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Introduction
[bookmark: _Hlk510705081]During RAN1#104-e, there had been discussions in UL skipping and the interaction with LCH prioritization and/or PHY prioritization which resulted in an LS sent to RAN2 in R1-2102244 asking for some clarifications which would be needed to proceed there further. 
RAN1 received an LS reply in R2-2106746 on the MAC knowledge of the PHY multiplexing in terms of the overlap of the final PUCCH resource overlap of the final PUCCH resource, which had been one reason for the rather limited progress in the discussions during RAN1#105-e. But also based on this LS, there had been no tangible progress during the RAN1#106-e discussions. 
[bookmark: _Hlk86241651]In the mean-while, RAN1 received another LS reply in R2-2109085, where RAN2 indicated to RAN1 that the working assumption on LCH prioritization having a higher priority has been confirmed by RAN2 (and implemented in the running Rel-16 MAC specifications).  
Discussion
RAN2 replied to RAN1 in the reply LS in R2-2106746, with the following information provided to RAN1: 
· 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
· 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.
· 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.

RAN2 replied to RAN1 in the reply LS in R2-2109085, with the following information provided to RAN2: 
· 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.

In addition, at RAN2 #113-e (Jan/Feb 2021) made the following working assumption: 
· 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.

As there is the parallel discussion in 7.1 ongoing on PUSCH skipping (Scenario #1: without LCH prioritization and without PHY prioritization), the discussions here in 7.2.5 focus on the following remaining scenarios, namely
· 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 
· Scenario #4: lch-basedPrioritization is configured, and TWO PHY priorities for UL transmission

In the following sections we discuss the following, 
· Sec. 2.1 discusses (WA1) if LCH based prioritization has higher priority that UL skipping
· Sec. 2.2 discusses (WA2) if DG always overrides CG PUSCH
· Sec. 2.3 discusses (WA3) if MAC should not create MAC PDU for deprioritized UL grant even if overlapping with PUCCH.
· In addition, in Sec. 2.4 we discuss the handling of the a PUCCH overlapping with a PUSCH for which MAC did not deliver a PDU to PHY. 

RAN2 confirmed Working Assumption: LCH based prioritization has higher priority than UL skipping
We think that this working assumption makes very much sense when looking at URLLC operation, as the UL delay of critical data would be impacted if LCH based prioritization would not have higher priority than the UL skipping operation. The UE should first use the highest LCH grant for useful data transmission and only consider the impact on UL skipping in a second step, as we had been discussing in our earlier contribution in R1-2100756. 
Proposal 1: RAN1 to indicate to RAN2 in an LS that RAN1 supports the confirmed RAN2 working assumption “LCH based prio has higher priority than UL skipping”. 


RAN2 Working Assumption: When lch-BasedPrioritization is not configured and Rel-16 CG/DG PUSCH skipping is enabled, DG always overrides CG
Looking first at Scenario #2 (w/o LCH - w PHY priority for which this WA would apply as well), it seems to be feasible to have this assumption. Otherwise, there would be no motivation for the gNB to issue an overlapping DG PUSCH of a different (potentially lower) priority overlapping with a higher priority CG PUSCH if it would be dropped afterwards anyhow. So, we think the working assumption from the operation without LCH based prioritization but two PHY prioritizes could be confirmed. 
Although, RAN2 does not have a related working assumption when LCH based priority is configured but one of course would then ask what the UE behavior should be in case LCH based prioritization is configured for the UE (i.e. Scenarios #3 & #4). Here the situation is different, as the LCH based prioritization features enables the prioritization of one of the overlapping grants based on the LCH priority of the data in the buffer. Here the gNB could issue a DG PUSCH of lower LCH based priority overlapping with a CG PUSCH of higher priority not to override the grant, but enable potential lower LCH based priority UL transmissions in case there would not be any pending data for the higher LCH CG PUSCH grant. 
Therefore, we propose to confirm the working assumption (from the perspective of two UL PHY prioritizes, same UL PHY priority is up to AI 7.1) but at the same time to indicate to RAN2 that in case LCH based prioritization is configured the LCH based prioritization should have ‘higher priority’ and the DG overriding – namely, MAC should select the higher LCH grant for which data is in the buffer based on LCH based prioritization. This would be somehow aligned with the assumption of the working assumption discussed in Sec. 2, namely that PHY prioritization has priority over other conditions – such as UL skipping or DG PUSCH always overriding CG PUSCH. 
Proposal 2: RAN1 to indicate to RAN2 in an LS, 
· that RAN1 supports the RAN2 working assumption “When lch-BasedPrioritization is not configured and Rel-16 CG/DG PUSCH skipping is enabled, DG always overrides CG”,   
· but when lch-BasedPrioritization is configured, the LCH based prioritization has higher priority than DG overriding CG PUSCH, i.e. MAC should select the overlapping DG or CG PUSCH grant of higher LCH priority having data available in the buffer. 

