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(57) Abstract: Methods of a slot-level remapping physical uplink control channels into two resource blocks respectively located 
at two slots of a subframe, are generally adapted to a 3GPP LTE physical uplink where ACK/NAK resource blocks may be ap­
plied 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 pre­
fix.
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4 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

25 symbol, slot or subframe-level.

[0005] The following three references are cited as being exemplary of contemporary practice in 

the art:

[0006] Reference [1], Rl-081155, “CRto 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

30 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.

1
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4 [0007] Reference [2], RI-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], RI-073564, “Selection of Orthogonal Cover and Cyclic Shift for High 

Speed UL ACK Channels”, Samsung, RANI#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], RI-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 where 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

25 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

30 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;

2
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4 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,

d 2_1wherein when n*mo ~ , where ns 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
,(>> pucch

n\ns) = {
otherwise,

\c{ri (ns -1) + 1)] mod(c/Vf / +1)-1
[h/c\+(hmodc)-N'/^CH

where:

h = (ri (ns -1) + d) mod(<W / ), and

20

25

d [¢/, for normal cyclic prefix 
[<7, for extended cyclic prefix ?

„<')
where ns is the index of the slots within the subframe, PUCCH is an intermediate parameter 

/V(|ifor resource mapping, cs is the number of cyclic shifts used for the physical uplink control 
jVRB

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

APS^CH is set by one or more higher layers, and

3 for the normal cyclic prefix
c = s

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

3
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4 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
/-10 1

when m0 _ , where ns 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

,/, <<UCCH * c · AP / Δ'™ , [C(«· (77., -1) + 1)] mod(dC / +1)-1
' otherwise, \hl c\+{h mod cj-Ν'I

where:

h = (ri (nx -1) + d) mod(cN' /CJ'CW), and

d}
d =

for normal cyclic prefix 
for extended cyclic prefix

(i)/7where ns is the index of the slots within the subframe, PUCCH is an intermediate parameter 

for resource mapping, cs is the number of cyclic shifts used for the physical uplink control
VRBchannels in the resource blocks, sc is the number of subcarriers in one resource block,

AshinCH is set by one or more higher layers, and

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

20

25

[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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4 control channels; and remapping the transmission resources in a slot-level in accordance with a 

selected remapping scheme, with:

when m°d2 ~ θ , 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:

if λϊ(ι) <c-N(l)/S 11 "PUCCH C 2Vcs / °

otherwise,

nc mod 2 = 1

PUCCH 
shift ’

7(,)
1 PUCCH • and

when “s _ 15 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:
·( ) = ft '( _m = if°rnormalcycl'c Pref,x and , [3(«'(λ, -1) + l)]mod(3A'T/N,T'H + l)- 1

n’’ j(n(n, ) ( otherwise^ y +_ |)/CJ+ [„·(„_ |) mod c]· (/V'/A™CH )) mod(<WM™“H )

where:
</, for normal cyclic prefix 
d2 for extended cyclic prefix

and di and d2 are a pair of two independent predetermined parameters,

"pucch is the resource index before remapping,

3 for normal cyclic prefix
c =

Ί for extended cyclic prefix

.PUCCH c 
a shift

{[1),2,3} for normal cyclic prefix
{2,3} for extended cyclic prefix 

cPUCCH _ ft, .PUCCH ,1
^offset μ··»>^shift &Ild

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

d. = 2,te = 0 d, = 2,d2 = 2

20

channel symbols by using the remapped transmission resources. Here, ,

or ^=\,d2=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:

when moa Z _ , 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:

25 n'(nfi =
ifn^CCH<c-N^/S 
otherwise,

PUCCH 
shift ’ 2(,)'PUCCH

tec,, - e ■ eteftete ■ e/te™)
and

5
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4 when η$ m°d “A 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:
.for normal cyclic prefix and nl"cc„ >c-Nf /X^c", [3(fl’(n, - 1) + l)]mod(3/V^B/A^CH + l)-1

otherwise, [/)(«'(«,-l))/cj+ [h{ri(n„- 1)) mode]-(ΝΊ

where:

/i(n'(ns -l))=(n'(ns -l) + d)mod(c/V'/Δ

with

PUCCH -,

d, for normal cyclic prefix 
<f4 for extended cyclic prefix

and d3 and d4 are a pair of two independent predetermined parameters,

"pucch is the resource index before remapping,

f 3 for normal cyclic prefix 
c = (

12 for extended cyclic prefix

{[I],2,3} for normal cyclic prefix 
({2,3} for extended cyclic prefix

oPUCCH L »PUCCH ,1
"offset e Fd.-Ashift

•PUCCH
shift

, and
/v"‘ ' Ci is the number of subcarriers in one resource block; and transmitting the physical uplink

channel symbols by using the remapped transmission resources. Here, d3 = 1,<V4 = 0 or

dy \,d, =■.

