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1	Introduction
This contribution provides the summary for the following email discussion in RAN1#108-e:
[109-e-R16-URLLC-01] Issue#1: Remaining issues on UCI multiplexing and prioritization by May 18 – 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
For UE procedures for UCI multiplexing and prioritization, a working assumption was agreed in RAN1#102-e:
	Working assumption
· 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.
· 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.
· Multiplexing/overriding of HP channels is performed as if LP channels do not exist.
· A final HP channel is prioritized if it overlaps with a final LP channel, after performing multiplexing of HP channels



This was later captured in TS 38.213 as follow:
	TS38.213

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



The discussion has continued since then on clarification for the exact procedures. There were several major concerns raised regarding the current specification and/or the working assumption:
· The specification is not clear on the UE behavior. In particular, it is not clear which HP channels should be considered to determine the cancellation of LP channels.
· Majority companies think the working assumption was intended for Option 3, but there is also different understanding from some companies who think the working assumption does not mean Option 3.
· There was concern raised regarding the implication of Option 3 on UE implementation, because it mandates the UE to perform multiplexing after receiving each HP DCI. There was no such requirement in Rel-15 multiplexing procedure, so Option 3 could have significant UE implementation impact for some UE implementation that does not perform multiplexing for each received DCI. In addition, Option 3 may cause unnecessary cancellation due to intermediate channels.
· The advantage of Option 3 over Option 2 is that Option 3 can allow lower latency for URLLC scheduling in certain cases, especially in some cases with mixed numerologies or mixed processing capabilities. 
The most recent email discussions are captured in [1]-[3], 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/108-e had focused a lot on Option 2 vs Option 5 [2][3]. Option 5 was originally considered by many companies as a good compromise between UE implementation complexity and scheduling flexibility in RAN1#107-e. But quite some issues were raised regarding Option 5 in RAN1#108-e. The supporting level was quite low for Option 5 after the discussion.
This issue was discussed in 5 contributions submitted to RAN1#109-e [4]-[8], mainly focusing on Option 2 and Option 3. Companies’ views are summarized as follows:
· Option 2: Huawei/HiSi, Spreadtrum (1st preference), CATT, OPPO, Apple, Ericsson, Nokia/NSB
· A TP is provided for Option 2 in [8] (joint contribution by Apple, Ericsson, OPPO, Huawei/HiSi, Nokia/NSB).
· Option 3: CATT, OPPO (as UE capability in addition to Option 2)
· Option 3x: Spreadtrum (acceptable)

3	Email Discussions
3.1	Necessity of a CR
First of all, it is good to understand if all companies agree on the necessity of a CR. The question is whether the current specifications clearly define UE behaviors or not. Any ambiguity in the specifications could lead to different UE implementations and different understanding between gNB and UE.

3.1.1	First Round of Email Discussion
Q1.1: Necessity of a CR
Do you think a CR is necessary?
(Note: This question is not intended for the debate of the content of CR or which option to go with. It is just to check if all the companies agree that something needs to be done.)

	Yes
	Nokia/NSB, OPPO, vivo, DOCOMO, HW/HiSi, Samsung, Qualcomm, Ericsson, Apple

	No
	Intel (not strictly necessary) 



Please provide comments if any.
	Company
	Comments

	Intel
	We do not see a strict need for a CR. We can accept adding a reference to PUCCH overriding section, but in our reading of the specs, this is not strictly necessary and is covered already. However, we’d be fine to add the reference for sake of additional clarity.

	Ericsson
	During the discussions many cases were raised that companies expressed how the behavior should be according to their understanding. But we fail obtain the same information from the specifications. The intra-UE multiplexing procedures is complicated. We have to make sure the specifications is clear and does not lead to the ambiguity. Developers of products use only specification as reference.

As Moderator indicated, there is a risk for misalignment between gNB and UE. It is not about PUCCH overriding which is already covered. 
· Current spec:
· For single HP DCI:
·  UE does (1) overriding, (2) intermediate cancellation, (3) HP multiplexing, (4) final cancelation by multiplexing outcome.
· The ambiguity is that when there are 2 HP DCI on step (4) above.:
· If HP DCI 1, would result in cancellation in step (4) due to multiplexing outcome, but HP DCI 2, does not result in a cancellation by the multiplexing outcome, there will be ambiguity.
This problem was discussed in details. The root of problem was the timeline issue. Option 2 solves this problem applying the same approach for timeline for UCI multiplexing.
In addition, Option 2 is more aligned with Rel-17, be removing intermediate cancellation. Therefore, same implementation as Rel15, can be used for Rel-16, and Rel-17. 

