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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN1#106-e meeting, issues related to LCH-based prioritization and UL skipping were discussed, and the summary is given in [1]. In this contribution, we further analyze the remaining questions and give our views.
Discussion
An LS [2] was received in the RAN1#106-e meeting as copied below. Some WAs are related to RAN1.
	1	Overall description
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 behaviour of the working assumption is Understanding 2.
2	Actions
To RAN1
ACTION:  RAN2 respectfully asks RAN1 to take the above into account.



Another LS [3] has been received by RAN1 in RAN1#107-e about the order between the LCH-based prioritization and the UL-skipping, as copied below. According to that LS it appears that RAN2 already has implemented this WA in the MAC spec.
	1. Overall Description:
[bookmark: OLE_LINK1]RAN2 has agreed to remove the condition relevant to LCH-based prioritization in UL skipping checking due to the need to fix a hole in the MAC spec (assuming both LCH-based prioritization and Rel-16 UL skipping are configured together) and has effectively implemented the working assumption in the MAC spec (see details in the attached CR R2-2107198). RAN2 expects that if there are issues, RAN1 will come back.
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.

2. Actions:
RAN2 respectfully asks RAN1 to take the above information into account.




For the RAN2 WA, that LCH-based prioritization is prioritized over UL-skipping (assuming both LCH-based prioritization and Rel-16 UL skipping are configured together), RAN1 needs to study further whether UCI is transmitted or not. 

For the single carrier case as shown in figure 1 below, if the UE transmits CG PUSCH 1 due to its PDU is delivered from MAC, then UCI from the PUCCH would multiplex on CG PUSCH 1. If, on the other hand, a CG PDU is not delivered from MAC, then the PUCCH would be transmitted to carry the UCI. For the non-CA case, the gNB needs to perform blind decoding to find out whether the PUCCH is multiplexed to one PUSCH or not. Thus, for non-CA, the PUCCH can be transmitted if CG PUSCH 1 is not transmitted. If the PUCCH carrying e.g. HARQ-ACK instead would be dropped together with the CG PUSCH 1, in case no CG PDU is delivered from MAC, then the gNB might retransmit the PDSCHs which would waste resources and could delay further transmissions.

[image: ]
Figure 1 – An example of overlap DG PUSCH/CG PUSCH/PUCCH in non-CA case

Observation 1: In the non-CA case, if logical channel prioritization is enabled, it is up to the UE’s MAC to decide if a PDU for a PUSCH is delivered to PHY or not. The gNB might not know whether UCI is transmitted by a PUCCH or a PUSCH and has to perform blind decoding to find out.

For the CA case as shown in figure 2 below, if the UE transmits CG PUSCH 1 due to its PDU is delivered from MAC, then UCI from the PUCCH multiplexes on CG PUSCH 1. Otherwise, if CG PUSCH 1 is not transmitted, UCI may multiplex on CG PUSCH 2 or CG PUSCH 3 depending on their logical channel priority. It is clear that which PUSCH carries the UCI depends on the UE’s MAC decision which the gNB may not know. Therefore, the gNB may need to perform blind decoding of the different PUSCHs to detect the UCI. The blind decoding effort for the CA case is more serious than for the non-CA case, but it can be controlled by gNB e.g. by reducing the number of PUSCHs overlapping with the PUCCH by proper configuration or scheduling.
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Figure 2 – An example of overlap DG PUSCH/CG PUSCH/PUCCH in CA case

Observation 2: In the CA case, if logical channel prioritization is enabled, it is up to the UE’s MAC to decide if a PDU for a PUSCH is delivered to PHY or not. The gNB might not know which PUSCH contains the UCI and has to perform blind decoding to find out. In the general, the blind decoding complexity is higher for the CA-case than for the non-CA case.

Based on the above discussion, we are making the following proposal:

Proposal: At least for the non-CA case if logical channel prioritization is enabled, the PUCCH is transmitted if a PUSCH is overlapping with the PUCCH but has no PDU. If the PUSCH which is overlapping with the PUCCH has a PDU, then the UCI would multiplex to the PUSCH. No spec change is needed for this behavior.

Please note that when only LCH-based prioritization is configured but UL-skipping is not configured, the gNB blind decoding issue becomes the same as shown in figure 1 and figure 2. So, we think the UCI multiplexing rule in case that LCH-based prioritization has higher priority than UL-skipping when both are configured can also apply to the case when only LCH-based prioritization is configured and vice versa. 

In the RAN1#106-e meeting it was discussed that when PHY selects a PUSCH for UCI multiplexing then MAC has to deliver a PDU to this PUSCH. If only LCH-based prioritization is configured but UL skipping is not configured, then this solution implies that the LCH priority corresponding for this PDU is the highest in MAC because the PUSCH carrying this PDU overlaps with the PUCCH. Then, it seems that the PUCCH can also participate the LCH priority comparison which may have the impact to the LCH-based prioritization procedure in RAN2 even for this simplest case that only LCH-based prioritization is configured. Based on above analysis we think no issues are identified for these RAN2 WAs and they can be confirmed from RAN1 point of view.

Conclusion
According to the discussion, following observations and proposal are provided:
Observation 1: In the non-CA case, if logical channel prioritization is enabled, it is up to the UE’s MAC to decide if a PDU for a PUSCH is delivered to PHY or not. The gNB might not know whether UCI is transmitted by a PUCCH or a PUSCH and has to perform blind decoding to find out.

Observation 2: In the CA case, if logical channel prioritization is enabled, it is up to the UE’s MAC to decide if a PDU for a PUSCH is delivered to PHY or not. The gNB might not know which PUSCH contains the UCI and has to perform blind decoding to find out. In the general, the blind decoding complexity is higher for the CA-case than for the non-CA case.

Proposal: At least for the non-CA case if logical channel prioritization is enabled, the PUCCH is transmitted if a PUSCH is overlapping with the PUCCH but has no PDU. If the PUSCH which is overlapping with the PUCCH has a PDU, then the UCI would multiplex to the PUSCH. No spec change is needed for this behavior.
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