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Introduction
In RAN1 #103e meeting, one reply LS to RAN2 towards intra-UE prioritization has been agreed and confirm that RAN1 is consistent with RAN2’s understanding that one MAC PDU will be generated and delivered to PHY layer when overlapping between CG and DG without PUCCH. However, no consensus has been reached for collision case between DG and CG with UCI overlapping and LCH based prioritization configured:
	Agreement
Send an LS to RAN2 to convey the following:
· For the collision scenario between CG and DG with same/different PHY-priority index, if there is no collision between PUCCH and the CG  and there is no collision between PUCCH and the DG , the behavior mentioned in the LS is consistent with RAN1’s understanding if taking into account the TP to Rel-16 TS 38.214, i.e., revision CR in R1-2008655.
· When the MAC entity is configured with lch-basedPrioritization, for the collision scenario between CG and DG with same/different PHY-priority index, and when there is collision between PUCCH and the CG with the same priority and/or there is collision between PUCCH and the DG with the same priority, RAN1 is still discussing the related PHY layer behavior. 


Additionally, RAN1 received LS (R2-2106746) from RAN2 on overlapped data and SR of equal L1 priority:
	RAN2 would like to appreciate the LS on overlapped data and SR are of equal L1 priority (R1-2102244). RAN2 has discussed and concluded the following.
For case 2-1 and case 4, RAN2 has made the following agreement in RAN2#114-e:
	We go with Understanding 1: MAC does not use knowledge of UCI multiplexing when MAC executes LCH based prioritization and deciding when to transmit SR 


For case 2-2 and case 3, RAN2 has made the following working assumption in RAN2#113-e:
	Working assumption: The MAC entity does not generate a MAC PDU for a deprioritized uplink grant even when its associated PUSCH is overlapping with PUCCH. This working assumption is not agreed until confirmed by RAN1.


It was further confirmed in RAN2#113bis-e:
	Confirm the WA that LCH based prio has higher priority than UL skipping still applies, and we expect that if there are issues, RAN1 will come-back.


The intended MAC layer behavior of the working assumption is Understanding 2.


For reference, it has been agreed in RAN1 #102e and 103e meetings that when LCH based prioritization is not configured and there is only one PHY priority, CG/DG PUSCH with UCI multiplexing cannot be skipped [1][2]:
	Agreement
For UL skipping of dynamic UL grant in non-CA and CA case, when there is PUCCH carrying UCI overlapping with a set of PUSCHs, the PUSCH with UCI multiplexing from the set cannot be skipped. MAC generates MAC PDU for the PUSCH and the UCI is multiplexed on the PUSCH.
Agreement:
For the case (Case 1-2) where only one or more CG PUSCHs overlapping with PUCCH
In Rel.16, for CA and non-CA case, when Rel-16 LCH based prioritization is not configured and there is a single PHY priority for  UL transmissions, and when PUSCH repetition is not applied, in case of one or more CG PUSCHs overlapping with UCI and there is no DG PUSCH overlapping with the UCI and there is no DG PUSCH overlapping with the one or more CG PUSCHs, the CG PUSCH with UCI multiplexing from the one or more CG PUSCHs cannot be skipped.  MAC generates MAC PDU for the CG PUSCH and delivers the MAC PDU to PHY and the UCI is multiplexed on the CG PUSCH. 


According to the FL summary in last RAN1 meeting, there are four scenarios for intra-UE prioritization/multiplexing considering lch-basedPrioritization and PHY priority. Rel-16 URLLC maintenance will focus on Scenario #2~4.
· Scenario #1: lch-basedPrioritization is NOT configured, and SINGLE PHY priorities for UL transmission
· Scenario #2: lch-basedPrioritization is NOT configured, and TWO PHY priorities for UL transmission
· Scenario #3: lch-basedPrioritization is configured, and SINGLE PHY priorities for UL transmission
· [bookmark: _Hlk74819659]Scenario #4: lch-basedPrioritization is configured, and TWO PHY priorities for UL transmission
Therefore, in this contribution, we discuss the remaining issues on intra-UE prioritization/multiplexing and UL skipping taking both lch-basedPrioritization and PHY priority into account.
Discussion on Scenario #3 and #4 with LCH based prioritization
For Scenario #3 and #4 that when MAC entity is configured with lch-basedPrioritization, for the collision case between CG and DG with the same/different PHY priority index with UCI overlapping as illustrated in Figure 1 (Scenario #3) and Figure 2(Scenario #4), there are two rules to be applied: 1) LCH based prioritization; 2) UL skipping with UCI, and different results are observed for different rules used. In LS R2-2106746, RAN2 made WA that LCH based prio has higher priority than UL skipping and expect that if there are issues, RAN1 will come back. Before we go into solution for the above two rules, it is worth to be noted that the fundamental principle would be:
1. Protect high priority data/UCI as much as possible since HP data/UCI is latency and reliability sensitive;
2. Reduce gNB’s blind decoding of PUSCH-UCI as much as possible since it is the design target for UL skipping.


