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1. Introduction
In RAN1-62, the transmit diversity schemes for PUCCH format 3 were discussed, with the following agreements:

· If TxD is supported for PUCCH format 3

· Alt 1: Alamoutti coding before DFT, one example as shown in R1-104617
· Alt 2: Modified SFBC, one example as shown in R1-104774
· Alt 3: FSTD, one example as shown in R1-104979
· Alt 4: SORTD

· To decide on one of the alternatives in the next meeting

· For performance evaluation, simulation assumptions described in R1-104140 is applicable 

In this contribution, we evaluate the performance of the PUCCH format 3 TxD schemes and show our preference.
2. Evaluation of TxD schemes for PUCCH format 3
PUCCH format 3 can be used to convey up to 10 ACK/NAK bits for FDD in Rel-10. The required SNR shall meet the following ACK/NAK detection requirements:
· ACK missing probability of 1%

· DTX-to-ACK error probability of 1%

· NAK-to-ACK error probability of 0.1%

For Alt. 1, Alamouti coding is applied before the DFT in time domain, while Alt. 2 is similar to Alamouti coding applied after DFT in frequency domain. Alt. 3 uses two length-6 DFTs, one for each of the two antenna ports. Alt. 4 is the straightforward SORTD, i.e. orthogonal PUCCH format 3 resources for the two antenna ports.
Table 1 and Table 2 summarize the required SNR for the four PUCCH format 3 alternatives, as well as the required SNR for single antenna transmission. The simulation assumptions are listed in Appendix I, while the detailed link level ACK/NAK BER curves are included in Appendix II. 
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Figure 1: Required SINR for different ACK/NAK multiplexing methods according to Tables 1 – 2

Table 1: Required SNR (dB) for TxD schemes of PUCCH format 3, ETU 3km/h, 5 MHz
	Scheme
	Number of ACK/NAK bits

	
	2
	3
	4
	5
	6
	8
	10

	 TxD  Alt. 1
	-9.46*
	-9.15*
	-8.94*
	-8.59**
	-8.06**
	-6.60**
	-5.85**

	TxD  Alt. 2
	-9.49*
	-9.28*
	-8.88*
	-8.68**
	-8.14**
	-6.35**
	-5.76**

	TxD  Alt. 3
	-10.89*
	-10.51*
	-10.04*
	-9.71*
	-9.27**
	-7.70**
	-6.61**

	TxD  Alt. 4
	-10.97*
	-10.41*
	-10.06*
	-9.74*
	-9.50*
	-8.68**
	-7.79**

	Single Antenna
	-9.38*
	-8.81*
	-8.38*
	-8.02*
	-7.77*
	-6.30**
	-4.69**


Note: * required SNR determined by 1% ACK missing error probability
Note: ** required SNR determined by 0.1% NAK-to-ACK error probability
Table 2: Required SNR (dB) for TxD schemes of PUCCH format 3, EPA 3km/h, 10 MHz

	Scheme
	Number of ACK/NAK bits

	
	2
	3
	4
	5
	6
	8
	10

	TxD  Alt. 1
	-7.98*
	-7.61*
	-7.36*
	-7.16*
	-6.86*
	-5.67**
	-4.55**

	TxD  Alt. 2
	-7.99*
	-7.62*
	-7.34*
	-7.09*
	-6.84*
	-5.60**
	-4.72**

	TxD  Alt. 3
	-9.24*
	-8.61*
	-8.31*
	-8.00*
	-7.77*
	-6.71**
	-6.01**

	TxD  Alt. 4
	-9.23*
	-8.78*
	-8.38*
	-8.17*
	-7.91*
	-7.48*
	-6.86**

	Single Antenna
	-8.10*
	-7.75*
	-7.43*
	-7.02*
	-6.65*
	-6.14*
	-5.17**


It is observed that Alt. 4 SORTD provides the best ACK/NAK detection performance, since the PUCCH format 3 resources on two antenna ports are mutually orthogonal. Alt. 3 shows comparable performance to Alt. 4 for small number of ACK/NAK bits, but requires higher SNR than Alt. 4 for large number of ACK/NAK bits. It is also observed that the performance of Alt. 1 and Alt. 2 do not provide significant performance gain over single antenna port transmission. Hence, from ACK/NAK detection performance perspective, SORTD is the preferred option as the TxD scheme for PUCCH format 3.
One potential concern of adopting SORTD for PUCCH format 3 is the PUCCH overhead, since twice the PUCCH format 3 resources are required compared to single antenna transmission. On the other hand, it is agreed that ACK/NAK resource indicator (ARI) in PDCCH can indicate the UE to use one of the higher layer configured PUCCH format 3 resources in an UL subframe. The benefit of such a design is to reduce the PUCCH format 3 overhead, without compromising the scheduling flexibility. It is noted that in each subframe, the number of UEs scheduled on multiple component carriers is limited. Hence, only a small number of UEs are expected to use PUCCH format 3 resources for ACK/NAK transmission in an UL subframe, which leads to small overhead for PUCCH format 3. Furthermore, not all UEs are equipped with multiple antenna ports for PUCCH transmission. Hence, it is expected that the additional PUCCH format 3 resources required by SORTD is insignificant.

Given the above analysis, we have the following proposal:

Proposal: SORTD is adopted as the transmit diversity scheme for PUCCH format 3 in Rel-10. 

3. Conclusions

In this contribution, we compare the performance of different transmit diversity schemes for PUCCH format 3. The evaluations indicate SORTD provides the best ACK/NAK detection performance among all alternatives. Hence, we propose that SORTD is supported as the transmit diversity scheme for PUCCH format 3 in Rel-10.
4. References

[1]. R1-104617, “Discussion on TxD for DFT-S-OFDM,” Samsung

[2]. R1-104774, “Transmit Diversity for CA PUCCHs,” LG Electronics

[3]. R1-104851, “Transmit diversity for CA PUCCH for UE supporting more than 4 A/N bits,” Ericsson, ST-Ericsson
[4]. R1-104140, “ACK/NAK Multiplexing Simulation Assumptions in Rel-10,” CATT, LG Electronics, Qualcomm Incorporated, ZTE
5. Appendix I: Link level simulation assumptions
	Parameters
	Value

	carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz for ETU, 10 MHz for EPA

	channel model
	ETU 3km/h 5 MHz, EPA 3km/h 10 MHz

	frequency hopping
	at slot boundary

	antenna setup
	2 Tx, 2 Rx

	RX antenna correlation
	uncorrelated

	channel estimation
	practical

	CP type
	normal CP

	signal bandwidth
	180 kHz

	RX false alarm detection threshold
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	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1


6. Appendix II: Detailed link level results
· Simulation results for ETU 3km/h, 5MHz
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· Simulation results for EPA 3km/h, 10MHz
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