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1. Introduction

In RAN1#AH 1901, the agreements regarding UCI enhancements for URLLC were made as follows [1]:
	Agreements:

· For a R16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE
· FFS more details (including procedures when applicable)
· FFS: How to identify a HARQ-ACK codebook 
· FFS applicability to semi-static HARQ-ACK codebook, or dynamic HARQ-ACK codebook, or both

· FFS more than 2

· FFS whether or not CBG configuration is supported for Rel-16 URLLC
Agreements:

· Down-select in RAN1#96 for potential A-CSI on PUCCH
· Opt.1: A-CSI report on PUCCH triggered by DL-scheduling DCI.

· For measurement source

· Alt.1: Based on CSI-RS/CSI-IM measurement 

· Alt.2: Based on DMRS/PDSCH/PDCCH measurement

· For report quantity

· Alt.1: R15 baseline

· Alt.2: Delta CQI

· Alt.3: Delta SINR

· For report timeline

· Alt.1: R15 timeline

· Alt.2: New timeline

· Opt.2: A-CSI report on PUCCH based on group-common PDCCH (similar to A-SRS triggering in GC-PDCCH in Rel-15) using Rel-15 mechanisms for measurement source, report quatity, and timeline (A-CSI triggered to transmit on PUSCH)

· Opt.3: No A-CSI on PUCCH due to this SI
Companies are encouraged to perform more evaluations/analysis w.r.t. the above options to facilitate coming up with observations and eventually drawing conclusion


In this contribution, we discuss several consideration points regarding UCI enhancement techniques to be studied from RAN1 point of view. 
2. HARQ-ACK codebook
Regarding the agreement for HARQ-ACK codebook in the last meeting, we present our views as follows.

FFS: How to identify a HARQ-ACK codebook

Considering that HARQ-ACK codebooks are separately constructed intended for supporting different service types, it would be clearer to indicate which codebook each PDSCH belongs to by PDCCH scheduling the PDSCH. More specifically, service type differentiation by PDCCH (e.g., RNTI/explicit bit flag/search space/etc) can be taken into account. 
Proposal 1: Service/traffic type differentiation in PHY layer can be supported.
FFS applicability to semi-static HARQ-ACK codebook, or dynamic HARQ-ACK codebook, or both

One fundamental question would be whether the additional higher layer parameter (pdsch-HARQ-ACK-Codebook) is to be defined in order to separately configure the type of HARQ-ACK codebook. Considering that URLLC scheduling may happen sporadically, the benefit from configuring semi-static codebook for URLLC seems questionable. In this sense, separate configuration of HARQ-ACK codebook type for different service types can be further taken into consideration. In order to restrain HARQ-ACK codebook size for URLLC, which is related to reliability of PUCCH containing HARQ-ACK, only supporting dynamic codebook for URLLC can be also considered. 
Proposal 2: Separate codebook type configuration per service/traffic type can be considered.
FFS more than 2

For rel-16, 2 separate codebooks seem sufficient. If more types of service are to be supported in the future, then more number of codebooks to be constructed simultaneously will be considered. 
Proposal 3: For rel-16, up to 2 codebook can be simultaneously constructed.
FFS 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 needed for rel-16 URLLC. 
Proposal 4: CBG configuration is not supported for rel-16 URLLC.
3. Multiple PUCCHs for HARQ-ACK within a slot 

How to separate HARQ-ACK multiplexing windows for different PUCCHs

According to the current specification, the UE can determine HARQ-ACK codebook (note: we assume HARQ-ACK multiplexing window is equivalent to HARQ-ACK codebook) for one PUCCH within a slot by taking into account configured set of processing times (k1), PDCCH monitoring occasions, configured set of PDSCH reception occasions (k0), and configured number of CCs/TBs/CBGs. The following options can be further considered. 
(1) Option 1: A UL slot can be partitioned into multiple subslots/mini-slots and subslot/mini-slot granularity of PDSCH-to-HARQ-ACK processing time (i.e., finer K1) can be indicated.

(2) Option 2: Grouping ACK/NACKs can be considered by introducing explicit indicator in DL assignment DCI. Specifically, a set of PDSCHs can be grouped corresponding to HARQ-ACK feedback on a PUCCH, and the indicator will provide which group each PDSCH belongs to via the corresponding DL assignment DCI. 

How to indicate the starting symbol of different PUCCHs, How to determine PUCCH resource for each PUCCH
For PUCCH resource configuration, two following options can be envisioned. 
(1) Option 1: If a UL slot is partitioned into multiple subslots/mini-slots, then the starting symbol of PUCCH can be fixed to the starting symbol of subslot/mini-slot. Or, the starting symbol of PUCCH can be determined by “startingPRB” of PUCCH resource configuration in the current specification from the first symbol of subslot/mini-slot. 
(2) Option 2: 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 group/codebook indicator or any other explicit indication. Alternatively, the actual PUCCH resource to be used can be determined by K1. 

