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[bookmark: _Hlk54788766]The document provides a summary for the email discussion thread [104b-e-NR-7.1CRs-05] Discussion on PUSCH skipping with UCI overlapping for Rel-16 only. Note that the deadline for the discussion for the email thread and the corresponding TP is set to be April 20. 
[104b-e-NR-7.1CRs-05] Issue#25: Discussion on PUSCH skipping with UCI overlapping – Xiaohang (vivo) by April 20
· For Rel-16 only

In order to make use of the email thread for discussion efficiently, two check points are planned as follows.
· 1st check point: 4/15 (UTC). 
· 2nd round discussion: 4/20 (UTC). 
Email discussion outcomes
Conclusion
For Rel-16, In case of UCI overlapping with multiple CG with the same starting time on a serving cell, it is up to UE implementation to determine the CG resource for UCI multiplexing from multiple CG configurations.
· No spec change is needed

Summary of discussions (final)
PUSCH skipping with repetitions 
Regarding the issue of PUSCH skipping with repetitions, we already have intensive discussions for two meetings. Unfortunately we have not achieved consensus for this issue yet.
Looking through all the options, each option has its pros and cons. To my understanding, the goal is to figure out a solution that lead to a deterministic behavior in terms of PUSCH transmissions from the UE and avoid any additional blind detection efforts at the gNB. In order to achieve this, some cost would be needed for each option. 
[bookmark: _GoBack]It is quite understandable that each company has preference over their schemes. However, for the discussion in next meeting, I hope we can be more constructive and flexible because we’re at a point that we have to make decision.
Before that, companies can have more time to think about it. Hopefully we can proceed the discussion for down-selection in the next meeting. 
Last but not the least, it is a reminder that if there is no consensus in RAN1 #105-e, then option 4, i.e. Rel-16 PUSCH skipping and PUSCH repetitions are not allowed to be enabled together (error case is defined) will be automatically adopted.

The options we have discussed are summarized as follows.
	· Option 1: When there’s a UCI to be multiplexed on any of the repetitions of the DG PUSCH, MAC generates MAC PDU for the DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI can be multiplexed on the DG PUSCH.
· MAC generate MAC PDU for all DG PUSCH repetitions
· Note: the UCI multiplexing timeline condition for the first repetition of DG PUSCH should be ensured

· Option 2: 
· When there’s UCI overlapping with the first PUSCH repetition of the DG PUSCH, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. 
· UE does not expect when a UCI is overlapping with the repetitions other than the first PUSCH repetition.

· Option 3: When a PUCCH is overlapped with the first PUSCH repetition, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. All of the PUSCH repetitions are not skipped.
· When a PUCCH is overlapped with the repetitions other than the first PUSCH repetition, if there is no PDU including data delivered from MAC, the DG PUSCH can be skipped. UCI is transmitted on the PUCCH.
· Option 4: Rel-16 PUSCH skipping and PUSCH repetitions are not allowed to be enabled together (error case is defined).

· Option 5: When PUSCH repetition is configured, 
· if a PUSCH repetition overlaps with PUCCH, MAC generates PDU for the repetition, 
· otherwise, MAC does not generate PDU for the repetition if there is no data for the DG PUSCH.
· Note: it requires the MAC layer can decide whether to generate a MAC PDU for the repetition depending on whether it overlaps with PUCCH, which is different from current MAC behaviour.

· Option 6: When PUSCH repetition is configured, 
· MAC layer behavior: For a PUSCH repetition, MAC always generate a PDU. If MAC has data in buffer, generate a real PDU; otherwise, generate a dummy PDU. And MAC use 1-bit to tell the PHY the PDU is a dummy PDU or real PDU. The 1-bit can be UE internal implementation between MAC and PHY, no need to specify it. 
· PHY layer behavior: Each PUSCH repetition independently check it overlap with a PUCCH or not. 
· If it overlaps with a PUCCH, that PUSCH repetition cannot be skipped. 
· If it does not overlap with any PUCCH, 
· if the MAC PDU is a dummy PDU, PHY can skip this PUSCH repetition
· If the MAC PDU is a real PDU, PHY cannot skip this PUSCH repetition. 

· Option 7: When a PUCCH is overlapped with any of the first X PUSCH repetition, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. All of the PUSCH repetitions are not skipped.
· UE does not expect when a UCI is overlapping with the repetitions other than the first X PUSCH repetition
· The value of X can be 1 or is 2  




Discussions (week 2)
PUSCH skipping with repetitions 
	Options that proposed by companies:
· Option 1: When there’s a UCI to be multiplexed on any of the repetitions of the DG PUSCH, MAC generates MAC PDU for the DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI can be multiplexed on the DG PUSCH.
· MAC generate MAC PDU for all DG PUSCH repetitions
· Note: the UCI multiplexing timeline condition for the first repetition of DG PUSCH should be ensured

· Option 2: 
· When there’s UCI overlapping with the first PUSCH repetition of the DG PUSCH, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. 
· UE does not expect when a UCI is overlapping with the repetitions other than the first PUSCH repetition.

· Option 3: When a PUCCH is overlapped with the first PUSCH repetition, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. All of the PUSCH repetitions are not skipped.
· When a PUCCH is overlapped with the repetitions other than the first PUSCH repetition, if there is no PDU including data delivered from MAC, the DG PUSCH can be skipped. UCI is transmitted on the PUCCH.
· Option 4: Rel-16 PUSCH skipping and PUSCH repetitions are not allowed to be enabled together (error case is defined).

· Option 5: When PUSCH repetition is configured, 
· if a PUSCH repetition overlaps with PUCCH, MAC generates PDU for the repetition, 
· otherwise, MAC does not generate PDU for the repetition if there is no data for the DG PUSCH.
· Note: it requires the MAC layer can decide whether to generate a MAC PDU for the repetition depending on whether it overlaps with PUCCH, which is different from current MAC behaviour.

· Option 6: When PUSCH repetition is configured, 
· MAC layer behavior: For a PUSCH repetition, MAC always generate a PDU. If MAC has data in buffer, generate a real PDU; otherwise, generate a dummy PDU. And MAC use 1-bit to tell the PHY the PDU is a dummy PDU or real PDU. The 1-bit can be UE internal implementation between MAC and PHY, no need to specify it. 
· PHY layer behavior: Each PUSCH repetition independently check it overlap with a PUCCH or not. 
· If it overlaps with a PUCCH, that PUSCH repetition cannot be skipped. 
· If it does not overlap with any PUCCH, 
· if the MAC PDU is a dummy PDU, PHY can skip this PUSCH repetition
· If the MAC PDU is a real PDU, PHY cannot skip this PUSCH repetition. 





As discussed a few times already, we’re at a point that we have to be more constructive and make decision. It is quite understandable that each company has preference over their schemes.
Leaving this issue unsolved will result in significantly increased scheduling restriction for UL skipping. 
Looking through all the options, each option has its pros and cons. To my understanding, the goal is to figure out a solution that lead to a deterministic behavior in terms of PUSCH transmissions from the UE and avoid any additional blind detection efforts at the gNB. In order to achieve this, some cost would be needed for each option. 
For option 3, one key question is whether gNB can reliably detect first PUSCH repetition Tx. Some companies mentioned that the detection of first repetition can be improved by some useful gNB implementation. Besides, option 3 does not introduce too muach UE complexity on implementation. Considering this and option 3 has a greater number of supporters, option 3 is recommended. 
Possible proposal 1: For DG PUSCH skipping with repetitions, 
· When a PUCCH is overlapped with the first PUSCH repetition, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. All of the PUSCH repetitions are not skipped.
· When a PUCCH is overlapped with the repetitions other than the first PUSCH repetition, if there is no PDU including data delivered from MAC, the DG PUSCH can be skipped. UCI is transmitted on the PUCCH.
Companies please indicate if you can accept the proposals or not.
	Yes
	Huawei, Intel, Samsung, Nokia, Apple

	No
	Ericsson, QC, ZTE



Possible proposal 2: For CG PUSCH skipping with repetitions, same solution is adopted as DG PUSCH skipping with repetitions, with the following exception.
· the first PUSCH repetition is defined as any of the transmission occasions of the (actual) repetitions that are associated with RV=0 for initial transmission.
Companies please indicate if you can accept the proposals or not.
	Yes
	Nokia, Apple

	No
	



Please share your detailed comment if any.
	Company
	Comment

	QC
	Option 3, besides it is against the principle established in UCI mux with UL skipping for PUSCH without repetition and it will increase gNB implementation complexity, it also increases UE implementation complexity. Now for PUSCH with and without repetition, two different solutions (in principle opposite to each other) have to be implemented. 
We support option 6, or option 5. Option 1, 2, 4 are also acceptable to us. However, we object option 3. 

	Intel
	We do not think there is any fundamental difference in terms of blind detection requirements at gNB receiver between, say, Options 3, 5, and 6. 
In all these cases, gNB needs to figure out if the UE transmitted all the PUSCH repetitions (e.g., there was data to transmit or PUCCH overlap with first repetition for Option 3), or not. For the alternate hypothesis, for Option 3, the gNB tries to receive the UCI in the PUCCH resource, while for Options 5 or 6, it would try to receive the UCI multiplexed in a single PUSCH repetition. 
Having said the above in support of Option 3, we would also be open to Option 5 since we understand that RAN2 may be updating their specs anyway in the direction of supporting generation of MAC PDU each repetition. 

	Samsung
	We understand that the current situation is difficult to converge one of them. So, we are fine to consider option 4 as well. 

	Nokia, NSB
	Option 1 and option 3 are the same for the gNB, if the timeline condition for the UCI to make it before the 1st PUSCH slot is met. Thus the concern on gNB implementation on option 3 over option 1 is not valid, as the gNB can always run the system so that the timeline condition is met.
However, if the timeline condition cannot be met, with option 3, the network has the option to try and decode the PDCCH (or not, if it so chooses), while with option 1 the whole behaviour is undefined. There is no gain from option 1 over option 3 for the network implementation.
Option 5 is attractive at the first look, but as the gNB doesn’t know it is a dummy PDU it will fail to decode the PUSCH (due to combining with slots that were not there) and request for a retranmission. The retransmission has still a high likelihood of failing as it is still combined with the first HARQ transmission attempt that had slots that did not actually contain any PUSCH. This is contributing to the problem as now the skipped PUSCH would need to be retransmitted with repetitions, potentially several times.
Option 6 seems to be just a different way of implementing option 5 with moving the spec effort to MAC, but still has the same system aspect as option 5.

	NTT DOCOMO
	Firstly, we are OK with option 3. But at the same time, we are OK with option 1 as well. We would like to know certain issue on blind detection in option 3.
For example 4 repetitions case, a PUCCH is overlapped with the 2nd repetition. In addition, the PUCCH is overlapped with another PUSCH (PUSCH X). In this case, the following two possibilities: 
· A: UE skips the first repetition. The UCI is multiplexed on PUSCH X.
· B: UE transmits the first repetition. The UCI is multiplexed on the 2nd repetition. (if the UCI is multiplexed on the other PUSCH, no issue is assumed.)
If power detection of the initial PUSCH is reliably possible, gNB knows A or B before reception at the 2nd repetition, so there is no BD issue. If not reliable, gNB does not know A or B, and gNB needs to decode ‘PUSCH X with the UCI’ or ‘PUSCH repetition with the UCI and PUSCH X’.
Regarding reliability of the power detection, we think the following two aspects can be assumed:
· Y: For cell edge case, power will be low and power detection of the first repetition is not reliable.
· Z: For URLLC, power will be high but power detection of the first repetition is not reliable for URLLC level.
The above is correct analysis? If correct, PUSCH BD (not power detection) will be necessary at gNB, which is not our direction in discussions of ‘PUSCH skip’ feature. Option other than option 3 seems better. Please remember we focused on reducing gNB BD, for case without repetition.
But if not correct, i.e. power detection rather than PUSCH BD is OK, then option 3 should be OK.

