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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. This contribution firstly discusses the remaining issues on physical layer priority, and then discusses corrections on the HARQ-ACK codebook design and PUCCH resource indication. Corresponding TPs for the corrections are provided in the Appendix.
Remaining issues on PHY priority 
2.1 Both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored per BWP
This issue is firstly related to the interpretation of the previous agreement shown below and the UE capability 11-4a in the UE feature list:
	Agreement
When both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored per BWP, a DCI format (from the formats 0_1/1_1/0_2/1_2) can be used to schedule PDSCH with different HARQ-ACK priorities or PUSCH with different priorities.
· This feature is UE optional



Regarding the meaning of “optional”, after lengthy discussions, the following alternatives became the focus according to the FL’s summary [1]:
	· If a UE is capable of supporting dynamic switching of HARQ-ACK/PUSCH priority via both DCI format 0_1/1_1 and 0_2/1_2, the UE is expected to follow the indicated priority (low or high) in the scheduling DCI format for DCI format 0_1 / 1_1, DCI format 0_2/1_2 or DCI formats 0_1/1_1/0_2/1_2 if the UE is configured with DCI format 0_1 / 1_1 and 0_2/1_2.

· If a UE is NOT capable of supporting dynamic switching of HARQ-ACK/PUSCH priority via both DCI format 0_1/1_1 and 0_2/1_2, and the UE is configured with DCI format 0_1 / 1_1 and 0_2/1_2, down-select between the two:
· Alt-1 (based on Interpretation 1): The UE is expected to assume fixed priority by DCI format (i.e., low priority for DCI format 0_1/1_1, high priority for DCI format 0_2/1_2).
· Alt-2 (based on Interpretation 2): The UE is expected to assume low priority for DCI format 0_1/1_1, and to follow the indicated priority (low or high) in the scheduling DCI format for DCI format 0_2/1_2. 



For the second bullet, we slightly prefer Alt-1. From the working assumption itself, it is clear that the interpretation for UEs capable of supporting this feature means that all DCI formats can be used to schedule different priorities, then it seems straightforward that the opposite (i.e. UEs not capable of supporting this feature) is that all DCI formats cannot be used to schedule different priorities, thus in this case Alt-1 is straightforward also. However, we are open with Alt-2, since it does bring some flexibility by allowing priority indication by DCI format 0_2/1_2.  
Proposal 1: If a UE is NOT capable of supporting dynamic switching of HARQ-ACK/PUSCH priority via both DCI format 0_1/1_1 and 0_2/1_2, and the UE is configured with DCI format 0_1 / 1_1 and 0_2/1_2, the UE is expected to assume fixed priority by DCI format (i.e., low priority for DCI format 0_1/1_1, high priority for DCI format 0_2/1_2).
2.2 Default priority if priority field in DCI is not configured
For this issue, following three options have been listed in the FL’s summary [1]: 
	Option 1:
· If DCI format 0_1 does not include a priority indicator field, DCI format 0_1 triggers transmissions of priority 0
· If DCI format 1_1 does not include a priority indicator field, DCI format 1_1 triggers receptions of priority 0
· If DCI format 0_2 does not include a priority indicator field
· if the UE is not configured USS for DCI format 0_1, DCI format 0_2 triggers transmissions of priority 0
· if the UE is configured USS for DCI format 0_1, DCI format 0_2 triggers transmissions of priority 1
·  If DCI format 1_2 does not include a priority indicator field
· if the UE is not configured USS for DCI format 1_1, DCI format 1_2 triggers receptions of priority 0
· if the UE is configured USS for DCI format 1_1, DCI format 1_2 triggers receptions of priority 1
Option 2:
· If DCI format 0_1/1_1 does not include a priority indicator field, priority of PUSCH/HARQ-ACK associated with DCI format 0_1/1_1 is low
· If DCI format 0_2/1_2 does not include a priority indicator field, priority of PUSCH/HARQ-ACK associated with DCI format 0_2/1_2 is high.
Option 3:
· If priority field in a DCI format is not configured, the corresponding transmissions or receptions are of low priority.