RAN2 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 basically a follow-up on the one discussed in the two previous section. Clearly, in case of overlapping CG and DG PUSCH one of them is to be deprioritized.
The de-prioritization could have different reasons: 
· For Scenario #2 (based on the WA in Sec. 2.3), the DG PUSCH is always overriding the CG PUSCH and therefore the gNB does not expect CG PUSCH to be transmitted. 
· For Scenarios #3 and #4, the LCH based prioritization chooses the higher priority grant which has data available and the other grant is deprioritized. Clearly, MAC should therefore not deliver a MAC PDU as PHY prioritization for this case is not supported. 
Moreover, as already discussed in our earlier contribution in R1-2100756 there will be anyhow cases where MAC will not be able to provide the PUSCH data for the overlap when combined with LCH based prioritization. So, we don’t think any special handling would be needed here and think RAN2 could confirm the working assumption to be applicable for operation without and with LCH based prioritization, as well as single and two UL PHY priorities. 

Proposal 3: RAN1 to indicate to RAN2 in an LS that RAN1 supports the RAN2 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” and further clarify that this working assumption should be generically applicable including operation with and without LCH based prioritization as well as one & two UL PHY priorities. 


UL skipping handling of PUCCH if PDU of overlapping PUSCH is not delivered by MAC
During the RAN1#104-e discussions [104-e-NR-L1enh-URLLC-06] summarized by the moderator in R1-2102151, it became evident that independently of the UL skipping behavior to be agreed for Scenarios #2, #3 and #4, there will always be cases that the MAC will not be able to deliver a MAC PDU for a PUSCH grant overlapping with a PUCCH carrying UCI. 
The question for these cases basically is if the UE (a) should transmit the PUCCH (if this would be possible from PHY prioritization framework perspective) or (b) if such a PUCCH (and the associated UCI) should be dropped. 
Overall, we think that dropping a PUCCH / UCI if it could be transmitted seems to be slightly against the motivation of Rel-17 enhancements were UCI dropping (due to e.g. PHY prioritization or SPS HARQ colliding for TDD) is to be minimized. Clearly, requiring the gNB to also blind detect the PUCCH increases the gNB complexity. But at the same time, if the UE would drop the UCI/PUCCH in the first place the UCI would be lost for any type of gNB implementation. If otherwise, the PUCCH / UCI would be transmitted a higher complexity gNB implementation could take advantage of the UCI whereas for simpler gNB implementation (not doing the blind PUCCH detection) the situation would be the same as if the PUCCH would not be transmitted (i.e. overlapping PUCCH/UCI is not received by the gNB). So there seems to be no real disadvantage of enabling the UE to transmit the related PUCCH.  
In addition, there had been a similar issue for Case 1-6 discussed in RAN1#104-e in email thread [104-e-NR-7.1CRs-01] summarized by the moderator in R1-2102246. Also, there the UE is to transmit the PUCCH. 
Therefore, the following is proposed: 
Proposal 4: If the UE is configured with lch-basedPrioritization and/or two UL PHY priorities, the UE transmits a PUCCH which overlaps with a PUSCH on the same or different serving cell in case MAC did not deliver a PDU for the PUSCH.   

