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1. Introduction

In RAN1#59b meeting, the following decisions were made for PUCCH format 1/1a/1b resource allocation with SORTD [1]:
· SR: higher layer configuration of the second resource in case SORTD configured

· For PDSCH with SPS: higher layer configuration of the second resource in case SORTD configured

· For PDSCH with dynamic scheduling: 

· First resource for the first antenna port is linked to the first CCE, including single CCE case (same as in Rel-8)

· Continue discussion on alternatives including the followings for the second resource 

· Alt1: SORTD is always ON if configured

· Alt2: SORTD when two or more CCEs, fallback to single antenna port (or transparent TXD) when one CCE
In this contribution, we discuss the remaining issues on PUCCH transmit diversity.
2. Discussions
2.1. Configuration of SORTD

Two alternatives are considered for the support of PUCCH SORTD. Alt1 mandates that SORTD is always ON if configured, while Alt2 falls back to single antenna PUCCH transmission if the corresponding PDCCH is of CCE aggregation level 1. Hence, Alt2 leads to dynamic switching between multiple antenna-ports mode and single antenna-port mode, which in turn complicates PUCCH power control designs and detection algorithm. In essence, the gain brought by PUCCH SORTD shall be easily translated into less UE ACK/NAK transmit power and hence less inter-cell interference. Alternatively, the gain of PUCCH SORTD can be used to support a larger percentage of UEs with ACK/NAK multiplexing. Thus, Alt1 shall be supported in Rel-10. 
Proposal 1: SORTD is always ON if configured.

2.2. PUCCH resource for the second antenna

In Rel-8, there are two ways to indicate PUCCH format 1a/1b resources:

· The ACK/NACK resource is semi-statically configured by higher layers, or

· The ACK/NACK resource is linked to the CCE index of the PDCCH scheduling the PDSCH.
In principle, either of the above two schemes can be applied to indicate the PUCCH resource for the second antenna, in support of PUCCH SORTD. With a semi-statically configured PUCCH resource for the second antenna, it is expected that the PUCCH overhead is significant for systems comprising many UEs configured with PUCCH SORTD. eNB can assign the same PUCCH resource of the second antenna for multiple UEs, in order to reduce the PUCCH overhead, which on the other hand puts PDSCH scheduler restriction. 
Alternatively, the PUCCH resource for the second antenna can be linked to another CCE index of the corresponding PDCCH. This scheme practically requires that CCE aggregation level of 2 or larger is used for UEs configured with PUCCH SORTD, which leads to restriction on PDCCH scheduling. Due to the ambiguity on PDCCH aggregation level at the eNB/UE side [5], it is possible that UE detects a PDCCH with CCE aggregation level of 1, although eNB sends the PDCCH with more CCEs. In order to avoid such ambiguity, for the second antenna, UE shall always use the next PUCCH resource after the PUCCH resource derived with the first CCE index of the PDCCH.
Considering factors including PUCCH overhead, PDSCH scheduling restriction, PDCCH scheduling restriction, etc., we currently have the following preference:

Proposal 2: For PUCCH SORTD, the PUCCH resource for the second antenna is the immediate resource after the PUCCH resource for the first antenna.

2.3. SORTD for SR, SPS ACK/NAK, and dynamic ACK/NAK
It has been agreed that for SR and SPS ACK/NAK, the PUCCH resource for the second antenna is configured by higher layers. Due to different detection performance requirements for SR and ACK/NAK, and with the aim to reduce PUCCH overhead consumed by the second antenna, it is preferable that PUCCH SORTD for SR and ACK/NAK is separately activated. In other words, it shall be supported that PUCCH SORTD is active for ACK/NAK transmission while PUCCH SORTD is inactive for SR transmission, or vice versa. Hence, we have
Proposal 3: The configuration/activation of PUCCH SORTD for SR and ACK/NAK is independent.
3. Conclusions

In this contribution, we discuss ACK/NAK resource allocation in support of SORTD, with the following proposals: 
Proposal 1: SORTD is always ON if configured.

Proposal 2: For PUCCH SORTD, the PUCCH resource for the second antenna is the immediate resource after the PUCCH resource for the first antenna.

Proposal 3: The configuration/activation of PUCCH SORTD for SR and ACK/NAK is independent.
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