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Introduction
This contribution discusses the remaining issues on UCI enhancements for URLLC.
Intra-UE cancellation timeline
In RAN1#99 the following agreements were made:
	Agreement
To resolve collision between UL transmissions, a UE performs the following: 
· Step 1: Resolve collision between UL transmissions with same priority. 
· Step 2: Resolve collision between UL transmissions with different priorities.
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
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


The cancellation scenario described above may occur either between DG PUSCH and CG PUSCH (Section 6.1. of [1]), or between URLLC PUCCH and eMBB PUSCH collision or when URLLC PUSCH and eMBB PUCCH collide or when two PUCCH’s collide. The UE processing timelines agreed as above are illustrated using the URLLC PUCCH vs. eMBB PUSCH case in Figure 1.
The primary goal of the above agreement on the UE timelines is to specify for the gNB the earliest point in time when a conflicting URLLC transmission may be scheduled to start. This point in time is after the end of the interval T_cancel or T_prep (Figure 1), whichever is the latest. There is an ambiguity whether the actual cancellation needs to start exactly on the symbol indicated by the end of T_cancel or whether it can start earlier (i.e., region “A” in Figure 1), or later - as long as the higher priority transmission is unaffected - (i.e., region “B” in Figure 1). 
Observation 1: The goal of the agreement on the UE timelines for cancellation of a deprioritized transmission is to specify for the gNB the earliest point in time when a conflicting URLLC transmission may start.
Interpretation of the UE timeline as an exact actual point in time for the cancellation is counter-intuitive: if cancellation is not allowed in region “A”, (providing the gNB with an opportunity for attempting decoding,) then why forbid transmission in region “B”? Could possibly another UE be scheduled on the same resources during region “B”? This is very unlikely, similarly to the chance that gNB is able to decode the dropped transmission.
Therefore, to ease the implementation of cancellation in the UE, we propose that cancellation can start anywhere in region “A” or “B”, i.e., at any point in time up to the first colliding symbol of the high priority channel. On the other hand, we also note that the cancellation timeline cannot be dispensed with because the deprioritized transmission may be on a CC, which has a lower UE processing capability and/or lower SCS. Allowing flexible start of the cancellation in region “B” alone is insufficient since it can be of any length, e.g. 0.
Observation 2: Since the low-priority and the high-priority transmissions may be scheduled on different CC’s with different SCS and UE capability, the cancellation timeline is necessary and cannot be omitted.
Observation 3: Interpretation of the UE timeline as an exact actual point in time for starting the cancellation is counter-intuitive and puts unnecessary and impossible constraints on the UE implementation.
· Requiring that the UE does not cancel a transmission before the end of the cancellation timeline does not provide real flexibility, as nothing guarantees that this end point does not coincide with the start of the prioritized high-priority transmission.  
Proposal 1: The UE is allowed to start cancellation of a deprioritized transmission any time up to the first colliding symbol of the high priority channel.
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[bookmark: _Ref1180901]Figure 1: Timelines to resolve URLLC PUCCH vs eMBB PUSCH collision.
Priority level of A-SRS
In RAN1#100-e the discussion on the following two options concerning SRS priority level remained inconclusive: 
· Option 1: Priority of A-SRS should follow the priority indicator carried in the DCI that triggers the A-SRS.
· Option 2: For A-SRS triggered by DL/UL scheduling DCI, it is always treated as low priority for resolving collision between UL transmissions.
Motivation for Option 1 would be that priority indication for A-SRS can enable low latency measurement to optimize MCS for a subsequent URLLC PUSCH transmission, which would otherwise need to use a conservative MCS.
However, it is dubious whether any real benefit can be expected:
1. A significant gain in efficiency should not be expected from prioritizing A-SRS over a colliding transmission, which is dropped as a consequence, adversely offsetting the overall gain from subsequent MCS optimization.
2. The difference between a prioritized low latency A-SRS and a delayed measurement (avoiding collision with already scheduled, low-priority transmissions) can only make a difference for the first (few) URLLC PUSCH transmissions and only if a low-priority transmission needs to be dropped. Therefore, the positive impact on system capacity is necessarily insignificant.
Observation 4: Supporting prioritization of A-SRS in intra-UE collisions (Option 1) cannot make a positive difference in system capacity: it could only enhance efficiency for the first (few) URLLC transmissions, and only if a low-level transmission needs to be dropped.
In fact, prioritizing A-SRS may even harm system capacity to support URLLC traffic by accidently preventing timely transmission of URLLC PUSCH scheduled by a later DCI.
Observation 5: Prioritizing A-SRS (Option 1) and coupling PUSCH/PDSCH priority to A-SRS, could potentially constrain the later scheduling of high-priority transmissions.    
In conclusion Option 1 only targets efficiency optimization, which in turn, will never turn into any noticeable gain in system capacity. Meanwhile Option 2 is readily supported by the standard.
Observation 6:  For A-SRS triggered by DL/UL scheduling DCI, the standard readily supports Option 2: A-SRS is always treated as low priority for resolving collision between UL transmissions.
On the argument about high-priority A-SRS potentially blocking the earliest scheduling of high-priority PUSCH the companies’ opinion differed during RAN#100-e, seemingly due to a contradiction between:
· RAN1#99bis agreement to reuse Rel-15 when UL transmissions of same priority overlap, which implies that SRS and PUSCH having the same priority level cannot overlap since such an overlap would be an error case in Rel-15 
· A change with respect to Rel-15 TS38.214 in the Rel-16 draft allowing overlap between PUSCH and SRS, and ruling the drop of SRS, without making any distinction based on priority levels,  
as cited below:
	Agreement:
· For handling the overlapped UL transmissions among low PHY priority channel/signals, reuse the Rel-15 mechanism. 
In Release-15 TS38.214 specifies that:
When PUSCH and SRS are transmitted in the same slot, the UE can only be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-RS.
entailing that any overlap between SRS and PUSCH is an error case 
In Release-16 the draft [1] changes the same paragraph to:
If a UE is not configured with [intraUEPrioritization] and PUSCH and SRS are transmitted in the same slot on a serving cell, the UE may only be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-RS.
If a UE is configured with [intraUEPrioritization] and a PUSCH transmission would overlap in time with an SRS transmission on a serving cell, the UE does not transmit the SRS in the overlapping symbol(s).


