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1. Introduction 
In the previous meeting, UCI multiplexing were discussed and some agreements were achieved [1][2].

· Confirm that UCI piggyback on PUSCH is supported for both DFT-s-OFDM waveform and CP-OFDM waveform.

· FFS: Whether common UCI piggyback rule for different waveforms.

· Continue further study of UCI piggyback of following options:

· Opt.1: For all types of UCI, UL data is rate-matched.

· FFS: the case where UE missed the DL assignment.

· Opt.2: For all types of UCI, UL data is punctured.

· Opt.3: At least for UCI other than HARQ-ACK, UL data is rate-matched, while for HARQ-ACK, UL data is punctured.

· FFS: handling of large HARQ-ACK payload

In this contribution, we share our views on the issues related to the UCI transmission on PUSCH.
2. UCI transmission on PUSCH
2.1. Puncture or rate matching
In NR, it is agreed to support UCI piggyback on PUSCH for both DFT-S-OFDM and CP-OFDM waveform. Three options are proposed in the last RAN1 meeting. Actually, option 3 is similar to LTE. HARQ-ACK bits puncture data symbols of PUSCH while rate matching applies for other UCI information. 
In NR, a large range of the number of HARQ-ACK bits may be introduced. For instance, TB-based feedback, CBG-based feedback and/or the feedback of multiple PDSCHs. Different treatment for these cases can be considered. For small payload size, puncture operation can still be utilized. When feedback payload is larger, puncture operation can decrease PUSCH performance. Thus, rate matching may be considered.
For rate matching, the condition of missed DL grant should be considered. When DL grant is missed, confusion between gNB and UEs can occur about whether or not rate matching is operated. 

For NR, RI/CRI or beam relative information can include a lot of payloads compared to LTE system. Therefore, rate matching is suggested.
Proposal 1：
· For HARQ-ACK with payload size< [X] , puncture is supported.
· For HARQ-ACK with payload size>= [X] , rate matching is supported. 
· FFS X
· For UCI other than HARQ-ACK, rate matching is applied.
2.2. UCI mapping 
In LTE, HARQ-ACK and RI is located in adjacent or near frequency resource of DMRS symbols to obtain better channel estimation performance. Similar design principle can also be considered in NR. Beam related information (BRI) is introduced in NR, some information is as similar priority as RI, which is important to derive CQI. Thus, RI and/or BRI can be considered to piggybacked with PUSCH based on the similar manner to HARQ-ACK.
Proposal 2: HARQ-ACK/RI and some BRI are mapped in the adjacent resource of DMRS symbols for DFT-S-OFDM waveform. 
For NR uplink, DMRS can be front loaded. Thus, the similar placement of UCI information can also be considered, e.g. HARQ-ACK and RI and so on are put in the adjacent resource of DMRS symbols for both waveform. Frequency first mapping can be considered. Considering the potential frequency diversity gain, the distributed mapping in frequency location can be used. The distributed mapping of HARQ-ACK/RI/BRI and so on is preferred in NR, as shown in Fig.1 (a).  
Proposal 3: The distributed mapping of HARQ-ACK/RI etc. can be considered in NR. 
For DFT-S-OFDM, the whole symbol might be occupied for DMRS considering lower PAPR. But for CP-OFDM, the DMRS may only occupy the parts of symbol. When the number of antenna ports is small, HARQ-ACK or RI/BRI can also be placed in the symbol carrying DMRS, as depicted in Fig.1(b).
For CQI/PMI, it should be not influenced by the mapping of HARQ-ACK and RI/BRI etc. The location of CQI/PMI should be fixed. Moreover, the mapping should avoid the additional DMRS symbols. If CQI/PMI include more bits, it can occupy multiple symbols. Thus the last symbol can be a candidate for carrying CQI/PMI. The RE is mapped from back to front in time domain. Detailed contents and payload sizes of UCI need further discussions in MIMO section.
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Figure.1 UCI piggyback on PUSCH

Proposal 4: HARQ-ACK/RI and some BRI can be mapped in the symbol carrying DMRS for CP-OFDM waveform.

Proposal 5: CQI/PMI are mapped from the last symbol.

Proposal 6: Frequency-first mapping is applied for UCI information.
3. Conclusion
In this document, we discuss UCI transmission on PUSCH of with the following proposals:
Proposal 1：
· For HARQ-ACK with payload size< [X] , puncture is supported.

· For HARQ-ACK with payload size>= [X] , rate matching is supported. 

· FFS X
· For UCI other than HARQ-ACK, rate matching is applied.
Proposal 2: HARQ-ACK/RI and some BRI are mapped in the adjacent resource of DMRS symbols for DFT-S-OFDM waveform. 
Proposal 3: The distributed mapping of HARQ-ACK/RI etc. can be considered in NR. 
Proposal 4: HARQ-ACK/RI and some BRI can be mapped in the symbol carrying DMRS for CP-OFDM waveform.

Proposal 5: CQI/PMI are mapped from the last symbol.

Proposal 6: Frequency-first mapping is applied for UCI information.
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