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1 [bookmark: _Ref5850594]Introduction
This contribution summarizes the following email discussion/approval in AI 7.2.11. 
[102-e-NR-UEFeatures-URLLC/IIoT-01] Email discussion/approval on UE features for URLLC/IIoT (17th – 20th August) – Hiroki (DCM)
· Whether/how to define a new FG for “TB CRC for cancelled initial PUSCH with CBG based re-transmission”
· Whether/how to define FG11-3c/d/e/f/g and 11-4c/d/e/f/g/h/i 
· Whether the component 3 of FG11-3 is kept, removed or replaced by another component
· Whether the component 4 of FG11-4/4a and the component 1 of FG12-1 are kept, removed or replaced by other component(s)
· Whether the component 6 of FG11-4/4a is kept, removed or modified, and what are candidate values for the component 6
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1. 
2 New FG for “TB CRC for cancelled initial PUSCH with CBG based re-transmission”
	[bookmark: _Hlk48912795]12-1x
	TB CRC for cancelled initial PUSCH with CBG based re-transmission
	PUSCH TB CRC calculated according to section 6.2.1 of TS38.212 for a re-transmission of a TB in case the initial transmission was cancelled and CBG-based re-transmission is configured 
	5-25
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	The cancellation could be due to support of ULCI and/or intra-UE prioritization
	Optional with capability signaling 



Following proposals are made in contributions.
	[2]
	This issue was discussed in the scheduling and HARQ session [2], there are many solutions proposed to address the issue without introducing the FG. Therefore, we think the new FG is not needed. 
In addition, our views for the TB CRC calculation is it is up to UE implementation to generate the TB CRC for the retransmission of the same TB. There is no need to mandate UE to always set TB CRC for the retransmission of the same TB as all zeros. If UE is capable to generate, the correct TB CRC can be sent.

	[3]
	FG 12-1x is intended for a UE capability of TB CRC update for CBG based re-transmission with cancelled initial transmission. In the RAN1#101-e meeting, RAN1 also discussed the possibility of addressing this issue by specification modification without introducing the new capability. As analyzed in our companion contribution [2], this issue can be avoided by gNB scheduling or leave to UE implementation. There is no need to define such UE capability. Whether it needs some specification modification or not can be further discussed in Rel-16 URLLC maintenance session.
	12-1x
	TB CRC for cancelled initial PUSCH with CBG based re-transmission
	PUSCH TB CRC calculated according to section 6.2.1 of TS38.212 for a re-transmission of a TB in case the initial transmission was cancelled and CBG-based re-transmission is configured 
	5-25
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	The cancellation could be due to support of ULCI and/or intra-UE prioritization
	Optional with capability signaling 



Proposal 2: A new FG for “TB CRC for cancelled initial PUSCH with CBG based re-transmission” is not introduced.

	[4]
	This issue is important for the UE implementation and should be solved either in UE feature or in the maintenance discussion. If no consensus is reached in the maintenance discussion, then we prefer to define the new FG in UE feature. In this case, for a UE not supporting this new FG, the gNB should not schedule a subset of the CBGs for retransmission if the initial PUSCH is partially or completely cancelled.

	[5]
	· For the issue regarding TB CRC generation for retransmission of a canceled initial PUSCH transmission with CBGs, our views are presented in our companion paper as part of Rel-16 eURLLC/IIoT maintenance [3]. 

	[6]
	For “TB CRC for cancelled initial PUSCH with CBG based re-transmission” RAN1 discussion for maintenance is first needed. 
Proposal 3: A new FG for “TB CRC for cancelled initial PUSCH with CBG based re-transmission” is not introduced. 

	[9]
	· We acknowledge the issue of re-transmission of partial TB in case initial transmission is cancelled. However, it should be addressed in RAN1 spec.

	[11]
	In our view, this issue does not belong to UE feature. Ongoing discussion can continue in Rel-16 maintenance. If a consensus is reached to address inappropriate CBG retransmissions, then this issue can be handled via a TP to the specification (e.g., 38.212).
[bookmark: _Toc47714069][bookmark: _Toc47744351]Do not introduce New FG for TB CRC. Handle the issue as part of Rel-16 maintenance.



