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1 Introduction

At the RAN1#90b meeting and based on email discussion, the following agreements were made with regard to UCI piggybacked on PUSCH [1]:

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

Agreements:

· For CSI piggybacked on PUSCH, support splitting CSI mapping (at least for some CSI) into two parts, where the two parts are mapped differently 

· FFS details (e.g., grouping of different CSI types and map them into different REs, which types of CSI, etc.)

· FFS impact of frequency hopping (if any)

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.

Agreements:
· If freq hop is disabled for PUSCH, CSI piggybacked on PUSCH follows freq first mapping rule

· FFS details

· FFS the case when hopping is enabled

In the contribution, we present our view on UCI embedding onto PUSCH and multiplexing of PUCCH and PUSCH for NR.  
2 Discussion on HARQ-ACK on PUSCH 
For HARQ-ACK feedback on PUSCH, it was agreed that two options can be considered as follows:

· 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.

For Option 1, the encoded HARQ-ACK symbols can be mapped in a frequency first manner and around DM-RS symbol(s). With front-loaded DM-RS structure, this frequency first mapping can provide more robust channel estimation performance and meanwhile allow more time for gNB to process HARQ-ACK feedback and generate PDCCH with DL assignment and PDSCH with new transmission or retransmission. 

For Option 2, the encoded HARQ-ACK symbols can be mapped in a time first manner. This mechanism can be beneficial in terms of coverage enhancement, especially when considering the scenario for UCI only on PUSCH. In case of narrow-band resource allocation, HARQ-ACK feedback spanning multiple symbols can help to improve the link budget. Further, in case of HARQ-ACK puncturing PUSCH for up to 2 HARQ-ACK feedback bits, the impact on UL-SCH may be limited due to the fact that frequency first mapping is adopted for PUSCH transmission.  
At the RAN1#90b meeting, frequency first mapping is agreed for CSI report on PUSCH [1]. In our view, it may be more desirable to define a unified mapping for both HARQ-ACK feedback and CSI report on PUSCH, which can help to simplify the UE implementation. Further, the frequency first mapping for HARQ-ACK on PUSCH can be commonly applied for slot based and non-slot based PUSCH transmission. This design principle may not hold for time first mapping for HARQ-ACK on PUSCH, especially when considering the 2-symbol duration for PUSCH transmission.

Proposal 1
· HARQ-ACK is mapped in a frequency first manner and transmitted around DM-RS. 

Note that DM-RS may be located in the first symbol of PUSCH transmission or 3rd/4th symbol in a slot. When HARQ-ACK on PUSCH is mapped in the frequency first manner, depending on the DM-RS location(s) and starting and end positions of PUSCH transmission, the HARQ-ACK feedback may be mapped only before or after DM-RS symbol(s). More specially, for front-loaded DM-RS structure where PUSCH is mapped right after the DM-RS, HARQ-ACK is also mapped after front-loaded DM-RS symbol. In addition, in case when additional DM-RS is configured and located after the last symbol of PUSCH, HARQ-ACK is mapped prior to last DM-RS symbol. 
Figure 1 illustrates examples of frequency first mapping for HARQ-ACK on PUSCH. In Scenario A), HARQ-ACK is mapped around the first DM-RS symbol while in Scenario B), HARQ-ACK is mapped only after the first DM-RS symbol. 
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Figure 1. Frequency first mapping for HARQ-ACK on PUSCH
Note that in case when frequency hopping for PUSCH transmission is applied, it was agreed at least front-loaded DM-RS symbol is supported for each hop [1]. Following the same design principle as mentioned above, in case of frequency hopping, HARQ-ACK feedback is transmitted after DM-RS symbol in each hop.
As agreed in the RAN1#90b meeting [1], HARQ-ACK feedback is mapped to distributed REs across PUSCH allocated RBs, which can help to exploit the benefits of frequency diversity. This is more beneficial for relatively small HARQ-ACK payload size and when large amount of resource is allocated for data transmission. In this case, spreading a few HARQ-ACK symbols among the allocated resources can help to improve the HARQ-ACK detection performance. 
To maximize the benefit of frequency diversity, HARQ-ACK feedback can be evenly distributed in allocated symbol and PUSCH resource, excluding PT-RS. Figure 2 illustrates one example of distributed mapping pattern for HARQ-ACK on PUSCH. In the example, 20 REs are allocated for HARQ-ACK feedback, which are evenly distributed within allocated symbols and PUSCH resource. 
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Figure 2. Distributed mapping pattern for HARQ-ACK on PUSCH
Proposal 2
· Depending on DM-RS(s) locations and starting/end symbol of PUSCH, HARQ-ACK may be mapped only before or after DM-RS.  