We support option 1, DCI format 0_2/1_2 can correspond to priority 0 if only DCI format0_2/1_2 is configured, the possible use case e.g. if only one HARQ-ACK codebook is configured, then with option 1 it is still possible to only configure DCI format 0_2/1_2 for the scheduling, while option 2 may not be possible since under option 2 it can only correspond to priority 1. Note that here we assume if only one HARQ-ACK codebook is configured, priority index 0 should be used. 
If both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored, our assumption is that the use case is to support different services with different priorities, thus always assuming low priority in option3 seems not that good either. The assumption here is that Alt-1 is taken for the issue in section 2.1. If Alt-2 is taken for the issue in section 2.1, then option 3 here can work though.  
Proposal 2:
· If DCI format 0_1 does not include a priority indicator field, DCI format 0_1 triggers transmissions of priority 0
· If DCI format 1_1 does not include a priority indicator field, DCI format 1_1 triggers receptions of priority 0
· If DCI format 0_2 does not include a priority indicator field
· if the UE is not configured USS for DCI format 0_1, DCI format 0_2 triggers transmissions of priority 0
· if the UE is configured USS for DCI format 0_1, DCI format 0_2 triggers transmissions of priority 1
·  If DCI format 1_2 does not include a priority indicator field
· if the UE is not configured USS for DCI format 1_1, DCI format 1_2 triggers receptions of priority 0
· if the UE is configured USS for DCI format 1_1, DCI format 1_2 triggers receptions of priority 1
Type-1 HARQ-ACK codebook construction for PDSCHs scheduled by DCI format 1_1 and 1_2
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
According 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 pdsch-TimeDomainAllocationList-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.
[bookmark: OLE_LINK2]Because fallback DCI would be treated as lower priority DCI, so for HARQ-ACK codebook of priority 1, the TDRA table for DCI format 1_0 should not be taken into consideration, which could reduce the size of HARQ-ACK codebook.
For HARQ-ACK codebook associated with priority index 1, 
· If the UE is configured to monitor both PDCCH for DCI format 1_1 and DCI format 1_2, the TDRA table could be provided by the union of the applicable time domain resource allocation tables for DCI format 1_1 according to Table 5.1.2.1.1-1 and for DCI format 1_2 according to Table 5.1.2.1.1-1A of [6, TS 38.214]
· If the UE is configured to monitor PDCCH for either DCI format 1_1 or DCI format 1_2, the TDRA table could be provided either by the applicable time domain resource allocation table according to Table 5.1.2.1.1-1 or Table 5.1.2.1.1-1A of [6, TS 38.214].

For HARQ-ACK codebook associated with priority index 0, 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 pdsch-TimeDomainAllocationList-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 pdsch-TimeDomainAllocationList-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 pdsch-TimeDomainAllocationList-ForDCIformat1_2   in pdsch-Config and provided pdsch-TimeDomainAllocationList in pdsch-Config
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
Proposal 4: For Type-1 HARQ-ACK codebook associated with priority index 1, the used TDRA table could be decided as following:
· If the UE is configured to monitor both PDCCH for DCI format 1_1 and DCI format 1_2, the TDRA table could be provided by the union of the applicable time domain resource allocation tables for DCI format 1_1 according to Table 5.1.2.1.1-1 and for DCI format 1_2 according to Table 5.1.2.1.1-1A of [6, TS 38.214]
· If the UE is configured to monitor PDCCH for either DCI format 1_1 or DCI format 1_2, the TDRA table could be provided either by the applicable time domain resource allocation table according to Table 5.1.2.1.1-1 or Table 5.1.2.1.1-1A of [6, TS 38.214]
Proposal 5: For Type-1 HARQ-ACK codebook associated with priority index 0, the used 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 pdsch-TimeDomainAllocationList-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 pdsch-TimeDomainAllocationList-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 pdsch-TimeDomainAllocationList-ForDCIformat1_2 in pdsch-Config and provided pdsch-TimeDomainAllocationList in pdsch-Config
The text proposals corresponding to proposal 3, proposal 4 and proposal 5 can be found in Appendix 1.
Type-2 HARQ-ACK codebook construction
4.1 Type-2 HARQ-ACK codebook construction for DCI format 1_0.
Based on the current specification if subslotLength-ForPUCCH is configured, a slot for an associated PUCCH transmission includes a number of symbols indicated by subslotLength-ForPUCCH, which actually is the sub-slot. In this case it seems that DCI format 1_0 also can support sub-slot, but this has not been discussed yet. And DCI format 1_0 can also be transmitted in CSS, so it would be better to clarify whether DCI format 1_0 supports sub-slot or not. 
Proposal 6: RAN1 clarifies whether DCI format 1_0 supports sub-slot or not.
If DCI format 1_0 supports sub-slot, then all sub-slot PUCCH resources can be used by DCI 1_0. And K1 indicated by DCI 1_0 will be in unit of sub-slot. This could be a problem for some configurations. For example, when 2 symbols sub-slot is configured, then the maximum delay between PDSCH and HARQ-ACK will be 16 symbols but the PDSCH decoding time N1 is at least 17 symbols for 60 kHz SCS. This shows that the number of symbols between PDSCH and HARQ-ACK indicated by K1 of DCI 1_0 may not be enough for the UE PDSCH processing time for 60-kHz SCS if DCI 1_0 supports 2 symbols sub-slot. And for 30kHz SCS, N1 is 10 or 13, so the number of K1 that can be indicated by gNB is also limited. Please note that we only consider N1 here but in fact the PDSCH processing time is N1+d1,1 which may lead to more limitations for gNB scheduling of DCI 1_0.

