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plied by the extended cyclic prefix, adapted to a complex 3GPP LTE physical uplink where mixed resource blocks (where the
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TITLE
METHODS OF UPLINK CHANNELIZATION IN LTE

BACKGROUND OF THE INVENTION
Field of the Invention
[0001] The present invention relates to a method and an apparatus for physical uplink
transmission for 3GPP long term evolution (LTE), and more specifically, to a method and an
apparatus generally adept at remapping physical uplink control channels for both of a resource
block containing acknowledgement and non-acknowledgement (ACK/NAK) channel and a mixed

resource block containing the ACK/NAK channels and channel quality indication (CQI) channels.

Description of the Related Art
[0002] Orthogonal Frequency Division Multiplexing (OFDM) is a popular wireless
communication technology for multiplexing data in the frequency domain.
[0003] The total bandwidth in an Orthogonal frequency-division multiplexing (OFDM) system is
divided into narrowband frequency units called subcarriers. The number of subcarriers is equal to
the FFT/IFFT size N used in the system. Generally, the number of subcarriers used for data
transmission is less than N because some of the subcarriers at the edge of the frequency spectrum
are reserved as guard subcarriers, and generally no information is transmitted on these guard
subcarriers.
[0004] The Third Generation Partnership Project Long Term evolution (3GPP LTE) is a project
within the Third Generation Partnership Project to improve the Universal Mobile
Telecommunications System mobile phone standard to cope with future requirements. In the
standards of the physical uplink of 3GPP LTE (long term evolution), one type of the resources
used for transmitting the uplink control channel (PUCCH) is known as a cyclic shift (CS) for each
OFDM symbol. One of important aspects of the system design is resource remapping on either a
symbol, slot or subframe-level.
[0005] The following three references are cited as being exemplary of contemporary practice in
the art:
[0006] Reference [1], R1-081155, “CR to 3GPP spec 36.211 Version 8.1.0”, RAN1#52, Feb 2008,
Sorrento, Italy, describes the standards of the physical channels for 3GPP, and chapter 5.4.1 will
be cited in the following specification in order to illustrate the slot-level remapping method for the
acknowledgement and non-acknowledgement (ACK/NAK) channel in the physical uplink of
3GPP LTE system.
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[0007] Reference [2], R1-080983, “Way-forward on Cyclic Shift Hopping Pattern for PUCCH”,
Panasonic, Samsung, ETRI, RANI#52, Feb 2008, Sorrento, Italy, discloses methods for
remapping either a resource block containing only ACK/NAK channel or a resource block
containing both CQI and ACK/NAK channels.

[0008] Reference [3], R1-073564, “Selection of Orthogonal Cover and Cyclic Shift for High
Speed UL ACK Channels”, Samsung, RAN1#50, August 2007, Athens, Greece, teaches a
scenario for data transmission for high speed uplink ACL/NAK channel by using a subset of the
combination of the cyclic shift and the orthogonal cover.

[0009] Reference [4], R1-080707, “Cell Specific CS Hopping and Slot Based CS/OC Remapping
on PUCCH?”, Texas Instruments, February 11 — 15, 2008, Sorrento, Italy, teaches cyclic shift
(CS) hopping and slot based cyclic shift/orthogonal cover (CS/OC) remapping for PUCCH format
0 and 1, i.e. in the context of uplink ACK/NAK transmissions in correspondence to downlink
packets.

[0010] The methods of the slot-level resource remapping recently proposed, for example as
disclosed in references [2] and [3], have been included in the 3GPP standards as shown in
reference [1]. One of the shortages of transmission capacity in wireless telecommunication
networks is that the contemporary remapping methods for resource blocks containing control
channels are designed exclusively for either ACK/NAK resource blocks with the extended cyclic
prefix or for normal cyclic prefix cases wherc a mixed resource block containing both of the
ACK/NAK and CQI channels, but contemporary remapping methods are not applicable for both.
This shortage in transmission capacity prevents the contemporary techniques from being readily
adapted to a complex 3GPP LTE physical uplink where ACK/NAK resource blocks may be
applied by the extended cyclic prefix, adapted to a complex 3GPP LTE physical uplink where
mixed resource blocks (where the ACK/NAK and CQI channels coexist) may be applied by the
normal cyclic prefix, and adapted to a complex 3GPP LTE physical uplink where mixed resource
blocks (where the ACK/NAK and CQI channels coexist) may be applied by the extended cyclic
prefix.

SUMMARY OF THE INVENTION
[0011] According to a first aspect of the present invention, there is provided a method for
transmitting physical uplink channel information, the method comprising the steps of:
identifying a cyclic shift and an orthogonal cover for one or more physical uplink control

channels;
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applying the cyclic shift and the orthogonal cover to physical uplink control channel
information;

- mapping the physical uplink control channel information into one of a plurality of resource
blocks of a first one of a plurality of slots of a subframe of the physical uplink control channels
and one of a plurality of resources blocks of a second one of the plurality of slots of the subframe
of the physical uplink control channels; and

transmitting the physical uplink control channel information to which the identified cyclic
shift and orthogonal cover are applied and which are mapped to the resource blocks,

n,mod2 =1 , where #; is an index of the slots within the subframe, resource

wherein when
indices of physical uplink control channels within the second slot of the subframe are established
by
Cocen 2 NQTAEH - [e(n' (n, 1)+ 1)Imod(eN, / Ay +1) -1

n'(n)= {nI’UCCH _
otherwise, |Alc|+(hmodc)-N'/ Apec

where:
h=(n'(n,-1)+d)mod(cN'/A,;"), and

ge {dl for normal cyclic prefix

d, for extended cyclic prefix
b

(N
where n, is the index of the slots within the subframe, ""PUccH is an intermediate parameter

M
for resource mapping, Nes is the number of cyclic shifts used for the physical uplink control

RB
channels in the resource blocks, Ny is the number of subcarriers in one resource block,

A" is set by one or more higher layers, and

_ |3 for the normal cyclic prefix
|2 for the extended cyclic prefix

[0012] According to a second aspect of the present invention, there is provided an apparatus for
transmitting physical uplink control channel information, the apparatus configured to:

identify a cyclic shift and an orthogonal cover for one or more physical uplink control
channels;

apply the cyclic shift and the orthogonal cover to physical uplink control channel

information;
map the physical uplink control channel information into one of a plurality of resource

blocks of a first one of a plurality of slots of a subframe of the physical uplink control channels
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and one of a plurality of resources blocks of a second one of the plurality of slots of the subframe
of the physical uplink control channels: and

transmit the physical uplink control channel information to which the identified cyclic
shift and orthogonal cover are applied and which are mapped to the resource blocks;,

wherein

n,mod2 =1

when , where n; is an index of the slots within the subframe, resource indices

of physical uplink control channels within the second slot of the subframe are established by

"(n)= {n}'&cm > ¢ NOJAYSH - e(n' (n, ~1)+ 1) mod(cN ¥ / ATUCH 11y 1

otherwise, |A/c]+(hmodc)-N'/ A{:%;;"CH
where:

h=(n'(n,—1)+d)mod(cN'/ A", "), and

_|d, for normal cyclic prefix
d, for extended cyclic prefix

M
where #; is the index of the slots within the subframe, pucch is an intermediate parameter

M
for resource mapping, N is the number of cyclic shifts used for the physical uplink control

. NRB . .
channels in the resource blocks, *"s¢ is the number of subcarriers in one resource block,

P H
A ucc

ain | is set by one or more higher layers, and

|3 for the normal cyclic prefix
" |2 for the extended cyclic prefix

[0013] An embodiment of the present invention provides an improved method and an improved
apparatus for conducting physical uplink transmission in order to overcome the above shortage
which prevents the contemporary techniques from being generally adapted to a complex 3GPP
LTE physical uplink.

