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Introduction
According to discussion at the preparation phase, the following email thread is allocated by Chairman for further discussion:
[101-e-NR-L1enh-URLLC-IIoTenh-04] 6.1. Discussion on CG-CG/DG with same priorities and drafting reply LS for R1-2003259 by 5/29 and corresponding TP (if any) by 6/5 – Duckhyun (LGE)

To address the identified issues from companies’ contributions related to the above email thread, the suggestions for the issues are provided in Section 2. [In Section 3, a few open issues identified are listed up so companies are encouraged to provide your input/feedback in the next meeting in order to facilitate the discussion]. In section [4], the outcome from [101-e-NR-L1enh-URLLC-IIoTenh-04] are provided including all the agreements and all the endorsed TPs.

Email discussions 
Issue 6.1: Collision between CG and CG/DG with same priorities (including LS R1-2003259)
In this meeting, there is incoming LS from RAN2 (R1-2003259), regarding intra-UE prioritization cases with uplink grants overlapping in time. According to the LS, some undesirable behavior could occur due to inconsistent conflict handling between RAN1/RAN2. To resolve this inconsistency, two options which are specified by RAN2 as following. 
1. RAN2 changes MAC specification to accommodate current PHY behaviour. With this option, MAC will avoid providing second MAC PDU with the same L1 priority to PHY, meaning that PHY would transmit the packet with lower LCH priority data. 
2. RAN1 changes PHY specification to accommodate current MAC behaviour of prioritizing the second MAC PDU provided from MAC. 

In [21-25], some companies provide drafts of reply LS. 

In order to reply the LS, we would like to collect companies’ preference on those options. 
· Option 1
· Support: ZTE[1,21], Ericsson[3], Samsung[8], LG[10], MTK[12], Qualcomm[16,20], vivo[17,22	], Nokia[19,24](no change RAN1 spec.)
· Option 2	
· Support: CATT[5,23] (only if no UCI multiplexing), Huawei[17], Sony[13] (for UE supporting or configured with L1 priority), oppo[25]

Main discussion point would be a feasibility of the cancellation via second MAC PDU. Here is companies’ view on the feasibility 
· The reason of infeasibility
· Timeline won’t be guaranteed 
· A moment when MAC PDU is delivered cannot be specified 
· It needs to redesign entire UCI multiplexing/prioritization behavior at the very late CR phase.
· Especially, it may potentially produce the unintended dropping of a high-priority HARQ multiplexed onto the deprioritized PUSCH.
· It will lead to unnecessary increase in gNB complexity, DL control load, reduced DL & UL system efficiency, and reduced inter-UE CG PUSCH multiplexing capabilities

As an additional discussion point, vivo[17] suggest to ask RAN2 how to handle the collision case in MAC layer if MAC layer intra-UE prioritization is not supported or not configured, i.e., LCH-based prioritization is not configured

FL’s suggestions on the issue 6.1
In order to discuss the LS, R1-2003259, we need to conclude whether or how to support CG-DG/CG collision with same priority since we haven’t discussed these aspects. If there is no overlapping grant, the issue in the LS needs not to be discussed. 

	In 38.214, Section 6.1:
A 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 end of symbol 𝑖 is not at least 𝑁2 symbols before the beginning of symbol 𝑗. The value 𝑁2 in symbols is determined according to the UE processing capability defined in Clause 6.4, and 𝑁2 and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH.



Considering current specification above, it is already supported for dynamic grant to override configured grant if the timeline satisfies. With same priority, it would be common understanding to follow Rel-15 CG-DG behavior.

Proposed Conclusion: For the collision between DG PUSCH and CG PUSCH with same priority, the DG PUSCH can be scheduled overlapping in time with CG PUSCH occasion if Rel-15 timeline satisfies. 
Companies are encouraged to provide your preference or editorial correction if any on above proposal.
Comment:
	Company
	Comment if any

	Nokia, NSB
	Support the conclusion. 
The Rel-15 flexibility within the same priority should be retained. 

	Apple
	Support the conclusion.

	vivo
	Support the conclusion 

	Qualcomm
	Support the proposed conclusion.

	CATT
	We would prefer to go one step further to support overlapping DG PUSCH and CG PUSCH with same priority even if Rel-15 timeline does not satisfy. We understand that UE complexity issue was raised if Rel-15 timeline is not satisfied, but we would like to understand the concern better. In Rel-16, we support a LP PUSCH to be pre-empted by a HP channel and a HP PUSCH to pre-empt a LP channel w/o satisfied Rel-15 timeline, we would like to understand the difference in terms of UE implementation. In addition, for overlapping PUSCHs with different L1 priorities, depending on the discussion in eCG AI, it may or may not be supported. If it is supported, the Rel-15 timeline may or may not be met. We would like to understand the difference in terms of UE implementation for these cases as well.