If DCI format 1_0 does not support sub-slot, then there is no PUCCH resource for DCI format 1_0 since all PUCCH resources are based on sub-slot. In this case one simple way is that K1 indicated by DCI 1_0 is still in unit of slot as legacy, while the first sub-slot in the slot indicated by K1 is used for the HARQ-ACK transmission. 
Proposal 7: If K1 indicated by DCI 1_0 is in the unit of slot, and when subslotLengthForPUCCH-r16 is configured for a HARQ-ACK codebook with low priority or priority is not indicated, the sub-slot based PUCCH resources within the first sub-slot in the slot indicated by K1 is used for the HARQ-ACK transmission.
The text proposals corresponding to proposal 7 could be found in Appendix 2.
4.2 Type-2 codebook in Rel-16 considering different DAI bit widths in different DCI formats
For DCI format 1_2 the DAI field could be configured, which means the sizes of the DAI field in DCI format 1_2 and in 1_0/1_1 could be different. If the UE multiplexes HARQ-ACK for PDSCH scheduled by DCI format 1_2 and HARQ-ACK for PDSCH scheduled by DCI format 1_0/1_1 in the same HARQ-ACK codebook, DAI could not work well. We think this issue could be solved by gNB implementation, which means if the size of DAI field is different for DCI format 1_2 and for 1_0/1_1, a UE is not expected to multiplex HARQ-ACK for PDSCH scheduled by DCI format 1_2 and HARQ-ACK for PDCSH scheduled by DCI format 1_0/1_1 in the same HARQ-ACK codebook.
Proposal 8: If DAI field in DCI format 1_2 is not configured or is configured to be 1 bit for single serving cell case, a UE is not expected to multiplex HARQ-ACK for PDSCH scheduled by DCI format 1_2 and HARQ-ACK for PDCSH scheduled by DCI format 1_0/1_1 in the same HARQ-ACK codebook.
PUCCH resource determination for reduced size of DCI field
For DCI format 1_2 the PRI field could be configured to be 0 bit, then how to decide the indicated PUCCH resource should be decided. A simple method is to expand the table for the mapping of the PUCCH resource indication field values to a PUCCH resource in a PUCCH resource set in 38.213[3], such that 0 bits PRI refers to the first PUCCH resource index.
Proposal 9: PUCCH resources corresponding to a PUCCH resource allocation field with 3/2/1/0 bits are the first 8/4/2/1 configured PUCCH resources.
Remaining issue on collision handling
The still open scenarios from Rel-16 are collisions 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-ACK
[bookmark: OLE_LINK1]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. to 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 10: 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. 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.
Proposal 11: 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.
Case 3: More than one HARQ-ACKs overlap with one PUSCH
The case of multiple sub-slot-based HARQ-ACKs overlapping with one long PUSCH with the same L1 priority is discussed in the last meeting. Two main options are proposed as follows. Opt1: treat as an error case or avoid this case by gNB implementation. Opt2: only piggyback the first HARQ-ACK on the PUSCH and drop the other HARQ-ACKs. However, if the timeline is satisfied for all these HARQ-ACKs and the PUSCH, then why we do not piggyback all these HARQ-ACKs onto the PUSCH. The only thing is how to determine the DAI_UL_total for these HARQ-ACK codebooks. For simplicity, we can use DAI_DL_total instead of the DAI_UL_total. Alternatively, we can use the one DAI_UL_total in UL grant for all these HARQ-ACK codebooks. Besides, since these HARQ-ACKs are of the same priority, they can be simply concatenated one-by-one into one super codebook and then mapped on PUSCH by using R15 rules. But if some HARQ-ACKs and PUSCH do not satisfy the timeline as explained in Case 2, then we can prioritize the UL channel scheduled later. 
Proposal 12: For multi-HARQ-ACKs overlapping with one PUSCH of the same priority, piggyback all HARQ-ACKs on the PUSCH if timeline is satisfied.
Cancellation timeline
In the RAN1 #99 meeting, the following agreement is achieved.
	Agreement
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from Tproc,2 +d1 after the end of PDCCH scheduling the high-priority transmission, where
· Tproc,2 is correponding to UE processing time capability for the carrier. 
· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability
· Note: d_2,1=0 is for cancellation
· The minimum processing time of the high priority channel is extended by d2 symbols
· Value d2 is the time duration corresponding to 0,1,2 symbols reported by UE capability
The overlapping condition is per repetition of the uplink transmission