	Apple
	We think a CR is necessary. Even among the people who have been involved in the discussions all the way, there are different understandings on how to interpret it. Not to mention the people from the product team who are just reading the specs without knowing any of the background or even the agreements.
In our view, if nothing is done, the UE behaviors are unclear, and some aspects will be up to UE implementation.

	Moderator
	It would be good if Intel can elaborate why a CR is not strictly needed. Some companies think the UE procedure is not clearly captured in some aspects, which may not be shared by Intel. But as a minimum, I don’t see how PUCCH overriding is already captured in the spec. There are also some additional comments in Section 3.4.1 on the issues seen by other companies.

	Intel
	We clarified our reasoning in response to Q 4.2, should have added here as well. 

To elaborate, in case of PUCCH overriding, the “last DCI” determines the resulting PUCCH resource and this behavior can be seen already covered by current description “ first PUCCH … scheduled by a DCI format”). However, we’d be fine to accept addition of the reference if everyone thinks it makes things clearer.



3.2	Preferences
It is good to understand where companies stand on different options. 
3.2.1	First Round of Email Discussion
Only Option 2 and Option 3 are presented here to collect companies’ views, because these two options have been the main focus of the contributions submitted to RAN1#109-e. If you think another option should be considered, please comment. 
Q2.1: Preferences
Please provide your views on option 2/3 in the following tables:

Option 2:
	Support or can accept
	Huawei/HiSi, Spreadtrum (1st preference), CATT, OPPO (1st preference), Apple, Ericsson, Nokia/NSB, vivo(first preference), DOCOMO, HW/HiSi, Samsung (needs clarification)

	Cannot accept
	Qualcomm, Intel



Option 3:
	Support or can accept
	CATT, Spreadtrum, OPPO (as UE capability in addition to Option 2 for compromise), vivo(can accept it), DOCOMO, Samsung (without additional UE capability), Qualcomm, Intel, ZTE

	Cannot accept
	HW/HiSi (as compromise we could use it as UE capability in addition to Option 2)
Ericsson (we can not accept to have a UE capability for Option 3), Apple



Option 3b:
	Support or can accept
	Apple

	Cannot accept
	Qualcomm (main reasons mentioned on the reflector and copied below.)




Please provide comments if any.
	Company
	Comments

	Qualcomm
	As discussed at length during the past meetings, we do not agree with the list of issues mentioned above by the moderator regarding the current specification. 

Additionally, it should be noted that intra-UE prioritization is designed to provide low latency scheduling for the high priority transmissions. Option 2, however, increases the scheduling latency for URLLC. This fact should have been listed in this document as one of the drawbacks of this option. 

	Intel
	Same observations as mentioned by Qualcomm. It is not clear to us how “major concerns” are identified objectively, but each of the listed points were clarified and no issues pointed out for any of the responses provided during the past meetings. 
Option 3 corresponds to the current specifications and unless technical issues are established with current specs, we do not see a need to deviate from that. 

	Ericsson
	Please see our comments in Q1.1.


	Moderator
	Statistics on the preference:
Option 2
· Support or can accept: 10
· Cannot accept: 2
Option 3
· Support or can accept: 8
· Cannot accept: 2
· Can accept Option 3 as UE capability in addition to Option 2: 2
· Note: OPPO is counted here.
· Cannot accept Option 3 as UE capability: 1
The situation is similar as in previous meetings except that UE capability is now suggested by 2 companies as a compromise. There is also one company that cannot accept UE capability for Option 3. It is difficult to see how to move forward here.

Another option that can be considered as a middle ground between Option 2 and 3 is Option 3b, which was discussed extensively also.
As we are stuck here, I would encourage companies to further consider the possibility of adopting Option 3b. Please provide your view on Option 3b above.

@Qualcomm,
Thanks for pointing out that the advantage of Option 3 over Option 2 is missing from the summary. I also realized it and it is now added above with track changes. I agree it should be in the summary. 

	Intel
	We do not see a need for Option 3b. In fact, it seems to have the same main issue of Option 2 while there seems nothing wrong with Option 3. 

	Qualcomm
	1. We are wondering which of the issues with the current specification listed in the document can be circumvented by option 3b?
1. On the timeline condition for option 3b, is it the case that the cancellation timeline should be satisfied between every DCI (specifically the last one) and the starting symbol of the earliest HP channel in the group? If that is the case, isn’t its drawback the same as option 2 in terms of increasing URLLC scheduling latency?

	Samsung
	We cannot accept additional UE capability. It complicates network implementation. 

For 3b, “a group of overlapping HP channels” needs to be clarified first.



3.3	Option 2
3.3.1	First Round of Email Discussion
Option 2 proposes additional timeline constraints, and there are some related discussions in the contributions to clarify the timeline.