 The agreement should take precedence and the specification be updated to match the agreement.   
Proposal 2: To match the RAN1#99b agreement on applying the Rel-15 handling rules in the case of identical priority levels, exclude the case of identical priority levels in the following paragraph of TS38.214:
“If a UE is configured with [intraUEPrioritization] and a PUSCH transmission would overlap in time with an SRS transmission on a serving cell, the UE does not transmit the SRS in the overlapping symbol(s).”
PUSCH/PUCCH priority when FG11-4a not supported
In the previous meeting the following has been captured on this topic.
		11-4a
	Monitoring a DCI format (from the formats 0_1/1_1/0_2/1_2) scheduling PDSCH with different HARQ-ACK priorities or PUSCH with different priorities when both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored per BWP


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
 
There are two interpretations to above agreement and UE capabilities. And based on the two interpretations, two alternatives for this issues should be down-selected.
· Interpretation 1: If a UE does not have the capability, all DCI formats cannot be used to indicate HARQ-ACK/PUSCH priority. 
· Interpretation 2: If a UE does not have the capability, DCI format 0_2/1_2 can still be used to indicate HARQ-ACK/PUSCH priority.

Potential agreements:
·       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
· 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. 



We believe Interpretation 2 is correct. However, for Interpretation 1 we propose to consider adding the following option on the behavior as Alt-3: 
· Alt-3 (based on Interpretation 1): The UE is expected to assume fixed priority by HARQ process ID

The above proposal would also address the issue of different bitwidths of the HARQ process ID fields in DCI format 0_1 / 1_1 and 0_2/1_2. It is also closer to the original agreement where we agreed to use explicit priority indication, whether by a new field or reusing some existing field, such as the HARQ process ID.

Whether Alt-1 or Alt-2 or Alt-3 (or any another option) gets agreed on, we propose to specify that the UE doesn’t expect to be scheduled with low-priority PUCCH that collides with high-priority PUCCH if the PDCCH for the low-priority PUCCH is not before the PDCCH for the high-priority PUCCH.
Proposal 3: In the case where a UE does not have the capability FG11-4a, add to the proposal on the following option: 
· Alt-3 (based on Interpretation 1): The UE is expected to assume fixed priority by HARQ process ID

Proposal 4: For a UE that doesn’t support FG11-4a, the UE doesn’t expected Priority indicator to be configured in both DCI formats (DCI formats 0_1/1_1 and DCI formats 0_2/1_2)
· The UE can be configured with priority indicator in either DCI formats 0_1/1_1 or DCI formats 0_2/1_2

