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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 UCI enhancements for Rel-16 and provide possible solutions on unresolved issues to complete the UCI enhancement design.
Type I HARQ-ACK codebook for sub-slot HARQ ACK
The first issue is 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 1: Clarify that Type-1 HARQ-ACK codebook is not supported for sub-slot based HARQ-ACK feedback in Rel-16.

Application of sub-slot-based feedback to other UCIs

The second issue is the application of the sub-slot-based framework developed for HARQ-ACK to other UCIs.  The issue addresses the following question,  “if a UE is provided subslotLength-ForPUCCH, is this applicable to PUCCH resource for SR and CSI ?”.

For CSI feedback, especially CSI feedback with a very large payload, using sub-slot-based feedback may not be feasible while for SRs, using sub-slot-based may be adopted relatively easily. However, applying the sub-slot-based framework to other UCIs (CSI and SR) will require a detailed review of the UCI procedures such as the procedures for multiplexing the UCIs and for handling PUCCH repetition. The current time limitations for Rel-16 maintenance may suggest a simple solution. As such, the sub-slot-based framework should be limited to HARQ-ACK only.

Proposal 2: SR and CSI are not limited based on sub-slot-based transmission if a UE is provided subslotLength-ForPUCCH.  

UCI Multiplexing
The third issue has to do with UCI multiplexing in the case that there are multiple channels with the same priority (PUCCH or PUSCH)  carrying feedback simultaneously. When more than one PUCCH carrying HARQ-ACK overlapps with a PUSCH or another PUCCH with the same priority  (carrying SR and/or CSI), 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 PUCCH/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 PUCCH/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 PUCCH/PUSCH. As such, we propose that this be treated as an error case and the gNB not allow this scenario to occur. 

Proposal 3: PUSCH overlapped with multiple PUCCHs of the same priority should be treated as an error case.

Cancellation Timeline

The fourth 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 [2]:

· 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 2
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[bookmark: _Ref37298285]Figure 2: timeline for intra-UE prioritization
It is necessary for the high priority transmission to start after the low priority transmission. As such, either d2 > d1 or the high priority transmission should be sent at least Tproc,2 + max(d1,d2) to ensure that it is not interfered with by the low priority transmission. Alternatively, it should be mandated that the UE is not expected to be scheduled to transmit before the low priority transmission is completely stopped.

Proposal 4: the gNB should not  schedule a UE to transmit a high priority transmission  before the low priority transmission is completely stopped.


Uplink/Downlink Symbol Interpretation
In RAN1 #99, the following agreement was made

	Agreement
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, 
· The UE is not expected to be scheduled to transmit in the non-overlapping canceled symbols



It may be possible that a symbol in the non-overlapped cancelled resource may be changed from uplink to downlink and require that the UE perform a switch from transmit to receive even though it was supposed to be in transmit mode for the entire duration of the original transmission. In one example, a cell specific RRC configuration could indicate a symbol as flexible. A lower priority signal e.g. a CSI-RS may be configured on one of the flexible symbols, meaning that if the symbol is not explicitly configured or is configured as a downlink symbol, the gNB may transmit the CSI-RS signal and the UE should measure it. In the case that this flexible symbol is in the non-overlapped cancelled resource, the UE behavior needs to be clarified. The two options are that the UE goes through with the measurement or the UE ignores it and assumes that all the symbols are uplink. This is illustrated in Figure 3.
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[bookmark: _Ref37431779]Figure 3: Example of non-overlapped cancelled resource with CSI-RS
When a scheduled low priority UL transmission from a UE is pre-empted by a high priority transmission from the same UE, the UE should treat the rest of the non-overlapped cancelled symbols as uplink. This should be similar to the UE behavior for inter-UE multiplexing/prioritization for consistency.


Proposal #5: When a scheduled low priority UL transmission from a UE is pre-empted by a high priority transmission from the same UE, the UE treats the rest of the non-overlapped cancelled symbols as uplink.

Prioritization between PUSCH transmissions

In RAN1 #99, it was concluded that there would be no overlap between multiple DG-PUSCHs in a single carrier. 

	In Rel. 16 URLLC:
· The UE is not expected to be scheduled with two DG-PUSCH overlap in the time domain on the same carrier.




However, the UE behavior in the case of CG-PUSCH overlapping with CG-PUSCH or DG-PUSCH is still unclear. The following scenarios are possible:

	Channel 1
	Channel 2
	Comment

	DG-PUSCH
	DG-PUSCH
	Not allowed

	HP DG-PUSCH
	LP CG-PUSCH
	See [3]

	HP  CG-PUSCH
	LP DG-PUSCH
	See [3]

	CG-PUSCH
	CG-PUSCH
	Handled by MAC (RAN2)



As shown above, the behavior of HP CG-PUSCH being prioritized over a low priority DG-PUSCH is still undefined. Details of a specific scheme for HP CG-PUSCH and LP DG-PUSCH can be found in our companion paper [3].

Proposal #6: UE behavior in the case of CG-PUSCH and DG-PUSCH should be clarified. 

Conclusion
In this contribution, we discussed the remaining issues for UCI enhancements in R16 eURLLC. Based on the discussion, the following proposals have been made:
Proposal 1: Clarify that Type-1 HARQ-ACK codebook is not supported for sub-slot based HARQ-ACK feedback in Rel-16.

Proposal 2: SR and CSI are not limited based on sub-slot-based transmission if a UE is provided subslotLength-ForPUCCH.  

Proposal 3: PUSCH overlapped with multiple PUCCHs of the same priority should be treated as an error case.

Proposal 4: the gNB should not  schedule a UE to transmit a before the low priority transmission is completely stopped.

Proposal #5: When a scheduled low priority UL transmission from a UE is pre-empted by a high priority transmission from the same UE, the UE treats the rest of the non-overlapped cancelled symbols as uplink.

 Proposal #6: UE behavior in the case of CG-PUSCH and DG-PUSCH should be clarified.  
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