	HW/HiSi
	We do not agree with the proposed conclusion.
Also for DG vs CG, the later grant should be prioritized. Re-using the Rel-15 rules is not desirable for the following reasons: 
· Using a dynamic grant is in general more spectrum efficient than a configured grant. The configured grant, on the other hand, achieves lower latency. When possible, it can be expected that the gNB applies a DG to schedule a first UL transmission. If the UE then has to send another UL transmission with higher LCH priority, it should use the CG. Otherwise, the incurred latency of the new transmission would become too long. Therefore, the CG should be prioritized if it comes later than the DG.
· Also, if the Rel-15 rule is re-used, then probably also the DG/CG case where the CG has a higher priority would need to be re-considered. But I assume that this is not desired by anyone. When the CG has higher PHY priority, the MAC PDU should be generated and sent to PHY. If a new rule for this case is supported by everyone, why not using the new rule for the same PHY priority as well?
· If MAC has PDUs for two grants to assemble (DG and CG) with the same PHY priority and the CG has higher LCH priority, then MAC should generate the PDU for the CG and send it to PHY. But if PHY always prioritizes the DG, it would contradict to this. Re-using the Rel-15 rule for PHY would basically deny the grant prioritization procedure in the MAC layer. This is not reasonable in our understanding, especially when considering that UE grant multiplexing is a RAN2 led topic.   

	CMCC
	we slightly prefer to support later grant override earlier grant with some restrictions, i.e. only if no UCI multiplexing proposed by CATT

	Samsung
	Agree. 

	ZTE
	Support the conclusion

	Sony
	We do not agree with the proposal.  We share same view as Huawei that CG is useful for low latency transmissions and so it is likely to be used for URLLC to overwrite a DG-PUSCH.
Also Rel-15 does not have a high or low L1 priority.  As far as the specs is concerned if L1 priority is not configured, it is regarded as low priority.  So perhaps we can do the following:

· For CG and DG that are High L1 priroity, the later PUSCH overrides the earlier PUSCH.

This will then conform to Rel-15 rule but still allows the UE to use (High L1 priority) CG to carry a high LCH priority packet that overrides an earlier (High L1 priority) DG-PUSCH.

	FUTUREWEI
	In rel-15 had hoped for better handling of DG vs CG, where CG could be prioritized in some cases. We should support improved handling in rel-16 as best we can, with whatever restrictions, etc are needed. This would require modification to the conclusion.

	InterDigital
	Support the conclusion.

	LG
	Support the conclusion. 

	Intel
	Support the conclusion.

	Ericsson
	The conclusion is correct – it repeats the current spec. It does not answer the question in LS though. 
· Current spec is, DG overrides CG regardless of whether the DG is the first or second.
· The question in LS is, 2nd PDU (may be CG or DG) has priority over 1st PDU (may be CG or DG) from RAN2 perspective.
Thus we do not see the need of above conclusion.

	OPPO
	Support the conclusion to allow two MAC PDU that would transmit in two overlapping PUSCHs to deliver. 
However, overlapping handling needs to be discussed. On overlapping handling, we have similar opinion as HW. To align with MAC behavior, later grant has higher priority.
Regarding that the time of MAC PDU deliver is an implementation issue and timeline is not easy to define, we suggest that overlapping handling is left to UE implementation. One reasonable implementation is that if the later MAC PDU is higher priority and there is enough time to cancel PUSCH with low priority and prepare PUSCH with high priority in physical layer, MAC delivers the later MAC PDU, otherwise, MAC does not deliver the later MAC PDU. Certainly, UE could apply further optimized implementation if taking UCI multiplexing into account. 
Considering that implementation flexibility in physical layer, there may be difference between MAC and PHY, indicator on whether MAC PDU transmits or not can be considered to report to MAC.



<Updated for CG-DG case at 5/27>
FL’s comment:
Based on the above comment, some companies show their concerns on defining prioritization rules. However, proposed conclusion only means those two grant can be overlapped. It can be still changed up to RAN1/RAN2 discussion which grant will be prioritization. But that discussion seems not necessary for drafting reply LS. In Rel-15, RAN1 specification only mention DG and CG can be overlapped if timeline condition met. In MAC layer, configured grant is processed only if there is no overlapped DG in order to prioritize DG. In Rel-16, at least when LCH-based is configured, UE can deprioritize DG and prioritized CG regardless of which timeline is used. It could be an answer on comments from Huawei/HiSilicon, Sony and FUTUREWEI. 