In [6], it says:
“As shown in Figure 1, a PUCCH with HP HARQ-ACK overlaps with a LP PUCCH, and a PUCCH with positive HP SR overlaps with the PUCCH with HP HARQ-ACK, but does not overlap with the LP PUCCH. According to the description of option 2, DCI for the HP HARQ-ACK should be earlier than time point T1, which is Tproc,2+d1 before the start of the PUCCH with HP HARQ-ACK.”


Figure 1 in [6]
“For another case shown in Figure 2, a PUCCH with HP HARQ-ACK-1 overlaps with a LP PUCCH, and the PUCCH with HP HARQ-ACK-1 is overridden by HP HARQ-ACK-2, but PUCCH with HP HARQ-ACK-2 does not overlap with the LP PUCCH. According to the description of option 2, DCI for the HP HARQ-ACK-1 and HP HARQ-ACK-2 should be earlier than time point T1, which is Tproc,2+d1 before the start of the PUCCH with HP HARQ-ACK-2.”


Figure 2 in [6]

There is a related proposal in [8] that addresses the same issue:
“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.”
Q3.1: Timeline for Option 2 
For Option 2, please share your views on the timeline requirements: (1) your understanding on the two examples in [6]; (2) whether you agree with Proposal 1 in [8].
	Company
	Comments

	Nokia/NSB
	Agree with the proposal 1 in [8], as it provides a unified cancellation timeline requirement.

	OPPO
	Agree with the proposal 1 in [8].
For the examples in [6], to our understanding, the DCI needs to come before Tproc,2+d1 before the start of SR/HARQ-ACK-2, which is the earliest among all the HP channels involved in the procedure.

	Vivo
	Agree with the proposal 1 in [8].

	DOCOMO
	Agree with the proposal 1 in [8].

	HW/HiSi
	Agree with the proposal 1 in [8].

	Samsung
	Not agree
We think for HP HARQ-ACK, only overlapping SR PUCCHs need to be considered. There is no need to schedule the HP HARQ-ACK before T1, instead DCI comes before T2 will be enough.
 [image: ]


	Apple
	Agree with the proposal 1 in [8].
For Figure 1 and Figure 2 in [6], the DCI should come Tproc,2+d1 before the start the HP SR and HP HARQ-ACK-2, respectively.

	Moderator
	Summary:
For Proposal 1 in [8],
Agree (6): Nokia/NSB, OPPO, vivo, DOCOMO, HW/HiSi, Apple
Not Agree (1): Samsung

According to Proposal 1 in [8], for the two examples in Fig. 1 and 2 in [6], the DCI should come Tproc,2+d1 before the start the HP SR and HP HARQ-ACK-2, respectively.

@Samsung
I assume what Samsung does not agree to is proposal 1 in [8]? Can you please also share your understanding on the two cases in [6]?
On your example, my understanding is that UE would not generate HP SR1 and SR2 at the same time because they overlap. If only HP SR2 is generated, it does not overlap with HP HARQ-ACK, so they do not belong to the same group for cancellation timeline. If only HP SR1 is generated, then HP SR1 and HP HARQ-ACK should be considered for cancellation timeline. This is from UE behavior perspective on what is expected, because the specs only provide UE behaviors. From network perspective, the ambiguity regarding SR being positive or negative always exists, so the network should consider all the possible cases when scheduling. If timeline is not satisfied for any of the cases, the UE behavior would be unknown if that case occurs.
In this sense, I don’t think your example is actually against Proposal 1 in [8].

	Samsung
	@Moderator
For the two cases in [6], we share the same understanding as CATT. For comparison, in the case below, we think the DCI should come before T2 since the HP SR overlaps with LP PUCCH. Whether a HP SR is considered for the prioritization timeline should depend on whether the HP SR overlaps with LP PUCCH/PUSCH.
[image: ]

According to the highlight text below, in our understanding, if a HP SR is not overlapping with a LP PUCCH/PUSCH, it is not considered for prioritization timeline requirements, i.e., these HP channels do not include the case in Figure 1 in [6]. Is it the correct understanding for Option 2?

	· 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.





Regarding Proposal 1 below, we think the HP SR in Figure 1 in [6] is involved in the multiplexing procedure of HP PUCCHs, but we don’t think it should be used to determine the cancellation timeline., and therefore we request to clarify “a group of overlapping PUCCH(s) and/or PUSCH(s)” in the TP for Option 2. For cancellation timeline, it is necessary to clarify which channels are involved. We cannot agree it is the same as the channels involved in overriding/multiplexing procedure.

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.
My previous case is similar as the case in Figure 1 in [6].  We can first focus on the case in Figure 1 in [6].

