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1. Introduction

At RAN WG1 #61b meeting it has been decided [1], for both FDD and TDD,

· For Rel-10 UEs that support up to 4 A/N bits: 

PUCCH format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: 

DFT-S-OFDM

The present contribution provides further details of the DFT-S-OFDM PUCCH for various system configurations without transmit diversity. Details of DFT-S-OFDM PUCCH with transmit diversity is provided in [4].
Allocation of resources is discussed in ‎[5].
2. DFT-S-OFDM PUCCH

2.1. Joint SR and HARQ feedback

The bits input to the channel coding block are denoted by  
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 where O is the number of bits. The A/N message bits are denoted by 
[image: image2.wmf]2

3

2

1

0

,...,

,

,

,

-

O

o

o

o

o

o

 and the scheduling request bit is denoted by 
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Encoding

The message bits 
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 are coded into a block of bits 
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 according to Section 5.2.2.6.4 of [3], where 
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2.2. Normal CP 
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Figure 1 DFT-S-OFDM based PUCCH for UE supporting more than 4 HARQ bits in normal CP subframes. 

Scrambling and Modulation

The block of bits 
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 shall be scrambled with a cell-specific scrambling sequence, resulting in a block of scrambled bits 
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[image: image13.wmf]1

-

B

.

where the scrambling sequence 
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 is given by Section 7.2 of [2]. The scrambling sequence generator shall be initialised with 
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 at the start of each subframe.
The block of scrambled bits 
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 shall be QPSK modulated as described in Section 7.1 of [2], resulting in a block of complex-valued modulation symbols 
[image: image17.wmf])

1

2

(

),...,

0

(

RB

sc

-

N

d

d

. 

Orthogonal Spreading

The complex-valued symbols 
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 shall be divided into two sets, each corresponding to one slot and block-wise spread with the orthogonal sequence 
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where 
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 for normal DFT-S-OFDM PUCCH and 
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Table 1 Orthogonal sequences 
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	Orthogonal sequences 
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Table 2 Orthogonal sequences 
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	Orthogonal sequences 
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Figure 2 Shortened DFT-S-OFDM based PUCCH for UE supporting more than 4 HARQ bits in normal CP subframes.

Transform Coding

The block of complex-valued symbols 
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resulting in a block of complex-valued symbols 
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2.3. Extended CP

The same scrambling, modulation, spreading and transform coding procedures as described in Section 2.2 are applied on the block of bits 
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 to obtain a block of complex-valued symbols 
[image: image51.wmf])

1

(

),...,

0

(

symb

-

M

z

z

.


[image: image52.emf]DFT DFT DFT DFT DFT

X

MOD

Scrambling

Encoding

X X X X

X

)1 ( ),..., 0 (

RB

sc



N d d

) 0( w

)1 2 ( ),..., (

RB

sc

RB

sc



N d N d

)0( w )1( w ) 2( w )3( w ) 4 ( w

ZC

IFFT IFFT IFFT IFFT IFFT IFFT

DFT DFT DFT DFT DFT

X X X X X

X

)0 ( w

ZC

IFFT IFFT IFFT IFFT IFFT IFFT

)0 ( w )1( w ) 2( w )3 ( w ) 4( w


Figure 3 DFT-S-OFDM based PUCCH for UE supporting more than 4 HARQ bits in extended CP subframes.
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Figure 4 Shortened DFT-S-OFDM based PUCCH for UE supporting more than 4 HARQ bits in extended CP subframes.

3. Demodulation Reference Signal for DFT-S-OFDM PUCCH

The same demodulation reference signal generation for Format 2 PUCCH [2] is applied except the orthogonal sequences are given in Table 3.
Table 3 Orthogonal sequences 
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4. Conclusions

In this contribution, we provide further details of the DFT-S-OFDM CA PUCCH for various system configurations with single transmit antenna. We recommend

· Proposal 1: Adopt DFTS-OFDM PUCCH according to this contribution.
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5. Appendix (For Information Only)

In this Appendix, the link performance in normal and extended CP subframes is provided. Simulation assumptions are listed in Table 1. Complete performance plots for the 10MHz, EPA 3km/hr channel are provided. Pr(ACK bits → NAK bits or DTX) is plotted in solid lines and Pr(NAK or DTX bits → ACK bits) is plotted in dashed lines.
Table 1 Link evaluation assumptions.
	Parameters
	Value

	carrier frequency
	2.0 GHz

	bandwidth,
channel model,

UE speed (km/hr)
	5 MHz, ETU, 3 km/hr

	frequency hopping
	at slot boundary

	antenna setup
	1T2R

	RX antenna correlation
	Uncorrelated

	CP type
	normal and extended CP

	signal bandwidth
	180 kHz

	number of UEs
	1

	number of PRB for PUCCH
	1
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	noise estimation
	Ideal

	channel estimation
	Practical

	RX false alarm detection threshold
	Set such that Freq(PUCCH DTX → ACK bits) = 10‒2
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