Regarding to use between Rel-15 and Rel-16 timeline, we should consider some issues with same priority. The Rel-16 timeline means UE can cancel a transmission in the middle of the transmission if the cancelation was indicated before a certain point. For the different priority, the cancelation is indicated via PHY priority so that UE knows the cancellation after PDCCH reception. For the same priority, however, when the cancelation is informed is up to options listed option in LS (when first PDU is delivered or second PDU is delivered). UE may know the cancelation later than different priority case in both options. Situations seems different between same and different priority. UCI multiplexing is another important issue since UCI multiplexing timeline should be to multiplexing. 

 Since it is difference when UE knows the cancellation, it could be questionable to adopt Rel-16 timeline. And it is also not desirable to discuss a new timeline for the same priority at this last stage. But it is also related to a feasibility of options in the LS, it is necessary to make a conclusion. For now, I proposed similar conclusion and suggest to re-consider with above aspects. In addition I would like to hear companies’ view on Rel-16 timeline for further modification 

Proposed Conclusion: For the collision between DG PUSCH and CG PUSCH with same PHY priority, the DG PUSCH can be scheduled overlapping in time with CG PUSCH occasion if Rel-15 timeline satisfies. 
Note: it is related to other discussion how UE prioritized and transmit one of grants.

Question 1: It is possible to adopt Rel-16 timeline between CG-DG having same priority? 
	Company
	Comment if any

	Intel
	We do not see an easy way to capture “Rel-16 timeline” due to challenges in capturing the relative timing of the MAC PDU delivery at PHY. Thus, we propose to stick with Rel-15 timeline.

	Nokia, NSB
	We are fine the proposed conclusion. 

On Q1: We agree with Intel here and what Rel-16 timeline means here is a bit unclear? (is this from MAC PDU creation to start of transmission – there isn’t any timeline like this up to UE implementation)

	Apple
	Our understanding is for Rel-16, the DG PUSCH can be scheduled overlapping in time with CG PUSCH occasion if the Rel-15 timeline is satisfied; but there is no cancellation involved. We also wonder what the definition of Rel-16 timeline would be (no matter it would be to be defined in RAN1 or RAN2); we should not start such a big topic at this stage.

	Qualcomm
	Agree with the point raised by Intel.

	Samsung
	Agree with the point raised by Intel. How we can define exact Rel-16 timeline? PHY-MAC interface should entirely up to UE implementation. 

	Ericsson
	The conclusion is correct – it repeats the current spec. It does not answer the question in LS though.
· Current spec is, DG overrides CG regardless of whether the DG is the first or second.
· The question in LS is, 2nd PDU (may be CG or DG) has priority over 1st PDU (may be CG or DG) from RAN2 perspective.
Thus we do not see the need of above conclusion.

	OPPO
	Support the conclusion to allow two MAC PDU that would transmit in two overlapping PUSCHs to deliver. 
In our understanding, if my understanding is not correct, please let me know, overlapping handling is still open. On overlapping handling, we have similar opinion as HW. To align with MAC behavior, later grant has higher priority.
Regarding challenges in capturing the relative timing of the MAC PDU delivery at PHY proposed by Intel, we suggest that overlapping handling is left to UE implementation and Rel-16 timeline is not required.

	HW/HiSI
	Do not entirely agree with the conclusion, DG and CG can overlap but no Rel-15 timeline is needed for a Rel-16 UE that supports intra-UE prioritization. In Rel-15, the time-line is needed, because the transmission of the CG has to be stopped from its beginning. For a Rel-16 UE that supports intra UE multiplexing, we think the following 2 solutions can be considered:

Solution 1: This would be according to the Rel-16 timeline. The DG is always scheduled at latest Tproc2+d1 before the first overlapping symbol. A drawback with this approach is that the DG transmission will be unnecessarily delayed by d1 symbols if the CG is not triggered.
Solution 2: This is not according to the Rel-16 time-line. The DG could always be scheduled at latest Tproc2 before the first overlapping symbol. There is a risk that the UE cannot stop the CG in time, when the DG has a higher LCH priority and the CG has been triggered.

The LCH priority of DG and CG cannot be known in all cases in advance at the gNB side, this means the gNB cannot always judge if the CG has been triggered and if the DG has a higher LCH priority than the CG. 

The gNB cannot adaptively select Option 1 or Option 2, we would slightly prefer to adopt Solution 2 above. The advantage we see with that approach is that the DG transmission does not get unnecessarily delayed if no CG has been triggered. 

To answer the question, it is possible to adopt the Rel-16 timeline for CG-DG, but we would slightly prefer not to do it, i.e. to adopt Solution2 above. 




