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1	Introduction
This contribution provides the summary for the following email discussion in RAN1#108-e:
· [108-e-R16-URLLC-01]  Issue#1: Discussion on UE procedures for UCI multiplexing and prioritization by February 25 – Sigen (Apple)
Section 2 provides the background information. Section 3 captures the detailed email discussions. Section 4 summarizes the outcome of the email discussion.
2	Background
The discussion on clarification for UE procedures for UCI multiplexing and prioritization has been ongoing for a few meetings. The past discussions are captured in [1][2], and the options that had been discussed include the following:
· Option 2 (v2): The UE does not use the outcome of intermediate multiplexing for HP channels to cancel LP channels.
· Any HP channel with a corresponding DCI that overrides or overlaps with a HP channel that overlaps with a LP channel shall meet the cancellation timeline, namely all HP DCIs corresponding to these HP channels must arrive Tproc,2+d1 before the earliest symbol of the LP channel that would be cancelled by the any of these HP channels.
· All HP PUCCH/PUSCH channels except the final HP PUCCH/PUSCH that gets transmitted by the UE are intermediate channel
· Option 2’ (updated): The UE does not use the outcome of intermediate multiplexing for HP channels to cancel LP channels. (from Samsung)
· Any HP PUCCH channel that overrides or overlaps with a HP PUCCH channel that overlaps with a LP channel shall meet the cancellation timeline, namely all HP DCIs must arrive Tproc,2+d1 before the earliest symbol that would be cancelled by the final HP PUCCH channel. 
· If a UE detects a first DCI format indicating a first resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot and also detects at a later time a second DCI format indicating a second resource for a PUCCH transmission with corresponding HARQ-ACK information in the slot, UE does not expect the second resource starts earlier than the start of the first resource.
· All HP PUCCH/PUSCH channels except the final HP PUCCH/PUSCH that gets transmitted by the UE are intermediate channels.
· Option 3: [No change from the spec is needed.] Clarify that the “before or after” term in Claus 9 in 38.213 is interpreted as: 
· the UE checks overlapping between HP and LP channel for each HP grant it receives, including any intermediate HP channel that results from UCI multiplexing and PUCCH overriding triggered by each of the HP grant. 
· Option 3a: [No change from the spec is needed.] Clarify that the “before or after” term in Claus 9 in 38.213 is interpreted as: 
· A UE checks the overlap between a HP channel and a low priority channel before multiplexing. If there is an overlap, the LP channel gets cancelled. If not, a UE performs multiplexing across the HP PUCCH channels.  If then there is an overlap with a LP channel, the LP channel gets cancelled. Then, multiplexing between PUCCH and PUSCH is performed. If then there is an overlap with a LP channel, the LP channel gets cancelled
· Option 3b:
· Cancellation timeline needs to be satisfied for a group of overlapping HP channels as long as one of the HP channels overlaps with a LP channel.
· HP PUCCH for HARQ-ACK indicated by each DCI can cancel LP.
· Final HP PUCCH or PUSCH is used to cancel LP.
· Option 4: whether the intermediate HP channels is used to cancel the LP channels is left to UE implementation. 
· Option 5: The UE makes a determination about canceling the LP channel at the cancellation deadline. This determination is based on the multiplexing/overriding of the HP channels that are determined up to the cancellation deadline. 
· Multiplexing/overriding of the HP channels are performed based on their associated timelines defined in R15. 
· Each and every dynamically scheduled HP channel as well as the HP channels that are the result of the HP channel multiplexing/overriding and are overlapping with a LP channel should satisfy the cancellation timeline, i.e., the gap between the ending symbol of the HP DCI to the starting symbol of that HP channel should be at least Tproc,2+d1.  
· The UE cancels the LP channel starting from the first symbol that overlaps with the HP channel at the latest, i.e., the current specification wording is kept. 
· Once a LP channel is determined to be cancelled at the cancellation deadline, a UE is not expected to revert its decision.
The discussion in RAN1#107-e had focused a lot on Option 2 vs Option 5 [2]. Option 5 was considered by many companies as a good compromise between UE implementation complexity and scheduling flexibility.
The issue was discussed in 8 contributions submitted to RAN1#108-e [3]-[10]. Companies’ preferences are summarized as follows:
· Option 2: Ericsson (1st preference), OPPO (1st preference), Nokia/NSB (without timeline relaxation), Huawei/HiSi (?), Apple (1st preference), Samsung
· OPPO, Nokia/NSB, Apple and Samsung provided TP or draft CR for Option 2.
· Option 3: CATT
· Option 5: Ericsson (2nd preference), ZTE, OPPO (acceptable), Apple (2nd preference)
· Ericsson provided an analysis of different example cases for both Option 2 and Option 5, and also provided an updated description for Option 5.
· Ericsson, ZTE and Apple provided TP for Option 5.
· Concerns raised for Option 5
· Whether configured HP channel should be used to determine the cancellation deadline: CATT 
· Which HP channels should be used to determine the cancellation deadline: CATT, Apple
· Multiple cancellation deadline: CATT, Samsung
· Complicates UE implementation by enforcing timeline check: Huawei/HiSi, Samsung
· Scheduling restriction: Huawei/HiSi

Samsung has the following proposal to simplify UE implementation:
Proposal 1: If a UE detects a first DCI format indicating a first resource for a PUCCH transmission with HARQ-ACK information in a slot and also detects at a later time a second DCI format indicating a second resource for a PUCCH transmission with HARQ-ACK information in the slot, UE does not expect the second resource starts earlier than the start of the first resource.

In addition, Samsung discussed some cases for PUCCH with repetitions.

3	Email Discussions
3.1	UCI multiplexing and prioritization
3.1.1	Preferences
Many options had been discussed, but what had been mostly discussed include Option 2/3/3b/5. Option 5 was newly proposed in RAN1#107-e, and companies raised some issues that need to be clarified/addressed for Option 5. Other options had been discussed more extensively and should be well understood by companies.

First of all, it is good to understand where companies stand on different options.
3.1.1.1	First Round of Email Discussion
Q1: Preferences
Please provide/update your views on different options in the following tables:
(Note: the list of companies for Option 2/3/3b is based on input provided in [2]. Please provide update if needed.)

Option 2:
	Support or can accept
	ZTE, HW/HiSi, LG, DOCOMO, Nokia/NSB, OPPO, CATT, Ericsson, vivo, Apple, Samsung, New H3C, Spreadtrum

	Cannot accept
	Intel, Qualcomm, Samsung



Option 3:
	Support or can accept
	ZTE, Intel (1st preference), Samsung, [Nokia/NSB], QC, [vivo], CATT (1st preference), New H3C, Qualcomm (adding a reference to the PUCCH overriding section in the spec.), Spreadtrum

	Cannot accept
	HW/HiSi, OPPO, Apple, Ericsson



Option 3b:
	Support or can accept
	Nokia/NSB, HW/HiSi, vivo, OPPO, Apple, Ericsson (with clarification cancellation timelines for HP with DCI), Spreadtrum

	Cannot accept
	Samsung, Intel



Option 5:
	Support or can accept
	Qualcomm, Intel

	Cannot accept
	Samsung, 
[HWHiSI – we have concerns on the complex UE time-line check and additionally, Opt 5 also has scheduling restrictions], CATT, Ericsson (have concerns. Please see comments), OPPO(have concerns)




There have been some issues raised on Option 5, and it would be good to have them clarified in order to move forward.

3.1.1.2	Second Round of Email Discussion
If any company has changed the views on any of the options, please update it in the tables in Section 3.1.1.1.
3.1.2	Cancellation timeline determination
3.1.2.1	First Round of Email Discussion
[CLOSED] Q2: Cancellation timeline determination
In CATT’s contribution, it says:
	Issue 1. Whether configured HP channel should be used to determine the cancellation deadline
For issue 1, although cancellation timeline is not defined for the configured HP channels, it should be discussed whether configured HP channel should be used to determine the cancellation deadline.  As shown in Figure 1, the PUCCH for positive HP SR overlaps with a LP PUCCH, there was a latest time point for UE to cancel the LP PUCCH determined by UE implementation, which may be earlier than the multiplexing timeline. If the configured HP channel is not used to determine the cancellation deadline, then T2 is determined as the cancellation deadline (only HP HARQ-ACK is used to determine the cancellation deadline), it would be determined that UE should transmit LP PUCCH, but it is impossible for UE implementation since there is no enough time for UE to prepare the LP PUCCH. Hence, the HP configured channel should also be considered to determine the cancellation deadline, and it should be Tproc,2+d1 before the start of the configured HP channel for the following case.


