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Introduction
In Rel-16 eURLLC, the agenda item UCI enhancements for eURLLC addresses Rel-16 (1) more than one PUCCH for HARQ-ACK transmission within a slot (2) at least two HARQ-ACK codebooks simultaneously constructed, intended for supporting different service types for a UE and (3) UL data/control and control/control resource collision.
In this contribution, we discuss the open issues related to UCI enhancements for Rel-16 and provide our views.
Cancellation Timeline
This issue has to do with the cancellation timeline, i.e., the amount of time a UE has to cancel an ongoing transmission and prepare a new transmission. 

The current agreement is as follows [1]:
· UE is expected to cancel the low-priority UL transmission starting from Tproc,2 +d1 after the end of the last symbol of the PDCCH scheduling the high-priority transmission. d1 is time duration of 0, 1, or 2 symbols.
· Tproc,2 corresponds to UE processing time capability for the carrier, and d1 is reported as a UE capability
· The minimum processing time of the high priority channel is extended by d2 symbols.  d2 is time duration of 0, 1, or 2 symbols.
· Overlapping condition is per repetition of the uplink transmission.
· UE is not expected to be scheduled in the non-overlapped cancelled symbols.

This is illustrated in Figure 1.
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[bookmark: _Ref37298285]Figure 1: timeline for intra-UE prioritization
It is necessary for the high priority transmission to start after the cancellation of the low priority transmission. (Note that in Figure 2, the timeline between HP PDCCH and HP transmission could also be Tproc,1 + d2 in case of HP HARQ-ACK.) So other than satisfying the minimum processing timeline, the high priority transmission should be sent at least Tproc,2 + d1 after HP PDCCH to ensure that there is sufficient time to cancel the low priority transmission so that it is not interfered by the low priority transmission. Therefore, it should be specified that the UE is not expected to be scheduled to transmit before the low priority transmission can be cancelled according to the minimum cancellation timeline.

For the cancellation timeline in the agreements above, it was discussed in [100b-e-NR-L1enh-URLLC-UCI_Enh-03] how to interpret it or how it can be improved [2].
	· 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).
· Some specification text was further proposed to accurately reflect the intention: “If a UE has a transmission with priority 0 and a transmission with priority 1 that would overlap in time, the UE expects that the first symbol of the transmission with priority 1 is not earlier than Tproc,2+d1 after the last symbol of the PDCCH with the DCI format scheduling the transmission with priority 1, and the UE cancels the transmission with priority 0 prior to the first symbol of the transmission of priority 1.” 



As discussed above, the cancellation timeline should be satisfied by gNB scheduling regardless of which interpretation we take. Under this assumption, the debating point between the 3 interpretations is whether the UE can cancel any time prior to Tproc,2+d1, or needs to cancel exactly at Tproc,2+d1, or can cancel any time prior to the start of high priority transmission, as shown in Figure 2. Any of the interpretations would work from system perspective (i.e., low priority transmission is cancelled before the high priority transmission starts). However, interpretation 2 is unnecessarily restrictive for UE implementation because it requires the UE to cancel at the exact time point. Both interpretation 1 and 3 provide some flexibility for the UE implementation in terms of exactly when to cancel the low priority transmission (which may depend on the implementation architecture), while interpretation 3 provides the most flexibility. Therefore, our first preference is interpretation 3, but interpretation 1 could also be fine.
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Figure 2: Different interpretations for cancellation timeline

Proposal 1: Update the RAN1#99 agreements as follows:
· UE is not expected to be scheduled with a high priority transmission by a PDCCH that would overlap with a low priority transmission and starts earlier than expected to cancel the low-priority UL transmission starting from Tproc,2 +d1 after the end of the last symbol of the PDCCH scheduling the high-priority transmission. A UE is expected to cancel the low-priority transmission no later than the start of the high-priority transmission. d1 is time duration of 0, 1, or 2 symbols.
· Tproc,2 corresponds to UE processing time capability for the carrier, and d1 is reported as a UE capability
· The minimum processing time of the high priority channel is extended by d2 symbols.  d2 is time duration of 0, 1, or 2 symbols.
· Overlapping condition is per repetition of the uplink transmission.
· UE is not expected to be scheduled in the non-overlapped cancelled symbols.

Alternatively, if RAN1 has concern on interpretation 3, the agreements can be updated as follows to reflect interpretation 1:
· UE is not expected to be scheduled with a high priority transmission by a PDCCH that would overlap with a low priority transmission and starts earlier than Tproc,2 +d1 after the end of the last symbol of the PDCCH scheduling the high-priority transmission. A UE is expected to cancel the low-priority UL transmission no later than starting from Tproc,2 +d1 after the end of the last symbol of the PDCCH scheduling the high-priority transmission. d1 is time duration of 0, 1, or 2 symbols.
· Tproc,2 corresponds to UE processing time capability for the carrier, and d1 is reported as a UE capability
· The minimum processing time of the high priority channel is extended by d2 symbols.  d2 is time duration of 0, 1, or 2 symbols.
· Overlapping condition is per repetition of the uplink transmission.
· UE is not expected to be scheduled in the non-overlapped cancelled symbols.

