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1 Introduction
[bookmark: _Hlk505938201]In this contribution, we will further discuss the remaining issues of UCI enhancements for URLLC, including sub-slot based HARQ-ACK feedback, separate HARQ codebook construction for different service types and intra-UE collision handling among UL transmissions.
2 [bookmark: _Hlk521077063]Discussion on UCI enhancements for URLLC
1 
2 
2.1 Sub-slot based HARQ-ACK feedback
In RAN1 #97 meeting, it was agreed that for sub-slot based HARQ-ACK feedback procedure, K1 is the number of sub-slots from the sub-slot containing the end of PDSCH to the sub-slot containing the start of PUCCH. However, it needs further study whether the configurable value range of K1 needs to be extended and the potential impact to related DCI field bitwidth:
Agreements:
For sub-slot-based HARQ-ACK feedback procedure, K1 is the number of sub-slots from the sub-slot containing the end of PDSCH to the sub-slot containing the start of PUCCH. 
· Use UL numerology to define the sub-slot grid for PDSCH-to-sub-slot association.
· FFS: The configurable value range of K1 needs to be extended, and impact to related DCI field bitwidth.
· Note: It has been agreed that K1 is defined following R15 approach but in unit of sub-slot.
Agreements:
At least one sub-slot configuration for PUCCH can be UE-specifically configured to a UE.
· [bookmark: _Hlk23412283]At least support following two sub-slot configurations for PUCCH: “2-symbol*7” and “7-symbol*2”.
· FFS other configurable sub-slot configurations, e.g. 4, 14 sub-slots in a slot.
· For the above two sub-slot configurations (“2-symbol*7” and “7-symbol*2”), support a single configuration for PUCCH resource following R15 applicable for all the sub-slots in a slot.
· FFS whether or not to additionally support that PUCCH resource configuration can be different for different sub-slots
· FFS for other sub-slot configurations, if any.
In Release 15, K1 is configured by RRC signalling (IE: dl-DataToUL-ACK) for up to 8 values and a specific K1 value will be selected via PDSCH-to-HARQ-timing-indicator field in DCI format 1_1. The configured K1 values can be selected from 0 to 15 and thus at most 4bits*8 = 32 bits would be needed for the RRC signaling. 
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In addition, it has been agreed that at least support sub-slot configurations“2-symbol*7” and “7-symbol*2” and other configurable sub-slot configurations e.g. 4,14 sub-slots in a slot needs to be further studied. The current K1 range is hard to cover various of semi-static configurations when the granularity of K1 changes from slot to sub-slot, especially for the case that the number of sub-slots in a slot is configured to be large, i.e. 7 or even 14 if supported. Take the following semi-static UL/DL configuration with 30kHz SCS and 5ms periodicity for example, if the UL slot is divided into 7 sub-slots, only the HARQ-ACK information related to PDSCHs scheduled in slot 6 and slot 7 can be feedback in slot 8, and the HARQ-ACK information related to PDSCHs scheduled in slot 0 ~ 5 cannot be fed back within 15 sub-slots. Meanwhile only very few PDSCH related HARQ-ACK information can be feedback in slot 9, i.e. PDSCHs scheduled in slot 7. As a result, a lot of PDSCH(s) related HARQ-ACK information would be nowhere to feedback if K1 range is not extended. 
[image: ] Figure 1: Semi-static UL/DL configuration with 30kHz SCS and 5ms periodicity
It should be further noted that it is agreed R16 supports up to two HARQ-ACK codebooks with different priorities to be simultaneously constructed, including both are sub-slot-based, meaning that not only URLLC, but also eMBB can use sub-slot-based HARQ feedback procedure. Therefore, appropriate and extended K1 range would be needed to guarantee that both URLLC and eMBB PDSCH can feedback in valid UL sub-slot under various of semi-static TDD configurations.
Agreements:
R16 supports up to two HARQ-ACK codebooks with different priorities to be simultaneously constructed, including: 
· One is slot-based and one is sub-slot-based.
· Both are slot-based. 
· Both are sub-slot-based  
Proposal 1: The configurable value range of K1 needs to be extended.