[bookmark: _Ref95323033]Figure 1 Configured HP channel used to determine the cancellation deadline

…

Issue 3.   Which HP channels can be used to determine the cancellation deadline


[bookmark: _Ref95379160][bookmark: _Ref95379121]Figure 2  The intermediate HP PUCCH resource overlaps with LP PUCCH
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]A LP PUCCH may be cancelled by any HP PUCCH (initial HP PUCCH, intermediate HP PUCCH or final HP PUCCH) which overlaps with LP PUCCH, the cancellation deadline should be determined based on each of the HP PUCCH overlaps with LP PUCCH unless LP PUCCH is cancelled. As shown in Figure 3, UE determines the first cancellation deadline T1 based on HP PUCCH-1, then the following cases can be considered:
· Case 1: DCI2 comes later than the first cancellation deadline T1, then UE would cancel LP PUCCH based on HP PUCCH-1, and no more cancellation deadline is needed for the LP PUCCH.
· Case 2: DCI2 comes earlier than the first cancellation deadline T1, then UE would determine to multiplexing HP PUCCH-1 and HP PUCCH-2 in HP PUCCH-3 and determine the second cancellation deadline T2 based on HP PUCCH-3.
· Case 2-1: DCI3 comes later than the second cancellation deadline T2, then UE would cancel LP PUCCH based on HP PUCCH-3.
· Case 2-2: DCI3 comes earlier than the second cancellation deadline T2, then UE would determine to multiplex HP PUCCH-3 on HP PUSCH and determine that LP PUCCH can be transmitted.
This example shows that both initial and intermediate HP PUCCHs should be used to determine the cancellation deadline.



In Apple’s contribution, there is a related proposal (generic for both Option 2 and Option 5):
	Proposal 1: When a HP channel cancels a LP channel, the cancellation timeline is defined w.r.t. the earliest symbol among all the HP channels that are involved in the overriding/multiplexing procedure.




Companies please comment on (1) whether you agree with CATT that configured HP channel should be considered to determine the cancellation deadline; (2) whether you agree with CATT that both initial and intermediate HP channels should be used to determine the cancellation deadline, and whether you agree with Apple’s proposal 1 (for both Option 2 and 5).
	Company
	Comments

	Samsung
	(1) Agree.
(2) Agree with CATT. For apple’s proposal, how UE gets to know the earliest symbol is not clear. This issue can be addressed by our proposal as below.
Proposal 1: If a UE detects a first DCI format indicating a first resource for a PUCCH transmission with HARQ-ACK information in a slot and also detects at a later time a second DCI format indicating a second resource for a PUCCH transmission with HARQ-ACK information in the slot, UE does not expect the second resource starts earlier than the start of the first resource. Adopt the following TP for section 9.2.3 of TS 38.213.
[Apple] The proposal is formulated similar to how multiplexing timeline is defined in R15. Exactly how the UE identifies the deadline is up to UE implementation, but we think a similar approach for handling multiplexing can be reused here.

	Qualcomm
	In our view, the procedure is similar to UCI multiplexing in R15. With each DCI, the deadline for cancellation (similar to multiplexing in R15) can change. The UE needs to decode each DCI and determine the deadline accordingly. The same procedure is assumed at the gNB side, i.e., the gNB should take into determine the timelines based on each scheduled channel and also based on the possibility of the UE using the configured channels for transmission. 

	HW/HiSi
	On (1): We agree that configured HP channels should be included in the cancellation time-line. In our view this is clear for Option 2 and Option 5, since the earliest symbol is used for cancellation timeline which includes configured HP channels in our view. Below, Option 2 is copied as example:

“Any HP channel with a corresponding DCI that overrides or overlaps with a HP channel that overlaps with a LP channel shall meet the cancellation timeline, namely all HP DCIs corresponding to these HP channels must arrive Tproc,2+d1 before the earliest symbol of the LP channel that would be cancelled by the any of these HP channels.”

On (2): The gNB and UE may not aligned which channel is an intermediate HP channel or not, since from UE perspective when and how to do the multiplexing depends on UE’s implementation. 

For Apple’s proposal 1, we have the same comment as in one (1).

	Intel
	(1) Agree
(2) Agree with CATT’s description. 
· For the reason we agree with CATT’s second point, we do not think Proposal 1 from Apple is necessary. To echo QC’s point, the notion of a “cancellation deadline” is associated with each HP channel or a resultant HP channel (latter, as in the example from CATT) and they move with dynamic triggers. 

The second bullet for the description of Option 5 states: 
•	Each and every dynamically scheduled HP channel as well as the HP channels that are the result of the HP channel multiplexing/overriding and are overlapping with a LP channel should satisfy the cancellation timeline, i.e., the gap between the ending symbol of the HP DCI to the starting symbol of that HP channel should be at least Tproc,2+d1.  

The use of “that HP channel” intends to apply the timeline between HP DCI and the corresponding HP channels or any resulting channels (in case of overriding/mux). It is not necessary that HP DCI needs to satisfy timeline w.r.t. every HP channel that has an overlap. Any multiplexing or overriding between a number of HP channels come with their own timelines that would apply. 
Hence, we think while “Proposal 1” from Apple may be applicable to Option 2, it should not be applied to Option 5. 

	vivo
	We agree that configured HP channel should be considered to determine the cancellation deadline.
UE does not know whether it would receive a DCI to indicate multiplexing the configured HP channel at the latest time for cancellation. If UE does not receive the DCI and the final HP channel overlaps with LP channel, there would be no sufficient time to cancel LP channel. 
We agree that both initial and intermediate HP channels should be used to determine the cancellation deadline.
We agree with Apple’s proposal 1.

	DOCOMO
	(1) Agree
(2) Agree with CATT’s description.

	CATT
	Of course we support our analysis.
For the proposal from Apple, we share the same view as Intel that it is applicable to Option 2 but not for Option 5, e.g. Case 2 in the example of issue 3 above.

	OPPO
	Agree with CATT and Apple.

	Nokia/NSB
	(1) In the example provided by CATT, in principle it seems that the configured HP channel would also need to be considered to determine the cancellation timeline (at least for Option 5).
(2) We agree with CATT that both initial and intermediate HP channels would be used to determine the cancellation deadline.
(3) Apple’s proposal 1 seems fine in order to reduce UE complexity (considering Options 2 and 5)

	ZTE
	Agree with (1) and (2).

	Ericsson
	(1) Needs clarification. We don’t agree with the current description. 
· If there is only configured HP channel involved, then the answer is no.
· If there is a configured HP channel that would get involved in cancellation because of a HP channel with corresponding DCI (as shown in the figure by CATT), the answer is yes. But the reason for that is in fact, the HP channel with corresponding DCI.
Therefore, the statement/question is broad and hence we don’t agree.
We understand Apple proposal intends to capture the common part for Option2/5 and as HW provided the corresponding text in their response, involvement of DCI is quite important.  
So, we agree with the text provided by HW for Option 2.
This also partially addresses the question 2.
(2) The case illustrated by CATT was the reason of the previous discussions that led to Option 2 (or 5). It seems CATT example considers the current spec where we had lengthy discussions on the issues. If we assume Option 2, DCI 1, 2, 3 should arrive before T1. 
Therefore, to answer the question, one has to assume first which option is considered. We did this exercise in our contribution to clarify what the meaning of cancellation deadline is, but for that, first one has to assume what Option is assumed.
[Moderator] Sorry I was not exactly clear when formulating the questions. CATT’s discussion was for Option 5, but Apple’s proposal 1 was intended for both Option 2 and 5.

	New H3C
	Agree with (1) and (2)



3.1.2.2	Second Round of Email Discussion
For Issue 1 raised by CATT in Q2, it seems that most companies agree that for Option 5, configured HP UL channel should be considered to determine the cancellation deadline, except that Ericsson think it should be considered only if there is an overlapping HP channel with a corresponding DCI.
Regarding Ericsson’s comment, the moderator’s understanding is that in CATT’s example, the UE needs to decide whether to cancel LP channel at the cancellation deadline corresponding to HP SR. At this point, the UE does not know yet whether there will be any HP DCI coming later (e.g. the one shown in CATT’s Figure 1). So for this case, it is not possible to add the condition that there is an overlapping HP channel with a corresponding DCI.

[CLOSED] Proposed clarification 1 for Option 5:
A configured HP UL channel carrying SPS PDSCH HARQ-ACK, positive SR or a non-empty CG PUSCH, is considered when determining the cancellation deadline.

Companies please comment on the above clarification.
	Company
	Comments

	Moderator
	This proposed clarification is correct for CATT’s example in moderator’s view, but it is not entirely clear if it is fine to generalize the statement for all the cases.
It is also not clear to me how this clarification would be captured in the specs. If you have any suggestion, please comment.

