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1 Introduction
In the previous RAN2 meetings, discussion on overlapped PUSCH and UCI with Rel-16 UL skipping was triggered, taking UE Intra-prioritization into account. And the corresponding achieved agreements/working assumptions are listed as follows [1],
	[bookmark: _Hlk63428781]Agreements:
The Rel-16 dynamic UL skipping is optional with capability signaling.
[bookmark: _Hlk63428773]A new UE capability is introduced for Rel-16 CG PUSCH skipping.
The Rel-16 CG PUSCH skipping is per-UE level, optional with capability signaling, FDD-TDD-DIFF, and not FR1-FR2-DIFF. 
A new RRC parameter is introduced to enable Rel-16 CG PUSCH skipping. 
[bookmark: _Hlk63275377][bookmark: _Hlk63428758]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.
[bookmark: _Hlk63275319]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.


In this contribution, we would like to further discuss the remaining issues for overlapped PUSCH and UCI with Rel-16 UL skipping, taking multiple CG configuration, IIoT Intra-UE prioritization, and questions from RAN1 in the LS R1-2102244 [2] into account.
[bookmark: _Toc497230266][bookmark: _Toc497230267]2 Discussion
2.1 Rel-16 CG PUSCH skipping with multiple CG configurations
With the introduction of Rel-16 NR IIoT, a UE can be configured more than one CG configuration in a BWP of a serving cell. In the case where the MAC entity is not configured with lch-basedPrioritization and if there is overlapping PUSCH duration of at least two configured uplink grants, it is up to UE implementation to choose one of the configured uplink grants. This principle works well if there is no any UCI overlapping with these overlapped CG PUSCHs. 
However, if there is a UCI overlapping with only one of these overlapped CG PUSCHs and Rel-16 CG PUSCH skipping is enabled when no available UL-SCH data arrives at the MAC entity, it is not clear whether this UE implementation operation is still applicable, considering that double decoding on CG PUSCH and PUCCH is not expected at the gNB side.   
Taking the following Figure 1 as an example. In this case, CG PUSCH 1 is overlapping with CG PUSCH 2 while the PUCCH is only overlapping with the PUSCH 1. Then, given that lch-basedPrioritization is not configured, the MAC entity should choose either CG PUSCH 1 or CG PUSCH at the moment of T1. If CG PUSCH 1 is chosen, then the MAC entity will generate a MAC PDU for CG PUSCH 1 even though there is no available UP data with Rel-16 CG PUSCH skipping feature, and will not deliver a MAC PDU for CG PUSCH 2. Consequently, at the gNB side, since Rel-16 CG PUSCH skipping is enabled, the gNB may successfully decode the CG PUSCH 1 assuming the UCI has been multiplexed on CG PUSCH and will not detect/decode the PUSCH and CG PUSCH 2. 
Similarly, if CG PUSCH 2 is chosen, then the MAC entity will only generate a MAC PDU for CG PUSCH 2 if there is available UP data, and transmit UCI on PUCCH since timeline condition is permitted (i.e. moment T0 is prior to moment T2) according to the RAN1 agreement in the LS R1-2102249 [3]. Consequently, at the gNB side, since Rel-16 CG PUSCH skipping is enabled, the gNB may firstly decode the CG PUSCH 1 assuming the UCI has been multiplexed on CG PUSCH. As no TB can successfully be decoded on CG PUSCH 1, the gNB may secondly detect/decode the PUCCH and thirdly decode the CG PUSCH 2.


Figure 1: UCI overlapping with only one of overlapped CG PUSCHs
Based on the analysis above, double decoding can be avoided if UE selects CG PUSCH 1 which is overlapping with PUCCH. In this sense, it might be better to specify that the UE shall select the configured uplink grant, with which the PUCCH is only overlapping, if there is overlapping PUSCH duration of at least two configured uplink grants. However, considering this intended behavior is also one kind of UE implementation, we think the UE by smart implementation can choose the CG PUSCH overlapping with UCI, which will not lead to spec impact and no NBC issue. Therefore, we propose,
Proposal 1: In the case where the MAC entity is not configured with lch-basedPrioritization while configured with enhancedSkipUplinkTxConfigured with value true, if there is overlapping PUSCH duration of at least two configured uplink grants and there is a PUCCH only overlapping with one of those configured uplink grants, it is up to UE implementation to choose one of the configured uplink grants (i.e. no spec impact).  
