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1. Introduction

In the last meeting, there was discussion on the potential enhancements of UL control signalling to be considered in Rel-11, and HARQ-ACK bundling is one of issues. In this contribution, we discuss the possible enhanced methods which can support more individual A/N by reducing spatial bundling when PUCCH format 3 is configured. 
2. Individual A/N transmission in TDD UL A/N when PUCCH format 3 is configured
In Rel-10, the TDD A/N with PUCCH format 3 (i.e. TDD A/N mode 1) was agreed to support A/N transmission for each individual transport block up to 20 A/N bits, which is targeted for the UEs in high SINR. However, because the maximum number of codewords configured in downlink subframes associated with a single UL subframe can be >20 depending on the TDD UL/DL configuration and DL transmission mode, the spatial bundling is applied to ‘all’ A/N feedbacks in such cases. The spatial bundling for all A/N feedbacks is simple and suitable for Rel-10 since the realistic carrier aggregation scenario is restricted up to 2 cells. In the future release, however, as carrier aggregation with more than 2 cells will be deployed, it can cause unnecessary spatial bundling even if there remains room for more A/N bits on PUCCH format 3 [1], which will degrade DL throughput performance. It is straight forward that individual A/N feedback for the each codeword will increase DL throughput, and it is the reason why the current specification for DL/UL MIMO transmission modes allows the individual A/N feedback. Therefore, we propose as follows:

Proposal 1: it is proposed to consider enhanced A/N feedback signalling when PUCCH format 3 is configured in Rel-11, which can support individual A/N feedback bits as much as possible by reducing spatial bundling
For the A/N on PUCCH format 3, gradual spatial bundling [2][3] is one of possible solutions, where the spatial A/N bundling is applied gradually until the number of bundled A/N bits become less than or equal to 20 A/N bits. The other solution could be the configurable spatial bundling per cell by eNB, where eNB can configure spatial bundling of the A/N bits for each cell under the limitation of maximum 20 A/N bits for all the aggregated cells. Between above two solutions, the latter one seems more preferable, because eNB can have the flexibility to control the number of A/N feedback bits, which is also useful to reduce the number of A/N feedbacks by imposing spatial bundling for the low SINR UEs as well as to support individual A/N for the high SINR UEs.
Proposal 2: the configurable spatial bundling per cell is proposed to control the number of A/N feedback bits on PUCCH.

For the A/N on PUSCH to support more individual A/N, A/N spatial bundling decision criterion based on the actual A/N payload size by UL DAI is proposed as shown in [1]. In Rel-10, when A/N is transmitted on a PUSCH and the PUSCH transmission is adjusted based on a detected PDCCH with UL DAI (
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), the A/N payload size is determined by 
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(the number of downlink subframes associated with a single UL subframe), which can reduce the unnecessary A/N feedback for the un-scheduled DL subframes. However, application of the spatial bundling is determined by the decision criterion of whether the A/N payload size based on 
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 is greater than 20 bits or not, which could not fully utilize 20 A/N bits supportable with the Dual RM on PUSCH even if the actual A/N payload size determined by 
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 before spatial A/N bundling is not greater than 20.
Proposal 3: the spatial bundling decision criterion based on the actual A/N payload size by UL DAI instead of M is proposed for A/N feedback bits on PUSCH.

3. Summary
In this paper, we discussed the enhancements of HARQ-ACK spatial bundling especially on PUCCH format 3 and PUSCH. The proposals of this paper are summarized as follows.
· Proposal 1: it is proposed to consider enhanced A/N feedback signalling when PUCCH format 3 is configured in Rel-11, which can support individual A/N feedback bits as much as possible by reducing spatial bundling
· Proposal 2: the configurable spatial bundling per cell is proposed to control the number of A/N feedback bits on PUCCH.

· Proposal 3: the spatial bundling decision criterion based on the actual A/N payload size by UL DAI instead of M is proposed for A/N feedback bits on PUSCH.
The trade-off analysis of the proposals is as follows:

· Applicable scenario: the UEs in high SINR

· Pros: DL throughput can be enhanced

· Cons: Additional A/N feedback mode for Rel-11

· Specification / workload impact:

· RAN1: Physical layer procedure on A/N feedback for Rel-11

· RAN2: RRC signalling for additional mode and for spatial bundling configuration per cell
· RAN3,4: No impact is expected
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