	OPPO
	Generally, we are fine with the proposed clarification, however, we have no idea how the configured HP UL channel can be considered to determine the cancellation deadline for option 5. If it is for option 2, things would be simple since the earliest symbol of all the HP channels is used to determine the cancellation deadline. But it is not the case for option 5. As analyzed by other companies, the cancellation deadline for option 5 is defined with regard to each HP DCI and the corresponding HP channel, so the question is, for the configured HP channel, there is no corresponding DCI, how to use it to determine the cancellation deadline? 
Having said that, we think option 5 would introduce additional specification work compared to option 2, so we prefer to go with option 2.

	Spreadtrum
	We understand the intention of the proposal. Since the cancellation deadline is the start symbol of the HP UL channel that LP UL channel should be cancelled at least before this symbol, for all the involved HP channels should be used for cancellation deadline. 




For Issue 3 raised by CATT in Q2, most companies agree that for Option 5, both initial and intermediate HP channels should be considered when determining the cancellation deadline.
· QC commented that this is similar to UCI multiplexing in R15, and the cancellation deadline can change with each DCI.
· HW/HiSi commented that the gNB and UE may not aligned which channel is an intermediate HP channel or not, since from UE perspective when and how to do the multiplexing depends on UE’s implementation.
· [Moderator] my understanding is that Option 5 requires the UE to check at each cancellation deadline whether the “final” HP channel up to this point would cancel LP or not, and if yes, LP is cancelled. Otherwise, the cancellation deadline may move for further checking in the future. So there should be no ambiguity. Please check if this is the correct understanding or not.

[CLOSED] Proposed clarification 2 for Option 5:
Both initial and intermediate HP channels should be considered when determining the cancellation deadline.
· An intermediate HP channel here refers to the HP channel after multiplexing at a cancellation deadline.

Companies please comment on the above clarification.
	Company
	Comments

	Moderator
	Even though companies generally agree on CATT’s example, it seems still unclear which “intermediate HP channels” we refer to here, and how to capture it in the specs without ambiguity. I added a sub-bullet based on my understanding. If you have any suggestion, please comment.

	OPPO
	Fine with the direction of proposed clarification 2. One thing we want to clarify for option 5 is: since the cancellation deadline for option 5 is always moving depends on the reception of each HP DCI, UE needs to perform the overlapping resolution behavior (e.g., calculate the total UCI payload size, and then determine the resources of the resultant HP UL channel) each time the HP DCI is received. So we prefer to modify the proposed clarification 2 for option 5 as following:
Proposed clarification 2 for Option 5:
Both initial and intermediate HP channels should be considered when determining the cancellation deadline.
· An intermediate HP channel here refers to the HP channel after multiplexing at a each cancellation deadline.
Having said that, we think the performance gain provided by option 5 is limited while it complicates UE implementation. So we prefer to go with option 2.  

	Spreadtrum
	Support

	Samsung
	Agree.
We have a concern on the intermediate channel, as pointed out by Huawei, UE and gNB may have different understanding on the intermediate channel, if the timeline is determined based on the intermediate channel, how can UE and gNB ensure the same understanding on the deadline.

Further, after determining the deadline, does it mean UE needs to check whether a channels satisfying the deadline?  

If the timeline checking is not required, how can UE get to know the final HP channel?




For Apple’s proposal 1 in Q2, it seems that most companies think it is applicable to Option 2, but some companies think it is not be applicable to Option 5.
· Samsung suggests that how the UE gets to know the earliest symbols is not clear and proposed the additional constraint for HARQ-ACK overriding.
· [Apple’s response] The proposal is formulated similar to how multiplexing timeline is defined in R15. Exactly how the UE identifies the deadline is up to UE implementation, but we think a similar approach for handling multiplexing can be reused here.
· Nokia/NSB commented it is fine in order to reduce UE complexity.
· For Option 2, 
· HW/HiSi commented that proposal 1 is already reflected in the description of Option 2.
· For Option 5,
· Intel and CATT commented that this is not needed for Option 5, as illustrated in CATT’s example. 
· [Moderator] Intel and CATT’s comment seems to be correct. Apple’s proposal 1 is not strictly necessary for Option 5, but may be good to have to simplify UE implementation, as commented by Nokia. Please provide additional comment if you disagree.
[CLOSED] Apple’s Proposal 1:
Companies please provide any additional comment, if any, on Apple’s Proposal 1 based on the summary above.
	Company
	Comments

	OPPO
	Agree with moderator that Apple’s proposal 1 is good to simplify UE implementation for option 5.

	Spreadtrum
	Support Apple’s Proposal 1.

	Samsung
	Same concern as commented above.



Summary of second round of email discussion
Based on the limited comments received in the second round, it seems that companies’ understanding on option 5 is aligned on the following:
· A configured HP UL channel carrying SPS PDSCH HARQ-ACK, positive SR or a non-empty CG PUSCH, is considered when determining the cancellation deadline.
· Both initial and intermediate HP channels should be considered when determining the cancellation deadline.
· An intermediate HP channel here refers to the HP channel after multiplexing at each a cancellation deadline.
Some companies continued to express concerns on the complexity involved in determining the cancellation deadline.

3.1.3	Multiple cancellation deadline for Option 5
3.1.3.1	First Round of Email Discussion
[CLOSED] Q3: Multiple cancellation deadline for Option 5
CATT’s contribution:
	Issue 2. For a LP channel, whether more than one cancellation deadline is needed
Assuming there are more than one HP channels overlapping with LP PUCCH as illustrate in Figure 2, and in the first cancellation deadline T1 it was determined that the HP SR was negative and would not cause LP channel dropping, whether it is allowed to schedule a HP PUCCH with HARQ-ACK overlapping with LP PUCCH after T1?


[bookmark: _Ref95324870]Figure 3 Configured HP channel used to determine the cancellation deadline
In our understanding, this case should be allowed to reduce the limitation on HP channel scheduling. Since there is no need to avoid dropping LP PUCCH by increasing the HP channel latency. Then in the second cancellation deadline T2, it was determined that LP PUCCH should be dropped.
On the other hand, if LP PUCCH was cancelled by HP channel from the first cancellation deadline, then no more cancellation deadline is needed for this LP channel since “Once a LP channel is determined to be cancelled at the cancellation deadline, a UE is not expected to revert its decision”.



Samsung’s contribution:
	Another issue for Option 5 is that there can be multiple cancellation deadlines. For example, as shown in Figure 4, when UE receives HP DCI 1, the cancellation deadline is deadline 1, then UE receives HP DCI 2, the cancellation deadline is updated as deadline 2. UE needs to update the cancellation deadline whenever receives a HP DCI.
[image: ]
Figure 4 Case 3
The above scheduling complicates UE implementation and it is not a typical case. Not allowing such scheduling can simplify UE implementation for both Option 2 and Option 5.
Proposal 1: If a UE detects a first DCI format indicating a first resource for a PUCCH transmission with HARQ-ACK information in a slot and also detects at a later time a second DCI format indicating a second resource for a PUCCH transmission with HARQ-ACK information in the slot, UE does not expect the second resource starts earlier than the start of the first resource. Adopt the following TP for section 9.2.3 of TS 38.213.




Companies please comment on (1) whether you agree that there are multiple cancellation deadlines in these examples; (2) if yes, whether you think this is an issue.

	Company
	Comments

	Samsung
	(1) Yes
(2) Yes. It complicates both gNB and UE implementation.

	Qualcomm
	The example provided by Samsung is not an issue; this is similar to determining the UCI multiplexing deadline which the UE does in R15; as each new DCI arrives, S0 can move and the UE needs to be able to track it to determine when to perform multiplexing.  

	HW/HiSi
	In this example, if all DCIs satisfy these cancellation deadlines, then the UE may not need to be aware of these timelines, which is the same situation as for multiplexing timelines in Rel-15. 

But if the timeline check is needed for the UE, then going this way would complicate the UE implementation. Once a HP DCI is decoded, the UE needs to find out if this HP DCI was before or after the current cancellation deadline. Then with a next HP DCI, the deadline will change and the UE has to evaluate again if the DCI was before or after the new deadline. We think it is an issue if there are multiple cancellation deadlines and if the UE needs to be aware of them.

	Intel
	(1) Agree with CATT’s observations. This is an example of the case described in previous response that a cancellation deadline may effectively move with dynamic triggers.
(2) Agree with QC that this is not an issue, but the “natural mode of operation”. The UE updates its expected behavior according to any RRC configurations and any dynamic triggers received (and processed) until that time.

	vivo
	We agree that there are multiple cancellation deadlines in these examples.
We don’t think this is an issue as long as cancellation timeline is met. However, we are open to discuss the potential impact on UE implementation complexity.   