2.2 Rel-16 PUSCH skipping with only L1-based prioritization 
During the RAN2#113-e meeting, the intended MAC behavior when LCH-based prioritization is not configured and there is overlapping PUSCHs having different L1 priorities with UCI had been discussed. It is RAN2’s common understanding that DG is always prioritized over CG when lch-basedPrioritization is not configured, regardless of the L1 priority. Taking the below figure as an example. In the MAC entity, the CG PUSCH will be ignored (i.e. no MAC PDU will be generated even though Rel-16 PUSCH skipping feature is supported and the CG PUSCH is overlapping with UCI). As a result, the CG PUSCH does not participate in subsequent physical layer procedures. The PHY may only transmit the PUCCH finally. At this time, RAN2 should send an LS to RAN1 to confirm the achieved working assumption can be supported and confirmed.


Figure 2 overlapping PUSCH transmissions having two PHY priorities with UCI
Proposal 2: Send an LS asking RAN1 whether DG always overrides CG can be supported and confirmed when lch-BasedPrioritization is not configured and Rel-16 PUSCH skipping is enabled.
2.3 Rel-16 PUSCH skipping with only LCH-based prioritization 
In Rel-16, LCH-based prioritization has been introduced for overlapping PUSCHs carrying UP data of LCHs of different priorities. The MAC entity only generates the MAC PDU for the prioritized uplink grant.  Based on this fact, it is worthy to discuss whether the Rel-16 DG/CG PUSCH skipping feature can cooperatively work with the LCH-based prioritization mechanism.
In Rel-16 with LCH-based prioritization, the main preparation steps for the generation of the MAC PDU and the corresponding DG/CG PUSCH transmission are given as follows:
1) The MAC entity receives the UL grants (i.e. dynamic grants or configured grants);
2) The MAC entity delivers the UL grants and the associated HARQ information to the HARQ entity;
3) The MAC entity determines whether a dynamic grant/configured grant is a prioritized uplink grant, if it can be transmitted by the PHY layer; 
4) The HARQ entity instructs the multiplexing and assembly entity to generate a MAC PDU for the prioritized uplink grant;
5) The multiplexing and assembly entity performs the Logical Channel Prioritization (LCP), logical channel (LCH) selection, and resource allocation procedures (including determining whether the PUSCH skipping conditions are met or not);
6) The HARQ entity obtains the MAC PDU to transmit from the multiplexing and assembly entity for the prioritized uplink grant;
7) The HARQ entity triggers the corresponding HARQ process to perform a new transmission;
8) The corresponding HARQ process	instructs the PHY layer to generate a transmission according to the prioritized uplink grant.
Similarly, in Rel-16 with LCH-based prioritization, the main preparation steps for the SR transmission for a pending SR are given as follows:
1) The MAC entity determines whether there exists a valid PUCCH resource for SR transmission;
2) The MAC entity determines whether the SR transmission can be considered as prioritized SR transmission, if it can be signaled by the PHY layer on one valid PUCCH resource for SR; 
3) The MAC entity instructs the PHY layer to signal SR on one valid PUCCH resource for SR;
4) The PHY performs UCI reporting procedures (e.g. UCI multiplexing).
It shall be noted that a dynamic grant/configured grant/SR transmission can only be prioritized in the MAC entity after the PHY layer confirming it can be transmitted/signaled via PHY. In other words, it would be PHY privilege to determine whether a dynamic grant/configured grant/SR transmission can be prioritized in the MAC entity or not.      