In RAN1#100b-e meeting, there are three interpretations below for this agreement

· Interpretation 1: Tproc,2+d1 is the latest time for cancellation --> the UE could cancel before Tproc,2+d1, but the UE is not allowed to cancel after Tproc,2+d1.
· Interpretation 2: Tproc,2+d1 is the exact point/time for cancellation --> the UE is not allowed to cancel before or after Tproc,2+d1.
· Interpretation 3: The UE is not required to cancel earlier than Tproc,2+d1 --> the UE is allowed to cancel before or after Tproc,2+d1 (certainly, the UE has to cancel no later than the start of the high priority UL transmission).

For interpretation 1, the latest time for cancellation is Tproc,2+d1 after the end of PDCCH scheduling the high-priority transmission. However for the case shown in figure 1, it is clear that the UE should be allowed to cancel after Tproc,2+d1, i.e. from the first symbol of LP PUCCH/PUSCH. Thus for interpretation 1, the latest time for cancellation should be the later one between the first symbol of LP UL transmission and Tproc,2+d1 after the end of PDCCH scheduling the high-priority transmission. For interpretation 2, it is almost the same that the exact point/time for cancellation should be the later one between the first symbol of LP UL transmission and Tproc,2+d1 after the end of PDCCH scheduling the high-priority transmission. For interpretation 3, it can cover the case in figure 1. From UE point of view, it is preferred to support interpretation 1 or 3 because it allows some room for exact point of cancellation as long as the UE satisfy the requirement that the overlapped part of LP UL transmission is cancelled before the HP UL transmission.

[image: ]
Figure 1 Cancellation timeline
Observation 1: For interpretation 1, the latest time for cancellation should be the later one between the first symbol of LP UL transmission and Tproc,2+d1 after the end of PDCCH scheduling the high-priority transmission.
Observation 2: For interpretation 2, the exact point/time for cancellation should be the later one between the start of LP UL transmission and Tproc,2+d1 after the end of PDCCH scheduling the high-priority transmission.
Proposal 13: When a high priority UL transmission overlaps with a low priority UL transmission and the first symbol of HP UL transmission is no earlier than Tproc,2+d1 after the PDCCH scheduling HP UL transmission, the latest time for cancel LP UL transmission is down selected among
· Option 1: the later one between the first symbol of LP UL transmission and Tproc,2+d1 after the end of PDCCH scheduling the high-priority transmission.
· Option 2: the first symbol of LP UL transmission that would overlap with HP UL transmission

In the RAN1#100bis-e meeting, the cancellation order for multiple UL transmissions was discussed, which is summarized in section 6 of [4]. Consider the example in Figure 2 below. Firstly, the UE receives a DCI 1 which is scheduling a HP PUCCH. This HP PUCCH is overlapping with an earlier scheduled LP UL transmission. At that point of time the UE would need to cancel the LP UL transmission. However, at a later time a DCI 2 is received. This DCI schedules a HP PUSCH that is overlapping with the earlier scheduled HP PUCCH but not overlapping with the LP UL transmission. As a result, the HP PUCCH will be multiplexed with the HP PUSCH and will no longer overlap with the LP UL PUSCH. The LP UL transmission can be performed and does not need to be canceled.   
In our view, for the case that the first symbol of the LP UL transmission is later than Tproc,2+d1 after the end of PDCCH scheduling the HP PUSCH shown in figure 2, it is still possible that the UE can transmit LP PUSCH because the number of symbols between DCI 2 and LP PUSCH is sufficient for the UE to prepare to cancel or transmit the LP PUSCH/PUCCH. 