	DOCOMO
	(1) Agree with there are multiple cancellation deadlines in the examples.
(2) We don’t think this is an issue. Share the similar view with QC.

	CATT
	We agree that there can be multiple cancellation deadlines. It may not be an issue.

	OPPO	

	1)	Yes
2)	We don’t think this is an issue since it has been supported in R15 UE.

	Nokia/NSB
	1) Yes, we agree that there are multiple cancellation deadlines in these examples.
2) Agree with QC and others, this is there since Rel-15. 

	ZTE
	(1) The cancellation deadline may move.
(2) This is not an issue as QC analysis.

	Ericsson
	First of all, we have analyzed similar cases as CATT and Samsung in our contribution and provided our view to describe UE and gNB behavior. On the question raised, of course, there can be different cancellation deadlines corresponding to the different DCIs. But the question is should one use one of the deadlines for making decisions (as it is done in option 2).
1) On CATT case, there is no cancellation timeline for SR (that is T1) and the behavior is as the following:
If DCI arrives before T2:
· At UE: If UE transmit positive SR, UE transmits SR. UE transmits HP HARQ-ACK. UE cancels LP channel.
· [Moderator] if there is no cancellation deadline for SR, the UE would not be able to cancel LP PUCCH in time. So the UE has to check at the cancellation deadline corresponding to SR in order to cancel LP in time.
· At gNB: gNB does blind detection if SR is present or not. gNB expects HP HARQ-ACK. gNB doesn’t except LP channel.
Otherwise, error case.

2) On Samsung case, we had many examples in our contribution, e.g. Case 1-b.
If one go with Option 2 for example, the point is that always earliest deadline is the point for making decision:
· If DCI1 is received before the red deadline (T0):
· At UE: The UE cancels the LP channel and transmits PUCCH2.
· At gNB: The gNB expects PUCCH2. The gNB doesn’t except LP channel. 
·  Otherwise, it is an error case.

[image: ]

Samsung proposal is to achieve the same goal but instead of taking the earliest deadline (T0), ensure PUCCH resources don’t come earlier. We think this approach is very complicated and requires micromanagement of handling PUCCH resources. The simplest is the guarantee from gNB that none of the DCIs and PDSCHs come before T0.
Taking Samsung figure for this question, that is equivalent to say that none of the DCIs and PDSCHs involved arrive after “red cancellation deadline 2”, i.e. the earliest one.

	New H3C
	(1) Yes
(2) This may not  be an issue.

	Moderator
	Regarding the multiple/moving cancellation deadlines, companies seem to generally agree that they exist. But there are different views on whether this introduces too much additional UE implementation complexity:
· Yes: Samsung, HW/HiSi
· No: QC, Intel, DOCOMO, CATT, OPPO, Nokia/NSB, ZTE, New H3C
But it is not clear that additional discussion would help. Therefore, there is no second round of discussion for this topic.

In addition, Ericsson suggested that maybe we should try to simplify the determination of cancellation deadline by adopting a similar approach as Option 2, i.e., taking the earliest deadline for the overlapping HP channels. But this proposal seems to be the same as Q8, so further discussion can take place under Q8.




[CLOSED] Q4: 
Companies please comment on whether you support Samsung’s Proposal 1 above (for both Option 2 and 5).

	Company
	Comments

	Samsung
	Support.

	Qualcomm
	It is still unclear to us how this proposal helps with the overall intra-UE prioritization procedure. 

	HW/HiSi
	For Option 2, we are fine to discuss this proposal further. For Option 5, we think we should firstly address other questions/concerns before coming back to it.

	Intel
	Do not support. 
The constraint in Proposal 1 from Samsung is not necessary. It adversely affects the key benefits of intra-UE prioritization in terms of latency performance without bringing about any meaningful benefit to the UE given what is typical UE behavior as described in response to Q3. 

	vivo
	As long as cancellation timeline is met, the proposal 1 seems not necessary.

	DOCOMO
	It seems the proposal is not necessary.

	CATT
	We do not think the proposal is needed.

	OPPO
	The proposal is unnecessary.

	Nokia/NSB
	We wonder whether this proposal is only for HP channels (with a HARQ-ACK)?

	ZTE
	Not necessary

	Ericsson
	As we explained in previous question, this proposal is unnecessarily complicated, and it is not needed. The approach in Option 2 is simpler.

	New H3C
	Not necessary

	Moderator
	Based on the comments from companies, the moderator suggests that we do not discuss the proposal further.



3.1.4	Timeline check at the UE for Option 5
3.1.4.1	First Round of Email Discussion
[CLOSED] Q5: timeline check at the UE
Huawei/HiSi’s contribution:
	· Option 5 requires the UE to make a determination about canceling the LP channel at the cancellation deadline i.e. T0, but at the cancellation deadline T0, the UE may not be able to finish decoding HP DCI 2. Assume the decoding of HP DCI 2 is finished at td. At this point of time, option 5 requires the UE to find out whether the HP DCI 2 actually has been received before T0 or after T0. That means a time-line check is required to be implemented on the UE side.
· If it is found out at td, as in Case 1 of Figure 1, that the HP DCI 2 has been received before T0, then the multiplexing of HARQ A/N into HP PUSCH has to be taken into account before the cancellation decision is done. As outcome, the LP channel must be transmitted.
· If, on the other hand, it is found out at td, as in Case 2 of Figure 1, that the HP DCI has been received after T0, then the multiplexing of HARQ A/N into HP PUSCH shall not be taken into account before the cancellation decision is done. As outcome, the LP channel must be canceled.
[image: ]
Figure 4 – Different UE behaviors depending on the time-instant of DCI reception in option 5

The example of Figure 1 shows that option 5 requires the UE to check the cancellation time-line after the reception of a HP DCI. This results in high UE complexity, because after the UE has decoded HP DCI 2 at td (from the example in Figure 1) and identified an overlap with LP, it needs to go back and check the time-line in order to determine if HP DCI 2 has been received before or after a certain point in time (i.e. before or after the cancellation deadline T0). If it was before T0, then in this example the LP will transmitted and if it was after T0, the LP will cancelled. Such a functionality is very complicated for the UE implementation and should be avoided in our view. 



Samsung’s contribution
	[bookmark: _Hlk95409848]Another solution is UE checks whether the cancellation timeline condition is satisfied for a DCI. If the timeline condition is satisfied, the PUCCH/PUSCH indicated by the DCI is used to determine whether a LP channel is cancelled. Otherwise, the PUCCH/PUSCH indicated by the DCI is NOT used to determine whether a LP channel is cancelled. Whether UE checks the timeline condition was also discussed in Rel-17 intra UE multiplexing [2], some companies indicated that UE doesn’t check timeline, instead, UE simply follows the indication of gNB. The understanding should be consistent for Rel-16 and Rel-17, checking timeline is not preferred.



Companies please comment on whether you agree with Huawei/HiSi and Samsung on the UE implementation complexity on timeline check.

	Company
	Comments

	Samsung
	Agree

	Qualcomm
	This is also similar to R15 UCI multiplexing (and other timelines) where the PDCCH decoding time is absorbed in the overall defined timelines.  

[HWHiSi]: Please see our clarification below. This issue is that after a valid DCI has been decoded, the UE needs to find out if the corresponding PDCCH candidate was sent before or after the cancellation deadline and depending on the outcome of this operation initiate different UE behaviors. 

[Qualcomm] The UE does not need to perform different actions depending on whether a DCI has arrived before or after the deadline. If the DCI schedules a HP channel that overlaps with a LP channel, the UE expects the timelines for cancellation to be met; otherwise, it treats is as an error event. I believe this is different from R17 discussions where the UE needed to perform action 1 or 2 based on the timelines.  

	HW/HiSi
	We would like to give some additional thoughts to the issues that is described above.

Firstly, we agree with Samsung that the time-line check has been debated in Rel-17 and no consensus could be achieved. In the Rel-17 discussions it was pointed out that in legacy versions of the spec, the UE is not supposed to check any time-lines and it can simply rely on that the gNB guarantees these time-lines and gives the UE sufficient processing time. We think a Rel-16 UE should not be designed to be more complex than the Rel-17 UE, and time-line checks on the UE side should not be enforced. 

Secondly, I would like to further clarify for the example from Figure 1 above: the issue we see is that after the UE has received a valid DCI from a blind decoding operation, it has to go back in time and check whether the corresponding PDCCH has been received before or after the cancellation deadline. Depending on the outcome of this checking, it has then to carry out different actions (cancel LP or transmit LP). Please note that in Rel-15, the UE only needs to care about the result of the blind decoding when it obtains a valid DCI, it does not need to care at which time this DCI has been received. Going back in time to perform this evaluation is very complicated for the UE implementation and should be avoided in our view.