</Updated at 5/27>



For the collision between two CG PUSCHs, it has been discussed how to utilize multiple configured grants in enhanced CG AI. Based on the previous agreement, one purpose of multiple configured grants is to enhance reliability and reduce latency by overlapped configuration with PUSCH repetitions.
	Agreements:
· Multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency 
· FFS details
· Note: it is understood that the above may be related to RAN2-led work on intra-UE multiplexing


 
In this sense, it seems clear it is allowed to configure/schedule overlapped two configured grant PUSCHs. However, it is still necessary to discuss how-to. Based on the current MAC specification, MAC is already choosing one grant among overlapped configured grant according to LCH-based priorities. If priorities are equal, it is up to UE implementation how UE chooses one grant between two configured uplink grants. 
	In 38.321, Section 5.4.1:
NOTE 6: If there is overlapping PUSCH duration of at least two configured uplink grants whose priorities are equal, the prioritized uplink grant is determined by UE implementation.



Though this is only when the MAC entity is configured with lch-basedPrioritization, there is no reason to have different UE behavior when the MAC entity is not configured with lch-basedPrioritization. At least for this discussion, I would like to suggest to have common background assumption as below 

[bookmark: _Hlk41491277]Proposed Conclusion: 
· RAN1’s understanding is that the prioritized uplink grant is determined by UE implementation when the MAC entity is configured with lch-basedPrioritization, if there is overlapping PUSCH duration of at least two configured uplink grants whose priorities are equal.
· RAN1’s understanding is that the prioritized uplink grant is determined by UE implementation when the MAC entity is not configured with lch-basedPrioritization, if there is overlapping PUSCH duration of at least two configured uplink grants.

Companies are encouraged to provide your preference or editorial correction if any on above proposal.
Comment:
	Company
	Comment if any

	Nokia, NSB
	We agree with the intention to treat this the same, but then it seems in the second bullet the ‘whose priority is equal’ is missing!?
· RAN1’s understanding is that the prioritized uplink grant is determined by UE implementation when the MAC entity is not configured with lch-basedPrioritization, if there is overlapping PUSCH duration of at least two configured uplink grants whose priorities are equal.
If this is added – we support!

	Apple
	We support the proposed conclusion from FL.

	vivo
	We support the intention here. But for the second bullet, we think it is better to be clarified or confirmed by RAN2 for “when the MAC entity is not configured with lch-basedPrioritization”. 

	Qualcomm
	There is no need to have an explicit conclusion here as it makes some assumptions on how MAC should work. We only need to let RAN2 know whether RAN1 prefers option 1 or option 2 of the LS.

	CATT
	We assume priorities in the first bullet refer to LCH priority.
· RAN1’s understanding is that the prioritized uplink grant is determined by UE implementation when the MAC entity is configured with lch-basedPrioritization, if there is overlapping PUSCH duration of at least two configured uplink grants whose logical channel priorities are equal.
In general, we share the similar view with Qualcomm that we do not discuss this in RAN1. Our understanding is that for both cases, MAC would not deliver multiple MAC PDUs to PHY.

	HW/HiSI
	We do not agree with the proposed conclusion.
The agreement shown above is for the case “when the MAC entity is configured with lch-basedPrioritization”. In our view it applies when there is the same LCH priority level for both transmissions. Then, of course, it should be left for UE implementation. This agreement has in our view no relevance for the situation that is discussed in this LS reply. 

The case we are discussing for this LS, is that the MAC layer has already decided that the later grant has the higher LCH priority and should be transmitted. Otherwise it would not send it to PHY. 

There are 16 levels of LCH priorities but only two PHY priorities. A UE can support multiple services. In order to support multiple services efficiently in the UE, RAN1 should follow the desired handling from RAN2 and ensure that the later grant can be transmitted.

	CMCC
	Support the proposed conclusion and fine with Nokia’s update.

	Samsung
	We share same view with Qualcomm. We don’t need to have RAN1 conclusion for that since it is not asked by RAN2 in LS. This email thread should address LS issue only. 

	ZTE
	Partially support the proposed conclusion. We could agree “the prioritized uplink grant is determined by UE implementation” but one sentence of “Two grants have different MAC priority, UE follow MAC prioritization.” in FL’s email needs clarification, if UE follows MAC prioritization (I guess it is LCH priority), what is the detail behavior to following MAC prioritization?  Maybe it is not UE implementation issue.

	Sony
	Share same view with CATT & QC.  This is a MAC procedures and it should be up to RAN2 to decide if it is up to UE implementation and so we do not need to conclude this in RAN1 and not need for LS reply. 