However, the range of K1 is multiplied as the number of sub-slots in a slot increases and thus the RRC signalling for K1 configuration would be largely enlarged. As an extreme case, the signalling overhead would be increased from 4bits*8 = 32 bits to 8bits* 8 =64bits if the number of sub-slots in a slot is configured to be 14. Therefore, to decrease RRC signaling overhead without limiting scheduling flexibility, it is expected that the configurable value range of K1 can be varied according to the configured sub-slot number in a slot, i.e. if the configured sub-slot number in a slot is 2, the value range of K1 can be (0, 16*2-1=31), while if the 7 sub-slots in configured to be contained in a slot, K1 can be configured from 0 to 16*7-1=112, or from 0 to 127 Otherwise if fixed value range of K1 is applied, the K1 range needs to be extended to cover different sub-slot configurations leading to large RRC signaling overhead.
As for the related DCI field bitwidth, it has been agreed in PDCCH enhancements in RAN1 #98bis to support configurable size for “PDSCH-to-HARQ_feedback timing indicator (0 or 1 or 2 or 3 bits)” for the new DCI format for DL scheduling and hence for DCI format 1_1, it can simply reuse the current design considering the critical reliability requirement of URLLC.
Proposal 2: The configurable value range of K1 can be varied according to the configured sub-slot number in a slot.
2.2 Separate HARQ-ACK codebook construction for different service types
In previous RAN1 meetings, it has been agreed that at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE and parameters in PUCCH configuration related to HARQ-ACK feedback can be separately configured for different HARQ-ACK codebooks except for the following which still needs further study:
[bookmark: _Hlk31727603]•	SchedulingRequestResourceConfig
[bookmark: _Hlk31728155]•	Multi-CSI-PUCCH-ResourceList
[bookmark: _Hlk31728525]•	K1(dl-DataToUL-ACK)
Agreements:
· [bookmark: _Hlk31727461]When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, all Rel-16 parameters in PUCCH configuration related to HARQ-ACK feedback can be separately configured for different HARQ-ACK codebooks except for following:
· FFS: For PUCCH-SpatialRelationInfo
· Note: SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList are not related to HARQ-ACK feedback.
· FFS: For other UCI types, e.g. SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList.
Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, at least the followings are separately configured.
· For DG
· UCI-OnPUSCH
· For CG
· FFS
· codeBlockGroupTransmission
· FFS K1
For IE SchedulingRequestResourceConfig, it provides the related information for UE to send SR to gNB, i.e. the PUCCH resource ID used for SR transmission, the periodicity and offset for the SR resource and so on. In addition, it has been agreed in RAN1 #98bis meeting that two-level SR priority (high or low) intended for two different service types known at PHY layer is supported and the PHY-layer SR priority is determined by an explicit indication (as a new RRC parameter) for each SR resource configuration. Therefore, it is not necessary to additionally support separate configuration of SchedulingRequestResourceConfig.
Agreements:
· Support two-level SR priority (high or low) intended for two different service types known at PHY layer in R16.
· The PHY-layer SR priority is determinined by an explicit indication (as a new RRC parameter) for each SR resource configuration.
For IE Multi-CSI-PUCCH-ResourceList, it is used to provide multiple PUCCH resources for multiple CSI reports and if the multiple PUCCH resources overlaps in time domain, UE will multiplex all CSI reports in a resource from the resources provided by multi-CSI-PUCCH-ResourceList. However, it has already agreed in RAN1 #98bis meeting that the P-CSI and SP-CSI on PUCCH is treated as low priority for intra-UE collision handling, hence the Multi-CSI-PUCCH-ResourceList need not to be separately configured.


Agreements:
For handling intra-UE collision in R16, 
· P/SP-CSI on PUCCH is treated with low priority.
· The priority of a SP-CSI on PUSCH depends on the 2-level PHY priority of the PUSCH conveying the SP-CSI. 
· The priority of a A-CSI depends on the 2-level PHY priority of the PUSCH (w/ or w/o UL-SCH) conveying the A-CSI. 
For K1(dl-DataToUL-ACK), it is used to construct HARQ-ACK codebook and different HARQ-ACK codebook for different services would have different latency and reliability requirements, so separate configuration of K1 would be beneficial for meeting different latency requirements and the payload size of HARQ-ACK codebook for URLLC would be further reduced and the reliability of URLLC HARQ-ACK would be better guaranteed.
Proposal 3: At least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE,
· K1 needs to be separately configured,
· SchedulingRequestResourceConfig and Multi-CSI-PUCCH-ResourceList need not to be separately configured.