	Intel
	Do not agree that there is any new UE complexity compared to expected Rel-15 behavior in handling overriding or multiplexing. 
For each received dynamic trigger, the UE is expected to behave in a certain way depending on whether it can perform certain actions (i.e., satisfying the timeline) or not. If for any scheduling, the timelines are not satisfied, the UE behavior would be unpredictable. This is the same way all timelines (not just for multiplexing and overriding) are defined. And PDCCH decoding delay is included as part of these timelines. 
Thus, there is nothing extra-ordinary that the UE is expected to do here in the above examples – by definition, if a UE is designed to the specs, one may expect it to follow certain indication (e.g., to cancel or not some LP channel) if it is received within a specified deadline (and this deadline includes any PDCCH decoding delay), but may not be expected to follow the indication if the indication is received after the deadline. 
For our case at hand, for each received indication, what matters to the UE is whether the indication was received with sufficient time to perform the expected behavior (i.e., cancel, or to not cancel and instead multiplex with some other UCI in another non-overlapping resource, etc.).

[HWHiSi]: Please note that when the UE has finished the PDCCH blind decoding in Rel-15, the UE only needs to care about the result of the valid DCI(s). It does not need to go back in time and check on which symbols the DCI has been sent. Ut this would be needed here in Opt5- We do not mean with this concern the extra delay for the decoding, what we mean is that the UE is that checking the arrival symbol of the corresponding PDCCH and, on top of that, that depending on the outcome of this check different actions have to be performed.

	vivo
	In our understanding, UE doesn’t check timeline and simply follows the indication of gNB in current spec. For option 5, timeline check is needed for UE to determine whether a LP channel would be cancelled or not. 

	DOCOMO
	Agree that Option 5 requires UE to perform timeline check, while UE doesn’t in the current spec.

	CATT
	We agree with the comments from Huawei and Samsung. In Rel-17 intra-UE multiplexing discussion, companies argued that UE does not do timeline check so it should be avoid in Rel-16 as well.

	OPPO
	We are not clear whether the complexity is different from Rel-15 multiplexing behavior since the PDCCH decoding time also exists in Rel-15.
[HWHiSi]: In Rel-15, the UE performs blind decoding to obtain the DCIs and then it does multiplexing directly based on the channel that is scheduled by the DCI. This is simple. In Opt 5, on the other hand, it is different. The UE performs blind decoding and when it has received a valid DCI it identifies the resources of the scheduled channel. If there then is an overlap with a LP channel, the UE has to go back in time and check whether the corresponding PDCCH was before or after a certain deadline. This going back in time, to check the origin of a PDCCH is not needed in Rel-15, and on top of this, the UE has to implement two different behaviors depending on if the PDCCH candidate was before or after a certain point in time.

	Nokia/NSB
	We agree that several timeline checks depending e.g. on the reception of a new HP DCI would be complicated for UE implementation. However, we wonder whether this is something new or is the UE also required to do similar timeline checks in previous releases, as some companies mention. 
[HWHiSi]: Please our response to Oppo.

	ZTE
	Share the view from QC and Intel. For PDCCH decoding delay, I remember this issue has been explained by one company in last meeting.
[HWHiSi]: Please our response to Oppo.

	New H3C
	Agree with the comments from Huawei and Samsung.

	Moderator
	The timeline check indeed seems necessary for the UE to decide whether to cancel LP or not. Depending on whether a DCI comes before or after the cancellation deadline, the UE may need to take different actions, to cancel or not cancel the LP.
It seems the main debating point is whether it creates significant complexity for UE implementation, or it is similar to multiplexing in R15. It is not clear whether additional discussion would help. But I still add a table for second round of discussion if anyone has more points to bring up to help convergence.



3.1.4.2	Second Round of Email Discussion
[CLOSED]
Companies please provide any additional comment on the issue.
	Company
	Comments

	
	



3.1.5	Scheduling restrictions for Option 5
3.1.5.1	First Round of Email Discussion
[CLOSED] Q6: scheduling restrictions for Option 5
Huawei’s contribution:
	[image: ]
Figure 3 – Scheduling restriction in option 5: gNB cannot schedule HP DCI 2 after cancellation deadline if the HP DG PUSCH scheduled by HP DCI 2 overlaps with HP CG PUSCH but not overlaps with HP A/N.

It should be noted that for the same HARQ process number, the scheduling restriction is even more severe. For the same HARQ-ID, the DG PUSCH would also override the CG PUSCH if their resources do not overlap. This is illustrated in Figure 4 below:
[image: ]
Figure 4 – Scheduling restriction in option 5: gNB cannot schedule HP DCI 2 after cancellation deadline if the HP DG PUSCH scheduled by HP DCI 2 has the same HARQ ID at the CG PUSCH, even if CG PUSCH and DG PUSCH do not overlap

The above examples show that Option 5 imposes scheduling restrictions and these scheduling restriction have to be captured in the specification to avoid error cases. 

Observation 4: Option 5 imposes gNB scheduling restrictions for the high priority channels when configured grant is used. These scheduling restrictions need to be captured in the specification to avoid error cases.

Proposal: RAN1 needs to resolve the timeline check issue and the scheduling restriction if option 5 is supported.



Companies please comment on Huawei/HiSi’s proposal to capture the scheduling restrictions above for Option 5.

	Company
	Comments

	Samsung
	Before adopting Option 5. RAN1 needs to draw a conclusion that UE needs/is able to check whether multiplexing/prioritization timeline is satisfied. Whether UE can perform timeline checking was also discussed in Rel-17 but we cannot agree on a consensus. 

	Qualcomm
	The example is unclear. In Figure 3, LP channel is cancelled at the cancellation deadline. Not sure which part of Option 5 disallows scheduling the HP DG PUSCH. Appreciate it if colleagues from HW could clarify. 

[HW/HiSi] Please see our thinking on this case described below. In our understanding it would be decided to transmit the LP at the cancelation deadline
· The LP is scheduled non-overlapping with HP CG PUSCH. 
· Before the cancellation deadline T0, the HP DCI 1 is scheduling the HP PUCCH carrying A/N. This PUCCH is overlapping with the CG PUSCH.
· At T0, it is decided about preliminary UL resources. It is found that A/N is multiplexed into the CG PUSCH. This resolves the overlap with the LP channel and no decision to cancel the LP is taken. The LP channel is transmitted.
· HP DCI 2 that might come after T0 but before T1 cannot be used to schedule a DG PUSCH that would overlap with the CG PUSCH. The reason is that the DG PUSCH overrides the CG PUSCH. If this would happen, then the HP A/N1 would need to be transmitted on its original resource. But this is not possible, since its original resource is overlapping with LP and the UE has already decided  to transmit the LP  
[Qualcomm] Agree with the Intel’s response below.

	HW/HiSi
	Option 5 has been discussed as an alternative that does not have the HP scheduling restrictions for configurations where there the mux time-line is shorter than the cancellation time-lime. However, this example illustrates that when CG is involved, there are still scheduling restrictions. If we go for option 5, then these restrictions should be captured in the spec in our view.

	Intel
	Same comment/question as QC on the example from HW. For this example, we do not see a reason why the DG PUSCH may not be scheduled. Also, for the same HARQ-process index issue, the constraint exists for a reason since Rel-15 (to enable a UE to cancel the CG PUSCH when configured with ConfiguredGrantTimer) and there is nothing specific here about Option 5. 

We do not think the question raised by Samsung is relevant for the reasons described in the previous responses. In the context of current discussions, the “checking of timeline” is for the UE to know what it is expected to do when a particular indication is received satisfying a timeline w.r.t. some reference – and this information drives the dimensioning of the UE. 

To HW’s explanation above to QC: 
· HP DCI 2 that might come after T0 but before T1 cannot be used to schedule a DG PUSCH that would overlap with the CG PUSCH. The reason is that the DG PUSCH overrides the CG PUSCH. If this would happen, then the HP A/N1 would need to be transmitted on its original resource. But this is not possible, since its original resource is overlapping with LP and the UE has already decided  to transmit the LP  
We are aligned with all the bullets explaining UE behavior there, except that we do not see that it’s any special issue. It’s a natural consequence of causal relationships defined by the basic timelines for cancellation, multiplexing, etc. 
If the gNB wants to protect the HP A/N, given the scheduling thus far, it would need to refrain from scheduling the DG PUSCH. Otherwise, if gNB determines that it should prioritize the DG PUSCH, it can still certainly do so. In this sense it would be incorrect to say that “HP DCI 2 that might come after T0 but before T1 cannot be used to schedule a DG PUSCH that would overlap with the CG PUSCH.”.

	vivo
	We agree that the scheduling restriction exists for option 5.