[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:

20
1 __ r\

when "s mo 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:
Γ,Τ^Ο) V(')/aPUCCH (1)

JV cs / shift ’ "PUCCH

otherwise, Aucch

ruvvn
tec„ -c-N")mod(c.N) and

m d 2_ 1when 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:

6
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4 //'(/?, ) = /(//'(/7,-1)) = (

where:

for normal cyclic prefix and ffu(:cll > c ■ N{f / d

otherwise,

PUCCH 
shift ’

L3(/7'(/7, - 1)+ l)]mod(3V^7A™cnCH + l)- I

{e + [//(«'(//, -1)) / cj+ [//(/71(//, - 1)) mod c] · (M/ Δ[[“η)J mod(c/V'/)

-l))=(«'(«s -l) + </)mod(c/V'/AsP^CH)

d~ for normal cyclic prefix 
d4 for extended cyclic prefix

e. for normal cyclic prefix
~ 1

<?4 for extended cyclic prefix

and d3 and d4 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 
2 for extended cyclic prefix

ΛPUCCH = 
shift e

CPUCCH = 
° offset e

{[1),2,3} for normal cyclic prefix 
{2,3} for extended cyclic prefix

h-i.... iS™
, and

N,RB
is the number of subcarriers in one resource block; and transmitting the physical uplink

channel symbols by using the remapped transmission resources. Here, di = 1,/ = 0 5 d. ,/=1

c

/=1’/=θ, or ej = 2,64 “ 2 .

[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:

20 when / m°d2 - 0 ; resource indices of the physical uplink control channels within a first

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

' ~ (otherwise, k3cc„-^W“MSCH)mod(c.W,:74““) ’

where ns is an index of slots within a subframe, «pucch is a resource index for physical uplink 

control channel format 1,1a and lb before remapping, is the number of cyclic shifts used for

7
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4 the physical uplink control channel format 1, la and lb in the resource block, A*Bis the size of 

resource block in the frequency domain; and

when «s mod 2 = 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:

otherwise, \h! cJ+(Amodc)-V /

where:

h = (n'(ns -1) + d) mod(dV I Δ'^σγ), and 

2 for normal cyclic prefix
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);

20 [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;

25 [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.

8
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4 [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

25 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

30 are firstly processed by signal processing unit_Rx 122 before received by the receiving antennas. 

Signal processing unit_Tx 120 and signal processing unitRx 122 perform signal processing 
respectively for the transmitter and the receiver in accordance with certain signal processing 

schemes.

9
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4 [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 ci 1) 

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., so) 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

25 multiplexed on code channels 301 constructed by both of a Zadoff-Chu sequence ZC(w,r) and an 

orthogonal cover. For ACK/NAK channels, a Zadoff-Chu sequence ZC(«,r) with a particular 

cyclic shift r, 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

30 PUCCH data, the actual code of the orthogonal cover used only for UL RS is different from {w0, 

w/, wf 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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4 [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.

“5.4 Physical uplink control channel

...The physical resources used for PUCCH depends on two parameters, and , given by

higher layers. The variable ^RB ~ 0 denotes the bandwidth in terms of resource blocks that are

reserved exclusively for PUCCH formats 2/2a/2b transmission in each slot. The variable cs 

denotes the number of cyclic shift used for PUCCH formats 1/la/lb in a resource block used for a
yd) aPUCCH

mix of formats 1/la/lb and 2/2a/2b. The value of cs is an integer multiple of shift within the
aPUCCH

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

if nqs = 0. At most one resource block in each slot supports a mix of formats 1/la/lb and 2/2a/2b. 

Resources used for transmission of PUCCH format 1/la/lb and 2/2a/2b are represented by the

T)
J2) </V(2)VRB +"PUCCH ^'vRB'vsc +

N d)

8
(^-^-2)

, respectively.