Regarding Option 6, i.e. QC’s suggestion, we think firstly the proposal should correctly be written as proposal in RAN1. We do not discuss/case whether MAC has real PDU or dummy PDU. What we should do is to agree PHY behavior when a PUCCH is overlapped with PUSCH repetition, regardless MAC has data or not. In this sense, Option 6 should be captured as follows, if my understanding is correct.
Option 6: When there’s a UCI to be multiplexed on a repetition of the repetitions of the DG PUSCH, MAC generates MAC PDU for the repetition and delivers the MAC PDU(s) to PHY and the UCI can be multiplexed on the repetition.
· The PUCCH transmission is scheduled before the UL grant. 
· Repetitions other than the repetition can be transmitted or can be skipped, which is up to RAN2.
In the above example with option 6, the UCI shall be multiplexed on the repetition regardless of whether the UE skips the PUSCH repetitions or not. gNB BD is unnecessary. RAN1 spec impact will be small like repetition with RV ≠ 0 can be transmitted even if the previous repetitions are skipped.
If the above our understanding is correct, we are supportive of option 6. (BTW, the first bullet is mandatory in current Rel-15/16, right? In this case, Option 6 will be the same as Option 5...)

	Ericsson
	We would like to converge the discussion on this meeting. Option 5 and 6 assumes network can separate if it’s a DTX or failed UL transmission detection. When UE is at cell edge, that decision is impossible. 
Option 1 gives gNB better control of ULSkipping padding generation. But if that is too expensive for UE to implement, we can accept Option 3 if we can relax on the number of repetitions to check from 1 to 2 before UE skip. 

· Option 3: When a PUCCH is overlapped with the first X PUSCH repetition, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. All of the PUSCH repetitions are not skipped.
· When a PUCCH is overlapped with the repetitions other than the first X PUSCH repetition, if there is no PDU including data delivered from MAC, the DG PUSCH can be skipped. UCI is transmitted on the PUCCH.
                          The value of X can be 1 or 2  


	ZTE
	For Option 3, we share with NTT DOCOMO that PUSCH blind decoding (not power detection) is needed since it relies on the detection of the first repetition, which is not reliable for cell edge UEs. 

For Option 5/6, we want to highlight that the raised issue for potential re-transmission of dummy PDU is similar as UL skipping for single PUSCH transmission case. And we think this can be avoided by NW for repetition case. For instance, if there is one repetition transmitted due to overlapping with PUCCH, while the other repetitions are skipped, NW can determine it is dummy PDU based on detection of the presence of all repetitions, and/or the presence of PUCCH. Note that, it is power detection instead of blind decoding of PUSCH w/ or w/o UCI. Anyway, for Option 5/6, NW can choose to whether to do the power detection or not depending on its implementation. 
In addition, as commented by Intel, Option 5 may be anyway the direction in RAN2.  So, we support Option 5 and also ok with Option 6. 

	Intel2
	In response to comments from DCM and ZTE.
1. The use-case of multiple blind decoding requirements as cited by DCM is not typical but a corner case. In fact, for most scenarios, such would not even be possible within an UL carrier, except when the PUCCH overlaps with the last repetition of the PUSCH and also with another “PUSCH X” that follows the last PUSCH repetition. Further, in general, similar issue exists for Options 5 or 6 as well for the example from DCM (e.g., due to missed DCI for the PUSCH with repetitions, etc.). 
1. The modification to Option 6, suggested by DCM, seems to make it very much like Option 1, and thus, carries the timeline advancement issue of Option 1. We thought Options 5 and 6 do NOT require that the PUCCH scheduling information to be available at the UE before the first PUSCH repetition. It’d be good to confirm from proponents of Options 5/6 if such constraints are indeed intended.
1. The explanation from ZTE on why blind decoding is needed for Option 3 to determine if all PUCCH repetitions are transmitted (“For Option 3, we share with NTT DOCOMO that PUSCH blind decoding (not power detection) is needed since it relies on the detection of the first repetition, which is not reliable for cell edge UEs.”), while energy detection is sufficient to test the same hypothesis for Option 5/6 (“For instance, if there is one repetition transmitted due to overlapping with PUCCH, while the other repetitions are skipped, NW can determine it is dummy PDU based on detection of the presence of all repetitions, and/or the presence of PUCCH.”). Why can the gNB not try to detect based on “presence of all repetitions” even for Option 3 (if the first repetition is transmitted, all repetitions are transmitted)? Note that the example from DCM (discussed above) concerns a different scenario wherein another PUSCH is involved. 

	QC
	@Shohei, sorry for my late reply due to in different time zone. The second sub-bullet of your understanding of option 6 is not accurate. Dropping or transmit other repetitions depends on the 1 bit indication from MAC to PHY, following something like this “Repetitions other than the repetition can be transmitted or can be skipped, depends on 1 bit signaling from MAC to PHY”. It will have RAN1 spec impact (Sorry for the confusion maybe caused by my earlier email where I missed the RAN1 spec impact). So the wording of current option 6 in FL summary captures QC proposal in a more accurate way. 
Jianwei’s proposed modified option 3 is certainly an interesting proposal. In my view, it can be a direction of a WF. By allowing overlapping at the first and second repetitions, it should relax scheduling restriction at NW side. I think the motivation behind this relaxation is the following. In TDD, the ACK to the last DL slot (before the PUSCH repetitions) may have to overlap with the second repetition due to PDSCH processing time. While, the ACK does not have to overlap with the subsequent UL slots. Hopefully, this relaxation of timeline is good enough for NW scheduler. 
With the above compromise in favor of NW scheduling, I hope companies can also consider the desire on UE implementation to have unified implementation between with and without repetition. With that, I propose remove the sub-bullet of option 3, i.e., not supporting NW to schedule PUCCH overlap with repetitions other than the first and second repetitions. 
Essentially, what I am proposing is the following, which is a combination of Jianwei’s proposal + option 2. 
· Option 7: When a PUCCH is overlapped with the first X PUSCH repetition, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. All of the PUSCH repetitions are not skipped.
· UE does not expect when a UCI is overlapping with the repetitions other than the first X PUSCH repetition
· The value of X can be 1 or 2  
In summary, our main concern on option 3 (including Jianwei’s modified version) is that it creates two different UE behaviours between with and without PUSCH repetitions. We prefer a unified implementation to support this UL skipping feature. We are OK with option 1, 2, 4, 5, 6, and 7. Not option 3(including Jianwei’s modified version) is not acceptable to us. 

	Apple
	As commented by some other companies already, we think Option 5 and 6 have similar blind detection issue (to detect the presence of PUSCH, not the blind decoding for PUSCH) for each PUSCH repetition as the first repetition for Option 3. The smart implementation commented by ZTE and QC seems to depend on that the gNB can detect whether a PUSCH repetition is transmitted or not on a per-repetition basis. Therefore, we are not fully convinced that Option 5 and 6 are better compared to Option 3. Even though it allows the UE to do the processing on a per-repetition basis, it changes the MAC (and possibly PHY) in a more substantial way. If RAN2 can agree to the corresponding MAC change for Option 5/6, we would be in a better position to revisit Option 5/6.
For the newly proposed Option 3’ and 7, given that they were proposed towards the end of the discussion, we need a bit more time to do internal checking.

	ZTE2
	Thanks for Intel’s further clarification. Below is my follow-up regarding the third bullet from Intel.
We can take one specific example, e.g., a PUCCH overlaps with the second repetition of the 4 PUSCH repetitions. For Option 3, there are two hypothesis, 1) No MAC PDU generated, and the PUCCH is transmitted, 2) MAC PDU is generated and all 4 PUSCH repetitions are transmitted, with UCI multiplexing in the second PUSCH repetition. Theoretically, I agree with you gNB can detect based on the presence of all PUSCH repetitions for Option 3 in this case. However, this would break the processing order of different channels at gNB side. That is, gNB needs to first buffer PUCCH, and detect whether the PUSCH repetitions are transmitted or not, then back to process the PUCCH if it finds PUSCH is not transmitted. This is the reason that I thought gNB may only rely on the detection of the first PUSCH repetition, and then process the subsequent slots accordingly. While detection based on only the first repetition may not be reliable, it may then require blind decoding of PUSCH. For Option 5, as long as there is PUCCH overlapping, a UE will always transmit PUSCH and doesn’t transmit PUCCH. Thus, it is only about of detection (if needed) and decoding of PUSCH channel itself, which is similar as legacy processing. 




Potential spec change for PUSCH skipping with repetitions
For option 3, it is expected there is spec update for 38.213 if it is agreed. A draft CR by Nokia (R1-2103677) is provided as the starting point. In order to cover the CG PUSCH and PUSCH repetition type B cases, I prepare the following TP for 38.213 for option 3. 
	===========================Text proposal for 38.213================================
9	UE procedure for reporting control information
…Omitted part…
If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in Clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, the UE multiplexes the HARQ-ACK and/or CSI information in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK and/or CSI information in the PUSCH transmission in a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK and/or CSI information in the slot in case the PUSCH transmission was absent.
If a UE transmits a PUSCH with repetition Type B and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the PUSCH transmission in one or more slots, the UE expects all actual repetitions of the PUSCH transmission [6, TS 38.214] that would overlap with the PUCCH transmission to fulfill the conditions in Clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, and the UE multiplexes the HARQ-ACK and/or CSI information in the earliest actual PUSCH repetition of the PUSCH transmission that would overlap with the PUCCH transmission and includes more than one symbol. The UE does not expect that all actual repetitions that would overlap with the PUCCH transmission do not include more than one symbol.
When a UE is configured with enhancedSkipUplinkTxDynamic with value true or enhancedSkipUplinkTxConfigured with value true,
· If a UE would transmit a PUSCH with repetition Type A and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with one or more PUSCH repetitions other than the first PUSCH repetition of the PUSCH transmission in a slot, and the UE does not generate a transport block as described in [10, TS38.321], the UE does not multiplex HARQ-ACK and/or CSI information in any PUSCH repetition of the one or more PUSCH repetitions of the PUSCH transmission.
· If a UE would transmit a PUSCH with repetition Type B and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with one or more actual PUSCH repetitions other than the first actual PUSCH repetition of the PUSCH transmission in a slot, and the UE does not generate a transport block as described in [10, TS38.321], the UE does not multiplex HARQ-ACK and/or CSI information in any actual PUSCH repetition of the one or more actual PUSCH repetitions of the PUSCH transmission.

…Omitted part…



In current spec, it is specified that UCI will be multiplexed on the overlapped PUSCH repetition for PUSCH transmission with repetitions. It means there is a MAC PDU generated by MAC for the PUSCH. So, the TP captures the behavior for UL skipping with repetition when there is no PDU generated from MAC, i.e. UE does not multiplex UCI on the PUSCH repetitions if PUCCH carrying the UCI is overlapping with the non-initial transmission. If there is data PDU or dummy PDU (in case of PUCCH overlapping with first repetition) generated from MAC, the UCI multiplexing behavior is the same as the existing behavior in the spec, i.e. the first two unchanged paragraphs in the TP.
Regarding the possible TP for option 3, it seems that there may not be additional spec change in PHY. Of course, we can further discuss how to update the spec after there is conclusion for PUSCH skipping with repetitions case. For now, please check the possible TP for option 3 in this summary as the starting point.

Please share your comment if any.
	Company
	Comment

	Ericsson
	When thinking carefully about the TP. I’m not sure if this update is needed for ULSkipping with the repetition. If MAC PDU is not generated, there’s no PUSCH transmission. 

	Huawei, HiSilicon
	We agree spec changes are needed if the proposals in section 3.1 are finally endorsed. The TP is a good starting point and details can be further discussed.

	Samsung
	As we commented earlier, a UE will follow UCI multiplexing rule depending on whether overlapping PUSCH has MAC PDU or not. Hence, if there is no generated MAC PDU, UE would transmit PUCCH without any specification update. 

	Nokia, NSB
	In principle we tend to agree with Samsung, but given the MAC/L1 interactions, it is probably better to spell the behaviour out, and for that the TP is a good starting point.

	Apple
	We still feel that more careful thinking is needed on the required spec changes to explicitly capture the MAC and PHY interaction. This TP can be certainly taken into account.



