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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK26]During the RAN1 Rel-16 discussions, some enhancements have been introduced for UCI, which mainly includes multiple HARQ-ACK codebooks construction based on two priorities or based on multiple sub-slots. 
This contribution firstly discusses remaining issues for UCI that need to be finalized, including collision cases for different channels carrying URLLC and URLLC/eMBB. Secondly, Type-1 HARQ-ACK codebook design will be discussed and a related TP is provided.
Remaining issues for UCI
2.1 Collision of two PUCCHs or one PUCCH and one PUSCH
The still open scenarios from Rel-16 are collision between URLLC UCI and URLLC UCI/data, including Scenario-01 (URLLC SR vs URLLC HARQ-ACK) and Scenario-05 (URLLC HARQ-ACK vs URLLC PUSCH). It has been agreed in the RAN1 #98 meeting that the R15 rule is re-used as the baseline, but some optimizations for special cases can be considered. For Scenario-01 (URLLC SR vs URLLC HARQ-ACK), we can reuse the R15 rule, i.e., multiplexing SR and URLLC on one PUCCH resource, in most of the cases. However, two special cases need to be studied further. 
Case 1: Prioritizing SR over HARQ-A/N
Firstly, when SR is positive with PF0 and HARQ-ACK is with PF1, reusing the R15 rule would mean that the SR is dropped. At the first glance, HARQ-ACK is often dynamically scheduled and it would be better to follow the gNB scheduling, i.e., prioritize HARQ-ACK. But, the transmission of the SR is triggered by the UE and the gNB is not aware of it in advance. Moreover, HARQ-ACK is not indispensable for data transmission while dropping the SR would lead to an extra transmission delay. Hence, it is better to prioritize the SR since it is more critical to the transmission latency. Secondly, when the timeline is not satisfied it is simply treated as an error case in R15. If this case is allowed in R16, enhancements are also needed to prioritize either HARQ-ACK or SR. Considering an immediate transmission of the SR is important to achieve a low latency, it is better to prioritize the URLLC SR over the HARQ-A/N.
Proposal 1: For Scenario-01 (URLLC SR vs URLLC HARQ-ACK), multiplex HARQ-ACK and SR on one PUCCH resource as in R15, except for the following two cases in which the SR should be prioritized and the HARQ-ACK should be dropped.
· [bookmark: OLE_LINK52]a positive SR of PF0 collides with a HARQ-ACK of PF1,
· the timeline is not satisfied.
Case 2: Prioritization of the later scheduled UCI/data in case of URLLC
For Scenario-05 (URLLC HARQ-ACK vs URLLC PUSCH), it is okay to piggyback HARQ-ACK on PUSCH when the timeline is satisfied. However, when the timeline is not satisfied then, in Rel-15, it is simply treated as an error case in R15. For Rel-16 this behavior has to be optimized, at least when the two colliding channels are for URLLC traffic. In this case, it can be assumed that the gNB would only schedule the later channel if it considers it to be more important. One simple rule would therefore be to prioritize the later scheduled channel at least when both HARQ-ACK and PUSCH are dynamically scheduled, just like what we use for out-of-order cases.
Proposal 2: For Scenario-05 (URLLC HARQ-ACK vs URLLC PUSCH), if the timeline is satisfied, reuse the R15 rule to implement UCI piggyback on PUSCH, otherwise prioritize the later scheduled UCI/data channel and drop the earlier scheduled channel.
Corrections on Type-1 HARQ-ACK codebook
For the Type-1 HARQ-ACK codebook determination, the UE should determine a set of   occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH. The determination is based on two factors, one is the K1 set and the other is the TDRA table.