Another issue is semi-static symbol collision. Consider the example below, HP SR cannot be transmitted but the timeline should be satisfied since multiplexing is performed before resolving semi-static symbol collision. 

We suggest to use the first UL/semi-static symbol of a HP PUCCH slot/sub-slot as the reference for determining cancellation timeline for HP PUCCHs.

[image: ]

	Moderator
	For Option 2, I think there is a need for timeline clarification to align the understanding, which I assume is why [6] and [8] discussed the related issues. For Figure 1 in [6], my understanding is that the UE needs to perform multiplexing before cancellation, and the most straightforward way to define the timeline is to use the earliest of all the involved channels. I tend to agree in certain cases it may not be absolutely necessary to define the cancellation timeline like this, but it can become quite complicated if we need to do the analysis case-by-case.
On the issue raised on semi-static symbol, this seems to be an optimization, and I personally don’t think we should pursue at this stage.





Q3.2: TP for Option 2
The following TP was proposed in [8]:
	TS 38.213      TP for Option 2
[bookmark: _Toc12021466][bookmark: _Toc20311578][bookmark: _Toc26719403][bookmark: _Toc29894836][bookmark: _Toc29899135][bookmark: _Toc29899553][bookmark: _Toc29917290][bookmark: _Toc36498164][bookmark: _Toc45699190][bookmark: _Toc90376677]9	UE procedure for reporting control information
<unchanged parts omitted>
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 during the overlapping resolution procedure as described in clauses 9.2.5 and 9.2.6, 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
-	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 repetition of a transmission of a third PUCCH or a third PUSCH 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 first and second PUCCH.
-	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
<unchanged parts omitted>




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

	Nokia/NSB
	Proposed TP is sufficient.

	OPPO
	Yes

	vivo
	We are fine with the TP.

	DOCOMO
	Fine with the TP.

	Moderator
	An offline comment was received regarding the slight mis-alignment of the TP with Proposal 1 in [8] (as the intention of the TP is to capture Proposal 1 in [8]) in case of overriding, which is the last paragraph added in the TP. Taking Figure 2 in [6] as the example, both [6] and Proposal 1 in [8] suggest that the DCI should come before T1, but the TP suggests that the DCI should come before T2.
Additional modifications are incorporated into the proposal in highlighted text to align with the proposal.
Please comment on the latest TP including the highlighted text.

	HW/HiSi
	Fine with the original TP and fine with the updated TP.

	Samsung
	a group of overlapping PUCCH(s) and/or PUSCH(s) needs clarification.

	Nokia/NSB
	We are fine with the yellow part updates

	DOCOMO
	Fine with the updated TP.

	vivo2
	We are fine with the updated TP.

	Ericsson
	We are fine with TP.

	Moderator
	Companies seem generally fine with the TP for Option 2.
@Samsung:
On Samsung’s comments, the TP refers to clause 9.2.5 and 9.2.6, so the definition of overlapping PUCCHs/PUSCHs follows the definition there (e.g. for defining multiplexing timeline). If there is still concern, we can copy the same text from clause 9.2.5: “multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s)”.

	Samsung
	Please see our comment for Q 3.1. 



3.4	Option 3

3.4.1	First Round of Discussion: Option 3
The issue of two DCIs received at the same time was discussed in [4] and [7].

In [4], it says:
“Take Figure 1 below as an example: since option 3 requires the UE to perform UCI multiplexing procedures for each DCI, then, even if two DCIs are received by the UE at the same time and the UE knows that HP DCI 2 is the final one, the UE would still have to generate HP PUCCH 3 based on the wrong payload size i.e. X+1 and the PRI in HP DCI 1, since the LP channel may still be cancelled by HP PUCCH 3. In addition, the gNB should also be aware of the HP PUCCH 3 to align with the UE even if the gNB knows the HP PUCCH3 is not the final PUCCH from gNB perspective. This implementation is not really efficient, and it will increase both the UE’s and gNB’s complexity and power consumption.”
In [7], it says:
“Assuming HP DCI 2 is the last DCI in the example, PUCCH 3 needs to be considered when determining the cancellation of LP channels. 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. Moreover, the processing order of these DCIs needs to be defined. This example is realistic, such as one DCI schedules new PDSCH transmission and the other DCI schedules PDSCH retransmission in the same slot to guarantee latency requirement for URLLC.”

This issue was already raised in RAN1#108-e, but very limited feedback was received. It is good to check if companies’ understanding is aligned.
[image: A picture containing diagram

Description automatically generated]
Figure 1 An example of two DCIs received at the same time

[CLOSED] Q4.1: Two DCIs received at the same time 
For Option 3, for the above example, (1) should PUCCH 3 be considered when determining the cancellation of LP channels? (2) whether the processing order of these DCIs needs to be defined…
	Company
	Comments

	Nokia/NSB
	It’s our understanding that, under Option 3, PUCCH3 would need to be considering when determining the cancellation of LP channels since PUCCH3 is an intermediate HP channel.  

