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1 Introduction 
At RAN1#61bis, a principal agreement on the ACK/NACK multiplexing scheme for LTE-A was made.

· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM 

However, the following details of ACK/NACK channel design remain FFS:

· whether Rel-8 PUCCH resources are used for A/N feedback if the UE receives only a DL PCC assignment (regardless of the number of configured and/or activated DL CCs)

· whether explicit “DTX” signalling is needed

· what is the update rate for the ACK/NACK codebook (semi-static or dynamic)

· power limited case
· ACK/NACK transmission for TDD
In this contribution, we present our views on the remaining issues on PUCCH A/N channel design for CA. 

2 Discussion
The ACK/NACK multiplexing scheme for carrier aggregation depending A/N payload size is shown in Figures 1 and 2. Release-8 supports PUCCH Formats 1a and 1b for FDD. For low-end UEs supporting up-to 4 A/N bits on PUCCH, channel selection based on PUCCH Format 1b is adopted. For high-end UEs supporting more than 4 A/N bits on PUCCH, DFT-S-OFDM is used. For large number of A/N bits exceeding 10 (or 12 bits), DFT-S-OFDM with bundling is considered. 
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Figure 1: PUCCH ACK/NACK multiplexing scheme in LTE-A (Low-end UEs)
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Figure 2: PUCCH ACK/NACK multiplexing scheme in LTE-A (High-end UEs)

2.1 DTX Handling and A/N Payload Size
The number of A/N bits that are multiplexed in PUCCH depends on the number of activated DL carriers, the number of DL MIMO codewords, and DTX handling scheme.  
DTX arises due to missed PDCCH detection. DTX handling is typically implemented at the eNB receiver and feedback of DTX state from UE is not needed. 
· For FDD, with dual codeword transmission for each component carrier, the number of feedback states is 4 per DL component carrier, which are (ACK,ACK), (ACK,NACK), (NACK,ACK), and (NACK,NACK), resulting in a total of 
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 activated DL component carriers. For 5 CCs, this requires up to 10 bits of A/N signalling. 

· For FDD with single codeword transmission, the number of A/N bits needed is 5.
· For TDD, up to 4:1 asymmetry between DL and UL has to be supported. The total number of states is 
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 for MIMO. The required A/N payload sizes without bundling or multiplexing are therefore 40 bits for MIMO and 20 bits for SIMO.
Proposal 1: DTX codeword transmission from the UE shall not be supported. The A/N payload sizes are
· 5 bits for SIMO and 10 bits for MIMO for FDD
· 20 bits for SIMO and 40 bits for MIMO for TDD (without bundling or multiplexing)
2.2 A/N Bundling for Power-limited Case
In RAN1#60bis, a Working Assumption was made not to support cross-carrier A/N bundling for the FDD non-power-limited case. Further discussion on cross-carrier A/N bundling took place in RAN1#61bis on FDD power-limited case but no consensus could be reached. 
For FDD, up to 4 A/N bits can be supported by channel selection without compromising the link budget. This is sufficient to support 2 CCs with 2 codewords or 4 CCs with a single codeword. It is not expected that carrier aggregation of 3 CCs with MIMO (5 CCs in SIMO case) is required for power-limited case in the Rel-10 timeframe. 

Furthermore, A/N spatial bundling may be considered when DL transmission has two codewords. It was already demonstrated that the DL throughput loss due to spatial bundling is low, since error events on the two codewords are highly correlated. Thus, we favour spatial bundling when UL is power limited. If A/N spatial bundling is adopted, A/N transmission up to 4 CCs can be supported with PUCCH Format 1b with channel selection for both SIMO and MIMO.
It has also been noted that error events are not usually highly correlated between CCs. We therefore do not see a need for cross-carrier bundling for the power-limited case. 

Proposal 2: Cross-carrier A/N bundling for the power-limited case is not supported in Rel-10 FDD. Spatial bundling for DL MIMO is FFS.
2.3 A/N Multiplexing in TDD
In TDD, a DL/UL ratio of up to 4 needs to be supported. Assuming that a 12 bit A/N payload can be supported with DFT-S-OFDM, there are 2 cases with A/N payload sizes larger than 12 bits for SIMO and MIMO with spatial bundling for TDD. As in Rel-8 TDD, temporal bundling of A/N may be used for these cases. 
Proposal 3: For Rel-10 TDD, temporal A/N bundling is supported when the A/N payload size exceeds 12 bits.
2.4 A/N Codebook Update

For optimal A/N detection performance, different A/N codebooks need to be supported depending on the A/N payload size. Three types of A/N codebook update schemes are possible:

· Codebook update based on PDCCH detection (L1)

· Codebook update based on activated CCs (L2)

· Codebook update based on configured CCs per UE (L3)

The drawback of L1 based codebook adaptation is errors due to PDCCH mis-detection. The L2 based codebook adaptation can be more reliable than L1 based codebook update, and is therefore preferred over L1 based approach. 

If a Reed-Muller code is used for the A/N transmission, the decoder can be adapted dynamically without adapting the codebook dynamically. The decoder adaptation may be implemented in the eNB receiver by a proprietary algorithm. 
Proposal 4: A/N codebook adaptation based on activated CCs shall be the baseline. 
3 Conclusions
In this contribution, we discussed the remaining issues on A/N channel design for CA. We make the following recommendations:
Proposal 1: DTX handling at the UE shall not be supported. The A/N payload sizes are
· 5 bits for SIMO and 10 bits for MIMO for FDD
· 20 bits for SIMO and 40 bits for MIMO for TDD

Proposal 2: Cross-carrier A/N bundling for power-limited case is not supported in Rel-10 FDD. Spatial bundling for DL MIMO is FFS.
Proposal 3: For Rel-10 TDD, A/N bundling is supported when the A/N payload size exceeds 12 bits.

Proposal 4: A/N codebook adaptation based on activated CCs shall be the baseline.
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