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1. Introduction

In RAN1#96bis, the following agreements related to UCI enhancements for NR URLLC were made [1]:
	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 discuss several consideration points regarding UCI enhancements to be specified from RAN1 point of view. 
2. Multiple PUCCHs for HARQ-ACK within a slot 

PDSCH-to-subslot association
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, it was agreed to support subslot-based HARQ-ACK feedback procedure. Rel-15 HARQ-ACK codebook construction could be mostly applied with the following clarification:
· If the last symbol of PDSCH is in UL subslot n, and if k1 is indicated as the number of subslots between PDSCH and the corresponding HARQ-ACK, then the starting symbol of PUCCH containing the HARQ-ACK would be in UL subslot n+k1. 

Since it was agreed that PDSCH transmission is not subject to subslot restriction, it is necessary to determine the association between one PDSCH transmission occasion and the effective subslot index. With this clarification, subslot-based HARQ-ACK procedure can mostly reuse the rel-15 codebook construction mechanism in case the numerologies between DL and UL are different. 
Proposal 1: A PDSCH is associated with subslot n if the last symbol of the PDSCH is in UL subslot n. A PUCCH is associated with subslot n if the starting symbol of the PUCCH is in UL subslot n. 
How to configure UL subslot
The number of UL subslots can be configured. In addition, each subslot boundary can be configured. Based on these configurations, the association between PDSCH and PUCCH can be defined for subslot-based HARQ-ACK procedure. We do not see a strong need to define DL subslot.  
Proposal 2: The number of UL subslots and the location of each subslot boundary can be configured. 
Applicability of subslot-based HARQ-ACK procedure depending on HARQ-ACK codebook type
In the last meeting, there was a concern on subslot-based HARQ-ACK procedure applying to type-1 HARQ-ACK codebook. With the above clarification, it seems not problematic to apply subslot-based HARQ-ACK procedure to type-1 HARQ-ACK codebook. 
Proposal 3: Rel-15 HARQ-ACK codebook construction is applied in unit of subslot also to type-1 HARQ-ACK codebook for rel-16 URLLC. 
How to indicate/determine PUCCH resource within a slot and PUCCH resource set
For PUCCH resource configuration, following options can be envisioned. 

(1) Option 1: Multiple starting symbol (and length) of PUCCH resources are associated with one state indicated by PRI field, and the actual PUCCH resource to be used is determined by K1. 

(2) Option 2: One starting symbol and length per PUCCH resource is configured, and the actual PUCCH resource is derived from subslot boundary determined by K1. 
Proposal 4: How to determine PUCCH resource for each subslot needs to be further discussed.
Allowing PUCCH across subslot boundary or not
The following question would be whether to allow PUCCH across subslot boundary or not. This can be highly related to how to configure PUCCH resource as explained above. We slightly prefer not to allow PUCCH across subslot boundary for facilitating PUCCH resource configuration. 

Proposal 5: Allowing PUCCH across subslot boundary is not supported.  

3. HARQ-ACK codebook for supporting different service types
HARQ-ACK codebook identification
In fact, service/traffic type identification in PHY layer has been intensively discussed and various means have been identified (e.g., DCI format/RNTI/explicit bit flag/search space/etc), which can be also applied to HARQ-ACK codebook identification. In our view, some existing field such as processing time/SLIV would incur scheduling restriction from network perspective. In this context, it would be better to consider new field rather than reusing one of the existing fields. 

Proposal 6: HARQ-ACK codebook for supporting different service types is identified based on RNTI/search space/DCI format/new field. 
PUCCH resource set configuration
The target latency and payload size would be quite different between eMBB and URLLC, and hence, it would be a typical use case that eMBB will utilize slot-based HARQ-ACK procedure while URLLC will utilize subslot-based HARQ-ACK procedure. In this sense, it seems reasonable to separate PUCCH resource set between different service types. Accordingly, the payload range of each PUCCH resource set can be differently configured between different service types.  

Proposal 7: Separate PUCCH resource set configuration between eMBB and URLLC is supported. 
Whether or not CBG configuration is supported for Rel-16 URLLC
CBG configuration would be more useful as TB consists of CBGs as many possible. Considering that the packet size is typically small for URLLC, we think that CBG configuration is not that essentially necessary for rel-16 URLLC. 
Proposal 8: CBG configuration is not supported for rel-16 URLLC.
4. Resource collision of PUCCH/PUCCH and PUCCH/PUSCH 