[0014] An embodiment of the present invention provides a method and as apparatus, with an
intra-cell randomization, generally compatible with a complex 3GPP LTE physical uplink where
ACK/NAK resource blocks may be applied by the extended cyclic prefix, or adapted to a complex
3GPP LTE physical uplink where mixed resource blocks (where the ACK/NAK and CQI channels
coexist) may be applied by the normal cyclic prefix, or adapted to a complex 3GPP LTE physical
uplink where mixed resource blocks (where the ACK/NAK and CQI channels coexist) may be
applied by the extended cyclic prefix.

[0015] In the first embodiment of the present invention, a method for transmitting physical uplink

channel signals, contemplates allocating a cyclic shift and an orthogonal cover to physical uplink

4
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control channels; and remapping the transmission resources in a slot-level in accordance with a
selected remapping scheme, with:

ngmod2 =0

when , the remapped resource indices within a first slot in the two slots of a

subframe to which the physical uplink channel symbols are mapped being established by:.

H (1) X () PUCCH )]
n'(n.) = {'f”puccr; <c N [AGE, "pucch . and
s . (1) () PUCCH RB PUCCH ’
otherwise, (nPUCCH —c-NQ [AGG )mod(c~Nsc /8% )
nsmod2 =1 - . .
when s , the remapped resource indices within a second slot in the two slots of

a subframe to which the physical uplink channel symbols are mapped being established by:

fornormal cyclic prefix - and  nlige, 2 N[O, [3(0r'(n, =1) + DImod BN /A" +1)-1

(n)=f(n'(n - 1) =
7= s e 1) {otherwise, {d+|n'(n, =)/ c]+[n'(n, = 1)modc] (N'/ A% )} mod(cN' / ATRSH)

where:

d,  for normal cyclic prefix
d, forextended cyclic prefix

and d, and d; are a pair of two independent predetermined parameters,

m , .
"puccH is the resource index before remapping,

_| 3 for normal cyclic prefix
2 for extended cyclic prefix

APUCCH {11,2,3} for normal cyclic prefix
shift {2,3}  forextended cyclic prefix

PUCCH PUCCH
éoffset € {O’l!“" Ashiﬁ - l}

, and

RB
Ni” is the number of subcarriers in one resource block; and transmitting the physical uplink

channel symbols by using the remapped transmission resources. Here,  =2,d, = 0, d=2,d, =2

op & =1d;=0

’

[0016] In the second embodiment of the present invention, a method for transmitting physical
uplink channel signals, contemplates a method for transmitting physical uplink channel signals,
contemplates allocating a cyclic shift and an orthogonal cover to physical uplink control channels;
and remapping the transmission resources in a slot-level in accordance with a selected remapping
scheme, with:

ngmod2=0

when , the remapped resource indices within a first slot in the two slots of a

subframe to which the physical uplink channel symbols are mapped being established by:

e (1) (1) / APUCCH m
n'(n,) = if Mpgeen <€ N /Ashiﬂ ) MpyceH . and
- . ] PUCCH RB / A PUCCH >
s otherwise, (”glljccn _C‘Nc(s)/Ashm )mOd(c’ Nsc /Ashiﬂ )
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n,mod2 =1

when , the remapped resource indices within a second slot in the two slots of

a subframe to which the physical uplink channel symbols are mapped being established by:

w(n) = f(n(n, — 1)) = fornorma/cyc/lc prefix and nSee, 2c N“’/Aif,{f.c", [3(n'(n, -1+ l)]mod(3NRB/AZ$,§CH + I)—l
) ) otherwise, LA(n'(n, = 1))/ ¢+ [A(n'(n, = 1)) mod c]- (N'/ ATEH )y
where:

h(n'(n, = 1))=(n'(n, 1) +d) mod(cN Y ALT)

with
Je d,  for normal cyclic prefix
" |d, for extended cyclic prefix

and dj and dy4 are a pair of two independent predetermined parameters,

m . .
MpuccH s the resource index before remapping,

3 for normal cyclic prefix
C =
2 for extended cyclic prefix

APuccH {1,2,3} for normal cyclic prefix
shif {2,3]  forextended cyclic prefix

5 PUCCH {O APUCCH_I}
onset e, shift s and
RB
Nse” is the number of subcarriers in one resource block; and transmitting the physical uplink

channel symbols by using the remapped transmission resources. Here, d3:l’d4:0,

dy=1,d, =1

or

[0017] In the third embodiment of the present invention, a method for transmitting physical
uplink channel signals, contemplates a method for transmitting physical uplink channel signals,
contemplates allocating a cyclic shift and an orthogonal cover to physical uplink control channels;
and remapping the transmission resources in a slot-level in accordance with a selected remapping
scheme, with:

ngmod2 =20

when , the remapped resource indices within a first slot in the two slots of a

subframe to which the physical uplink channel symbols are mapped being established by:

(1) / APUCCH )
n(n) = if Mijeen <€ N /Ashnﬁ > Mpucch . and
otherwise, (nf,BCCH —c- N JARVCCH )mod(c NERBJ A':,‘flgc”) ’
ngmod2 =1 o -~ .
when , the remapped resource indices within a second slot in the two slots of

a subframe to which the physical uplink channel symbols are mapped being established by:

5189785_2 (GHMatters) P84977.AU 21/03/2014
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Jornormal cyclic prefix and n\y.., 2c N [T 13" (n, = 1) + 1)} mod(3NR® /aTCc I)—I

cs

' )= ! —] =
7=/ =) {olherwise, {e+A(n' (n, = 1))/ c]+[A(n'(n, = 1)) mod c]-(N'/ A%S™ )} mod(cN' / ASH

where;

h(r'(n,=1))=(n'(n,=1)+d)mod(cN / Ag )

b

e {ds for normal cyclic prefix

d, forextended cyclic prefix

e, fornormal cyclic prefix
e=
e, forextended cyclic prefix

and d3 and dy are a first pair of two independent predetermined parameters,

and e3 and e4 are a second pair of two independent predetermined parameters,

(" . . .
"puccH is the resource index before remapping,

_ | 3 for normal cyclic prefix
12 for extended cyclic prefix

APUCCH {[l],2,3} for normal cyclic prefix

shift {2,3} for extended cyclic prefix
5395 e o). %S 1} and
NRB

< is the number of subcarriers in one resource block; and transmitting the physical uplink

channel symbols by using the remapped transmission resources. Here, d=1,d, =0 , dy=l,d, =1 ,

