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1. Introduction

In Rel-10, Mode 1 was agreed for A/N feedback for TDD with PUCCH Format 3. It can support A/N payload size of up to 20 bits, and if the number of A/N bits to be indicated would be >20, spatial A/N bundling is applied for all the DL subframes for each configured CC. 
In our understanding, the motivation of Mode 1 is to feedback individual A/N bits up to 20 as much as possible. However, there are some cases where 20 A/N payload bits are not fully utilized with the current spatial bundling operation in Rel-10. In this contribution, we discuss the possible enhanced methods which can support more individual A/N by reducing spatial bundling. 
2. Individual A/N transmission in TDD UL A/N Mode 1
The enhancements of A/N Mode 1 can be considered in two cases, the first is A/N transmission on PUCCH format 3 and the second is A/N transmission on PUSCH.
2.1 Individual A/N transmission on PUCCH format 3

The TDD A/N Mode 1 was agreed to support individual A/N transmission up to 20 A/N bits. However, because the maximum number of codewords transmitted in downlink subframes associated with a single UL subframe can be >20 depending on the TDD UL/DL configuration and DL transmission mode, the A/N spatial bundling is needed in that case. 
In Rel-10, when the spatial bundling is needed, it was decided that all A/N feedbacks are spatially bundled for simplicity, due to not enough time to discuss in the Rel-10 closing time frame. But, the spatial bundling for all A/N feedbacks is not desirable even in case that there are available remaining bits on PUCCH format 3 since the spatial bundling will degrade DL throughput performance. Then, to minimize the amount of spatial A/N bundling, the enhancement of A/N on PUCCH format 3 should be considered in Rel-11. For example, gradual spatial bundling [1][2] can be considered, 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. 
Cell-wise spatial bundling example is shown in Figure 1 when 
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 is the number of downlink subframes associated with a single UL subframe, 
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 is the number of configured CCs for a UE, and 
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 is the number of DL MIMO configured CCs. In response to a maximum of 24 codewords in DL, 16 individual A/N feedback bits and 4 spatially bundled feedback bits are transmitted in Rel-11 enhancement, while 12 spatially bundled A/N feedback bits are transmitted on PUCCH format 3 in Rel-10 where 8 A/N bits are remained as unused.
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Figure 1: spatial A/N bundling on PUCCH format 3

2.2 Individual A/N transmission on PUSCH

In Rel-10, when A/N is transmitted on PUCCH, the A/N payload size is determined by 
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, where 
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 is the number of downlink subframes associated with a single UL subframe. On the other hand, when A/N is transmitted on a PUSCH and the PUSCH transmission adjusted based on a detected PDCCH with UL DAI (
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), the A/N payload size determined by 
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, which can reduce the unnecessary A/N bits for not scheduled PDSCH. However, when spatial A/N bundling is determined in Mode 1, the decision criterion for spatial A/N bundling is whether the A/N payload size determined by 
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 is greater than 20 bits regardless of A/N on PUCCH or A/N on PUSCH, which could not fully utilize the 20 A/N bits supportable with the Dual RM on PUSCH if A/N payload size determined by 
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 before spatial A/N bundling is greater than 20 while A/N payload size determined by 
[image: image15.wmf]UL

DAI

W

 before spatial A/N bundling is not greater than 20. Therefore, the criterion for spatial A/N bundling according to the A/N payload size by 
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 can be considered in Rel-11 to support more individual A/N on PUSCH. 
Figure 2 shows an example, when 
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=3. In response to a maximum of 18 codewords in DL indicated by 
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, 18 individual A/N feedback bits are transmitted in Rel-11 enhancement, while 9 spatially bundled A/N feedback bits are transmitted on PUSCH in Rel-10 even though there are remaining 11 A/N bits which can be used to transmit individual A/N feedback bits.
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Figure 2: spatial A/N bundling on PUSCH in Mode 1

Similar approach is already employed in case of A/N Mode b in Rel-10, where the criterion for spatial bundling is whether the A/N payload size determined by the 
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 is greater than 4 bits, so that 4 bits supportable in the PUCCH channel selection are fully utilized to transmit the individual A/N as shown in figure 3.
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Figure 3: spatial A/N bundling on PUSCH in Mode b in Rel-10

3. Summary
In this paper, we discuss the enhancements of A/N Mode 1 regarding spatial A/N bundling. We propose to consider enhanced A/N feedback signalling for A/N Mode 1 in Rel-11, which can support individual A/N feedback bits as much as possible. 
.
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