Proposal 5: The UE doesn’t expect to be scheduled with low-priority PUCCH that collides with high-priority PUCCH if the PDCCH for the low-priority PUCCH is not before the PDCCH for the high-priority PUCCH
Reduced bit-width DCI fields
The following DCI fields have configurable length. Behavior may be impacted by the reduced bit-width or inconsistent bit width with the legacy DCI’s.
· DCI_1_2: PRI, HARQ, DAI fields; 
· DCI_0_2: HARQ, DAI fields
If DCI format DCI_1_2 is configured with 0 bit PRI then the PUCCH resource selection should follow the CCE based R15 mechanism for greater flexibility.
Proposal 6: If DCI format DCI_1_2 is configured with 0 bit PRI then the PUCCH resource selection should follow the CCE based R15 mechanism for greater flexibility.
For type-2 HARQ-ACK codebook, if the size of DAI field between DCI format 1_2 and 1_0/1_1 is different, and they can schedule HARQ transmission using the same PUCCH-Config then the minimum DAI bitwidth over DCI_1_1 and DCI_1_2 is to be taken. This solution gives more flexibility then mandating that the same DAI bitwidth be configured.
Proposal 7: For type-2 HARQ-ACK codebook, if the size of DAI field between DCI format 1_2 and 1_0/1_1 is different, and they can schedule HARQ transmission using the same PUCCH-Config then the minimum DAI bitwidth over DCI_1_1 and DCI_1_2 is to be taken (Option 4 in R1-2002784).
If the size of HARQ field between DCI format 1_2 and 1_0/1_1 is different then introduce an RRC configurable offset for the calculation of HARQ process number that is added (followed by modulo the total number of HARQ processes) to the indication carried in DCI format 1_2. 
Proposal 8: If the size of HARQ field between DCI format 1_2 and 1_0/1_1 is different then introduce an RRC configurable offset for the calculation of HARQ process number that is added (followed by modulo the total number of HARQ processes) to the indication carried in DCI format 1_2.
Conclusions
The following observation and proposal has been made on intra-UE cancellation timeline:
Observation 1: The goal of the agreement on the UE timelines for cancellation of a deprioritized transmission is to specify for the gNB the earliest point in time when a conflicting URLLC transmission may start.
Observation 2: Since the low-priority and the high-priority transmissions may be scheduled on different CC’s with different SCS and UE capability, the cancellation timeline is necessary and cannot be omitted.
Observation 3: Interpretation of the UE timeline as an exact actual point in time for starting the cancellation is counter-intuitive and puts unnecessary and impossible constraints on the UE implementation.
· Requiring that the UE does not cancel a transmission before the end of the cancellation timeline does not provide real flexibility, as nothing guarantees that this end point does not coincide with the start of the prioritized high-priority transmission.  
Proposal 1: The UE is allowed to start cancellation of a deprioritized transmission any time up to the first colliding symbol of the high priority channel.
On the priority level of A-SRS:
Observation 4: Supporting prioritization of A-SRS in intra-UE collisions (Option 1) cannot make a positive difference in system capacity: it could only enhance efficiency for the first (few) URLLC transmissions, and only if a low-level transmission needs to be dropped.
Observation 5: Prioritizing A-SRS (Option 1) and coupling PUSCH/PDSCH priority to A-SRS, could potentially constrain the later scheduling of high-priority transmissions.    
Observation 6:  For A-SRS triggered by DL/UL scheduling DCI, the standard readily supports Option 2: A-SRS is always treated as low priority for resolving collision between UL transmissions.
Proposal 2: To match the RAN1#99b agreement on applying the Rel-15 handling rules in the case of identical priority levels, exclude the case of identical priority levels in the following paragraph of TS38.214:
“If a UE is configured with [intraUEPrioritization] and a PUSCH transmission would overlap in time with an SRS transmission on a serving cell, the UE does not transmit the SRS in the overlapping symbol(s).”
On PUSCH/PUCCH priority when FG11-4a not supported:
Proposal 3: In the case where a UE does not have the capability FG11-4a, add to the proposal on the following option: 
· Alt-3 (based on Interpretation 1): The UE is expected to assume fixed priority by HARQ process ID

Proposal 4: For a UE that doesn’t support FG11-4a, the UE doesn’t expected Priority indicator to be configured in both DCI formats (DCI formats 0_1/1_1 and DCI formats 0_2/1_2)
· The UE can be configured with priority indicator in either DCI formats 0_1/1_1 or DCI formats 0_2/1_2

Proposal 5: The UE doesn’t expect to be scheduled with low-priority PUCCH that collides with high-priority PUCCH if the PDCCH for the low-priority PUCCH is not before the PDCCH for the high-priority PUCCH
On reduced bitwidth DCI fields:
Proposal 6: If DCI format DCI_1_2 is configured with 0 bit PRI then the PUCCH resource selection should follow the CCE based R15 mechanism for greater flexibility.
Proposal 7: For type-2 HARQ-ACK codebook, if the size of DAI field between DCI format 1_2 and 1_0/1_1 is different, and they can schedule HARQ transmission using the same PUCCH-Config then the minimum DAI bitwidth over DCI_1_1 and DCI_1_2 is to be taken (Option 4 in R1-2002784).
Proposal 8: If the size of HARQ field between DCI format 1_2 and 1_0/1_1 is different then introduce an RRC configurable offset for the calculation of HARQ process number that is added (followed by modulo the total number of HARQ processes) to the indication carried in DCI format 1_2.
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