e3=1,e4:0’ 63:2’64:2_

or
[0018] In the fourth embodiment of the present invention, a method for transmitting physical
uplink channel signals, the method comprising the steps of allocating a cyclic shift and an
orthogonal cover to physical uplink control channels; remapping in a slot-level, the physical
uplink control channels into two resource blocks respectively located at two slots of a subframe,
with:

when #,mod2 =0 resource indices of the physical uplink control channels within a first

slot in the two slots of the subframe are established by:

o () (1) / APUCCH m
n'(n,) = if nideen <€ NG A5, Meucen ,
" lotheruise, (nkleen = N a3 Jmodle- N2 /AT
where #; is an index of slots within a subframe, n{}).., is a resource index for physical uplink

control channel format 1, 1a and 1b before remapping, N{! is the number of cyclic shifts used for
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the physical uplink control channel format 1, 1a and 1b in the resource block, N’ is the size of
resource block in the frequency domain; and

when n,mod2 =1 the resource indices of the physical uplink control channels within a

second slot in the two slots of the subframe to which the physical uplink channel symbols are
remapped by:
Migecn 2 €N TAGEE Te(n'(n, = 1)+ D] mod(eN & / AGET +1) -1

n'(n)= >
(n)={ otherwise, |_h/cJ+(hmodc)-N'/A_‘.;,/,f€;CH

where:
h=(n'(n,-1)+d) mod(cN'/A'_:fifC,CH ), and

2 for normal cyclic  prefix - i )
d={ ; and transmitting the physical uplink channel symbols
0  for extended cyclic prefix

by using the remapped transmission resources.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] A more complete appreciation of the invention, and many of the attendant advantages
thereof, will be readily apparent as the same becomes better understood by reference to the
following detailed description when considered in conjunction with the accompanying drawings
in which like reference symbols indicate the same or similar components, wherein:
[0020] Figure 1 is a block diagram of a simplified example of data transmission and reception
using Orthogonal Frequency Division Multiplexing (OFDM);
[0021] Figure 2 is a block diagram of a simplified example of data transmission, data reception
and signal processing stages using Orthogonal Frequency Division Multiplexing (OFDM);
[0022] Figure 3 is an illustration showing an example of multiplexing six units of user equipment
into one resource block containing channel quality indication signals within one slot;
[0023] Figure 4 is a block diagram illustrating the scenario for the transmission of physical uplink
acknowledgement and non-acknowledgement channels and reference signals for
acknowledgement and non-acknowledgement demodulation;
[0024] Figure 5 is a flow chart illustrating a transmitting method of physical uplink channel

signals in accordance with the embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0025] A simplified example of data transmission/reception using Orthogonal Frequency Division

Multiplexing (OFDM) is shown in Figure 1.
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[0026] At the transmitter, the input data to be transmitted is modulated by a quadrature amplitude
modulation (QAM) modulator 111. The QAM modulation symbols are serial-to-parallel converted
by a serial-to-parallel convertor 113 and input to an inverse fast Fourier transform (IFFT) unit
115. At the output of IFFT unit 115, N time-domain samples are obtained. Here N refers to the
sampling number of IFFT/FFT used by the OFDM system. The signal transmitted from IFFT unit
115 is parallel-to-serial converted by a parallel-to-serial convertor 117 and a cyclic prefix (CP)
119 is added to the signal sequence. The resulting sequence of samples is referred to as the OFDM
symbol. Serial to parallel convertor 113 uses shift registers to convert data from serial form to
parallel form. Data is loaded into the shift registers in a serial load mode, and is then shifted
parallel in a shift mode with a clock signal.

[0027] At the receiver, the cyclic prefix is firstly removed at cyclic prefix remover 121 and the
signal is serial-to-parallel converted by serial-to-parallel convertor 123 before feeding the
converted parallel signal into fast Fourier transform (FFT) transformer 125. Output of FFT
transformer 125 is parallel-to-serial converted by parallel-to-serial convertor 128 and the resulting
symbols are input to QAM demodulator 129. Parallel-to-serial convertor 128 uses shift registers to
convert data from parallel form to serial form. Data is loaded into the shift registers in a parallel
load mode, and is then shifted serially in a shift mode with a clock signal.

[0028] The total bandwidth in an OFDM system is divided into narrowband frequency units
called subcarriers. The number of subcarriers is equal to the FFT/IFFT size N. In general, the
number of subcarriers used for data is less than N because some of the subcarriers at the edge of
the frequency spectrum are reserved as guard subcarriers, and no information is transmitted on
guard subcarriers.

[0029] Figure 2 is a block diagram of a simplified example of data transmission, data reception
and signal processing stages using Orthogonal Frequency Division Multiplexing (OFDM). As
shown in Figure 2, serial-to-parallel convertor 113 and IFFT unit 115 map the converted parallel
signal into one resource block and transform a frequency domain representation of the converted
parallel signal to a time domain representation. The OFDM symbols output from cyclic prefix
(CP) 119 are further processed by signal processing unit_Tx 120 before being transmitted by the
transmitting antennas. Similarly, the processed OFDM symbols transmitted from the transmitter
are firstly processed by signal processing unit_Rx 122 before received by the receiving antennas.
Signal processing unit_ Tx 120 and signal processing unit_Rx 122 perform signal processing
respectively for the transmitter and the receiver in accordance with certain signal processing

schemes.
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[0030] In the uplink of 3GPP LTE standards, one type of the resource used in the uplink control
channel (PUCCH) is known as a cyclic shift (CS) for each OFDM symbol. PUCCHs are defined
as channels carrying control signals in the uplink, and PUCCHs may carry control information,
e.g., channel quality indication (CQI), ACK/NACK, hybrid automatic repeat requests (HARQ)
and uplink scheduling requests.

[0031] The physical uplink control channel, PUCCH, carries uplink control information. All
PUCCH formats use a cyclic shift (CS) of a sequence in each OFDM symbol. Figure 3 is an
illustration showing an example of multiplexing six user equipments (UEs) into one resource
block containing channel quality indication (CQI) signals within one slot. In Figure 3, the PUCCH
occupies twelve subcarriers in the resource block and twelve cyclic shift resources (co through c;)
exist in the resource block. The CQI signals include both of CQI data signals (e.g., CQI data
signal 201) occupying several symbol elements (e.g., sp) within the OFDM symbols and CQI
reference signals (e.g., CQI reference signal 202) occupying several symbol elements (e.g., s)).
Six UEs (i.e., UE 1 through UE 6) are multiplexed in the resource block. Here, only six out of
twelve cyclic shifts are actually used.

