each serving cell ¢. BPRE

and ﬁ:}]ff{gc” , for each serving cell ¢, are computed as below. K =0 for transmission

mode 2.

- BPRE =Ocq / Ngg for control data sent via PUSCH without UL-SCH data and
C-1

z K, /Ny for other cases.

r=0

gboooaog
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- where C is the number of code blocks, K, is the size for code block r, Ocqi is the
number of CQI/PMI bits including CRC bits and N, is the number of resource

elements determined as Ny = ZUSCH-iniial |y PUSCH-iidal where ¢, K,, M,

PUSCH-initial . :
and N_ . are defined in [4].

ot = g2t for control data sent via PUSCH without UL-SCH data and 1 for other

cases. 10

dpusch,e IS a correction value, also referred to as a TPC command and is included in
PDCCH/EPDCCH with DCI format 0/4 or in MPDCCH with DCI format 6-0A for serving cell

¢ or jointly coded with other TPC commands in PDCCH/MPDCCH with DCI format 3/3A

whose CRC parity bits are scrambled with TPC-PUSCH-RNTI. If the UE is configured with

higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell ¢ and if

subframe i belongs to uplink power control subframe set 2 as indicated by the higher

layer parameter tpc-SubframeSet-r12, the current PUSCH power control adjustment state 20

for serving cell cis given by £, ,(i), and the UE shall use f,,(i) instead of f.(i)to

determine Ppyscy (i) . Otherwise, the current PUSCH power control adjustment state for
serving cell cis given by f.(i). f,,(i) and f.(i) are defined by:

fc (= fc(i -D+ 5PUSCH,c @i- KPUSCH) and fcz(l) = fmz(i - 1) + §PUSCHAc(i - KPUSCH) if

accumulation is enabled based on the parameter Accumulation-enabled provided by

higher layers or if the TPC command &pyscy, is included in a PDCCH/EPDCCH with DCI 30

format 0 or in a MPDCCH with DCI format 6-0A for serving cell ¢ where the CRC is

scrambled by the Temporary C-RNTI

- where Spygep e (i — Kpuscn ) was signalled on PDCCH/EPDCCH with DCI format 0/4 or
MPDCCH with DC! format 6-0A or PDCCH/MPDCCH with DCI format 3/3A on
subframe i— K, 5, and where £,.(0) is the first value after reset of accumulation.
For a BL/CE UE configured with CEModeA, subframe i— K, is the last subframe 40

in which the MPDCCH with DCI format 6-0A or MPDCCH with DCI format 3/3A is

transmitted.

gbooooao
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- The value of K, gy is

- For FDD or FDD-TDD and serving cell frame structure type 1, Kpygcy =4

- For TDD, if the UE is configured with more than one serving cell and the TDD
UL/DL configuration of at least two configured serving cells is not the same, or if
the UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at
least one serving cell, or for FDD-TDD and serving cell frame structure type 2, the
"TDD UL/DL configuration" refers to the UlL-reference UL/DL configuration

(defined in subclause 8.0) for serving cell ¢,

- For TDD UL/DL configurations 1-6, Kpuscn is given in Table 5.1.1.1-1
- For TDD UL/DL configuration 0
- If the PUSCH transmission in subframe 2 or 7 is scheduled with a
PDCCH/EPDCCH of DCI format 0/4 or a MPDCCH of DCI format 6-0A in which
the LSB of the UL indexissetto 1, K, scpy =7
- For all other PUSCH transmissions, K, s is given in Table 5.1.1.1-1.
For serving cell ¢ and a non-BL/CE UE, the UE attempts to decode a PDCCH/EPDCCH
of DCI format 0/4 with the UE's C-RNTi or DCI format 0 for SPS C-RNTI and a PDCCH
of DCI format 3/3A with this UE's TPC-PUSCH-RNTI in every subframe except when
in DRX or where serving cell ¢ is deactivated.
For serving cell ¢ and a BL/CE UE configured with CEModeA, the UE attempts to
decode a MPDCCH of DCI format 6-0A with the UE's C-RNTI or SPS C-RNTl and a
MPDCCH of DCI format 3/3A with this UE's TPC-PUSCH-RNTI in every BL/CE
downlink subframe except when in DRX
For a non-BL/CE UE, if DCI format 0/4 for serving cell ¢cand DCI format 3/3A are
both detected in the same subframe, then the UE shall use the &pygcyy. pProvided in
DCI format 0/4.
For a BL/CE UE configured with CEModeA, if DCI format 6-0A for serving cell ¢and
DCI format 3/3A are both detected in the same subframe, then the UE shall use the

dpysch,. Provided in DCI format 6-0A.

gboooaog
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Spusciic =0 dB for a subframe where no TPC command is decoded for serving cell

cor where DRX occurs or i is not an uplink subframe in TDD or FDD-TDD and serving
cell ¢ frame structure type 2.

The dpysc,. dB accumulated values signalled on PDCCH/EPDCCH with DCI format
0/4 or MPDCCH with DCI format 6-0A are given in Table 5.1.1.1-2. If the
PDCCH/EPDCCH with DCI format 0 or MPDCCH with DCI format 6-0A is validated as
a SPS activation or release PDCCH/EPDCCH/MPDCCH, then &pygcyy. is 0dB.

The Spyscy dB accumulated values signalled on PDCCH/MPDCCH with DCI format
3/3A are one of SET1 given in Table 5.1.1.1-2 or SET2 given in Table 5.1.1.1-3 as
determined by the parameter TPC-Index provided by higher layers.

If UE has reached Poyax (i) for serving cell ¢, positive TPC commands for serving
cell ¢ shall not be accumulated

If UE has reached minimum power, negative TPC commands shall not be
accumulated

If the UE is not configured with higher layer parameter
UplinkPowerControlDedicated-v12x0 for serving cell ¢, the UE shall reset
accumulation

- Forserving cell ¢, when Py g puscu,. value is changed by higher layers

- For serving cell ¢, when the UE receives random access response message for

serving cell ¢

If the UE is configured with higher layer parameter UplinkPowerControlDedicated-

v12x0 for serving cell ¢,

- the UE shall reset accumulation corresponding to f.(*) for serving cell ¢

- when Py g puscn,c Value is changed by higher layers

- when the UE receives random access response message for serving cell ¢

- the UE shall reset accumulation corresponding to f, ,(*) for serving cell ¢

- when F, (g puscuc, Value is changed by higher layers

gbooooao
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- If the UE is configured with higher layer parameter UplinkPowerControlDedicated-

v12x0 for serving cell ¢ and

- if subframe i belongs to uplink power control subframe set 2 as indicated by the
higher layer parameter tpc-SubframeSet-ri2 f.(i)= f.(i—1)
- if subframe i does not belong to uplink power control subframe set 2 as

indicated by the higher layer parameter tpc-SubframeSet-ri2 f, ,(i)= f.,(i—1)

- fo()=bpyscre (i~ Kpysen) and £, (i) = Spysee (i = Kpysen) if accumulation is not
enabled for serving cell ¢ based on the parameter Accumulation-enabled provided by
higher layers
- where Spyscn, (i — Kpyscn ) Was signalled on PDCCH/EPDCCH with DCI format 0/4 or

MPDCCH with DCi format 6-0A for serving cell ¢ on subframe i~ Ky s, - Fora

BL/CE UE configured with CEModeA, subframe i— K, s is the last subframe in

which the MPDCCH with DCI format 6-0A or MPDCCH with DCI format 3/3Ais

transmitted.

- Thevalue of K, 5y is

- For FDD or FDD-TDD and serving cell frame structure type 1, Kp ey = 4

- For TDD, if the UE is configured with more than one serving cell and the TDD
UL/DL configuration of at least two configured serving cells is not the same, or if
the UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at
least one serving cell, or FDD-TDD and serving cell frame structure type 2, the
"TDD UL/DL configuration" refers to the UL-reference UL/DL configuration

(defined in subclause 8.0) for serving cell c.

- For TDD UL/DL configurations 1-6, K puscu is given in Table 5.1.1.1-1.
- For TDD UL/DL configuration 0O
- If the PUSCH transmission in subframe 2 or 7 is scheduled with a
PDCCH/EPDCCH of DCI format 0/4 or a MPDCCH with DCI format 6-0A in

which the LSB of the UL index issetto 1, Ky sy =7

- For all other PUSCH transmissions, K, s is given in Table 5.1.1.1-1.
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- The &pyscy.. dB absolute values signalled on PDCCH/EPDCCH with DCI format 0/4 or

a MPDCCH with DCI format 6-0A are given in Table 5.1.1.1-2. If the PDCCH/EPDCCH
with DCI format O or a MPDCCH with DCI format 6-0A is validated as a SPS activation
or release PDCCH/EPDCCH/MPDCCH, then Spygcy is 0dB.

- foranon-BL/CE UE, f.()=f.(i-1) and f,,(i)= f,,(i—1) for a subframe where no
PDCCH/EPDCCH with DCI format 0/4 is decoded for serving cell ¢ or where DRX
occurs or i is not an uplink subframe in TDD or FDD-TDD and serving cell c frame

structure type 2.

- for a BL/CE UE configured with CEModeA, /.()= f.(i-1) and f,,(i)= f,,(i—1) fora

subframe where no MPDCCH with DCI format 6-0A is decoded for serving cell ¢ or
where DRX occurs or i is not an uplink subframe in TDD.
- If the UE is configured with higher layer parameter UplinkPowerControlDedicated-
v12x0 for serving cell ¢ and
- if subframe i belongs to uplink power control subframe set 2 as indicated by the
higher layer parameter tpc-SubframeSet-r12 f.(i)= f.(i—1)
- if subframe i does not belong to uplink power control subframe set 2 as

indicated by the higher layer parameter tpc-SubframeSet-r12 f, ,(i)= f.,(i—1)
- For both types of f.(*) (accumulation or current absolute) the first value is set as
follows:
- If Py yg pusci,c value is changed by higher layers and serving cell ¢ is the primary
cell or, if Py yp puscu .« Value is received by higher layers and serving cell ¢ is a

Secondary cell
- [(0)=0
- Else
- If the UE receives the random access response message for a serving cell ¢

- »f(‘,’ (0) = APrampupc + 5 Whe re

msg2.c?
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5]

g2 15 the TPC command indicated in the random access response
corresponding to the random access preamble transmitted in the serving
cell ¢, see subclause 6.2, and

1010g,(M py5en e (0))
=min|{max| 0, PCMAX.c -t P07PUSCH,@(2) + 5msg2 ’

+ ac(2) -PL+ ATF.e(O)

rampup ,¢

10
rampuprequested ,c and APrampuprequested,c iS prOVided by hlgher Iayers
and corresponds to the total power ramp-up requested by higher layers
from the first to the last preamble in the serving cell ¢, M4, (0)is the
bandwidth of the PUSCH resource assignment expressed in number of
resource blocks valid for the subframe of first PUSCH transmission in the 20

serving cell ¢, and Az (0) is the power adjustment of first PUSCH
transmission in the serving cell c.

