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Introduction
The work item of “Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC)” was approved in the previous RAN #83 meeting [1] and there are the following objectives for UCI enhancements:
· Specification of UCI enhancements [RAN1]
· More than one PUCCH for HARQ-ACK transmission within a slot
· At least two HARQ-ACK codebooks simultaneously constructed, intended for supporting different service types for a UE
The following agreements about UCI enhancements were reached in the previous meeting:
	Agreements:
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, support sub-slot-based HARQ-ACK feedback procedure.
· A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.
· PDSCH transmission is not subject to sub-slot restrictions (if any)
· FFS: PDSCH-to-sub-slot association. 
· FFS: Allowing PUCCH across sub-slot boundary or not.
· R15 HARQ-codebook construction is applied in unit of sub-slot at least for Type II HARQ-ACK codebook. 
· FFS for Type I HARQ-ACK codebook.
· R15 PUCCH resource overriding procedures is applied in unit of sub-slot.
· Number or length of UL sub-slots in a slot is UE-specifically semi-statically configured.
· FFS: Limit of number of PUCCH transmissions carrying HARQ-ACKs in a slot.
· FFS: K1 definition.
· FFS: Details of PUCCH resource configuration and determination.
FFS: Use “Codebook-less HARQ” as a complementary or not.
FFS: If HARQ-ACK can be omitted in case latency requirement cannot be met. 
FFS: PDSCH groupings and PHY identification for separate HARQ-ACK constructions for different service types.

Agreements:
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, K1 is defined following R15 approach but in unit of sub-slot.

Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, for both Type I (if supported) and Type II HARQ-ACK codebooks (if supported), and for dynamically-scheduled PDSCH, down-select from below for the PHY identification for identifying a HARQ-ACK codebook:
· Opt.1: By DCI format
· Opt.2: By RNTI
· Opt.3: By explicit indication in DCI (FFS: new field or reuse existing field)
· Opt.4: By CORESET/search space 
· FFS additional option(s) for Type I HARQ-ACK codebook
FFS: For SPS PDSCH (including SPS release PDCCH)


In this contribution, we will discuss more details about the UCI enhancements to for URLLC.
Discussion
[bookmark: _Hlk7534725]PDSCH-to-sub-slot association
It has been concluded that sub-slot-based HARQ-ACK feedback procedure is used to support multiple PUCCHs within a slot. In addition, PDSCH transmission is not subject to sub-slot restrictions (if any) while PDSCH-to-sub-slot association is FFS and whether to support PUCCH across sub-slot boundary or not is FFS.
[bookmark: _Hlk7553478]Since PDSCH transmission is not subject to sub-slot restrictions, PDSCH could be finished at any symbol within a slot. Suppose there is a virtual subslot pattern for PDSCH as the UL subslot pattern for PUCCH resource decision. The candidate timing gap between PDSCH and the subslot for HARQ-ACK could start from the last PDSCH symbol, boundary of virtual subslot which the last PDSCH symbol is located, or boundary of slot for PDSCH to the subslot for PUCCH. 
As the example shown in the Figure 1(a), the subslot pattern is [2 2 2 2 2 2 2] symbols within a slot. If the PUCCH for HARQ-ACK feedback is at the same slot as PDSCH, negative timing gap would be needed when the timing gap starts from the boundary of slot. On the other hand, if length of each subslot is different and timing gap starts from the last PDSCH symbol, the indication may be much complex. For the example shown in the Figure 1(b), the subslot pattern is [2 2 3 3 2 2] symbols within a slot and PDSCH is finished at the 8th symbol. Since the K1 indication is in the unit of subslot, more details about whether each subslot in K1 is 2 or 3 symbols should be provided. To avoid these complexities, it is proposed that the indicated timing gap between PDSCH and the subslot for HARQ-ACK feedback starts from the boundary of the virtual subslot which the last symbol of PDSCH is located.