Based on the above contributions, it is agreed to discuss following point in the email discussion [12].
Discussion point #1
· Whether/how to define a new FG for “TB CRC for cancelled initial PUSCH with CBG based re-transmission” based on outcome of discussion in maintenance email discussion


2.1	Proposal and discussion
Based on contributions and inputs during preparation phase discussion, this issue is discussed once the outcome of discussion in maintenance email discussion is provided.

Updated Proposal:
· Following new FG is introduced
	TB CRC for cancelled initial PUSCH with CBG based re-transmission
	PUSCH TB CRC calculated according to section 6.2.1 of TS38.212 for a re-transmission of a TB in case the initial transmission was cancelled and CBG-based re-transmission is configured and the following condition is not satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB unless CBG #N-1 has been transmitted before or is scheduled in the same UL grant that includes CBG#N.
	5-25
	Yes
	N/A
	 
	Per band
	N/A
	N/A
	 
	The cancellation could be due to support of ULCI [and/or intra-UE prioritization and/or dynamic SFI]

If the UE does not report the support of this FG, the UE behaviour is undefined.
	Optional with capability signaling 



	Company
	Comment

	Ericsson
	Propose to adopt the following (aka, ‘Option 1’):
· Component description: “PUSCH TB CRC is calculated according to section 6.2.1 of TS38.212 for a re-transmission of the last CBG, when the initial transmission of the TB was dynamically scheduled but cancelled by UL CI and CBG-based re-transmission is configured and the following condition is not satisfied: each of the other CBGs (except for the last one) have either been scheduled for retransmision at least once before or are scheduled for a re-transmission in the same UL grant as the last CBG.”
· Prerequisite feature groups: 5-25, 11-7
· In Note, delete “The cancellation could be due to …”
· Type: change to “per UE”

Some reasoning:
-          This should be limited to dynamically scheduled PUSCH only. For CG PUSCH, even if cancellation occurred, there is no problem with TB CRC calculation since the UE has no timeline restriction and has ample time to calculate the TB CRC.
-          “have either been scheduled for retransmission” instead of “have been transmitted”: this alleviates the problem of gNB tracking UE transmission. It also address the concern that UE may fail to transmit PUSCH due to failure to detect DCI.
-          Propose not to add SFI. (a) SFI problem disappears if we limit this to dynamically scheduled PUSCH. (b) if adding SFI, then this affects Rel-15 behavior.

	Nokia
	Few comments here offline on the discussion of the CBG issue and explaining a bit more offline, why we think there is no need for such a UE capability. 
Let’s start from what is there, and use a bit color coding here for easier explanation: 
	TB CRC for cancelled initial PUSCH with CBG based re-transmission
	PUSCH TB CRC calculated according to section 6.2.1 of TS38.212 for a re-transmission of a TB in case the initial transmission was cancelled and CBG-based re-transmission is configured and the following condition is not satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB unless CBG #N-1 has been transmitted before or is scheduled in the same UL grant that includes CBG#N.


 What is proposed here is, that based on our understanding would support a feature group to enable a type of ‘order-of-order CBG Re-transmission’ of CBG based PUSCH (to use some sloppy wording here):
· The blue parts just explains that the UE can do the CBG based re-transmission
· And the brown and grey parts just describe the definition of what is considered as a ‘out-of-order’, namely it was canceled and that they are not ‘in-order’ for the canceled CBGs in case scheduling condition (in grey) is not fullfiled.
 Even without this new FG, we would need to define the condition in the specs that do not require any special handling here meaning the ‘in-order operation’. Or in case of having this FG,  if the UE does not indicate the support of this FG and the condition above (in grey, the Option 1 or Option 1a as discussed) are not satisfied as, that the UE behavior is undefined.
Therefore, we think that it is sufficient to defined the condition (i.e. Option 1 / 1a, meaning what ‘in-order CBG PUSCH retransmission’ is) and define any gNB scheduling decision not complying with (i.e. scheduling ‘out-of-order CBG re-tx) as undefined UE behavior. But we really do not see any need for such new UE capability for the support of such ‘out-of-order CBG re-tx’ scheduling. 
 @Vivo / Lihui: 
I still would like to reply here to the comment by Lihui during today’s call, that there could be miss-understanding due to some miss UL grant by the UE. I personally failed to see the issue because, if the UE did not receive a grant (if this is the initial CBG PUSCH grant or a re-transmission grant, does not matter) the UE will not transmit the related CBGs. As a consequence, the gNB will also not be able to correctly receive these CBGs and a reasonable gNB implementation would logically request a re-transmission of these CBGs not correctly received (which may have not been transmitted due to cancelation or just not correctly decoded). Thus, I don’t really see a need to define a separate UE capability for a subset of UEs being able to handle again, slightly strange scheduling decisions in the selection of CBGs to be re-transmitted. 
 We hope that this explains a bit better our position / why we don’t think a new FG is needed here. 

