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1 Introduction
In the previous RAN2 meeting, discussion on overlapped PUSCH and UCI with Rel-16 UL skipping was warmly launched, taking UE Intra-prioritization into account. Due to the fuzzy wording (e.g. PUCCH resource with an SR transmission) in the current Rel-16 MAC specification, different chipset/NW vendors have different understandings on the visibility issue of UCI multiplexing when performing the LCH-based prioritization procedure. As a result, no consensus was achieved and this issue was postponed. The corresponding Chairman Notes/agreements are listed as follows [1],
	Chair: A TS can refer to a condition where the details are specified in another TS. This is usually done by fuzzy reference, so it seems that both interpretations are possible (without adding L1 specific details in MAC or vice versa). 
Chair: Understanding 1: If we assume that MAC just generate SR and let L1 decide if/by what resource to transmit it, if the SR is not transmitted in the end then MAC may need to know this, in order to re-trigger the SR. 
Chair: Understanding 2: If we assume that MAC (the UE) can first know whether SR can be transmitted or not, then the current TS works.
Chair propose to: Postpone this specific issue (MAC awareness of UCI for this case), invite for a more principal discussion on MAC L1 dependencies next meeting.
Postpone this issue.
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 this contribution, we would like to further provide our understanding on the MAC awareness of UCI multiplexing and discuss the remaining issue about overlapped PUSCH and UCI with Rel-16 UL skipping when multiple CG configurations are provided.
[bookmark: _Toc497230266][bookmark: _Toc497230267]2 Discussion
2.1 MAC awareness of UCI multiplexing with LCH-based prioritization
Regarding the MAC awareness of UCI multiplexing, in fact, both RAN1 and RAN2 have already discussed it for several meetings in Rel-15 NR. Specifically, in RAN2#106 meeting, RAN2 discussed the CSI reporting with UCI multiplexing in CDRX and sent the following LS to RAN1 [2].
	RAN2 LS on CSI reporting in C-DRX (R2-1908159)
RAN2 has discussed UE behavior in the case where a periodic CSI or semi-persistent CSI over PUCCH, in addition to HARQ N/ACK, overlaps with a PUSCH in symbol n. When simultaneousHARQ-ACK-CSI is enabled, if UE performs UCI multiplexing between CSI and HARQ N/ACK according to the current PHY-layer specification (TS38.213 v15.5.0, subclause 9.2.1), then with some PUCCH configurations, it seems possible that the resulting multiplexed UCIs can be relocated to symbols that are in the same slot but no longer overlap with PUSCH. If that happens, the CSI has to be dropped, together with the HARQ N/ACK, according to the requirements above. That is because the multiplexed UCIs would have to be sent over PUCCH instead of PUSCH, as initially expected. This is not a desirable consequence, as HARQ N/ACK is dropped for no good reason. 
RAN2 respectfully asks RAN1 to discuss whether the scenario described above is possible. If it is possible, whether the issue can be resolved in RAN1.


In the RAN1#98 meeting, the following reply LS was sent to RAN2 [3].
	RAN1 reply LS to RAN 2 on CSI reporting in C-DRX (R1-1909889)
[bookmark: _Hlk18072496]RAN1 has identified that the scenario described in RAN2 LS R2-1908159 is possible to occur. RAN1 has concluded that a RAN1 based solution to resolve the issue is not possible without introducing NBC change to RAN1 spec. RAN1 respectfully asks RAN2 to consider a RAN2-centric solution with the hope that it has no RAN1 specification impact.


Finally, after several online/offline discussions in the RAN2#107bis and RAN2#108 meeting, the following NOTE for clarification was endorsed. 
	TS 38.321 section 5.7
NOTE: 	If a UE multiplexes a CSI configured on PUCCH with other overlapping UCI(s) according to the procedure specified in TS 38.213 [6] subclause 9.2.5 and this CSI multiplexed with other UCI(s) would be reported on a PUCCH resource outside DRX Active Time, it is up to UE implementation whether to report this CSI multiplexed with other UCI(s).


