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1 Introduction
In RAN1-66 meeting, the following guidelines are agreed for the design of transmit diversity schemes for PUCCH format 3 and PUCCH format 1b with channel selection:

· PUCCH overhead as close as possible to single antenna case

· Performance significantly improved compared to single antenna and as close as possible SORTD

· Minimize the specification impact

· Consider cases with and without antenna gain imbalance 

· Take inter-cell interference into account

· Consider both normal and extended CP 
In this contribution, we provide our link level evaluations on the candidate transmit diversity schemes for PUCCH format 1b with channel selection. 
2 TxD schemes for PUCCH format 1b with channel selection
The following transmit diversity schemes for PUCCH format 1b with channel selection have been proposed:
· SCBC [1]

· Modified SORTD [2]

· SORTD [3]

· RSTD [4]

The evaluations in [3][4][7] indicates that SORTD generally provides the best performance. It is also shown that [3][4][7] that SCBC and modified SORTD does not provide significant gains over single antenna port transmission. For RSTD, one of major problems is that it requires the ACK/NACK resources are within the same PRB such that the same channel gain is experienced on multiple PUCCH format 1b resources in order to coherently detect the ACK/NAK data symbol. Since some of the ACK/NACK resources for PUCCH format 1b with channel selection are implicitly derived from the PDCCH CCEs, this requirement of RSTD is difficult to fulfill with the current resource allocation for PUCCH format 1b with channel selection. 
In lieu of the above observations, in this contribution we focus on the performance comparison between SORTD and single antenna port (AP) transmission, for cases with and without antenna gain imbalance (AGI). The link level simulation assumptions are listed in the Appendix. Joint data and RS symbol detector is used.
The required SNR to achieve the ACK/NACK performance requirements are shown in Figure 1 and Table 1. In case AGI is modeled, the SNR on the X-axis refers to the SNR on the antenna port with higher gain. The following observations are made:
· Without AGI, SORTD provides the improved performance compared to single AP transmission.
· With AGI of 3dB, SORTD performs similar to single AP transmission.

· With AGI of 6dB, SORTD performs worse than single AP transmission.

3 Tradeoff analysis

With the link level evaluations provided in section 2, we compare the different transmit diversity schemes for PUCCH format 1b with channel selection according to the guidelines agreed in RAN1-66.
· PUCCH overhead as close as possible to single antenna case
From the PUCCH overhead perspective, SCBC, modified SORTD, and RSTD requires the same PUCCH overhead as single antenna port transmission. The amount of PUCCH format 1b resources required by SORTD is doubled compared to single antenna port transmission. 
· Performance significantly improved compared to single antenna and as close as possible SORTD
SORTD generally performs better than other transmit diversity schemes for PUCCH format 1b with channel selection. Without AGI, SCBC and modified SORTD do not provide significantly improved performance compared to single antenna port transmission. With AGI, even SORTD does not provide performance gain compared to single antenna port transmission.
· Minimize the specification impact
PUCCH format 1b resource allocation needs to be carefully considered for any of the transmit diversity schemes for PUCCH format 1b with channel selection. SCBC, modified SORTD, RSTD requires additional specification changes which can perhaps be captured by additional mapping table designs. 
· Consider cases with and without antenna gain imbalance 
The link level evaluations in this contribution consider cases with and without AGI. As indicated in Section 2, with AGI, even SORTD underperforms single antenna port transmission.
· Take inter-cell interference into account
Rel-8 inter-cell interference randomization mechanisms for PUCCH formats shall be sufficient. It is therefore proposed that no additional inter-cell interference randomization schemes are considered for transmit diversity of PUCCH format 1b with channel selection in Rel-11.
· Consider both normal and extended CP 
Any of the proposed transmit diversity schemes for PUCCH format 1b with channel selection can be equally applicable for normal and extended CP.
4 Conclusions
In this contribution, we provide our link level evaluations on the transmit diversity schemes for PUCCH format 1b with channel selection, as well as the tradeoff analysis according to the guidelines agreed in RAN1-66. It is observed that with AGI, even SORTD does not perform well compared to single antenna port transmission. It is therefore proposed that RAN1 shall consider whether transmit diversity for PUCCH format 1b with channel selection shall be supported in Rel-11. 
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Figure 1: Required SNR for PUCCH format 1b with channel selection

Table 1: Required SNR of TxD methods, ETU 3km/h, 5MHz
	
	Single AP
	SORTD
AGI=0 dB
	SORTD 
AGI=3 dB
	SORTD 
AGI=6 dB

	2 bits
	Required SNR (dB)
	-9.73*
	-11.25*
	-9.85*
	-8.67*

	
	SNR difference (dB)
	0
	1.52
	0.12
	-1.06

	3 bits
	Required SNR (dB)
	-9.18**
	-10.73**
	-9.36**
	-8.27**

	
	SNR difference (dB)
	0
	1.55
	0.18
	-0.91

	4 bits
	Required SNR (dB)
	-8.36**
	-9.54**
	-8.25**
	-7.10**

	
	SNR difference (dB)
	0
	1.18
	-0.11
	-1.26


Note 1: * required SINR determined by 1% ACK(DTX/NAK error

Note 2: ** required SINR determined by 0.1% NAK ( ACK error
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6 Appendix: simulation assumptions

	Parameters
	Value

	carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz

	channel model
	ETU

	UE speed
	3 km/h

	frequency hopping
	at slot boundary

	antenna setup
	2Tx, 2Rx

	AGI
	0, 3, 6 (dB)

	RX antenna correlation
	uncorrelated

	channel estimation
	practical

	CP type
	normal CP

	signal bandwidth
	180 kHz

	RX false alarm detection threshold
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	Detection method
	ML

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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