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1 Introduction

Candidate TxD schemes for PUCCH format 1b with channel selection have been extensively discussed and compared in terms of performance and associated overhead [1-7]. In RAN1#66bis, the following working assumption was made:

· 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
This contribution considers the tradeoffs for specifying TxD for PUCCH format 1b with channel selection. Considering that this is only an enhancement to the Rel.10 operation and not an essential feature, emphasis is placed in providing a needed operational improvement while avoiding unnecessary functionalities that require additional specification complexity, additional implementation complexity for new transmitter and receiver functionalities, and significant additional testing and evaluations for setting minimum performance requirements. Moreover, as a Rel.11 UE is likely to support operation in both FDD and TDD modes, operational commonality is highly desirable. 

2 TxD Need and Tradeoffs
There is no performance limitation in achieving the HARQ-ACK target BLERs in case of PUCCH format 1b with channel selection and the primary motivation for introducing TxD is to improve coverage for UEs experiencing large path-loss leading to power limited operation. Therefore, for DL CA, the cases benefiting from TxD for PUCCH format 1b with channel selection are extremely limited. For intra-band CA, the path-loss is practically the same in the DL and the UL. For inter-band DL CA, the proper system operation places the PUCCH transmission in the lower frequency band in order to avoid coverage limitations in general. Moreover, UEs configured with DL CA are less likely to be coverage limited than Rel.8 UEs which have the same HARQ-ACK payloads in case of PUCCH format 1b with channel selection but do not deploy TxD. 

Regarding the gains of TxD over single antenna port (SAP) transmission, operation with exactly the same gain from the UE antennas is unlikely in practice. Although AGI has a small impact in the relative performance of different TxD schemes, it has a major impact in the gain of TxD over SAP transmission as this gain diminishes quickly with increased AGI and may even become negative [2]. Nevertheless, it may be assumed that the NodeB can estimate the AGI and configure TxD to a UE only if the AGI is smaller than a predetermined value (depending on the channel model, HARQ-ACK payload, etc.). This of course increases the NodeB complexity but it is assumed to be generally possible by implementation. The performance gain of TxD over SAP transmission may also significantly decrease when some antenna correlation exists but, unlike AGI, it will never result to worse performance for TxD. Among candidate TxD methods, SORTD provides the largest performance gains (e.g. [5]).
Nevertheless, it was deemed possible that a UE with very large path-loss is still configured with DL CA and experiences AGI smaller that a predetermined value. TxD can then be beneficial to improve coverage. However, from the above discussion, it is of little practical use to also consider that such a coverage limited UE will be receiving multi-rank SU-MIMO PDSCH. In case of single-cell operation in TDD, the condition for single-rank operation for PDSCH transmission is effectively achieved with respect to the HARQ-ACK transmission due to spatial domain bundling. 

Observation 1: TxD for PUCCH format 1b with channel selection is most meaningful for UEs configured with for single-cell operation and/or a SIMO DL TM.
Observation 2: TxD performance gains over SAP transmission quickly decrease and may even become negative for realistic operation with AGI and antenna correlation. SORTD outperforms all other candidate TxD methods. 
It is noted that for PUCCH format 3, unlike PUCCH format 1b with channel selection where the existing payloads are not increased relative to Rel.8 TDD (single cell operation) for which no TxD exists, the potentially much larger HARQ-ACK payloads result to substantially increased SINR requirements for meeting the reception reliability targets. The need and benefits from TxD are therefore different between PUCCH format 1b with channel selection and PUCCH format 3 as in the former case it is primarily needed for coverage extension while in the latter case it is needed for overhead reduction (to enable support of large HARQ-ACK payloads without reducing multiplexing capacity per PRB). 
Due to the extremely limited use cases and due to reduced gains over SAP transmission for typical operation under AGI and/or some antenna correlation, support of TxD for PUCCH format 1b with channel selection should require only trivial specifications, avoid significant implementation complexity, and avoid complicated verification of performance requirements and testing. Moreover, it is desirable to avoid the specification of multiple TxD schemes for PUCCH format 1b with channel selection.
SORTD is the only TxD scheme that fulfills these requirements while providing most performance gains which is critical for coverage limited UEs and/or AGI. Extending the operation of PUCCH format 1b with channel selection for SORTD is trivial in terms of specification/implementation/testing. Definition of new mapping tables for HARQ-ACK transmission from the second antenna is not needed and the respective resource can be derived using existing Rel.10 rules either by RRC configuration (e.g. for SPS) or by using the nCCE+1 rule (e.g. in case of no cross-carrier scheduling). As a coverage limited UE is unlikely to require 1 CCE for a PDCCH transmission, no scheduling restrictions and no additional overhead occurs by using the PUCCH resource associated with nCCE+1 for the HARQ-ACK signal transmission from the second antenna port.  

Observation 3: TxD support for PUCCH format 1b with channel selection should require minimal specification, implementation, and testing complexity. SORTD fulfills these objectives.
SORTD using up to 4 PUCCH resources can support all possible cases for single-cell TDD operation where TxD is most needed. SORTD can also support all possible cases of DL CA TDD operation with M=2, 3, or 4 and the case with M=1 and 2 HARQ-ACK bits. It is noted that FDD is effectively equivalent to TDD for M=1. The only case SORTD cannot support with up to 4 PUCCH resources is DL CA TDD with M=1 and 3 or 4 HARQ-ACK bits. This case implies that a coverage limited UE is configured with DL CA and is also configured with SU-MIMO TM and receiving PDSCH with rank>1. Despite this being a corner case of a problem that is already not significant, TxD can still be supported, if needed, using SORTD and spatial domain bundling. Therefore, the specification and implementation of multiple TxD schemes (potentially up to 3 if a different TxD scheme is used in some cases for TDD and FDD) for PUCCH format 1b with channel selection only to address a marginal issue can and should be avoided, thereby avoiding the introduction of significant complexities in the UE operation, specification, testing, performance requirements and validation. 
Observation 4: The specification of multiple TxD schemes for PUCCH format 1b with channel selection is neither desirable nor necessary. 
3 Conclusions

This contribution considered the support of TxD for PUCCH format 1b with channel selection. Based on an analysis for the use cases, performance, and complexity aspects, the following is proposed.

Proposal: Define a single TxD scheme for PUCCH format 1b with channel selection. SORTD is preferred in terms of performance and specification/implementation/testing complexity.  
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