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1 Introduction 
In RAN1#66, the following guidelines were set for selection of Tx diversity scheme(s):

· PUCCH overhead as close as possible to single antenna case
· Performance significantly improved compared to single antenna and as close as possible to 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, the following was agreed as a working assumption:

· 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

We discuss the schemes proposed as of RAN1#67 in light of the guidelines and the working assumption, leading to some proposals to progress channel selection TxD discussions.
2 Discussion
We provide some brief discussion of the TxD schemes that we understand are proposed as of RAN1#67:  

· Closed loop TxD for PUCCH [1]
In general, CLTD schemes are appealing because their required transmit power can be better than open loop TxD schemes.  However, they are fundamentally different from OLTD schemes due to their need for CSI feedback.  This feedback may not always be available or may add excessive downlink overhead relative to the uplink gain they provide.  Therefore, we feel that CLTD could be further studied in addition to OLTD for PUCCH, but not as a replacement for OLTD.
· Ack/Nack spatial bundling [2]
Transmitting two Ack/Nack bits will naturally require less transmission power than transmitting 3 or 4 Ack/Nack bits.  However, we do not see why it is beneficial to add support for a different mode of Ack/Nack transmission when it provides less HARQ information than is available with Ack/Nack multiplexing and channel selection.  Furthermore, our understanding of the working assumption is that a TxD scheme should be specified for channel selection where FDD supports 2, 3, and 4 A/N bits using at most 4 resources.  Transmitting two Ack/Nack bits through spatial bundling does not provide the 3 and 4 bits that are required.
Similarly, companies have expressed concerns over not supporting the full range of HARQ states.  For example, some TxD schemes would not have all of the PUCCH resources to indicate DTX if PCell or SCell is missed, and so open loop TxD schemes have already been customized to avoid this problem [3] [4].  If supporting DTX is required, then it would seem to follow that the full number of Ack/Nack bits should also be required.
· Resource efficient open loop TxD schemes for channel selection [3] [4]
Resource efficient OLTD for channel selection methods such as RSTD and E-SORTD have been shown to match the guidelines with respect to providing gain close to SORTD,  having PUCCH overhead the same as or close to single antenna transmission, functioning well under moderate antenna gain imbalance, with both normal and extended CP.  The link and spectral efficiency gains come from modifying the PUCCH resource mapping, and so bring the cost of a more complex resource and modulation symbol mapping.  Notably, this mapping requires care that PUCCH RS and data resource on an antenna occupy the same PRB.  At least for FDD and TDD with M=1, the required mapping can be captured with some additional columns in the HARQ-ACK mapping tables in 36.213, and resource allocation approaches from Rel-10 can be used to meet RS mapping constraints [3].  Therefore, the specification impact for these TxD schemes is relatively modest.  
· SORTD [5]
SORTD has been consistently shown to provide low required transmit power.  However, it is also spectrally inefficient.  This means that it does not match the guidelines too well with respect to overhead being as close as possible to single antenna transmission; in fact this behavior was the primary motivation for discussing channel selection TxD in Rel-11.  Also, reduced spectral efficiency of SORTD can have impacts beyond expanding PUCCH resource on a cell.  The use of additional PUCCH resource can impact other cells due to increased inter-cell interference.  Furthermore, reduced PUCCH efficiency can increase scheduler blocking when the additional resources needed for PUCCH are unavailable [6].
While resource efficient schemes are available for 3 and 4 bit Ack/Nack transmission, it is more challenging to design resource efficient 2 bit schemes that are compatible with Rel-10 resource allocation approaches.  Hence, when resource efficiency is not required for transmission of 2 A/N bits for more than one configured cell, SORTD may be one solution.
· PVS [7]
PVS is a simple TxD scheme that uses the same number of PUCCH resources as single antenna transmission, and so is spectrally efficient.  However, evaluations in RAN1, e.g. [3][8] do not tend to show a significant gain.  Therefore, we do not feel it should be specified as a channel selection TxD scheme in Rel-11.

3 Proposals
Given the above discussions, we suggest the following to progress channel selection TxD work: 
· Open loop transmit diversity is supported for channel selection in Rel-11.

· All HARQ state combinations supported by Rel-10 channel selection are supported by channel selection TxD

· FDD and TDD with M=1

· Resource efficient TxD is specified for 3 & 4 A/N bit HARQ-Ack multiplexing
· 4 PUCCH resources are used per UE

· Reference and data PUCCH resource are distinctly mapped

· Reference and data PUCCH resource may be different on an antenna

· Rel-10 data and resource mapping used for antenna port 0 when all HARQ-ACK bits for at least one cell are DTX and/or Nack/DTX

· Data symbol and resource mapping is otherwise t.b.d.

· SORTD with 4 PUCCH resources is the baseline for 2 bit A/N 

· Other TxD schemes using less than 4 PUCCH resources can be considered

· TDD with M>1 is FFS
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