	OPPO
	Agree with Nokia.

	Vivo
	For option 3, PUCCH 3 should be considered for the cancellation of LP channels.
For the example in Figure 1, the processing order of these DCIs can base on DAI field and needn’t to be defined.

	DOCOMO
	Share the same understanding with Nokia/NSB. PUCCH3 is an intermediate HP channel.

	HW/HiSi
	(1) PUCCH 3 should be considered.
(2)We prefer not to define this processing order since it is up to the UE implementation in Rel-15.

	Samsung
	(1) YES (2)It should follow the order of last DCI, no need to redefine.
	For a PUCCH transmission with HARQ-ACK information, a UE determines a PUCCH resource after determining a set of PUCCH resources for [image: ] HARQ-ACK information bits, as described in clause 9.2.1. The PUCCH resource determination is based on a PUCCH resource indicator field [5, TS 38.212], if present, in a last DCI format, excluding the SPS activation DCI, among the DCI formats that have a value of a PDSCH-to-HARQ_feedback timing indicator field, if present, or a value of dl-DataToUL-ACK, or dl-DataToUL-ACK-r16, or dl-DataToUL-ACK-DCI-1-2, indicating a same slot for the PUCCH transmission, that the UE detects and for which the UE transmits corresponding HARQ-ACK information in the PUCCH where, for PUCCH resource determination, detected DCI formats are first indexed in an ascending order across serving cells indexes for a same PDCCH monitoring occasion and are then indexed in an ascending order across PDCCH monitoring occasion indexes. For indexing DCI formats within a serving cell for a same PDCCH monitoring occasion, if the UE is not provided coresetPoolIndex or is provided coresetPoolIndex with value 0 for one or more first CORESETs and is provided coresetPoolIndex with value 1 for one or more second CORESETs on an active DL BWP of a serving cell, and with ackNackFeedbackMode = joint for the active UL BWP, detected DCI formats from PDCCH receptions in the first CORESETs are indexed prior to detected DCI formats from PDCCH receptions in the second CORESETs.





	Qualcomm
	This scenario is not related to intra-UE prioritization specifically. The question seems to be more related to how to perform overriding when multiple DCIs are received in the same MO. 

The spec (TS 38.213, Section 9.2.3) already defines rules for ordering the DCIs received in the same MO and across different carriers. The same rules are applicable here. This issue was addressed during the last meeting, but no response was received from the companies that brought this example. We are now again repeating the same discussion. 


As to whether PUCCH3 is an intermediate channel and should be used for cancellation or not, we think there could have been room for optimization under Option 5; Option 5, in fact, tried to address a larger set of scenarios and not only a few corner cases. However, that option was not agreed. Hence, for this specific case shown in the example above, we do not think any specific optimization is needed. PUCCH3 therefore should also be used for cancellation. 

	Intel
	To the questions asked:
1) Yes, PUCCH 3 should be considered.
2) Processing order between the DCI formats is already covered in current specs for the UE to determine the “last DCI”. Beyond that, the rest works out as it would if the DCI formats did not end in the same symbol. 
To elaborate further, we copy our response provided during RAN1 #108-e discussions on the same issue:
We are not sure if this example assumes DCI 1 and DCI 2 are in the same DL cell or not – if they are in different DL cells, then Subclause 9.2.3 of 213 indicates how the two DCI formats are to be indexed. On the other hand, if they belong to the same DL cell, then we understand that this is only possible for MTRP case when again indexing of DCI formats mapped to different CORESETs are defined (e.g., not valid configuration in Rel-15). 
In any case, the UE and gNB can follow current specs to determine indexing between the DCI formats to identify the “last DCI”. This determines the resultant final channel when considering multiplexing with 1 bit SR. So, assuming PUCCH overriding and DCI2 is the “last DCI” in this example, yes, the current specs indicate that the gNB should consider both pairs PUCCH 1 and PUCCH 3, and PUCCH2 and PUCCH 4 as potential candidates for cancelling any LP channel in case it may overlap with one of these. We do not see any issue/ambiguities for the example related to Rel-16 intra-UE specs. 