Observation: PHY layer has the privilege to determine whether a dynamic grant/configured grant/SR transmission can be prioritized in the MAC entity.
Based on the above understanding, in the following, we would like to go through the cases raised in the RAN1 LS [2] and the corresponding RAN1 questions, and then provide our proposals. 
For Case 1, only SR overlaps with PUSCH of equal L1 priority. Taking the following Figure 3 as an example. Generally, we think either the SR or the PUSCH can be transmitted by the PHY layer since there are valid resources and preparation time is supposed to be sufficient. In this sense, as mentioned in the LS R2-2011124 [4], the MAC entity shall not deliver the MAC PDU for the PUSCH and shall instruct the PHY layer for SR transmission, if SR is prioritized in the MAC entity. 


Figure 3: example of case 1
Regarding the potential impacts on the PHY processing timeline raised in the RAN1 LS [2], we think the time condition can be ensured by the MAC entity. Specifically, at the moment of T1 (i.e. the MAC entity shall be aware of L1 processing timeline for UCI multiplexing), the MAC entity shall perform LCH-based prioritization for SR and overlapped PUSCH. Then, the MAC entity shall instruct the PHY layer for SR transmission, if SR is prioritized. With this, the PHY layer can know there will no MAC PDU for the PUSCH (at the moment of T1) and can sufficient time to prepare the SR transmission. Otherwise (i.e. the MAC entity doesn’t tell whether the SR is prioritized at the moment of T1), the PHY layer anyway will prepare the UCI multiplexing on PUSCH since there is overlapping PUSCH as per the PHY spec. If the MAC entity prioritizes the SR at the moment of T2 and tells the PHY layer that there is no MAC PDU delivery for the PUSCH, the PHY may not have sufficient time to prepare the SR transmission. Therefore, to keep the consistency between RAN1 and RAN2 as per understanding given in the LS R2-2011124 [4] and avoid introducing potential impacts on the PHY layer processing procedure, the MAC entity shall guarantee the timeline condition for the PHY layer procedure when lch-basedPrioritization is configured. The following proposal is given,  
Proposal 3: In the case where the MAC entity is configured with lch-basedPrioritization, the processing timeline condition for PHY layer procedures shall be satisfied by the MAC entity via UE implementation.  
Furthermore, if Rel-16 PUSCH skipping is enabled for Case 1, in our understanding, the MAC behavior is still the same (i.e. if SR is prioritized in MAC, MAC shall not deliver the MAC PDU for the PUSCH and shall instruct PHY for SR transmission). Specifically, according to the latest MAC spec, the LCH-based prioritization mechanism takes precedence over the Rel-16 PUSCH skipping evaluation (i.e. MAC entity will generate a MAC PDU for PUSCH if there is a UCI to be multiplex on this PUSCH). In other words, the MAC entity will not perform the Rel-16 PUSCH skipping evaluation for a deprioritized uplink grant. As a result, no MAC PDU will be generated for a deprioritized uplink grant even though UCI multiplexing on the corresponding PUSCH is expected.  
Proposal 4: For the case of overlapping PUSCH and SR with equal L1 priority, Rel-16 PUSCH skipping is enabled, and MAC has not yet delivered MAC PDU for the PUSCH to PHY, if SR is prioritized in MAC, MAC shall not deliver the MAC PDU for the PUSCH and shall instruct PHY for SR transmission.
For Case 2-1, other UCI(s) i.e., HARQ-ACK/CSI of the equal L1 priority overlapping with SR, and the final PUCCH resource after UCI multiplexing among different PUCCHs carrying HARQ-ACK/CSI and SR does not overlap with the PUSCH and does not overlap with any other PUSCH if any. 