	InterDigital
	Agree with Qualcomm. This is for RAN2 to decide.

	Ericsson
	Agree with QC and others that the proposed conclusion is not needed for the purpose of responding to RAN2 LS.

	OPPO
	Agree with QC .The proposed conclusion is not needed



<Updated for CG-CG case at 5/27>
FL’s comment:
Based on the comment, considerable number of companies think we don’t need to have explicit conclusion on how MAC works. And I also realized that the LS is assuming the case when the MAC entity is configured with lch basedPrioritization. In that case, all MAC procedure is clear in spec so that we can only have least conclusion to proceed to next discussion. 
Proposed Conclusion: 
Resources of multiple CGs configuration can be configured to overlap in time each other
Companies are encouraged to provide your preference or editorial correction if any on above proposal.
Comment:
	Company
	Comment if any

	Intel
	Yes, they may overlap, with the UE behavior up to UE implementation when priorities are equal and the configuration with higher PHY priority is prioritized in case they have different priorities (the prioritization may be performed by MAC).

	Nokia, NSB
	We agree. 
But just to check – is this conclusion valid for the same PHY priority or does this included different PHY priorities for CGs as well. We are fine with both – but it seemed this email thread is restricted to same PHY priority only. 

	Apple
	Resources of multiple CG configurations can overlap in time, for them, MAC should deliver a single MAC PDU to PHY,  PHY does not need to handle with the second MAC PDU.

	Qualcomm
	Agree with the comments from Apple.

	Samsung
	Under multiple CGs with same priority, we share the same view with Apple.

	Ericsson
	Agree with view from Apple/QC/Samsung. That is, use Option 1 in LS for the case of CG-CG overlap. 

	OPPO
	Agree proposed conclusion.

	HW/HiSi
	Agree.



</Updated at 5/27>
<Updated for CG-CG case at 5/28>
Proposed Conclusion: 
Resources of multiple CGs configuration having same priority can be configured to overlap in time each other

</Updated at 5/28>



If above two are concluded, we can discuss on following two options in the LS. 
1. RAN2 changes MAC specification to accommodate current PHY behavior. With this option, MAC will avoid providing second MAC PDU with the same L1 priority to PHY, meaning that PHY would transmit the packet with lower LCH priority data. 
2. RAN1 changes PHY specification to accommodate current MAC behavior of prioritizing the second MAC PDU provided from MAC. 

Following are collected companies’ preference on those options. 
· Option 1
· Support(8): ZTE[1,21], Ericsson[3], Samsung[8], LG[10], MTK[12], Qualcomm[16,20], vivo[17,22	], Nokia[19,24](no change RAN1 spec.), Apple, InterDigital
· Option 2	
· Support(4): CATT[5,23] (only if no UCI multiplexing), Huawei[17], Sony[13] (for UE supporting or configured with L1 priority), oppo[25]

Main discussion point would be a feasibility of the cancellation via second MAC PDU. Here is companies’ view on the feasibility 
· The reason of infeasibility of option 1
· The reason of infeasibility of option 2
· Timeline won’t be guaranteed 
· A moment when MAC PDU is delivered cannot be specified 
· It needs to redesign entire UCI multiplexing/prioritization behavior at the very late CR phase.
· Especially, it may potentially produce the unintended dropping of a high-priority HARQ multiplexed onto the deprioritized PUSCH.
· It will lead to unnecessary increase in gNB complexity, DL control load, reduced DL & UL system efficiency, and reduced inter-UE CG PUSCH multiplexing capabilities

Since RAN2 asked RAN1 to provide feedback on “which option is more feasible/appropriate”, I would like to suggest to discuss which options is feasible or not, it would be a pre-condition to choose one of options, especially option 2 (Since option 1 has RAN2 impact and RAN2 proposed this). If someone think both are not feasible and has a solution not one of listed options, it is also appreciated to provide that. 

Q1: Which option is more feasible in the perspective of RAN1. 
Companies are encouraged to provide view on the feasibility. For a proponent of option 2, please also provide opinion on the listed reasons of infeasibility of option 2 above. If collected preference is wrongly captured, please let us know. 

	Company
	Comment, if any

	Nokia, NSB
	Option 1 is overall more feasible, as the negative side-effects (such as HARQ-Ack dropping, need for re-tx) as discussed in our contribution R1-2003583 need to be considered as well – not just the latency of a single UL-SCH packet. 

	Apple
	1) It is too late to entertain the possibility of changing physical layer specification to align with the MAC behavior, 2) also as pointed by companies such as Nokia, the negative side effects with Option 2 are quite severe; so we support Option 1.