[0032] Figure 4, cited from reference [3], shows the working assumption on the transmission
block of uplink ACK/NAK channels and reference signals. Here, the position of the reference
signal long block is not determined, therefore, Figure 4 is only for illustrative purposes. Serial-to-
parallel convertor 113 and IFFT unit 115 transform a frequency domain representation of the
ACK/NAK signals and the uplink reference signals to a time domain representation, and map the
ACK/NAK signals and the uplink reference signals into the transmission block. ACK/NAK
signals and the uplink reference signals (UL RS) for ACK/NAK demodulation are multiplexed on
code channels 301 constructed by both a cyclic shift of a base sequence (e.g., Zadoff-Chu
sequence) and an orthogonal cover. ACK/NAK signals and the uplink reference signals are
multiplexed on code channels 301 constructed by both of a Zadoff-Chu sequence ZC(u,7) and an
orthogonal cover. For ACK/NAK channels, a Zadoff-Chu sequence ZC(u,r) with a particular
cyclic shiftr, zC(u,r) is placed in sub-carriers and an orthogonal cover is applied to time domain
long block (LB). The IFFTs transform a frequency domain representation of the input sequence to
a time domain representation. The orthogonal cover may be used for both of UL RS and for
PUCCH data, the actual code of the orthogonal cover used only for UL RS is different from {wy,
wy, w,, w3} which is used only for PUCCH data.

[0033] Here, Figure 3 shows an example of a mapping method exclusively adapted to resource
blocks only containing CQI channels, and Figure 4 shows an example of a mapping method for
ACK/NAK channels.

10
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[0034] One important aspect of system design is resource remapping on a symbol, slot or
subframe-level. Section 5.4.1 of reference [1], which includes the slot-level remapping of the
ACK/NAK channel in the uplink control PUCCH channel of LTE, is cited below for ease of
exposition.

“S.4 Physical uplink control channel

NQ N

...The physical resources used for PUCCH depends on two parameters, "RB and "¢ | given by

2)
higher layers. The variable N8 20 denotes the bandwidth in terms of resource blocks that are
|
reserved exclusively for PUCCH formats 2/2a/2b transmission in each slot. The variable N

denotes the number of cyclic shift used for PUCCH formats 1/1a/1b in a resource block used for a
PUCC

mix of formats 1/1a/1b and 2/2a/2b. The value of N is an integer multiple of B within the

range of {0, 1, ..., 8}, where Ay is defined in section 5.4.1. No mixed resource block is present

1y _ .
if V&' =0 At most one resource block in each slot supports a mix of formats 1/1a/1b and 2/2a/2b.
Resources used for transmission of PUCCH format 1/1a/1b and 2/2a/2b are represented by the
() (2) \/RB _/Q nRB A
M Mpyccn < NRB Nsc + 8 (Nsc Ncs 2)
non-negative indices "PuccH and , respectively.
5.4.1 PUCCH formats 1, 1a and 1b

[0035] For PUCCH format 1, information is carried by the presence/absence of transmission of

PUCCH from the UE. In the remainder of this section, d(0) =1 shall be assumed for PUCCH
format 1.

[0036] For PUCCH formats la and 1b, one or two explicit bits are transmitted, respectively. The
block of bits 2(0=b(Mic =) shal] be modulated as described in section 7.1, resulting in a

complex-valued symbol 4(0)  The modulation schemes for the different PUCCH formats are given
by Table 5.4-1.
[0037] The complex-valued symbol d(0) shall be multiplied with a cyclically shifted length

NPUCCH = 12 r(a) n
seq sequence wy (1)

y(n)=d(0)-r,(n), n=0,1,..,Ng, " (1)

v seq ’

according to:

RS _ N PUCCH

(a)
where " (" is defined by section 5.5.1 with  *° 4 The cyclic shift @ varies between

symbols and slots as defined below.

11
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P(0),., (N2 €M = 1)

[0038] The block of complex-valued symbols shall be block-wise

Wy, (1)

spread with the orthogonal sequence =" according to

PUCCH arPUCCH PUCCH
Z(m'.NSF ) NSCq + m ) NSCC[ + n) = w"oc (m) ) y(n) > (2)

where
m=0,.., NEUCCH _|
n=0,.,NEUCCH _ |
m'=0,1

PUCCH _ ]
and Vsv =4 The sequence ¥ () 5 given by Table 5.4.1-1.

[0039] Resources used for transmission of PUCCH format 1, la and Ib are identified by a

. (1) . . . .
resource index "Pucct from which the orthogonal sequence index "e("s) and the cyclic shift ()

are determined according to:

" (m)= for normal cyclic prefix, | n'(r,)- A% /N | )
* for extended cyclic prefix, 2 -|_n'(ns) - APIECH /N'J
a(ns )= 2 'ncs(ns)/Ns’ZB > (4)
( for normal cyclic prefix, [n;‘“ (n,, 1)+ (n'(n,)- ATUSH 4 SEUCH 4 (n, (n,) mod APYE™ )mod N’] mod V2P )
n(n)= ,
) for extended cyclic prefix, [njs’" (n, )+ (n’(ns) LAPCCH | SPUCCH Ly (n,)/2)mod N’] mod N 5®
where
NE® otherwise
_ |3 normal cyclic prefix )
" |2 extended cyclic prefix

with N’ being the number of cyclic shifts and ¢ being the number of orthogonal covers.
[0040] The resource indices within the two resource blocks in the two slots of a subframe to

which the PUCCH is mapped are given by

H (1 (1) PUCCH (1)
W(n) = {'f Mideen <€ NG (A%, Mpuccn @)
s . Mm (1) / APUCCH RB / \PUCCH
otherwise, (”Puccn —¢ N /Ashiﬁ )mod(c-Nsc /A )
n.m =
when s 0d2=0 ; and by

S

9)

) {for normal cyclic prefix and nl)ee, = ¢-NO /AP [3(n'(n,) +1)] mod(3BN8/APUCH 1 1)1
n'(n) =

otherwise, n'(n,)

when /s mod2 =1

The quantities
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30

APUCCH {[l],2,3} for normal cyclic prefix (10)
shit 2,3} forextended cyclic prefix
57t € o,1,..., %M — 1} (11
. ., APUCCH o
are set by higher layers with “si#  being the number of cyclic shifts between PUCCHs and
PUCCH
affset

being offset for allocating cyclic shifts to PUCCHs.”

[0041] In the present invention, novel slot-level remapping methods are proposed to provide a
better intra-cell randomization, especially for ACK/NAK resource blocks with extended cyclic
prefix, and for normal cyclic prefix cases with mixed resource block where the ACK/NAK and
CQI coexist in a single resource block.

[0042] Equations (8) and (9) are referred by the present invention.

[0043] Aspects, features, and advantages of the invention are readily apparent from the following
detailed description, simply by illustrating a number of particular embodiments and
implementations, including the best mode contemplated for carrying out the invention. The
invention is also capable of other and different embodiments, and its several details can be
modified in various obvious respects, all without departing from the spirit and scope of the
invention. Accordingly, the drawings and description are to be regarded as illustrative in nature,
and not as restrictive. The invention is illustrated by way of example, and not by way of limitation,
in the figures of the accompanying drawings.

[0044] Figure 5 is a flow chart illustrating a mapping and transmitting method of physical uplink
channel signals in accordance with the embodiments of the present invention. In step 701,
transmitter allocates a cyclic shift and an orthogonal cover to physical uplink control channels
using allocating section; in step 703, transmitter maps in a slot-level, the physical uplink control
channels into two resource blocks respectively located at two slots of a subframe using remapper
section; and in step 705, transmitter transmits the mapped physical uplink control channels using
transmitting antenna unit. The present invention introduces novel remapping methods for

performing step 703.

