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1 Introduction
In RAN1-66 meeting, the following guidelines were 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 RAN1-66bis meeting, the following working assumptions were agreed for transmit diversity schemes for PUCCH format 1b with channel selection:

· Transmit diversity scheme should be specified for PUCCH Format 1b with channel selection

· For format 1b transmit diversity with channel selection 

· in FDD, at most 4 PUCCH resources are used for 2,3 and 4 A/N bits 

· FFS the number of PUCCH resources used in TDD 

· If possible, strive for a common solution between FDD and TDD
In RAN1-67 meeting, further discussion on the transmit diversity scheme for PUCCH format 1b with channel selection took place, only with consensus to aim for a unified scheme common to FDD and TDD. 
In Ran1-68 meeting, still no conclusions were made and proponents are encouraged to show the motivation for introducing transmit diversity for the format 1b channel. 

In this contribution, we provide further analysis on this topic.
2 Benefits of TxD for PUCCH format 1b with channel selection
Any improved link level performance by introducing transmit diversity for PUCCH format 1b with channel selection may be converted into benefits on the following aspects. 
· Coverage

· PUCCH overhead

· UE battery saving

On the aspect of coverage, if single cell is assumed (i.e. without inter-cell interference), the UL coverage is not limited by the PUCCH format 1b with channel selection. If multi-cell is assumed (i.e. with inter-cell interference), it can be shown (as in Appendix) that most of the UEs can support PUCCH format 1b with channel selection even with single antenna port transmission. Hence, we have the following observation:
Observation 1: Transmit diversity for PUCCH format 1b with channel selection does not provide meaningful coverage enhancement over single antenna port transmission for PUCCH format 1b with channel selection.
On the PUCCH overhead, it is straightforward to observe that any transmit diversity scheme for PUCCH format 1b with channel selection would require at least the same amount of PUCCH resources as single antenna port transmission for PUCCH format 1b with channel selection. Some transmit diversity schemes such as SORTD would require more PUCCH overhead. Hence we have the following observation:

Observation 2: Transmit diversity for PUCCH format 1b with channel selection does not provide PUCCH overhead savings compared to single antenna port transmission for PUCCH format 1b with channel selection.
On UE battery savings, it is likely that with improved link level performance brought by transmit diversity, a UE can transmit at low power levels. On the other hand, PUCCH is typically interference limited. From Figures 1 and 2 in the Appendix, it is seen that most of UEs are unlikely to transmit at maximum transmit power for PUCCH format 1b with channel selection, while still achieving the ACK/NAK detection performance requirements. In addition, PUCCH is only one of the uplink signals that a UE needs to transmit. It is expected that the overall UE power consumption saving that can be achieved by introducing transmit diversity for PUCCH format 1b with channel selection is small. Hence we have the following observation:
Observation 3: It is likely to have some benefit on UE power consumption by introducing transmit diversity for PUCCH format 1b with channel selection, while the magnitude of such UE power consumption saving is expected to be small.
Another aspect to consider for UEs equipped with multiple uplink antenna ports is the antenna gain imbalance. It is shown in [3] that with antenna gain imbalance, open loop based transmit diversity for PUCCH format 1b does not provide meaningful link level performance gain compared to single antenna port transmission on the antenna port with higher gain. It is therefore proposed to consider closed loop transmission schemes for PUCCH, perhaps in future releases.
3 Conclusions
In this contribution, we mainly discuss the benefits of introducing transmit diversity for PUCCH format 1b with channel selection. Given the evaluations in the past meetings and the analysis in this contribution, we propose not to specify transmit diversity scheme for PUCCH format 1b with channel selection in Rel-11. Closed loop transmission schemes for PUCCH may be considered in future releases.
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5 Appendix: 

Figure 1 (left) shows the CDF of PUCCH SINR, assuming 1, 3, or 5 interfering UEs in all neighboring cells. The uplink power control parameters are set such that the received signal power over thermal (not including inter-cell interference) noise ratio at eNB meets a target SNR (i.e. TSNR of 5 dB, 10 dB, or 15 dB as in Figure 1). The same set of power control parameters is applied to all UEs. Closed loop TPC is not modeled in the evaluations. Figure 1 (right) shows the inter-cell interference (not including thermal noise) corresponding to the curves in Figure 1 (left). Figure 2 shows similar results as Figure 1, except that the numbers of interfering UEs are 2, 4, and 6. It is observed that the variation of PUCCH SINR is mainly due to the variation of the inter-cell interference since different UEs are scheduled in neighboring cells at different subframes. 
Table 1 shows the required SNR for 2 – 4 ACK/NAK bits using PUCCH format 1b with channel selection [2] and single antenna port (SAP) transmission. It is observed that even with SAP, up to 6 UEs can be multiplexed in the same PUCCH PRB. 
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Figure 1: ACK/NAK SINR CDF (left), ACK/NAK inter-cell interference (not including thermal noise) CDF (right), UMA, UE max power 20 dBm
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Figure 2: ACK/NAK SINR CDF (left), ACK/NAK inter-cell interference (not including thermal noise) CDF (right), UMA, UE max power 20 dBm

Table 1: Required SNR for SAP

	
	2 bits
	3 bits
	4 bits

	Required SNR for SAP
	-9.73*
	-9.18**
	-8.36**


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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