Potential specification modification for Case 1-6
According to the current status, some companies see the need for capturing the timeline condition for Case 1-6 in the spec due that spec is not clear and conclusion in the chairman notes is not sufficient, while other companies view no need to update the spec because the current spec and the conclusion are sufficient to address the timeline condition for Case 1-6. Both sides have their considerations.
From moderator’s perspective, the key point is how to address the timeline issue for Case 1-6, and we have concluded the time condition for Case 1-6 in last meeting. The different opinions from companies are where to fix it, explicitly specified in the spec, or kept as conclusion in the chairman notes. 
A TP for the timeline condition for Case 1-6 is provided. Companies please indicate whether and how to capture the timeline condition. Companies please check the TP and provide your comments if any, and let’s give a try on potential spec update in this meeting. However, since we are approaching the deadline, if we cannot finalize the TP, we can further discuss the TP if necessary in the future meeting.
	-----------------start of TP for 38.213-------------------------
9	UE procedure for reporting control information
<Unchanged part omitted>
When a UE is configured with enhancedSkipUplinkTxDynamic with value true or enhancedSkipUplinkTxConfigured with value true, the UE is not expected to be scheduled by a PDCCH ending in symbol 𝑖 to transmit a PUSCH on a given serving cell overlapping in time with a transmission occasion, where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321], starting in a symbol 𝑗 on the same serving cell if the first symbol of S0 of the earliest PUCCH or PUSCH among a group overlapping PUCCHs and PUSCHs in the slot, if any, is before a symbol with CP starting after  after symbol i. The  is determined according to clause 9.2.5. 
<Unchanged part omitted>
----------------end-------------------------



Please share your comment on the TP.
	Company
	Comment

	Huawei, HiSilicon
	A clear spec is always expected, however, we are still wondering such a CR is needed. At least for now, we do not think it is necessary and we also would like the proponents of this CR can further clarify it.
In RAN #104e, RAN1 clarifies PUCCH, CG PUSCH and DG PUSCH belong to same overlapping group for case 1-6.
	· RAN1 understands that for Case 1-6 the PUCCH, the CG PUSCH and the DG PUSCH are considered as an overlapping group of PUCCH/PUSCH channels for which the multiplexing timeline needs to be satisfied.
· The overlapping group of PUCCH/PUSCH channels for Case 1-6 is defined in the way such that a PUCCH/PUSCH would be included in a group if it overlaps with any channel in that group, regardless of whether multiplexing between these channels occurs or not.
· FFS whether or not additional spec change is needed



On the other hand, the spec in TS 38.213 Clause 9.2.5 also defines that for a group of overlapping PUCCH/PUSCH, timelines should be satisfied, including Tproc_1^mux and Tproc_2^mux.
	If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot and, when applicable as described in Clauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met. If one of the PUCCH transmissions or PUSCH transmissions is in response to a DCI format detection by the UE, the UE expects that the first symbol  of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot, satisfies the following timeline conditions
-	 is not before a symbol with CP starting after  after a last symbol of any corresponding PDSCH…
-	if there is no aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHs,  is not before a symbol with CP starting after  after a last symbol of …



So in our understanding, both Tproc_1^mux and Tproc_2^mux will be applied to the case 1-6 naturally. As the timeline requirement, the DL/UL DCI comes before PUCCH/PUSCH and the PUSCH can be either DG PUSCH or CG PUSCH, it seems no additional timeline is needed.

	Samsung
	Basically, we don’t think that it needs to define new additional processing time (or timeline) for case 1-6. BTW, it is not clear how proposed TP describes non-overlapping between DG PUSCH and CG PUSCH.  

	Nokia, NSB
	Our understanding is the same as Huawei’s, but timeline condition in the spec should apply directly.

	ZTE
	It seems the current proposal doesn’t cover the overlapping details of Case 1-6 , i.e., when DG PUSCH and CG PUSCH are overlapping on a serving cell and CG PUSCH is overlapping with PUCCH, and DG PUSCH is non-overlapping with the PUCCH. In addition, our understanding of Case 1-6 is it is only about UL skipping for DG PUSCH as the agreements stated, i.e., it seems no need to consider enhancedSkipUplinkTxConfigured. 

	Apple
	Regarding Huawei’s comments, the main question is the exact definition of “a group overlapping PUCCHs and PUSCHs” in the sentence. The first sentence of the paragraph says “multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot” and the procedure is about UCI multiplexing, a more natural interpretation is that the group refers to the PUCCH(s) and the overlapping PUSCHs that overlaps with the PUCCH(s). It is not exactly clear whether a PUSCH that does not overlap with any PUCCH would be counted in this group, such as the DG PUSCH in case 1-6.
It is also not clear to us whether the proposed TP covers case 1-6.
If the group is unwilling to make any spec change, another possibility (or an easier way out) is to draw a RAN1 conclusion that the “group of overlapping PUCCHs and PUSCHs” in the multiplexing timeline definition includes not only the PUSCHs that overlap with the PUCCHs, but also the PUSCHs overlapping with the any of the PUSCHs within the group. Typically we are not in favor of drawing RAN1 conclusion without clarifying RAN1 spec. But if this is the common understanding for R15 specs, it may be better to draw a conclusion on this common understanding, which would cover case 1-6 automatically.




Discussions of 3rd round
Discussion point #1: PUSCH skipping with repetitions 
· [bookmark: _Hlk69474293][bookmark: _Hlk69460267]Option 1: When there’s a UCI to be multiplexed on any of the repetitions of the DG PUSCH, MAC generates MAC PDU for the DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI can be multiplexed on the DG PUSCH.
· MAC generate MAC PDU for all DG PUSCH repetitions
· Note: the UCI multiplexing timeline condition for the first repetition of DG PUSCH should be ensured

· Option 2: 
· When there’s UCI overlapping with the first PUSCH repetition of the DG PUSCH, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. 
· UE does not expect when a UCI is overlapping with the repetitions other than the first PUSCH repetition.
[bookmark: _Hlk69473909]
· [bookmark: _Hlk69483557]Option 3: When a PUCCH is overlapped with the first PUSCH repetition, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. All of the PUSCH repetitions are not skipped.
· When a PUCCH is overlapped with the repetitions other than the first PUSCH repetition, if there is no PDU including data delivered from MAC, the DG PUSCH can be skipped. UCI is transmitted on the PUCCH.
· Option 4: Rel-16 PUSCH skipping and PUSCH repetitions are not allowed to be enabled together (error case is defined).

· Option 5: When PUSCH repetition is configured, 
· if a PUSCH repetition overlaps with PUCCH, MAC generates PDU for the repetition, 
· otherwise, MAC does not generate PDU for the repetition if there is no data for the DG PUSCH.
· Note: it requires the MAC layer can decide whether to generate a MAC PDU for the repetition depending on whether it overlaps with PUCCH, which is different from current MAC behaviour.

· Option 6: When PUSCH repetition is configured, 
· MAC layer behavior: For a PUSCH repetition, MAC always generate a PDU. If MAC has data in buffer, generate a real PDU; otherwise, generate a dummy PDU. And MAC use 1-bit to tell the PHY the PDU is a dummy PDU or real PDU. The 1-bit can be UE internal implementation between MAC and PHY, no need to specify it. 
· PHY layer behavior: Each PUSCH repetition independently check it overlap with a PUCCH or not. 
· If it overlaps with a PUCCH, that PUSCH repetition cannot be skipped. 
· If it does not overlap with any PUCCH, 
· if the MAC PDU is a dummy PDU, PHY can skip this PUSCH repetition
· If the MAC PDU is a real PDU, PHY cannot skip this PUSCH repetition. 

For these options, companies’ views are summarized in the following table based on the discussions. Please let me know if my understanding is incorrect.
	
	Supported
	Accepted
	Objected

	Option 1
	DCM, vivo, Ericsson, Samsung (4)
	Nokia
	

	Option 2
	
	
	

	Option 3
	DCM, Nokia, Spreadtrum, CATT, Apple, Huawei, MTK, Intel (8)
	Samsung
	QC, ZTE,Ericsson

	Option 4
	OPPO
	
	

	Option 5
	ZTE
	
	

	Option 6
	QC
	
	



Given that option 3 has a greater number of supporters, so option 3 is recommended. 
Possible proposal 1: For DG PUSCH skipping with repetitions, 
· When a PUCCH is overlapped with the first PUSCH repetition, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. All of the PUSCH repetitions are not skipped.
· When a PUCCH is overlapped with the repetitions other than the first PUSCH repetition, if there is no PDU including data delivered from MAC, the DG PUSCH can be skipped. UCI is transmitted on the PUCCH.
Companies please indicate if you support the proposals or not.
	Yes
	

	No
	QC, ZTE, Ericsson



Possible proposal 2: For CG PUSCH skipping with repetitions, same solution is adopted as DG PUSCH skipping with repetitions, with the following exception.
· the first PUSCH repetition is defined as any of the transmission occasions of the (actual) repetitions that are associated with RV=0 for initial transmission.
Companies please indicate if you support the proposals or not.
	Yes
	

	No
	



Please share your detailed comment if any.
	Company
	Comment

	
	

	
	




Discussion point #2: Potential spec impact
For option 3, it is expected there is spec update for 38.213 if it is agreed. A draft CR by Nokia (R1-2103677) is provided as the starting point. In order to cover the CG PUSCH and PUSCH repetition type B cases, I prepare the following TP for 38.213 for option 3. 
	===========================Text proposal for 38.213================================
[bookmark: _Toc29917290][bookmark: _Toc29894836][bookmark: _Toc36498164][bookmark: _Toc66974068][bookmark: _Toc20311578][bookmark: _Toc29899553][bookmark: _Toc26719403][bookmark: _Toc45699190][bookmark: _Toc29899135][bookmark: _Toc12021466][bookmark: _Hlk69473754]9	UE procedure for reporting control information
…Omitted part…
If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in Clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, the UE multiplexes the HARQ-ACK and/or CSI information in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK and/or CSI information in the PUSCH transmission in a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK and/or CSI information in the slot in case the PUSCH transmission was absent.
If a UE transmits a PUSCH with repetition Type B and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the PUSCH transmission in one or more slots, the UE expects all actual repetitions of the PUSCH transmission [6, TS 38.214] that would overlap with the PUCCH transmission to fulfill the conditions in Clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, and the UE multiplexes the HARQ-ACK and/or CSI information in the earliest actual PUSCH repetition of the PUSCH transmission that would overlap with the PUCCH transmission and includes more than one symbol. The UE does not expect that all actual repetitions that would overlap with the PUCCH transmission do not include more than one symbol.
[bookmark: _Hlk69483535]When a UE is configured with enhancedSkipUplinkTxDynamic with value true or enhancedSkipUplinkTxConfigured with value true,
· If a UE would transmit a PUSCH with repetition Type A and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with one or more PUSCH repetitions other than the first PUSCH repetition of the PUSCH transmission in a slot, and the UE does not generate a transport block as described in [10, TS38.321], the UE does not multiplex HARQ-ACK and/or CSI information in any PUSCH repetition of the one or more PUSCH repetitions of the PUSCH transmission.
· If a UE would transmit a PUSCH with repetition Type B and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with one or more actual PUSCH repetitions other than the first actual PUSCH repetition of the PUSCH transmission in a slot, and the UE does not generate a transport block as described in [10, TS38.321], the UE does not multiplex HARQ-ACK and/or CSI information in any actual PUSCH repetition of the one or more actual PUSCH repetitions of the PUSCH transmission.

…Omitted part…




In current spec, it is specified that UCI will be multiplexed on the overlapped PUSCH repetition for PUSCH transmission with repetitions. It means there is a MAC PDU generated by MAC for the PUSCH. So, the TP captures the behavior for UL skipping with repetition when there is no PDU generated from MAC, i.e. UE does not multiplex UCI on the PUSCH repetitions if PUCCH carrying the UCI is overlapping with the non-initial transmission. If there is data PDU or dummy PDU (in case of PUCCH overlapping with first repetition) generated from MAC, the UCI multiplexing behavior is the same as the existing behavior in the spec, i.e. the first two unchanged paragraphs in the TP
Please share your comment if any.
	Company
	Comment

	Ericsson
	When thinking carefully about the TP. I’m not sure if this update is needed for ULSkipping with the repetition. If MAC PDU is not generated, there’s no PUSCH transmission. 