If Fy g puscren Value is received by higher layers for a serving cell .

fc,z(o) =0

ooooaoo

* Kpysenyd ForO TDDO configuration” 000000000000 O0DO0OO0O0OOO0OO00O 30
000000000000 000O00D0O0o0o000oo0o0DOoao

“ MappingO ofd TPCO CommandO FieldO ind DCIO formatd 0/3/4/6-0A0 tol absoluted a

nd0 accumulatedd & pyscy, O values” 000D O000O0O0OO0O0ODODODOOOODOOOO
00000000000 o000o0o0Do00o0Do0oo0oDo0o0o0ooo0oDBDOon

“ MappingO of TPCO CommandO FieldO inO DCIO formatd 3A0 tol accumulatedd & psc
n.cdvalues” 00000000 ODOOODODODOODOODOOODODOODODOOOODODOO
0000000000000 oooon

oooooo
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If the UE is not configured with an SCG or a PUCCH-SCell, and if the total transmit power of the
UE would exceed ﬁcmx (i), the UE scales Ppyscn, (i) for the serving cell ¢ in subframe i such

that the condition

Z w(i)- f)PUSCH,c(i) < (ﬁCMAX - ﬁi’UCCH (’))

<

is satisfied where Bpccp (i) is the linear value of Poycen (i), ﬁPUSCH’C(i) is the linear value of

Poysch.e (D), ISCMAX (7) is the linear value of the UE total configured maximum output power
P, defined in [6] in subframe i and w(;) is a scaling factor of ﬁPUSCH’C(i) for serving cell ¢

where 0<w(i)<1. In case there is no PUCCH transmission in subframe i Bpccy (i) =0.

If the UE is not configured with an SCG or a PUCCH-Scell, and if the UE has PUSCH transmission

with UCI on serving cell j and PUSCH without UCI in any of the remaining serving cells, and the
total transmit power of the UE would exceed f’CMAX (i), the UE scales PPUSCH,C(i) for the serving

cells without UCI in subframe i such that the condition

Zw(i) : PPUSCH,C (i) < (ISCMAX - PpUSCH,j (1)>

c#J
is satisfied where PPUSCH’j(i) is the PUSCH transmit power for the cell with UCl and w(i) is a

scaling factor of Ppygcy(i) for serving cell ¢ without UCI. In this case, no power scaling is

applied to ﬁPUSCH,j(i) unless Zw(i)'f’msc:ﬂ,c(i) =0 and the total transmit power of the UE still
c#j

would exceed 2., (i).
For a UE not configured with a SCG or a PUCCH-SCell, note that w(i) values are the same across
serving cells when w(i) > 0 but for certain serving cells w(i) may be zero.

If the UE is not configured with an SCG or a PUCCH-SCell, and if the UE has simultaneous PUCCH

and PUSCH transmission with UCI on serving cell j and PUSCH transmission without UCl in any
of the remaining serving cells, and the total transmit power of the UE would exceed ﬁcmx @),

the UE obtains Ppygcy, . (i) according to
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PPUSCH,j ()= min(PPUSCH,_/ (), (PCMAX () = Boyeen (’)))

Z w(i)- ISPUSCH,C (i) < (ﬁCMAX - f)PUCCH - ﬁPUSCH,j (l))

c#Ej

If the UE is not configured with a SCG or a PUCCH-SCell, and

If the UE is configured with multiple TAGs, and if the PUCCH/PUSCH transmission of the
UE on subframe 7 for a given serving cell in a TAG overlaps some portion of the first
symbol of the PUSCH transmission on subframe i +1 for a different serving cell in another
TAG the UE shall adjust its total transmission power to not exceed F.,,,, on any
overlapped portion.

If the UE is configured with multiple TAGs, and if the PUSCH transmission of the UE on
subframe i for a given serving cell in a TAG overlaps some portion of the first symbol of
the PUCCH transmission on subframe i +1 for a different serving cell in another TAG the
UE shall adjust its total transmission power to not exceed F.,,,, on any overlapped
portion.

If the UE is configured with multiple TAGs, and if the SRS transmission of the UE in a
symbol on subframe i for a given serving cell in a TAG overlaps with the PUCCH/PUSCH
transmission on subframe i or subframe i +1 for a different serving cell in the same or

another TAG the UE shall drop SRS if its total transmission power exceeds F.,,,, on any

overlapped portion of the symbol.

If the UE is configured with multiple TAGs and more than 2 serving cells, and if the SRS
transmission of the UE in a symbol on subframe i for a given serving cell overlaps with
the SRS transmission on subframe i for a different serving cell(s) and with PUSCH/PUCCH
transmission on subframe J or subframe i +1 for another serving cell(s) the UE shall drop
the SRS transmissions if the total transmission power exceeds F.,,,, on any overlapped
portion of the symbol.

If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers,

to transmit PRACH in a secondary serving cell in parallel with SRS transmission in a symbol
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on a subframe of a different serving cell belonging to a different TAG, drop SRS if the total
transmission power exceeds F,,,,, on any overlapped portion in the symbol.

- If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers,
to transmit PRACH in a secondary serving cell in parallel with PUSCH/PUCCH in a different
serving cell belonging to a different TAG, adjust the transmission power of PUSCH/PUCCH

so that its total transmission power does not exceed £7,,,, on the overlapped portion.

If the UE is configured with a LAA SCell for uplink transmissions, the UE may compute the
scaling factor w(i) assuming that the UE performs a PUSCH transmission on the LAA SCell in
subframe i irrespective of whether the UE can access the LAA SCell for the PUSCH transmission
in subframe i according to the channel access procedures described in subclause 15.2.1.
For a BL/CE UE configured with CEModeA, if the PUSCH is transmitted in more than one
subframe iy, i1, ..., in.g Where jp< i;< ...< iy.3, the PUSCH transmit power in subframe iy, k=0, 1, ...,
N-1, is determined by

Foosene (i) = Pousci (i)
For a BL/CE UE configured with CEModeB, the PUSCH transmit power in subframe iy is

determined by
l)PUSCH,c([k) = PCMAX,c(iO)

[...]
5.1.2 Physical uplink control channel

If the UE is configured with a SCG, the UE shall apply the procedures described in this subclause
for both MCG and SCG.

- When the procedures are applied for MCG, the term ‘serving cell’ in this subclause refers

to serving cell belonging to the MCG.

When the procedures are applied for SCG, the term ‘serving cell’ in this subclause refers to
serving cell belonging to the SCG. The term ‘primary cell’ in this subclause refers to the PSCell of
the SCG.If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described
in this subclause for both primary PUCCH group and secondary PUCCH group.

- When the procedures are applied for the primary PUCCH group, the term ‘serving cell’ in
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this subclause refers to serving cell belonging to the primary PUCCH group.
- When the procedures are applied for the secondary PUCCH group, the term ‘serving cell’
in this subclause refers to serving cell belonging to the secondary PUCCH group. The term

‘primary cell’ in this subclause refers to the PUCCH-SCell of the secondary PUCCH group.
5.1.2.1 UE behaviour

If serving cell cis the primary cell, for PUCCH format 1/1a/1b/2/2a/2b/3, the setting of the UE

Transmit power P,y for the physical uplink control channel (PUCCH) transmission in subframe

i for serving cell ¢ is defined by

Femax,e(Ds
Poycen (i) = min ’ ~¢ [dBm]
pucen 1) {POPUCCII +PL. + h(”CQI SMHARQ, PSR )+ Ap puccn (F)+ App(F') + gli)

If serving cell cis the primary cell, for PUCCH format 4/5, the setting of the UE Transmit
power Ppyccy for the physical uplink control channel (PUCCH) transmission in subframe i for

serving cell ¢ is defined by

Feiax.e (0)s (dBm]
By pucen + PL. +101log,, (MPUCCH,C (i))+ Arpe (i)+ A pucen (F)"' g(i)

Poicen (i ) = min{

If the UE is not transmitting PUCCH for the primary cell, for the accumulation of TPC command

for PUCCH, the UE shall assume that the UE transmit power Puccy for PUCCH in subframe i is
computed by
Poucon (i) =min{Pevaxc (0B pucen + PLe + (1)} [dBm]
where
- Pomaxc (9 is the configured UE transmit power defined in [6] in subframe i for serving cell

c. If the UE transmits PUSCH without PUCCH in subframe i for the serving cell c, for the
accumulation of TPC command for PUCCH, the UE shall assume Py, (i) as given by
subclause 5.1.1.1. If the UE does not transmit PUCCH and PUSCH in subframe i for the
serving cell ¢, for the accumulation of TPC command for PUCCH, the UE shall compute

Peyiax.c (i) assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT =0dB, where MPR, A-

MPR, P-MPR and AT¢ are defined in [6].
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The parameter A; pyccy(F) is provided by higher layers. Each Ap pyccy (F) value
corresponds to a PUCCH format (F) relative to PUCCH format 1a, where each PUCCH
format (F) is defined in Table 5.4-1 of [3].

If the UE is configured by higher layers to transmit PUCCH on two antenna ports, the

value of Ay (F")is provided by higher layers where each PUCCH format F'is defined in
Table 5.4-1 of [3] ; otherwise, A, ,(F')=0.

h(ncor.nparg-nsg) is @ PUCCH format dependent value, where n.,, corresponds to the
number of information bits for the channel quality information defined in subclause
5.2.3.3in [4]. ngz = 1if subframe i is configured for SR for the UE not having any
associated transport block for UL-SCH, otherwise ng, =0. If the UE is configured with
more than one serving cell, or the UE is configured with one serving cell and transmitting

using PUCCH format 3, the value of n,z, is defined in subclause 10.1; otherwise, ny,z0

is the number of HARQ-ACK bits sent in subframe /.