20

non-negative indices "pucch and

5.4.1 PUCCH formats 1, la and lb

[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, ~ 1 shall be assumed for PUCCH 

format 1.

[0036] For PUCCH formats la and lb, one or two explicit bits are transmitted, respectively. The

block of bits _1) shall be modulated as described in section 7.1, resulting in a

complex-valued symbol. 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

y PUCCH =12 
;vseq IZ> sequence -„(?w according to:

X«) = rf(0) n = 0,1,...,JV,

where “·ν v ’ is defined by section 5.5.1 with 

symbols and slots as defined below.

A7rs = N iV1 sc J’seq

PUCCH
seq

PUCCH

(1)

. The cyclic shift a varies between

25
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[0038] The block of complex-valued symbols seq shall be block-wise

spread with the orthogonal sequence

where

15

according to

z(«'.<“H.CCC"+m.CCCH+»)=^('»)T(«) . (2)

« = 0,...,<^CCH-1

m'= 0,1
seq

a, pucch , w t:\
andVsF 4. The sequence is given by Table 5.4.1-1.

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

resource index "pucch from which the orthogonal sequence index n<x(ns) and the cyclic shift 

are determined according to:

for normal cyclic prefix, ) · Δρ^/Η/N’\ 

for extended cyclic prefix, 2 ■ ) · /Ν'J

a(nd= Ix-nJmP/N™ , (4)

for normal cycl ic prefix, [«“" («,, /) + (ri(ns) · Δ™/Η + ^CH + («„, (ns) mod Δ™/" ))mod N'] mod N, 
for extended cyclic prefix, [«“" (nt,/) + (»'( «5)·Δ'’’,'”" + Δ0Ρ/,ίΗ + «oc(«s)/2)mod/V'] mod/V*B

«oc<X> · (3)

where

Ν' =
if n(l) <c-V(1)/APUCC*Vcs 11 A/PUCCH c /vcs /^shift

/V*B otherwise 

3 normal cyclic prefix

(6)

(7)

,(5)

[2 extended cyclic prefix 

with N’ being the number of cyclic shifts and c 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

«'(«s) =
ifn(l) <c-A(l)/APUl11 ''PUCCH C 'Vcs / '-‘shi:

otherwise,

PUCCH 
shift ’ 7{l)*PUCCH

tec„ - c A-™/iS“)modf - Λ-“/ΔΪ“ ) (8)

, «<,Γηοά2 = 0 ,,when s ; and by

«'(«») = <
for normal cyclic prefix and «pJCCH > c · N///Δ1 
otherwise,

PUCCH 
shift :

[3(„W + l)] +0-1
n'(«s)

(9)

20 when wsmod2- 

The quantities
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Δ*PUCCH 
k shift

δ.•PUCCH
offset

{[1),2,3} for normal cyclic prefix 
{2,3} for extended cyclic prefix

are set by higher layers with being the number of cyclic shifts between PUCCHs and
ΛPUCCH

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

20 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.

25 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:
J ■*> f\

when ”s moa 2 _ , resource indices of the physical uplink control channels within a first slot of

30 the two slots of the subframe are established by:

13
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4 PUCCH

shiftj if n 
I otherwise,

(1)

PUCCH«'(«s) = "PUCCH

and when ”s moc*2 _ 1, 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:

)=/■(„'(„ = and r,^ccll>cN^I^", [3(n'(«, - 1) + l)]mod(3V“7A^" + l)- 1 (13)
otherwise, {5/+ [«'(«,-l)/cj+[«’(»,-l)modc] ·(V/Δ^ξαι))modtcV/A™™)

where

f dt for normal cyclic prefix 
d = (

d2 for extended cyclic prefix

with d,,d2 bejng a pajr 0£two independent parameters.

There are several examples of the parameter pair .

One example of the parameter pair is ^1 ~ 2> / - θ

Another example of the parameter pair is / - 2>/ - 2.

Another example of the parameter pair /’^2 ;s / - θ

[0046] Here, ns is a slot index within a subframe, «paccH is a resource index for physical uplink 

control channel format 1,1a and lb, A/ is a number of cyclic shifts used for the physical uplink 

control channel format 1,1a and lb in the resource block, and As/ is a resource block size in the 

frequency domain.