	
	

	
	




Discussions of 2nd round
Issue 1. DG PUSCH skipping with PUSCH repetitions 
Summary of 1st round discussion
· Option 1: When there’s a UCI to be multiplexed on any of the repetitions of the DG PUSCH, MAC generates MAC PDU for the DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI can be multiplexed on the DG PUSCH.
· MAC generate MAC PDU for all DG PUSCH repetitions
· Note: the UCI multiplexing timeline condition for the first repetition of DG PUSCH should be ensured
Supported by: DCM, vivo, Ericsson, Samsung (4)
· Option 2: 
· When there’s UCI overlapping with the first PUSCH repetition of the DG PUSCH, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. 
· UE does not expect when a UCI is overlapping with the repetitions other than the first PUSCH repetition.
Supported by:
· Option 3: When a PUCCH is overlapped with the first PUSCH repetition, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. All of the PUSCH repetitions are not skipped.
· When a PUCCH is overlapped with the repetitions other than the first PUSCH repetition, if there is no PDU including data delivered from MAC, the DG PUSCH can be skipped. UCI is transmitted on the PUCCH.
Supported by: DCM, Nokia, Spreadtrum, CATT, Apple, Huawei, MTK, Nokia, Intel (9)
· Option 4: Rel-16 PUSCH skipping and PUSCH repetitions are not allowed to be enabled together (error case is defined).
Supported by: OPPO
· Option 5: When PUSCH repetition is configured, 
· if a PUSCH repetition overlaps with PUCCH, MAC generates PDU for the repetition, 
· otherwise, MAC does not generate PDU for the repetition if there is no data for the DG PUSCH.
· Note: it requires the MAC layer can decide whether to generate a MAC PDU for the repetition depending on whether it overlaps with PUCCH, which is different from current MAC behaviour.
Supported by: ZTE

The issues on PUSCH skipping with repetitions have been discussed intensively since last meeting. The pros and cons for each option have been well explained. The option 1 are option 3 are the focus for discussion. 
	
	Argument
	Company view

	Option 1
	· Introduce increase of UE implementation complexity
· Not friendly for CG PUSCH
· More power consumption
	Supported by: DCM, vivo, Ericsson, Samsung (4)

	Option 3
	· More complexity in gNB blind detection/decoding
· DMRS detection for the first repetition may not be reliable enough
	Supported by: DCM, Nokia, Spreadtrum, CATT, Apple, Huawei, MTK, Nokia, Intel (9)



Given that option 3 has a greater number of supporters, so option 3 is recommended. It should be noted that Rel-16 PUSCH skipping and PUSCH repetitions are not allowed to be enabled together, i.e. Option 4 will be automatically applied, if no consensus can be achieved.
Proposal 1: When a PUCCH is overlapped with the first PUSCH repetition, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. All of the PUSCH repetitions are not skipped.
· When a PUCCH is overlapped with the repetitions other than the first PUSCH repetition, if there is no PDU including data delivered from MAC, the DG PUSCH can be skipped. UCI is transmitted on the PUCCH.
Companies please indicate if you support the proposal or not.
	Yes
	

	No
	QC, Ericsson, ZTE



Question 1.  Please share your detailed comment if any.
	Company
	Comment

	QC
	Sorry for join the discussion late. But Option 3 is against the principle of supporting UL skipping with UCI mux that does not create multiple hypothesis for gNB detection. Not sure why suddenly with PUSCH repetition, multiple detections at gNB becomes acceptable? In our view, with PUSCH repetition, gNB should worry more about multiple detections because detection performance could be worse – gNB schedule PUSCH repetition because of bad link budget. 
 For this topic, we see the risk of no convergence. Therefore, we have a compromised solution, for the group to consider. The compromised solution does not have impact on CG-PUSCH timeline, and it does not require gNB multiple detection, and the unnecessary PUSCH repetitions can be skipped to save power. Regarding the UE complexity, I don’t see it increase UE complexity because Rel-15 UCI mux checking is done per PUSCH repetition anyway. 
The solution (which applies to both CG/DG-PUSCH as we prefer a unified solution) is the following. 
· MAC layer behavior: For a PUSCH repetition, MAC always generate a PDU. If MAC has data in buffer, generate a real PDU; otherwise, generate a dummy PDU. And MAC use 1-bit to tell the PHY the PDU is a dummy PDU or real PDU. The 1-bit can be UE internal implementation between MAC and PHY, no need to specify it. 
· PHY layer behavior: Each PUSCH repetition independently check it overlap with a PUCCH or not. 
· If it overlaps with a PUCCH, that PUSCH repetition cannot be skipped. 
· If it does not overlap with any PUCCH, 
· if the MAC PDU is a dummy PDU, PHY can skip this PUSCH repetition
· If the MAC PDU is a real PDU, PHY cannot skip this PUSCH repetition. 
With this solution, the following is allowed for CG-PUSCH repetition. 



	Ericsson
	As QC also mentioned, option 3 is against the principle of the UL-skipping discussion. It is still unclear to us why Option 1 add more complexity for UE implementation, what is the spec impact for Option 3-
I would like to ask for a clarification on Yangfan’s response:
Considering from the UE implementation perspective, for the first repetition, the complexity is same as single slot, however, the increment is, beyond the first repetition, UE has to check non-initial repetitions one by one and find whether there is overlapping witn PUCCH or not. 
Jianwei: Here if there’s no DCI received before the first repetition that indicate a ACK/NACK on certain PUCCH before the first slot, then UE does not need to check all the repetitions, right? Only if the DCI is received before the first repetition, and UE knows where the ACK/NACK shall be transmitted. Then I don’t understand why UE check all the repetitions if it doesn’t receive DCI. 

Furthermore, it is surely to impact UE processing order of UE which needs to process all the PUSCH repetition once before the starting of repetition because it needs to decide whether a MAC PDU is generated, rather than like the legacy processing order to handle repetitions one by one following the time order. 
Jianwei: Not sure I get your point here. UE generate MAC PDU only at the beginning of the repetition, and same data for all the repetitions. Do you mean MAC CE need time to generate dummy data?

I also read through the CR that Karri kindly pointed out. In my understanding option 3 could have impact on more places in RAN1, also RAN2 spec. If I’m wrong and the CR is the only spec impact for option 3, I feel relief. But still we have concern on the blind decoding effort. Hope more companies can confirm their understanding.



	ZTE
	Firstly, we share with Qualcomm and Ericsson that Option 3 is against the principle of the UL-skipping discussion. 
We think what Qualcomm proposed above is essentially the same as Option 5. That is, UL skipping operation is done per repetition basis. More specifically, for each repetition, whether MAC PDU should be generated  when UL skipping is configured depends on whether there would be UCI multiplexing. This simply falls back to single PUSCH transmission case, and what we have done before could apply to repetition case. In addition, as Qualcomm also noted, it is a unified solution for both DG and CG. Also, it is a unified solution for both UCI with HARQ-ACK and SP-CSI. This a very clean solution for RAN1, and can avoid continuing discussion on different cases. 
The claimed concerns on this solution are not convincing for us. 
1) One claimed concern is the change of RAN2 spec. However, it seems all these options require RAN2 change for the repetition case. In addition, as we commented before, the change is minor, it only requires MAC layer can generate MAC PDU per repetition basis only when UL skipping is configured. It will not impact the normal procedure when UL skipping is not configured. We also want to highlighted that,  the following behavior has already supported in Rel-15/16. 
· MAC layer can generate MAC PDU for any CG repetition with RV=0. That is, per repetition MAC PDU generation is already supported for CG PUSCH repetition with configured with RV sequence [0, 0, 0, 0].
· MAC layer already supports to deliver the stored MAC PDU to the PHY layer per repetition basis for PUSCH repetition, as RAN2 spec says ‘Each transmission within a bundle is a separate uplink grant delivered to the HARQ entity.

2) Regarding the potential additional re-transmission commented by Yanfan, we have a different understanding. Firstly, even only repetition is transmitted, it doesn’t mean it would be useless. gNB may schedule a re-transmission with less number of repetitions, since it can be jointly decoded with the repetition transmitted in the initial transmission. In addition, isn’t this is a business as usual? For instance, part of PUSCH repetitions may be canceled by semi-static DL symbols/SFI/UL CI/collision of among transmissions with different priorities etc. 

	Huawei
	Thanks Yi for suggesting compromise solution. It is approach to think forward, but we e are wondering whether the solution is applicable for gNB. Since gNB does not know the UL-SCH in the PUSCH is just for padding or real data, less repetitions may make gNB fail to decode the UL-SCH and further retransmission will be indicated. For example, if only one repetition is overlapping with the PUCCH, then only the overlapped PUSCH repetition is transmitted. It can be predicted that the PUSCH decoding fails in a high probability, additional retransmissions will be scheduled.  

As the aspect of UE implementation complexity, also questioned by Ericsson, we think companies may have different understandings and RAN1 does not need to go through the implementation details. Based on our consideration, the most significant difference from Rel-15 PUSCH repetition is the condition of MAC PDU generation. In Rel-15, i.e. the DG UL skipping is not supported, the MAC PDU is generated based on whether there is data in the LCH. However, in Rel-16, when the DG UL skipping is enabled, MAC PDU generation also relies on the overlapping with PUCCH as well. If one single PUSCH is considered, it should be fine for the processing, but if up to 16 repetitions are taken into account, complexity increment can be observed. On the other hand, in Rel-15, overlapping with PUSCH repetition is handled slot by slot, but all repetitions needs to be considered together at same time if UL skipping is enabled in Rel-16, due to MAC PDU generation.

We also see the risky not converge in this topic, let us(RAN1) further discuss and try to find a compromise way hopefully. 


	Nokia
	I believe Yi’s suggestion is something that was brought up earlier already (maybe by ZTE?), and was not pursued further due the gNB reception issue Yangfan describes below.

We very much understand Jianwei’s point of possible need for blind detection in gNB with option 3. The reason why we anyway ended up supporting option 3 is that with option 1, if the DCI comes too late for the UE to trigger the dummy TB on PUSCH the resulting operation is still option 3 – UCI is sent on PUCCH, or alternatively we specify that the UCI is dropped (which would be stupid as PUCCH transmission does not force the gNB to blind decode, but not transmitting it would make that option unavailable). That said, we would be OK with either option 1 or option 3, but do have a clear preference for option 3.




Issue 2. Potential specification modification for Case 1-6
[bookmark: _Hlk69367051]Summary of 1st round discussion
· Current spec and conclusion for time condition for Case 1-6 are sufficient. No spec update is needed.
· DCM, Ericsson, vivo, Huawei, Samsung, Intel (6)
· Current spec is not clear for time condition for Case 1-6. Spec update is needed.
· ZTE, Apple, Spreadtrum, CATT, OPPO (5)
It seems companies have the common understanding that the conclusion for Case 1-6 agreed in RAN1 #104-e is needed. The controversial part is whether to capture it in the spec. Based on the 1st round discussion, 6 companies prefer no spec change while 5 companies prefer to updating the spec to capture the conclusion. 
Given that we are at the late-stage of Rel-16 and no consensus for changing the spec has been achieved, following conclusion for Case 1-6 is recommended.
Proposed conclusion: for the conclusion for Case 1-6 in RAN1 #104-e
· FFS whether or not additional spec change is needed

Question 2. [bookmark: _Hlk69366393]Please share your comment if you have strong concern.
	Company
	Comment

	ZTE
	Indeed, it is a late stage of Rel-16, but isn’t it just a start of UL skipping in Rel-16? Simple questions: are  current RAN1 specs complete for UL skipping? Would we make any RAN1 updates for Case 1-6 and the repetition case or potentially other cases for UL skipping? If we anyway need to update RAN1 specs, why don’t we consider to fix this together? Anyone could clarify? 
If companies think we can make all functions for UL skipping as some RAN1 conclusions in Chairman’s notes, I would be fine with this proposed conclusion. 