- FOI’ PUCCH fOI"mat 1,13 and 1b h(nCQ[,nHARQ,nSR)z()
- For PUCCH format 1b with channel selection, if the UE is configured with more than

one serving cell, n(ncop,n4r05158) =

n | .
%, otherwise, hlncos.np4rpnsr )= 0

- For PUCCH format 2, 2a, 2b and normal cyclic prefix

n

cor | .
1010 ifnepr 24
Hicor narg,nse )= gm( J ol

0 otherwise
- For PUCCH format 2 and extended cyclic prefix

7, +n
): 1010g10[—cg4—HA£Q—J ifVlCQ[ +nHARQ >4

0 otherwise

h(”CQI MHARQ, "SR

- For PUCCH format 3 and when UE transmits HARQ-ACK/SR without periodic CSI,
- If the UE is configured by higher layers to transmit PUCCH format 3 on two antenna
ports, or if the UE transmits more than 11 bits of HARQ-ACK/SR

MHARQ + Nsp 1

Mncor, nyarpsMsr) = 3
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- Otherwise

Aparo T sk —1
2

- For PUCCH format 3 and when UE transmits HARQ-ACK/SR and periodic CSI,

hncor.nparo-1sr) =

- If the UE is configured by higher layers to transmit PUCCH format 3 on two antenna
ports, or if the UE transmits more than 11 bits of HARQ-ACK/SR and CSI

Piarp + gp T ey -1
3

h(”cg{ oYY Ngp) =

- Otherwise

Miaro + g 1 ‘o1 -1
2

P(Acgrs Mpang > M) =
- For PUCCH format 4, M ccp, (i) is the bandwidth of the PUCCH format 4 expressed in
number of resource blocks valid for subframe i and serving cell ¢. For PUCCH format 5,
M pycene (i ) =1.
- A () =10log,,(2'257%0 _1) where BPRE(i)= 0y, i)/ Ny (i)
0,4 i) is the number of HARQ-ACK/SR/RI/CQI/PMI bits including CRC bits
transmitted on PUCCH format 4/5 in subframe i;
T Nee ()= Mipean (i) N2 N PUen for PUCCH format 4 and v, ()= v NPUCCH /) for PUCCH
format 5;

- NP o (VY —1)-1 if shortened PUCCH format 4 or shortened PUCCH format 5 is

symb

used in subframe i and NP o (v 1) otherwise.

syl symb

Py pucen 1S @ parameter composed of the sum of a parameter P, yommar pucen Provided
by higher layers and a parameter F, ; puccy Provided by higher layers.

Spucen 15 @ UE specific correction value, also referred to as a TPC command, included in a
PDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D for the primary cell, orincluded in a
MPDCCH with DCI format 6-1A, or included in an EPDCCH with DCI format
1A/1B/1D/1/2A/2/2B/2C/2D for the primary cell, or sent jointly coded with other UE
specific PUCCH correction values on a PDCCH/MPDCCH with DCl format 3/3A whose CRC
parity bits are scrambled with TPC-PUCCH-RNTI.
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For a non-BL/CE UE, if the UE is not configured for EPDCCH monitoring, the UE

attempts to decode a PDCCH of DCI format 3/3A with the UE's TPC-PUCCH-RNTI and

one or several PDCCHs of DCI format 1A/1B/1D/1/2A/2/2B/2C/2D with the UE's C-RNTI

or SPS C-RNTI on every subframe except when in DRX.

If a UE is configured for EPDCCH monitoring, the UE attempts to decode

- a PDCCH of DCI format 3/3A with the UE's TPC-PUCCH-RNT! and one or several
PDCCHs of DCI format 1A/1B/1D/1/2A/2/2B/2C/2D with the UE's C-RNTI or SPS C-
RNT! as described in subclause 9.1.1, and

- one or several EPDCCHs of DCi format 1A/1B/1D/1/2A/2/2B/2C/2D with the UE's C-
RNTI or SPS C-RNTI, as described in subclause 9.1.4.

For a BL/CE UE configured with CEModeA, the UE attempts to decode a MPDCCH of

DCI format 3/3A with the UE's TPC-PUCCH-RNTI and MPDCCH of DCI format 6-1A with

the UE's C-RNTI or SPS C-RNTI on every BL/CE downlink subframe except when in DRX.

If the UE decodes

- a PDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or

- an EPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or

- an MPDCCH with DCi format 6-1A
for the primary cell and the corresponding detected RNTI equals the C-RNTI or SPS
C-RNTI of the UE and the TPC field in the DCI format is not used to determine the
PUCCH resource as in subclause 10.1, the UE shall use the &ycy provided in that
PDCCH/EPDCCH/MPDCCH.

Else

- ifthe UE decodes a PDCCH/MPDCCH with DCI format 3/3A, the UE shall use the
Spucen Provided in that PDCCH/MPDCCH
else the UE shall set &pccy = 0 dB.

M-
g(i)=g(i—1)+ Y. Spyccy (i—k,) where g(i) is the current PUCCH power control

m=0

adjustment state and where g(0)is the first value after reset.

- For FDD or FDD-TDD and primary cell frame structure type 1, M =1 and k,=4.
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- ForTDD, values of M and k, are given in Table 10.1.3.1-1, where the “UL/DL

configuration” in Table 10.1.3.1-1 corresponds to the eimta-HARQ-ReferenceConfig-
r12 for the primary cell when the UE is configured with the parameter EIMTA-
MainConfigServCell-r12 for the primary cell.

- The Jpyccy dB values signalled on PDCCH with DCI format

1A/1B/1D/1/2A/2/2B/2C/2D or EPDCCH with DCI format
1A/1B/1D/1/2A/2/2B/2C/2D or MPDCCH with DCI format 6-1A are given in Table
5.1.2.1-1. If the PDCCH with DCI format 1/1A/2/2A/2B/2C/2D or EPDCCH with DCI
format 1/1A/2A/2/2B/2C/2D or MPDCCH with DCI format 6-1A is validated as an
SPS activation PDCCH/EPDCCH/MPDCCH, or the PDCCH/EPDCCH with DCI format 1A
or MPDCCH with DCI format 6-1A is validated as an SPS release
PDCCH/EPDCCH/MPDCCH, then &pccyy is 0dB.

- The Opyccn dB values signalled on PDCCH/MPDCCH with DCI format 3/3A are given

in Table 5.1.2.1-1 or in Table 5.1.2.1-2 as semi-statically configured by higher layers.

- If Py ue pucen Value is changed by higher layers,

- g(0)=0
- Else

- g(0)=AP +d, where

rampup msg2 7

- 0

g2 1S the TPC command indicated in the random access response
corresponding to the random access preamble transmitted in the primary cell,
see subclause 6.2 and

- if UE is transmitting PUCCH in subframe /,

P(LPUCCH
=min| ymax| 0, R, —| +PL. +h(nep, 100 Pigp) ,
+ AF_PUCCH (F) +ATxD(F')

rampup

AP

rampuprequested | *
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Otherwise,
AI)razm,mlp = min [{max (0’ PCMAX o (])0_ PUCCH + P Lc ))}’ M%‘ampuprequeslea/ ]a nd
AP is provided by higher layers and corresponds to the total power

rampuprequested
ramp-up requested by higher layers from the first to the last preamble in the
primary cell.

- If UE has reached Poyax (i) for the primary cell, positive TPC commands for the

primary cell shall not be accumulated.

- If UE has reached minimum power, negative TPC commands shall not be
accumulated.

- UE shall reset accumulation

- when P, gz pucen Value is changed by higher layers

- when the UE receives a random access response message for the primary cell

- g(iy=g(i-1) if i is not an uplink subframe in TDD or FDD-TDD and primary cell

frame structure type 2.
For a BL/CE UE configured with CEModeA, if the PUCCH is transmitted in more than one
subframe iy, iy, ..., in.; Where jp< i;< ...< iy.7, the PUCCH transmit power in subframe iy, k=0, 1, ...,
N-1is determined by
F;’UCCH,c(ik) = PPUCCH,c(io)
For a BL/CE UE configured with CEModeB, the PUCCH transmit power in subframe iy is

determined by
P,

PUCCH.c ()= PCMAX,c (%)

ocooooao
“ MappingO of0 TPCO CommandO FieldO ind DCIO formatd 1A/1B/1D/1/2A/2B/2C/2D/2/3/
6-1A0 tod b pyccull values” O OO0 OO0OOOOOOCOOOOOOOOOOOOOOO
Oo0o00DD0DDOoODO0000DO00O0Do0oDOoDoDoDDOoOO0On

Mappingd ofd TPCO Commandd FieldO inO DCIO formatd 3A0 told & pyccnyll values” O
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5.1.3 Sounding Reference Symbol (SRS)

5.1.3.1 UE behaviour

The setting of the UE Transmit power P for the SRS transmitted on subframe i for serving cell

c is defined by

Rigs.oli)= min{ Pemax.c(D)s Pors 0rrpsET.c (M) +101logio(Msps )+ Fo pusch.c (/) + () PL. + f.(i) }
10
[dBm]

where
Pepmax.c () is the configured UE transmit power defined in [6] in subframe i for serving cell
C.
- Psps oFrseT,c(m) is semi-statically configured by higher layers for m=0 and m=1 for serving

cell ¢. For SRS transmission given trigger type 0 then m=0 and for SRS transmission given
20
trigger type 1 then m=1.

- Mggs, is the bandwidth of the SRS transmission in subframe i for serving cell ¢ expressed
in number of resource blocks.

- f.() is the current PUSCH power control adjustment state for serving cell ¢, see
subclause 5.1.1.1.

- Py puscue(/) and a.()) are parameters as defined in subclause 5.1.1.1 for subframe 7,

) 30
where j=1.

If the UE is not configured with an SCG or a PUCCH-SCell, and if the total transmit power of the
UE for the Sounding Reference Symbol in an SC-FDMA symbol would exceed 2., (i), the UE

scales PSRS,C(i)for the serving cell ¢ and the SC-FDMA symbol in subframe i such that the

condition
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Z (D) - Pogs o (1) < Py (0)

4

is satisfied where Py (i) is the linear value of Pas.c(D), Py () is the linear value of Py
defined in [6] in subframe j and w(i) is a scaling factor of I%Rsyc(i) for serving cell ¢ where

0<w(i)<1. Note that w(i) values are the same across serving cells.