Another open issue is the exact definition of Tproc,2 in the cancellation timeline. In case of a single carrier, it is quite straightforward that Tproc,2 should be based on the smaller SCS between the DL and UL. In case of CA, as simultaneous PUCCH and PUSCH transmission on the same CC or different CCs is not supported, we can have the following cases (as shown in Figure 3) in addition to the cancellation on the same CC:
· If a high priority PUCCH is transmitted on a CC, which overlaps in time with PUSCH(s) on other CC(s), the UE needs to cancel the PUSCH(s) on the other CC(s) before the start of the PUCCH.
· If a high priority PUSCH is transmitted on a CC, which overlaps in time with a low priority PUCCH on another CC, the UE needs to cancel the PUCCH before the start of the PUSCH.
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Figure 3: Intra-UE cross-carrier cancellation scenarios
In these cases, it would be simpler to define a single minimum cancellation timeline for a high priority transmission to cancel all the low priority transmissions on different CCs, and Tproc,2 can be calculated based on the smallest SCS among all the CCs.
Proposal 2: When a dynamically scheduled high priority transmission cancels low priority transmission(s) on one or more CCs, Tproc,2 + d1 is calculated based on the smallest SCS among the SCS of the DL CC that schedules the high priority transmission, and the SCSs of the UL CC(s) with the cancelled low priority transmission(s). 

Type I HARQ-ACK codebook for sub-slot HARQ ACK
We need to finalize the decision on the applicability of Type I HARQ-ACK codebook for sub-slot HARQ-ACK feedback procedure.

In NR Rel-15, both Type-1(semi-static) and Type-2 (dynamic) HARQ-ACK codebooks are supported. For the semi-static HARQ-ACK codebook, the UE reports the HARQ-ACK for all potential PDSCH transmissions. The use of the semi-static codebook ensures that in the case of missed DCI, a negative acknowledgment is provided to the gNB, which can retransmit the missing transport block which is essential for high-reliability services. However, the fact that there are multiple sub-slots within a slot (up to 7 in the “2-symbol*7” case), could result in a codebook with a very large payload size and increase the PUCCH overhead. Although there are some proposals to reduce the overhead of the semi-static codebook with sub-slot based HARQ-ACK codebook construction, down-selecting from the multiple proposals is not feasible in the maintenance phase of Rel-16. 
For the dynamic codebook, typically unreliability arises from the fact that there could be some missed DCI. 

However, the use of a compact DCI as designed in DCI Format 2-0 will reduce the probability of a mi-detection due to the increase in reliability of the DCI. As such, the use of a dynamic codebook with sub-slot HARQ-ACK feedback should be sufficient for URLLC transmissions. 

Finally, in the objectives for Rel-17 IIOT/URLLC enhancements [1], there is a mandate to study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering UE feedback enhancements for HARQ-ACK by RAN1. This mandate can be used to address the issue of Type I HARQ-ACK codebook for sub-slot HARQ-ACK feedback. As such, it should be postponed to Rel-17.

Proposal 3: Type-1 HARQ-ACK codebook is not supported for sub-slot based HARQ-ACK feedback in Rel-16.

UCI Multiplexing
This issue has to do with UCI multiplexing in the case that more than one PUCCH carrying HARQ-ACK overlaps with a PUSCH, for which the resulting behavior needs to be specified. This is illustrated below in Figure 1. 
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[bookmark: _Ref37297334]Figure 1: PUSCH overlapped with multiple PUCCHs of the same priority.
The options are to allow some level of multiplexing provided that timing limits are satisfied i.e. the UE is able to identify that the HARQ-ACK and PUSCH should be multiplexed early enough to be able to construct the multiplexed signal and transmit it. This requires specification of the timelines and the behavior if the timelines are not satisfied. There are also issues that arise based on the length of the PUSCH transmission compared to the HARQ-ACK transmission given that the HARQ-ACK transmission should arrive at the gNB and be processed relatively quickly and an issue with how many sub-slots should be multiplexed with a single PUSCH. As such, we propose that this be treated as an error case and the gNB not allow this scenario to occur. 

Proposal 4: PUSCH overlapped with multiple PUCCHs carrying HARQ-ACK should be treated as an error case.

Conclusion
In this contribution, we discussed some of the remaining issues for UCI enhancements in R16 eURLLC. Based on the discussion, the following proposals have been made:
Proposal 1: Update the RAN1#99 agreements as follows:
· UE is not expected to be scheduled with a high priority transmission by a PDCCH that would overlap with a low priority transmission and starts earlier than expected to cancel the low-priority UL transmission starting from Tproc,2 +d1 after the end of the last symbol of the PDCCH scheduling the high-priority transmission. A UE is expected to cancel the low-priority transmission no later than the start of the high-priority transmission. d1 is time duration of 0, 1, or 2 symbols.
· Tproc,2 corresponds to UE processing time capability for the carrier, and d1 is reported as a UE capability
· The minimum processing time of the high priority channel is extended by d2 symbols.  d2 is time duration of 0, 1, or 2 symbols.
· Overlapping condition is per repetition of the uplink transmission.
· UE is not expected to be scheduled in the non-overlapped cancelled symbols.

Proposal 2: When a dynamically scheduled high priority transmission cancels low priority transmission(s) on one or more CCs, Tproc,2 + d1 is calculated based on the smallest SCS among the SCS of the DL CC that schedules the high priority transmission, and the SCSs of the UL CC(s) with the cancelled low priority transmission(s). 
Proposal 3: Type-1 HARQ-ACK codebook is not supported for sub-slot based HARQ-ACK feedback in Rel-16.

Proposal 4: PUSCH overlapped with multiple PUCCHs carrying HARQ-ACK should be treated as an error case.
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