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1. Introduction

The LTE Carrier Aggregation Enhancement WID [1] sets an objective of enhancing the transmit diversity (TxD) performance for PUCCH Format 3 and Format 1b with channel selection. 

In Rel.10, space orthogonal resource transmit diversity (SORTD) was adopted for Format 3 but due to poor user multiplexing capability of SORTD, it was agreed to study further suitable TxD schemes that minimize the impact on multiplexing capacity for Rel.11. For Format 1b with channel selection, no transmit diversity scheme was agreed for Rel.10 but more resource-efficient schemes were left to be discussed during Rel.11 development. 

In this contribution we discuss further PUCCH enhancements with TxD and give a proposal to define the scope of this work. 
2. Enhancing PUCCH with transmit diversity

As is well known, reliable reception of PUCCH is crucial for a stable LTE performance. With carrier aggregation the primary cell PUCCH carry UCI related to all the downlink carriers and a detection failure would imply a loss of several downlink transport blocks. Hence, a resource efficient and robust PUCCH is important.

We should aim for finding TxD schemes that gives significant benefits compared to the existing Rel.10 PUCCH transmission schemes for the two formats respectively, while using the same resource allocation overhead as for the single antenna case
. This would give a high multiplexing capacity and a simple resource allocation and management for PUCCH since all UEs can be considered as single antenna terminals. 
Proposal 1: Rel.11 transmit diversity schemes for Format 3 and Format 1b with channel selection should strive for using the same number of resources as in their corresponding single antenna case respectively
Furthermore, it was shown in [2],[3] that quite large diversity improvement for Rel.8 RM codec is possible simply by better design of the way encoded bits are mapped to physical resources. To enhance PUCCH we should in Rel.11 jointly consider the design of the bit mapping from the output from the RM or dual-RM encoder(s) with the corresponding transmit diversity scheme, to ensure robust operation and good diversity performance. 

Proposal 2: For Format 3, jointly consider encoded bit mapping with transmit diversity scheme to ensure enhanced diversity
Finally, a loss of several dB was identified [4] with inter-cell interference (ICI) for Format 3 without TxD which lead to the RAN1 conclusion that an additional ICI mitigating mechanism for PUCCH Format 3 was needed. However, ICI was not considered in the Rel.10 discussions of TxD for Format 3 and Format 1b with channel selection. We therefore propose that if new TxD schemes for PUCCH are introduced in Rel.11, they shall be verified with ICI and we should therefore use models with ICI in the evaluation of proposals.  

Proposal 3: Inter-cell interference shall be considered when evaluating the TxD proposals
The interferer could be modeled as a variable power single interfering UE in an adjacent cell transmitting with the same transmit diversity scheme as the desired UE, following the same approach as was done in Rel.10 [4],[5]. 

3. Conclusion

This contribution discussed enhancements of PUCCH with TxD for Rel.11. Based on the discussion we have the following three proposals

Proposal 1: Rel.11 transmit diversity schemes for Format 3 and Format 1b with channel selection should strive for using the same number of resources as in their corresponding single antenna case respectively
Proposal 2: For Format 3, jointly consider encoded bit mapping with transmit diversity scheme to ensure enhanced diversity
Proposal 3: Inter-cell interference shall be considered when evaluating the proposals
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� A single resource for PUCCH Format 3 and 2,3 or 4 resources for PUCCH Format 1b plus channel selection with 2,3 or 4 bits A/N respectively.