	
	

	
	



Issue 3. Multiple CG with the same starting time
Summary of 1st round discussion
· Option 1: When determining whether there would be UCI multiplexing on a PUSCH, for selecting between CG PUSCHs on the same serving cell with the same starting time, the CG PUSCH with the smaller CG configuration index is prioritized.
· Apple, CATT, MTK (3)
· Option 2: In case of UCI overlapping with multiple CG with the same/different starting time on a serving cell, it is up to UE implementation to determine the CG resource for UCI multiplexing from multiple CG configurations. 
· DCM, ZTE, Ericsson, Spreadtrum, vivo, Huawei, Samsung, MTK, Nokia, Intel (10)
This issue has been discussed since last meeting and there is no consensus to introduce the new behaviour for UCI multiplexing in case of multiple CG with the same starting time. Based on the majority view in the 1st round discussion, following conclusion is recommended.
Proposed conclusion: In case of UCI overlapping with multiple CG with the same starting time on a serving cell, it is up to UE implementation to determine the CG resource for UCI multiplexing from multiple CG configurations.
· No spec change is needed
Question 3. Please share your comment if you have strong concern.
	Company
	Comment

	
	

	
	

	
	



Issue 4. Clarification on UCI multiplexing rule for SP-CSI PUSCH and SR
Summary of 1st round discussion
· Issue 5-1: How to select PUSCH for UCI multiplexing in case of overlapping CG PUSCH and SP-CSI PUSCH on the same serving cell
· No need to discuss due that it is not related to UL skipping
· DCM, ZTE, Ericsson, vivo, Huawei, Samsung, CATT, Nokia, Intel
· Need to discuss
· Apple
· Issue 5-2: whether SR (positive SR or negative SR) is considered for UCI multiplexing
· No need to discuss for UL skipping
· DCM, ZTE, Ericsson, vivo, Huawei, Samsung, Nokia, CATT, Intel
· Need to discuss
· Apple

Based on the 1st round discussion, there is a clear majority view that there is no need to discuss these issues in UL skipping. So I recommend no more discussion in UL skipping for these issues. 

Discussions of 1st round
Issue 1. DG PUSCH skipping with PUSCH repetitions 
In [1][2][3][4][5][6][7][8][9][10], DG PUSCH skipping with PUSCH repetitions is discussed.
Following options are summarized based on companies’ contributions.
· Option 1: Option 1: When there’s a UCI to be multiplexed on any of the repetitions of the DG PUSCH, MAC generates MAC PDU for the DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI can be multiplexed on the DG PUSCH.
· MAC generate MAC PDU for all DG PUSCH repetitions
· Note: the UCI multiplexing timeline condition for the first repetition of DG PUSCH should be ensured
Supported by: DCM, vivo, Ericsson
· Option 2: 
· When there’s UCI overlapping with the first PUSCH repetition of the DG PUSCH, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. 
· UE does not expect when a UCI is overlapping with the repetitions other than the first PUSCH repetition.
Supported by:
· Option 3: When a PUCCH is overlapped with the first PUSCH repetition, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. All of the PUSCH repetitions are not skipped.
· When a PUCCH is overlapped with the repetitions other than the first PUSCH repetition, if there is no PDU including data delivered from MAC, the DG PUSCH can be skipped. UCI is transmitted on the PUCCH.
Supported by: Nokia, Spreadtrum, CATT, Apple, Huawei
· Option 4: Rel-16 PUSCH skipping and PUSCH repetitions are not allowed to be enabled together (error case is defined).
Supported by: OPPO
· Option 5: When PUSCH repetition is configured, 
· if a PUSCH repetition overlaps with PUCCH, MAC generates PDU for the repetition, 
· otherwise, MAC does not generate PDU for the repetition if there is no data for the DG PUSCH.
· Note: it requires the MAC layer can decide whether to generate a MAC PDU for the repetition depending on whether it overlaps with PUCCH, which is different from current MAC behaviour.
Supported by: ZTE

Question 4.  For DG PUSCH skipping with repetitions, which option do you prefer? Please share your comment if any.
	Company
	Comment

	NTT DOCOMO
	Option 3 if sufficient performance to detect existence of PUSCH is achievable at gNB;
Option 1 otherwise.

	ZTE
	We support Option 5, since it simply follows the philosophy that defined for no repetition case, and it can apply to all collision case (both DG and CG, and both PUCCH with HARQ-ACK and SP-CSI).
· We understand that, in current Rel-15/16, the MAC layer only generates MAC PDU for initial transmission of DG or CG with RV=0, but it already supports to deliver the stored MAC PDU to the PHY layer per repetition basis for PUSCH repetition. Thus, Option 5 would only requires minor RAN2 impacts with changing that even the repetition is not the initial transmission for DG or not a CG transmission with RV=0, the MAC layer can decide whether to generate a MAC PDU for the repetition depending on whether it overlaps with PUCCH. It is a very clean solution. 
For Option 1, it is not feasible in case the PUCCH carries SP-CSI or the PUSCH is a CG PUSCH since UE cannot be aware of the collision before the transmission of the first PUSCH repetition.  It’s better to define a unified solution for all cases, therefore Option 1 is not preferred. 
For Option 2 and Option 4, they would bring large restrictions to the network scheduling.
Option 3 is not preferred due to the following drawbacks if a PUCCH is overlapped with the repetitions other than the first PUSCH repetition:
· 1)The network should first detect whether the first PUSCH repetition is transmitted to further determine the UE behavior. 
· The detection based on only the first repetition is not reliable when PUSCH repetition is enabled
· If the detection result is wrong, the network would not be able to decode either the PUCCH or PUSCH correctly. 
· 2)The network has to keep the PUCCH resource for the UE when scheduling. It leads to a waste of the resource since in most cases the UE has available data for transmission and the UCI is multiplexed in the PUSCH.  
· 3)It obviously increases the network complexity, which violates the intention of PUSCH skipping as discussed from the very beginning. 

	Ericsson
	The difference between Option 1 and Option 3 is very small. However, Option 3 requires much more spec change and complexity in gNB blind decoding.
 Firstly, Option 1 and option 3 both require the DCI carries the DAI comes T_mux before the first repetition for DG with repetition, as is required by the general multiplexing timeline with or without ULSkipping. 
Secondly, for a practical TDD configuration in FR1, all the UL slots are configured with PUCCH, i.e., PUSCH and PUCCH always overlapping. Most of the scenarios, only the first bullet of Option 3 is needed, hence most of the cases Option 1 and Option3 are the same.
Thirdly, the difference of Option 1 and 3 starts from the second repetition and only if the first PUSCH repetition doesn’t collide with PUCCH. When that rare configuration and scenario happens: for Option 1, gNB knows where to detect the PUSCH; for Option 3, gNB need to do blind detection.
For Option 5, it would work by assuming gNB has perfect knowledge of the previous PUSCH transmissions, i.e., the the previous repetitions have no data and shall not be soft combined with the received padding PUSCH. In our understanding the gNB doesn’t have to schedule larger repetition if it can already decode the PUSCH with fewer repetitions. Then for Option 5, gNB need to decode the colliding PUSCH twice, one as a single dummy data, one as real data and soft combined with previous PUSCH repetitions. 

	Apple
	Our preference is still Option 3.
First, we acknowledge that there is no perfect solution here. Each option has its pros and cons.
Comparing Option 1 and 3, as explained in our contribution:
· Option 1 introduces significant complexity for UE implementation. It requires the UE to check UCI multiplexing status for all the repetitions. This involves a lot of processing, because for each repetition, the UE needs to check all the PUCCHs, perform the necessary UCI multiplexing on PUCCH (if applicable), and then check if the PUCCH overlaps with the PUSCH repetition, and if yes, check which PUSCH(s) from all CCs overlap with the PUCCH and then determine whether UCI would be multiplexed on this PUSCH repetition. Given that the maximum number of repetitions is 16 (the actual number of repetitions for PUSCH repetition Type B could be even more), the UE needs to be dimensioned for at least 16 times processing power for UCI multiplexing. Therefore, this is very undesirable from UE implementation perspective. Option 1 should also have the scheduling constraint for the PUSCH(s) on other carriers that is scheduled later so that the UCI multiplexing decision would not be changed, as we discussed last time. This also requires additional complexity at the gNB’s scheduling.
· For option 3, the main concern is the mis-detection of the first repetition. This mis-detection probability should be fairly low, much better compared to PUSCH decoding. If gNB really wants to handle the error cases, it can carefully make scheduling decision so that the UCI multiplexing decision does not depend on whether the first repetition had been transmitted or not. This kind of scheduling constraint should have similar complexity for gNB implementation as in Option 1. As the last resort, the gNB may still choose to perform e.g. two decoding hypotheses for a PUSCH to handle the most likely error cases. Note that the gNB still has ambiguity cases when there is missing DL or UL grant that it may want to handle, and the handling can be very similar.
For Option 5, it seems to be a fundamental change in principle for DG PUSCH repetition, and it requires MAC support (which means back-and-forth communication between RAN1 and RAN2). We would prefer not to touch the fundamental principle at this late stage in R16.

	Spreadtrum
	We support Option 3.
For option 1, the issue is Rel-15 UCI multiplexing timeline for PUSCH repetitions is defined per actual PUSCH overlap with the PUCCH. Option 1 change the timeline definition to the beginning of the PUSCH repetition. We think it is a huge change compared to UCI multiplexing. 
Regarding option 3, it does not change the timeline definition of UCI multiplexing. Furthermore, it still gives some chances that PUCCH can be overlapped with PUSCH repetitions other than the first one. It only gives the different handlings for these two case. The only extra effort for gNB is to distinguish the collision between PUCCH and PUSCH is first PUSCH repetition or not. Considering the first repetition of dynamic PUSCH is indicated by gNB, and there is a quite low possibility that gNB may misunderstand. 

	vivo
	We prefer Option 1.
We understanding that each option has both pros and cons.
To our understanding, option 1 would introduce additional check for UCI multiplexing when UE determines MAC PDU generation, even without overlapping of PUCCH and the first PUSCH repetition. However, there is no blind detection issue for gNB since UCI multiplexing is deterministic, i.e. on the overlapped PUSCH repetition on the corresponding CC.
For option 3, UE implementation would be simpler since UE only needs to check UCI multiplexing when there is PUCCH overlapping with the PUSCH repetition. However, there is blind detection issue for gNB to detect the resource for UCI multiplexing. Besides, reliable detection on the initial transmission of repetitions is needed for gNB, which may be challenging for gNB especially when the number of repetitions is large or the number of allocated PRBs for PUSCH is small. We think when PUSCH repetitions are configured, there is a need for gNB to combine the repetitions for more reliable detection/decoding. 

	Huawei, HiSilicon
	We prefer Option 3.
Based on the analysis in our contribution R1-2103386 and other companies’ comments, obvious drawbacks are observed for option 3.
· The increment of UE implementation complexity. Just as explained by Apple, if option 1 is applied, a UE is requires to check all the repetitions whether there will be overlapping with PUCCH or not, and take all the carriers into account, the burden for UE is increased multiple times. It also should be noted that the number of repetition is supported as 16 times in Rel-16, and could be possible increased more in Rel-17.
· Restrictions on cross carrier scheduling. Considering CA case, if in a cell, a padding MAC PDU is generated for UCI multiplexing, however, in another cell, a later coming PUSCH will piggyback the UCI instead based on Rel-15 multiplexing rules, which make the padding PDU generation useless. In this regard, to avoid this case it may require gNB not to schedule a PUSCH in another cell overlapping with the PUCCH.
· Option 1 is not applicable for CG PUSCH. t requires the UCI should be known by the UE before the repetitions starting, this could be fine with DG PUSCH as the timeline requirements for CG and DG grant, but for CG, there is no such a limitation. Option 1 cannot be applied to CG.
· Option 1 consumes more power. No matter for which case or scenario, option 1 always requires UE to transmit all the PUSCH repetitions which will consume more power than option 3.
For option 5, we think the problem would be how gNB to handle the receptions. gNB may not soft combine with each repetition and fail to decode PUSCH, thus additional retransmission is scheduled. On the other hand, just as the note in option 5, it is different form current MAC PDU generation procedure which PDU is delivered before first repetition. It can be seen lots spec changes are needed.
Therefore, comparing with option 1 and option 5, option 3 is better in our understanding, and the misdetection of the first PUSCH repetition issue can be handled by proper gNB scheduling and detection algorithm. 