	Apple
	Thanks Klaus for sharing your view. I think you are basically re-iterating that we should simply agree to Option 1a in maintenance and be done with it. I am totally with you on that, but you know where we are, which is quite unfortunate.
I see some of your points that the FG definition may not be complete to cover all the cases.
Given that we are in a situation that a few companies are not willing to agree to anything in the maintenance session, let me try to see if we can fix the problem here to address your concern.

When we use a FG like this to address the issue, the underlying assumption is that there is a baseline/mandatory FG for the UE in case of “reasonable scheduling behavior” from the gNB. If it is clearer to explicitly spell it out, we can add another mandatory feature.
	TB CRC for cancelled initial PUSCH with CBG based re-transmission with in-order transmission
	PUSCH TB CRC calculated according to section 6.2.1 of TS38.212 for a re-transmission of a TB in case the initial transmission was cancelled and CBG-based re-transmission is configured and the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB unless CBG #N-1 has been transmitted before or is scheduled in the same UL grant that includes CBG#N.



The following feature stays optional.
	TB CRC for cancelled initial PUSCH with CBG based re-transmission with out-of-order transmission
	PUSCH TB CRC calculated according to section 6.2.1 of TS38.212 for a re-transmission of a TB in case the initial transmission was cancelled and CBG-based re-transmission is configured and the following condition is not satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB unless CBG #N-1 has been transmitted before or is scheduled in the same UL grant that includes CBG#N.


I am not sure if we really need a note to say what happens if the UE does not support this FG. According to the convention, if a UE doesn’t support a feature, it does not expect the gNB to schedule something like this. (Or in other words, if this happens, the UE behavior is undefined.) So the note is correct is our view, but not absolutely necessary.

@Klaus, does this now look more like a FG to you? 😁

On Klaus’s comments on possible mis-understanding between UE and gNB, I totally agree with it. This is also what I tried to explain during the online session.
Ericsson commented that the gNB may actually want to retx a later CBG #(N+i) even if CBG #N has not been received correctly, just because the two CBGs may have a size difference of one CB. This to me is a very very corner case optimization, and I am not even sure if we will be able to see any system gain in the end.
Given that a few UE vendors do have strong concern on Option 1, I really hope that Ericsson can compromise and accept Option 1a here.
(In fact, in the FL summary, Ericsson’s response was “Our first preference is Option 1 as less restrictive. But we could be fine to Option 1a as a compromise.”) 😀

Regarding the comments on whether this satisfies the “high bar” criterion for a new FG at this stage, I would agree in a typical case, it is better to address in maintenance session. But given the current situation that we cannot go anywhere in maintenance discussion, we do think this FG definitely meets the “high bar” criterion. The bottom line is that most of UE chipset vendors see the very strong need to have a solution.

As you can see from the discussion, this is a real concern for almost all the UE vendors, we really hope companies can have more compromising spirit and somehow try to work together constructively to find a way out.

I also want to emphasize the point that Thorsten raised during the call: companies have different understanding on expected UE behavior when we do not do anything. Ericsson thinks the UE should be able to calculate correct TB CRC in all cases, while Samsung thinks it is up to UE implementation if the gNB does out-of-order CBG scheduling. This is a totally unacceptable situation for us. If we can agree on Samsung’s understanding, that could be one thing that we may even be open to consider from our side, given how difficult the current situation is  (even though we are very much against it in principle to draw conclusions in chairman’s notes without being captured in specs). But if Ericsson insists on their understanding, we definitely need to do something, either CR or UE FG.

