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1 Introduction

In this contribution, we discuss the remaining issues of the performance requirements for multiplexing HARQ-ACK on PUSCH. 
2 Discussion

2.1 Progress in RAN 1
The processing of multiplex ACK/NACK to PUSCH has been agreed in the #62bis meeting by RAN1, conclusions are as following [ran1 chairman notes 62bis]:
· Straight forward extension of the single antenna case with replication across layers

· Same starting point  for rate-matching for each TB 

· 1 or 2 bits:

· Same modulation for UCI and data on each codeword (same as Rel-8)

· Corner constellation points are used (same as Rel-8)

· Repetition (1-bit) or Simplex (2-bit) coding per layer (same as Rel-8)

· HARQ-ACK and RI bits are replicated over CWs before channel coding

· If a CW is mapped onto multiple layers, HARQ-ACK and RI bits are replicated over these layers after coding

· Layer or Codeword (to be agreed in RAN1#63 at latest) specific scrambling 

· For each layer / Codemword, the Rel-8 scrambler is reused with the exception of different initialization parameters

· For each layer / Codeword, data and UCI are scrambled jointly (same as Rel-8) 

The structure of HARQ-ACK multiplexed on PUSCH is illustrated in Figure 1. The HARQ-ACK is encoded separately for each data codeword. Then the coded HARQ-ACK symbols are duplicated in case the data codeword is mapped to two layers. Note that in current case we only focus on the 2Tx case, in which a codeword is mapped to a single layer, there is no replicate during the processing. 
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Figure 1 Structure of HARQ-ACK multiplexing on PUSCH
2.2 Impact analysis
The design principle of the UCI multiplexed PUSCH scheme is to facilitate a maximum reuse of the Rel8 implementation blocks. Especially for 1 and 2 bit payloads, the multiplexing design will ensure that the transmit signal forms a rank 1 MIMO signal.
The baseline receiver thus exploits that each layer can be regard as a replica of the Rel-8/9 encoded signal, and the Rel-8/9 receiver can be reused for each layer, then the soft output can be combined to form a joint decision. 
Since the performance requirement of multiplexing UCI on PUSCH has already been defined for Re-8/9 eNB. Therefore no new tests are required for this case.
3 Conclusion
In this contribution, we discussed the demodulation performance requirements for HARQ-ACK multiplexing on PUSCH. For MIMO case the processing is just an extension of the single antenna case with replication across layers. It is suggested that no new test is needed for this case.
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