[bookmark: _Ref7553584]Figure 1   PDSCH-to-sub-slot association
Proposal 1: The indicated timing gap between PDSCH and the subslot for HARQ-ACK feedback starts from the boundary of the virtual subslot which the last symbol of PDSCH is located.
One way to support flexible PDSCH-to-sub-slot association is to configure independent  for each row of the TDRA table for PDSCH. For example, the row index #1 corresponds to SLIV value of A1,  set to V1; the row index #2 corresponds to SLIV value of A2, and  set to V2; the row index #3 corresponds to SLIV value of A3,  set to V3, and etc. From the scheduling perspective:
A1, with longer duration of symbols can be used to schedule large payload size of PDSCH which is latency free with V1 set to large timing gap from PDSCH;
A2, with medium duration of symbols can be used to schedule PDSCH with medium payload which is latency is a bit urgent with V1 set to medium timing gap from PDSCH;
A3, with longer duration of symbols can be used to schedule PDSCH with large payload which is latency is very urgent with V1 set to short timing gap from PDSCH;
……
The UE can be preconfigured each row of TDRA table for PDSCH to meet the various SLIV and latency requirements. The following Table 1 and Figure 1 is an example which independent  is configured to each row of TDRA table for PDSCH. “Time domain resource assignment” in the DCI indicates a row index. Then corresponding candidate value of PDSCH-to-sub-slot association is simultaneously indicated. The “PDSCH-to-HARQ-timing-indicator” field in the DCI indicates one value from  for the timing gap between the scheduled PDSCH and corresponding HARQ-ACK. With this, flexible HARQ-ACK feedback latency could be supported without restricting the corresponding granularity of PDSCH allocation. The subslot pattern within one slot could be preconfigured. For example, one subslot (7OS) means one slot is divided into 2 subslots and each subslot includes 7 symbols. one subslot (2/3OS) means one slot is divided into 6 subslots and each subslot includes [2 2 3 3 2 2] symbols in order.
Table 1 PDSCH time domain resource allocation
	Row index
	S
	L
	

	1
	3
	10
	{3 slot, 4 slot, 5 slot, 6 slot, 7 slot, 8 slot, 9 slot, 10 slot}

	2
	5
	4
	{5 slot, 5 slot+1 subslot (7OS), 6 slot, 6 slot+1 subslot (7OS), 7 slot, 7 slot+1 subslot (7OS), 8 slot, 8 slot+1 subslot (7OS)};

	3
	3
	10
	{2 slot, 2 slot+1 subslot (2/3OS), 2 slot+2 subslot (2/3OS), 2 slot+3 subslot (2/3OS), 2 slot+4 subslot (2/3OS), 2 slot+5 subslot (2/3OS), 3 slot, 3 slot+1 subslot (2/3OS)};

	……                ……

	N
	1
	4
	{2 slot, 2 slot+1 subslot (2/3OS), 2 slot+2 subslot (2/3OS), 2 slot+3 subslot (2/3OS), 2 slot+4 subslot (2/3OS), 2 slot+5 subslot (2/3OS), 3 slot, 3 slot+1 subslot (2/3OS)};





Fig. 2  configuration and timing gap between PDSCH and HARQ-ACK indication with Table 1
Proposal 2: Independent  configuration for each row index of PDSCH TDRA table.
Proposal 3: “Time domain resource assignment” in the DCI indicates a row index of PDSCH TDRA table and the “PDSCH-to-HARQ-timing-indicator” field in the DCI indicates one value from  of this row.
HARQ-ACK codebook determination
With multiple PUCCHs for HARQ-ACK within a slot supported, how to multiplex multiple HARQ-ACK should be considered. To our opinion, HARQ-ACK bits within a same time unit is to be multiplexed to one codebook. Within each time unit, the similar multiplexing rule as the current rule for slot based PUCCH could be reused. The time unit includes slot, subslot (7OS), or subslot (2/3OS). With predefined sub-slot pattern in a slot and  configuration for each row index of PDSCH time domain allocation, HARQ-ACK for each PDSCH is indicated to certain kind of time unit.
The following Fig.2 is an example. PUCCH-1, PUCCH-2, PUCCH-3 are all indicated at slot level for HARQ-ACK feedback. These HARQ-ACK could be multiplexed to one PUCCH. PUCCH-4 and PUCCH-5 are at the level of subslot(7OS) and multiplexed to one PUCCH. So as the subslot(3OS) level of PUCCH-6 and PUCCH-7.