	Nokia
	We appreciate your efforts and as Klaus mentioned below we do have a sympathy for the issue you are trying to solve. Before we can address the issues of which specifications to capture the functionality you are trying to address, please let me make a couple suggestions to the wording of the FGs you propose below, otherwise I cannot really understand what is written in the description, sorry. I believe there are some typos there that make them harder to understand for someone that has not been deep into the URLLC maintenance discussions, like me. 
 If I understand your intentions correctly, the FGs you propose below could be rewritten as follows:
	TB CRC for cancelled initial PUSCH with CBG based re-transmission with in-order transmission
	Support re-transmission of a TB in case the initial transmission was cancelled and CBG-based re-transmission is configured and the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB and CBG #N-1 has been transmitted before or is scheduled in the same UL grant that includes CBG#N.

	 TB CRC for cancelled initial PUSCH with CBG based re-transmission with out-of-order transmission
	Support re-transmission of a TB in case the initial transmission was cancelled and CBG-based re-transmission is configured and the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB and CBG #N-1 has not been transmitted before and it is not scheduled in the same UL grant that includes CBG#N.


 Please note I tried to keep the number of negations to a bare minimum as that is more understandable in general and more FG-ish. 😊 Are the FGs above correctly reflecting your intentions? By the way, when you propose the first FG as mandatory, would that mean mandatory for Rel-16 UEs supporting URLLC only? 

	Apple
	Thanks for your effort to modify the descriptions to make it more readable. Indeed, the modified version captures my intention well. Just two minor changes below which could be good. (Good catch, I just realized our formulation of Option 1a seems to be incorrect when using “unless”.)

On the “mandatory” comment, thanks for the very good question. Now thinking about it more, it may be more appropriate and cleaner to have it as "conditional mandatory” (I believe we had such cases before) conditioned on inter-UE UL CI or intra-UE prioritization. (Note that we don’t have the concept of Rel-16 URLLC UEs.)
An alternative is: if we do not want to introduce a new FG, we could add it as a component of the inter-UE UL CI or intra-UE prioritization feature.
We are open to consider different options, depending on what the group prefers.
	TB CRC for cancelled initial PUSCH with CBG based re-transmission with in-order transmission
	Support re-transmission of a TB in case the initial transmission was cancelled and CBG-based re-transmission is configured and the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB and only if CBG #N-1 has been transmitted before or is scheduled in the same UL grant that includes CBG#N.


 
	TB CRC for cancelled initial PUSCH with CBG based re-transmission with out-of-order transmission
	Support re-transmission of a TB in case the initial transmission was cancelled and CBG-based re-transmission is configured and the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB and when CBG #N-1 has not been transmitted before and it is not scheduled in the same UL grant that includes CBG#N.


 

	Samsung
	We are mostly OK with the first proposed FG. We consider what is described to be common understanding from Rel-15.
The FG relates to a more general aspect of CBG retransmissions – it is not related to PUSCH cancellation. 
In that sense, the FG should not be conditionally mandatory on UL CI/priority cancelation. There is no reason for a UE to support the FG in case a PUSCH is cancelled by UL CI but not support the FG in case of usual CBG retransmissions or in case a PUSCH is cancelled by SFI. 
 
Similar comments hold for the second proposed FG. 
So, for the above reasons, the part of “cancelled initial PUSCH with” in the FG description is not necessary and the only condition for the FG should be support of CBG-based transmission by the UE.

	Apple
	From our perspective, Aris’s suggestion could be potentially fine as well.