Discussions on the cases in the original RAN1 LS with respect to LCH based prioritization and PUSCH/SR/UCI handling 

Based on the RAN1 working agreements and decisions as well as the related clarification, looking at the cases in the original RAN1 LS the following can be noted: 
· For case 2-1, based on the LCH prioritization either SR or PUSCH can be delivered to PHY, but clearly not both as the MAC is not aware of the multiplexing. 
Looking at case 2-1b, this leaves the gNB with three different hypothesis on what is transmitted by the UE, namely (i) PUCCH is transmitted on the purple resource containing SR, AN & CSI if SR is delivered by MAC to PHY, (ii) AN/CSI is transmitted PUCCH is transmitted on the while resource for AN/CSI but PUSCH is not transmitted (if PUSCH is skipped) and (iii) AN/CSI on PUCCH as well as PUSCH is transmitted if a MAC PDU has been delivered for the PUSCH grant. So, the UL skipping operation for case 2-1b is not changing the operation or reducing the number of decoding hypothesis for the gNB. 
This is in contrast to case 2-1a, where depending on the intended UL skipping operation either two hypothesis if a MAC PDU has to be delivered to PHY for an overlapping PUCCH namely (i) SR/AN/CSI is transmitted on the purple PUCCH resource if SR is delivered and (ii) PUSCH including AN/CSI is transmitted if SR is not delivered; or in addition a third hypothesis if MAC would not be requested to deliver a MAC PDU for an overlapping for LCH based prioritization namely (iii) AN/CSI is transmitted on the PUCCH resource for AN/CSI. Therefore, requiring the UE to deliver a MAC PDU for a grant overlapping with PUCCH carrying AN/CSI is not from case 2-1 perspective reducing the number of required gNB hypothesis, as anyhow 3 different hypothesis are needed for case 2-1b. 
· For case 2-2, actually the same applies as for case 2-1, namely three gNB hypothesis are needed for case 2-2b namely (i) PUCCH containing SR/AN/CSI, (ii) PUCCH with AN/CSI only and (iii) PUCCH with AN/CSI and PUSCH are transmitted. Similarly, for case 2-2a depending if MAC is required to deliver a MAC PDU or not, either two or three UE transmission hypothesis need to be considered, (i) PUCCH containing SR/AN/CSI, (ii) PUSCH including AN/CSI and (iii) PUCCH containing AN/CSI only. Also here, requiring MAC to deliver a dummy PDU for the PUSCH grant is not reducing the overall number of hypothesis at the gNB side for case 2-2.   
· For case 3, based on the RAN2 agreements, the following channels could be transmitted by the UE, namely (i) PUCCH containing AN/CSI, (ii) SR and (iii) PUSCH including AN/CSI multiplexed. Requiring the UE to deliver a MAC PDU if no SR is delivered will actually not reduce the number of potentially different channels transmitted by the UE. 
· For case 4, the SR may deliver SR, PUSCH or none of them (applying UL skipping) as obviously, if MAC is not aware of the final PUCCH resource with the SR from MAC perspective there would not be any overlapping PUCCH with PUSCH and therefore, PUSCH can be skipped. Therefore, there are four different options what the UE would be transmitting, namely (i) PUCCH carrying AN/CSI only on the green resource (no SR, PUSCH skipped), (ii) PUCCH with SR/AN/CSI on the beige resource (SR delivered, PUSCH not delivered), (iii) PUCCH carrying AN/CSI (on the green resource) and PUSCH without UCI if PUSCH is delivered but SR is not delivered and (iv) PUSCH carrying AN/CSI if both PUSCH and SR have been delivered. So it seems, that case 4 is the one with the largest number of transmission hypothesis the gNB needs to account for when operating LCH based prioritization together with UL skipping independently if MAC is required to generate a MAC PDU for an overlapping PUSCH grant with a PUCCH carrying AN/CSI or not! Please also note, that this is the only case where the gNB needs to take two different hypothesis on the PUSCH decoding in the terms of PUSCH RE mapping as AN/CSI may or may not be rate-matched from the PUSCH resource, which is much higher complexity for the gNB than trying to some PUCCH blind decoding. 

Observation 1: Looking at the overall picture of the identified cases in terms of PUSCH and SR in the RAN1/RAN2 LSs, requiring MAC to deliver a PDU for an UL grant overlapping with a PUCCH carrying AN/CSI also for LCH based prioritization operation is not reducing the maximum number of transmission hypothesis the gNB needs to be accounting for (as the maximum is determined by case 4 where there is not overlap of PUCCH with AN/CSI and PUSCH). Case 4 is also the most complex in terms of gNB operation, as two different RE mapping hypothesis of UL-SCH on PUSCH need to be considered. 