                                              case (a)                                                                                  case (b)                                                       
Figure 1: Scenario #3: lch-basedPrioritization is configured, and SINGLE PHY priorities for UL transmission


                    case (a)                                                 case (b)                                                                  case(c)
Figure 2: Scenario #4: lch-basedPrioritization is configured, and TWO PHY priorities for UL transmission
During the heated discussion in last RAN1 meeting, there are two views in general:
1) Confirm RAN2’s working assumption and LCH based prioritization has higher priority than UL skipping;
2) NOT confirm RAN2’s working assumption and UL skipping has higher priority than LCH based prioritization.
Below we give our analysis on the above two views:
· If UL skipping is prioritized over Rel-16 LCH based prioritization, it would work well for Figure 1 and case (b) in Figure 2. However, for case (a) in Figure 2, MAC layer would not generate and deliver MAC PDU for CG PUSCH, even CG PUSCH is with higher priority and regardless of if there is data corresponding to CG PUSCH. This will lead to drop of high priority data and violate our principle to protect high priority data as much as possible. Moreover, for case (c) in Figure 2, both MAC PDU for the LP DG PUSCH and HP CG PUSCH may be delivered to PHY and PHY can not handle two overlapped PUSCH transmissions, so additional mechanism is required for this solution. Hence it is not preferred that UL skipping with UCI is prioritized over Rel-16 LCH based prioritization.
Observation 1: If UL skipping is prioritized over Rel-16 LCH based prioritization, high priority data may be blocked which violates the principle of intra-UE prioritization.
· If Rel-16 LCH based prioritization is prioritized over UL skipping with UCI, one MAC PDU is prioritized and generated depends on the result of LCH priority competition and high priority data can be finally transmitted. In such a case, the information of UCI multiplexing used for UL skipping check seems to be useless for MAC since LCH priority is enough for MAC to determine which MAC PDU to generate. Moreover, UE behavior needs to be clarified how to handle the PUCCH when the corresponding MAC PDU is not delivered to PHY. It is worth to be noted that this issue need not to be considered if UL skipping is not configured while only lch-basedPrioritization is configured. This is because in current specification, physical layer multiplexing/prioritization (including PUSCH selection for multiplexing) procedure is performed after PHY receives PDU from MAC, in other words, physical layer multiplexing/prioritization procedure based on hypothetical PUSCH without receiving MAC PDU can be not performed when UL skipping is not enabled. In addition, gNB would have no idea which grant receives the MAC PDU and where UCI would be transmitted or dropped, so blind decoding of PUSCH-UCI is needed which makes the benefits of UL skipping feature disappear.
Observation 2: If UL skipping is not enabled and lch-basedPrioritization is configured, PHY can perform multiplexing/prioritization procedure after receiving PDU from MAC.
Observation 3: If Rel-16 LCH based prioritization is prioritized over UL skipping, the benefits of UL skipping seems disappear and PHY needs to clarify the UE behavior on how to handle the PUCCH when the pre-determined PUSCH for multiplexing does not receive PDU from MAC.
Based on the above analysis, we propose the following alternatives to move forward:
· Option 1: LCH based prioritization and UL skipping are not enabled simultaneously;
· This option is derived mainly because: 1) HP data may be blocked if UL skipping is prioritized; 2) UL skipping seems to achieve no benefit if lch-basedPrioritization is prioritized.
· Option 2: (there is PUCCH overlapping with PUSCH 1 and there is no PUCCH overlappping with PUSCH 2)
· If the PHY priority of PUSCH 1 is higher or equal to the PHY priority of PUSCH 2, then UL skipping is prioritized over lch-basedPrioritization;
· Otherwise, lch-basedPrioritization is prioritized over UL skipping.
· This option works well for all the cases in Figure 1 and Figure 2 and can achieve: 1) HP data/UCI would not be blocked by LP data; 2) reduce gNB’s blind decoding to some acceptable level.
Proposal 1: For Scenario #3 and #4 when MAC entity is configured with lch-basedPrioritization, for the collision case between CG and DG with the same/different PHY priority index with UCI overlapping, consider the following alternatives to move forward:
· Alt 1: LCH based prioritization and UL skipping are not enabled simultaneously;
· Alt 2: 
· If the PHY priority of the PUSCH with UCI overlapping is higher or equal to the PHY priority of the PUSCH without UCI overlapping, then UL skipping is prioritized over lch-basedPrioritization;
· Otherwise, lch-basedPrioritization is prioritized over UL skipping.
3. 
4. 
Discussion on Scenario #2 without LCH based prioritization
In last RAN1 meeting, the following working assumption was discussed and unfortunately companies did not reach consensus:
	Working assumption: When lch-BasedPrioritization is not configured and Rel-16 CG/DG PUSCH skipping is enabled, DG always overrides CG. This working assumption is not agreed until confirmed by RAN1.


