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1  Introduction
During RAN plenary #78, the release 15 NR specifications were approved. Furthermore, it was agreed that during the first quarter of 2018, RAN1 will continue to focus on the stabilizing of the basic and essential functionalities within the scope of the December drop. 
Significant progress has been made on UCI multiplexing in the previous RAN1 meetings. In this contribution we consider UCI multiplexing on PUSCH, and address conditions for UCI mapping on PUSCH, PUSCH resource element reservation for 1-2 bit HARQ-ACK, UCI mapping to symbols containing DMRS as well as clarifications to the specifications. 
2  Discussion 
2.1  Conditions for UCI mapping on PUSCH
In 38.213 [3] section 9, the conditions for transmitting UCI on PUSCH instead of PUCCH are specified: 
[bookmark: _Hlk503444634]If a UE would transmit a PUCCH that has a same first symbol and duration with a PUSCH transmission, the UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH.
In RAN#91, it was concluded that:
Conclusion:
· It is understood that parallel PUCCH and PUSCH transmissions on the same cell is deprioritized from the Dec. release, and parallel PUCCH on one cell and PUSCH on a different cell (or UL vs. SUL for the serving cell) within a cell group is also deprioritized in the Dec. release 
· From RAN1 perspective, this entire feature is not supported in Rel-15
· Note: across cell groups, parallel PUCCH in one group vs. PUSCH in the other goup is supported 
The condition for mapping UCI on PUSCH in 38.213 section 9 is a simple and reasonable condition between short PUCCH and PUSCH. Mapping UCI from short PUCCH to PUSCH would in several cases change the UCI processing time 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. However, UCI mapping from short PUCCH to non-slot scheduled PUSCH of same starting time and duration is straightforward and allowed by the current 38.213 condition.   
In the case of long PUCCH, the current condition in 38.213 section 9 would lead to severe scheduling restrictions as parallel PUCCH and PUSCH transmissions are not supported within the same cell group. These scheduling restrictions would impact overall system performance. Some of the scheduling restrictions are illustrated in Figures 1 and 2:
· In Figure 1, UE is configured with long PUCCH extending to the end of slot. In slots where UE transmits UCI, UE cannot be scheduled with PUSCH that is time multiplexed with short PUCCH as it would result PUSCH to have different duration than PUCCH and UL-SCH (or UCI) is dropped.
· In Figure 2, UE is configured with 10-symbol long PUCCH. In slots where UE transmits UCI, UE can be scheduled only with 10-symbol PUSCH. It cannot be scheduled PUSCH starting from the beginning of slot or extending to the end of slot, as it would result PUSCH to have different duration than PUCCH and UL-SCH (or UCI) is dropped.
Of course UE can be configured with multiple long PUCCH durations and the proper long PUCCH duration for scheduled PUSCH is selected with PUCCH resource indication. However, 2-bit PUCCH resource indication is used also to avoid PUCCH resource collisions between UEs. This leaves insufficient signalling space for controlling also long PUCCH duration, just to allow UCI mapping on PUSCH. Additionally, long PUCCH duration cannot be dynamically adjusted for pediodic or semi-persistent CSI reporting.
The reason for such strict condition as in 38.213 is not clear in the case of long PUCCH. Long PUCCH and (slot scheduled) PUSCH can be expected to have first symbols rather close each other, in which case it can be left for gNB to ensure that UE has sufficient processing time for UCI also when UCI is mapped on 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. However, that situation can be avoided with more relaxed condition on the first symbol, e.g., that UCI is mapped on PUSCH if long PUCCH starts at most [3] symbols before PUSCH.   
Hence we propose that the current 38.213 condition is replaced with more relaxed condition for long PUCCH. We also note that UCI mapping on a PUSCH that is scheduled on different cell than PUCCH requires further studies and needs to be considered later.  
Observation: Current 38.213 condition for UCI mapping on PUSCH leads to significant PUSCH scheduling restrictions in case of long PUCCH.
Proposal #1: UE maps UCI intended on PUCCH on PUSCH according to following conditions: 
· If a UE would transmit UCI on a PUCCH format 0 or 2 that has a same first symbol and duration with a PUSCH transmission, the UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH.     
· If a UE would transmit UCI on a PUCCH format 1, 3 or 4 that has a first symbol after or at most [3] symbols before the first symbol of a PUSCH transmission, the UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH.
[image: ]
Figure 1. UE is configured with long PUCCH extending to the slot boundary. PUSCH that is time multiplexed with short PUCCH cannot be scheduled to the UE in slots where UCI is transmitted.
[image: ]
Figure 2. UE is configured with long PUCCH of 10 symbols. Full 14-symbol PUSCH cannot be scheduled to the UE in slots where UCI is transmitted.
2.2  Resource element reservation for 1-2 bit HARQ-ACK
In RAN1#91 [1], the following agreements were reached:
Agreements: 
· Detail UCI mapping rule on PUSCH is as follows:
· Map HARQ-ACK to REs around DMRS symbol(s)
· If PUSCH punctured by HARQ-ACK,
· Map CSI part 1 starting after certain amount of reserved HARQ-ACK REs. 
· FFS reserved HARQ-ACK REs 
· PUSCH can be mapped to reserved REs
· If PUSCH rate matched by HARQ-ACK,
· map HARQ-ACK first, followed by CSI part1. 
· FFS: how to map CSI part 2, e.g.,
· Map CSI part 2 after CSI part 1
· Map CSI part 2 after UL_SCH

Agreements:
· Modulated HARQ-ACK symbols are mapped starting on the first available non-DMRS symbol after the first DMRS symbol(s), regardless of number of DMRS symbols in PUSCH transmission.