If the UE is not configured with an SCG or a PUCCH-SCell, and if the UE is configured with
multiple TAGs and the SRS transmission of the UE in an SC-FDMA symbol for a serving cell in
subframe iin a TAG overlaps with the SRS transmission in another SC-FDMA symbol in
subframe i for a serving cell in another TAG, and if the total transmit power of the UE for the

Sounding Reference Symbol in the overlapped portion would exceed 7.,,,, (i), the UE scales
Pigs (i) for the serving cell ¢ and each of the overlapped SRS SC-FDMA symbols in subframe i

such that the condition

Z (i) Pigs o (1) < Prygay (i)

is satisfied where Pyg. (i) is the linear value of Ry (i), Py (i) is the linear value of P,
defined in [6] in subframe j and w(i) is a scaling factor of I%Rs,c(i) for serving cell ¢ where

0 < w(i)<1. Note that w(i) values are the same across serving cells.

If the UE is configured with a LAA SCell for uplink transmissions, the UE may compute the

scaling factor w(i) assuming that the UE performs a SRS transmission on the LAA SCell in

subframe i irrespective of whether the UE can access the LAA SCell for the SRS transmission in

subframe i according to the channel access procedures described in subclause 15.2.1.

If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for
serving cell ¢ and if subframe i belongs to uplink power control subframe set 2 as indicated by
the higher layer parameter tpc-SubframeSet-r12, the UE shall use f,,(i) instead of f.(i)to

determine Py (/) for subframe jand serving cell ¢, where f,,(i) is defined in subclause

5.1.1.1.

10

20

30

40

50



Oo0Oooooaog
O0Ooo0oooao
O0Oo0oooog

(32) JP 6529563 B2 2019.6.12

000000000000 D0D0O0D00O0O0OO0D0DD0O0D0DO0D0DDOO0DOoONOoOoOoOoaOo
0000000000000 O0O0D000O0O0D0O0O0D0O0O0DOO0OD0O0O0DOoonOoaOo
0000000000000 O00D00O000D00OO0D00O0OO0ODO0OO0DODOaO
000000000000 D0DD0O0D0DO0O0DOO0DO0O0DO0DOONDOoONoOooOoaOo
000000000000 D0O0O0O0OOO0O

ooo

5.1.1.2 Power headroom

O Ooooo

There are two types of UE power headroom reports defined. A UE power headroom PH is valid
for subframe i for serving cell c.

If the UE is configured with a SCG, and if the higher layer parameter phr-ModeOtherCG-r12 for a
CG indicates ‘virtual’, for power headroom reports transmitted on that CG, the UE shall
compute PH assuming that it does not transmit PUSCH/PUCCH on any serving cell of the other
CG.

If the UE is configured with a SCG,

- For computing power headroom for cells belonging to MCG, the term ‘serving cell’ in this
subclause refers to serving cell belonging to the MCG.

- For computing power headroom for cells belonging to SCG, the term ‘serving cell’ in this
subclause refers to serving cell belonging to the SCG. The term ‘primary cell’ in this
subclause refers to the PSCell of the SCG.

If the UE is configured with a PUCCH-SCell,

- For computing power headroom for cells belonging to primary PUCCH group, the term
‘serving cell’ in this subclause refers to serving cell belonging to the primary PUCCH group.

- For computing power headroom for cells belonging to secondary PUCCH group, the term
‘serving cell’ in this subclause refers to serving cell belonging to the secondary PUCCH
group. The term ‘primary cell’ in this subclause refers to the PUCCH-SCell of the
secondary PUCCH group.

If the UE is configured with a LAA SCell for uplink transmissions, and the UE receives
PDCCH/EPDCCH with DCI format 0A/OB/4A/4B corresponding to a PUSCH transmission on the
LAA SCell in subframe i, power headroom for subframe j is computed assuming that the UE
performs a PUSCH transmission on the LAA SCell in subframe i irrespective of whether the UE
can access the LAA SCell for the PUSCH transmission in subframe i according to the channel
access procedures described in subclause 15.2.1.

Type 1:

If the UE transmits PUSCH without PUCCH in subframe i for serving cell ¢, power headroom for
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a Type 1 report is computed using
PH et o(0) = Poniax.o ()= {1010g10(Mpuscie () + o puscir,e () + () PL. + g () + /.G } [dB]
where, Py (i), Mpuscie @, Po puscie()s @.()), PLe, Ay (i) and f.(i) are defined in

subclause 5.1.1.1.

If the UE transmits PUSCH with PUCCH in subframe i for serving cell ¢, power headroom for a

Type 1 report is computed using

PH yper o (D) = Peiax (i) {1010g10(MPUSCH,c(i))+P0_PUSCH,C(/)+04€(J')'PLc +Arp, D)+ f.(0) } [dB]
where, Mpyscie(), Po puscie()s (), PL., Ay (i) and f.(i) are defined in subclause 5.1.1.1.
ﬁCMAX’C(i)is computed based on the requirements in [6] assuming a PUSCH only transmission in
subframe ;. For this case, the physical layer delivers }N’CMAX’C(z‘)instead of Pemax () to higher

layers.

If the UE does not transmit PUSCH in subframe i for serving cell ¢, power headroom for a Type

1 report is computed using

PHygper o) = Peniae 0= { Po puscineD+ @) PL.+ £ } 1dB]
where, ﬁCMAX’C(i) is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT =0dB,
where MPR, A-MPR, P-MPR and AT¢ are defined in [6]. Py pusc,e (D, (1), PL, and f,.(i)are

defined in subclause 5.1.1.1.

Type 2:
If the UE transmits PUSCH simultaneous with PUCCH in subframe i for the primary cell, power
headroom for a Type 2 report is computed using

(1010210 (Mpyscire (O)+FPo pusci,e ()0 () PL+ A (D+ ], (i))/‘ 0

PH i)=FPe i)—10lo;
WPEZ() emax,e(7) &10 i IO(PO_PUCCH +PLc+h(”(,‘()l’”H/1RQv”SR )+AF_|>U0611(F)'*'A'/'xu(p)"*g(i))/m

where, Poviaxer Mpusche(?), Po pusci,e (1)r @()), Ay (i) and f.(i) are the primary cell

parameters as defined in subclause 5.1.1.1 and B, pycens PLes Mncornargsnsg) » Ar pucen(F),
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Ar.p(F") and g(i) are defined in subclause 5.1.2.1
If the UE transmits PUSCH without PUCCH in subframe i for the primary cell, power headroom
for a Type 2 report is computed using

(101"810(MPUSCH.c(i))+Po pusch,e (/) T@ () PL +Ap, (i)+,/L»(i))/10

PH iy=F .(i)=10Io
type2 () = Fomax,e (1) 210 . lo(Po,puccn+PLU+g(i))/10

where, Pemax.e (@, Mpuscre®, Po puscie (), @), Ay (i) and £.(i) are the primary cell
parameters as defined in subclause 5.1.1.1 and A, pyccn, PL. and g(i) are defined in subclause

5.1.2.1.

If the UE transmits PUCCH without PUSCH in subframe i for the primary cell, power headroom
for a Type 2 report is computed using

IO(POJUSCH.C(U"’%(U'PLc +fc(i)) 10

PH i)=Pr 1)~10lo,
typez( )= Femax.e () Elo + 1O(P0,Puccn +P1‘c+h(”(,‘()l M HARQ SR )*'AFJUCCH (F)+A7'x1)(’:')+g(i))/10

where, Py pyscic(1), @.()and £.(i) are the primary cell parameters as defined in subclause

5.1.1.1, Pemax.e D s Po_pucen » PLes Mncor niaro nsr) » Ax pucen(F), App(F') and g(i) are also

defined in subclause 5.1.2.1.

If the UE does not transmit PUCCH or PUSCH in subframe i for the primary cell, power
headroom for a Type 2 report is computed using

10lPopuscinc W+ (1)-PL+ 7. (D)/10

PH yper (i) = Pr (i)~10lo
wpe2 (0= Fomtax.e () &io T 10<Pofpuccu +PL¢»+g(i))/m

where, ﬁCMAX’C(i) is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT, =0dB,
where MPR,

A-MPR, P-MPR and AT¢ are defined in [6], Po puscr,e(), (1) and f.(i) are the primary cell
parameters as defined in subclause 5.1.1.1 and 7, pyccu, PL. and g(i) are defined in subclause

5.1.2.1.
If the UE is unable to determine whether there is a PUCCH transmission corresponding to

PDSCH transmission(s) or not, or which PUCCH resource is used, in subframe i for the primary

gboooog

10

20

30

40



OO0 oooooooooodg
OO0 ooooooOooooodg
OO0 O0DoooogQgooood
OO0 oooooQgoooodg

(35) JP 6529563 B2 2019.6.12

cell, before generating power headroom for a Type 2 report, upon (E)PDCCH detection, with
the following conditions:
- if both PUCCH format 1b with channel selection and simultaneousPUCCH-PUSCH are
configured for the UE, or
- if PUCCH format 1b with channel selection is used for HARQ-ACK feedback for the UE
configured with PUCCH format 3 and simultaneousPUCCH-PUSCH are configured,

then, UE is allowed to compute power headroom for a Type 2 using

(l 0log o (M puscr.c (IN+Fo puscr,e ())F+0 (/) PL,+ A (D)4, (i))/]O

PH () =P, i)—101o
typez(l) emax.e () Eio + IO(POJUCCH+PLc+g(i))/10

where, Poviax.c (), Mpuscre(@) s Po puscie (/) @.(7), Ay (i) and f.(i) are the primary cell
parameters as defined in subclause 5.1.1.1 and A, pyee, PL: and g(i) are defined in subclause

5.1.2.1.
The power headroom shall be rounded to the closest value in the range [40; -23] dB with steps
of 1 dB and is delivered by the physical layer to higher layers.
If the UE is configured with higher layer parameter
UplinkPowerControlDedicated-v12x0 for serving cell ¢ and if subframe
i belongs to uplink power control subframe set 2 as indicated by the

higher layer parameter tpc-SubframeSet-r12, the UE shall use f, , (i)

instead of f.(i)to compute PH,_ (i) and PH

wpeze () for subframe i

typel,c

and serving cell ¢, where f, (i) is defined in subclause 5.1.1.1.
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6.2 Transmit power

6.2.2 UE maximum output power

The following UE Power Classes define the maximum output power for any transmission
bandwidth within the channel bandwidth for non CA configuration and UL-MIMO uniess

otherwise stated. The period of measurement shall be at least one sub frame {(1ms).