	Ericsson
	PUCCH 3 should be considered for cancellation.
@Intel: As we explained in Q1.1, it is not about the indexing of DCI or last DCI. That is clear, But if one considers the current spec, it is not clear that for every DCI, UE follows all the steps. Even for multiplexing, the UE cannot wait for next DCI even if there is time. Otherwise, it would be ambiguity. 
So, if something is needed to be in the spec, is this issue. Otherwise, the spec is ambiguous.
· Then, the question is that now that we are trying to solve the problem, is it reasonable to force the UE to do like this? Our view is no. There is a better way that is inline with the principle used for multiplexing presented by Option 2.
On the URLLC latency, the intention is not to compromise that. But for achieving that goal, underlying procedures should be reliable which is not the case here in our understanding.

	Moderator
	It is the common understanding that with Option 3, (1) PUCCH 3 should be considered for cancellation. (2) there is no need to define any processing order for this procedure specifically.

There is debate on whether mandating such UE behavior is reasonable or not, or whether some optimization can be done. But for this particular issue, at least the understanding is aligned, so this discussion is CLOSED.
(The moderator does not see the need to make any agreement or conclusion on this issue.)




Handling of configured UL transmission in intra-UE prioritization was mentioned in [7], and it was also raised in RAN1#108-e with limited feedback. It seems that no strong concern has been raised so far, the moderator suggests that the issue is deprioritized at this moment. It can be revisited if strong concern is raised.


Q4.2: TP for Option 3
The moderator thinks it is good to understand the specification impact of both Option 2 (TP discussion in Section 3.3) and Option 3. In the past, the following TP was suggested by some companies to capture Option 3, but some other companies think this is not sufficient.

	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. If not, what aspects need to be clarified in the specifications? An alternative TP is welcome in this case.
	Company
	Comments

	Nokia/NSB
	The TP is sufficient. 


	DOCOMO
	The TP is sufficient. 

	HW/HiSi
	Our understanding for this TP is that HP PUCCH 3 in figure 1 in Q4.1 is not considered. Thus this TP is not sufficient for option 3 since it does not imply the multiplexing for each HP DCI. This needs to be further clarified e.g. in the following updates below.

“the overlapping is applicable before or during 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”


	Samsung
	The TP is sufficient. 


	Qualcomm
	Support this TP. 

	Intel
	As mentioned in response to an earlier question on need for CR, the addition of the reference to 9.2.3 is not strictly necessary (this is because, in case of PUCCH overriding, the “last DCI” determines the resulting PUCCH resource and is already covered by current description “scheduled by a DCI format”). 

Nevertheless, adding the reference does not hurt, and thus, we are supportive of this TP to make things crystal clear.

	vivo
	The TP is sufficient.

	Ericsson
	We do not support the TP because as we explained Q1.1 the issue is not only overriding to be fixed by a reference.
We share same with as HW/Hi.  HW/Hi suggestions tries to fix the problem and should be considered as baseline for Option 3. But it needs more work.


	ZTE
	The TP is sufficient.

	Apple
	We see a couple of issues regarding the TP:
1. The whole text in the TP is about overlapping resolution, and overriding in 9.2.3 does not really belong to overlapping resolution. Simply adding 9.2.3 does not seem appropriate, even though we understand the motivation.
2. The bigger issue in our view is that even if we refer to 9.2.3/9.2.5/9.2.6, nowhere in the current spec says the UE does multiplexing procedure in 9.2.5 after receiving each DCI. The only procedure that is certain is the final multiplexing, which the UE has to perform. So when we say “before or after resolving overlapping…as described in clauses 9.2.3, 9.2.5…”, it by no means imply that it is before or after the multiplexing for each received DCI. A more reasonable way to interpret the text would be HARQ-ACK PUCCH before and after overriding, PUCCH/PUSCH before/after the final multiplexing. This is actually aligned with Option 3b. So to capture Option 3, some additional tweaking is needed to ensure there is no ambiguity. One possible way is to say clearly that for each received DCI, the UE needs to perform the procedure in 9.2.5 for overlapping channels, and the before/after channels are used for cancellation. But this would be very cumbersome for the text.

	Moderator
	A few companies think the current TP is not sufficiently clear and can lead to different interpretations. I would encourage companies to continue the discussion and provide suggestions, hopefully to converge to a TP that is acceptable for everyone. 

	Samsung2
	





Q4.3: 
The following sentence was initially in TS 38.213 but later removed:
“If a UE detects a first DCI format scheduling a PUCCH or PUSCH transmission of larger priority index that would overlap with a PUCCH or PUSCH transmission of smaller priority index, the UE does not expect to transmit the PUCCHs or PUSCHs of the smaller priority index due to a detection of a second DCI format after the detection of the first DCI format.”
During the discussion of Option 3, it was commented that the UE behavior can be clarified by including the above sentence back in TS 38.213.

Companies please provide comments on (1) whether you think the above sentence should be included in TS 38.213; (2) if yes, whether including the above sentence sufficiently clarifies the UE behavior for Option 3.
	Company
	Comments

	HW/HiSi
	For (1), no need to be included in the spec if the intention is to support option 3, because this sentence does not reflect Option 3.