Method C

[0045] In one embodiment of the current invention, a slot-level remapping method, method C, is
proposed. In this method, the resource indices within the two resource blocks respectively in the
two slots of a subframe to which the PUCCH is mapped are given by:

ngmod2 =0

when , resource indices of the physical uplink control channels within a first slot of

the two slots of the subframe are established by:

13
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(1) / APUCCH (1)
if n' <c-N/A n
Vl'(}’l ):{ PUCCH cs / shift ’ PUCCH

) (1 PUCCH RB PUCCH
otherwise, (”PUCCH_C NQ (A )mod( NG /A%

(12)
).

ngmod2 =1

and when , the resource indices of the physical uplink control channels within a

second slot of the two slots of the subframe to which the physical uplink channel symbols are

remapped by:
win)= f(n'(n -1))= {fornormalcychcpreﬁx and  n\eey 2 ¢ N [T [B(n'(n, =)+ 1)] mod(SNR"/AP”m” l)—l (13)
otherwise, (d+|n'(n, = /][ (n, =1y mod c]-(N'/ A" )y mod(eN'/ AT
where
Je {d, for normal cyclic prefix
d, for extended cyclic prefix (14)
with d,,d

2 being a pair of two independent parameters.

There are several examples of the parameter pair d,.d, .

d.d,. d=2,d=0

One example of the parameter pair is
Another example of the parameter pair dydy i & =2,d, =2
Another example of the parameter pair d.d, s d,=1d, =0

[0046] Here, n; is a slot index within a subframe, n\).., is a resource index for physical uplink

control channel format 1, 1a and 1b, N’ is a number of cyclic shifts used for the physical uplink

control channel format 1, la and 1b in the resource block, and V5" is a resource block size in the

frequency domain.

Method D

[0047] In another embodiment of the current invention, a slot-level remapping method, method D,
is proposed. In this method, the resource indices within the two resource blocks respectively in the
two slots of a subframe to which the PUCCH is mapped are given by:

ngmod2=0

when , the resource indices of the physical uplink control channels within a first slot of

the two slots of the subframe to which the physical uplink channel symbols are remapped by:

1) (1) / APUCCH (1)
n'(n,) = if Ppyeen <c* N, /Ashiﬂ ) Ppycen (15)
PUCCH RB /  PUCCH
otherwise, (nPUCCH —c-NOD/AS )mod(c NEB/ATC )

14
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n,mod2 =1

and when , the resource indices of the physical uplink control channels within a

second slot of the two slots of the subframe to which the physical uplink channel symbols are

remapped by:

7 (n,)= 00 (n, - 1y = {27 "Ormal velic prefixand Fhcen 2 ¢ NG [aG", [3(n'(n, = 1)+ DImod BN /alie 1)1 (16)

otherwise, L (n, = 1)) ¢ |+ [h(n'(n, = D)) mod c]- (N1 A5
"t =1MY=(n'(n - 1/ A PUCCH

where 1(7'(n.=1)=(n'(n, =1) +d)mod(cN / Ay ) (17)
and

d d, for normal cyclic prefix

"~ ld, forextended cyclic prefix

with d,.d,

being a pair of two independent parameters.

There are several examples of the parameter pair dy,d, .

One example of the parameter pair dy.d, js =1.d,=0

Another example of the parameter pair d;,d, is dy=1d, =1 .

[0048] In this method, the resource indices within the two resource blocks respectively in the two
slots of a subframe to which the PUCCH is mapped may be also given by:

nymod2 =0 , the resource indices of the physical uplink control channels within the first

when
slot of the two slots of the subframe to which the physical uplink channel symbols are remapped

by:

: () (1) PUCCH (O]
n'(n.) = {‘f pucen <€ N /Ashiﬁ ) Mpyccn (18)
s . ) (1) / APUCCH RB / APUCCH
otherwise, (nPUCCH —¢-NQ[NGG )mod(c-NSC /A% )
n,mod2 =1 o . . oy
and when s , the resource indices of the physical uplink control channels within the

second slot of the two slots of the subframe to which the physical uplink channel symbols are

remapped by:
. Picen 2 €N TN Te(n'(n, = 1)+ ] mod(eN & / AL +1) -1
nn) =1 otherwise, |h/c|+(hmodc)- N’/ACZ;CH (19)
where:
h=(n'(n,~1)+d)mod(cN'/ A" ) (20)

with d = 2 for normal CP and d = 0 for extended CP.

15
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[0049] Method D has been accepted by 3GPP standards presented by document TSG RAN WGl
#53b R1-082660 developed at meeting held in Warsaw, Poland, from June 30, 2008 through July
4,2008. On page 2 of R1-082660, it is stated that:

“The resource indices in the two slots of a subframe to which the PUCCH is mapped are
given by
O ot

otherwise (rkdcen =+ N/ A5 Jmod(e- N2 [ 45"

for n,mod2=0 and by

nm)fmm_cNWﬁyﬂ [e(n'(n, — 1)+ D)Imod(eN P / AL +1) -1

otherwise, |h/c |+ (hmodc)- N’ /AC%CH

for n,mod2=1, where h =(n'(n, —1)+d)mod(cN'/ A","" ), with d = 2 for normal CP and d = 0

for extended CP. Note,
APUCCH {{l,2,3} for normal cyclic prefix

shift

{1,2 3} for extended cyclic prefix 7
SPUCCH {0 | APUCCH _ l}
37900y shift

offset

In the RI-082660 of 3GPP standards, the form of equation (16) is rewritten to:

n'(n,)= {52“”"6 NS TAMEEH | [e(n' (n, — 1)+ 1)]mod(eN ¥ / AR 41y —1
otherwise, l_h/CJ+ (hmodc)- N' /A/:%CH

for nymod2=1, where h =(n'(n, —1) +d)mod(cN' /A"L/,/C,CH) while the contents of equation (16)

are not altered. Here, d; =2 is for normal cyclic prefix, and d4 =0 is for extended cyclic prefix.
[0050] In section 5.4.1 of 3GPP standards version TS 36.211 V8.3.0 (2008-05), published on June
18, 2008, it is stated that:

“The resource indices within the two resource blocks in the two slots of a subframe to

which the PUCCH is mapped are given by

( oo (1) (1) / A\PUCCH
n(n,) = { nbccH . if nidecn <o N& /A%
| UCCH RB / APUCCH .
(nPUCCH -c- N( ) / Ai,"ﬂ )mod(c N / Agin ) otherwise
fOI‘ ny mod2=0 and by
(n)= [3(n (ng —l)+1 ] mod(BN /AE};:%CH )—l for normal cyclic prefix and n,(,'L)JCCH 2c-N l)/Ai,[flgCH
n'(ng 1) otherwise
for s mod2 =1

The quantities
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PUCCH {1,2,3} for normal cyclic prefix
~ €
{l 2 3} for extended cyclic prefix

SIS ¢ 1., aPeCH _ |
are set by higher layers. ”
[0051] The present invention has been implanted in 3GPP standards version TS 36.211 V8.4.0
(2008-09), published on September 24, 2008. In section 5.4.1 of 3GPP standards TS 36.211
V8.4.0, it is stated that:

“The resource indices within the two resource blocks in the two slots of a subframe to

which the PUCCH is mapped are given by

' cc
n'(n) = Mhucen if npgecn <c NG /A%
7 8 ccw — - N /AT Jmodle- NEP /4TS ) otherwise
for MsM0d2=0 514 by
)= [c(n'(n, - 1)+1)] mod(cNRB JATECH 11 ) N 2 ¢ NI JATICCH
l_/l /C_l+ (h mod C)N /Az:igCH otherwise
— - ' - [} I’UF,‘CH . _ _

for s mod2 =1 . where h (n (n, l)+d)mod(cN I &G ), with d =2 for normal CP and 9 =0 for

extended CP.