[bookmark: _Hlk508697304]For the determination of the K1 set, according to the Rel-15 specification [2], if the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for DCI format 1_1, the K1 set represents slot timing values {1, 2, 3, 4, 5, 6, 7, 8}. Otherwise，the K1 set is provided by dl-DataToUL-ACK for DCI format 1_1. In Rel-16, if DCI format 1_2 supports Type-1 HARQ-ACK codebook, and its corresponding slot timing values are configured by the RRC parameter dl-DataToUL-ACK-ForDCIFormat1_2. In order to feedback the HARQ-ACK information for a PDSCH scheduled by DCI format 1_2, the slot timing values configured for DCI format 1_2 have to  be considered during the determination of the K1 set. Corrections on Type-1 HARQ-ACK codebook
Considering to minimize the specification effort, the following rule could be considered：
· If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for DCI format 1_1 or DCI format 1_2 on serving cell , the K1 set is provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0
· If the UE is configured to monitor PDCCH for DCI format 1_1 and is not configured to monitor PDCCH for DCI format 1_2 on serving cell , the K1 set is provided by dl-DataToUL-ACK for DCI format 1_1
· If the UE is configured to monitor PDCCH for DCI format 1_2 and is not configured to monitor PDCCH for DCI format 1_1 on serving cell , the K1 set is provided by dl-DataToUL-ACK-ForDCIFormat1_2 for DCI format 1_2
· If the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 on serving cell , the K1 set is provided by the union of dl-DataToUL-ACK for DCI format 1_1 and dl-DataToUL-ACK-ForDCIFormat1_2 for DCI format 1_2
Proposal 3: The following procedure could be used to determine the K1 set for Type-1 HARQ codebook construction:
· If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for DCI format 1_1 on serving cell , the K1 set is provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0
· If the UE is configured to monitor PDCCH for DCI format 1_1 and is not configured to monitor PDCCH for DCI format 1_2 on serving cell  , the K1 set is provided by dl-DataToUL-ACK for DCI format 1_1
· If the UE is configured to  format 1_2 and is not configured to monitor PDCCH for DCI format 1_1 on serving cell , the K1 set is provided by dl-DataToUL-ACK-ForDCIFormat1_2 for DCI format 1_2
· If the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 on serving cell  , the K1 set is provided by the union of dl-DataToUL-ACK for DCI format 1_1 and dl-DataToUL-ACK-ForDCIFormat1_2 for DCI format 1_2
A to the Rel-15 specification [2] the TDRA table is provided by pdsch-TimeDomainAllocationList in pdsch-ConfigCommon or by the default PDSCH time domain resource allocation A, or by the union of the first set of row indices and a second set of row indices, if provided by pdsch-TimeDomainAllocationList in pdsch-Config. In Rel-16, if DCI format 1_2 support Type-1 HARQ-ACK codebook, and its corresponding TDRA table could be configured by the RRC parameter resourceAllocation-ForDCIFormat1_2 in pdsch-Config, which could be different from the pdsch-TimeDomainAllocationList for DCI format 1_1. In order to correctly feedback the HARQ-ACK information for PDSCH scheduled by DCI format 1_2, the TDRA used for the Type-1 HARQ-ACK should take the TDRA table for DCI format 1_2 into consideration.
Considering minimizing the specification effort, the TDRA table could be:
· provided either by a first set of row indexes of a table that is provided by pdsch-TimeDomainAllocationList in pdsch-ConfigCommon or by Default PDSCH time domain resource allocation A [6, TS 38.214], 
· or by the union of the first set of row indexes and a second set of row indexes, if provided by pdsch-TimeDomainAllocationList in pdsch-Config and not provided resourceAllocation-ForDCIFormat1_2  in pdsch-Config
· or by the union of the first set of row indexes and a third set of row indexes, if provided by resourceAllocation-ForDCIFormat1_2  in pdsch-Config and not provided pdsch-TimeDomainAllocationList in pdsch-Config
· or by the union of the first set, a second set and a third set of row indexes, if provided by resourceAllocation-ForDCIFormat1_2  in pdsch-Config and provided pdsch-TimeDomainAllocationList in pdsch-Config
Proposal 4: The TDRA table used by Type-1 HARQ codebook construction could be:
· provided either by a first set of row indexes of a table that is provided by pdsch-TimeDomainAllocationList in pdsch-ConfigCommon or by Default PDSCH time domain resource allocation A [6, TS 38.214], 
· or by the union of the first set of row indexes and a second set of row indexes, if provided by pdsch-TimeDomainAllocationList in pdsch-Config and not provided resourceAllocation-ForDCIFormat1_2  in pdsch-Config
· or by the union of the first set of row indexes and a third set of row indexes, if provided by resourceAllocation-ForDCIFormat1_2  in pdsch-Config and not provided pdsch-TimeDomainAllocationList in pdsch-Config
· or by the union of the first set, a second set and a third set of row indexes, if provided by resourceAllocation-ForDCIFormat1_2  in pdsch-Config and provided pdsch-TimeDomainAllocationList in pdsch-ConfigThe corresponding text proposal could be found in the following.
The text proposals corresponding to proposal 4 and proposal 5 could be found in Appendix.

Conclusions
Based on the discussions, the following observation and proposals are given:
Proposal 1: For Scenario-01 (URLLC SR vs URLLC HARQ-ACK), multiplex HARQ-ACK and SR on one PUCCH resource as in R15, except for the following two cases in which the SR should be prioritized and the HARQ-ACK should be dropped.
· a positive SR of PF0 collides with a HARQ-ACK of PF1,
· the timeline is not satisfied.