Based on the above, we can learn that the root cause of the mentioned issue is that whether UCI multiplexing is aware at the MAC layer is not clear. Consequently, it is not clear when exactly does the MAC layer check the condition for the dropping of CSI report (i.e. the exact time depicted by “in current symbol n” is not clear). Besides, from RAN1 perspective of view, it is implied that making UCI multiplexing fully known to MAC layer requires back-and-forward interactive (e.g. to figure out where the final PUCCH resource will be located) between PHY and MAC layer, which also leads to NBC change to PHY spec. Last but not least, to avoid NBC concerns and unnecessary restrictions on the UE implementation, leaving to UE implementation whether to take UCI multiplexing into account in the MAC layer seems to be the only acceptable way forward.
Observation 1: It is not desirable to make UE know the final PUCCH resource after UCI multiplexing when performing the CSI report in C-DRX.
After carefully reviewing the normative precedent (i.e. CSI reporting with UCI multiplexing in C-DRX), now we can examine the scenario where the LCH-based prioritization check is performed with UCI multiplexing.
Similar to the issue of CSI reporting in C-DRX, the root cause of the MAC awareness of UCI multiplexing with LCH-based prioritization is that the terminologies that “PUCCH resource with an SR transmission” (in section 5.4.1), “valid PUCCH resource for SR” (in section 5.4.4), and “PUCCH resource for the SR transmission occasion” (in section 5.4.4) are fuzzy. It is not clear they are referred as to which PUCCH resource (i.e. the PUCCH resource linked to MAC-CellGroupConfig for single SR transmission or the PUCCH resource for multiple UCI types reporting). Then we can have two alternative understandings, as mentioned in the received RAN1 LS [4].
· Understanding 1: MAC is not aware of the UCI multiplexing in PHY, MAC does not know whether the final PUCCH overlaps with the PUSCH or not, MAC only knows configured PUCCH resource for SR. MAC can decide to deliver SR or PUSCH.
· Understanding 2: MAC is aware of the UCI multiplexing in PHY based on UL skipping agreement (as in LS R1-2009772). If MAC is aware that the final PUCCH resource does not overlap with the PUSCH, and does not overlap with any other PUSCH, MAC can send both SR and PUSCH to PHY.
Further, let’s investigate the typical scenarios mentioned in the RAN1 LS [4] one by one in terms of UE behavior and NW behavior (e.g. blind decoding hypothesis), respectively. 

For Case 2-1:


Figure 1: Case 2-1
If Understanding 1 is adopted, 
· From UE perspective, 
· At the moment of T1, no matter whether SR will be triggered by MAC, the PHY starts to prepare UCI multiplexing for the final PUCCH, according to the UCI multiplexing rule defined in TS 38.213 sub-clause 9.2.5.2 (assuming both PUCCH format and processing timeline permit such operation). At the same time, the MAC performs the LCH-based prioritization check. Specifically, the MAC layer takes the SR resource marked with a dashed frame and the overlapping PUSCH for LCH-based prioritization. Due to the overlapping between PUSCH and SR, consequently, the MAC will only deliver either SR or PUSCH MAC PDU to the PHY layer.
· If PUSCH is prioritized, then the PHY will transmit the PUSCH and the AN/CSI/SR PUCCH (i.e. final PUCCH resource) with setting the number of SR bits to 0 (i.e. OSR = 0), as shown in the following Figure 2.


Figure 2: PUSCH is prioritized in Case 2-1
· If SR is prioritized, then the PHY will only transmit the AN/CSI/SR PUCCH, as shown in the following Figure 3.


Figure 3: SR is prioritized in Case 2-1
·  From NW perspective,
· It is deterministic that the UE will report the AN/CSI/SR PUCCH after UCI multiplexing. So the NW always detects this final PUCCH resource. In addition, as the NW has no idea whether the PUSCH is prioritized or not, it will always blindly decode the PUSCH as well. Thus, the blind decoding hypotheses at the NW side are:
· AN/CSI/SR PUCCH (i.e. final PUCCH after UCI multiplexing);
· PUSCH.
If Understanding 2 is adopted, 
· From UE perspective, 
· At the moment of T1, no matter whether SR will be triggered by MAC, the PHY starts to prepare UCI multiplexing for the final PUCCH, according to the UCI multiplexing rule defined in TS 38.213 sub-clause 9.2.5.2 (assuming both PUCCH format and processing timeline permit such operation). At the same time, the MAC performs the LCH-based prioritization check. However, the MAC cannot make a decision since it doesn’t know whether there will be a final PUCCH resource and whether it is overlapping with PUSCH.
· Then the PHY is instructed to calculate the final PUCCH resource. As the final PUCCH resource does not overlap with PUSCH (PHY tells MAC), MAC can prioritize both PUSCH and SR. Consequently, both PUSCH and the AN/CSI/SR PUCCH can be transmitted by PHY, as shown in Figure 4.


Figure 4: both PUSCH and SR are prioritized in Case 2-1
·  From NW perspective,
· It is deterministic that the UE will report both the AN/CSI/SR PUCCH after UCI multiplexing and PUSCH. So the NW always detects this final PUCCH resource and PUSCH. Thus, the blind decoding hypotheses at the NW side are:
· AN/CSI/SR PUCCH (i.e. final PUCCH after UCI multiplexing);
· PUSCH.
Based on the analysis above, compared with UE/NW behaviors under Understanding 1, at the UE side, adopting Understanding 2 in Case 2-1 requires back-and-forward interaction between MAC and PHY (e.g. MAC asks PHY to calculate whether there will be a final PUCCH resource, PHY determines whether the final PUCCH resource, if any, is overlapping with PUSCH). As a reward for the complicated MAC-PHY interaction, PUSCH will not be unnecessarily dropped due to non-actual overlapping. At the NW side, fortunately, it seems there is no impact in terms of blind decoding.