· Modulated CSI part 1 symbols are mapped starting on the first available non-DMRS symbol, regardless of number of DMRS symbols in PUSCH transmission.
· CSI part 1 is not mapped on the reserved HARQ-ACK REs in case of HARQ-ACK puncturing PUSCH
· CSI part 1 is not mapped on the HARQ-ACK REs in case of HARQ-ACK rate-matching PUSCH.
· Modulated CSI part 2 symbols are mapped starting on the first available non-DMRS symbol, regardless of number of DMRS symbols in PUSCH transmission.
· CSI part 2 can be mapped on the reserved HARQ-ACK REs in case of HARQ-ACK puncturing PUSCH.
· CSI part 2 is not mapped on the HARQ-ACK REs in case of HARQ-ACK rate-matching PUSCH.
· CSI part 2 is not mapped on the CSI part 1 REs.
In the case of HARQ-ACK puncturing, it is desirable that HARQ-ACK punctures UL-SCH or CSI part 2, but not CSI part 1. To avoid CSI part 1 puncturing, it was agreed that CSI part 1 is not mapped on resource elements reserved for HARQ-ACK. One of the remaining open issues is whether REs are reserved or not when UE is not transmitting any HARQ-ACK.
· If REs are not reserved in absence of HARQ-ACK, CSI part 1 mapping changes depending on the presence of HARQ-ACK. In that case, CSI part 1 decoding fails if UE and gNB have different understanding about HARQ-ACK presence due to UE missing DL assignment. Luckily UL DAI in the UL grant prevents such error case in most situations. However, according to a working assumption made in RAN1#91, UL DAI is not included in fallback DCI in common search space. In such case, CSI part 1 decoding may fail if UE misses DL assignment.
· If REs are reserved also in absence of punctured HARQ-ACK, CSI part 1 mapping is not affected by the presence of HARQ-ACK, and the described error case is avoided. The reserved REs may be used for UL-SCH or CSI part 2, so the approach does not introduce any wasted REs either.
Due to more robust performance without any significant drawbacks, we propose that CSI part 1 mapping starts after certain amount of reserved REs also when HARQ-ACK is not present.
Another open issue is the dimensioning of reserved REs. For the sake of simplicity, we propose that the number of reserved REs is equal to number of REs punctured by 2-bit HARQ-ACK. 
Proposal #2: CSI part 1 mapping starts after certain amount of reserved REs also when HARQ-ACK is not present.
Proposal #3: The number of reserved REs, when present, is equal to number of REs that would be used for 2-bit HARQ-ACK.
2.3  UCI mapping to symbols containing DMRS
In RAN1#91, it was agreed that HARQ-ACK is mapped to REs around DMRS symbol(s). Similar explicit agreement is missing for CSI. However, during the NR WI, it was agreed that for frequency first mapping, UCI resource mapping principles (e.g., around RS) are common for PUSCH with DFT-s-OFDM waveform and CP-OFDM waveform.
In the case of DFT-s-OFDM waveform, UCI cannot be mapped on symbols containing DMRS. We see that to reach common UCI resource mapping principles for both DFT-s-OFDM and CP-OFDM waveforms, UCI should be mapped on the same symbols regardless of the waveform. Hence we propose that UCI is not mapped on symbols that contain DMRS when multiplexed with UL-SCH.  
Proposal #4: When multiplexed with UL-SCH, UCI is not mapped on symbols that contain DMRS.
[bookmark: _GoBack]2.4  Clarifications to the specifications
In 38.212 [4] section 6.3.2.1 UCI bit sequence generation is described for UCI on PUSCH. In section 6.3.2.1.1, HARQ-ACK bit sequence is defined as:





If only HARQ-ACK bits are transmitted on a PUSCH, the UCI bit sequence  is determined by setting  for  and , where the HARQ-ACK bit sequence  is given by Subclause 9.1 of [5, TS38.213].
Also other information than only HARQ-ACK is transmitted on PUSCH. Hence we see the restriction “If only HARQ-ACK bits are transmitted on a PUSCH” unnecessary in the context of UCI on PUSCH and propose that to be removed. 
In RAN1#91, it was agreed 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. It is not clear what is the size of 1st DAI in the case of two HARQ-ACK sub-codebooks. Hence we propose that “with single HARQ-ACK codebook” is removed from the 1st DAI description in section 7.3.1.1.2. Format 0_1.
Proposal 5: 38.212 sections 6.3.2.1.1 and 7.3.1.1.2 are updated per discussion in section 2.4
[bookmark: _Hlk492897650]3  Conclusions
In this contribution, we discussed the remaining open issues related to UCI multiplexing. The following proposals were made: 
Observation: Current 38.213 condition for UCI mapping on PUSCH leads to significant PUSCH scheduling restrictions in case of long PUCCH.
Proposal #1: UE maps UCI intended on PUCCH on PUSCH according to following conditions: 
· If a UE would transmit UCI on a PUCCH format 0 or 2 that has a same first symbol and duration with a PUSCH transmission, the UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH.     
· If a UE would transmit UCI on a PUCCH format 1, 3 or 4 that has a first symbol after or at most [3] symbols before the first symbol of a PUSCH transmission, the UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH.
Proposal #2: CSI part 1 mapping starts after certain amount of reserved REs also when HARQ-ACK is not present.
Proposal #3: The number of reserved REs, when present, is equal to number of REs that would be used for 2-bit HARQ-ACK.
Proposal #4: When multiplexed with UL-SCH, UCI is not mapped on symbols that contain DMRS. 
Proposal 5: 38.212 sections 6.3.2.1.1 and 7.3.1.1.2 are updated per discussion in section 2.4
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