20 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:

when n* mod2 = 0, 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:

«'(«s) =
ifn^H <c-N^^ 
otherwise,

PUCCH
shift

/(1) „ xr(l) / aPUCCH A λ ./ ArRB/APUCCH\VpuccH C'^cs /^Shift )mod(c ■ Asc /Ashift )

25

,(1)
(15)
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4 and when nsm°d2-l, 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:

) = far normal cyclic prefix and nfucc„ > c-N"}/δ™“'η , [3(«'(«, - 1) + l)]mod(3Y’7ASc" + |)-1 (16)
otherwise, [Α(Λ'(η, - l))/cJ+[/i(n'(«, - l))modc]-(JV7A™“")

where h^~^ = ~V+d)mod(c7V7),

and

f d. for normal cyclic prefix 
d =

d4 for extended cyclic prefix 

with d3,d4 being a pair of two independent parameters. 

There are several examples of the parameter pair 

One example of the parameter pair

(17)

a ί»· d^^d4 

d3,d4 ;e <7, =1,(7, =0is

Another example of the parameter pair 4’4 js — 1, </4 — 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:

/7 mod 2 0when ns ~ , the resource indices of the physical uplink control channels within the first 

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

by:

20

if«Kicc„ «Χ’/ΔΪ“, „?>CCH
otherwise, (n'"cai ~c·)mod(c7V’“/A“»)

nc mod 2 - 1

«'(«s) = (18)

and when “s 111UUX· _ ‘; 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:

<plfCCH > c · Nfi / , [c(ri (n, -1) + 1)] mod(dV/ +1)-1
«(«.,) = {

n (I)

\h!c\+ (h mode) ·ΝΊ^Ηotherwise,

where:

h = (ri (ns -1) + d) mod(cN' I Δ!(υ̂ Η j

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

(19)

(20)
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4 [0049] Method D has been accepted by 3GPP standards presented by document TSG RAN WG1 

#53b Rl-082660 developed at meeting held in Warsaw, Poland, from June 30, 2008 through July 

4, 2008. On page 2 of Rl-082660, it is stated that:

‘The resource indices in the two slots of a subframe to which the PUCCH is mapped are

given by

if C“ "PUCCH c - - CS
y) / aPUCCH (I)
"Vcs /"'shift ’ "PU

otherwise, 

for mod 2 = 0 and by

«’(«,) = {

PUCCH

("iiiccK - c · K)mod(c.

rCccn * c ■ N™ / Δ-Γ , [φ’ (n, -1) + 1)] mod(cNf / Δ™» +1)-1

otherwise, [hlc\+(hmo6c\N'l^PUCCH
hift

for ns mod 2 = 1, where h = (ri (ns -!) + </) mod(c/C / ), with d = 2 for normal CP and d = 0

«'(»s) =

for extended CP. Note,

*PUCCH
^shift

oPUCCH 
^offset

€
f{l,2,3} for normal cyclic prefix 
[{1,2,3} for extended cyclic prefix

33

6

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

n'(n ) = C™cch ~ C ‘’ [C(Z?’“ 0 +1)]mod(cN"" 1 + -1
otherwise, [_/t/cJ+(Amodc)·

for «smod2 = l, where/? = («'(«, -1) + 7)mod(cA7Δ™ζ;η), while the contents of equation (16)

are not altered. Here, d3 =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

20
«'(Z7S)

„(»
"PUCCH

te™ ms™ )™<4 ■ «.“’MS™)

if „(')11 "pucch

otherwise
PUCCH
shift< c •λ'^/δ

for "s mod 2 0 and by

"'("s) = ·
[3(«'<X -1) + 1)] mod(3AAB/ 

«'(«s -1)

