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Introduction
In the last meeting, there are the following agreements about UCI multiplexing on PUSCH[1]:
Agreements:
· For grant based UL transmission, use DAI based mechanism similar to LTE to indicate UE the number of ACK bits for ACK piggyback on PUSCH. 
· FFS details of DAI mechanism 
· FFS: how to enhance DAI mechanism to support CBG based transmission
Agreements:
· For ACK piggybacked on PUSCH, map ACK to distributed REs across PUSCH allocated RBs 
· Details FFS
Agreements:
· For CSI piggybacked on PUSCH, map CSI to distributed REs across PUSCH allocated RBs 
· Details FFS
After the meeting, the email discussion “[90b-NR-28] Email approval on how to map HARQ-ACK to REs when ACK piggyback on PUSCH” concluded that
Agreements:
· When HARQ-ACK piggyback on PUSCH, the same rule is applied to map encoded HARQ-ACK bits to HARQ-ACK REs, regardless of HARQ-ACK puncture or rate match PUSCH. 
· HARQ-ACK avoids puncturing PT-RS.
· Down select to one from the following two alternatives
· MAP HARQ-ACK to REs around DMRS symbol(s)
· Map HARQ-ACK to REs across as many symbols within PUSCH (excluding DMRS symbol) as possible in both frequency hops if applicable.
In this contribution, we will discuss the remaining issues about how to map UCI on PUSCH.
Discussion
[bookmark: _Ref498545254]According to the current agreements, both HARQ-ACK and CSI is mapped to distributed REs across PUSCH allocated RBs. The detailed mapping rule of is not yet determined. 
The main motivation of using distributed REs is to get frequency diversity gain forUCI transmission no matter the PUSCH is with CP-OFDM waveform or with DFT-s-OFDM waveform. Then it is beneficial to target comparablefrequency diversity gain forUCI transmissionwith the two kinds of waveforms.
Observation 1: It is beneficial to target comparable frequency diversity gain for UCI transmission no matter it is transmitted on PUSCH with CP-OFDM waveform or transmitted with DFT-s-OFDM waveform.





With DFT-s-OFDM waveform, UCI can be spread everywhere in the bandwidth of PUSCH regardless of the UCI mapping rule. Then,for CP-OFDM waveform,it is better to map the UCI to evenly distributed REs in frequency domain to get similar frequency diversity gain as DFT-s-OFDM case. A possible way is to map the UCI on PUSCH based on interlace-like pattern. The bandwidth of PUSCH is  as illustrated in the Figure 1 below. These resources in frequency domain can be divided in to  interlaces and each interlace includes  subcarriers. When UCI is mapped to the PUSCH interlace by interlace, they are spread evenly in the bandwidth of PUSCH. Of course, if the number of needed REs for UCI mapping cannot be divided by , only part of the REs in one interlace is used by UCI. Therefore, it is proposed the UCI mapping rule in frequency domain is interlace by interlace which each interlace includes  subcarriers located on the same position in each resource block.



[bookmark: _Ref498546870]Figure 1UCI mapping rule in frequency domain on PUSCH

Proposal 1: UCI mapping rule in frequency domain is interlace by interlace which each interlace includes  subcarriers located on the same position in each resource block.
Accordingto the current agreements, two options are to be down selected for HARQ-ACKmapping in the time domain.
Option 1:MAP HARQ-ACK to REs around DMRS symbol(s)
Option 2:Map HARQ-ACK to REs across as many symbols within PUSCH (excluding DMRS symbol) as possible in both frequency hops if applicable
With option 1, the performance of HARQ-ACK transmissioncan be improved comparing with option 2 due to better channel estimation result benefit from near to DMRS symbol(s). Besides, the latency of HARQ-ACKtransmission can also be restricted since they are transmitted on earlier symbols. But if PUSCH is punctured by HARQ-ACK, the punctured REs are restricted to the earlier symbols. This may lead to error codeblock transmission with high probabilityin these symbols. However, since puncturing is only used when HARQ-ACK bits is 1 or 2, the impact can be marginal.
For option 2, 
With option 2, HARQ-ACK can be spread in more symbols in time domain which benefits the coverage performance. However, the later transmitted HARQ-ACK performance may degrade the final performance of HARQ-ACK decoding considering the channel estimation is worse than the earlier transmitted HARQ-ACK.
Therefore, option 1 is preferred when HARQ-ACK is mapped to PUSCH.
Proposal 2: MAP HARQ-ACK to REs around DMRS symbol(s) in PUSCH.
As a result, we prefer HARQ-ACK is mapped to PUSCH around DMRS symbol(s) in the order of frequency first and time second. In the frequency domain, the order of interlace by interlace is used. The following Figure 2 is an example where 3 resource blocks are assumed for PUSCH transmission. There are 47 REs needed for HARQ-ACK multiplexing.
[image: ]
[bookmark: _Ref498674122]Figure 2HARQ-ACK multiplexing with PUSCH

Conclusion
In this contribution, we have discussed the remaining issues about how to map UCI on PUSCH.The following observation and proposals are reached:
Observation 1: It is beneficial to target comparable frequency diversity gain for UCI transmission no matter it is transmitted on PUSCH with CP-OFDM waveform or transmitted with DFT-s-OFDM waveform.

Proposal 1: UCI mapping rule in frequency domain is interlace by interlace which each interlace includes  subcarriers located on the same position in each resource block.
Proposal 2: MAP HARQ-ACK to REs around DMRS symbol(s) in PUSCH.
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