	DOCOMO
	Agree that there is the scheduling restriction on Option 5 but it should be avoided by gNB scheduling. As Option 5 describes “Once a LP channel is determined to be cancelled at the cancellation deadline, a UE is not expected to revert its decision,” we think gNB ensures the HP DCI 2 is not scheduled in the example figure.

	OPPO
	We agree that the scheduling restriction exists for option 5.

	ZTE
	Share the view of DOCOMO. But the restriction case is very rare.

	Ericsson
	 In addition to the discussion above, we appreciate if Moderator puts forward the following questions regarding Option 5, since we are uncertain:
In our contribution, we assume Case 2-b and 2-d with corresponding behavior.
Question:  Is that correct description of behavior for Option 5? If no, and scheduling DCI2+PDSCH2 after T0 and before T1 is allowed for Option 5, Option 5 imposes intermediate cancellation. Then, it is very different form Option 2. What is your view?

Description of UE and gNB behavior:
· If DCI1 is received before the red deadline (T0):
· DCI2(+PDSCH2) is received after red deadline (T0) and before T1
· It is an error case.
· Otherwise, it is an error case.
Note: The above is applicable to both Option 2 and Option 5.
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	New H3C
	We agree that the scheduling restriction exists for option 5.

	Moderator
	There seems to be different understanding on HW/HiSi’s example, whether the gNB should not schedule the DG, or if the gNB schedules the DG then HP A/N is dropped together with CG. My initial thinking is that we could choose to go either way if we were to adopt Option 5, because this should not be a typical case.



3.1.5.2	Second Round of Email Discussion
For DG PUSCH overriding CG PUSCH in HW/HiSi’s examples, 
· Alt 1: the UE does not expect the DCI for DG PUSCH to come after the cancellation timeline associated with HP PUCCH.
· Alt 2: If the DCI for DG PUSCH comes after the cancellation deadline associated with HP PUCCH, HP PUCCH is dropped (together with CG PUSCH).
[CLOSED] Q7: 
Companies please provide comments on whether there is strong concern on any of the above two alternatives, or if you prefer another alternative.
	Company
	Comments

	Qualcomm
	Not sure if this is about the first example (where DG and CG overlap) or the second example. In the top example, the multiplexing timeline/CGDG overriding timleline for all HP channels in the overlapping group is supposed to be guaranteed. Further, the cancellation timeline between the LP and HP channels should be satisfied. With that, it is not clear what the reason for these two options are? Isn’t it that the HP PUCCH cancels the LP channel, DG overrides CG, and HP PUCCH and DG-PUSCH are sent?



In addition, Ericsson would like to seek feedback on the following:

“In our contribution, we assume Case 2-b and 2-d with corresponding behavior.
Question:  Is that correct description of behavior for Option 5? If no, and scheduling DCI2+PDSCH2 after T0 and before T1 is allowed for Option 5, Option 5 imposes intermediate cancellation. Then, it is very different form Option 2. What is your view?

Description of UE and gNB behavior:
· If DCI1 is received before the red deadline (T0):
· DCI2(+PDSCH2) is received after red deadline (T0) and before T1
· It is an error case.
· Otherwise, it is an error case.
Note: The above is applicable to both Option 2 and Option 5.”
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Moderator’s understanding is that DCI2 can come after T0 and before T1 for Option 5 but not for Option 2. For Option 5, LP channel would be cancelled in both cases (2-b/2-d). That is, Option 5 indeed can have cancellation due to an intermediate HP channel, which is exactly how it is different from Option 2 (where only the final HP channel is used to cancel LP channel).
[CLOSED] Q8: 
Companies please provide comments on your understanding for case 2-b and case 2-d above.
	Company
	Comments

	OPPO
	We share similar view with moderator.

	Spreadtrum
	We share same view with moderator.



3.1.6	Third Round of Discussion: Option 2
There have been some further discussions in the email regarding Option 2 and Option 3. The moderator thinks it may be useful to have draft TPs available for both Option 2 and 3, so that companies are clear about the specification impact. In this section, a TP is proposed for Option 2. Note that this does not mean it is proposed to agree on Option 2.


Q9: TP1 for Option 2
	TS 38.213 Clause 9
When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes other than PUCCH transmissions with SL HARQ-ACK reports before considering limitations for UE transmission as described in clause 11.1 and clause 11.1.1, including repetitions if any, the UE first resolves the overlapping for PUCCH and/or PUSCH transmissions of smaller the same priority index as described in clauses 9.2.5 and 9.2.6. Then, 
-	if a transmission of a first PUCCH of larger priority index scheduled by a DCI format in a PDCCH reception would overlap in time with a repetition of a transmission of a second PUSCH or a second PUCCH of smaller priority index, the UE cancels the repetition of a transmission of the second PUSCH or the second PUCCH before the first symbol that would overlap with the first PUCCH transmission
-	if a transmission of a first PUSCH of larger priority index scheduled by a DCI format in a PDCCH reception would overlap in time with a repetition of the transmission of a second PUCCH of smaller priority index, the UE cancels the repetition of the transmission of the second PUCCH before the first symbol that would overlap with the first PUSCH transmission
where 
-	the overlapping is applicable before or after resolving overlapping among channels of larger priority index, if any, as described in clauses 9.2.5 and 9.2.6
-	any remaining PUCCH and/or PUSCH transmission after overlapping resolution is subjected to the limitations for UE transmission as described in clause 11.1 and clause 11.1.1
-	the UE expects that the transmission of the first PUCCH or the first PUSCH, respectively, would not start before  after a last symbol of the corresponding PDCCH reception
-	for a group of overlapping PUCCH(s) and/or PUSCH(s) of larger priority index before the overlapping resolution procedure as described in clauses 9.2.5 and 9.2.6, and the PUCCH and/or PUSCH(s) after the overlapping resolution procedure, if any of the PUCCH(s) or PUSCH(s) overlaps in time with a repetition of a transmission of a PUCCH or PUSCH of smaller priority index, the UE expects that the last symbol of any PDCCH with a DCI format scheduling the PUCCH or PUSCH of larger priority index would be received no later than  before the earliest symbol of all the PUCCH(s) and/or PUSCH(s) of larger priority index
-	is the PUSCH preparation time for a corresponding UE processing capability assuming  [6, TS 38.214], based on  and  as subsequently defined in this clause, and  is determined by a reported UE capability
If a UE detects a DCI format scheduling a first PUCCH transmission of larger priority index that overrides, according to clause 9.2.3, a second PUCCH transmission of larger priority index, and the second PUCCH overlaps with a third PUCCH or third PUSCH transmission of smaller priority index, the UE expects the last symbol of the PDCCH for the DCI format would be received no later than , as defined in this clause, before the earliest symbol of the second PUCCH.



Companies please provide comments on the TP for Option 2, i.e., if Option 2 is agreed, whether the TP is sufficient or not.
	Company
	Comments

	OPPO
	We want to clarify the meaning of the highlighted phrase “all the PUCCH(s) and/or PUSCH(s)” in the following paragraph. Does it intend to include only the group of overlapping PUCCH(s) and/or PUSCH(s) before overlapping resolution OR it includes both the group of PUCCH(s) and/or PUSCH(s) before and after the overlapping resolution? This is not clear to us. To our understanding, the cancellation timeline is essentially defined in the same way as multiplex timeline in R15, and in such a case, we think the wording “all the PUCCH(s) and/or PUSCH(s)” should be changed in a way as “the group of overlapping PUCCH(s) and/or PUSCH(s)”
-	for a group of overlapping PUCCH(s) and/or PUSCH(s) of larger priority index before the overlapping resolution procedure as described in clauses 9.2.5 and 9.2.6, and the PUCCH and/or PUSCH(s) after the overlapping resolution procedure, if any of the PUCCH(s) or PUSCH(s) overlaps in time with a repetition of a transmission of a PUCCH or PUSCH of smaller priority index, the UE expects that the last symbol of any PDCCH with a DCI format scheduling the PUCCH or PUSCH of larger priority index would be received no later than  before the earliest symbol of all the PUCCH(s) and/or PUSCH(s) of larger priority index


	HW/HiSi
	In principle fine with this TP. Maybe the last paragraph is not needed if the reference to clause 9.2.3 is added to the second sub-bullet?



3.1.7	Third Round of Discussion: Option 3
There have been some further discussions in the email regarding Option 2 and Option 3. The moderator thinks it may be useful to have draft TPs available for both Option 2 and 3, so that companies are clear about the specification impact.

For Option 3, the moderator thinks that for two issues it is good to check if companies’ understanding is aligned.