gpboooog 10
“UEDOPowerOClass” OO DO0OOO0OOOOOOOOODDODOOOOOOOOOODODDOGO
oooooooooboOoooobooooobbooooobooo

gooao

[...]
6.2.3 UE maximum output power for modulation / channel bandwidth

For UE Power Class 1 and 3, the allowed Maximum Power Reduction (MPR) for the maximum
output power in Table 6.2.2-1due to higher order modulation and transmit bandwidth 20

configuration (resource blocks) is specified in Table 6.2.3-1.

ocooooao
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For PRACH, PUCCH and SRS transmissions, the allowed MPR is according to that specified for
PUSCH QPSK modulation for the corresponding transmission bandwidth.
For each subframe, the MPR is evaluated per slot and given by the maximum value taken over
the transmission(s) within the slot; the maximum MPR over the two slots is then applied for the
entire subframe.
For transmissions with non-contiguous resource allocation in single component carrier, the
allowed Maximum Power Reduction (MPR) for the maximum output power in table 6.2.2-1, is
specified as follows

MPR = CEIL {M,, 0.5}

Where M, is defined as follows

Ma = 8.00-10.12A ;0.00<A<0.33
5.67-3.07A ; 0.33< A<0.77
3.31 ; 0.77< A<1.00

Where
A = Nge_alioc / Ng.
CEIL{M,, 0.5} means rounding upwards to closest 0.5dB, i.e. MPR € [3.0,3.54.04.55.0
5.56.06.57.07.58.0]

For the UE maximum output power modified by MPR, the power limits specified in subclause

6.2.5 apply.

[...]

6.2.3B UE maximum output power for modulation / channel bandwidth for

UL-MIMO

For UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the
allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2B-1 is

specified in Table 6.2.3-1. The requirements shall be met with UL-MIMO configurations defined
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in Table 6.2.2B-2. For UE supporting UL-MIMO, the maximum output power is measured as the

sum of the maximum output power at each UE antenna connector.

For the UE maximum output power modified by MPR, the power limits specified in subclause

6.2.5B apply.

If UE is configured for transmission on single-antenna port, the requirements in subclause 6.2.3

apply.
[..]
6.2.4 UE maximum output power with additional requirements

Additional ACLR and spectrum emission requirements can be signalled by the network to
indicate that the UE shall also meet additional requirements in a specific deployment scenario.
To meet these additional requirements, Additional Maximum Power Reduction (A-MPR) is
allowed for the output power as specified in Table 6.2.2-1. Unless stated otherwise, an A-MPR

of 0 dB shall be used.

For UE Power Class 1 and 3 the specific requirements and identified subclauses are specified in
Table 6.2.4-1 along with the allowed A-MPR values that may be used to meet these
requirements. The allowed A-MPR values specified below in Table 6.2.4.-1 t0 6.2.4-15 are in

addition to the allowed MPR requirements specified in subclause 6.2.3.

oooooao
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[...]
6.2.5 Configured transmitted power

The UE is allowed to set its configured maximum output power Pcuax - for serving cell ¢. The
configured maximum output power Pcyvax.c is set within the following bounds:
Pemax_Le € Pomaxe £ Pemax_ne With
Pemax_Le = MIN {Pemax.c— AT, Prowerciass = MAX(MPR. + A-MPR. + ATjg ¢ + ATc,c + ATprose, P- 10
MPR,)}
Pemax_H,e = MIN {Pemax.c, Ppowerciass}
where
- Pemax.c is the value given by IE P-Max for serving cell ¢, defined in [7];
- Ppowerciass is the maximum UE power specified in Table 6.2.2-1 without taking into account
the tolerance specified in the Table 6.2.2-1;

- MPR. and A-MPR, for serving cell ¢ are specified in subclause 6.2.3 and subclause 6.2.4,

20

respectively;
- AT is the additional tolerance for serving cell ¢ as specified in Table 6.2.5-2; ATjg. =0
dB otherwise;
- ATc.=1.5dB when NOTE 2 in Table 6.2.2-1 applies;
- ATc.=0dB when NOTE 2 in Table 6.2.2-1 does not apply;
- ATpse= 0.1 dB when the UE supports ProSe Direct Discovery and/or ProSe Direct

Communication on the corresponding E-UTRA ProSe band; ATpese = 0 dB otherwise. 30

P-MPR_. is the allowed maximum output power reduction for
» a)  ensuring compliance with applicable electromagnetic energy absorption
requirements and addressing unwanted emissions / self desense requirements in case
of simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP
RAN specifications;

> b)  ensuring compliance with applicable electromagnetic energy absorption

gbooooao 40



(40) JP 6529563 B2 2019.6.12

requirements in case of proximity detection is used to address such requirements that
require a lower maximum output power.
The UE shall apply P-MPR . for serving cell ¢ only for the above cases. For UE conducted
conformance testing P-MPR shall be 0 dB
NOTE 1: P-MPR. was introduced in the Pcvax,c equation such that the UE can report to the
eNB the available maximum output transmit power. This information can be used
by the eNB for scheduling decisions. +0
NOTE 2: P-MPR, may impact the maximum uplink performance for the selected UL
transmission path.
For each subframe, the Pcvax_1,c for serving cell ¢ is evaluated per slot and given by the
minimum value taken over the transmission(s) within the slot; the minimum P¢yax_.c over the
two slots is then applied for the entire subframe. Ppowerciass Shall not be exceeded by the UE
during any period of time.
The measured configured maximum output power Pymax  shall be within the following bounds: 20
Pemax_ e = MAX{TLc, T(Pemax_Le)} < Pumaxe S Pemax He + T(Pemax_H,c)-
where the tolerance T(Pcuax,c) for applicable values of Pevax,c is specified in Table 6.2.5-1, and

Table 6.2.5-1A. The tolerance T, is the absolute value of the lower tolerance for the applicable

operating band as specified in Table 6.2.2-1.
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For the UE which supports inter-band carrier aggregation configurations with the uplink
assigned to one or two E-UTRA bands the ATjg . is defined for applicable bands in Table 6.2.5-2,
Table 6.2.5-3 and Table 6.2.5-4.

[...]

6.2.5A  Configured transmitted power for CA

For uplink carrier aggregation the UE is allowed to set its configured maximum output power
Pevaxc for serving cell ¢ and its total configured maximum output power Pevax.
The configured maximum output power Pcvax,c on serving cell ¢ shall be set as specified in
subclause 6.2.5.
For uplink inter-band carrier aggregation, MPR. and A-MPR. apply per serving cell c and are
specified in subclause 6.2.3 and subclause 6.2.4, respectively. P-MPR . accounts for power
management for serving cell ¢. Pcuvax,c is calculated under the assumption that the transmit
power is increased independently on all component carriers.
For uplink intra-band contiguous and non-contiguous carrier aggregation, MPR, = MPR and A-
MPR. = A-MPR with MPR and A-MPR specified in subclause 6.2.3A and subclause 6.2.4A
respectively. There is one power management term for the UE, denoted P-MPR, and P-MPR . =
P-MPR. Pcmaxc is calculated under the assumption that the transmit power is increased by the
same amount in dB on all component carriers.
The total configured maximum output power Pcyax shall be set within the following bounds:
Pemax_L < Pemax € Poviax_H

For uplink inter-band carrier aggregation with one serving cell ¢ per operating band,

Pemax_t = MIN {10log103 MIN [ pemax,o/ (Atc,c), Prowerclass/(Mpre-a-mpre-Ate,c -Atig c*Atprose) ,

Ppowerclass/ PMPrcl, Prowerclass}

Pevax v = MIN{10 log1o ¥ Pemax,c, Prowerclass}

where
- Pemax.c i the linear value of Pemax,  Which is given by IE P-Max for serving cell c in [7];
- Ppowerclass is the maximum UE power specified in Table 6.2.2A-1 without taking into account

the tolerance specified in the Table 6.2.2A-1; prowerciass iS the linear value of Ppowerciass;
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- mpr.and a-mpr . are the linear values of MPR . and A-MPR . as specified in subclause 6.2.3
and subclause 6.2.4, respectively;

- pmpr is the linear value of P-MPR ;

- Atccis the linear value of AT¢. Atcc = 1.41 when NOTE 2 in Table 6.2.2-1 applies for a
serving cell ¢, otherwise Atcc = 1;

- Atg,c is the linear value of the inter-band relaxation term AT g of the serving cell c as

specified in Table 6.2.5-2; otherwise At = 1;

- Atprose is the linear value of ATp.ose and applies as specified in subclause 6.2.5.

For uplink intra-band contiguous and non-contiguous carrier aggregation,

Pemax_ L = MIN{10 logio > pemax.c - ATc, Ppowerciass = MAX(MPR + A-MPR + AT ¢ + AT¢ + ATprose, P-

MPR) }

Pemax_n = MIN{10 logio ¥ pemax.c, Prowerclasst

where

- Pemax.c IS the linear value of Pemax c which is given by IE P-Max for serving cell cin [7];

- Ppowerciass is the maximum UE power specified in Table 6.2.2A-1 without taking into account
the tolerance specified in the Table 6.2.2A-1;

- MPR and A-MPR are specified in subclause 6.2.3A and subclause 6.2.4A respectively;

- ATg . is the additional tolerance for serving cell c as specified in Table 6.2.5-2;

- P-MPR is the power management term for the UE;

- ATcis the highest value AT among all serving cells c in the subframe over both timeslots.
ATc.=1.5dB when NOTE 2 in Table 6.2.2A-1 applies to the serving cell ¢, otherwise AT =0
dB;

- ATprose applies as specified in subclause 6.2.5.

For combinations of intra-band and inter-band carrier aggregation with UE configured for
transmission on three serving cells (up to two contiguously aggregated carriers per operating
band),
Pcmax L = MIN {10log10¥ (Pemax_t, 8i)s Prowerclass)
Pcmax_ 1 = MIN{10 log10 ¥ Pemax.c, Prowerclass}

where
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- Pemax.c i the linear value of Peyax,  which is given by IE P-Max for serving cell cin [7];
Ppowerclass is the maximum UE power specified in Table 6.2.2A-0 without taking into account
the tolerance specified in the Table 6.2.2A-0; prowerciass IS the linear value of Ppowerciass;

- Pemax_, gi is the linear values of Pevax | as specified in corresponding operating band.