	Vivo
	Based on our analysis in R1-2003347, there are two interpretations in 38.214 for handling the DG vs. CG with the same priority. 
· Interpretation 1: for DG and CG with same priority i.e., both CG and DG are high priority or both CG and DG are low priority, Rel.15 rule applies, DG is prioritized over CG and CG may not starts the transmission. In such case, CG MAC PDU shall not be generated in MAC.
· Interpretation 2: for UE reports the capability of intra-UE prioritization, CG may or may not start Tx. If earlier CG starts Tx, later DG can cancel the CG under the timeline restriction M. In such case, PHY layer can support two MAC PDUs are delivered from MAC, but the DG is always prioritized over CG. 
If interpretation 2 is adopted, PHY layer handling is aligned with the MAC layer handling if the second MAC PDU is the DG and first MAC PDU is CG. While it is not aligned if second MAC PDU is the CG and first MAC PDU is DG. We would like to understand which interpretation is for Rel.16 UE behaviour. 

For CG vs. CG, we have not discussed, it is possible to align with the MAC layer handling, the timeline to cancel the first MAC PDU can be left to UE implementation. 
We think it is better to first check which case PHY layer handling is not aligned with MAC layer handling, then what is the options. 

	Qualcomm
	We support Option 1; under Option 1, MAC will generate a single PDU, and no change in the RAN1 specification is needed. It should also be noted that as in a realistic case, the UE is aware of the data in the buffer, and the case of data just-arrived is unrealistic, performance will not be compromised. 

	CATT
	We support option 2.
Regarding the issues mentioned for option 2, our views are as follows.
· Timeline won’t be guaranteed 
It is related to the first proposed conclusion. As we commented, we do not think the timeline needs to be guaranteed, which is similar as overlapping UL channels with different L1 priorities.
· A moment when MAC PDU is delivered cannot be specified 
We think at least the order of MAC PDU arrival is clear.
· It needs to redesign entire UCI multiplexing/prioritization behavior at the very late CR phase.
· Especially, it may potentially produce the unintended dropping of a high-priority HARQ multiplexed onto the deprioritized PUSCH.
We have considered the issue and proposed a compromise solution to avoid UCI dropping, i.e. the second PDU is only prioritized if there is no UCI multiplexed on the first PUSCH.
· It will lead to unnecessary increase in gNB complexity, DL control load, reduced DL & UL system efficiency, and reduced inter-UE CG PUSCH multiplexing capabilities
For gNB complexity, we do not see much difference from PUSCHs with different priorities. We are not clear why option 2 leads to increased DL control load, reduced DL&UL system efficiency and reduced inter-UE CG PUSCH multiplexing capabilities.

	HW/HiSi
	We support Option 2, it is more desirable from the performance point of view and it is feasible for implementation. 
To address the concerns mentioned above by the FL:
· For the time-line, the same rules has for LP vs HP can be re-used. 
· For the case when UCI is included in the first transmission, it could be further discussed whether to skip cancelling the first transmission in this case. It should be a rather rare situation that three uplink transmissions are scheduled so tight in time that UCI is multiplexed into a first PUSCH which then is cancelled again because of a second PUSCH with higher LCH priority. Another option would be to move the UCI into the later PUSCH.
· Regarding the increased gNB complexity. We do not see a significant increase of the gNB complexity. For the case that the gNB does not know whether the DG is dropped by a CG or the UL grant is missed. This would firstly only be true when the DG transmission has not started yet. But even then, the gNB can always schedule a retransmission with RV0, and then the UE would use this RV regardless if the UE had missed the UL grant, or it is dropped. About the concern that the gNB needs to detect another PUSCH during an ongoing PUSCH. This does exist already for LP vs HP. If a later CG 1 with higher L1 priority overlaps with another CG 2/DG or lower L1 priority, then the gNB also needs to detect the CG of higher L1 priority during the reception of the CG 2/DG

	CMCC
	We slightly prefer the compromised solution proposed by CATT. 

	Samsung
	Support option 1. Option 1 is more feasible in the perspective of RAN1 since option 1 does not have any impact on RAN1. We also share views from companies supporting option 1. Although this is discussion for replying LS, we should consider carefully impact of RAN1 at very late stage of Rel-16 CR. Only essential corrections should be considered in perspective of RAN1. We think that option 2 would be seen as optimization. 

	ZTE
	Option1.  The pros of prioritizing the second MAC PDU is to accelerate the PUSCH with higher LCH priority, but the cons is delaying the PUSCH with lower LCH priority to a later time even the PUSCH comes firstly. Actually the prioritizing of the second MAC PDU with higher LCH priority seems likely the optimization but not essential issue to be solved. So the PHY standard work is not preferred for this, and option1 is the better choice. UE is not expected the MAC layer provides second MAC PDU with the same L1 priority to PHY.