Figure 4: example of case 2-1
Let us take the following Figure 4 as an example. Generally, we think either the SR or the PUSCH can be transmitted by the PHY layer since there are valid resources, preparation time is supposed to be sufficient, and the UCI is not intended to be multiplexed on the PUSCH. And then, similar to Case 1, the MAC entity shall perform LCH-based prioritization for SR and overlapped PUSCH. In our understanding, the MAC entity based on the current MAC specification can only be aware of the PUCCH resource for SR transmission configured within the MAC-CellGroupConfig. In this sense, the MAC entity is not aware of the presence of the other PUCCH resources, which are not associated with the dedicated SR resources, and the UCI multiplexing procedure, which is purely a PHY procedure. Furthermore, as we mentioned above, the LCH-based prioritization mechanism takes precedence over the Rel-16 PUSCH skipping evaluation according to the MAC spec. Hence, we hold a view that the MAC entity is not aware of the presence of the other PUCCH resources not associated with the dedicated SR resources and the UCI multiplexing procedure, even though the Rel-16 UL skipping feature is enabled. Consequently, if SR is prioritized in MAC, MAC shall not deliver the MAC PDU for the PUSCH and shall instruct PHY for SR transmission.
Again, similar to Case 1, even though the Rel-16 PUSCH skipping is supported, the MAC behavior is still the same (i.e. if SR is prioritized in MAC, MAC shall not deliver the MAC PDU for the PUSCH, shall instruct PHY for SR transmission, and only knows the configured PUCCH resources for SR when performing LCH-based prioritization procedure).
Proposal 5: RAN2 confirms MAC is not aware of the UCI multiplexing performed in PHY and only knows the configured PUCCH resource for SR, regardless of whether the Rel-16 PUSCH skipping feature is supported.
Next, for Case 2-2, other UCI(s) i.e., HARQ-ACK/CSI of the equal L1 priority overlapping with SR, and the final PUCCH resource after UCI multiplexing among different PUCCHs carrying HARQ-ACK/CSI and SR overlaps with the PUSCH and does not overlap with any other PUSCH if any, as depicted in Figure 5.



Figure 5: example of case 2-2
Case 2-2 is more complicated. From the MAC entity point of view, it is not sure whether the SR can be transmitted by the PHY layer as there is a UCI (i.e. AN/CSI/SR) to be multiplexed on the PUSCH as a result of UCI multiplexing. As per observation 1, we think everything is determined by the PHY layer. 
More specifically, at the moment of T1, when performing LCH-based prioritization for SR and overlapped PUSCH, the PHY layer can be aware of the fact that the final PUCCH resource after UCI multiplexing will overlap with the PUSCH. Then, if the PHY layer would like to multiplex the UCI on the PUSCH (e.g. to avoid double decoding at the gNB side), it can inform the MAC entity that the SR cannot be signaled by the PHY layer while the PUSCH can be transmitted by the PHY layer. As a result, the SR transmission becomes a de-prioritized SR transmission (i.e. according to the MAC spec, if the PHY layer cannot signal the SR on one valid PUCCH resource for SR, the MAC entity will consider the SR transmission as a de-prioritized SR transmission) and the UL grant associating with the PUSCH can be considered as a prioritized grant even though the priority of the uplink grant is lower than that of the SR transmission (since the overlapping PUCCH resource with an SR transmission was already de-prioritized). Finally, the PHY layer will transmit the PUSCH with UCI multiplexed if Rel-16 PUSCH skipping feature is enabled.    
Alternative, if the PHY thinks both SR and PUSCH can be transmitted. Then the situation fallbacks to case 1. That is MAC shall not deliver the MAC PDU for the PUSCH and shall instruct PHY for SR transmission if SR is prioritized in MAC. Further, since the UL grant associated with the PUSCH is a de-prioritized grant, no MAC PDU will be generated for the PUSCH even if Rel-16 PUSCH skipping feature is enabled.
Based on the above, from the MAC spec perspective, the following two different understandings listed in the R1 RAN1 LS [2] can be supported, and either understanding can be chosen by the PHY layer considering that PHY layer has the privilege to determine whether a dynamic grant/configured grant/SR transmission can be prioritized in the MAC entity. 