Pcmax e specified for single carrier in subclause 6.2.5 applies for operating band supporting one

serving cell. Pcuax 1 specified for uplink intra-band contiguous carrier aggregation in subclause

6.2.5A applies for operating band supporting two contiguous serving cells.

For each subframe, the Pcwax L is evaluated per slot and given by the minimum value taken over

the transmission(s) within the slot; the minimum Pcuax  over the two slots is then applied for

the entire subframe. Ppowerciass Shall not be exceeded by the UE during any period of time.

If the UE is configured with multiple TAGs and transmissions of the UE on subframe /i for any

serving cell in one TAG overlap some portion of the first symbol of the transmission on

subframe / +1 for a different serving cell in another TAG, the UE minimum of Pcwax \ for
subframes i and i + 1 applies for any overlapping portion of subframes jand i + 1. Ppowerciass Shall
not be exceeded by the UE during any period of time.

The measured maximum output power Pymax over all serving celis shall be within the following

range:

Peviax L — MAX({T,, TLOW(PCMAX_L) } € Pumax < Pcviax_n + THIGH(PCMAX_H)
Pumax = 10 10810 3 Pumax,c

where pymaxc denotes the measured maximum output power for serving cell ¢ expressed in

linear scale. The tolerances T ow(Pcvax) and Trign(Pemax) for applicable values of Peyax are

specified in Table 6.2.5A-1 and Table 6.2.5A-2 for inter-band carrier aggregation and intra-band
carrier aggregation, respectively. The tolerance T, is the absolute value of the lower tolerance
for applicable E-UTRA CA configuration as specified in Table 6.2.2A-0, Table 6.2.2A-1 and Table
6.2.2A-2 for inter-band carrier aggregation, intra-band contiguous carrier aggregation and intra-

band non-contiguous carrier aggregation, respectively.
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Pemaxd toleranced forO uplinkO inter-bandO CA(twol bands)” 00O OO0 O00OO

oooooooooboooobooooobooOooooobOboooboboooOoobooboo

oono

Pewaxd tolerance” 0 OO0 O0OO0OO0COOO0OOOO0OO0OOO0OOOOOOOOOCOOCOOO

oooooOooooboooooooobocooooao
ooono

10

20

30

40



(44) JP 6529563 B2 2019.6.12

6.2.5B  Configured transmitted power for UL-MIMO

For UE supporting UL-MIMO, the transmitted power is configured per each UE.
The definitions of configured maximum output power Pcyax,c, the lower bound Pemax 1, and the
higher bound Pcvax_u,c specified in subclause 6.2.5 shall apply to UE supporting UL-MIMO,
where
- Ppowerciass and AT . are specified in subclause 6.2.2B;
- MPR . is specified in subclause 6.2.3B; 10
- A-MPR . is specified in subclause 6.2.4B.
The measured configured maximum output power Pymax . for serving cell ¢ shall be within the
following bounds:
Pemax_te = MAX{TL, Tiow(Pemax e} € Pumaxe € Pemax e + T rigr(Pemax_Hc)
where Tiow(Pemax_1e) and Tuign(Pemax_n,c) are defined as the tolerance and applies to Pemax e
and Pcvax_n,c separately, while T, is the absolute value of the lower tolerance in Table 6.2.2B-1
for the applicable operating band. 20
For UE with two transmit antenna connectors in closed-loop spatial amultiplexing scheme, the
tolerance is specified in Table 6.2.5B-1. The requirements shall be met with UL-MIMO

configurations specified in Table 6.2.2B-2.

oooooaon
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If UE is configured for transmission on single-antenna port, the requirements in subclause 6.2.5

apply.
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5.4.3 Multiplexing and assembly

5.4.3.1 Logical channel prioritization

The Logical Channel Prioritization procedure is applied when a new transmission is performed.
RRC controls the scheduling of uplink data by signalling for each logical channel: priority where
an increasing priority value indicates a lower priority level, prioritisedBitRate which sets the
Prioritized Bit Rate (PBR), bucketSizeDuration which sets the Bucket Size Duration (BSD). For
NB-loT, prioritisedBitRate, bucketSizeDuration and the corresponding steps of the Logical
Channel Prioritisation procedure (i.e., Step 1 and Step 2 below) are not applicable.
The MAC entity shall maintain a variable Bj for each logical channel j. Bj shall be initialized to
zero when the related logical channel is established, and incremented by the product PBR x TTI
duration for each TTI, where PBR is Prioritized Bit Rate of logical channel j. However, the value
of Bj can never exceed the bucket size and if the value of Bj is larger than the bucket size of
logical channel j, it shall be set to the bucket size. The bucket size of a logical channel is equal to
PBR x BSD, where PBR and BSD are configured by upper layers.
The MAC entity shall perform the following Logical Channel Prioritization procedure when a
new transmission is performed:

- The MAC entity shall allocate resources to the logical channels in the following steps:

- Step 1: All the logical channels with Bj > 0 are allocated resources in a decreasing
priority order. If the PBR of a logical channel is set to “infinity”, the MAC entity shall
allocate resources for all the data that is available for transmission on the logical
channel before meeting the PBR of the lower priority logical channel(s);

- Step 2: the MAC entity shall decrement Bj by the total size of MAC SDUs served to
logical channel jin Step 1;

J NOTE: The value of Bj can be negative.

- Step 3: if any resources remain, all the logical channels are served in a strict decreasing
priority order (regardless of the value of Bj) until either the data for that logical
channel or the UL grant is exhausted, whichever comes first. Logical channels
configured with equal priority should be served equally.

- The UE shall also follow the rules below during the scheduling procedures above:

e
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- the UE should not segment an RLC SDU (or partially transmitted SDU or retransmitted
RLC PDU) if the whole SDU (or partially transmitted SDU or retransmitted RLC PDU) fits
into the remaining resources of the associated MAC entity;

- if the UE segments an RLC SDU from the logical channel, it shall maximize the size of
the segment to fill the grant of the associated MAC entity as much as possible;

- the UE should maximise the transmission of data.

- if the MAC entity is given an UL grant size that is equal to or larger than 4 bytes while 10
having data available for transmission, the MAC entity shall not transmit only padding
BSR and/or padding {unless the UL grant size is less than 7 bytes and an AMD PDU
segment needs to be transmitted);

- for transmissions on serving cells operating according to Frame Structure Type 3, the

MAC entity shall only consider logical channels for which laa-Allowed has been

configured.
The MAC entity shall not transmit data for a logical channel corresponding to a radio bearer 20
that is suspended (the conditions for when a radio bearer is considered suspended are defined
in [8]).
If the MAC PDU includes only the MAC CE for padding BSR or periodic BSR with zero MAC SDUs
and there is no aperiodic CSI requested for this TTI [2], the MAC entity shall not generate a MAC
PDU for the HARQ entity in the following cases:
- in case the MAC entity is configured with skipUplinkTxDynamic and the grant indicated to
the HARQ entity was addressed to a C-RNTI; or 30
- in case the MAC entity is configured with skipUplinkTxSPS and the grant indicated to the
HARQ entity is a configured uplink grant;
For the Logical Channel Prioritization procedure, the MAC entity shall take into account the
following relative priority in decreasing order:
- MAC control element for C-RNTI or data from UL-CCCH;
- MAC control element for SPS confirmation;
- MAC control element for BSR, with exception of BSR included for padding; 40

- MAC control element for PHR, Extended PHR, or Dual Connectivity PHR;
- MAC control element for Sidelink BSR, with exception of Sidelink BSR included for

padding;
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data from any Logical Channel, except data from UL-CCCH,;

MAC control element for BSR included for padding;

MAC control element for Sidelink BSR included for padding.

. NOTE:  When the MAC entity is requested to transmit multiple MAC PDUs in one

TTI, steps 1 to 3 and the associated rules may be applied either to each grant
independently or to the sum of the capacities of the grants. Also the order in which

the grants are processed is left up to UE implementation. It is up to the UE 10
implementation to decide in which MAC PDU a MAC control element is included

when MAC entity is requested to transmit multiple MAC PDUs in one TTl. When the

UE is requested to generate MAC PDU(s) in two MAC entities in one TTI, it is up to

UE implementation in which order the grants are processed.

[...]

5.4.6 Power Headroom Reporting

20
The Power Headroom reporting procedure is used to provide the serving eNB with information

about the difference between the nominal UE maximum transmit power and the estimated
power for UL-SCH transmission per activated Serving Cell and also with information about the
difference between the nominal UE maximum power and the estimated power for UL-SCH and
PUCCH transmission on SpCell and PUCCH SCell.
The reporting period, delay and mapping of Power Headroom are defined in subclause 9.1.8 of
[9]. RRC controls Power Headroom reporting by configuring the two timers periodicPHR-Timer
and prohibitPHR-Timer, and by signalling dI-PathlossChange which sets the change in measured 30
downlink pathloss and the required power backoff due to power management (as allowed by P-
MPR. [10]) to trigger a PHR [8].
A Power Headroom Report (PHR) shall be triggered if any of the following events occur:
- prohibitPHR-Timer expires or has expired and the path loss has changed more than d/-
PathlossChange dB for at least one activated Serving Cell of any MAC entity which is used
as a pathloss reference since the last transmission of a PHR in this MAC entity when the
MAC entity has UL resources for new transmission; 40

- periodicPHR-Timer expires;
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- upon configuration or reconfiguration of the power headroom reporting functionality by
upper layers [8], which is not used to disable the function;
- activation of an SCell of any MAC entity with configured uplink;
- addition of the PSCell;
- prohibitPHR-Timer expires or has expired, when the MAC entity has UL resources for new
transmission, and the following is true in this TTI for any of the activated Serving Cells of
any MAC entity with configured uplink: 10
- there are UL resources allocated for transmission or there is a PUCCH transmission on
this cell, and the required power backoff due to power management (as allowed by P-
MPR, [10]) for this cell has changed more than dl-PathlossChange dB since the last
transmission of a PHR when the MAC entity had UL resources allocated for
transmission or PUCCH transmission on this cell.
NOTE: The MAC entity should avoid triggering a PHR when the required power backoff due
to power management decreases only temporarily (e.g. for up to a few tens of 20
milliseconds) and it should avoid reflecting such temporary decrease in the values
of Pcwax.o/PH when a PHR is triggered by other triggering conditions.
If the MAC entity has UL resources allocated for new transmission for this TTI the MAC entity
shall:
- ifitis the first UL resource allocated for a new transmission since the last MAC reset, start
periodicPHR-Timer;
- if the Power Headroom reporting procedure determines that at least one PHR has been 30
triggered and not cancelled, and;
- if the allocated UL resources can accommodate the MAC control element for PHR which
the MAC entity is configured to transmit, plus its subheader, as a result of logical channel
prioritization:
- if extendedPHR is configured:
- for each activated Serving Cell with configured uplink:
- obtain the value of the Type 1 power headroom; 40
- if the MAC entity has UL resources allocated for transmission on this Serving Cell
for this TTI:

- obtain the value for the corresponding Pcwax, field from the physical layer;
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if simultaneousPUCCH-PUSCH is configured:

- obtain the value of the Type 2 power headroom for the PCeli;

- obtain the value for the corresponding Pcmax . field from the physical layer (see
subclause 5.1.1.2 of [2]);

instruct the Multiplexing and Assembly procedure to generate and transmit an

Extended PHR MAC control element for extendedPHR as defined in subclause

6.1.3.6a based on the values reported by the physical layer;

else if extendedPHR2 is configured:

for each activated Serving Cell with configured uplink:
- obtain the value of the Type 1 power headroom;
- if the MAC entity has UL resources allocated for transmission on this Serving Cell
for this TTI:
- obtain the value for the corresponding Pcvax . field from the physical layer;
if a PUCCH SCell is configured and activated:
- obtain the value of the Type 2 power headroom for the PCell and PUCCH SCell;
- obtain the values for the corresponding Pcmax . fields from the physical layer (see
subclause 5.1.1.2 of [2]);
else:
- if simultaneousPUCCH-PUSCH is configured for the PCeli:
- obtain the value of the Type 2 power headroom for the PCeli;
- obtain the value for the corresponding Pcwax ¢ field from the physical layer
(see subclause 5.1.1.2 of [2]);
instruct the Multiplexing and Assembly procedure to generate and transmit an
Extended PHR MAC control element for extendedPHR2 according to configured
ServCellindex and the PUCCH(s) for the MAC entity as defined in subclause 6.1.3.6a

based on the values reported by the physical layer;

else if dualConnectivityPHR is configured:

for each activated Serving Cell with configured uplink associated with any MAC
entity:

- obtain the value of the Type 1 power headroom;

gboooon
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- if this MAC entity has UL resources allocated for transmission on this Serving Cell
for this TTI or if the other MAC entity has UL resources allocated for transmission
on this Serving Cell for this TTl and phr-ModeOtherCG is set to real by upper
layers:

- obtain the value for the corresponding Pcwax ¢ field from the physical layer;
- if simultaneousPUCCH-PUSCH is configured:

- obtain the value of the Type 2 power headroom for the SpCell; 10

- obtain the value for the corresponding Pcuax.c field for the SpCell from the
physical layer (see subclause 5.1.1.2 of [2]);

- obtain the value of the Type 2 power headroom for the SpCell of the other MAC
entity;

- if phr-ModeOtherCG is set to real by upper layers:
- obtain the value for the corresponding Pcuax.c field for the SpCell of the other

MAC entity from the physical layer (see subclause 5.1.1.2 of [2]);

- instruct the Multiplexing and Assembly procedure to generate and transmit a Dual 20
Connectivity PHR MAC control element as defined in subclause 6.1.3.6b based on
the values reported by the physical layer;
- else:
- obtain the value of the Type 1 power headroom from the physical layer;
- instruct the Multiplexing and Assembly procedure to generate and transmit a PHR
MAC control element as defined in subclause 6.1.3.6 based on the value reported
by the physical layer; 30
- start or restart periodicPHR-Timer;
- start or restart prohibitPHR-Timer;
- cancel all triggered PHR(s).
[--.]
6.1.3.6 Power Headroom Report MAC Control Element
The Power Headroom Report (PHR) MAC control element is identified by a MAC PDU subheader 40

with LCID as specified in table 6.2.1-2. It has a fixed size and consists of a single octet defined as

follows (figure 6.1.3.6-1):

gbooooan



(51) JP 6529563 B2 2019.6.12

- R:reserved bit, set to "0";

- Power Headroom (PH): this field indicates the power headroom level. The length of the
field is 6 bits. The reported PH and the corresponding power headroom levels are shown
in Table 6.1.3.6-1 below (the corresponding measured values in dB can be found in

subclause 9.1.8.4 of [9]).
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6.1.3.6a Extended Power Headroom Report MAC Control Elements

For extendedPHR, the Extended Power Headroom Report (PHR) MAC control element is
identified by a MAC PDU subheader with LCID as specified in table 6.2.1-2. It has a variable size
and is defined in Figure 6.1.3.6a-2. When Type 2 PH is reported, the octet containing the Type 2
PH field is included first after the octet indicating the presence of PH per SCell and followed by
an octet containing the associated Pcvax ¢ field (if reported). Then follows in ascending order
based on the ServCellindex [8] an octet with the Type 1 PH field and an octet with the 10
associated Pcuax c field (if reported), for the PCell and for each SCell indicated in the bitmap.
For extendedPHR2, the Extended Power Headroom Report (PHR) MAC control elements are
identified by a MAC PDU subheader with LCID as specified in table 6.2.1-2. They have variable
sizes and are defined in Figure 6.1.3.6a-3, Figure 6.1.3.6a-4 and Figure 6.1.3.6a-5. One octet
with C fields is used for indicating the presence of PH per SCell when the highest SCellindex of
SCell with configured uplink is less than 8, otherwise four octets are used. When Type 2 PH is
reported for the PCell, the octet containing the Type 2 PH field is included first after the octet(s) 20
indicating the presence of PH per SCell and followed by an octet containing the associated
Pcmax.c field (if reported). Then follows the Type 2 PH field for the PUCCH SCell (if PUCCH on
SCell is configured and Type 2 PH is reported for the PUCCH SCell), followed by an octet
containing the associated Pcwax . field (if reported). Then follows in ascending order based on
the ServCellindex [8] an octet with the Type 1 PH field and an octet with the associated Pcyvax,c
field (if reported), for the PCell and for each SCell indicated in the bitmap.
The Extended PHR MAC Control Elements are defined as follows: 30
- G this field indicates the presence of a PH field for the SCell with SCellindex i as specified
in [8]. The C; field set to "1" indicates that a PH field for the SCell with SCellindex i is
reported. The C; field set to "0" indicates that a PH field for the SCell with SCellindex i is
not reported;
- R:reserved bit, set to "0";
- V:this field indicates if the PH value is based on a real transmission or a reference format.
For Type 1 PH, V=0 indicates real transmission on PUSCH and V=1 indicates that a PUSCH

40
reference format is used. For Type 2 PH, V=0 indicates real transmission on PUCCH and
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V=1 indicates that a PUCCH reference format is used. Furthermore, for both Type 1 and
Type 2 PH, V=0 indicates the presence of the octet containing the associated Pcuax field,
and V=1 indicates that the octet containing the associated Pcuax field is omitted;

Power Headroom (PH): this field indicates the power headroom level. The length of the
field is 6 bits. The reported PH and the corresponding power headroom levels are shown
in Table 6.1.3.6-1 (the corresponding measured values in dB can be found in subclause
9.1.8.4 of [9]);

P: this field indicates whether the MAC entity applies power backoff due to power
management (as allowed by P-MPR. [10]). The MAC entity shall set P=1 if the
corresponding Pcvax c field would have had a different value if no power backoff due to

power management had been applied;

Pevax.c: if present, this field indicates the Pewax,c or B.,,,, . [2] used for calculation of the

preceding PH field. The reported Pcyaxc and the corresponding nominal UE transmit
power levels are shown in Table 6.1.3.6a-1 (the corresponding measured values in dBm

can be found in subclause 9.6.1 of [9]).