But we may need to take a closer look at what potential cases we are trying to cover here. I heard:
· Cancellation due to dynamic SFI
· This is still being debated whether this was the intention of R15 or not)
· Missed DCI for initial transmission followed by a partial retx out-of-order
· This from UE perspective is an error case already due to the following sentence in 214:
· “For an initial transmission of a TB as indicated by the New Data Indicator field of the scheduling DCI, the UE may expect that the CBGTI field indicates all the CBGs of the TB are to be transmitted, and the UE shall include all the code block groups of the TB.”
· The UE was not aware of the missed DCI, so this retx DCI is considered as a new tx at the UE (based on NDI toggling) would be considered as an error case from UE perspective.
· PUSCH not transmitted due to insufficient UE power
· I am not sure if there is really an issue for this case, because the power scaling may just occur in the last stage and should not affect TB CRC calculation.

I assume what you have in mind is something like this:
	Out-of-order CBG-based re-transmission(s)
	Support CBG-based re-transmissions when the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB and when CBG #N-1 has not been transmitted before and it is not scheduled in the same UL grant that includes CBG#N.


Just want to put it in a more concrete form for companies to think about.

Generally speaking, we are quite open in terms of how to resolve the issue, as long as it gets addressed one way or another.

	Moderator
	Even after extensive discussion in GTW sessions, the consensus to introduce new FG could not be achieved.
FL would like to ask companies to continue discussion on this issue towards next meeting.





3 FG[11-3c/d/e/f/g] and [11-4c/d/e/f/g/h/i]
	11. 
NR_L1enh_URLLC
	[11-3c]
	2 PUCCH of format 0 or 2 for a single 7*2 subslot based HARQ-ACK codebook 
	1) 2 PUCCH format 0/2 in different symbols and once per subslot for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and once per subslot for SR 
1)  
	11-3
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-3d]
	2 PUCCH of format 0 or for a single 2*7 subslot based HARQ-ACK codebook 
	1) 2 PUCCH format 0/2 in different symbols and once per subslot for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and once per subslot for SR 
 
	11-3
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-3e]
	1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 or 4 in the same subslot for a single 2*7-symbol HARQ-ACK codebooks 
	If the UE supports a 2*7-symbol subslot HARQ-ACK codebook, the UE also supports:

1) 1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 and 4 in the same subslot
	11-3
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-3f]
	2 PUCCH transmissions in the same subslot for a single 2*7-symbol HARQ-ACK codebooks which are not covered by 11-3d and 11-3e  
	If the UE supports a 2*7 subslot HARQ-ACK codebook, the UE also supports:

2 PUCCH transmissions in the same subslot for a single 2*7-symbol HARQ-ACK codebooks which are not covered by 11-3d and 11-3e  
	11-3
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-3g]
	SR/HARQ-ACK multiplexing once per subslot using a PUCCH (or HARQ-ACK piggybacked on a PUSCH) when SR/HARQ-ACK are supposed to be sent with different starting symbols in a subslot
	If a UE supports a subslot based HARQ-ACK codebook, the UE also supports:
Overlapping PUCCH resources with different starting symbols in a subslot
	11-3
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-4c]
	2 PUCCH of format 0 or 2 for Two HARQ-ACK codebooks with up to one 7*2-symbol sub-slot based HARQ-ACK codebook
	If the UE supports a 7*2-symbol subslot HARQ codebook, the UE also supports:

1) 2 PUCCH format 0/2 in different symbols and once per subslot for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and once per subslot for SR 

	11-4
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-4d]
	2 PUCCH of format 0 or 2 in consecutive symbols for two HARQ-ACK codebooks with up to one 2*7-symbol sub-slot based HARQ-ACK codebook
	If the UE supports a 2*7-symbol subslot HARQ codebook, the UE also supports:

1) 2 PUCCH format 0/2 in different symbols and once per subslot for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and once per subslot for SR 
 
	11-4
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-4e]
	2 PUCCH of format 0 or 2 for two subslot based HARQ-ACK codebooks 
	If the UE supports two subslot HARQ codebooks, the UE also supports:

1) 2 PUCCH format 0/2 in different symbols and once per subslot per codebook for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and once per subslot per codebook for SR 
 
	11-4a
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-4f]
	1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 or 4 in the same subslot for HARQ-ACK codebooks with up to one 2*7-symbol subslot based HARQ-ACK codebook 
	If the UE supports a 2*7 subslot HARQ-ACK codebook, the UE also supports:

1) 1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 and 4 in the same subslot of the codebook
	11-4
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-4g]
	1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 or 4 in the same subslot for two subslot based HARQ-ACK codebooks 
	If the UE supports two subslot HARQ-ACK codebooks both configured with 2*7 symbols, the UE also supports:

1) 1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 and 4 in the same subslot of a codebook
	11-4a
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-4h]
	2 PUCCH transmissions in the same subslot for two HARQ-ACK codebooks with up to one 2*7-symbol subslot which are not covered by 11-4c and 11-4e  
	If the UE supports two HARQ-ACK codebooks with up to one subslot based codebook with 2*7-symbol configuration, the UE also supports:

1) 2PUCCH transmissions in the same subslot of the codebook which are not covered by 11-4c and 11-4e
	11-4
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-4i]
	2 PUCCH transmissions in the same subslot for two subslot based HARQ-ACK codebooks
which are not covered by 11-4d and 11-4f  
	If the UE supports two HARQ-ACK codebooks both with 2*7-symbol configuration, the UE also supports:

1) 2PUCCH transmissions in the same subslot of a codebook which are not covered by 11-4d and 11-4f
	11-4a
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling



Following proposals are made in contributions.
	[2]
	Some typos should be corrected, such as delete the redundant “1)” in the component column for FG11-3c and “2” is missing in the title of this feature group, i.e. change it to “2 PUCCH of format 0 or 2 for a single 2*7 subslot based HARQ-ACK codebook”. We are fine with those FGs are defined as “Per FS”. Different from Rel.15 that at most one PUCCH carrying HARQ-ACK in one slot, Rel.16 supports more than one PUCCH carrying the HARQ-ACK for sub-slot based HARQ-ACK feedback, the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH. 

	[3]
	There was a working assumption on support of FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i. The intention of these feature groups is to limit the maximum number of PUCCHs by following Rel-15 FG 4-2 and FG 4-22a with replacing slot PUCCH to sub-slot PUCCH. By these FGs, the maximum number of PUCCHs within a slot will be determined. However, component 3 of FG 11-3 and component 6 of FG 11-4/4a also targets to limit the the maximum number of PUCCHs within a slot. In this sense, it’s not rational to confirm the working assumption with keeping FG11-3/11-4/4a unchanged. Thus, there are basically two alternatives to go with. 
· Alt1: Confirm the working assumption, and delete component 3 of FG 11-3 and component 6 of FG 11-4/4a.
· Alt2: Do not confirm the working assumption, and keep component 3 of FG 11-3 and component 6 of FG 11-4/4a.
In our view, Alt2 is preferred since it is simpler for UE reporting and network handling. 
Proposal 3: Do not confirm the working assumption on support of FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i, and keep component 3 of FG 11-3 and component 6 of FG 11-4/4a.

	[4]
	Both updated proposal 2 and part of the updated proposal 4 as above should be agreed. The updated proposal 2 (i.e. FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i) define the maximum number of actual PUCCH transmissions and PUCCH formats within a sub-slot, while component 6 in FG11-4/4a defines the restriction for the maximum number of actual PUCCH transmissions for HARQ-ACK within a slot. They are different things and both will have impact on UE complexity. Especially if component 3 under FG 11-3 is not included, then for sure component 6 should be kept here.  
As to the reporting type for FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i, we are ok with “Per FS”. 

	[5]
	· We are supportive of the latest version of the updated Proposal 2 from the moderator.

	[6]
	All above FGs relate to limiting a number of PUCCH transmission within a slot. In Rel-15, similar restrictions were adopted for limiting the number of PUUCH transmissions within a slot. Therefore, component 3 of FG 11-3 is not necessary. In that sense, [11-4c to 4i] can be covered by [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot] for FG 11-4/4a, and [11-3c to 3g] can be covered by [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot] under FG 11-3 if component 3 of FG 11-3 is replaced by [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot].
Proposal 1: Add component [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot] for FG 11-4/4a and FG 11-3. 

