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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 details of the DFT-S-OFDM PUCCH with transmit diversity. The details of DFT-S-OFDM PUCCH without transmit diversity is provided in [4].

Let P denote the number of antenna ports used for transmitting the DFT-S-OFDM PUCCH signal. 

2. DFT-S-OFDM PUCCH transmit diversity based on distributed SC-FDMA modulation

Spatial diversity exposure is introduced to the DFT-S-OFDM PUCCH signal by transmission on multiple antenna ports. To simplify receiver signal processing, signals transmitted on different antenna ports are made orthogonal in the frequency domain. The example of P=2 antenna ports is illustrated in Figure 1. 

This transmit diversity technique can be introduced with minimal modification to the DFT-S-OFDM PUCCH signal generation chain [4] as illustrated in Figure 2 for the case of P=2. That is, unlike a conventional DFT-S-OFDM PUCCH signal where the transform coding block takes in a block of 12 complex-valued time-domain symbols and outputs a block of 12 complex-valued symbols, the extended transform coding block outputs two blocks of 12 complex-valued symbols. The even-indexed symbols in the first output block are obtained as the DFT of the even-indexed input symbols. The odd-indexed symbols in the second output block are obtained as the DFT of the odd-indexed input symbols. The odd-indexed symbols in the first output block and the even-indexed symbols in the second output block are set to zero.
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Figure 1 DFT-S-OFDM PUCCH transmit diversity based on distributed SC-FDMA modulation for P=2 antenna ports.
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Figure 2 Illustration of DFT-S-OFDM PUCCH with P=2 antenna ports in normal CP subframes. The “xDFT” block represents the multi-antenna-aware extended transform coding described in Section 2.1.

2.1. Payload processing

The same scrambling, modulation, spreading and transform coding procedures as described in [4] are applied on the block of bits 
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 to obtain a block of complex-valued symbols
[image: image4.wmf])

1

(

),...,

0

(

symb

-

M

y

y

.
Extended Transform Coding

The block of complex-valued symbols 
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resulting in P blocks of complex-valued symbols 
[image: image9.wmf])

1

(

),...,

0

(

symb

)

(

)

(

-

M

z

z

p

p

, where 
[image: image10.wmf]1

,...,

0

-

=

P

p

. The p-th block of complex-valued symbols 
[image: image11.wmf])

1

(

),...,

0

(

symb

)

(

)

(

-

M

z

z

p

p

 is to be transmitted on antenna port p.
2.2. Demodulation Reference Signal for DFT-S-OFDM PUCCH

A total of P demodulation RS signals for DFT-S-OFDM PUCCH as described in [4] are configured, each corresponding to one antenna port.

With 
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 in normal CP subframes, there are 12 RS sequences available. The numbers of UEs that can be multiplexed on the same RB are 5, 5 and 3 for P=1, 2 and 4, respectively. With 
[image: image14.wmf]1

PUCCH

RS

=

N

 and the standard setting of 
[image: image15.wmf]2

PUCCH

shift

=

D

 in extended CP subframes, there are 6 RS sequences available. The numbers of UEs that can be multiplexed on the same RB are 5, 3 and 1 for P=1, 2 and 4, respectively.
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Figure 3 Illustration of DFT-S-OFDM PUCCH with P=2 antenna ports in extended CP subframes. The “xDFT” block represents the multi-antenna-aware extended transform coding described in Section 2.1.
3. Performance Evaluation

We evaluate the performance of the transmit diversity scheme for the DFT-S-OFDM PUCCH described in the above. Simulation assumptions and detailed performance plots are provided in the Appendix. The required operating SNR for these different schemes are determined based on the following performance requirements:

· 
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· Pr(NAK or DTX bits → ACK bits) ≤ 10‒3
· If the UE transmit a CA PUCCH based a slowly adapted codebook, NAK and DTX are both represented by the same bit value (0).

· Pr(ACK bits → NAK bits or DTX) ≤ 10‒2
The receiver detection threshold are set such that Freq(PUCCH DTX → ACK bits) = 10‒2. The operating SNRs is taken as the larger of those required for achieving Pr(ACK bits → NAK bits or DTX) = 10‒2 and Pr(NAK or DTX bits → ACK bits) = 10‒3. The performance of the transmit diversity scheme is summarized in Figure 4 and Figure 5. It can be observed that

· With P=2 antenna ports, link performance gains of around 2—2.5 dB can be obtained in low-diversity channel environment. In diversity-rich channel environments, link performance gains range from 0.3—1 dB depending the payload size.

· Transmit diversity with P=4 antenna ports can offer some further link performance gains in low-diversity channel environment.

The performance gain of P=4 antenna ports over P=2 antenna ports should be considered together with the decreased multiplexing capacity. For normal cyclic prefix, the multiplexing capacity remains 5 UEs per resource block when increasing the number of antennas ports from P=1 to P=2 but drops to 3 for P=4. Instead of considering 4 transmit antennas as P=4 antenna ports one could form P=2 antenna ports where each antenna port is connected to a virtual antenna comprised by 2 antennas. The performance of such a scheme is expected to be between the 2TX and 4TX cases in Figure 4 and Figure 5, i.e. the performance difference between P=2 virtual antenna ports and P =4 antenna ports is expected to be minor. 

The same argument has been used when designing the transmit diversity scheme for PUCCH format 1/1a/1b based on SORTD. Here the performance gain is small if the number of antenna ports is increased from P=2 to P=4 but the consumption of orthogonal resources doubles. Therefore it has been decided to specify SORTD only for P=2 antenna ports. The case of 4 transmit antennas is via antenna virtualization reduced to P=2 antenna ports. 

We therefore propose to specify the DFTS-OFDM PUCCH transmit diversity scheme only for P=2 antenna ports. Antenna virtualization is introduced for 4 transmit antennas. 
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Figure 4 Required operating SNR for DFT-S-OFDM with P=1, 2, 4 antenna ports for 5 MHz, EPA 3km/hr channel.
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Figure 5 Required operating SNR for DFT-S-OFDM with P=1, 2, 4 antenna ports for 5 MHz, ETU 3km/hr channel.
4. Conclusions

In this contribution, we provide further details of the DFT-S-OFDM CA PUCCH with transmit diversity.  We recommend to adopt transmit diversity for DFST-OFDM PUCCH according to this contribution.

· Proposal 1: Adopt DFTS-OFDM PUCCH transmit diversity scheme according to this contribution.
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5. Appendix 

In this Appendix, the link performance of the proposed transmit diversity coding is provided. Simulation assumptions are listed in Table 1. Complete performance plots 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, EPA, 3 km/hr

5 MHz, ETU, 3 km/hr

	frequency hopping
	at slot boundary

	antenna setup
	xT2R, x=1, 2, 4

	RX antenna correlation
	Uncorrelated

	CP type
	normal CP

	signal bandwidth
	180 kHz

	number of UEs
	1

	number of PRB for PUCCH
	1

	
[image: image20.wmf]PUCCH

shift

D


	2

	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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