The quantities

APUCCH {{1,2,3} for normal cyclic prefix

shift {1,2,3} for extended cyclic prefix
PUCC PUCCH
offsel H {O la * <h|ﬁ }

are set by higher layers.”

[0052] Comparing 3GPP standards version TS 36.211 V8.4.0 (2008-09) and 3GPP standards
version TS 36.211 V8.4.0 (2008-05), the latest 3GPP standards version TS 36.211 V8.4.0 (2008-
09) implanted the equations for the resource indices for both of the extended CP case and mixed
RB case, and introduces a new parameter “d” for the mapping of the resource indices of the
physical uplink control channels within one of two slots of a subframe by implanting the present
invention, and the resource indices are given by

n'(n)= [C(”’(ns ~1)+1)] mOd(CNRB/A':;’IﬁC“ )— n8 oy =0 N JAPICCH
I-h /CJ +(hmod c)N'/ AL otherwise

. ' _ PUCCH . _ _
for "smod2=1 "\ here h={'(n, = 1)+ d)mod(eN'/ A5 ), with @ =2 for normal CP and 4 =0 for
extended CP. By introducing the above stated equations and the parameter “d” for the mapping of
the resource indices, the present invention achieves a better randomization and a better

performance of the mapping of the resource blocks within the communication system.

17

5189785_2 (GHMatlers) P84977.AU 21/03/2014


P84977.AU

21 Mar 2014

2009224151

20

25

Method E

[0053] In another embodiment of the current invention, a slot-level remapping method, method E,
is proposed. In this method, the resource indices within the two resource blocks respectively in the
two slots of a subframe to which the PUCCH is mapped are given by:

ngmod2 =0

when , the resource indices of the physical uplink control channels within a first slot of

the two slots of the subframe to which the physical uplink channel symbols are remapped by;

coo (1) (1) / APUCCH (1
WO7)={w”me<c'Nu/Amm ) Mpiccn 1)
s . m (1) / APUCCH RB /  PUCCH
otherwise, (nPUCCH —c-NQ /MGG )mod(c~Nsc e )
ngmod2 =1 T . . s
and when , the resource indices of the physical uplink control channels within a

second slot of the two slots of the subframe to which the physical uplink channel symbols are

remapped by:

Jornormalcyclic prefix and  nlYeey 2 - N JAPSN, [3(n'(n, = 1)+ 1) mod(3N 18 /ATVCCH I)- 1

)= S == e, fe+ LA (n, = 1)) /¢ |+ [h(n'(n, — Dymode]- (V'] 875N )Y mod(c'/ 7K )

(22)

where "0 =) =((, =D+ )modN TAZE™) g

d,  for normal cyclic prefix

d=
{aﬂ, for extended cyclic prefix , 23)

e, for normal cyclic prefix
e =
e, forextended cyclic prefix ’ (24)

with  d;,d, being a pair of two independent parameters, and €3, being another pair of two

independent parameters.

There are several examples of the parameter pair ds, d, .

One example of the parameter pair d;,d, is d;=1,d, =0 .

Another example of the parameter pair dy,d, ;o dy=1,d, =]

. €y,e
There are several examples of the parameter pair 73>74.

One example of the parameter pair €36 js & 7 Le, = 0.

Another example of the parameter pair € js & =26 =2

Examples of Method C

[0054] Six examples for illustrating method C are listed below. As shown in these examples, the

proposed method C may be generally adapted to a complex 3GPP LTE physical uplink where
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ACK/NAK resource blocks may be applied by the extended cyclic prefix, mixed resource blocks
(where the ACK/NAK and CQI channels coexist) may be applied by the normal cyclic prefix, or
mixed resource blocks (where the ACK/NAK and CQI channels coexist) may be applied by the
extended cyclic prefix. Examples One through Six of Method C are on the assumption that the

parameter pair d=1,d,=0

Example One
[0055] In the first example, only ACK/NAK channels are carried by the resource block and the

extended cyclic prefix is applied.

PUCCH _ , ' 1 _ '
Here, Ko = 2, N'=12 ¢=2_and thus " (O) and # (D= S (0)) are achieved as:
n'(0) 0 1 2 3 4 S 6 7 8 9 10 11
n()=f(#@©) | o 6 | 7 2 8 3 9 4 10 5 1

Table 1: Example of CS/OC Sequence Remapping, AC%;‘;CH =2, Extended CP

Cell specific Slot 0
. Slot 1
cyclic shift offset
dotrset=1 | Oottset=0 | OCingex=0 | OCingex=2 OCindex=0 OCindex=2
CSingex=1 | CSinaex=0 | 1'(0) =0 n'(l)=
f(n'(0))=0
2 1 n'(0)=6 1
3 2 1 2
4 3 7 3
5 4 2 4
6 5 8 5
7 6 3 6
8 7 9 7
9 8 4 8
10 9 10 9
11 10 5 10
1 11 11
PUCCH _
Table 1 shows the example of CS/OC sequence remapping, where ~ *# ~ “ and an extended

cyclic prefix is applied. The resource indices within the two resource blocks respectively in the

two slots of a subframe to which the PUCCH is mapped are given by Table 1.

19
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Example Two
[0056] In the second example, only ACK/NAK channels are carried by the resource block and the

extended cyclic prefix is applied.

PUCCH

Here, Bt =3, N'=12 ¢=2 and thus n'(0) ang 7'M =S (7"(0) gre achieved as:

n'(0) 0 1 2 3 4 5 6 7
n'()=f(0) | o 4 ! 5 2 6 3 7
Table 2: Example of CS/OC Sequence Remapping, A’_:Z;CH =3, Extended CP
Cell specific
o slot 0 slot 1
cyclic shift offset
Soffset=2 aoffset=1 Soffset=o ocindex=0 ocindex=2 ocindex=0 ocindex=2
csindex=2 Csindex=1 csindex=0 n’(O) = 0 n'(l) =
S(n'(0))=0
3 2 1
n'(0)=4 1
4 3 2
5 4 3 1 2
6 5 4 5 3
7 6 5
8 7 6 2 4
9 8 7 6 5
10 9 8
11 10 9 3 6
0 11 10 7 7
1 0 11
PUCCH =
Table 2 shows the example of CS/OC sequence remapping, where — ¥ and an extended

cyclic prefix is applied. The resource indices within the two resource blocks respectively in the

two slots of a subframe to which the PUCCH is mapped are given by Table 2.