aPUCCH
shift +1-1 for normal cyclic prefix and "pucch c- /ν{Ρ/Δρ^εΗ 

otherwise

for «smod2 = l 

The quantities
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Δ shift e

c PUCCH 
12 offset

20

{1,2,3} for normal cyclic prefix 
{l,2,3} for extended cyclic prefix

PUCCH
shift

Ί

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

n'(«s) =
„o>
"PUCCH if ri.(I)PUCCH

e/Cf") otherwise
< c «,(1)/.PUCCH 

/vcs /Δ shift

for m°d 2 0 ancj by

«'(«,) =
CQ'(ns-1) + l)] mod(<BACCH +1)-1 <ch c■ /ΔΒ

A/cJ+(Amodc)/V'/A^CH otherwise

where -1)+fi0mod(c^ Άμ ); wjth ^ = 2for normal CP and ^ = Ofor

vPUCCH
*shift

rr mod 2 = 1for

extended CP. 
The quantities

.PUCCH = 
Δ shift e

{l,2,3} for normal cyclic prefix 
{l,2,3} for extended cyclic prefix

c PUCCH [a , .PUCCH ,1^offset (PJvj ^shift J

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

[C(»'(ns -1) + 1)] modfc/C/A™ +1)-1 Ccch c· AQ’/X

«'(«,) = ·
iPUCCH 
* shift

[[λ / c J + (h mod c)N' I otherwise

for «smod2 = l, wf,ere Λ-(η ("i-1)+4mod(cA(/δαμ ), = 2 for normal CP and ^~®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.
25
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[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:

when ”s mod2 0, 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;

«'(«.) =
nPUCCH < c

otherwise,
<7δ'PUCCH 

shift :

(»
„(·)
"PUCCH

ω _
PUCCH

)mod(c,w“/AS“) (21)

/7 mod 2 1and when s _ , 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:
,( , ,.,, for norma! cyclic prefix and nfUCCH > c ■ N'f /, [3(n’(n, -1) +1)] πιοάβγ^/Δ™^" + l)-1

1 5 otherwise, + - l))/cj + [ft(«'(«5 -1))mode]· (AVA1™1)} mod(c/V7A2CH)

where -i) + 4mod(^'MSCH), and

for normal cyclic prefix 
for extended cyclic prefix

5

for normal cyclic prefix 
for extended cyclic prefix

(23)

(24)

20

with d3,d* bejng a pajr of tw0 independent parameters, and 63,64 being another pair of two 

independent parameters.

There are several examples of the parameter pair 77.

One example of the parameter pair ^3 ’^4 is 7 _ _ θ

Another example of the parameter pair 7» 7 js <7, -1,<74 -1 

e 6There are several examples of the parameter pair 3 ’ 4.

c β · β — 1 β — 0 One example of the parameter pair 3’ 4 is 3 ’ 4 .

Another example of the parameter pair 3’ 4 is 3 ’ 4 .

Examples of Method C
25 [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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4 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 “ θ.

Example One

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

extended cyclic prefix is applied.

Here, , ^V-12, c - 2, anci thus ” (θ) and ” θ) are achieved as:

«'(0) 0 1 2 3 4 5 6 7 8 9 10 11

A7'(1) = /(77'(O)) 0 6 1 7 2 8 3 9 4 10 5 11

Cell specific

cyclic shift offset

SlotO

Soffset-^ 5offsef*0 OCindex—0 OCjndex“2

CSjndex”*! CSindex=0 n'(0) = 0

2 1 «'(0) = 6

3 2 1

4 3 7

5 4 2

6 5 8

7 6 3

8 7 9

9 8 4

10 9 10

11 10 5

11 11

Table 1: Example of CS/OC Sequence Remapping, A^Cff = 2, Extended CP

Slot 1

OCindex“0 OCjndex“2

«'(!) = 

/W)) = 0

1

2

3

4

5

6

7

8

9

10

11

^l’UCCH _ 2
Table 1 shows the example of CS/OC sequence remapping, where shif' and an extended 

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

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

19
5189785,2 (GHMatters) P84977.AU 21/03/2014

P84977.AU


20
09

22
41

51
 

21
 M

ar
 2

01
4

Example Two

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

extended cyclic prefix is applied.

Here, & shift' 3, Λ7'= 12 c - 2, anj thus « (θ) ancj n 0) - f(n (0))are achieved as:

«'(0) 0 1 2 3 4 5 6 7

»’(!) =/(«'(0)) 0 4 1 5 2 6 3 7

Table 2: Example of CS/OC Sequence Remapping, A^CH = 3, Extended CP

Cell specific

cyclic shift offset
slot 0

^offset-2 SOffset"1 ^offset- 0 OCjndex- 0 OCjndex-2

CSjndex-2 CSjndex-1 CSindex=0 ri (0) = 0

3 2 1

w’(0) = 4

4 3 2

5 4 3 1

6 5 4 5

7 6 5

8 7 6 2

9 8 7 6

10 9 8

11 10 9 3

0 11 10 7

1 0 11

slot 1

OCindex-0 OCindex=2

> s
-

5?
 θ

/3
 11

II o

1

2

3

4

5

6

7

fcPUCCH _ β
Table 2 shows the example of CS/OC sequence remapping, where shiJ> and an extended 

