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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 referred to 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 either 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 (primary) 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. 
Observation 2: Interpretation of the UE timeline as an exact actual point in time for starting the cancellation is counter-intuitive and puts unnecessary constraints on the UE implementation.
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.
PHY-layer impact of MAC-layer collision handling
The following agreements in RAN1 and RAN2 need to be harmonised:
	Agreements from RAN1#99bis:
Confirm the following WA with update:
Original working assumption
· Support that SR priority (e.g. high or low priority) is known at PHY layer. 
· FFS how to use the priority information in handling prioritization/multiplexing of UL transmissions. 
· FFS how the SR priority is known
Updated to:
· Support two-level SR priority (high or low) intended for two different service types known at PHY layer in R16.
· The PHY-layer SR priority is determined by an explicit indication (as a new RRC parameter) for each SR resource configuration.

Agreement from RAN1#99bis:
2-level PHY priority of DG PUSCH at least for PHY-layer collision handling is determined by a PHY indication/signaling.

Agreements from RAN1#99bis:
2-level PHY priority of CG PUSCH at least for PHY-layer collision handling is determined by an explicit indication (as a new RRC parameter) in each CG configuration for Type 1 and Type2 CG PUSCH.
· FFS whether/how or not to further have in Type2 CG PUSCH activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats

Agreement from RAN1#99bis:
· For handling the overlapped UL transmissions among low PHY priority channel/signals, reuse the Rel-15 mechanism.

Agreement from RAN1#99bis:
For handling intra-UE collision in R16, 
· P/SP-CSI on PUCCH is treated with low priority.
· The priority of a SP-CSI on PUSCH depends on the 2-level PHY priority of the PUSCH conveying the SP-CSI. 
· The priority of a A-CSI depends on the 2-level PHY priority of the PUSCH (w/ or w/o UL-SCH) conveying the A-CSI. 

Agreements from RAN2#108:
· For CGCG conflicts, and CGDG conflicts, the priority value of an uplink grant (UL-SCH resource) is the highest priority of the LCHs that is multiplexed or can be multiplexed in MAC PDU, taking into account LCH restrictions and data availability. 
· If PUCCH resource for an SR’s transmission occasion overlaps a UL-SCH resource, SR’s transmission is allowed (prioritized) based on a comparison of priority of the LCH that triggered the SR and a priority value for the UL-SCH resource (where the priority value is determined as in previous agreement), if the priority of the LCH that triggered the SR is higher.
· For CG-CG conflict with equal priority, prioritization is up to UE implementation.
· For SR-Data conflict with equal priority, UL-SCH (i.e. data) is prioritized.

Agreements from RAN2#109 [2]:
· RAN2 confirms to introduce lch-basedPrioritization (configuration parameter of intra-UE prioritization based on LCH priority) in MAC running CR.
· Observation, acc to current R2 agreements: In case that two MAC PDUs with the same L1 priority (i.e. high-high or low-low) are delivered by MAC, the second PDU has priority from RAN2 perspective (based on LCH priority). 



