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1. Introduction

In this contribution, we discuss some remaining issues for UCI enhancements for URLLC, including subslot based PUCCH configuration, PHY priority determination, and FFS items of collision handling.
2. PUCCH resource configuration for URLLC

In RAN1 #98, it was agreed that a subslot structure can be configured for subslot based PUCCH, and all parameters in PUCCH configuration related to HARQ-ACK feedback can be separately configured for different HARQ-ACK codebooks of different service types. 
For subslot structures, at least a seven 2-symbol subslot, and a two 7-symbol subslot structure in a slot are supported. To provide finer granularity in between, another {4, 3, 4, 3} symbols structure can also be specified.

With a sub-slot configuration, a UE can be configured with the same PUCCH resource set(s) in all subslots. For better flexibility and resource overhead, different PUCCH resources sets should be allowed in different subslots. Additionally, a UE can be configured with multiple subslot configurations, and PUCCH resources can be configured separately for each subslot configuration.

Proposal 1: Additional {4, 3, 4, 3} symbols subslot structure can be supported besides seven 2-symbol and two 7-symbol subslot structures.

Further in RAN1 #98bis, it was agreed that a subslot based PUCCH is not allowed to cross a subslot boundary. In case of coverage enhancement, subslot based PUCCH repetition in a subslot and/or in multiple subslots can be further configured. The subslot PUCCH repetition provides simple configuration with unified PUCCH performance regardless the starting subslot position in a slot. If subslot based PUCCH repetition is supported, the subslot based PUCCH format can be extended to short PUCCH formats 0/2 besides long PUCCH formats 1/3/4.

Proposal 2: Subslot based PUCCH repetition can be considered for coverage enhancement.
3. PHY layer priority of dynamically scheduled transmissions
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, 2-level PHY priority is required to identify a HARQ-ACK codebook. 
RAN1 #98bis agreed that an explicit indication (as a new RRC parameter) in each SPS PDSCH configuration provides mapping to corresponding HARQ-ACK codebook for SPS PDSCH and ACK for SPS PDSCH release.
For dynamically-scheduled PDSCH, Option 2 by RNTI and Option 3 by a new 1-bit explicit indication in scheduling DCI are preferred to determine the HARQ-ACK codebook. The same PHY indication/signaling should be used to determine the PHY priority for PHY-layer collision handling. Similar methods should be applied to determine the service type of a PUSCH transmission, and the 2-level priority of the PUSCH in physical collision handling. 

Proposal 3: Specify a unified solution for PHY layer determination of HARQ-ACK codebook, PUSCH transmission, and for channel priority of different service types.

4. Remaining issues of collision handling 

The Rel-15 rules are reused as much as possible for collisions between channels of the same service type.  For FFS items in case a URLLC SR collides with a URLLC HARQ-ACK (no other UL signals/channels)
· For the case URLLC SR with PF0 vs URLLC HARQ-ACK with PF1, Rel-15 rule can be reused, i.e. transmit HARQ-ACK on PF1 and drop SR. 
· For the case URLLC SR with URLLC HARQ-ACK in PF 2/3/4, Rel-15 method can be reused by counting only the overlapping SR configurations with high priority. The positive SR with low priority will be ignored since it has lower priority than high priority HARQ-ACK.

Similarly, a positive URLLC SR PUCCH has higher priority and will drop an PUCCH with P/SP-CSI or a channel with eMBB UCI or data. For the case SR multiplex with CSI or eMBB HARQ-ACK with PF 2/3/4, Rel-15 method is maintained by counting only the overlapping SR configurations with low priority.

Proposal 4: For multiplexing of SR and HARQ-ACK or CSI on PF2/3/4, only the overlapping SR configurations with the same priority is counted. 
For channel collisions between different service types, an URLLC channel has higher priority than eMBB channel. As agreed in RAN1 #98bis, 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 if the timeline condition is satisfied. The UL transmission is a positive SR, HARQ-ACK, PUSCH or P/SP-CSI on PUCCH.

Since URLLC UL channels can be subslot based or at symbol level, the collision between an URLLC UL channel and an eMBB UL channel may be fully or partially overlapped with the same or different starting symbols. 
For channel collision between channels with different priorities, if a high priority URLLC UL channel starts earlier than or at the same time as a low priority eMBB channel, the eMBB channel should be fully dropped. If the eMBB UL channel starts earlier than the URLLC channel, eMBB channel may be fully dropped or be punctured depending on the timing constraints. 
If the URLLC channel is known before the start of the eMBB channel, the eMBB channel can be fully dropped. For example, if the colliding URLLC channel is a dynamic grant PUSCH, or a PUCCH for HARQ-ACK feedback of a URLLC PDSCH transmission, the URLLC PUSCH or PUCCH should be known before subslot containing the URLLC channel transmission or after the scheduling DCI is corrected detected.

Fully low priority channel dropping is preferred if timeline can be satisfied. However, if the coming URLLC channel is not known before the start of the eMBB channel, the eMBB channel transmission is already started when the URLLC channel arrives. In this case, the URLLC UL channel should puncture the ongoing eMBB channel at least from the overlapping symbol. The puncture may be performed starting from the overlapping symbol, or as soon as the coming high priority channel is known. Once punctured, if there are remaining symbols in the eMBB channel transmission, the eMBB channel transmission should not be resumed. 

Proposal 5. Support eMBB channel fully dropping and puncturing without resuming by URLLC channel based on timing constraints between the URLLC and eMBB channels.

5. Conclusion

In this contribution, we discuss remaining issues on subslot PUCCH configuration, PHY layer priority signaling, and FFS items of channel collision handling between UL channels. We propose that

Proposal 1: Additional {4, 3, 4, 3} symbols subslot structure can be supported besides seven 2-symbol and two 7-symbol subslot structures.

Proposal 2: Subslot based PUCCH repetition can be considered for coverage enhancement.

Proposal 3: Specify a unified solution for PHY layer determination of HARQ-ACK codebook, PUSCH transmission, and for channel priority of different service types.

Proposal 4: For multiplexing of SR and HARQ-ACK or CSI on PF2/3/4, only the overlapping SR configurations with the same priority is counted. 
Proposal 5. Support eMBB channel fully dropping and puncturing without resuming by URLLC channel based on timing constraints between the URLLC and eMBB channels.
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