For Case 2-2:


Figure 5: Case 2-2
If Understanding 1 is adopted, 
· From UE perspective, 
· At the moment of T1, no matter whether SR will be triggered by MAC, the PHY starts to prepare UCI multiplexing for the final PUCCH (p.s. a new PHY processing timeline might be required for Case 2-2). At the same time, the MAC performs the LCH-based prioritization check. Consequently, the MAC will only deliver either SR or PUSCH MAC PDU to the PHY layer.
· If PUSCH is prioritized, then the PHY will further multiplex the AN/CSI/SR PUCCH (i.e. final PUCCH resource) with setting the number of SR bits to 0 (i.e. OSR = 0) on PUSCH (i.e. the SR will not be transmitted), as shown in the following Figure 6.


Figure 6: PUSCH is prioritized in Case 2-2
· If SR is prioritized, then the PHY will only transmit the AN/CSI/SR PUCCH even though the Rel-16 UL skipping feature is enabled, based on the RAN2 WA (i.e. LCH based prioritization has higher priority than UL skipping), which is shown in the following Figure 7.


Figure 7: SR is prioritized in Case 2-2
· From NW perspective,
· With the LCH-based prioritization mechanism, the NW has no idea whether the PUSCH is prioritized or not. As a result, it has to always blindly decode the PUSCH with UCI multiplexing and the final PUCCH as well. Thus, the blind decoding hypotheses at the NW side are:
· AN/CSI/SR PUCCH (i.e. final PUCCH after UCI multiplexing);
· PUSCH with UCI multiplexing.
If Understanding 2 is adopted, 
· From UE perspective, 
· At the moment of T1, no matter whether SR will be triggered by MAC, the PHY starts to prepare UCI multiplexing for the final PUCCH (p.s. a new PHY processing timeline might be required for Case 2-2). At the same time, the MAC performs the LCH-based prioritization check. However, the MAC cannot make a decision since it doesn’t know whether there will be a final PUCCH resource and whether it is overlapping with PUSCH.
· Then the PHY is instructed to calculate the final PUCCH resource. As the final PUCCH resource still overlaps with PUSCH (PHY tells MAC), MAC can only prioritize either PUSCH or SR. 
· If PUSCH is prioritized, then the PHY will further multiplex the AN/CSI/SR PUCCH on PUSCH, which is the same as shown in Figure 6.
· If SR is prioritized, then the PHY will only transmit the AN/CSI/SR PUCCH, which is the same as shown in Figure 7.
· From NW perspective,
· The NW behavior is the same as that for Understanding 1.
Based on the analysis above, compared with UE/NW behaviors under Understanding 1, at the UE side, adopting Understanding 2 in Case 2-2 requires back-and-forward interaction between MAC and PHY. At the NW side, fortunately, it seems there is no impact in terms of blind decoding.

For case 4:
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Figure 8: Case 4
If Understanding 1 is adopted, 
· From UE perspective, 
· At the moment of T1, no matter whether SR will be triggered by MAC, the PHY starts to prepare UCI multiplexing for the final PUCCH. At the same time, the MAC performs the LCH-based prioritization check for SR transmission. Generally, the MAC can prioritize the SR since there is no overlapping PUSCH.
· At the moment of T2, the PHY starts to prepare UCI multiplexing on PUSCH, according to the UCI multiplexing rule defined in TS 38.213 section 9. At the same time, the MAC performs the LCH-based prioritization check for PUSCH transmission. Specifically, the MAC can prioritize the PUSCH since there is no overlapping PUSCH/SR. If Rel-16 UL skipping is enabled, a MAC PDU can be always generated for UCI multiplexing. Finally, the PHY will transmit the PUSCH with UCI multiplexing, which is shown in the following Figure 9.


