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1  Introduction
During RAN plenary #79, a new version of the release 15 NR specifications was approved. It was also agreed that during the second quarter of 2018, RAN1 will continue to close the open issues within the scope of the December drop. 
In this contribution we consider remaining open items on UCI multiplexing on PUSCH. Specifically, we address the UCI mapping on PUSCH in cases of single slot and multi-slot transmissions, empty resource elements on DMRS symbols when UCI is transmitted without UL-SCH as well as clarification to the TS38.212 specifications. 
2  Discussion 
2.1  UCI mapping on PUSCH in case of single-slot transmission 
In RAN1 92 [1], following agreement was reached on UCI mapping on PUSCH in case of single slot trasnmissions:
 Agreements:
· When a single slot PUCCH overlap with a single slot PUSCH with the same starting symbol and with different ending symbols, PUCCH is not transmitted and UCI is piggybacked on PUSCH using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH. 
· FFS: overlap for multiple slot transmissions.

However, no agreements were for the cases when partially overlapping PUSCH and PUCCH have different starting symbols. For predictable system operation, it should be specified which of the overlapping channels is dropped, and whether or not to map UCI on PUSCH. 
We consider first the combination of short PUCCH and PUSCH with different starting symbols. Mapping UCI from short PUCCH to PUSCH would in several cases change the UCI processing time by a considerable amount. Additionally, during a single PUSCH duration, UE may have more than one UCI transmission on short PUCCH. Supporting all these various cases could easily lead to several conditions and special UE procedures to handle these cases. Hence, reasonable dropping rule without UCI mapping on PUSCH should be specified for this case. We propose that PUSCH is dropped if UCI contains HARQ-ACK, otherwise PUCCH is dropped. The motivation behind this is that gNB can select the short PUCCH starting symbol for HARQ-ACK via PUCCH resource indicator and by selecting an overlapping PUCCH resource, gNB has prioritized the HARQ-ACK feedback over PUSCH. Further, HARQ feedback may contain ACKs for multiple PDSCHs and dropping that would trigger re-transmission of multiple PDSCHs instead of re-transmission of single PUSCH. On the other hand, dropping UCI containing only CSI would not directly cause any re-transmissions. 
Proposal #1: When overlapping short PUCCH and PUSCH have a different starting symbol, PUSCH is dropped (at the first overlapping symbol) if UCI contains HARQ-ACK, otherwise PUCCH is dropped. 
When considering the combination of long PUCCH and PUSCH, long PUCCH and (slot scheduled) PUSCH can be expected to have their first symbols rather close each other. 
· If PUSCH starts at most 3 symbols before long PUCCH and gNB has ensured that UE has at least N1+1 symbols processing time for UCI before the start of PUSCH, UCI is mapped on PUSCH.  
· UCI processing times at UE are not affected if long PUCCH starts before PUSCH. Of course there is a situation where a mini-slot PUSCH is scheduled at the end of slot. In that case UE may already have started long PUCCH transmission, and mapping UCI on the mini-slot PUSCH would be cumbersome. To avoid such situations, maximum time difference between PUSCH and long PUCCH can be specified for UCI mapping on PUSCH, e.g., that UCI is mapped on PUSCH only if long PUCCH starts at most 3 symbols before PUSCH. 
As dropping rules, we propose that PUSCH is dropped if UCI contains HARQ-ACK, otherwise PUCCH is dropped based on discussion above. 
Proposal #2: When partially overlapping long PUCCH and PUSCH have at most 3 symbol difference in the starting symbol and UE has at least N1+ d1,1 symbols processing time for the UCI before start of PUSCH, UCI is multiplexed on PUSCH and PUCCH is dropped. In other cases of partially overlapping channels, PUSCH is dropped if UCI contains HARQ-ACK, otherwise PUCCH is dropped. 
2.2  UCI mapping on PUSCH in case of multi-slot transmission 
In RAN1 92 [1], UCI mapping on PUSCH in the case of multi-slot transmission was discussed, leading to the following agreement:
 Agreements:
In case a single slot PUCCH overlap with a multi-slot PUSCH transmission: If the starting symbol of PUCCH and PUSCH are aligned in a slot, piggyback UCI on PUSCH in that slot using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH and drop PUCCH transmission 

However, several PUCCH/PUSCH multi-slot transmission cases as illustrated in Figure 1 remain open:  
· Multi-slot PUCCH and multi-slot PUSCH start in the same slot or in different slots
· Multi-slot PUCCH and multi-slot PUSCH have same or different slot aggregation level.
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Figure 1. Examples on overlapping multi-slot PUCCH and PUSCH with different slot aggregation levels and starting slots. 
 We consider these cases with respect to slot aggregation levels:
· If PUCCH has higher slot aggregation level than PUSCH, it is highly questionable to map UCI on PUSCH as the intended quality of UCI will likely reduce. The only exception is case where PUCCH starts before PUSCH. In this case the ongoing multi-slot PUCCH transmission could be stopped and UCI mapped to PUSCH for remaining transmission. However, we see this as marginal optimization complicating the UCI handling.   Hence we propose that UCI mapping on PUSCH is not supported for these cases. 