Example Three
[0057] In the third example, ACK/NAK channels and CQI channels are carried by the resource

block and the extended cyclic prefix is applied.
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PUCCH

Here, By =2 ,N'=6 ¢=2 andthus n'(0) and "(1)= f(n'(0)) are achieved as:
n'(0) 0 1 2 3 4 5
()= f#0) | o 3 1 4 2 5
Table 3: Example of CS/OC Sequence Remapping, A’\Z}CH =2, Extended CP
Cell specific slot 0
. . slot 1
cyclic shift offset
Sotset=1 | Oottser=0 OCindex
offset offeet OCindex=0 | OCingex=2 OCingex=0 _2d
CSindex=1 | CSindex=0 n'(O) =0 n ’(1) =
S(n'(0)=0
2 1 n'(0)=3 1
3 2 1 2
4 3 4 3
5 4 2 4
6 5 5 5
7 6
8 7
9 8
cal cal
10 9
1 10
0 1

PUCCH _
Table 3 shows the example of CS/OC sequence remapping, where ~ " — “ and an extended
cyclic prefix is applied. The resource indices within the two resource blocks respectively in the

two slots of a subframe to which the PUCCH is mapped are given by Table 3.

Example Four
[0058] In the fourth example, ACK/NAK channels and CQI channels are carried by the resource

block and the extended cyclic prefix is applied.

PUCCH

Here, vt~ 3, N'=6 ¢=2 andthus n'(0) ang 7' (D=7 (7"(0)) sre achieved as:

n'(0) 0 1 2 3
n'()=f(n'0)) | o

2 1 3
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Table 4: Example of CS/OC Sequence Remapping, A/:%}(H =3, Extended CP
Cell specific slot 0
cyclic shift offset slot 1
Pottser=1 | 801500 | 06 1ge=0 | OCimer=2 | | OCinger=0 oc:m
CSindex=1 | CSinaex=0 | 1'(0)=0 n'(l)=
f(n'(0))=0
2 1 n'(0)=2 1
3 2
4 3 1 2
5 4 3 3
6 5
7 6
8 7
9 8 cal cal
10 9
11 10
0 11
PUCCH __
Table 4 shows the example of CS/OC sequence remapping, where ~*/ =~ and an extended

cyclic prefix is applied. The resource indices within the two resource blocks respectively in the

two slots of a subframe to which the PUCCH is mapped are given by Table 4.

Example Five
[0059] In the fifth example, ACK/NAK channels and CQI channels are carried by the resource

block and the normal cyclic prefix is applied.

PUCCH

Here, Ko =2 ,N'=6 ¢=3 and thus n'(0) and 71 =S (7 (0) gre achieved as:

n'(0) 0 I 2 3 4 5 6 7 8
()= f(n'0) | 1 4 7 | 2 5 8 | 3 6 | 0
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Table 5: Example of CS/OC Sequence Remapping, A/_:f,/,/(,"c'w =2, Normal CP
Cell specific
o slot 0 slot 1
cyclic shift offset
Sottset=1 | Sofrser=0 OCindex
™ | OCiner=0 | OCiaer=t [OCuani=2 | | OCuses=d | " | OCiauc=2
csindex=1 Csindex=0 n'(O) = O n'(O) = 6 8 7
2 1 n'(0)=3 6
3 2 0 2
4 3 4 1
5 4 3 5
6 5 5 4
7 6
8 7
9 8
cal cal
10 9
1" 10
0 11
PUCCH _
shifi

Table S shows the example of CS/OC sequence remapping, where

and a normal cyclic

prefix is applied. The resource indices within the two resource blocks respectively in the two slots

of a subframe to which the PUCCH is mapped are given by Table 5.

Example Six

[0060] In the sixth example, ACK/NAK channels and CQI channels are carried by the resource

block and the normal cyclic prefix is applied.

PUCCH
Here, ~

- 3, N'= 6, c=3 , and thus n'(0) and n'(1) = 1 ('(0)) are achieved as:

n'(0)

0

1

2

3

4

S

n'(1) = f(n'(0))

1

3

S

2

4

0

23

§189785_2 (GHMatters) P84977 AU 21/03/2014


P84977.AU

21 Mar 2014

2009224151

Table 6: Example of CS/OC Sequence Remapping, AI:%,CH =3, Normal CP

Cell specific
o RS orthogonal cover ACK/NACK orthogonal cover
cyclic shift offset
) =1 b} =0 OCindex=
effeet offeet OCingex=0 | OCindex=1 [ OCingex=2 OCingex=0 l1de OCingex=2
CSindex=1 | CSindex=0 n'(O) =0 5
2 1 n'(0) =2 3
3 2 n'(0)=4 4
4 3 1 0
5 4 3 1
6 5 5 2
7 6
8 7
9 8
cal cal
10 9
11 10
0 11
PUCCH _
Table 6 shows the example of CS/OC sequence remapping, where ~ *# = and a normal cyclic

prefix is applied. The resource indices within the two resource blocks respectively in the two slots

of a subframe to which the PUCCH is mapped are given by Table 6.

Examples of Method D

[0061] Two examples (Examples seven and eight) for illustrating method D are listed below. As
shown in these examples, the proposed method D may be generally adapted to a complex 3GPP
LTE physical uplink where ACK/NAK resource blocks may be applied by the extended cyclic
prefix, mixed resource blocks (where the ACK/NAK and CQI channels coexist) may be applied
by the normal cyclic prefix, or mixed resource blocks (where the ACK/NAK and CQI channels
coexist) may be applied by the extended cyclic prefix. Examples of Method D are on the

assumption that normal CP are used and normal CP parameter dy=1

Example Seven

[0062] In the seventh example, ACK/NAK channels and CQI channels are carried by the resource

block and the normal cyclic prefix is applied.

PUCCH
A

Here, i = 2 ,N'=6_¢=3 and thus n'(0) ang 7'(1) =S (7'(0)) are achieved as:

24
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n'(0) 0 ] 2 3 4 S 6 7 8
n'(1) = f(n'(0)) 3 6 1 4 7 2 5 8 0
Table 7: Example of CS/OC Sequence Remapping, A/,,L,/,fc,(ﬁ =2, Normal CP
Cell specific
S slot 0 slot 1
cyclic shift offset
§ =1 ) =0 ()chn X
offset offset OCingex=0 | OCindex=1 [ OCindex=2 OCingex=0 _1“ OCindex=2
CSindex=1 | CSindex=0 n’(O) =0 n'(O) =6 8 1
2 1 n'(0)=3 0
3 2 1 7 2 4
4 3 4 3
5 4 2 8 5 7
6 5 5 6
7 6
8 7
9 8
cal caQl
10 9
1 10
0 11
PUCCH _
shift -

Table 7 shows the example of CS/OC sequence remapping, where

and a normal cyclic

prefix is applied. The resource indices within the two resource blocks respectively in the two slots

of a subframe to which the PUCCH is mapped are given by Table 7.

Example Eight
[0063] In the eighth example, ACK/NAK channels and CQI channels are carried by the resource

block and the normal cyclic prefix is applied.