For (2). The above sentence does not clarify Option 3. The critical issue with option 3 is that the UE has to perform intermediate multiplexing for each received DCI. This sentence gives no information about that the UE has to generate intermediate channels for multiplexing with SR.


	Qualcomm 
	The above text means that the cancellation decision is made after receiving each DCI. Since the UE cannot wait to see if there are other HP DCIs or not, it has to perform multiplexing/overriding as needed. This text is then removed by the editor and replaced by “before or after” with the following explanation:
 
"I don’t think there is any UE choice – the text/conditions are applicable “before or after” which means anything except “either … or …”, which has the same meaning as the text above.
 
Although we do not think that bringing the above clause is necessary, but we are fine to include it in the specification. The current specification with the correct interpretation of “before or after” as copied above has no ambiguity. 

As mentioned by HW/HiSi during the online GTW meeting, there is no ambiguity in the current specification; however, their concern, and the same for other companies, is on UE complexity. The right venue to discuss that is under the UE feature AI. 


	Intel
	We don’t think the quoted sentence is strictly necessary, but it doesn’t hurt to have it, and thus, if it helps, we would be ok to add it back.

To elaborate once more, the phrases:
“When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes …”, and
“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” 
clearly convey that UE must check for any resource overlap for each DCI it receives (corresponding to “before”, and it includes the case of PUCCH overriding as explained in response to Q1.1), and once after performing any multiplexing (corresponding to “after”). 

@Huawei – as has been explained before, UE does NOT have to perform any actual multiplexing – it only needs to determine the target resources. So, we do not see any significant UE complexity impact for DCI parsing (that’s anyway needed) and processing of the resource determination logic for a received DCI, in this case, according to UCI multiplexing rules in 9.2.5 and 9.2.6. 
The UE is dimensioned to handle this operation (determination of target PUCCH/PUSCH resources for an associated UL transmission) for each received DCI for regular operation since Rel-15. 

	Samsung
	We don’t think it is necessary, the current spec is clear that the cancellation applies to each DCI. We are fine with a conclusion if companies think there is ambiguity.

@Apple
Regarding Q4.2, we do not agree with the comments “nowhere in the current spec says the UE does multiplexing procedure in 9.2.5 after receiving each DCI.” and “when we say “before or after resolving overlapping…as described in clauses 9.2.3, 9.2.5…”, it by no means imply that it is before or after the multiplexing for each received DCI.” In our understanding, A transmission of a first PUCCH/PUSCH of larger priority index could be any HP PUCCH/PUSCH and it doesn’t restrict it to be a PUCCH for final multiplexing, the spec does not have such restriction. The cancellation procedure applies to every HP PUCCH/PUSCH with a DCI.

	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







	DOCOMO
	We are fine to add the sentence back. As pointed out in [8], the discussion is held due to 1) potential unclearness of the specification especially about ‘before or after’, and 2) UE complexity. From our perspective, if the sentence is back, the first point was resolved because it is now clear that cancellation decision is made after receiving each DCI. Also, as the sentence should be made based on RAN1 agreements, there is no harm to add it. 
Regarding the second point about UE complexity, we were willing to solve it by taking Option 2 but it would be difficult to solve it considering the situation. If we cannot converge on either Option 2 or Option 3, it means we should follow the spec description with the understand by the sentence, which was previously in the spec, in our understanding (i.e., to follow Option 3 basically). If then companies still have strong concern on the UE complexity, it could be discussed in the UE feature AI although several companies does not prefer Option 3 with UE capability.

	HW/HiSi
	@QC: on your comment to us “As mentioned by HW/HiSi during the online GTW meeting, there is no ambiguity in the current specification”. In our view there is no ambiguity because the spec does not prescribe to perform multiplexing for each DCI. But apparently, QC has a different interpretation of the spec, so there seems to be ambiguity how the spec can be read.

@Intel: 
“The UE is dimensioned to handle this operation (determination of target PUCCH/PUSCH resources for an associated UL transmission) for each received DCI for regular operation since Rel-15.”
We don’t agree with this. In Rel-15, the UE needs to determine the target resource for HARQ-ACK for each received DCI. But the UE does not need to determine the target resources for HARQ-ACK+SR+CSI for each DCI. Rel-15 multiplexing or multiplexed resource determination may or may not be performed for each received DCI, this is up to the UE implementation. 
Also from the gNB perspective, it does not need to determine the multiplexed resources for each DCI. There is no related spec in Rel-15 to say the multiplexing for each received DCI. Option 3, on the other hand would enforce one specific UE implementation that not is based on the Rel-15 behavior. And as pointed out by Oppo during the GTW it would also be disruptive to the solutions that specified Rel-17.