· Understanding 1: the UL skipping-related check is prioritized over the LCH based prioritization check in MAC. Therefore, if the PUSCH in the LS is expected to have UCI multiplexing, MAC does not prioritize SR over PUSCH, and sends a MAC PDU to PUSCH instead. 
· Understanding 2: the LCH based prioritization check is prioritized over the UL skipping-related check in MAC. Therefore, the SR in the LS is prioritized in MAC and is delivered and MAC shall not deliver the MAC PDU for the PUSCH.
Proposal 6: RAN2 confirms whether UL skipping-related check is prioritized over the LCH based prioritization check or vice versa is based on PHY layer implementation when there is overlapped PUSCH and SR with Rel-16 PUSCH skipping enabled. 
For Case 3, the MAC behavior is quite similar to that in Case 2. For example, if the PHY layer would like to multiplex the UCI (e.g. AN/CSI) on the PUSCH (e.g. to avoid double decoding at the gNB side), it can inform the MAC entity that the SR cannot be signaled by the PHY layer while the PUSCH can be transmitted by the PHY layer. As a result, the SR transmission becomes a de-prioritized SR transmission and the UL grant associating with the PUSCH can be considered as a prioritized grant. Finally, the PHY layer will transmit the PUSCH with UCI multiplexed if Rel-16 PUSCH skipping feature is enabled. Otherwise, if SR is prioritized in MAC, it shall not deliver the MAC PDU for the PUSCH and shall instruct PHY for SR transmission, following the transmission of UCI  (e.g. AN/CSI) on PUCCH.  
For Case 4, the MAC behavior is quite similar to that in Case 2-1. For example, MAC is not aware of the UCI multiplexing performed in PHY and only knows the configured PUCCH resource for SR. Since there is no overlapping between the PUCCH resource for SR transmission and the PUSCH, the MAC entity can signal SR transmission and then deliver MAC PDU for PUSCH transmission. If there is no data available for the PUSCH, the MAC entity is able to generate a MAC PDU if Rel-16 PUSCH skipping is enabled.   
If Proposals 2-6 are agreeable, RAN2 sends an LS [5] to RAN1 informing RAN2’s further question and understanding regarding the questions. 
3 Conclusion
In this contribution, we have provided our understanding on the remaining issues for overlapped PUSCH and UCI with Rel-16 UL skipping. And our observation and proposals are given as follows,
Observation: PHY layer has the privilege to determine whether a dynamic grant/configured grant/SR transmission can be prioritized in the MAC entity.
Proposal 1: In the case where the MAC entity is not configured with lch-basedPrioritization while configured with enhancedSkipUplinkTxConfigured with value true, if there is overlapping PUSCH duration of at least two configured uplink grants and there is a PUCCH only overlapping with one of those configured uplink grants, it is up to UE implementation to choose one of the configured uplink grants (i.e. no spec impact).  
Proposal 2: Send an LS asking RAN1 whether DG always overrides CG can be supported and confirmed when lch-BasedPrioritization is not configured and Rel-16 PUSCH skipping is enabled.
Proposal 3: In the case where the MAC entity is configured with lch-basedPrioritization, the processing timeline condition for PHY layer procedures shall be satisfied by the MAC entity via UE implementation.  
Proposal 4: For the case of overlapping PUSCH and SR with equal L1 priority, Rel-16 PUSCH skipping is enabled, and MAC has not yet delivered MAC PDU for the PUSCH to PHY, if SR is prioritized in MAC, MAC shall not deliver the MAC PDU for the PUSCH and shall instruct PHY for SR transmission.
Proposal 5: RAN2 confirms MAC is not aware of the UCI multiplexing performed in PHY and only knows the configured PUCCH resource for SR, regardless of whether the Rel-16 PUSCH skipping feature is supported.
Proposal 6: RAN2 confirms whether UL skipping-related check is prioritized over the LCH based prioritization check or vice versa is based on PHY layer implementation when there is overlapped PUSCH and SR with Rel-16 PUSCH skipping enabled. 
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