· If PUSCH and PUCCH have the same slot aggregation level, and 
· PUCCH and PUSCH start on the same symbol: we see that UCI can be mapped on PUSCH and drop PUCCH. It should be noted that slot aggregation operates differently for PUCCH and PUSCH, which can cause UCI on PUSCH to have lower practical aggregation level than PUCCH. However, UCI mapping to PUSCH would occur based on gNB decision, as gNB can easily change the starting symbols to be different. Hence, gNB may allow or prevent the UCI mapping on PUSCH as needed.  
· PUCCH starts later than PUSCH: in this case the UCI transmission time would be reduced. Hence we do not see desirable to support UCI mapping on PUSCH in this case. Instead, we see that the transmission starting later is dropped. 
· PUCCH starts earlier than PUSCH: following the discussion earlier (for PUCCH with higher slot aggregation level than PUSCH), we do not see need to support UCI mapping on PUSCH for this case. 
· If PUCCH has lower slot aggregation level than PUSCH, UCI could be mapped to PUSCH when UCI/PUCCH slot aggregation level can be maintained. An extreme (and probably most common) sub-case of this is the RAN1#92 agreement on mapping single slot PUCCH to multi-slot PUSCH. Generalizing this to cover also multiple PUCCH slot aggregation levels would complicate the system while covering less common sub-cases. Hence, for the sake of simplicity we propose that UCI mapping on PUSCH is not supported for these cases.   
Based on the previous discussion, we propose that UCI is mapped on PUSCH when multi-slot PUCCH and multi-slot PUSCH start on the same symbol on the same slot and have the same slot aggregation level. Otherwise either PUCCH or PUSCH is dropped. For the dropping rules, we propose:
· If multi-slot PUCCH and PUSCH start in the different slots, drop the transmission that starts in a later slot.
· [bookmark: _Hlk510785964]If multi-slot PUCCH and multi-slot PUSCH start in the same slot but have different slot aggregation levels, drop PUSCH if UCI contains HARQ-ACK, otherwise drop PUCCH. The motivation behind this is that HARQ feedback may contain ACKs for multiple PDSCHs and dropping that could trigger re-transmission of multiple PDSCHs. On other hand, dropping UCI containing only CSI would not directly cause any re-transmissions while dropping PUSCH would trigger PUSCH re-transmission.
Based on the discussion, we propose: 
Proposal #3: If multi-slot PUCCH and multi-slot PUSCH start within 3 symbols in the same slot and have same slot aggregation levels, map UCI on PUSCH and drop PUCCH.
Proposal #4: If multi-slot PUCCH and multi-slot PUSCH start in the same slot but have different slot aggregation levels, drop PUSCH if UCI contains HARQ-ACK, otherwise drop PUCCH.
Proposal #5: If multi-slot PUCCH and multi-slot PUSCH start in the different slots, drop the transmission that starts in a later slot.
2.3  UCI mapping to resource elements
In RAN1 AH 1801 [2], the following agreements were reached on UCI mapping to PUSCH:
 Agreements:
· It is clarified that based on previous agreements, when UCI is piggybacked on PUSCH, UCI is not FDMed with DMRS
· This applies to the case regardless of whether UL-SCH is present on PUSCH or not


 Agreements:
· When UE determines to transmit 0, 1, or 2 HARQ-ACK bits, the amount of reserved REs for HARQ-ACK is calculated assuming 2-bits HARQ-ACK, along with the beta_offset determined for the particular transmission
· In case the number of HARQ-ACK bits determined at UE is less than 2, the modulated HARQ-ACK symbols are mapped to a subset of the reserved REs.
· FFS how to determine the subset
When UCI is transmitted on PUSCH without UL-SCH being present and CP-OFDM waveform is used, no content is specified based on the made agreements for those DMRS symbol resource elements that do not carry DMRS. We see that those could be filled with dummy bits. The value of dummy bits could be predetermined, e.g. set to 0, so that they could  potentially be utilized in detection at gNB (although the significance of that is expected to be marginal). 
Another open issue is the mapping of 1-bit HARQ-ACK to the reserved REs calculated by assuming 2-bit HARQ-ACK. In RAN1#92, it was agreed to append NACK to the HARQ-ACK payload in the case that HARQ-ACK and CSI part 1 (without CSI part 2) are multiplexed on PUSCH without UL-SCH. However, the other cases were left open. For those cases, there are few obvious solutions: the 1-bit HARQ-ACK could be mapped continuously to the reserved REs starting either from the beginning or from the end of the reserved REs. Or the 1-bit HARQ-ACK could be mapped to every second reserved RE. As the mapping to every second reserved RE offers better frequency diversity than the continuous mapping, we propose that to be adopted.
Proposal #6: When UCI is transmitted on CP-OFDM PUSCH without UL-SCH, the resource elements on DMRS symbols that do not carry DMRS are filled with dummy bits set to value 0.
Proposal #7: 1-bit HARQ-ACK payload is mapped to every second reserved resource element starting from the first reserved resource element, except in the case of HARQ-ACK and CSI part 1 without CSI part 2 are multiplexed on PUSCH without UL-SCH.