Having now more clarify on the MAC knowledge of the UCI multiplexing (incl. SR) and the LCH based prioritization, without repeating the discussions in our earlier TDoc R1-2100756 (the interested reader is hereby referred to the sections 3 and 4 there), we would like to just again bring the related observations and proposals here: 
Observation 2: For the case of same LCH priority of DG PUSCH and CG PUSCH, the PHY prioritization is not applicable and as a consequence the same behaviour as for LCH priority not configured can be directly applied.  
Proposal 5: In Rel.16, for non-CA case, when DG PUSCH skipping is configured and Rel-16 LCH based prioritization is configured and there is a single PHY priority for UL transmissions, and when PUSCH repetition is not applied, 
· MAC step 1: Operate LCH prioritization as defined in the Rel-16 IIoT WI, i.e. deliver a PDU of the highest LCH priority for a PUSCH grant which data is available in the buffer and regard other overlapping PUSCH grants as invalid (discard)
· MAC step 2: For the remaining (valid / not-discarded) CG or DG PUSCH grants having no data in the buffer, 
· If there is a PUCCH overlapping only with a single PUSCH grant, deliver a PDU for the overlapping PUSCH grant. 
· If there is a PUCCH overlapping with more than one PUSCH grant and the more than one PUSCH grants are non-overlapping, deliver a PDU for the earliest (CG or DG) PUSCH grant overlapping with the PUCCH. 
· If there is a PUCCH overlapping with a CG and DG PUSCH grant and the CG and DG PUSCH grants are overlapping, deliver a PDU for the DG PUSCH grant. 
· PHY behaviour:
· If MAC delivers a PDU for a CG or DG PUSCH overlapping in time with a PUCCH carrying UCI, transmit the PUSCH and map the UCI on the PUSCH. 
· Otherwise, transmit the PUCCH carrying UCI. 

Observation 3: Requiring MAC to deliver a PDU for a PUSCH grant having an overlapping PUCCH on the same serving cell (i.e. PUSCH cannot be skipped) with Rel-16 PHY prioritization will lead to unnecessary UCI dropping as well as resulting in lower (LP) eMBB PHY throughput.  

Observation 4: Requiring MAC to deliver a PDU for a PUSCH grant having an overlapping PUCCH on the same serving cell (i.e. PUSCH cannot be skipped) with Rel-17 PHY prioritization and Rel-17 intra-UE multiplexing enhancements of different priorities will lead to unnecessary UCI or PUSCH dropping and will complicate the specifications unnecessarily for the needed special handling of cases to be still identified. 

Proposal 6: If two PHY priorities are configured, the UE may skip CG PUSCH and DG PUSCH (when DG PUSCH skipping is configured) also in case the CG or DG PUSCH is overlapping with a PUCCH of the same PHY priority. The PUCCH carrying UCI overlapping with a skipped CG or DG PUSCH is considered in the PHY prioritization operation and can be transmitted. 
· MAC operation: Deliver PDUs for PUSCH grants if having data available with the limitations of the Rel-16 intra-UE multiplexing / prioritization framework. PUSCH grants applicable for PUSCH skipping and having no data in the buffer can be skipped, i.e. no PDU is delivered for such PUSCH grants. 
· PHY operation: Only consider CG or DG PUSCH grants having a PDU delivered by higher layers in the Rel-16 PHY intra-UE multiplexing / prioritization operation.
· This includes the transmission of a PUCCH carrying UCI having an overlap with a skipped PUSCH of the same priority  

Conclusion
In this contribution, we discuss the recent RAN2 working assumptions on UL skipping and LCH based prioritization. The discussions can be summarized in the following related proposals: 
Proposal 1: RAN1 to indicate to RAN2 in an LS that RAN1 supports the confirmed RAN2 working assumption “LCH based prio has higher priority than UL skipping”. 

Proposal 2: RAN1 to indicate to RAN2 in an LS, 
· that RAN1 supports the RAN2 working assumption “When lch-BasedPrioritization is not configured and Rel-16 CG/DG PUSCH skipping is enabled, DG always overrides CG”,   
· but when lch-BasedPrioritization is configured, the LCH based prioritization has higher priority than DG overriding CG PUSCH, i.e. MAC should select the overlapping DG or CG PUSCH grant of higher LCH priority having data available in the buffer. 