	[7]
	These are a set of FGs that are intended to address the limit of PUCCH transmissions with different formats associated with FG 11-3 and FGs 11-4/4a. These are necessary because otherwise the Rel-15 FGs would apply which put a limit of at most 2 PUCCHs per slot. We made the comment during the email discussion that “sub-slot” definition is not clear for the case with two sub-slot-based codebooks if the sub-slot configuration is different. But given the descriptions for these FGs define the limit as per sub-slot per codebook, there should not be any ambiguity. Therefore, no changes are necessary in this respect. However, “once per sub-slot” should be modified to avoid the misunderstanding that this means the UE needs to be able to handle the PUCCHs in every sub-slot.
Proposal 2-4: Confirm working assumption on FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i by modifying “once per sub-slot” to “at most once per sub-slot”.
· Type of FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i is “Per FS”
· Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH.

	[8]
	· 11-3c/d/e/f/g and 11-4d/e/f/g/h/i: FG11-4 component 6 seems capable to address the issues already, so there is no need to support these extra FGs. 

	[10]
	· We propose to confirm the working assumption and to set the reporting type to per FS. 
· Per FS is chosen since the number of downlink carriers and the processing power needed for each PDSCH is different in different bands (considering BW of different carriers.) This impacts the number of PUCCHs that a UE can process. 
· It should be noted that these FGs cover al PUCCHs (not only those carrying HARQ-ACK); hence, using the components of other FGs to limit the number of PUCCHs carrying HARQ-ACK per slot does not achieve the same goal. 
· PUCCH formats that a UE can support in combination should be considered since different formats would require different processing effort. 
· Finally, reusing the Rel. 15 FGs and only replacing “per slot” with “per subslot” is not reasonable. The number of PUCCH trasmissions for slot based (1 or 2) and 7-symbol subslot PUCCH (2 or 4) and 2-symbol subslot PUCCH (7 or 14) are quite different. If we just replace slot with subslot, and if the UE wants to support 2 PUCCH transmissions per slot, then it has to support 14 PUCCH transmissions with a 2-symbol subslot HARQ-ACK codebook. 

	[11]
	Two set of FGs [11-3c to 3g] and [11-4c to 4i] (see [1]) have been proposed for PUCCH transmission.
We don’t see the need to introduce these FGs, since Rel-15 already supports corresponding FG with interpretation of subs-lot instead of slot which is already agreed. What is additionally needed to do for Rel-16 is to put a cap for a slot when sub-slot is configured.
As an example, 11-3c is: “2 PUCCH of format 0 or 2 for a single 7*2 subslot based HARQ-ACK codebook”. 11-3c is equivalent to Rel-15 FG 4-2: “2 PUCCH of format 0 or 2 in consecutive symbols”. 
Thus, it is redundant to introduce FGs [11-3c to 3g] and [11-4c to 4i], which increases UE capability signaling overhead unnecessarily.
1. [bookmark: _Toc47744347][bookmark: _Toc47714070][bookmark: _Toc47654793]Do not introduce New FGs [11-3c to 3g] and [11-4c to 4i].
[bookmark: _Toc47744348][bookmark: _Toc47714071]Add a note “a UE supporting 11-3 is also expected to support FGs 4-1, 4-3, 4-4, 4-5, and 4-19 with a “slot” being replaced by a sub-slot of length 2 or 7 symbols for NCP and (2 and 6 symbols for ECP) for the PUCCH formats that can be accommodated in the corresponding sub-slot durations” for FG11-3.



Based on the above contributions, it is agreed to discuss following point in the email discussion [12].
Discussion point #2
· Whether/how to define FG11-3c/d/e/f/g and 11-4c/d/e/f/g/h/i 

3.1	Proposal and discussion
Based on contributions and the discussion in email discussion [101-e-Post-NR-UE-Features-12], the necessity of FG11-3c/d/e/f/g and 11-4c/d/e/f/g/h/i should be discussed together with other possible ways to limit the number of PUCCH transmissions within a slot, e.g., component(s) of FG11-3/4/4a. Nevertheless, it seems larger number of companies support the latest FL proposal in [101-e-Post-NR-UE-Features-12] to confirm the working assumption, and hence it is proposed here again as a starting point for the discussion (Alt.1). If it is not agreeable, alternative (Alt.2) is to keep/add the component of FG11-3/4/4a to limit the number of PUCCH transmissions within a slot.
FL proposal 1:
Alt.1
· Confirm working assumption on FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i and keep FGs as below
	[11-3c]
	2 PUCCH of format 0 or 2 for a single 7*2-symbol subslot based HARQ-ACK codebook 
	1) 2 PUCCH format 0/2 in different symbols and at most once per subslot for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and at most once per subslot for SR 

