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1 Introduction
In RAN1#63 and email approval, the following were agreed to support TDD up to 20 A/N or RI bits.   

· For A/N or RI with 12-20 bits, 

· Use RM(32,O) code with coding chain as for PUCCH format 3 but without PUCCH interleaver (32 coded bits for each block)
· If the UE has only a single CC configured, it shall use the Rel-8/9 coding and resource scheme. 

· If >1 CC is configured, PUSCH A/N codebook size:

· based on the number of configured CCs and their configured transmission modes

· for TDD, also dependent on number of subframes in bundling window; 

· The proposals in R1-106026 and R1-106499 and R1-106025 are FFS - revisit in RAN1#63bis. 

· Treatment of special subframe is FFS
In RAN1#63, it was also agreed to modify the resource allocation of A/N and RI  [4] for the case of SU-MIMO:  
· Modify the resource allocation equation of A/N and RI to the following equation, in order to accurately reflect the channel condition experienced by each TB
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The following working assumption to define 
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for UL SU-MIMO with two codewords was also made:
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If O<=2, Q’min = O,

else,                                  and                                Here,           is the modulation order for CW (x).
· The part of agreement regarding the case of O>11 can be revisited if single RM coding is not agreed in the CA session for O>11.

The RM code (32, O) had been agreed in supporting 12-20 A/N and RI bits in TDD.  The resource allocation of A/N and RI in SU-MMO were also finalized.   This paper discussed the remaining issues of UCI on PUSCH.  
2 Discussion of A/N Multiplexing on PUSCH
The dual RM code is used to support up to 20 A/N and RI bits for CA in TDD.  The base RM code is used with puncturing to adapt for different numbers of A/N or RI bits.  The coding gain of an RM code is inversely proportional to the number of information bits for encoding. The UL Tx power can be adjusted accordingly for different coding gain if it is transmitted on PUCCH format 3.  The joint coding scheme for multiple A/N and RI feedback has advantage of energy compression to provide the same bit error performance.  However, the joint coding scheme is less tolerant to partial DTX of some A/N due to missed detection of the DL PDCCH.  
Since the same coding scheme is used for A/N multiplexing on PUSCH, the same RM code would be used for joint encoding of multiple A/N bits.   The A/N coded bits will be mapped to PUSCH resource allocation through PUSCH RE puncturing.  The use of puncturing to multiplex the A/N coded bits in Rel-8 is designed to minimize the impact on the PUSCH performance when A/N is DTXed due to missed-detection of a DL scheduling assignment.  Two aspects need to be considered in multiplexing RM-encoded A/N bits on PUSCH in Rel-10:  

· The number of REs to transmit A/N bits needs to be determined based on the coding gain of the RM code.  The RM(32, O) code has a fixed number of bits at the output but a variable number of bits at the input.  The use of additional REs to transmit A/N bits is equivalent to repetition coding to compensate for high rate RM code [8].  
· A large number of hypothesis tests for A/N detection would not only increase the eNB complexity but also impact the reliability of A/N detection, which in turn impacts the DL throughput performance. The number of hypothesis tests required to be performed by the eNB in determining the number of A/N bits actually transmitted by the UE on PUSCH should therefore be minimised.  If the missed-PDCCH scenario is considered, the eNB needs to loop through all possible number of A/N transmissions by the UE to decode the A/N since no explicit signaling is provided.  Several contributions [8]

 REF _Ref282473602 \r \h 
[2] have proposed to use a DAI, in either UL or DL, to reduce the required number of hypothesis tests.      
It has already been agreed that for TDD the A/N codebook size on the PUSCH will be dependent on the number of subframes in the bundling window. In order to avoid introducing additional hypothesis testing as a result, the use of a 2-bit DAI in the UL grant therefore seems an acceptable solution. 
3 Conclusion
In this contribution, we have discussed the remaining details of coding and resource handling for A/N on PUSCH.   
We propose the use of a 2-bit DAI in the UL grant to indicate how many bits the UE should send.   
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