	Sony
	Option 2.  RAN2 already stated that they could not conclude to use Option 1 within RAN2 and we do not see why Option 2 is not feasible.  Firstly, we proposed that Option 2 is used only for case where both CG & DG PUSCHs have High L1 priority so that we still conform to Rel-15 for Low L1 priority PUSCH:
· In terms of timeline, we share Huawei’s view that if this can be done between Low L1 Priority PUSCH & High L1 Priority PUSCH, it isn’t clear why it is an issue for a High L1 Priority PUSCH and another High L1 Priority PUSCH.
· In terms of UCI multiplexing on an earlier DG-PUSCH, it should be noted that there are 16 priority levels at the Logical level.  Here, the MAC decided that the later CG-PUSCH has higher priority than the earlier DG-PUSCH and so the same treatment should be used between a low L1 priority DG-PUSCH with a high L1 priority CG-PUSCH.  Also, it should be more important to send the CG-PUSCH with higher logical priority than HARQ-ACK feedback for PDSCH because:
· A URLLC PDSCH would very likely be received (with BLER of 10-5 to 10-6)
· If gNB did not receive the HARQ-ACK bits, it will retransmit the PDSCH anyway.
Hence dropping the UCI would not lead to the UE failing its PDSCH URLLC latency.  However, dropping the CG-PUSCH would mean the UE fails to meet the URLLC latency.
· It isn’t clear where there is any gNB mire complexity than a Low L1 Priority DG-PUSCH vs High L1 Priority CG-PUSCH.

	FUTUREWEI
	We should take the RAN2 work and request seriously and try for Option 2, rather than just pick the option with less work for us. It may be that some restrictions are needed, such as for the UCI issue mentioned by Nokia. From the responses gNB should be feasible.

	InterDigital
	We support Option 1.

	Intel
	We support Option 1. Even if we would like to support the flexibility offered by Option 2, there does not seem an easy way to capture “order or MAC PDU arrival at PHY” in RAN1 specs without running into layer violation issues.

	Ericsson
	Support Option 1.
In addition to the points made by other supporters of Option 1, the scenario described in the LS is rare in our view. It only happens if all of the conditions below are satisfied:
(1). There are two overlapping grants (DG-CG or CG-CG) of same priority; and
(2). There is buffered data for the first PDU, and no buffered data for the 2nd PDU at the moment that MAC makes the decision to generate TB for first PDU; and
(3). MAC layer made the decision to send LCH data of lower MAC priority in the first grant, and the first TB is passed to PHY;
(4). Data arrives for 2nd PDU after the first TB has been passed to PHY; 
The overall performance impact is small even if PHY spec is not revised to prioritize the 2nd TB.

	OPPO
	Support option 2 and left to UE implementation in physical layer. Typical implementation is that later grant is higher priority.





<Updated for reply LS at 5/27>
FL’s comment:
I updated companies’ preferences on these options based on comment and contributions 
· Option 1
· Support: ZTE, Ericsson, Samsung, LG, MTK, Qualcomm, Nokia, Apple, InterDigital, Intel
· Option 2	
· Support: CATT, Huawei/HiSi, Sony, oppo, CMCC, FUTUREWEI, 
· Prioritize 2nd PDU only when no UCI: CATT, CMCC
· Check current UE behavior first: 
· vivo

Regarding to vivo’s comment, I would like for companies to consider addressed point on proposed conclusion 1. To my understanding, 38.214 allow to schedule overlapped CG and DG PUSCH under timeline restriction. Actual prioritization is done by 38.321. 
There are some point such as specification impact, time line, HARQ-ACK, gNB complexity. So far, there are still diverge views. 
It is fact that Option 2 will bring RAN1 specification impact, such as cancelation by MAC instruction. So it would be good to clarify potential RAN1 impact and its possibility. It should be noted that the case of same priority could be different from different priority case. Since PHY cannot know which grant has to be transmitted before when first (option 1) or second (option 2) MAC PDU is delivered. Companies are encouraged to provide view on updated Question 1.

Based on MAC specification, MAC tries to generate MAC PDU and prioritize/de-prioritize grant whenever grant is received not when traffic comes. And a grant is de-prioritized, MAC PDU would never be generated for the grant (Please refer 38.321 v16.0 s5.4.1). With this understanding, there are three case to identify issue for further discussion.