The major concern is that HP CG will be blocked by LP DG, to our understanding, this issue may by avoided by gNB configuration, i.e. both lch-basedPrioritization and PHY priority are configured simultaneously by gNB. So it is preferred to confirm the above working assumption directly. If there still exists some concern, a compromised way may be to add some scheduling restriction, i.e. When lch-basedPrioritization is not configured and there are TWO PHY priorities, UE does not expect to receive DG PUSCH with priority index 0 if it overlaps with CG PUSCH with priority index 1.
Proposal 2: 
Confirm the following working assumption (1st preference):
Working assumption: When lch-BasedPrioritization is not configured and Rel-16 CG/DG PUSCH skipping is enabled, DG always overrides CG. This working assumption is not agreed until confirmed by RAN1.
Confirm the above working assumption with the following restrictions (2nd preference):
UE does not expect to receive DG PUSCH with priority index 0 if it overlaps with CG PUSCH with priority index 1.
Conclusion
In this contribution, we further discuss the remaining issues on intra-UE prioritization/multiplexing and UL skipping and the following observations and proposals are made:
Observation 1: If UL skipping is prioritized over Rel-16 LCH based prioritization, high priority data may be blocked which violates the principle of intra-UE prioritization.
Observation 2: If UL skipping is not enabled and lch-basedPrioritization is configured, PHY can perform multiplexing/prioritization procedure after receiving PDU from MAC.
Observation 3: If Rel-16 LCH based prioritization is prioritized over UL skipping, the benefits of UL skipping seems disappear and PHY needs to clarify the UE behavior on how to handle the PUCCH when the pre-determined PUSCH for multiplexing does not receive PDU from MAC.
Proposal 1: For Scenario #3 and #4 when MAC entity is configured with lch-basedPrioritization, for the collision case between CG and DG with the same/different PHY priority index with UCI overlapping, consider the following alternatives to move forward:
· Alt 1: LCH based prioritization and UL skipping are not enabled simultaneously;
· Alt 2: 
· If the PHY priority of the PUSCH with UCI overlapping is higher or equal to the PHY priority of the PUSCH without UCI overlapping, then UL skipping is prioritized over lch-basedPrioritization;
· Otherwise, lch-basedPrioritization is prioritized over UL skipping.
Proposal 2: 
Confirm the following working assumption (1st preference):
Working assumption: When lch-BasedPrioritization is not configured and Rel-16 CG/DG PUSCH skipping is enabled, DG always overrides CG. This working assumption is not agreed until confirmed by RAN1.
Confirm the above working assumption with the following restrictions (2nd preference):
UE does not expect to receive DG PUSCH with priority index 0 if it overlaps with CG PUSCH with priority index 1.
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