[image: ]
Figure 2 Cancellation order
Proposal 14: For the case that a HP PUCCH scheduled by the first DCI overlaps with a LP UL transmission, and the HP PUCCH also overlaps with a HP PUSCH scheduled by the second DCI, and the HP PUSCH does not overlap with LP UL transmission
· If the first symbol of LP UL transmission is later than Tproc,2+d1 after the end of second PDCCH scheduling the HP PUSCH, the UE transmits the LP PUCCH/PUSCH, otherwise the LP PUCCH/PUSCH is cancelled.

In the RAN1#100bis-e meeting, the cancellation timeline between HP configured UL transmission and LP UL transmission was also discussed. From UE point of view, since HP configured UL transmission is not scheduled by gNB, so the UE can prepare to transmit in the HP configured UL resources in advance if necessary. So when a LP DCI is received, then the timeline for cancellation can leave it to UE implementation.
Proposal 15: It is up to the UE implementation to cancel the LP UL channel no later than the first symbol which overlaps with HP configured UL transmission.
Conclusions
Based on the discussions, the following observation and proposals are given:
Proposal 1: If a UE is NOT capable of supporting dynamic switching of HARQ-ACK/PUSCH priority via both DCI format 0_1/1_1 and 0_2/1_2, and the UE is configured with DCI format 0_1 / 1_1 and 0_2/1_2, the UE is expected to assume fixed priority by DCI format (i.e., low priority for DCI format 0_1/1_1, high priority for DCI format 0_2/1_2).
Proposal 2: 
· If DCI format 0_1 does not include a priority indicator field, DCI format 0_1 triggers transmissions of priority 0
· If DCI format 1_1 does not include a priority indicator field, DCI format 1_1 triggers receptions of priority 0
· If DCI format 0_2 does not include a priority indicator field
· if the UE is not configured USS for DCI format 0_1, DCI format 0_2 triggers transmissions of priority 0
· if the UE is configured USS for DCI format 0_1, DCI format 0_2 triggers transmissions of priority 1
·  If DCI format 1_2 does not include a priority indicator field
· if the UE is not configured USS for DCI format 1_1, DCI format 1_2 triggers receptions of priority 0
· if the UE is configured USS for DCI format 1_1, DCI format 1_2 triggers receptions of priority 1
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
Proposal 4: For Type-1 HARQ-ACK codebook associated with priority index 1, the used TDRA table could be decided as following:
· If the UE is configured to monitor both PDCCH for DCI format 1_1 and DCI format 1_2, the TDRA table could be provided by the union of the applicable time domain resource allocation tables for DCI format 1_1 according to Table 5.1.2.1.1-1 and for DCI format 1_2 according to Table 5.1.2.1.1-1A of [6, TS 38.214]
· If the UE is configured to monitor PDCCH for either DCI format 1_1 or DCI format 1_2, the TDRA table could be provided either by the applicable time domain resource allocation table according to Table 5.1.2.1.1-1 or Table 5.1.2.1.1-1A of [6, TS 38.214]
Proposal 5: For Type-1 HARQ-ACK codebook associated with priority index 0, the used 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 pdsch-TimeDomainAllocationList-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 pdsch-TimeDomainAllocationList-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 pdsch-TimeDomainAllocationList-ForDCIformat1_2 in pdsch-Config and provided pdsch-TimeDomainAllocationList in pdsch-Config
Proposal 6: RAN1 clarifies whether DCI format 1_0 supports sub-slot or not.
Proposal 7: If K1 indicated by DCI 1_0 is in the unit of slot, and when subslotLengthForPUCCH-r16 is configured for a HARQ-ACK codebook with low priority or priority is not indicated, the sub-slot based PUCCH resources within the first sub-slot in the slot indicated by K1 is used for the HARQ-ACK transmission.
Proposal 8: If DAI field in DCI format 1_2 is not configured or is configured to be 1 bit for single serving cell case, a UE is not expected to multiplex HARQ-ACK for PDSCH scheduled by DCI format 1_2 and HARQ-ACK for PDCSH scheduled by DCI format 1_0/1_1 in the same HARQ-ACK codebook.
[bookmark: _GoBack]Proposal 9: PUCCH resources corresponding to a PUCCH resource allocation field with 3/2/1/0 bits are the first 8/4/2/1 configured PUCCH resources.
Proposal 10: 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 11: 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 12: For multi-HARQ-ACKs overlapping with one PUSCH of the same priority, piggyback all HARQ-ACKs on the PUSCH if timeline is satisfied.
Observation 1: For interpretation 1, the latest time for cancellation should be the later one between the first symbol of LP UL transmission and Tproc,2+d1 after the end of PDCCH scheduling the high-priority transmission.
Observation 2: For interpretation 2, the exact point/time for cancellation should be the later one between the start of LP UL transmission and Tproc,2+d1 after the end of PDCCH scheduling the high-priority transmission.
Proposal 13: When a high priority UL transmission overlaps with a low priority UL transmission and the first symbol of HP UL transmission is no earlier than Tproc,2+d1 after the PDCCH scheduling HP UL transmission, the latest time for cancel LP UL transmission is down selected among
· Option 1: the later one between the first symbol of LP UL transmission and Tproc,2+d1 after the end of PDCCH scheduling the high-priority transmission.
· Option 2: the first symbol of LP UL transmission that would overlap with HP UL transmission