Issue 1: two DCIs received at the same time
During the email discussion, HW/HiSi raised a question how two DCIs received at the same time should be handled in Option 3, and provided an example as shown in Figure 5. Assuming HP DCI 2 is the last DCI in the example, the question is whether PUCCH 3 also needs to considered when determining the cancellation of LP channels. If yes, it means that the UE would need to perform intermediate multiplexing of PUCCH 1 and SR to obtain PUCCH 3, even though the UE may be perfectly aware that PUCCH 1 will not be used. In addition, to generalize this issue, the question becomes for multiple DCIs overlapping in time, whether a processing order of these DCIs needs to be defined. (Note that even though in the figure PUCCH 3 and PUCCH 4 are overlapping in time, they can be anywhere in the slot, so whether PUCCH 3 is included in cancellation consideration can make a difference in the outcome.)
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Figure 5 An example of two DCIs received at the same time

Q10: 
For Option 3, (1) For the above example, should PUCCH 3 be considered when determining the cancellation of LP channels? (2) for multiple DCIs received at the same time, is there a need to define the processing order of these DCIs for intra-UE prioritization purpose?
	Company
	Comments

	OPPO
	(1) If it is for option 3, the answer is yes. If it is for the interpretation of the current specification, we think it is not clear.
(2) If it is for option 3, we think the processing order of the DCIs needs to be defined.

	HW/HiSi
	Difficult to say, that is also one reason why we are not comfortable with Option 3.

For (1), basically a UE should not be required to generate the intermediate channel in this situation. Note, that the same situation also exists for Rel-15, or in Rel-16 without having two priorities configured. A reasonable Rel-15 implementation would not generate PUCCH 3. If this case has to be considered then the whole UE implementation for Rel-15 would need to change just dealing with HP/LP overlap. On the other hand, to avoid ambiguity for Option 3 on the LP transmission, it seems required that the UE generates PUCCH 3…

For (2), the last HP DCI 2 defined in the spec does not mean that the UE shall process HP DCI 1 firstly and then process HP DCI 2 later. It is up to UE implementation, therefore a DCI processing order should not be defined.



Issue 2: handling of configured UL transmission in intra-UE prioritization
The issue came to the moderator when having offline discussion with Ericsson.
For a configured HP UL channel (e.g. SR, CG PUSCH, SPS HARQ-ACK), if it does not overlap with any other HP channels, it is clear in the spec that the configured UL channel would be considered when determining the cancellation of a LP channel.
However, if the configured UL channel overlaps with another HP channel scheduled by a DCI, is the configured UL channel still considered when determining the cancellation of a LP channel.

The possible confusion comes from the following: when overlapping resolution is described in the spec, it only mentions the cancellation due to scheduled PUCCH/PUSCH, and configured UL channel(s) in the multiplexing procedure is not mentioned.

	When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes other than PUCCH transmissions with SL HARQ-ACK reports before considering limitations for UE transmission as described in clause 11.1 and clause 11.1.1, including repetitions if any, the UE first resolves the overlapping for PUCCH and/or PUSCH transmissions of smaller priority index as described in clauses 9.2.5 and 9.2.6. Then, 
-	if a transmission of a first PUCCH of larger priority index scheduled by a DCI format in a PDCCH reception would overlap in time with a repetition of a transmission of a second PUSCH or a second PUCCH of smaller priority index, the UE cancels the repetition of a transmission of the second PUSCH or the second PUCCH before the first symbol that would overlap with the first PUCCH transmission
-	if a transmission of a first PUSCH of larger priority index scheduled by a DCI format in a PDCCH reception would overlap in time with a repetition of the transmission of a second PUCCH of smaller priority index, the UE cancels the repetition of the transmission of the second PUCCH before the first symbol that would overlap with the first PUSCH transmission
where 
-	the overlapping is applicable before or after resolving overlapping among channels of larger priority index, if any, as described in clauses 9.2.5 and 9.2.6
-	any remaining PUCCH and/or PUSCH transmission after overlapping resolution is subjected to the limitations for UE transmission as described in clause 11.1 and clause 11.1.1
-	the UE expects that the transmission of the first PUCCH or the first PUSCH, respectively, would not start before  after a last symbol of the corresponding PDCCH reception
-	is the PUSCH preparation time for a corresponding UE processing capability assuming  [6, TS 38.214], based on  and  as subsequently defined in this clause, and  is determined by a reported UE capability



However, there are following text for configured HP UL channel. But it is not clear whether this intends to cover configured UL channel that does not overlap with any other HP channel, or it also intends to cover configured UL channel in case of multiplexing.
	If a UE would transmit the following channels, including repetitions if any, that would overlap in time
-	a first PUCCH of larger priority index with SR and a second PUCCH or PUSCH of smaller priority index, or 
-	a configured grant PUSCH of larger priority index and a PUCCH of smaller priority index, or
-	a first PUCCH of larger priority index with HARQ-ACK information only in response to PDSCH(s) reception without corresponding PDCCH(s) and a second PUCCH of smaller priority index with HARQ-ACK information only in response to PDSCH(s) reception without corresponding PDCCH(s), or a second PUCCH of smaller priority index with SR and/or CSI, or a configured grant PUSCH with smaller priority index, or a PUSCH of smaller priority index with SP-CSI report(s) without a corresponding PDCCH, or
 -	a PUSCH of larger priority index with SP-CSI reports(s) without a corresponding PDCCH and a PUCCH of smaller priority index with SR, or CSI, or HARQ-ACK information only in response to PDSCH(s) reception without corresponding PDCCH(s), or
-	a configured grant PUSCH of larger priority index and a configured PUSCH of smaller priority index on a same serving cell
the UE is expected to cancel a repetition of the PUCCH/PUSCH transmissions of smaller priority index before the first symbol overlapping with the PUCCH/PUSCH transmission of larger priority index if the repetition of the PUCCH/PUSCH transmissions of smaller priority index overlaps in time with the PUCCH/PUSCH transmissions of larger priority index.


In addition, what seems missing is the handling of multiplexing of configured HP UL channels only, that is, the HP channel after multiplexing should also be used to determine the cancellation of LP channel.
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Figure 6 Example A
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Figure 7 Example B
Q11: 
For Option 3, (1) If a configured HP UL channel overlaps with a scheduled HP UL channel, is the configured HP UL channel considered for cancellation of LP channel? (For Example A in Figure 6, is PUCCH 1 for SR considered?) Is spec change needed for clarification? (2) Is the handling for multiplexing of configured UL channels only (e.g. Example B in Figure 7) missing from the specs? Is spec change needed for clarification?
	Company
	Comments

	OPPO
	(1) If it is for option 3, the answer is yes. If it is for the interpretation of the current specification, we think it is not clear.
(2) We are open for the clarification. But to put it simplify, after multiplexing of configured UL channels only, the final PUCCH or PUSCH would also be configured UL channel, and the cancellation timeline would still be up to UE implementation. In such a case, we think the highlighted text below can be understood as the configured HP channel before or after multiplexing with other configured HP channel(s), if any.
If a UE would transmit the following channels, including repetitions if any, that would overlap in time
-	a first PUCCH of larger priority index with SR and a second PUCCH or PUSCH of smaller priority index, or 
-	a configured grant PUSCH of larger priority index and a PUCCH of smaller priority index, or
……

	HW/HiSi
	For (1), we think the configured HP UL channel is considered since it is regarded as the channel before multiplexing.

For (2) we think only PUCCH 3 is considered for cancellation of the LP channel, since the spec text “if a UE would transmit the following channels” refers to the resulting channel, i.e. only to PUCCH 3



Q12: TP1 for Option 3
It has been suggested by some companies that the following TP can be used to capture Option 3:

	TS 38.213 Clause 9
When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes other than PUCCH transmissions with SL HARQ-ACK reports before considering limitations for UE transmission as described in clause 11.1 and clause 11.1.1, including repetitions if any, the UE first resolves the overlapping for PUCCH and/or PUSCH transmissions of smaller priority index as described in clauses 9.2.5 and 9.2.6. Then, 
-	if a transmission of a first PUCCH of larger priority index scheduled by a DCI format in a PDCCH reception would overlap in time with a repetition of a transmission of a second PUSCH or a second PUCCH of smaller priority index, the UE cancels the repetition of a transmission of the second PUSCH or the second PUCCH before the first symbol that would overlap with the first PUCCH transmission
-	if a transmission of a first PUSCH of larger priority index scheduled by a DCI format in a PDCCH reception would overlap in time with a repetition of the transmission of a second PUCCH of smaller priority index, the UE cancels the repetition of the transmission of the second PUCCH before the first symbol that would overlap with the first PUSCH transmission
where 
-	the overlapping is applicable before or after resolving overlapping among channels of larger priority index, if any, as described in clauses 9.2.3, 9.2.5 and 9.2.6
-	any remaining PUCCH and/or PUSCH transmission after overlapping resolution is subjected to the limitations for UE transmission as described in clause 11.1 and clause 11.1.1


 
Companies please provide comments on the TP for Option 3 (other than the issues raised in Q10 and Q11), i.e., if Option 3 is agreed, whether the TP is sufficient or not.
	Company
	Comments

	OPPO
	No.
Option 3 requires UE to perform intermediate multiplexing by reception of each HP grant. However, from the TP, it is not clear whether the “overlapping resolution” is done by each HP DCI.