2.3 Intra-UE collision handling among UL transmissions
[bookmark: _Hlk31733104][bookmark: _Hlk31731466]In RAN1 #97 meeting, the discussion on intra-UE UL collision handling was triggered and it has been agreed in RAN1 #98bis meeting that for intra-UE collision handling at the PHY layer, in case a high-priority UL transmission overlaps with a low-priority UL transmission, drop the low-priority UL transmission under certain constraint. In addition, the priority differentiation of SR, CSI, HARQ-ACK, PUSCH, SRS, PRACH has been discussed and the corresponding agreements were reached except the priority of A-SRS triggered by DCI formats other than DCI format 2_3:
Agreements:
· P/SP-SRS and A-SRS triggered by DCI format 2_3 are treated with low priority.
· FFS the priority of A-SRS triggered by other DCI formats – revisit on Friday
[bookmark: _Hlk31793448]In Rel-15, the SRS can only be configured in the last 6 symbols of a slot, and if the PUSCH and SRS are transmitted in the same slot on a serving cell, the UE may only be configured to transmit SRS after the transmission of the PUSCH which means that SRS and PUSCH would not overlap in time domain. However, Rel-16 SRS can be transmitted in 12 consecutive symbols to increase the positioning accuracy which enlarges the potential collision possibility between SRS and PUSCH. Considering that A-SRS triggered by DCI formats 0_1/1_1/0_2/1_2 could be used for both URLLC traffic and eMBB traffic, it is unreasonable to treat all of A-SRS as low priority or high priority. Similar with the priority identification of A-CSI as mentioned above, it would be beneficial that the priority of A-SRS triggered by DCI formats 0_1/1_1/0_2/1_2 depends on the priority identification field included in the corresponding DCI formats.
Proposal 4: The priority of A-SRS triggered by DCI formats 0_1/1_1/0_2/1_2 depends on the priority identification field included in the corresponding DCI formats.
[bookmark: _Hlk31796921]Another issue needs to be clarified is the UE behaviour when intra-UE UL collision and inter-UE UL cancelation happen simultaneously. In our view, the inter-UE UL cancelation behaviour should be done before intra-UE collision handling in order to avoid unnecessary drop. Taking the scenario in Fig.1 as an example: UE is scheduled to transmit overlapped PUCCH and PUSCH transmission in slot n and both PUCCH and PUSCH transmission are low priority. Meanwhile, UE receives the UL cancelation indication from network to indicate that UL transmissions in the last eight symbols would be cancelled. This is common case since that for eMBB UE, the scheduled PUSCH transmission usually occupies most uplink symbols in a slot and hence overlapped PUCCH and PUSCH scheduling is expected to happen frequently resulting in PUCCH piggybacked on PUSCH. In addition, since PUCCH and RACH related UL transmissions cannot be cancelled by UL cancelation indication, then eMBB PUSCH becomes the best target for URLLC UL traffic to pre-empt. In this scenario, if UE first multiplex its low priority PUCCH with low priority PUSCH and then cancels the last eight symbols of the PUSCH with UCI piggyback, the UCI would be cancelled. While if UE handles the inter-UE cancelation first, the PUCCH would be transmitted as scheduled and furthermore if the scheduled PUCCH conveys HARQ-ACK codebook, a lot of PDSCH retransmissions would be avoided.


Figure 1: intra-UE UL collision and inter-UE UL cancelation happen simultaneously
Proposal 5: To resolve intra-UE & inter-UE UL collision, a UE performs the following:
· Step 1: resolve inter-UE collision between UL transmissions 
· [bookmark: _GoBack]Step 2: resolve intra-UE collision between UL transmissions with the same priority
· Step 3: resolve intra-UE collision between UL transmissions with different priorities.
3 Conclusion
In this contribution, we discussed the remaining issues of UCI enhancements for URLLC and the following proposals are made:
Proposal 1: The configurable value range of K1 needs to be extended.
Proposal 2: The configurable value range of K1 can be varied according to the configured sub-slot number in a slot.
Proposal 3: At least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE,
· K1 needs to be separately configured,
· SchedulingRequestResourceConfig and Multi-CSI-PUCCH-ResourceList need not to be separately configured.
Proposal 4: The priority of A-SRS triggered by DCI formats 0_1/1_1/0_2/1_2 depends on the priority identification field included in the corresponding DCI formats.
Proposal 5: To resolve intra-UE & inter-UE UL collision, a UE performs the following:
· Step 1: resolve inter-UE collision between UL transmissions 
· Step 2: resolve intra-UE collision between UL transmissions with the same priority
· Step 3: resolve intra-UE collision between UL transmissions with different priorities.
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