Fig. 3  configuration and timing gap between PDSCH and HARQ-ACK indication with Table 1
Since sub-slot-based HARQ-ACK feedback procedure is to be defined for supporting multiple PUCCHs for HARQ-ACK within a slot, the HARQ-ACK codebook determination, multiplexing, and etc would be based on the level of subslot. There are no obvious requirements to support PUCCH across sub-slot boundary.
Proposal 4: HARQ-ACK bits within a same time unit is to be multiplexed to one codebook. Not support PUCCH across sub-slot boundary.
Within each time unit, it is possible the PUCCHs are for HARQ-ACK of PDSCHs of different service types which are with different reliability requirements. If the service types could be identified in PHY, it is possible to multiplex the HARQ-ACKs into multiple codebooks according to the service type. When PUCCHs within one time unit for different services are overlapped, the PUCCH for low latency service should be prioritized. When multiple PUCCHs in different time units are overlapped, for example in the time unit of subslot and slot, the PUCCH in shorter time unit would have higher priority satisfy the original intention of gNB scheduling the urgent service to shorter time units.
Proposal 5: Multiplex the HARQ-ACKs within the same time unit into multiple codebooks according to the service type identified in PHY indications.
· When PUCCHs within one time unit for different services are overlapped, the PUCCH for low latency service should be prioritized.
· If multiple PUCCHs in different time units are overlapped, the PUCCH in shorter time unit would have higher priority.
Currently, whether HARQ-ACK codebook size determination is based on “semi-static”or based on “dynamic” depends on the configured parameter pdsch-HARQ-ACK-Codebook. In general, dynamic codebook size determination provides more efficient resource usage than semi-static codebook size determination since HARQ-ACK feedback is only for the actual transmitted PDSCH. However, since the HARQ-ACK codebook size determination depends on the DAI bits in the PDCCH, the reliability of PDCCH would impact the accuracy of codebook size determination. On the other hand, semi-static HARQ-ACK codebook size determination is robust in the codebook size determination while it is inefficient considering resource usage.
For URLLC, since the reliability of PDCCH should have been enhanced to a high level, the accuracy of dynamic HARQ-ACK codebook determination could be guaranteed. Also considering the high requirements reliability of HARQ-ACK, dynamic codebook size is more proper for URLLC. For eMBB, semi-static codebook determination is needed sometimes since the reliability of PDCCH could not reach a certain degree. 
Therefore, it is proposed to support configuring the type of HARQ-ACK codebook according to the service type independently. If the service types could not be identified in PHY, the codebook type could be configured to “semi-static” or “dynamic” per slot/sub-slot independently. When HARQ-ACK feedback for different services is indicated to different slot/sub-slots, independent HARQ-ACK codebook type can be used. The following Fig.3 is an example. With the alternation of the two codebook type configuration for each slot/subslot with the same granularity, the latency of HARQ-ACK could be guaranteed. 

Fig. 4 Independent codebook type configuration for each slot/subslot
Then, it is proposed to support configuring the type of HARQ-ACK codebook as “semi-static” or “dynamic” for each slot/sub-slot pattern independently. When HARQ-ACK feedback for different services is indicated to different sub-slots, independent HARQ-ACK codebook type can be used.
Proposal 6: Support configuring the type of HARQ-ACK codebook as “semi-static” or “dynamic” for each slot/sub-slot pattern.
Conclusion
In this contribution, we discussed details about UCI enhancements for URLLC. The following proposals are reached:
Proposal 1: The indicated timing gap between PDSCH and the subslot for HARQ-ACK feedback starts from the boundary of the virtual subslot which the last symbol of PDSCH is located.
Proposal 2: Independent  configuration for each row index of PDSCH TDRA table.
Proposal 3: “Time domain resource assignment” in the DCI indicates a row index of PDSCH TDRA table and the “PDSCH-to-HARQ-timing-indicator” field in the DCI indicates one value from  of this row.
Proposal 4: HARQ-ACK bits within a same time unit is to be multiplexed to one codebook. Not support PUCCH across sub-slot boundary.
Proposal 5: Multiplex the HARQ-ACKs within the same time unit into multiple codebooks according to the service type identified in PHY indications.
· When PUCCHs within one time unit for different services are overlapped, the PUCCH for low latency service should be prioritized.
· If multiple PUCCHs in different time units are overlapped, the PUCCH in shorter time unit would have higher priority.
Proposal 6: Support configuring the type of HARQ-ACK codebook as “semi-static” or “dynamic” for each slot/sub-slot pattern.
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