Proposal 3: RAN1 to indicate to RAN2 in an LS that RAN1 supports the RAN2 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” and further clarify that this working assumption should be generically applicable including operation with and without LCH based prioritization as well as one & two UL PHY priorities. 

Proposal 4: If the UE is configured with lch-basedPrioritization and/or two UL PHY priorities, the UE transmits a PUCCH which overlaps with a PUSCH on the same or different serving cell in case MAC did not deliver a PDU for the PUSCH.   
Observation 1: Looking at the overall picture of the identified cases in terms of PUSCH and SR in the RAN1/RAN2 LSs, requiring MAC to deliver a PDU for an UL grant overlapping with a PUCCH carrying AN/CSI also for LCH based prioritization operation is not reducing the maximum number of transmission hypothesis the gNB needs to be accounting for (as the maximum is determined by case 4 where there is not overlap of PUCCH with AN/CSI and PUSCH). Case 4 is also the most complex in terms of gNB operation, as two different RE mapping hypothesis of UL-SCH on PUSCH need to be considered. 
Observation 2: For the case of same LCH priority of DG PUSCH and CG PUSCH, the PHY prioritization is not applicable and as a consequence the same behaviour as for LCH priority not configured can be directly applied.  
Proposal 5: In Rel.16, for non-CA case, when DG PUSCH skipping is configured and Rel-16 LCH based prioritization is configured and there is a single PHY priority for UL transmissions, and when PUSCH repetition is not applied, 
· MAC step 1: Operate LCH prioritization as defined in the Rel-16 IIoT WI, i.e. deliver a PDU of the highest LCH priority for a PUSCH grant which data is available in the buffer and regard other overlapping PUSCH grants as invalid (discard)
· MAC step 2: For the remaining (valid / not-discarded) CG or DG PUSCH grants having no data in the buffer, 
· If there is a PUCCH overlapping only with a single PUSCH grant, deliver a PDU for the overlapping PUSCH grant. 
· If there is a PUCCH overlapping with more than one PUSCH grant and the more than one PUSCH grants are non-overlapping, deliver a PDU for the earliest (CG or DG) PUSCH grant overlapping with the PUCCH. 
· If there is a PUCCH overlapping with a CG and DG PUSCH grant and the CG and DG PUSCH grants are overlapping, deliver a PDU for the DG PUSCH grant. 
· PHY behaviour:
· If MAC delivers a PDU for a CG or DG PUSCH overlapping in time with a PUCCH carrying UCI, transmit the PUSCH and map the UCI on the PUSCH. 
· Otherwise, transmit the PUCCH carrying UCI. 

Observation 3: Requiring MAC to deliver a PDU for a PUSCH grant having an overlapping PUCCH on the same serving cell (i.e. PUSCH cannot be skipped) with Rel-16 PHY prioritization will lead to unnecessary UCI dropping as well as resulting in lower (LP) eMBB PHY throughput.  

Observation 4: Requiring MAC to deliver a PDU for a PUSCH grant having an overlapping PUCCH on the same serving cell (i.e. PUSCH cannot be skipped) with Rel-17 PHY prioritization and Rel-17 intra-UE multiplexing enhancements of different priorities will lead to unnecessary UCI or PUSCH dropping and will complicate the specifications unnecessarily for the needed special handling of cases to be still identified. 

Proposal 6: If two PHY priorities are configured, the UE may skip CG PUSCH and DG PUSCH (when DG PUSCH skipping is configured) also in case the CG or DG PUSCH is overlapping with a PUCCH of the same PHY priority. The PUCCH carrying UCI overlapping with a skipped CG or DG PUSCH is considered in the PHY prioritization operation and can be transmitted. 
· MAC operation: Deliver PDUs for PUSCH grants if having data available with the limitations of the Rel-16 intra-UE multiplexing / prioritization framework. PUSCH grants applicable for PUSCH skipping and having no data in the buffer can be skipped, i.e. no PDU is delivered for such PUSCH grants. 
· PHY operation: Only consider CG or DG PUSCH grants having a PDU delivered by higher layers in the Rel-16 PHY intra-UE multiplexing / prioritization operation.
· This includes the transmission of a PUCCH carrying UCI having an overlap with a skipped PUSCH of the same priority  