	Qualcomm
	@HW/HiSi: For the ambiguity issue that you again brought up, please refer to responses from other companies above, the previous clause in the spec and the explanation from the editor on how “before or after” should be interpreted. We simply interpret the specification as it should be read. What was referred to in our previous response is based on the comment made by HW/HiSi during the GTW session that there is no ambiguity but there is UE complexity. 

“In our view there is no ambiguity because the spec does not prescribe to perform multiplexing for each DCI.” The cancellation timeline defined in the spec does not support either Option 2 or 3b. If a given UE can perform the operations in any different order/way and still come up with the same outcome as a UE that is checking the overlaps per DCI as described in the current specification, there is no issue. 

On the complexity issue, we agree with the comments from Intel. Even in R15, the UE needs to track S_0, which is the reference point for multiplexing deadline. S_0 can be moved after receiving each DCI.

	OPPO
	First, to our understanding, adding back the above sentence does not help to resolve the ambiguity issue. This is because how to interpret the above sentence depends on the UE behavior after receiving of each DCI. The sentence only says something that the cancelation decision cannot be reverted by a later DCI, but it is not clear whether the cancelation decision is made based on the HP channel indicated by DCI or the resultant HP channel after intermediate multiplexing. That is, it is still not clear whether UE needs to determine the resultant PUCCH resource after reception of each DCI in order to do cancelation check. 
Second, for the complexity issue, at least for Rel-15, we totally agree with Huawei that “the UE needs to determine the target resource for HARQ-ACK for each received DCI. But the UE does not need to determine the target resources for HARQ-ACK+SR+CSI for each DCI. Rel-15 multiplexing or multiplexed resource determination may or may not be performed for each received DCI, this is up to the UE implementation”. 
Having said that, we suppose adding the sentence back does not seem to resolve the ambiguity as well as the complexity issue.
In addition, in Rel-17 URLLC intra-UE multiplexing, the timeline for all the overlapping HP and LP PUCCH/PUSCH should follow the principle of Rel-15 timeline, and we do not think Rel-17 intra-UE multiplexing UE feature cannot meet the latency/reliability requirement of URLLC, so we do not see any issue if Rel-16 also follows the same principle of Rel-15 timeline.

	Nokia/NSB
	Although it doesn’t seem necessary, we would be fine to add that sentence back for further clarity of the specs considering Option 3.

Anyhow, as also pointed out by other companies, whether to add back the sentence was actually not the main point of this discussion, but it’s whether to support e.g. Option 2 to replace Option 3.  
 


	vivo
	In our understanding, cancellation decision at UE side is made after receiving each DCI.
According to conclusion made in RAN 1#103 meeting, for each received DCI, UE would check the overlapping condition to determine whether a LP channel would be cancelled or not. Even if the DCI is not the last one, the cancellation decision would not be reverted in case of overlapping with a LP channel, which is guaranteed by the agreement quoted in Q4.3.    
We also think current spec is clear and we are open to add the sentence back in spec if some companies think it is more readable.
	Conclusion
In the following clause from Section 9 of TS 38.213:
“where
· The overlapping is applicable before or after resolving overlapping among channels of larger priority index, if any, as described in Clause 9.2.5”
the meaning of “before or after” should be interpreted as follows: 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 channels. If then there is an overlap with a LP channel, the LP channel gets cancelled.






	Qualcomm
	Regarding the comments on the compliance with R17 cross-priority multiplexing solution, one should note that R16 and R17 introduced features for different scenarios and by considering different set of requirements for URLLC. The R16 prioritization solution is for traffic that cannot tolerate additional latency; hence, it does not get multiplexed with a LP transmission. The R17 feature is to better protect the LP transmissions in cases where URLLC can tolerate additional latency. It is not reasonable to say that because one solution requires certain set of operations, the other one should also follow. These features are for handling different issues. 

	Apple
	We feel the issue with the current specs is that different people can read it in different ways, thus causing ambiguity. Adding or not adding the sentence does not address the fundamental issue.

	Moderator
	Majority of the companies have no strong view on whether the sentence is put back in the spec or not, but they are fine with having it if it helps the clarification. A few companies still do not think adding the sentence makes it clear that the specs mean Option 3. We will continue the discussion in the RAN1#110 F2F meeting.





[bookmark: _Toc503902285][bookmark: _Toc415085486]4	Outcome of the Email Discussion
There is no agreement/conclusion from the email discussion or the 30-min GTW session. The chairman suggests that the issue can be discussed for one more meeting, and we should try to resolve the issue in RAN1#110.
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