Collision of UL control/control resource
One discussion point would be how to transmit PUCCH if separate codebook is assumed for different service/traffic type. This is also related to how to handle intra-UE multiplexing in case of scenario 4 (i.e., intra-UE UL prioritization – resource conflict between control channel and control channel). The final solution would be different depending on whether or not to allow multiplexing of HARQ-ACK for eMBB and URLLC onto a single PUCCH. 
If multiplexing of HARQ-ACK for eMBB and URLLC onto a single PUCCH is allowed, the maximum allowable coding rate can be independently configured for eMBB HARQ-ACK and URLLC HARQ-ACK, and the final payload can be adjusted by suppressing eMBB HARQ-ACK or enlarging URLLC HARQ-ACK. Moreover, the current multiplexing rule with processing timeline check needs to be reconsidered. For instance, if timeline check is satisfied, multiplexing can be done with using e.g., maximum coding rate per service/traffic type; otherwise, eMBB HARQ-ACK can be dropped. Furthermore, timeline check can be retried with excluding the channel(s) (containing eMBB HARQ-ACK) to be dropped. Meanwhile, when multiplexing between eMBB and URLLC UCI happens, at least CSI (e.g., CSI part 2) can be dropped for reliable transmission of URLLC UCI. 

If multiplexing of HARQ-ACK for eMBB and URLLC onto a single PUCCH is not allowed, then a simple option would be to drop eMBB UCI including eMBB HARQ-ACK. 

In our view, it seems that parallel transmission of two PUCCHs requires much specification efforts and large impact to RAN2 work, which looks undesirable and thus should be avoided. 

Proposal 9: If PUCCH resources carrying eMBB HARQ-ACK/SR/CSI and carrying URLLC HARQ-ACK are overlapped in time, 
· Multiplexing onto one PUCCH is supported. 
· Prioritizing one PUCCH over another PUCCH is supported.
· FFS details (e.g., dropping condition/timeline check/maximum coding rate/etc).
Collision of UL data/control resource
Another discussion point would be how to handle PUCCH/PUSCH collision. In rel-15, simultaneous transmission of PUSCH and PUCCH is not supported. If simultaneous transmission of PUSCH and PUCCH is allowed, most of collision cases may be handled simply. However, considering the potential issue due to power-limited case and/or lack of the simultaneous transmission capability, still some collision handling needs to be investigated anyhow. In this sense, considering the work load and given time unit, it is a bit questionable how beneficial specifying such simultaneous transmission in this WI is. 

In case of collision of UL data and control resources, whether/how to allow multiplexing of UCI and PUSCH need to be further investigated; for example, separate beta offset configuration, partial/entire dropping of lower priority UCI (e.g., eMBB UCI). If timeline check is satisfied, multiplexing can be done with using e.g., beta offset per service/traffic type; otherwise, eMBB HARQ-ACK can be dropped. Furthermore, timeline check can be retried with excluding the channel(s) (containing eMBB HARQ-ACK) to be dropped.

Proposal 10: If PUCCH and PUSCH resources with different service/traffic type(s) are overlapped in time, 

· Multiplexing onto PUSCH is supported. 
· Dropping one of PUCCH(s) is supported. 
· FFS details (e.g., dropping condition/timeline check/beta offset/etc).
5. Conclusions

In this contribution, we discussed several aspects on UCI enhancements for NR URLLC. Based on the above discussion, our proposals are given as follows:
Proposal 1: A PDSCH is associated with subslot n if the last symbol of the PDSCH is in UL subslot n. A PUCCH is associated with subslot n if the starting symbol of the PUCCH is in UL subslot n. 
Proposal 2: The number of UL subslots and the location of each subslot boundary can be configured. 

Proposal 3: Rel-15 HARQ-ACK codebook construction is applied in unit of subslot also to type-1 HARQ-ACK codebook for rel-16 URLLC. 
Proposal 4: How to determine PUCCH resource for each subslot needs to be further discussed.
Proposal 5: Allowing PUCCH across subslot boundary is not supported.  

Proposal 6: HARQ-ACK codebook for supporting different service types is identified based on RNTI/search space/DCI format/new field. 
Proposal 7: Separate PUCCH resource set configuration between eMBB and URLLC is supported. 
Proposal 8: CBG configuration is not supported for rel-16 URLLC.
Proposal 9: If PUCCH resources carrying eMBB HARQ-ACK/SR/CSI and carrying URLLC HARQ-ACK are overlapped in time, 

· Multiplexing onto one PUCCH is supported. 
· Prioritizing one PUCCH over another PUCCH is supported.
· FFS details (e.g., dropping condition/timeline check/maximum coding rate/etc).
Proposal 10: If PUCCH and PUSCH resources with different service/traffic type(s) are overlapped in time, 

· Multiplexing onto PUSCH is supported. 
· Dropping one of PUCCH(s) is supported. 
· FFS details (e.g., dropping condition/timeline check/beta offset/etc).
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