PUCCH
A shifi

Here,

n'(0)

n'(1) = f(n'(0))

25
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Table 8: Example of CS/OC Sequence Remapping, A{:,(,I,IC,CH =3, Normal CP
Cell specific
S RS orthogonal cover ACK/NACK orthogonal cover
cyclic shift offset
S =1 ) =0 OCincex=
oftset offeet ocindex=o ocindex=1 Ocindex=2 Ocindex=0 1d ocindax=2
csindu=1 Csindex=o n'(O) = O 5

2 1 7 (0) =2 0
3 2 n'(0)=4 1
4 3 1 2
5 4 3 3
6 5 5 4
7 6
8 7
9 8

cal cal
10 9
11 10
] 11

PUCCH _ 3
Table 8 shows the example of CS/OC sequence remapping, where — and a normal cyclic

prefix is applied. The resource indices within the two resource blocks respectively in the two slots
of a subframe to which the PUCCH is mapped are given by Table 8.

[0064] The foregoing paragraphs describe the details of methods and apparatus that are especially
adept at remapping the physical uplink control channels.

[0065] In the claims which follow and in the preceding description of the invention, except where
the context requires otherwise due to express language or necessary implication, the word
“comprise” or variations such as “comprises” or “comprising” is used in an inclusive sense, i.e. to
specify the presence of the stated features but not to preclude the presence or addition of further
features in various embodiments of the invention.

[0066] It is to be understood that references to prior art made herein do not constitute an
admission that the prior art formed or forms a part of the common general knowledge in the art, in

Australia or any other country.
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WHAT IS CLAIMED IS:

1. A method for transmitting physical uplink channel information, the method
comprising the steps of:

identifying a cyclic shift and an orthogonal cover for one or more physical uplink control
channels;

applying the cyclic shift and the orthogonal cover to physical uplink control channel
information;

mapping the physical uplink control channel information into one of a plurality of resource
blocks of a first one of a plurality of slots of a subframe of the physical uplink control channels
and one of a plurality of resources blocks of a second one of the plurality of slots of the subframe
of the physical uplink control channels; and

transmitting the physical uplink control channel information to which the identified cyclic
shift and orthogonal cover are applied and which is rﬁépped £o the resource blocks,

n,mod2 =1

wherein when , where n; 1s an index of the slots within the subframe, resource

indices of physical uplink control channels within the second slot of the subframe are established
by
, neen 2 ¢ NG TANR [e(n' (n, =1)+1)lmod(eN 7 / A EE +1) -1
7 ()= otherwise, |h/c]+(hmodc)-N'/ Ao

where:
h=(n'(n,~1)+d)mod(cN'/A",;""), and

4 d,  for normal cyclic prefix
- d, for extended cyclic prefix

m
where n; is the index of the slots within the subframe, MhuccH is an intermediate parameter

M
for resource mapping, Nes is the number of cyclic shifts used for the physical uplink control

RB
channels in the resource blocks, Ne is the number of subcarriers in one resource block,

PUCCH
A

1S set by one or more higher layers, and

_ |3 for the normal cyclic prefix
"~ |2 for the extended cyclic prefix

27
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2. The method of claim 1, wherein

n,mod2 =0

when where #; is an index of the slots within the subframe, resource indices

of physical uplink control channels within the first slot of the subframe are established by:
H (1) (1 PUCCH

n'(n.) = if Ppyecn < C'Ncs)/Ashm . Mhdeen

7 \otherwise, (e = N /3" Jmode- 22 /a5

M
where n, is the index of the slots within the subframe, ""PUCCH is an intermediate parameter

Mm
for resource mapping, Nes is the number of cyclic shifts used for the physical uplink control

. NERB. .
channels in the resource blocks, “ s 1s the number of subcarriers in one resource block,

A%CM s set by one or more higher layers, and

_ |3 for the normal cyclic prefix
"~ |2 for the extended cyclic prefix

3. The method of claim 2, with d=2,d,= 0.

4. The method of claim 1, with physical uplink control channels being

acknowledgement and non-acknowledgement channels and channel quality indication channels.

5. The method of claim 1, with physical uplink control channels being

acknowledgement and non-acknowledgement channels.

6. An apparatus for transmitting physical uplink control channel information, the
apparatus configured to:

identify a cyclic shift and an orthogonal cover for one or more physical uplink control
channels;

apply the cyclic shift and the orthogonal cover to physical uplink control channel
information;

map the physical uplink control channel information into one of a plurality of resource
blocks of a first one of a plurality of slots of a subframe of the physical uplink control channels
and one of a plurality of resources blocks of a second one of the plurality of slots of the subframe

of the physical uplink control channels: and

28
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transmit the physical uplink control channel information to which the identified cyclic
shift and orthogonal cover are applied and which are mapped to the resource blocks;,
wherein

n,mod2 =1

when , where »; is an index of the slots within the subframe, resource indices

of physical uplink control channels within the second slot of the subframe are established by

n'(n )= {ngL)’CCH 2c Nisl-) /AC;L,{]C,CH s le(n'(n,=1)+1)] mOd(CN:iB /A{:,(‘{;C'H #1)-1
s Othe"Wise, |_h /cJ+ (h mOdC) .N'/ AI:;,J,;(H

where:
h=(n'(n, ~1)+d)mod(cN'/ A7;""), and

d d,  for normal cyclic prefix
- d, for extended cyclic prefix

0)
where n; 1s the index of the slots within the subframe, MpuccH is an intermediate parameter

M
for resource mapping, Nes is the number of cyclic shifts used for the physical uplink control

. NRB, .
channels in the resource blocks, * sc is the number of subcarriers in one resource block,

AU s set by one or more higher layers, and

_ |3 for the normal cyclic prefix
"~ |2 for the extended cyclic prefix

7. The apparatus of claim 6, wherein the apparatus is further configured to, when

n,mod2 =0 where #n; 1s an index of the slots within the subframe, resource indices of physical

uplink control channels within the first slot of the subframe are established by:

H (1) (1) PUCCH )
, _ if Ppjecy <N /Ashiﬁ s Mpycen
n'(ng)=

: M 0 PUCCH) ( _AJRB PUCCH) ’
otherw1se, (nPUCCH ¢ Ncs /Ashiﬂ mod\c Nsc /Ashiﬁ

)
where #; is the index of the slots within the subframe, "PUCCH is an intermediate parameter

M
for resource mapping, Ne is the number of cyclic shifts used for the physical uplink control

. NE8. L
channels in the resource blocks, “'sc is the number of subcarriers in one resource block,

P H
A UCC

i is set by one or more higher layers, and

3 for the normal cyclic prefix
|2 for the extended cyclic prefix
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8. The apparatus of claim 7, with d=2,d,=0

9. The apparatus of claim 6, with physical uplink control channels being

acknowledgement and non-acknowledgement channels and channel quality indication channels.

10.  The apparatus of claim 6, with physical uplink control channels being

acknowledgement and non-acknowledgement channels.

11. A method for transmitting physical uplink control channel information,

substantially as herein described with reference to the accompanying drawings.

12. An apparatus for transmitting physical uplink control channel information,

substantially as herein described with reference to the accompanying drawings.
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FIG.3
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