Figure 9: both PUSCH and SR are prioritized in Case 4
· From NW perspective,
· It is deterministic that the UE will transmit the PUSCH after UCI multiplexing on PUSCH. So the NW always detects the PUSCH with UCI multiplexing. Thus, there is only one blind decoding hypothesis at the NW side, that is:
· PUSCH with UCI multiplexing.
If Understanding 2 is adopted, 
· From UE perspective, 
· At the moment of T1, no matter whether SR will be triggered by MAC, the PHY starts to prepare UCI multiplexing for the final PUCCH (p.s. a new PHY processing timeline might be required for Case 4). At the same time, the MAC performs the LCH-based prioritization check. However, the MAC cannot make a decision since it doesn’t know whether there will be a final PUCCH resource and whether it is overlapping with PUSCH.
· Then the PHY is instructed to calculate the final PUCCH resource. As the final PUCCH resource still overlaps with PUSCH (PHY tells MAC), MAC can only prioritize either PUSCH or SR. 
· If PUSCH is prioritized, then the PHY will further multiplex the AN/CSI/SR PUCCH on PUSCH (i.e. the SR will not be transmitted), which is shown in Figure 10.


Figure 10: PUSCH is prioritized in Case 4
· If SR is prioritized, then the PHY will only transmit the AN/CSI/SR PUCCH even though the Rel-16 UL skipping feature is enabled, based on the RAN2 WA (i.e. LCH based prioritization has higher priority than UL skipping), which is depicted in Figure 11.


Figure 11: SR is prioritized in Case 4
· From NW perspective,
· With the LCH-based prioritization mechanism, the NW has no idea whether the PUSCH is prioritized or not. As a result, it has to always blindly decode the PUSCH with UCI multiplexing and the final PUCCH as well. Thus, the blind decoding hypotheses at the NW side are:
· AN/CSI/SR PUCCH (i.e. final PUCCH after UCI multiplexing);
· PUSCH with UCI multiplexing.
Based on the analysis above, compared with UE/NW behaviors under Understanding 1, at the UE side, adopting Understanding 2 in Case 4 not only requires back-and-forward interaction between MAC and PHY but also requires a potential new PHY processing timeline design for UCI multiplexing. At the NW side, unfortunately, more blind decoding hypotheses are needed.
Combining all the analysis for the above-mentioned 3 typical cases, we can find out that adopting Understanding 2 only brings performance gain under Case 2-1 (which might be a corner case) at a cost of back-and-forward interaction between MAC and PHY, as illustrated in Figure 12, and potential RAN1 impacts in terms of processing timeline at the UE side and blind detection at the gNB side in Case 4. In this sense, we prefer Understanding 1 for implementation simplicity and layer independence. If this can not be agreeable, we are okay to accept that it is up to UE implementation whether to take UCI multiplexing into account in the MAC layer in Rel-16 NR.


Figure 12: UE implementation via Understanding 1/2
Observation 2: Realizing MAC awareness of UCI multiplexing requires back-and-forward interaction between MAC and PHY. 
Observation 3: For case 4, realizing MAC awareness of UCI multiplexing additionally brings potential RAN1 impacts in terms of processing timeline at the UE side and blind detection at the gNB side.
Proposal 1: RAN2 confirms MAC does not take UCI multiplexing into account when performing the LCH-based prioritization procedure in Rel-16. 
Proposal 2: If P1 is not agreeable, it is up to UE implementation whether to take UCI multiplexing into account in the MAC layer when performing the LCH-based prioritization procedure in Rel-16.
Last but not least, to prevent another possible discussion on the MAC awareness of UCI multiplexing due to the magic wording in the MAC spec, as per the Chair’s suggestion, we think a more principal rule is needed for the MAC spec. For example, unless otherwise specified, MAC does not take UCI multiplexing into account when a MAC procedure is performed.
Proposal 3: Unless otherwise specified, MAC does not take UCI multiplexing into account when a MAC procedure is performed since Rel-17 NR. 
2.2 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 13 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 [5]. 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 13: 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 4: In the case of 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 overlapping with only one of those configured uplink grants, it is up to UE implementation to choose one of the configured uplink grants (i.e. no spec change is needed).  
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 observations and proposals are given as follows,
Observation 1: It is not desirable to make UE know the final PUCCH resource after UCI multiplexing when performing the CSI report in C-DRX.
Observation 2: Realizing MAC awareness of UCI multiplexing requires back-and-forward interaction between MAC and PHY. 
Observation 3: For case 4, realizing MAC awareness of UCI multiplexing additionally brings potential RAN1 impacts in terms of processing timeline at the UE side and blind detection at the gNB side.
Proposal 1: RAN2 confirms MAC does not take UCI multiplexing into account when performing the LCH-based prioritization procedure in Rel-16. 
Proposal 2: If P1 is not agreeable, it is up to UE implementation whether to take UCI multiplexing into account in the MAC layer when performing the LCH-based prioritization procedure in Rel-16.
Proposal 3: Unless otherwise specified, MAC does not take UCI multiplexing into account when a MAC procedure is performed since Rel-17 NR. 
Proposal 4: In the case of 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 overlapping with only one of those configured uplink grants, it is up to UE implementation to choose one of the configured uplink grants (i.e. no spec change is needed).
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