Proposal 14: For the case that a HP PUCCH scheduled by the first DCI overlaps with a LP UL transmission, and the HP PUCCH also overlaps with a HP PUSCH scheduled by the second DCI, and the HP PUSCH does not overlap with LP UL transmission
· If the first symbol of LP UL transmission is later than Tproc,2+d1 after the end of second PDCCH scheduling the HP PUSCH, the UE transmits the LP PUCCH/PUSCH, otherwise the LP PUCCH/PUSCH is cancelled.

Proposal 15: It is up to the UE implementation to cancel the LP UL channel no later than the first symbol which overlaps with HP configured UL transmission.
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Appendix 1 

--------------------------------------------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, 
· for Type-1 HARQ-ACK codebook associated with priority index 0,  the 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 by pdsch-TimeDomainAllocationList-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 pdsch-TimeDomainAllocationList-ForDCIformat1_2   in pdsch-Config but not provided by pdsch-TimeDomainAllocationList in pdsch-Config, or by the union of the first set of row indexes, the second set of row indexed and a third set of row indexes, if provided by pdsch-TimeDomainAllocationList-ForDCIformat1_2   in pdsch-Config and 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]
· for Type-1 HARQ-ACK codebook associated with priority index 1,  
· if the UE is configured to monitor both PDCCH for DCI format 1_1 and DCI format 1_2, the table could be provided by the union of the applicable time domain resource allocation tables for DCI format 1_1 according to Table 5.1.2.1.1-1 and for DCI format 1_2 according to Table 5.1.2.1.1-1A of [6, TS 38.214]
· if the UE is configured to monitor PDCCH for either DCI format 1_1 or DCI format 1_2, the table could be provided either by the applicable time domain resource allocation table according to Table 5.1.2.1.1-1 or Table 5.1.2.1.1-1A of [6, TS 38.214]
---------------------------------------------End of text proposal--------------------------------------------------------

Appendix 2
--------------------------------------------Start of text proposal--------------------------------------------------------
9.2.3	UE procedure for reporting HARQ-ACK
*** Unchanged text is omitted ***
With reference to slots for PUCCH transmissions, if the UE detects a DCI format scheduling a PDSCH reception ending in slot [image: ] or if the UE detects a DCI format indicating a SPS PDSCH release through a PDCCH reception ending in slot [image: ], the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot [image: ], where [image: ] is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, if present, or provided by dl-DataToUL-ACK, or by dl-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2. [image: ] corresponds to the last slot of the PUCCH transmission that overlaps with the PDSCH reception or with the PDCCH reception in case of SPS PDSCH release.
If a UE is provided subslotLength-ForPUCCH by the first PUCCH-Config and the UE detects a DCI format 1_0 scheduling a PDSCH reception ending in slot n, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within the first sub-slot of slot n+k where k is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI.
---------------------------------------------End of text proposal-------------------------------------------------------- 
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