Proposal 2: For Scenario-05 (URLLC HARQ-ACK vs URLLC PUSCH), if the timeline is satisfied, reuse the R15 rule to implement UCI piggyback on PUSCH, otherwise prioritize the later scheduled UCI/data channel and drop the earlier scheduled channel.

Proposal 3: The following procedure could be used to determine the K1 set for Type-1 HARQ codebook construction:
· If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for DCI format 1_1 on serving cell , the K1 set is provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0
· If the UE is configured to monitor PDCCH for DCI format 1_1 and is not configured to monitor PDCCH for DCI format 1_2 on serving cell  , the K1 set is provided by dl-DataToUL-ACK for DCI format 1_1
· If the UE is configured to  format 1_2 and is not configured to monitor PDCCH for DCI format 1_1 on serving cell , the K1 set is provided by dl-DataToUL-ACK-ForDCIFormat1_2 for DCI format 1_2
· If the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 on serving cell  , the K1 set is provided by the union of dl-DataToUL-ACK for DCI format 1_1 and dl-DataToUL-ACK-ForDCIFormat1_2 for DCI format 1_2
[bookmark: _GoBack]Proposal 4: The TDRA table used by Type-1 HARQ codebook construction could be:
· provided either by a first set of row indexes of a table that is provided by pdsch-TimeDomainAllocationList in pdsch-ConfigCommon or by Default PDSCH time domain resource allocation A [6, TS 38.214], 
· or by the union of the first set of row indexes and a second set of row indexes, if provided by pdsch-TimeDomainAllocationList in pdsch-Config and not provided resourceAllocation-ForDCIFormat1_2  in pdsch-Config
· or by the union of the first set of row indexes and a third set of row indexes, if provided by resourceAllocation-ForDCIFormat1_2  in pdsch-Config and not provided pdsch-TimeDomainAllocationList in pdsch-Config
· or by the union of the first set, a second set and a third set of row indexes, if provided by resourceAllocation-ForDCIFormat1_2  in pdsch-Config and provided pdsch-TimeDomainAllocationList in pdsch-ConfigThe corresponding text proposal could be found in the following.
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Appendix 

--------------------------------------------Start of text proposal--------------------------------------------------------
[bookmark: _Ref505248562][bookmark: _Toc12021470][bookmark: _Toc20311582]9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
For a serving cell [image: ], an active DL BWP, and an active UL BWP, as described in Clause 12, the UE determines a set of [image: ] occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot [image: ]. If serving cell [image: ] is deactivated, the UE uses as the active DL BWP for determining the set of [image: ] occasions for candidate PDSCH receptions a DL BWP provided by firstActiveDownlinkBWP-Id. The determination is based:
a)	on a set of slot timing values [image: ] associated with the active UL BWP
a)	If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for DCI format 1_1 or DCI format 1_2 on serving cell [image: ], [image: ] is provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0
b)	If the UE is configured to monitor PDCCH for DCI format 1_1 and is not configured to monitor PDCCH for DCI format 1_2 for serving cell [image: ], [image: ] is provided by dl-DataToUL-ACK for DCI format 1_1
c) If the UE is configured to monitor PDCCH for DCI format 1_2 and is not configured to monitor PDCCH for DCI format 1_1 on serving cell  , K1 set is provided by dl-DataToUL-ACK-ForDCIFormat1_2 for DCI format 1_2
d) If the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 on serving cell, K1 set is provided by the union set of dl-DataToUL-ACK for DCI format 1_1 and dl-DataToUL-ACK-ForDCIFormat1_2 for DCI format 1_2
b)	on a set of row indexes [image: ] of a table that is provided either by a first set of row indexes of a table that is provided by pdsch-TimeDomainAllocationList in pdsch-ConfigCommon or by Default PDSCH time domain resource allocation A [6, TS 38.214], or by the union of the first set of row indexes and a second set of row indexes, if provided by pdsch-TimeDomainAllocationList in pdsch-Config but not provided resourceAllocation-ForDCIFormat1_2  in pdsch-Config; or by the union of the first set of row indexes and a third set of row indexes, if provided by resourceAllocation-ForDCIFormat1_2  in pdsch-Config but not provided pdsch-TimeDomainAllocationList in pdsch-Config; or by the union of the first set, a second set, if provided by resourceAllocation-ForDCIFormat1_2  in pdsch-Config and a third set of row indexes, if provided by pdsch-TimeDomainAllocationList in pdsch-Config, associated with the active DL BWP and defining respective sets of slot offsets [image: ], start and length indicators SLIV, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214]
---------------------------------------------End of text proposal--------------------------------------------------------
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