2.4  Splitting the encoded UCI bits between two PUSCH hops
In RAN1#92 email discussion [92-NR-3], frequency hopping PUSCH and the splitting of the encoded UCI bits between two hops were considered and equations for the splitting were agreed. For the case that HARQ-ACK, CSI part 1 and CSI part 2 are multiplexed on PUSCH without UL-SCH, it was agreed that the number of encoded CSI part 1 bits on the first and second hop are given by  and , respectively. 
However, as CSI part 1 is not mapped to the reserved resources, there are actually space only for  encoded CSI part 1 bits in the PUSCH first hop. In the case that UE reports only 1 ACK bit, in certain cases it is possible that more CSI part 1 bits are allocated to the first hop than there is space for, consequently, resulting also unnecessarily small . In certain cases, too small  can cause that the CSI part 1 multiplexing to the second hop of PUSCH is stopped before all encoded CSI part 1 bits are multiplexed. To correct this, we propose that    is used instead of  in the splitting of CSI part 1 encoded bits.
Proposal #8: In the case that HARQ-ACK, CSI part 1 and CSI part 2 are multiplexed on PUSCH without UL-SCH, the number of encoded CSI part 1 bits on the first hop is given by  instead of 
3 Correction to DCI Format 0_1 on 38.212 section 7.3.1.1.2.
In RAN1#91 [3], it was agreed on DCI DAI fields that:
Agreements:
· For dynamic HARQ-ACK codebook, for UCI piggyback on PUSCH, use DAI_counter in DL assignment and UL DAI in UL grant. HARQ-ACK codebook size is determined by UL DAI and DAI_counter. 
· In case of single HARQ-ACK codebook, the single UL DAI field of 2 bits is included in UL grant. 
· In case of two HARQ-ACK sub-codebooks (1 for CBG based HARQ-ACK and 1 for TB based HARQ-ACK) two UL DAI fields each of two bits are included in UL grant.  
· Note: in CA, DAI_total is included in the DL assignment.

In 38.212 section 7.3.1.1.2, DCI Format 0_1 information content is described, including DAI fields. DAI fields are described as:
-	1st downlink assignment index – 1 or 2 bits
-	1 bit for semi-static HARQ-ACK codebook;
-	2 bits for dynamic HARQ-ACK codebook with single HARQ-ACK codebook.
-	2nd downlink assignment index – 0 or 2 bits
-	2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks;
-	0 bit otherwise. 
The size of 1st DAI is described for semi-static codebook and dynamic codebook with single HARQ-ACK codebook. However, based on the agreement in RAN1#91, the size of 1st DAI field is two bits for dynamic codebook both with signle HARQ-ACK codebook and two HARQ-ACK sub-codebook. Now the latter case is not covered in 38.212 section 7.3.1.1.2. Hence we propose that erroneous restriction “with single HARQ-ACK codebook” is removed from the 1st DAI description in section 7.3.1.1.2. Format 0_1.
Proposal #9: Remove erroneous restriction “with single HARQ-ACK codebook” from the 1st DAI description in 38.212 Section 7.3.1.1.2 
[bookmark: _Hlk492897650]4  Conclusions
In this contribution, we discussed the remaining open issues related to UCI multiplexing. The following proposals were made: 
Proposal #1: When overlapping short PUCCH and PUSCH have different starting symbol, at the first overlapping symbol PUSCH is dropped if UCI contains HARQ-ACK, otherwise PUCCH is dropped. 
Proposal #2: When partially overlapping long PUCCH and PUSCH have at most 3 symbol difference in the starting symbol and UE has at least N1+ d1,1 symbols processing time for the UCI before start of PUSCH, UCI is multiplexed on PUSCH and PUCCH is dropped. In other cases of partially overlapping channels, PUSCH is dropped if UCI contains HARQ-ACK, otherwise PUCCH is dropped. 
Proposal #3: If multi-slot PUCCH and multi-slot PUSCH start within 3 symbols in the same slot and have same slot aggregation levels, map UCI on PUSCH and drop PUCCH.
Proposal #4: If multi-slot PUCCH and multi-slot PUSCH start in the same slot but have different slot aggregation levels, drop PUSCH if UCI contains HARQ-ACK, otherwise drop PUCCH.
Proposal #5: If multi-slot PUCCH and multi-slot PUSCH start in the different slots, drop the transmission that starts in a later slot.
Proposal #6: When UCI is transmitted on CP-OFDM PUSCH without UL-SCH, the resource elements on DMRS symbols that do not carry DMRS are filled with dummy bits set to value 0.
Proposal #7: 1-bit HARQ-ACK payload is mapped to every second reserved resource element starting from the first reserved resource element, except in the case of HARQ-ACK and CSI part 1 without CSI part 2 are multiplexed on PUSCH without UL-SCH.
Proposal #8: In the case that HARQ-ACK, CSI part 1 and CSI part 2 are multiplexed on PUSCH without UL-SCH, the number of encoded CSI part 1 bits on the first hop is given by  instead of 
Proposal #9: Remove erroneous restriction “with single HARQ-ACK codebook” from the 1st DAI description in 38.212 Section 7.3.1.1.2 
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