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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. 
In this contribution we consider remaining open items on UCI multiplexing on PUSCH, and address conditions for UCI transmission on PUSCH, 1-bit HARQ-ACK mapping to reserved resources, empty resource elements when UCI is transmitted without UL-SCH as well as clarifications to the TS38.212 specifications. 
2  Discussion 
2.1  Conditions for UCI transmission on PUSCH
In 38.213 [3] section 9, the conditions for transmitting UCI on PUSCH instead of PUCCH are specified: 
9	UE procedure for reporting control information
[…]
[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 [1], 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.   
Observation #1: Current 38.213 condition for UCI mapping on PUSCH is reasonable in case of short PUCCH.
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.
Observation #2: Current 38.213 condition for UCI mapping on PUSCH leads to significant PUSCH scheduling restrictions in case of long PUCCH.
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 periodic or semi-persistent CSI reporting.
In the case of long PUCCH, there is no clear reason to require that PUCCH and PUSCH should have the same duration. As PUCCH and PUSCH are assumed to have the same first symbol, different duration does not affect at all UE processing times. The only processing time impact is on gNB side, which can ensure sufficient processing time several ways. Hence we propose that the requirement of same duration is removed in the case of long PUCCH.
Observation #3: There is no reason to condition the UCI on PUSCH transmission on the same duration of long PUCCH and PUSCH.
Proposal #1: In case of long PUCCH, UCI is multiplexed on PUSCH also when PUCCH and PUSCH [with same starting symbol] to have different duration.
Further, long PUCCH and (slot scheduled) PUSCH can be expected to have first symbols rather close each other. 
· If PUSCH starts before long PUCCH, it can be left for gNB to ensure that UE has sufficient processing time for UCI also when 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. 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. 
An alternative to the relaxing the requirement of the same first symbol for long PUCCH and PUSCH is to increase the flexibility on PUCCH resource allocation and especially on the starting symbol and duration of long PUCCH. The flexibility can be improved by extending the PUCCH resource indicator field to 3 bits.    
Proposal #2: Either UCI is multiplexed on PUSCH also when long PUCCH and PUSCH have at most [3] symbol difference in the first symbol, or PUCCH resource indicator field is extended to 3 bits to improve PUCCH resource allocation flexibility.
38.213 Section 9 text proposal corresponding to proposals #1 and #2 is: 
9	UE procedure for reporting control information
[…]
If a UE would transmit 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 a PUCCH format 1, 3 or 4 that has a first symbol at most [3] symbols before or after 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  UCI mapping to resource elements
In RAN1 AH 1801 [2], the following agreements were reached:
 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. Leaving them empty would lead to Tx power variations between DMRS and non-DMRS symbols. 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. 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 #3: 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 #4: 1-bit HARQ-ACK is mapped to every second reserved resource element starting from the first reserved resource element.
2.4  Clarifications to the specifications
In 38.212 draft [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:





[bookmark: _GoBack]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” erroneous in the context of UCI on PUSCH and propose that to be removed. 
In RAN1#91 [1], 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 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 #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 and observations were made: 
Observation #1: Current 38.213 condition for UCI mapping on PUSCH is reasonable in case of short PUCCH.
Observation #2: Current 38.213 condition for UCI mapping on PUSCH leads to significant PUSCH scheduling restrictions in case of long PUCCH.
Observation #3: There is no reason to condition the UCI on PUSCH transmission on the same duration of long PUCCH and PUSCH.
Proposal #1: In case of long PUCCH, UCI is multiplexed on PUSCH also when PUCCH and PUSCH [with same starting symbol] to have different duration.
Proposal #2: Either UCI is multiplexed on PUSCH also when long PUCCH and PUSCH have at most [3] symbol difference in the first symbol, or PUCCH resource indicator field is extended to 3 bits to improve PUCCH resource allocation flexibility.
Proposal #3: 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 #4: 1-bit HARQ-ACK is mapped to every second reserved resource element starting from the first reserved resource element.
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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