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1. Introduction

At e-mail reflector after RAN1 #63 meeting, the multiplexing of UCI on PUSCH for the case of uplink spatial multiplexing was discussed and the following conclusions were agreed [1]:
· Dual RM coding is applied to HARQ-ACK/RI on PUSCH with more than 11 payload bits
· The details of dual RM coding scheme is an open issue at RAN1 63bis meeting
In this contribution, we propose some detail schemes of dual RM coding for ACK/NACK and RI on PUSCH with more than 11 payload bits.
2. Details of dual RM coding for HARQ-ACK and RI on PUSCH with large payload
In e-mail reflector after the 3GPP RAN1 #63 meeting, dual RM coding was agreed as channel coding scheme for HARQ-ACK and RI on PUSCH with more than 11 payload bits [1]. Furthermore, the payload bits are equally segmented into two information blocks of length 
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 and each segment is separately encoded by dual (32,O) Reed-Muller encoder [1]. In this section, details of dual RM coding are described.
There are three ways of details for dual RM coding scheme. 
Alt 1. Separate coding chain with separated RE calculation
In this scheme, the number of REs for UCI is calculated for each RM encoder with separated payload. Then separated RM channel coding chain is applied to each separated payload. The applied channel coding chain is the same with Rel-8 channel coding chain. Figure 1 shows the overall procedure of this method. The separated UCIs are encoded independently. After channel coding, encoded UCI are concatenated and interleaved. The interleaver in this process can be bit interleaver or symbol (vector sequence) interleaver and can be omitted. The RE calculation in this scheme is the same as that of ACK/NACK with payload size less than 12bits except for the maximum value. The number of REs 
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for ith (i=1,2) RM encoder is given as follows.
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 is the payload size for ith RM encoder.
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Figure 1. Separate coding chain with separated RE calculation
Alt 2. Dual RM encoder with single rate matching
In this scheme, the number of REs is calculated for UCI with overall payload. Encoded ACK/NACK from both RM encoders are concatenated and interleaved before rate matching. In this scheme, the interleaver is necessary to guarantee the similar performance to both RM encoders. 
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Figure 2. Process of twin RM encoder with single RE calculation
Alt 3. Dual RM encoder with separated rate matching with single RE calculation
In this scheme, the number of REs is calculated for UCI with overall payload then divided to each RM encoder. The only difference between Alt 1 and Alt 3 is RE calculation. So the conventional equation of RE calculation for HARQ-ACK/RI can be reused. The interleaver in this process also can be bit interleaver or symbol (vector sequence) interleaver and can be omitted.
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Figure 3. Separate coding chain with single RE calculation
Among the above schemes, Alt 2 is the only scheme that requires the interleaver to guarantee the even performances of both RM encoders. Alt 1 and Alt 3 are similar except for RE calculation and RE division scheme. Furthermore, Alt 3 seems more similar process with dual RM coding scheme of PUCCH. Therefore, Alt 3 is preferred to dual RM coding scheme due to its simplicity and commonality with dual RM coding chain of PUCCH. 
So, based on the above observations, we propose

Proposal: 
1. Dual RM encoder with separated rate matching and single RE calculation (Alt 3) is preferred 
3. Conclusions 
 In this contribution, we have suggested the details of dual RM coding for HARQ-ACK and RI on PUSCH with more than 11 payload bits. The summary of our recommendations is as follows

· For HARQ-ACK/RI with more than 11 payload bits, dual RM encoder with separated rate matching and single RE calculation (Alt 3) is preferred.
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