Figure 6.1.3.6a-1: Void
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;¢ TDD UL/DL subframe number i
- o S . ;
S 3 ooo g B—‘B—l Configuration|0[1/2|3|4|5]|6]|7|8]|9
EE E N 5 0 -|-|6[7]4]-]-]6]|7]|4
b 1 -Telal-1-1-]6]a
e 0 & 2 S -Tal-T-1-1-Ta-1-
g4 4 N < o 9
L0 4 % % x 3 -{-1414(4]-{-]1-1-]-
SR ]
T S o B 5 -fal-1-1-1-1-1-1|-
L 6 - -|7[{7]|5]|-]|-]17]|7]|-
x
o
- TPC Ci d Field in A lated Ab Spuscie [dB] only DCI format
DCI format 0/3/4/6-0A Spuscue [dB] 0/4/6-0A
- 0 -1 -4
q - & [e]
| S Booo 3 T 1 0 -1
B—‘ B—I B—‘ IS 2 1 1
N
£ 3 3 4
= 8 o
5 8.8 00000
74 V
N
A # TPC Command Field in
|l ol Accumulated 6y 5cyr,. [dB]
> s M I N DCI format 3A
& [ - * o
N 0 -1
I 1 1
"
2
= = N
s 2
ue 4 2 | K
hoog =
= & =S
v
] = X -
D I : =
|
2 2o L 1 0
XK X 2 1
3 3
TPC Command Field in Class Class Class | Tol Class | Tolerance
Spucen [dB] EuTRA "1 (dB) 2 (dB) 3 (dB) 4 (dB)
DCI format 3A dBm dBm) (dBm; (dBm;
0 -1 33 23 2
34 23 2
1 1 35 23 +
23 +
23 +
gooooao 2w s
23 +
EUTRA | Class 1 | Tolerance | Class 2 | Tolerance | Class 3 | Tolerance | Class 4 | Tolerance 23 E
band | (dBm) | (dB) | (dBm) | (4B) | (dBm) | (dB) | (dBm) | (dB) 2 2
1 23 £2 23 +2/-3
2 23 127 23 +2/-3
23 21[-3]
3 23 +2? = 23 —‘Jz ]
4 23 2
5 23 +2 A7 23 2
[3 23 12 65 23 +2
7 23 2 66 23 2
8 23 12° 68 23 42
2 2 2 70 23 2
10 23 2 =
11 23 2 1. NOTE1: Void
12 23 +2° 2. NOTE2: 2 refers to the transmission bandwidths (Figure 5.6-1) confined within Fu,_iow
13 23 2 and Fuy_jow + 4 MHz 0 Fu_yigh ~ 4 MHz and Fu, g, the maximum output power requirement is
14 31 +2/3 23 2 relaxed by reducing the lower tolerance limit by 1.5 dB
3. NOTE3: For the UE which supports both Band 11 and Band 21 operating frequencies,
17 23 2 the tolerance is FFS.
18 23 +2° 4. NOTE4:  Prouercssis the maximum UE power specified without taking into account the
19 23 2 tolerance
20 23 +2° 5. NOTES: For a UE that supports both Band 18 and Band 26, the maximum output power
21 23 2 requirement is relaxed by reducing the lower tolerance limit by 1.5 dB for transmission
22 23 -0'1/-3,52 bandwidths confined within 815 MHz and 818 MHz.
23 23° +2° 6. NOTEG: When NS_20 is signalled, the total output power within 2000-2005 MHz shall
24 23 +2 be limited to 7 dBm.
25 23 +27
26 23 2
27 23 +2
28 23| +2/25 Ooo0o0ooao
30 23 2
= 22 2 Modulation | Channel bandwidth / Transmission bandwidth (Ngs) | MPR (dB)
14 3.0 5 10 15 20
MHz MHz | MH | MHz MHz MHz
z
QPSK >5 >4 >8 | >12 >16 >18
16 QAM <5 <4 <8 | =12 <16 <18 <
16 QAM >5 >4 >8 | >12 >16 >18 <2
64 QAM <5 <4 <8 | =12 <16 <18 <
64 QAM >5 >4 >8 | >12 >16 >18 <3
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Network | Requirements E-UTRA Channel Resources | A-MPR (dB) Network | Requirements E-UTRA Channel Resources A-MPR (dB)
Signalling | (subclause} Band bandwidth | Blocks (Nggs) Signalling (subclause) Band bandwidth | Blocks (Nrs)
value (MHz) value (MHz)
Ns_01 66211 | Tabless1 | ¥ 33 | qaplese N/A
- oL i 10, 15, 20 ) NS_16 6.6.3.3.9 27 3,510 | T2 6.1:&1&15;211236,2‘4-12,
3 >5 <1 —~
NS_17 6.6.3.3.10 28 5,10 Table 5.6-1 N/A
2,4,10, 23, 5 >6 < 3 >2 <1
NS_03 6.6.2.2.1 25, 35, 36, 10 >6 <1 Ns_18 6.6.3.3.11 28 10,1520 1 <4
66,70 15 >8 s NS_19 6.6.33.12 14 10, 15, 20 Table 6.2.4-14
20 >10 <1 620
6.6.2.2.2, 5,10, 15, NS_20 6.6.2.2.1 23 5, 10, 15, 20 Table 6.2.4-15
NS_04 6.6.3.3.19 41 20 Table 6.2.4-4 6.6.3.3.14
1 10,1520 | =50 (NOTEL) | <1 (NOTE) NS_21 6.6.2.2.1 30 5,10 Table 6.2.4-16
15, 20 Table 6.2.4-18 (NOTE2) 6.6.3.3.15
NS_05 6.6.33.1 10.15.20 >50 [sinote ) NS_22 6.6.3.3.16 42,43 5,10, 15, 20 Table 6.2.4-17
65 (NOTE 3} 1520 Table 6.2.4-18 (NOTE 2) NS_23 6.6.3.3.17 42,43 5, 10, 15, 20 N/A
TR - NS_24 6.633.20 | 65(NOTE4) | 5,10, 15, 20 Table 6.2.4-19
NS_06 6.6.2.2.3 . 17’ " | 14,3510 Table5.6-1 | N/A NS_25 6.6.3.3.21 65 (NOTE 4) | 5, 10, 15, 20 Table 6.2.4-20
s 07 66223 i o oo 6242 NS_26 6.6.3.3.22 68 5,10, 15 Table 6.2.4-21
- 6.6.3.3.2 - NSW32
P _
NS 08 66333 9 10,15 >44 — 1. NOTE1 Applicable when the lower edge of the assigned E-UTRA UL channel
NS 09 6.6.3.3.4 21 10, 15 >40 <1 bandwidth frequency is larger than or equal to the upper edge of PHS band (1915.7
_ >55 <2 MHz) + 4 MHz + the channel BW assigned, where channel BW is as defined in
NS_10 20 15,20 Table 6.2.4-3 subclause 5.6. A-MPR for operations below this frequency is not covered in this
6.6.2.2.1 1.4,3,5, version of specifications except for the channel assignments in NOTE2 as the emissions
NS_11 6.6.3.3.13 23 10, 15, 20 Table 6.2.4-5 requirement in 6.6.3.3.1 may not be met. For 10MHz channel bandwidth whose carrier
1435 frequency is larger than or equal to 1945 MHz or 15 MHz channel bandwidth whose
NS_12 6.6.3.3.5 26 10’ 1'5 ’ Table 6.2.4-6 carrier frequency is larger than or equal to 1947.5 MHz, no A-MPR applies.
- 2. NOTE2 Applicable when carrier frequency is 1932.5 MHz for 15MHz channel
NS_13 6.6.3.3.6 26 5 Table 6.2.4-7 bandwidth or 1930 MHz for 20MHz channel bandwidth case.
NS_14 6.6.3.3.7 26 10,15 Table 6.2.4-8 3. NOTE 3: Applicable when the E-UTRA carrier is within 1920-1980 MHz.
1.4,3,5, Table 6.2.4-9 4. NOTE 4: Applicable when the upper edge of the channel bandwidth frequency is
NS_15 6.6.3.3.8 26 10, 15 Table 6.2.4-10 greater than 1980MHz.
gogoog ggood
Pcwax.(dBm) Tolerance T(Pcwiax.c)(dB) P Tolerance Tolerance
'cmAX
23 < Pcuaxc < 33 2.0 (dBm) Tiow(Peviax) ThigH(Pcmax)
21 < Pewax,e < 23 2.0 (dB) (dB)
20 < Pewax,c < 21 2.5 21 < Pewax < 23 2.0
19 < Poviax,c < 20 3.5 20 < Pevax < 21 2.5
18 < Poviax,c < 19 4.0 19 < Peyax < 20 3.5
13 < Poyax,c < 18 5.0 18 < Pcwax < 19 4.0
8 < Pewaxc < 13 6.0 13 < Pewax < 18 5.0
-40 < Pepax,c < 8 7.0 8 < Pewax < 13 6.0
-40 < Peyax < 8 7.0
gooobg gogood
Pcwiax.c (dBm) Tolerance T(Pcwax.c) (dB) P Tolerance Tolerance
= CMAX,
Pewaxc = 20 2.0 (dB m; Tiow(Pemax_1.e) ThigH(Pevax_w,c)
19 < Peyax,c < 20 3.5 (dB) (dB)
18 < Peviaxc < 19 4.0 Pemax,c =23 3.0 2.0
13 < Peviaxc < 18 5.0 22 < Pewaxe < 23 5.0 2.0
8 < Pemax,c < 13 6.0 21 < Pewax,c < 22 5.0 3.0
40 < Pewaxc < 8 7.0 20 < Pewax,e < 21 6.0 4.0
16 < Poyaxc < 20 5.0
goooao 11 < Povae < 16 6.0
-40 < P, <11 7.0
p Tolerance Tolerance Sl
'cmax
Tiow{Pemax) Thicr{Pewviax)
dBm
(dBm) Pl prls 0DooOoO
Pous =23 30 20 R B B
22 < Poyax < 23 5.0 2.0
21 £ Pewiax < 22 5.0 3.0 ‘ R ‘ R ’ PH Oct 1
20 < Pevax < 21 6.0 4.0
16 < Peyax < 20 5.0
11 < Peyac < 16 6.0
-40 < Poyax < 11 7.0
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PH Power Headroom Level Pttt
0 POWER_HEADROOM_0 cr |G| Cs | Ca 03|02|c1| R
1 POWER_HEADROOM_1
2 POWER_HEADROOM 2 PV PH (Type 2, PCell)
3 POWER_HEADROOM_3 R| R Powaxe 1
P | V | PH(Type2, PUCCH SCell
60 POWER_HEADROOM_ 60 (Type "
61 POWER_HEADROOM_61 R | R Pewaxc 2
62 POWER_HEADROOM_62 Pl v PH (Type 1, PCell)
63 POWER_HEADROOM_63
R | R Pemaxe 3
PV PH (Type 1, SCell 1
ooooao (Type 1, SCell 1)
R | R Pewaxc 4
e |
Cr|Ce|Cs|Ca|Cs|Ca|Ci| R RY; PH (Type 1, SCell n)
HIRY PH (Type 2, PCell) = I r Pomom
R [ R Pemaxc 1
PV PH (Type 1, PCell)
R [ R Pemax.c 2
PV PH (Type 1, SCell 1)
R [ R Pemaxc 3
P |V PH (Type 1, SCell n)
R | R Pcmax.ec m
goood ogoood
C/[Cs|Cs|Ca|Cs|Co|Ci| R C|Ce|Cs|[Cs|Cs|Ca|Ci| R
C15 CM C|3 C12 CH C!O C? CE 015 C14 013 C|2 CH C!O CQ CB
Cz3| Ca2| Ca1 | Cao| Cig | Cig | Ca7| Cis Ca3| C22| C21 | Ca0 | Cig| Cig | Ci7 | Cie
Ca1 | Cao| Cas | Cas | Ca7 | Cos | Cos | Caa Cs1 | Cao| Cag | Cag | Co7| Cas | Cas | Cos
P|Vv PH (Type 2, PCell) P|v PH (Type 2, PCell)
R | R Pemaxc 1 R | R Pcmaxc 1
P|V PH (Type 1, PCell) P | V| PH(Type 2, PUCCH SCell)
R|R Pcmax.c 2 R | R Pemaxc 2
P|v PH (Type 1, SCell 1) P|Vv PH (Type 1, PCell)
R R PCMAX < 3 R R PCMAX.C 3
P|v PH (Type 1, SCell 1)
P|V PH (Type 1, SCell n) R | R Pcwaxc 4
R | R Pcmax.c m
PV PH (Type 1, SCell n)
R | R Pcwaxe m
ooogoad
Pemaxc Nominal UE transmit power level
0 PCMAX_C_00
1 PCMAX_C_01
2 PCMAX_C_02
61 PCMAX_C_61
62 PCMAX_C_62
63 PCMAX_C_63
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