Case 1 is for two configured grant. Case 2 and 3 is for CG-DG case and assuming Rel-15 and Rel-16 timeline, respectively. Please comment if you have different understanding. 
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	Company
	Comment, if any

	Intel
	Cases 1 and 2 are fine. 
Case 3 would require PHY prioritization based on relative time when the MAC PDU is delivered to PHY, and this runs us into the same issue on capturing the behavior in RAN1 specs w/o layer violation issues. It would be good to see a possible TP from proponents of Option 2 to address this issue.

	Nokia, NSB
	To all 3 cases, according to our understanding there is not any minimum processing time defined between the MAC PDU generation / delivery to PHY and the earliest start of the related PUSCH transmission – this is UE internal (e.g. for case 1, the timing is undefined)

But we are fine with Case 1 & Case 2. 
For case 3, we thought based on earlier agreement that within the same PHY priority the Rel-15 operation should apply (incl. Rel-15 timeline’s should be applied), i.e. case 3 not supported from our understanding.  

	Sony
	All these 3 cases are already feasible currently.  I don’t think this is the issue raised by RAN2.  I would thought it is to do with case were DG is the earlier PUSCH and CG is the later PUSCH, i.e. Case 4 as in figure below:
[image: ]

In Case 4, MAC has already processed the PDU for DG but then comes a higher LCH priority PDU and MAC decides to put it into the CG knowing that at the Physical Layer the UE would drop the DG and transmit the CG, thereby allowing the higher LCH priority PDU to be transmitted.  Here DG & CG has the same Physical Layer priority.

	Apple
	Case 1 and Case 2 in FL’s illustration are supported, as there is a single MAC PDU sent to PHY. 
Case 3 is not supported, as it would violate the Rel-15 timeline conditions.  

	Samsung
	Case 1 and 2 are okay to us. For case 3, as explained above figure, UE may not meet Rel-15 timeline. It is the fact that RAN2 spec just know whether DG and CG are overlapped in time or not without considering PDCCH. So, although DG and CG have same priority and DG will override on CG, we are not sure how PHY can handle well without any processing time impact. One question to proponents of option 2, just in case, if PHY specify MAC PDU arrival timing, can gNB know this information? 

	Ericsson
	Our understanding is, only CG PUSCH may or may not exist depending on if MAC sends a TB to PHY. TS 38.214 Section 6.1.2.3:
· “The UE shall not transmit anything on the resources configured by configuredGrantConfig if the higher layers did not deliver a transport block to transmit on the resources allocated for uplink transmission without grant.”

For DG PUSCH, there is no such text in RAN1 spec. PHY always assumes that the PUSCH exists regardless of whether MAC sends a TB to PHY or not (the DG PUSCH need to participate in intra-UE multiplexing/prioritization before transmission). In fact, if this is not true, then gNB has to perform blind detection on the presence/absence of the DG PUSCH. This is excessive and unnecessary burden on gNB.


	OPPO
	For case 1 and 2, it is feasible but it is not the issues raised by RAN2. The issue is whether more than one MAC PDUs that would transmit in the overlapping resource are allowed to be delivered to PHY.
We also agree to add case 4 proposed by Sony.
For case 3 and case 4, it is left to UE implementation in physical layer. To align MAC and PHY, indicator on whether MAC PDU transmits or not can be considered to report to MAC.

	HW/HiSi
	Can you please clarify on Case 1? In our view this case shows that only one MAC PDU is transmitted to PHY for overlapping resources. This does not seem to answer the question from RAN2. RAN2 would like to have feedback on if and how PHY can handle two MAC PDUs that would be transmitted on colliding resources, when the MAC PDU are delivered not at the same time to PHY.

For case 1: In our understanding, at one given point in time, only one MAC PDU will be sent to PHY. But it can happen that one MAC PDU already has been delivered to PHY. Then there is a new MAC PDU delivered to PHY with a higher LCH priority. If there resources collide, then PHY should transmit the later one.  

For case 2: This case seems is already supported
For case 3: This case should be supported.  The second PDU would be sent to PHY if it has higher LCH priority. The UE should transmit the DG and cancel the CG. 

And we think there is also a Case 4, in which the DG starts earlier than the CG. Similar to Case 3, the MAC layer would already have generated the MAC PDU for the DG and then finds that there is data arrival for the CG and then it also generates the MAC PDU for the CG and send it to PHY.




<Updated at 5/27>


Open issues to be discussed 

For section 3, it is recommended for companies to take into account the issues carefully and to come back with sufficiently specific options/preference/suggestions to the next meeting so that we can complete RAN1 works on the relevant functionalities with respect to specification. 



Final outcome from [101-e-NR-L1enh-URLLC-IIoTenh-04]
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