How to indicate K1, e.g., in unit of slot, half-slot, a number of symbols or symbol
For indication of K1, three following options can be taken into account:
(1) Option 1: In unit of slots. (reuse the current specification) At least, it would be necessary to include “0” slot into the candidates of K1 for faster HARQ-ACK reporting.
(2) Option 2: In unit of subslots/mini-slots. This option would be simple but with less flexibility of time-domain PUCCH resource allocation.  
(3) Option 3: In unit of symbols. This option would provide the most flexibility in terms of time-domain PUCCH resource allocation.

Furthermore, the combinations between the above options can be considered. For instance, some of K1 candidates are in unit of symbols or subslots/mini-slots whereas others are still in unit of slots. 
Proposal 5: To support multiple PUCCHs for HARQ-ACK within a slot, slot partitioning and finer K1 granularity or grouping HARQ-ACK with indicator can be further considered. 
4. Collision of PUCCH/PUCCH and PUCCH/PUSCH 

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 the answer is yes, 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 required processing time for multiplexing needs to be further investigated. If the answer is no, then eMBB HARQ-ACK can be just dropped. 
Proposal 6: In case of PUCCH/PUCCH collision with different service/traffic types, whether/how to multiplex PUCCHs with different service/traffic types need to be further investigated.
Another discussion point would be how to handle PUCCH/PUSCH collision. In rel-15, simultaneous transmission of PUSCH and PUCCH is not supported. To deal with complicated situation, allowing simultaneous transmission of PUSCH and PUCCH can be revisited. In this case, how to handle power-limited case needs to be discussed. For instance, channel with more stringent BLER requirement needs to be prioritized, and the power of channel with less stringent BLER requirement is firstly reduced until the total transmit power does not exceed Pcmax. 
However, there would be a UE not capable of simultaneous transmission of PUSCH and PUCCH (and also in some case, gNB might not want to configure simultaneous transmission of PUSCH and PUCCH). In this case, 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). This is also related to the required processing time for multiplexing and reliability requirement of PUCCH and/or PUSCH. 
Proposal 7: In case of PUCCH/PUSCH collision with different service/traffic types, whether/how to multiplex PUCCH and PUSCH with different service/traffic types need to be further investigated.
5. CSI feedback enhancement

For CSI enhancement, some enhanced reporting/measurement mechanisms have been discussed. Considering UL traffic is not always in buffer, UL grant based A-CSI triggering without UL-SCH could be inefficient especially when PDCCH capacity is not enough. Hence, CSI triggering by DL assignment DCI can be considered. However, this also requires additional DCI signaling overhead for A-CSI triggering which is not present in current signaling. Considering compact DCI has been discussed in order to achieve more reliability of PDCCH, more DCI signaling overhead might not be a desirable approach. Moreover, new measurement framework needs to be studied and specified, but how beneficial it is questionable compared with relying on the existing framework. 
If A-CSI is triggered by DL DCI and thereby is transmitted on PUCCH, the overall performance of the PUCCH transmission might be impacted due to payload increase. More specifically, if A-CSI is multiplexed with HARQ-ACK, the reliability of PUCCH would be decreased. If A-CSI is separately transmitted from HARQ-ACK (likely after HARQ-ACK transmission), it is also doubtful how beneficial the system gain from this CSI feedback can provide is. 

In this context, no CSI enhancement for rel-16 URLLC is preferred. 

Proposal 8: No CSI enhancement for rel-16 URLLC is preferred.
6. 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: Service/traffic type differentiation in PHY layer can be supported.
Proposal 2: Separate codebook type configuration per service/traffic type can be considered.

Proposal 3: For rel-16, up to 2 codebook can be simultaneously constructed.
Proposal 4: CBG configuration is not supported for rel-16 URLLC.
Proposal 5: To support multiple PUCCHs for HARQ-ACK within a slot, slot partitioning and finer K1 granularity or grouping HARQ-ACK with indicator can be further considered. 

Proposal 6: In case of PUCCH/PUCCH collision with different service/traffic types, whether/how to multiplex PUCCHs with different service/traffic types need to be further investigated.
Proposal 7: In case of PUCCH/PUSCH collision with different service/traffic types, whether/how to multiplex PUCCH and PUSCH with different service/traffic types need to be further investigated.
Proposal 8: No CSI enhancement for rel-16 URLLC is preferred.
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