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

10 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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4 Here, ^sh'fl , jv1- 6, c - 2, anj thus (θ) anj w (1) /(« (θ)) are achieved as:

«'(0) 0 1 2 3 4 5

«'(!) = /(«’(0)) 0 3 1 4 2 5

Table 3: Example of CS/OC Sequence Remapping, Δ7^677 = 2, Extended CP

Cell specific

cyclic shift offset

slot 0

^offset 1 ^offset-θ
OCjndex”0 OC[ndex""2

CS[ndex“1 CSindex”0 «'(0) = 0

2 1 «'(0) = 3

3 2 1

4 3 4

5 4 2

6 5 5

7 6
8 7

CQI
9 8

10 9

11 10

0 11

slot 1

OCindex“0
OCjndex

=2

n'(l) = 
/(«'(0)) = 0

1

2

3

4

5

CQI

5 Table 3 shows the example of CS/OC sequence remapping, where sh'f' 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

10 block and the extended cyclic prefix is applied.

Here, f N'= 6f c = 2f an(j thus n and n _ are achieved as:

«’(0) 0 1 2 3

»’(!) =/W)) 0 2 1 3
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Cell specific

cyclic shift offset

slotO

^offset"·*! ^offset 0
OCindex”0 OCindex—2

CSindex=1 CSjndex“0 «'(0) - 0

2 1 «'(0) - 2

3 2

4 3 1

5 4 3

6 5

7 6

CQI

8 7

9 8

10 9

11 10

0 11

Table 4 shows the example of CS/OC sequence remapping, where shifl 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.

slot 1

OCjndex—0
OCindex

=2

%
 T

s'
 5 s 11 II o

1

2

3

CQI

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.

Here, ^shlf‘ _ 5 Ν'- 6, c = 3 _ ancj thus n (θ) and n θ) _ f are achieved as:

«'(0) 0 1 2 3 4 5 6 7 8

«’(1) = Z(«'(0)) 1 4 7 2 5 8 3 6 0
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Table 5: Example of CS/OC Sequence Remapping, Δ!= 2 , Normal CP
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Cell specific

cyclic shift offset
slot 0

8Offs6t”1 ^offset-θ
OCjndex=0 OCjndex“1 OCjndex=2

CSindex=1 CSjndex=0 «’(0) = 0 »'(0) = 6

2 1 «’(0) = 3

3 2 1 7

4 3 4

5 4 2 8

6 5 5

7 6

8 7

9 8
CQI

10 9

11 10

0 11

slot 1

OCindex—0
OCindex

=1
OCjndex=2

8 7

6

0 2

1

3 5

4

CQI

^>ucch _ 2
Table 5 shows the example of CS/OC sequence remapping, where shifl 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.

Here, ^shl/' W- 6, c-3, ancj thus n and n ^^are achieved as:

n'(0) 0 1 2 3 4 5

«'(1) = /(^(0)) 1 3 5 2 4 0
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Table 6: Example of CS/OC Sequence Remapping, = 3, Normal CP
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Cell specific

cyclic shift offset
RS orthogonal cover

^offset 1 8offset=0

OCjndex—0 OCjndex=1 OCjndex—2

CSjndex”! CSindex“0 n'(0) = 0

2 1 «'(0) = 2

3 2 «'(0) = 4

4 3 1

5 4 3

6 5 5

7 6

8 7

CQI
9 8

10 9

11 10

0 11

ACK/NACK orthogonal cover

OCjndex=0
OCjndex""

1
OCindex—2

5

3

4

0

1

2

CQI

^PUCCH _ β
Table 6 shows the example of CS/OC sequence remapping, where MJ> 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

10 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 ^3 “ .

Example Seven

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

15 block and the normal cyclic prefix is applied.