	Samsung
	Prefer option 1 with the understanding that UCI is only multiplexing into an overlapping PUSCH even though MAC PDU is generated for all PUSCH repetition. From gNB side, it’s clear to minimize blind detection impact. We think that option 3 is ad-hoc scheme since different PUCCH(s) could be multiplexed with different PUSCHs among PUSCH repetition. For example, PUCCH overlapping PUSCHs other than first PUSCH repetition can be transmitted on PUSCH or PUCCH if there is another PUCCH overlapping with first PUSCH repetition. 

	CATT
	We prefer Option 3.
For Option 1, even if PUCCH overlaps with a PUSCH repetition other than the first repetition, MAC generates MAC PDU for all DG PUSCH repetitions. However, depending on the subsequent scheduling, the UCI may be multiplexed on other PUSCH according to UCI multiplexing rule. In this case, all the PUSCH transmissions completely waste resource and power. Alternatively, scheduling restriction has to be introduced to ensure that UCI is not to be multiplexed in other PUSCH.
Option 3 can overcome the above problems. Regarding the mis-detection of the first repetition, we share the same view with Apple that the probability should be low. In addition, gNB can still decode with two hypotheses on PUCCH and PUSCH as in other cases.

	MediaTek
	We prefer Option 3.
We have strong concern for Option 1 because it introduces very high UE complexity on checking UCI multiplexing for each repetition. And for Option 3, the concern is its misdetection at the first repetition. However, as commented by other companies, we also think the probability should be low. 

	Nokia, NSB
	We prefer option 3. The main reason for this is that we see option 1 becoming option 3 when the PUCCH is triggered too close to the (non-)start of the skipped PUSCH for the UE to have the time to actually trigger the PUSCH. So we could just as well define option 3 than define option 1 and be anyway left with option 3. 

	Intel
	Both Options 1 and 3 are workable for DG PUSCH repetitions, while Option 1 for CG would imply significant constraint on dynamic PDSCH scheduling (much more compared to DG PUSCH repetitions since the PUSCH duration cannot be adjusted dynamically). Then, there is additional UE complexity involved for Option 1 as discussed by Apple and others. On the other hand, we acknowledge that DMRS detection based on a single repetition may not always be sufficiently reliable. However, a more reliable option available to the gNB would be to rely on two or more hypotheses, just for detection of DMRS (e.g., across first few repetitions if not only the first repetition), but not necessarily multiple hypotheses for blind decoding. 
Thus, Option 3 is preferred. 

	OPPO
	This issue has been discussed since last meeting and companies have explained the pros and cons for each option. None of these options seem to be optimal and this is indeed a late stage of Rel-16. So we prefer to go with option 4 for simplicity.

	Ericsson
	For the concern being raised for UE complexity on check all the repetitions raised by Apple, HuaWei, Intel, maybe there’s some misunderstanding. We think the complexity for repetition is the same as dynamic multiplexing procedure without repetition, the check for multiplexing is slot based, here the slot is the first slot of the repetition. gNB need to ensure the indication for multiplexing comes before the first repetition in order for UE to decide if a dummy PDU is needed in MACCE. If the indication comes later than T_mux (before the first repetition), UE doesn’t need to generate dummy data. Therefore, we don’t see a complexity, nor the changing of timeline as Spreadtrum stated. 
Please let me know if my understanding is wrong, that the option1 requires much more from UE side that I have described, or if my explanation is not clear.
We also consider Option 1 would have minimum spec impact both in RAN1 and RAN2 specification. For companies prefer Option3, please also let us know what the specification impact would be.
To Apple: We consider repetition may not be configured together with CA. Repetition is scheduled when UE is power limited, gNB need to soft combine the received PUSCH in order to decode it correctly. CA requires UE do power split for multiple UL transmission. We don’t think we need to over complicate the discussion to even serve perfectly the imaginary scenarios.

	Huawei , HiSilicon 2
	For the point that Ericsson mentioned: repetition may not be configured together with CA. We can understand the repetition and CA are enabled/configured for different scenarios and purpose, they may not be configured together for same type of service, for example, eMBB or URLLC. But URLLC + eMBB service mixed scenario, it is possible to happen. Repetition is configured for improving reliability of URLLC transmission and CA is configured to pursue large throughput for eMBB. On the other, even for same service type, such a configuration is not precluded in the spec. It means, UE has to prepare for any possible scheduling with CA and repetition enabled simultaneously.
Considering from the UE implementation perspective, for the first repetition, the complexity is same as single slot, however, the increment is, beyond the first repetition, UE has to check non-initial repetitions one by one and find whether there is overlapping witn PUCCH or not. Furthermore, it is surely to impact UE processing order of UE which needs to process all the PUSCH repetition once before the starting of repetition because it needs to decide whether a MAC PDU is generated, rather than like the legacy processing order to handle repetitions one by one following the time order. Therefore, no matter to check additional repetitions comparing with single one, or to handle all the repetitions together in one time, more computation resources are consumed for UE and the complexity definitely increases. Hope my explanation is helpful. 



Question 5.  if no consensus can be achieved, would that be acceptable that Rel-16 PUSCH skipping and PUSCH repetitions are not allowed to be enabled together, i.e. option 4.
	Company
	Comment

	NTT DOCOMO
	No. This seems typical situation in URLLC case. Not support is too restrictive.

	ZTE
	We would prefer to first discuss the other options. 

	Ericsson
	Though the current solution may not be optimal, we would like to keep the possibility to support the combination.

	Apple
	I think companies are still striving to reach a consensus. Our understanding is that not supporting the combination would be the default fallback if no consensus can be reached, so it is not a matter of whether it is acceptable or not. 

	vivo
	We prefer the solve the issue by considering both network and UE implementation impacts first. If there is no consensus, then option 4 is the only way to go.

	Huawei, HiSilicon
	We would like to have solutions to support them simultaneously and RAN1 could strive to have a consensus.

	Samsung
	No need to have something now. 

	CATT
	We prefer to discuss the solution first.

	MediaTek
	Our first preference is still to discuss other Options first. However, if no consensus can be achieved, then we are OK to accept Option 4.

	Nokia, NSB
	If we don’t manage to agree on any solution then option 4 is what we are left with. We strongly prefer picking either option 1 or option 3 than not have anything.

	OPPO
	Same understanding as Nokia. Option 4 seems the only consequence if no other option can be agreed. This is not something for which FL needs to ask acceptability. 



Issue 2. CG PUSCH skipping with PUSCH repetitions
In [1][2][3][4][5][6][7][8][9][10], CG PUSCH skipping with PUSCH repetitions is discussed.
It is proposed by companies that unified solution is adopted for DG PUSCH skipping with repetitions and CG PUSCH skipping with repetitions. Some companies propose that the definition of first PUSCH repetition can be different for CG PUSCH, i.e. the first PUSCH repetition is defined as any of the transmission occasions of the (actual) repetitions that are associated with RV=0 for initial transmission.
Possible proposal: For CG PUSCH skipping with repetitions, same solution is adopted as DG PUSCH skipping with repetitions, with the following exception.
· the first PUSCH repetition is defined as any of the transmission occasions of the (actual) repetitions that are associated with RV=0 for initial transmission.
Question 6.  For CG PUSCH skipping with repetitions, please share your comment if any.
	Company
	Comment

	NTT DOCOMO
	OK (maybe better to discuss after DG case is concluded). Note that the following is the intended behaviour.
· If option 1 is supported, when UCI in a PUCCH would be multiplexed on m-th repetition of CG PUSCH, MAC PDU shall be generated and the repetitions are transmitted from n-th occasion, where n-th occasion is the last one among occasions that can be first transmission and that is not later than m-th occasion (i.e. n ≤ m).
· If option 3 is supported, when UCI in a PUCCH would be multiplexed on n-th repetition of CG PUSCH that can be first transmission, MAC PDU shall be generated and the repetitions are transmitted from n-th occasion. When a PUCCH is overlapped with m-th repetition of CG PUSCH that cannot be first transmission, any DG PUSCH repetition is not transmitted if no data.

	ZTE
	We agree that a unified solution should be defined for both DG and CG. As commented in issue 1, we prefer per repetition basis handling. 

	Ericsson
	We prefer same solution for DG and CG. In general OK with the proposal.

	Apple
	We support the proposal in principle, but prefer to wait and see if we need to refine the proposal after the solution for DG is agreed.

	Spreadtrum
	We support the proposal.

	vivo
	Same solution for DG and CG is preferred.

	Huawei, HiSilicon
	We are fined with the direction but considering whether only the first repetition with RV=0 for checking is enough or not, RAN1 can have further discussion.

	Samsung
	Prefer to have same solution. 

	CATT
	We are in general fine with the proposal to have a unified solution for both DG and CG. We can discuss the details after the solution for DG is agreed.

	MediaTek
	We are fine with the proposal.

	Nokia, NSB
	OK with the proposal

	Intel
	We can accept the proposal, but also agree with Apple that it may be “safer” to agree on this once the DG case is resolved.

	OPPO
	Unified solution for both DG and CG is preferred. Need to see first what is concluded for DG case. 




Issue 3. Potential specification modification for Case 1-6
In [4][6], the potential specification modification for Case 1-6 for PUSCH skipping.
In [4], it is mentioned that only overlapping of multiple PUCCH transmissions or overlapping of PUCCH and PUSCH are considered in Clause 9.2.5 for timeline check, which means that in case 1-6, only overlapping of PUCCH and CG PUSCH is included in the procedure of timeline check, while overlapping of DG PUSCH and CG PUSCH is not included in the procedure of timeline check. Therefore, it is proposed that the specification should be modified to capture the overlapping of case 1-6 for timeline check, e.g. to give a clear definition of the group of overlapping PUCCHs and PUSCHs by considering not only the first UL channel of overlapping PUCCHs or overlapping PUCCH and PUSCH, but also a second PUCCH/PUSCH that overlaps with either one of the first UL channel.
For the case of PUSCH skipping without repetitions, following conclusion for case 1-6 was made. The overlapping group of PUCCH/PUSCH channels for Case 1-6 as well as the time condition that should be ensured by gNB is clarified. Therefore, in [], it is proposed that no additional spec change is needed for DG PUSCH skipping for Case 1-6
	Conclusion
For Case 1-6 when DG PUSCH and CG PUSCH are overlapping on a serving cell and CG PUSCH is overlapping with PUCCH, and DG PUSCH is non-overlapping with the PUCCH, 
· The time condition is ensured by gNB, i.e. the ending symbol of UL grant for the DG PUSCH should be at least  symbols before the first symbol of the earliest PUCCH or PUSCH among the overlapping group of PUCCH/PUSCH channels.
· RAN1 understands that for Case 1-6 the PUCCH, the CG PUSCH and the DG PUSCH are considered as an overlapping group of PUCCH/PUSCH channels for which the multiplexing timeline needs to be satisfied.
· The overlapping group of PUCCH/PUSCH channels for Case 1-6 is defined in the way such that a PUCCH/PUSCH would be included in a group if it overlaps with any channel in that group, regardless of whether multiplexing between these channels occurs or not.
· FFS whether or not additional spec change is needed




Question 7. Please share your comments on whether and how to introduce additional spec change to reflect the conclusion for PUSCH skipping for Case 1-6. If additional spec change is deemed necessary, please provide the possible TP for spec change.
	Company
	Comment

	NTT DOCOMO
	We think the current spec and the above conclusion are sufficient and no spec update is needed. Meanwhile, if majority prefers to update spec, it is also OK for us.

	ZTE
	In the last meeting, it already clarified that current timeline check only considers the overlapping PUCCH and PUSCH, i.e., the timeline for Case 1-6 is not covered by current specification. Therefore, we think a TP is needed. The following TP could be considered as a starting point. 
9.2.5	UE procedure for reporting multiple UCI types
This Clause is applicable to the case that a UE has resources for PUCCH transmissions or for PUCCH and PUSCH transmissions that overlap in time and each PUCCH transmission is over a single slot without repetitions, or the case that a UE is configured with enhancedSkipUplinkTxDynamic, and the UE has resources for a PUCCH and a dynamic grant PUSCH and a configured grant PUSCH, and the dynamic grant PUSCH and the configured grant PUSCH overlaps in time on a serving cell, and the PUCCH overlaps with the configured grant PUSCH in time while does not overlap with the dynamic grant PUSCH. 

