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1 Introduction 
In RAN1#62bis, the following agreements were made on ACK/NACK transmission mode for TDD [1].

· For A/N feedback for TDD with PUCCH Format 3:

· Mode 1: 

· Supports A/N payload size of up to 20 bits

· If the number of A/N bits to be indicated would be >20, spatial bundling is employed

· No bundling is employed if the number of A/N bits is <=20 bits

· FFS whether a Mode 2 is also supported:

· Spatial bundling with time or CC bundling (the same bundling domain as for mode b) is employed in addition to spatial bundling in cases when the number of A/N bits to be indicated would be >x 

· For A/N feedback for TDD with PUCCH Format 1b with channel selection:

· Mode a:

· If the number of A/N bits to be indicated is <=4, no bundling is used

· Mode b:

· Spatial bundling with time- or CC-domain bundling (FFS which) is used if the number of A/N bits to be indicated would be >4

In this contribution, we discuss the remaining issues on TDD A/N feedback modes.

2 Discussion
2.1 TDD A/N feedback for PUCCH Format 3 
For PUCCH Format 3, the agreed Mode 1 supports payload sizes up to 20 bits. Mode 2 would further improve the UL A/N channel coverage by optimizing the scheme for smaller A/N payload size at the expense of DL throughput [2]. This is considered as an optimization scheme, and may be considered in future releases. In Rel-10, Mode 1 can be supported as the single TDD A/N feedback scheme for PUCCH Format 3.
Proposal: For TDD A/N feedback with PUCCH Format 3, ‘Mode 1’ shall be supported as the single feedback scheme.
2.2 TDD A/N feedback for Format 1b Channel Selection
In RAN1#62bis, ‘Mode a’ is agreed for A/N payload sizes not larger than 4 bits. For A/N payload sizes larger than 4 bits, ‘Mode b’ allows A/N feedback channel selection to be used in TDD CA even when A/N payload size exceeds 4 bits. In this approach, spatial bundling is agreed while selection of CC-domain or time-domain bundling is FFS. We prefer time-domain bundling to exploit strong correlation in among the subframes.
It seems necessary to clarify what is meant by a TDD UE that supports up to 4 A/N bits. In FDD, a UE that supports up to 4 A/N bits can support 2 aggregated carriers with MIMO. In order to maximise the commonality between FDD and TDD, it seems logical to enable the same functionality to be supported in TDD that do not support DFT-S-OFDM. 

In order to achieve this, we propose a simple bundling approach outlined below in addition to spatial bundling agreed already:
· Full A/N feedback is generated for all CCs for the first few (as many as possible) subframes

· Time-domain bundling is applied for the remaining subframes. 

This is illustrated below for various TDD subframe configurations:
Case 1: 2 carrier aggregation with 2DL:1UL subframe configuration
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Figure 1: No bundling required for Case 1 for PUCCH Format 1b Channel Selection

Case 2: 2 carrier aggregation with 3DL:1UL subframe configuration
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Figure 2: Partial bundling for Case 2 for PUCCH Format 1b Channel Selection


Case 3: 2 carrier aggregation with 4DL:1UL subframe configuration
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Figure 3: Partial bundling for Case 3 for PUCCH Format 1b Channel Selection

Proposal: It shall be possible for a TDD UE to support aggregation of 2 carriers with MIMO using Format 1b Channel Selection, without being configured to use DFT-S-OFDM (as for FDD). For such a case:

· Spatial bundling is used

· Full A/N feedback is generated for all CCs for the first few (as many as possible) sub-frames.

· Time-domain bundling is applied for the remaining subframes for a subset of CCs.

· A fixed bundling pattern is provided for each case. 
3 Conclusions
In this contribution, we discussed the PUCCH A/N channel design for TDD with CA. Based on our observation, we make the following recommendations:
Proposal 1: For TDD A/N feedback with PUCCH Format 3, ‘Mode 1’ shall be supported as the single feedback scheme.
Proposal 2: For ‘Mode b’ for TDD A/N feedback with Format 1b channel selection, the following bundling principle is applied: 
· Spatial bundling is used

· Full A/N feedback is generated for all CCs for the first few (as many as possible) sub-frames.

· Time-domain bundling is applied for the remaining subframes for a subset of CCs.

· A fixed bundling pattern is provided for each case. 
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