Here, Δ shifl , W= 6, c = \ and thus n (θ) and n " f (θ)) are achieved as:
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n'(0) 0 1 2 3 4 5 6 7 8

«'(!) = /(«'(0)) 3 6 1 4 7 2 5 8 0
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Table 7: Example of CS/OC Sequence Remapping, Δ!— 2, Normal CP

slot 1

OC]ndex=0
OCjndex

=1
OCjndex-2

8 1

0

2 4

3

5 7

6

CQI

Cell specific

cyclic shift offset
slot 0

^offset- "1 ^offset- 0
OCindex”0 OCindex“1 OCjndex=2

CSjndex“"1 CSjndex-0 n'(0) = 0 «’(0) = 6

2 1 «'(0) = 3

3 2 1 7

4 3 4

5 4 2 8

6 5 5

7 6

8 7

CQI
9 8

10 9

11 10

0 11
^pucch _ 2

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

Here,
PUCCH '3 f Ν'-6, c - 3 , an(j thus n (θ) and n are achieved as:

n’(0) 0 1 2 3 4 5

n'(l) = /(n'(0)) 2 4 1 3 5 0

10
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Table 8: Example of CS/OC Sequence Remapping, = 3 , Normal CP
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Cell specific

cyclic shift offset
RS orthogonal cover

Soffsef^ 5offset”0
OCjndex”0 OCjndex=1 OCindex“2

CSindex”*! CSindex”0 n'(0) = 0

2 1 77’ (0) = 2

3 2 n'(0) = 4

4 3 1
5 4 3

6 5 5
7 6

8 7

CQI
9 8

10 9

11 10

0 11

ACK/NACK orthogonal cover

OCindex"0
OCindex”

1
OCjndex=2

5

0

1

2
3

4

CQI

^ruccH _ β
Table 8 shows the example of CS/OC sequence remapping, where sh^' and a normal cyclic

10

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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20

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 mapped to the resource blocks,

wherein when ”s mo , where ns 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

,, [cXX-l) + l)]mod(C</A^+l)-l
otherwise, \h! c\+(hmodc)-N' I

where:

h = (ri (ns -1) + 6/) mod(c/V' / A™JCH), and

Γd} for normal cyclic prefix¢/ = <
X for extended cyclic prefix

„ω
where ns is the index of the slots within the subframe, PUCCH is an intermediate parameter

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

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

ΔshiftCH 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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The method of claim 1, wherein

when n* θ where Us js an jndex of the slots within the subframe, resource indices

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

if«(1) <c-N(I)/Apucch nm 11 "PUCCH t Jycs / shift ’ "PU 

otherwise,
«'Os) = PUCCH

(dccH -cW:;yAS“)mod(cW,»M“") ’

where ns is the index of the slots within the subframe, PUCCH is an intermediate parameter 

N(1)for resource mapping, cs is the number of cyclic shifts used for the physical uplink control

channels in the resource blocks, ^sc is the number of subcarriers in one resource block, 

A™-" is sel by one or more higher layers, and

c = <
3 for the normal cyclic prefix 
2 for the extended cyclic prefix

3. The method of claim 2, with θ.

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 

20 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

25 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
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4 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

when m°d _ \ where ns 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

otherwise, \h/cJ+(/?modc)-/V7Δ™^'"

where:

h = («' (ns -l) + c/) mod(cV l ), and

dt

d2
d =

for normal cyclic prefix 
for extended cyclic prefix

(i)• · · · /7 , ·where ns is the index of the slots within the subframe, plJCCH is an intermediate parameter 

Nwfor resource mapping, cs is the number of cyclic shifts used for the physical uplink control

N RB

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

is set by one or more higher layers, and 

3 for the normal cyclic prefix
c - <

2 for the extended cyclic prefix

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

"s mod2 - 0 where js an jnjex of the s[ots within the subframe, resource indices of physical 

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

n'(ns) = ^PUCCH < C
otherwise,

<7δ'PUCCH
shift

7(,) 
‘PUCCH

(rt'+cK — Αΐ’/ΔΪ™ )mod(c <Β/ΔΪ“)

20

where ns is the index of the slots within the subframe, "pucch ;s an intermediate parameter 

v(>)
for resource mapping, cs is the number of cyclic shifts used for the physical uplink control 

/VRBchannels in the resource blocks, sc is the number of subcarriers in one resource block,

Ashi«CH >s set by one or more higher layers, and

3 for the normal cyclic prefix 
2 for the extended cyclic prefix
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4 8. The apparatus of claim 7, with θ

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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