· In case of frequency hopping, HARQ-ACK is transmitted after front-loaded DM-RS symbol(s) in each hop. 

· HARQ-ACK is evenly distributed in allocated symbol(s) and PUSCH resource, excluding PT-RS.  
3 Discussion on CSI report on PUSCH

As agreed in the RAN1#90b meeting, in case when frequency hopping is disabled for PUSCH, CSI on PUSCH follows frequency first mapping rule. Further, for CSI piggybacked on PUSCH, support splitting CSI mapping (at least for some CSI) into two parts, where the two parts are mapped differently [1]. Note that as the payload size of the first CSI part can be determined according to the configuration, the payload size and thus the allocated resource for the second CSI part can be derived from the first CSI part. 
As mentioned above, DM-RS may be located in the first symbol of PUSCH transmission or 3rd/4th symbol in a slot. To provide the benefit of early decoding for first CSI part as much as possible, first CSI part can be mapped starting from the first PUSCH symbol. Depending on first DM-RS symbol location and starting PUSCH symbol, the first CSI part may be mapped prior to the first DM-RS symbol. 

When UL-SCH is mapped after the first and second CSI part, the starting position of UL-SCH on PUSCH may vary which depends on the content of the first CSI part and subsequently the allocated resource for the second CSI part. At the receiver, the steps for decoding UL-SCH, first and second CSI part can be listed as follows:

· Step 1: decode the first CSI part based on beta-offset and CSI configuration 

· Step 2: determine the amount of REs for the second CSI part according to beta-offset and derived payload size from the decoded first CSI part in step 1, and subsequently decode the second CSI part

· Step 3: determine the starting position of UL-SCH, and decode the UL-SCH. 

As evident from the above, in case when the receiver fails to decode the first CSI part in step 1, receiver would assume incorrect starting position for UL-SCH, which results in failure in UL-SCH decoding. Figure 3 illustrates issue with UL-SCH mapping after the first and second CSI part. Note that this UL-SCH decoding failure may not be recovered by HARQ-ACK retransmission with soft-bit combining. In this case, gNB may need to reschedule the PUSCH transmission, which may lead to additional latency for UL-SCH transmission. 
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Figure 3. Issue with UL-SCH mapping after CSI report

To address this issue, UL data may be mapped after the first CSI part, and the second CSI part can be mapped after the UL-SCH on PUSCH. In this design, the starting position of UL data can be predetermined according to beta-offset and payload size of the first CSI part, which can help to simplify the receiver implementation in term of blind decoding at least for the first part of UL data. Figure 3 illustrates the resource mapping scheme for UL-SCH and CSI report on PUSCH. 
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Figure 4. Resource mapping of UL-SCH and CSI report on PUSCH
Note that same design principle can be straightforwardly extended when frequency hopping is applied for PUSCH transmission. More specifically, the first CSI part can be mapped in the first frequency hop, followed by UL-SCH. The second CSI part can be mapped in the second frequency hop. This can allow a unified resource mapping scheme for CSI piggybacked on PUSCH regardless of whether frequency hopping is employed.  
Proposal 3
· First CSI part is first mapped in a frequency first manner, followed by UL-SCH and then second CSI part. 

· The first CSI part is mapped starting from the first PUSCH symbol. 

· The same principle is applied for the frequency hopping case.
4 Conclusions

In this contribution, we shared our view on UCI multiplexing onto PUSCH and multiplexing of PUCCH and PUSCH for NR. Based on the discussion, we summarize our views through the following proposals:
Proposal 1
· HARQ-ACK is mapped in a frequency first manner and transmitted around DM-RS. 
Proposal 2
· Depending on DM-RS(s) locations and starting/end symbol of PUSCH, HARQ-ACK may be mapped only before or after DM-RS.  

· In case of frequency hopping, HARQ-ACK is transmitted after front-loaded DM-RS symbol(s) in each hop. 

· HARQ-ACK is evenly distributed in allocated symbol(s) and PUSCH resource, excluding PT-RS.  
Proposal 3
· First CSI part is first mapped in a frequency first manner, followed by UL-SCH and then second CSI part. 

· The first CSI part is mapped starting from the first PUSCH symbol. 

· The same principle is applied for the frequency hopping case.
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