	HW/HiSi
	Agree with Oppo and additionally:

There has been an understanding by some companies that Opt 3 is what is supposed to be captured in the spec and that only a TP around Opt 3 should be discussed. However, this is certainly not our view. Agreements/WAs drive the spec, not the other way around. The WA that has been achieved is copied below:

Working assumption
1. Multiplexing/overriding/etc. is performed similar to Rel.15 as if HP channels do not exist; this means that LP operations, multiplexing/overriding/etc., are performed before cancellation.
1. A UE cancels the transmission of a LP channel including any intermediate scheduled LP transmission that does not overlap with any LP channel, if any DCI schedules an overlapping HP transmission with the LP channel, before performing multiplexing/overriding HP channels if any.
1. Multiplexing/overriding of HP channels is performed as if LP channels do not exist.
1. A final HP channel is prioritized if it overlaps with a final LP channel, after performing multiplexing of HP channels

As we discussed during the previous rounds, the WA does not describe Option 3 but Option 3b. Thus, if we just wanted to fix the spec according to what we agreed in the WA, then we should do it so the spec captures Opt 3b.

Also, our understanding of this TP is that it is closer to Option 3b than to Option 3.

The “before or after resolving overlapping among channels of larger priority index” does not mean after each DCI. It means after the multiplexing has been completed according to the procedure described in clause 9.2.5, which addresses the final HP, not intermediate channels.

From 38.213: “the overlapping is applicable before or after resolving overlapping among channels of larger priority index, if any, as described in clauses 9.2.5 and 9.2.6”

Clause 9.2.5 only cares about before multiplexing, i.e. the input to multiplexing and then the output, i.e. the final HP channel. It says nothing about intermediate channels. And this is reasonable, since intermediate channels are not required to be generated by the UE. It is up to the specific UE implementation.

In our view, the current TP/spec cannot be read that multiplexing has to be performed for each DCI as supposed for Opt3. More changes would be needed to capture the multiplexing for each DCI.





3.2	PUCCH repetitions
3.2.1	First Round of Email Discussion
Samsung’s contribution includes the following 2 proposals for PUCCH with repetitions and the corresponding TPs (Please refer to Samsung’s contribution for detail).
	Proposal 4: For resolving more than two overlapping PUCCHs of the same priority, UE first resolves overlapping PUCCHs without repetitions and then resolves overlapping PUCCHs with/without repetitions. 
Proposal 5: For resolving overlapping PUCCHs and PUSCH(s) of the same priority, UE first drops a PUSCH before multiplexing the UCI in the PUSCH if the PUSCH overlaps with a PUCCH with repetitions. Adopt the following TP for section 9 of TS38.213.



It is not clear to the moderator how this is related to Rel-16 intra-UE multiplexing/prioritization feature as both proposals are addressing the overlapping resolution for channels of the same priority. If the UE behavior is not clear for these cases, this seems to be a Rel-15 issue.

[CLOSED] Q7: PUCCH repetitions
Companies please comment on Samsung’s proposals on PUCCH with repetitions.

	Company
	Comments

	Samsung
	During the procedure of intra UE prioritization of different priorities, UE needs to perform multiplexing/prioritization of the same priority as well, therefore, we think Proposal 4 and 5 are related and should be discussed.

We agree similar issue exists in Rel-15, but it seems a little late to fix the Rel-15 spec but we can fix it in Rel-16.

There is a missing proposal [Proposal 3] from our contribution.

Proposal 3 is related to the following agreement. PUCCH repetitions collision is covered by intra UE prioritization and the current spec doesn’t cover the case of PUCCH repetitions.

	Agreement
Confirm the following working assumption and remove the brackets as follows:
· A UE behavior of handling intra-UE prioritization/multiplexing for overlapping UL transmissions on semi-static flexible symbols is not affected by UL cancellation due to dynamic SFI or [DL grant]
· Note: The UE performs prioritization/multiplexing first and once done applies dynamic SFI





Copied Proposal 3 below for the ease of reading.

Proposal 3: Adopt the following TP for sections 11.1 and 11.1.1 of TS38.213.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
[bookmark: _Ref500831375][bookmark: _Toc12021489][bookmark: _Toc20311601][bookmark: _Toc26719426][bookmark: _Toc29894862][bookmark: _Toc29899161][bookmark: _Toc29899579][bookmark: _Toc29917318][bookmark: _Toc36498192][bookmark: _Toc45699220][bookmark: _Toc90376707]11.1	Slot configuration
<Unchanged text omitted>
For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	If the UE does not indicate the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a CORESET where the UE detects the DCI format; otherwise, the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS38.214], determined from clauses 9, and 9.2.5 and 9.2.6 or clause 6.1 of [6, TS38.214], or the PRACH transmission in the set of symbols.
-	If the UE indicates the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined from clauses 9, and 9.2.5 and 9.2.6 or clause 6.1 of [6, TS 38.214], or the PRACH transmission in remaining symbols from the set of symbols. 
<Unchanged text omitted>
[bookmark: _Toc12021490][bookmark: _Toc20311602][bookmark: _Toc26719427][bookmark: _Toc29894863][bookmark: _Toc29899162][bookmark: _Toc29899580][bookmark: _Toc29917319][bookmark: _Toc36498193][bookmark: _Toc45699221][bookmark: _Toc90376708]11.1.1	UE procedure for determining slot format
<Unchanged text omitted>
If a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as downlink or flexible, or the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	If the UE does not indicate the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a CORESET where the UE detects the DCI format; otherwise, the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS38.214], determined from clauses 9, and 9.2.5 and 9.2.6 or clause 6.1 of [6, TS38.214], or the PRACH transmission in the set of symbols. 
-	If the UE indicates the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined from clauses 9, and 9.2.5 and 9.2.6 or clause 6.1 of [6, TS 38.214], or the PRACH transmission in remaining symbols from the set of symbols.  
<Unchanged text omitted>
-	if the UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in the set of symbols of the slot and the UE is not provided enableConfiguredUL, then 
-	if the UE does not indicate the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], as determined in clauses 9, and 9.2.5 and 9.2.6 or in clause 6.1 of [6. TS 38.214], or the PRACH in the slot if the first symbol of the PUCCH or the PUSCH or actual repetition of the PUSCH or the PRACH in the slot occurs within  relative to a last symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0; otherwise, the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], as determined in clauses 9, and 9.2.5 and 9.2.6 or in clause 6.1 of [6. TS 38.214], or the PRACH in the slot;
-	if the UE indicates the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], as determined in clauses 9, and 9.2.5 and 9.2.6 or in clause 6.1 of [6. TS 38.214], or the PRACH in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0. The UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], as determined in clauses 9, and 9.2.5 and 9.2.6 or in clause 6.1 of [6. TS 38.214], or the PRACH transmission in remaining symbols from the set of symbols;
<Unchanged text omitted>
----------------------------------------------------- End of text proposal ------------------------------------------------------



	Qualcomm
	Agree with the moderator’s comment above. The relation between the proposals and the current discussion is unclear. Further, we prefer to not include any other discussion as part of this email discussion and instead try to conclude the topic at hand. 

	Intel
	Same view as Moderator and QC.

	vivo
	Agree with the moderator’s view. The relation between PUCCH repetition and intra-UE multiplexing/prioritization is not clear. Firstly, we should focus on other issues as mentioned above.  

	DOCOMO
	Same view as Moderator and QC.

	CATT
	Agree with moderator.
At least for proposal 4, based on the discussion in Rel-17 intra-UE multiplexing, majority companies agree that in Rel-15/16 UE first resolves overlapping PUCCHs with repetitions and then resolves overlapping PUCCHs without repetitions.

	OPPO
	Agree with moderator.

	Nokia/NSB
	Agree with moderator.

	ZTE
	Share the view of Moderator and QC.

	New H3C
	Same view as Moderator and QC.

	Moderator
	Based on the comments received in the 1st round, the moderator suggests that we do not discuss this issue further as part of this email discussion. As CATT commented, this is also being discussed in R17 intra-UE multiplexing. If needed, the issue can be raised separately in the future.



[bookmark: _Toc503902285][bookmark: _Toc415085486]4	Outcome of the Email Discussion
There is no agreement from the email discussion.
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