	Ericsson
	We would prefer no spec update for case 1-6, it is less likely to happen in a real deployment. We are fine with the conclusion which is already included in chairman’s notes.

	Apple
	We also prefer to have the timeline clearly captured in the specs, because it is not there today.
On Ericsson’s comments, the issue is not about how likely it happens in a real deployment. As long as it is something that a UE needs to support, even if the gNB may not schedule this way, the UE still needs to implement it. Therefore, there is a need to have a clear timeline definition in the specs so that the UE only needs to handle it with the given timeline.
In our view, it is always better to have a clear specification than to just have a conclusion. The product team implementing these features are not really aware of the conclusions captured in the chairman’s notes.

	Spreadtrum
	We agree with ZTE and Apple, prefer an explicit timeline define in the spec.

	vivo
	We think the conclusion is clear and no spec change is needed. 

	Huawei, HiSilicon
	Currently, we have not seen the necessity for the spec update for case 1-6 and would like to listen the explanations from supporter want to make changes.
In our understanding, no matter for the case enabled UL skipping or not, following timelines are needed to check when overlapping/overriding happens between related channels:
· Tproc,1^mux, when PUCCH scheduled by a DCI format overlaps with others.
· Tproc,1^mux, when PUSCH scheduled by a DCI format overlaps with others.
· N2 symbols, when DG override CG
For the definition of overlapping group, we think the conclusion in RAN1 #104 has made it clear, no spec updates needed.

	Samsung
	Fine to have just a conclusion without specification impact. 

	CATT
	The timeline requirement for Case 1-6 is not covered by the current specification and should be included. One potential way is to give a clear definition of the group of overlapping PUCCHs and PUSCHs by considering not only the first UL channel of overlapping PUCCHs or overlapping PUCCH and PUSCH, but also a second PUCCH/PUSCH that overlaps with either one of the first UL channel.

	Nokia, NSB
	We are OK to introduce the timeline, but think it may not be a practical setup.

	Intel
	Following the Conclusion from last meeting, we do not see a strict need to update specs, but wouldn’t object to it either. 

	OPPO
	Share similar view with Apple to have the timeline clearly captured in the spec




Issue 4. Multiple CG with the same starting time
In [6][7], UL skipping for CG in case of multiple CG with same starting time for Rel-16 is discussed.
Following options are proposed for this issue.
· Option 1: When determining whether there would be UCI multiplexing on a PUSCH, for selecting between CG PUSCHs on the same serving cell with the same starting time, the CG PUSCH with the smaller CG configuration index is prioritized.
· Option 2: In case of UCI overlapping with multiple CG with the same/different starting time on a serving cell, it is up to UE implementation to determine the CG resource for UCI multiplexing from multiple CG configurations. 
· no spec change is needed
Question 8.  please share your comments on whether and how to address the issue for multiple CGs with the same starting time.
	Company
	Comment

	NTT DOCOMO
	No spec update is necessary but option 2 is not aligned with current spec.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In current spec, when multiple CGs are overlapped with a PUCCH, CG in cell with the smallest ServCellIndex is selected. If there are two or more in the cell, the earliest CG is selected. Then, if there are two or more in the cell with the same starting symbol, then which CG is up to UE implementation.
In our understanding, this behaviour can be maintained and no update is necessary since this situation will be a corner case and it seems gNB can avoid this situation. Note that such a discussion should be done at eURLLC WI, where multiple active CGs are introduced. We think this feature is not only for UL skip.

	ZTE
	No spec change is needed, it can leave to UE implementation. 
Regardless UL skipping configured or not, gNB anyway needs to blindly detect all active CG PUSCH configurations. Thus, it can still leave to UE implementation for selection of one CG and generation of MAC PDU. gNB can first detect which CG is actually transmitted (based on DMRS detection which is the same as legacy), and assumes the UCI would be multiplexed on the CG PUSCH actually transmitted. Then, gNB decodes UCI in the transmitted CG PUSCH. 

	Ericsson
	We don’t see there’s a need to discuss the multiple CG with same starting point for ULSkipping here. gNB could avoid that configuration if there’s problem with PUSCH decoding.

	Apple
	First of all, we think we need to address the issue only when the multiple CGs are on the same CC, because multiple CGs on different CCs can already be covered by current specs (even though such a case does not exist in Rel-15).
Secondly, this is an issue introduced by the Rel-16 UL skipping behavior, even though multiple CGs are introduced in eURLLC. Without R16 UL skipping, the UE does UCI multiplexing based on what MAC PDU is delivered by MAC, so such a case would not be seen by PHY. Now PHY does pre-determination for UCI multiplexing based on all the potential CG occasions, and the case could happen.
We proposed Option 1 only because it is a very simple way to define a deterministic UE behavior so that gNB and UE can have common understanding, so that gNB only needs to decode one of the CGs.
For Option 2, we would need to add the condition “on the same serving cell”. Otherwise it changes the existing rules as mentioned by DCM.
Even if we go with Option 2, we have a slight preference to capture it in the specs so that everything is clear.

	Spreadtrum
	We think this issue is under the same CC, CG-PUSCH in the lowest Cell ID is selected when they are in different CCs. 
For multiple CG-PUSCH configurations in the same CC, with same starting symbol, gNB need to blind detect these CG-PUSCHs anyway. So same rule can be applied for UCI multiplexing, we support Option 2 with same starting time only. The case for different starting time within the same CC, the earliest CG-PUSCH is selected.
· Option 2: In case of UCI overlapping with multiple CG with the same/different starting time within same CC, it is up to UE implementation to determine the CG resource for UCI multiplexing from multiple CG configurations. 
· no spec change is needed


	vivo
	No spec change is needed, it can leave to UE implementation.

	Huawei, HiSilicon
	No spec change is needed. Based on the principle to select PUSCH to piggyback UCI, only ambiguous scenario is multiple CG configurations on a same carrier and have same starting time, in this case, UE can select arbitrary CG for multiplexing UCI which is up to UE implementation.

	Samsung
	Up to UE implementation because one of CG configuration(s) are likely to generate MAC PDU depending on MAC prioritization. So, it is unlikely that PHY assumes which CG PUSCH is used for UCI multiplexing regardless of UL skipping.  

	CATT
	According to previous agreement for Case 1-2, for the case of CG PUSCHs overlapping with PUCCH, the CG PUSCH with UCI multiplexing from the one or more CG PUSCHs cannot be skipped. In case there are multiple CG PUSCHs with the same starting time on a serving cell, it is not clear which CG PUSCH is the CG PUSCH with UCI multiplexing. Option 1 seems to be a straightforward approach following the current design principle.
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. 


	MediaTek
	We slightly prefer Option1 since it is quite straightforward. However, we are also open to Option 2.

	Nokia, NSB
	No spec necessary. The gNB would not know which CG-PUSCH is going to be triggered. IF something is to be specified, it would make most sense to pick the CG configuration with the least allocated resources.

	Intel
	Option 2 is preferred without spec change as it is a rather corner case. If blind detection/multiple hypotheses are issues at gNB, such CG PUSCH configurations can easily be avoided (make the starting symbols different, etc.) without losing much scheduling flexibility.



Issue 5. Clarification on UCI multiplexing rule for SP-CSI PUSCH and SR
In [7], the UCI multiplexing rule in Rel.16 is discussed. It is mentioned that there are some unclear parts for UCI multiplexing in case of CG PUSCH vs. SP-CSI PUSCH and SR, and they need to be clarified. 
· Issue 5-1: How to select PUSCH for UCI multiplexing in case of overlapping CG PUSCH and SP-CSI PUSCH on the same serving cell
· Issue 5-2: whether SR (positive SR or negative SR) is considered for UCI multiplexing
Following solutions to further clarify the UCI multiplexing rule are provided.
· Solution for issue 5-1: When determining whether there would be UCI multiplexing on a PUSCH, for selecting between overlapping CG PUSCH and SP-CSI PUSCH on the same serving cell, CG PUSCH has higher priority than SP-CSI PUSCH.
· Solution for issue 5-2:When determining whether there would be UCI multiplexing on a PUSCH, the actual SR status (positive SR or negative SR) is considered.
Although these issues could have impact on PUSCH skipping, they also affect the behaviour for UCI multiplexing without PUSCH skipping. So these issues seem to be general issues for UCI multiplexing. Since there is limited input for these issues, let’s collect more views from companies on whether and how to solve these issues.
Question 9.  For the issue 5-1 on UCI multiplexing for SP-CSI PUSCH discussed in [7], do you think further clarification is needed? If yes, would the clarification from [7] are acceptable? Please share your comments.
	Company
	Comment

	NTT DOCOMO
	We think the proposal in [7] is not the issue on UL skip and hence no need to discuss it here.
On the other hand, Case 1-6 with SP-CSI instead of CG might be possible situation we need to consider. That is, when DG PUSCH and SP-CSI on PUSCH are overlapping on a serving cell and SP-CSI on PUSCH is overlapping with PUCCH, and DG PUSCH is non-overlapping with the PUCCH. In this case, even when DG PUSCH skip is configured, SP-CSI on PUSCH should be dropped before multiplexing, as CG case.

	ZTE
	It seems the clarification is not essential. The current specification says a UE ‘would’ transmit a second PUSCH that includes an UL-SCH, which includes the case the CG with or without UL-SCH regardless of UL skipping is configured or not. 
	If a UE would transmit a first PUSCH that includes semi-persistent CSI reports and a second PUSCH that includes an UL-SCH and the first PUSCH transmission would overlap in time with the second PUSCH transmission, the UE does not transmit the first PUSCH and transmits the second PUSCH. The UE expects that the first and second PUSCH transmissions satisfy the above timing conditions for PUSCH transmissions that overlap in time when at least one of the first or second PUSCH transmissions is in response to a DCI format detection by the UE. 




	Ericsson
	We prefer to discuss only ULSkipping specific issue in this email thread. 

	Apple
	First we would like to explain why this issue is related to UL skipping. When R16 UL skipping is not enabled, the UE does UCI multiplexing after knowning which PUSCH is transmitted, so it comes after the the paragraph quoted by ZTE is performed at the UE. Now the UE needs to do UCI multiplexing decision before the final decision, therefore there is a need to clearly define the priority between CG-PUSCH and SP-CSI PUSCH as the UE has not selected between CG-PUSCH and SP-CSI PUSCH at this point. Before we discuss whether it has any spec impact or not, we would like to know if companies agree with the proposed behavior or not, i.e., CG PUSCH has higher priority than SP-CSI PUSCH.

	vivo
	We think this issue is not the issue on UL skip and hence no need to discuss it here.


	Huawei, HiSilicon
	We have the sympathy that this email thread should focus on the discussion of UL skipping. 

	Samsung
	 Regarding SP-CSI PUSCH, we understand that one PUCCH is overlapped with a (DG or CG) PUSCH and a PUSCH carrying SP-CSI. According to case 1-1/1-2, MAC would generate PDU for (DG or CG) PUSCH and it would drop PUSCH including SP-CSI (TS 38.214 Clause 5.2.5). Accordingly, we don’t see any related issue,. 

	CATT
	We share the similar view ZTE that a SP-CSI PUSCH is dropped if it overlaps with CG regardless of whether there is UL-SCH or not for the CG.
But for the following case also mentioned by DOCOMO, the existing timeline may not be sufficient. The similar timeline requirement agreed for case 1-6 can be applied. 




	Nokia, NSB
	This should be a separate discussion not to be mixed with the UL skipping thread.

	Intel
	As commented by others, CG is expected to be prioritized over SP-CSI PUSCH based on current specs, and this should be followed even when configured with  UL skipping. Thus, we do not see a need for any further spec change. 



Question 10. For the issue 5-2 on UCI multiplexing for SR discussed in [7], do you think further clarification is needed? If yes, would the clarification from [7] are acceptable? Please share your comments.
	Company
	Comment

	NTT DOCOMO
	We do not see motivation to update current spec and relationship with UL skip function.