L1 priority indication in the uplink grant aims at letting control over prioritization at least in L1 layer to the scheduler. However, prioritization of uplink traffic in the MAC is based on the actual data in the UE buffer (LCH’s). The gNB defines the prioritization policy by configuring the UE with LCH restriction rules, which can also take into account the L1 priority indication carried by the grant. New LCP restrictions, allowedCG-List and allowedPHY-PriorityIndex, have been added to the MAC [3] to this end. Therefore, we can assume that L1 priority is a monotonic function of LCH priority in the MAC: if one transmission is higher priority than the other in L1 then so it is the case in MAC.
However, it may occur that two transmissions of PUSCH or SR that have same L1 priority (high-high or low-low) have different MAC priorities and are prioritized in MAC accordingly. It can occur for instance that a low (high) L1-priority SR is prioritized over low (high) L1-priority PUSCH. Therefore, RAN1 should make the same distinction between PHY- and MAC-level priority of SR as was the case for CG/DG PUSCH.    
Observation 3: Two-level SR priority is only applied in PHY-layer collisions. Collision with PUSCH is handled in MAC according to MAC prioritization rules.     
We observe that the gNB needs to do some amount of blind decoding to handle the ambiguous outcome of collision resolution. This occurs with acceptably low probability since the gNB’s prediction on the UE’s buffer status will only fail when a LCH starts or ends a burst of data packet transfers, or with sporadic packets. (Note that similar ambiguity can also result from the UE missing a DCI, in which case the gNB might also need to resort to blind decoding e.g. to decode overlapping transmissions that escaped multiplexing.)
Furthermore, the buffer status may change after the MAC has arbitrated between colliding grants / SR and has passed a first PDU (or SR) to L1 and before its transmission by L1 would be complete. According to current RAN2 agreement the MAC may run a new arbitration in this case and pass a second PDU or SR to L1 if it takes precedence over the first PDU/SR. The deprioritized packet will get retransmitted through HARQ. (Automated HARQ has been agreed for CG.)
Following from this RAN2 agreements, L1 needs to be able to preempt an on-going PUSCH transmission when the MAC delivers an SR or another PDU. This is still the case when the two transmissions had the same L1 priority. (See the observation from RAN2#109 above). Alternatively, RAN2 need to revisit their agreement on the issue.
Observation 4: L1 should support dropping the transmission of a CG PUSCH or SR if L2 passes a second PDU or SR having higher L2-priority (yet identical L1 priority to the 1st transmission). The scope of the agreed prioritization timelines should be extended to this case. Alternatively, RAN2 need to revisit their agreement on the issue.
Furthermore, let us consider the collision between two configured grants both having high L1 priority, and the case where the first PUSCH transmission is multiplexed with an overlapping PUCCH carrying high-priority HARQ. When a second PDU is passed from MAC the first PUSCH is dropped and so is the HARQ.    
Observation 5: aborting a high L1-priority PUSCH transmission by MAC may potentially produce the unintended dropping of a high-priority HARQ multiplexed onto the deprioritized PUSCH.
Proposal 2: RAN1 should address the agreements made on CG-CG, DG-CG and ULSCH-SR conflict in RAN2#108 and the following observation noted in RAN2#109: “according to current R2 agreements: In case that two MAC PDUs with the same L1 priority (i.e. high-high or low-low) are delivered by MAC, the second PDU has priority from RAN2 perspective (based on LCH priority).”  
Priority level of A-SRS
In RAN1#100-e, there was a discussion on the following two options concerning SRS priority level: 
· 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 6: 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 ae 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 7: 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 8:  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.
The relevant agreement and the paragraphs from TS38.214 are cited below:
	Agreement: (from RAN1#99bis)
· For handling the overlapped UL transmissions among low PHY priority channel/signals, reuse the Rel-15 mechanism. 

In Rel-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 Rel-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 3: 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).”
Conclusions
The following observation and proposal has been made on intra-UE cancellation timeline:
Observation 1: The (primary) 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: Interpretation of the UE timeline as an exact actual point in time for starting the cancellation is counter-intuitive and puts unnecessary constraints on the UE implementation.
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 PHY-layer impact of MAC-layer collision handling the following observations have been made:
Observation 3: Two-level SR priority is only applied in PHY-layer collisions. Collision with PUSCH is handled in MAC according to MAC prioritization rules.     
Observation 4: L1 should support dropping the transmission of a CG PUSCH or SR if L2 passes a second PDU or SR having higher L2-priority (yet identical L1 priority to the 1st transmission). The scope of the agreed prioritization timelines should be extended to this case. Alternatively, RAN2 need to revisit their agreement on the issue.
Observation 5: aborting a high L1-priority PUSCH transmission by MAC may potentially produce the unintended dropping of a high-priority HARQ multiplexed onto the deprioritized PUSCH.
Proposal 2: RAN1 should address the agreements made on CG-CG, DG-CG and ULSCH-SR conflict in RAN2#108 and the following observation noted in RAN2#109: “according to current R2 agreements: In case that two MAC PDUs with the same L1 priority (i.e. high-high or low-low) are delivered by MAC, the second PDU has priority from RAN2 perspective (based on LCH priority).”  
On the priority level of A-SRS:
Observation 6: 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 ae low-level transmission needs to be dropped.
Observation 7: Prioritizing A-SRS (Option 1) and coupling PUSCH/PDSCH priority to A-SRS, could potentially constrain the later scheduling of high-priority transmissions.    
Observation 8:  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 3: 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).”
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