	ZTE
	We are not sure why this issue is related to UL skipping, for which SR is not considered from the very beginning since SR anyway will not be multiplexed in PUSCH. 
Case 1: dynamic PUSCH skipping without overlapping CSI/HARQ-ACK on PUCCH
Case 2: dynamic PUSCH skipping with overlapping CSI/HARQ-ACK on PUCCH

	Ericsson
	We prefer to discuss only ULSkipping specific issue in this email thread.

	Apple
	We think this is clearly an issue specifically for UL skipping. When R16 UL skipping is not enabled, the SR in UCI multiplexing certainly reflects the actual SR status. Now with R16 UL skipping, the UE needs to pre-determine UCI multiplexing, and the UE does not have any input for MAC PDU yet, so the UE considers all the PUSCH occasions. Since SR status is also generated by MAC, a similar question for SR is whether the UE considers the actual SR status, or the UE makes some fixed assumption before receiving information from MAC (e.g. assuming negative or positive SR). Again, before we discuss whether there is spec impact or not, we would like to know if companies agree with the proposal that actual SR status is used by the UE. Without such a conclusion, it is not clear how the UE would implement it.
@DCM, @Ericsson, is your assumption that the actual SR status is used?
@ZTE, it is true that SR would not be multiplexed on PUSCH. However, we have cases where both SR PUCCH and CSI/HARQ-ACK PUCCH overlap with PUSCH. In this case, according to the current UCI multiplexing procedure, the UE would multiplex different UCI types on a PUCCH first (PUCCH resource Z as in previous RAN1 agreements), and use PUCCH resource Z to determine whether it overlaps with a PUSCH. If UCI is multiplexed on a PUSCH, SR is dropped. Nonetheless, the SR status affects the first step of determining PUCCH resource Z, so the handling of SR is relevant in the UCI multiplexing procedure here.

	vivo
	We think this issue is not the issue on UL skip and hence no need to discuss it here.

	Huawei, HiSilicon
	As Question 6, we have the sympathy that this email thread should focus on the discussion of UL skipping. In our understanding, the handling of PUCCH/PUSCH overlapping is based on physical layer rules, it does not depend on which MAC PDU is delivered. 

	Samsung
	UL skipping means that a UE doesn’t have any data in buffer. Why the UE reports positive SR? So, we don’t see any motivation on this issue. 

	CATT
	We think we can just follow the existing UE behaviour as described by Apple based on the actual SR status.

	Nokia, NSB
	This should be a separate discussion not to be mixed with the UL skipping thread.

	Intel
	Agree with CATT, and do not see a need to further clarify anything. Also, as observed by Samsung, the case of not having data in buffer but having positive SR to report may not be a typical combination.



Issue 6. PUSCH skipping with different PHY priorities when LCH based prioritization is not configured
In [1][3], the UE behaviour for PUSCH skipping with two PHY priorities when LCH based prioritization is not configured is discussed. 
Since PUSCH skipping with two PHY priorities with or without LCH based prioritization is under discussion in URLLC session, so this issue can be discussed in the URLLC session.

Issue 7. Others
Question 11. Please share any other comments if any. 
	Company
	Comment
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Previous Agreements 
RAN1 #102-e
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
The following text proposal for TS38.214 is endorsed. Final CR is agreed in R1-2007337 (TS 38.214, Rel-16, CR#0123, Cat F).
	6.1	UE procedure for transmitting the physical uplink shared channel
<unchanged part omitted>
A UE shall upon detection of a DCI format scheduling a PUSCH transmit the corresponding PUSCH unless the UE does not generate a transport block as described in [10, TS38.321]. Upon detection of a DCI format 0_1 or 0_2  with "UL-SCH indicator" set to "0" and with a non-zero "CSI request" where the associated "reportQuantity" in CSI-ReportConfig set to "none" for all CSI report(s) triggered by "CSI request" in this DCI format 0_1 or 0_2, the UE ignores all fields in this DCI except the "CSI request" and the UE shall not transmit the corresponding PUSCH as indicated by this DCI format 0_1 or 0_2. When the UE is scheduled with multiple PUSCHs by a DCI, HARQ process ID indicated by this DCI applies to the first PUSCH, as described in clause 6.1.2.1, HARQ process ID is then incremented by 1 for each subsequent PUSCH(s) in the scheduled order, with modulo 16 operation applied. For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to transmit a PUSCH that overlaps in time with another PUSCH. For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i. The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0, 0_1 or 0_2 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process. 
<unchanged part omitted>



Agreement
Send an LS to RAN2 to inform them of the latest RAN1 agreement on uplink skipping.
	In Rel-15, for dynamic UL skipping, RAN1 discussed the LS R1-2000015 from RAN2 and provided replies in R1-2001376 for Case 1 of dynamic PUSCH skipping without overlapping CSI/HARQ-ACK on PUCCH.
Case 2 of dynamic PUSCH skipping with overlapping CSI/HARQ-ACK on PUCCH was further discussed in RAN1. In RAN1#101-e meeting, it was concluded that in Rel-15, the UE behavior is undefined for case 2 and case 2 can be addressed for Rel-16. Endorsed CR R1-2005044 (TS38.214, Rel-15, CR#0105, Cat. F) for Case 1 and Case 2 can be found in the attachment. 
In Rel-16, RAN1 continued the discussion for Case 2 and made following agreements in RAN1#102-e meeting:
	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.


Based on above agreements, RAN1 in principle agreed the corrections for Rel-16 TS 38.214 (R1-200xxxx), assuming that RAN2 will update the Rel-16 sepcification TS 38.321 corresponding to the above agreement so that UE generates the MAC PDU for the PUSCH with UCI multiplexing. 
In addition, RAN1 noticed that in Rel-15, dynamic UL skipping is an optional feature with capability signaling (skipUplinkTxDynamic). It is RAN1’s understanding the dynamic UL skipping cannot be implemented based on the Rel-15 specification. For Rel-16 with the defined UE behavior for dynamic UL skipping, RAN1 has discussed  following two options for the capability signaling handling. However, the final decision on the capability design for Rel-16 dynamic UL skipping should be decided by RAN2. 
· Option 1: introduce a new UE capability for Rel-16 dynamic UL skipping 
· Option 2: Reuse Rel-15 UE capability with the understanding that Rel-15 dynamic UL skipping is not implementable therefore UEs indicating this capability should implement Rel-16 behavior.  


LS is approved in:
R1-2007338	LS on PUSCH with UL skipping	RAN1, vivo


RAN1 #103-e
Agreement
The text proposal in R1-2008655 is endorsed for TS38.214 as revision of R1-2007337. Endorsed in R1-2009687 (TS38.214, Rel-16, CR#0123, Cat. F). Add the following in the CR cover sheet.
· This CR is expected to submit to RAN plenary for approval together with the corresponding endorsed RAN2 CR.
· Other specs affected: TS 38.321

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. 
 
Conclusion
For the following cases, for CA and non-CA, when DG PUSCH skipping is configured and Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions, MAC generates MAC PDU for the DG PUSCH and the UCI is multiplexed on the DG PUSCH. For the case 1-3 and 1-4, MAC does not generate a TB for the CG PUSCH(s) overlapping with the DG PUSCH on the same serving cell.  The GG PUSCH(s) is discarded and does not participate in subsequent physical layer procedure.
· (Case 1-3) DG PUSCH and CG PUSCH are overlapping and both DG/CG PUSCH are overlapping with PUCCH
· (Case 1-4) DG PUSCH and CG PUSCH are overlapping and DG PUSCH is overlapping with PUCCH, and CG PUSCH is non-overlapping with the PUCCH
· (Case 1-5) DG PUSCH and CG PUSCH are non-overlapping and both DG/CG PUSCH are overlapping with PUCCH

Working Assumption:
For the case (Case 1-6) when DG PUSCH and CG PUSCH are overlapping on a serving cell and CG PUSCH is overlapping with PUCCH, and DG PUSCH is non-overlapping with the PUCCH
· In Rel.16, for non-CA case, when DG PUSCH skipping is configured and 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 DG PUSCH overlapping with the CG PUSCHs on a serving cell and not overlapping with the UCI
· Opt-3:
· If there is data for DG, MAC generates PDU for DG PUSCH
· UCI is transmitted on PUCCH.
· If there is no data for DG, MAC does not generate PDU for DG or CG PUSCH
· UCI is transmitted on PUCCH.
· Opt-4: 
· If there is data for DG, MAC generates PDU for DG PUSCH
· UCI is dropped together with CG PUSCH.
· If there is no data for DG, MAC does not generate PDU for DG or CG PUSCH.
· UCI is dropped together with CG PUSCH.
Note: In RAN1#104-e, aim to resolve case 1-6 using above options as a starting point, other options are not precluded.
Agreement
Send an LS to RAN2 to convey the above RAN1 agreement, conclusion, and working assumption on PUSCH skipping (Rel-16). The LS is endorsed in R1-2009772.

RAN1 #104-e
Agreement
Send an LS to RAN2 to convey the latest RAN1 agreement on PUSCH skipping (Rel-16). LS is endorsed in R1-2102249.

Agreement
For the case (Case 1-6) when DG PUSCH and CG PUSCH are overlapping on a serving cell and CG PUSCH is overlapping with PUCCH, and DG PUSCH is non-overlapping with the PUCCH 
· In Rel-16, when timeline condition is met, for Case 1-6 in non-CA and CA cases, when DG PUSCH skipping is configured and 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, 
· When one or more CG PUSCH(s) overlap with a PUCCH on a same or different serving cell, a DG PUSCH overlaps with the one or more CG PUSCH(s) on one serving cell and the DG PUSCH does not overlap with the PUCCH, and there is no remaining PUSCH(s) on any serving cell(s) overlapping with the PUCCH, the UCI is transmitted on the PUCCH.
· This is for case 1-6a and 1-6b in Figure 1.
· MAC does not generate PDU for the one or more CG PUSCH(s) 
· If there is data for the DG PUSCH, MAC generates PDU for the DG PUSCH. If there is no data for the DG PUSCH, MAC does not generate PDU for the DG PUSCH 
· When one or more CG PUSCH(s) overlap with a PUCCH on a same or different serving cell, a DG PUSCH overlaps with the one or more CG PUSCH(s) on one serving cell and the DG PUSCH does not overlap with the PUCCH, and there is remaining PUSCH(s) on any serving cell(s) overlapping with the PUCCH, the PUSCH from the remaining PUSCH(s) for UCI multiplexing is determined following the existing UCI multiplexing rules, MAC generates MAC PDU for the PUSCH and delivers the MAC PDU to PHY and the UCI is multiplexed on the PUSCH.
· Note the remaining CG PUSCH(s) are not overlapping with any DG PUSCH on the same serving cell
· This is for case 1-6c in Figure 1.
· MAC does not generate PDU for the one or more CG PUSCH(s) 
· If there is data for the DG PUSCH, MAC generates PDU for the DG PUSCH. If there is no data for the DG PUSCH, MAC does not generate PDU for the DG PUSCH

Conclusion
For Case 1-6 when DG PUSCH and CG PUSCH are overlapping on a serving cell and CG PUSCH is overlapping with PUCCH, and DG PUSCH is non-overlapping with the PUCCH, 
· The time condition is ensured by gNB, i.e. the ending symbol of UL grant for the DG PUSCH should be at least  symbols before the first symbol of the earliest PUCCH or PUSCH among the overlapping group of PUCCH/PUSCH channels.
· RAN1 understands that for Case 1-6 the PUCCH, the CG PUSCH and the DG PUSCH are considered as an overlapping group of PUCCH/PUSCH channels for which the multiplexing timeline needs to be satisfied.
· The overlapping group of PUCCH/PUSCH channels for Case 1-6 is defined in the way such that a PUCCH/PUSCH would be included in a group if it overlaps with any channel in that group, regardless of whether multiplexing between these channels occurs or not.
· FFS whether or not additional spec change is needed

Conclusion
For Case 1-5, i.e. when DG PUSCH and CG PUSCH are non-overlapping and both DG/CG PUSCH are overlapping with PUCCH, PUCCH, CG PUSCH and DG PUSCH are considered as an overlapping group of PUCCH/PUSCH channels.
· No spec change is needed
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