	11-3
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting.
	Optional with capability signalling

	[11-3d]
	2 PUCCH of format 0 or 2 for a single 2*7-symbol subslot based HARQ-ACK codebook 
	1) 2 PUCCH format 0/2 in different symbols and at most once per subslot for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and at most once per subslot for SR 
 
	11-3
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting.
	Optional with capability signalling

	[11-3e]
	1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 or 4 in the same subslot for a single 2*7-symbol HARQ-ACK codebooks 
	If the UE supports a 2*7-symbol subslot HARQ-ACK codebook, the UE also supports:

1) 1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 and 4 in the same subslot
	11-3
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting.
	Optional with capability signalling

	[11-3f]
	2 PUCCH transmissions in the same subslot for a single 2*7-symbol HARQ-ACK codebooks which are not covered by 11-3d and 11-3e  
	If the UE supports a 2*7-symbol subslot HARQ-ACK codebook, the UE also supports:

2 PUCCH transmissions in the same subslot for a single 2*7-symbol HARQ-ACK codebooks which are not covered by 11-3d and 11-3e  
	11-3
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting.
	Optional with capability signalling

	[11-3g]
	SR/HARQ-ACK multiplexing at most once per subslot using a PUCCH (or HARQ-ACK piggybacked on a PUSCH) when SR/HARQ-ACK are supposed to be sent with different starting symbols in a subslot
	If a UE supports a subslot based HARQ-ACK codebook, the UE also supports:
Overlapping PUCCH resources with different starting symbols in a subslot
	11-3
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	
	Optional with capability signalling

	[11-4c]
	2 PUCCH of format 0 or 2 for tTwo HARQ-ACK codebooks with up to one 7*2-symbol sub-slot based HARQ-ACK codebook
	If the UE supports a 7*2-symbol subslot HARQ codebook, the UE also supports:

1) 2 PUCCH format 0/2 in different symbols and at most once per subslot for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and at most once per subslot for SR 

	11-4
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting. 
For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-2
	Optional with capability signalling

	[11-4d]
	2 PUCCH of format 0 or 2 in consecutive symbols for two HARQ-ACK codebooks with up to one 2*7-symbol sub-slot based HARQ-ACK codebook
	If the UE supports a 2*7-symbol subslot HARQ codebook, the UE also supports:

1) 2 PUCCH format 0/2 in different symbols and at most once per subslot for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and at most once per subslot for SR 
 
	11-4
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting.
For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-2
	Optional with capability signalling

	[11-4e]
	2 PUCCH of format 0 or 2 for two subslot based HARQ-ACK codebooks 
	If the UE supports two subslot HARQ codebooks, the UE also supports:

1) 2 PUCCH format 0/2 in different symbols and at most once per subslot per codebook for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and at most once per subslot per codebook for SR 
 
	11-4a
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting.
FFS: Definition of “per subslot” when two codebooks have two different subslot configurations with FG11-4a
	Optional with capability signalling

	[11-4f]
	1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 or 4 in the same subslot for HARQ-ACK codebooks with up to one 2*7-symbol subslot based HARQ-ACK codebook 
	If the UE supports a 2*7-symbol subslot HARQ-ACK codebook, the UE also supports:

1) 1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 and 4 in the same subslot of the codebook
	11-4
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting.
For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-2
	Optional with capability signalling

	[11-4g]
	1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 or 4 in the same subslot for two subslot based HARQ-ACK codebooks 
	If the UE supports two subslot HARQ-ACK codebooks both configured with 2*7- symbols, the UE also supports:

1) 1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 and 4 in the same subslot of a codebook
	11-4a
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting.
	Optional with capability signalling

	[11-4h]
	2 PUCCH transmissions in the same subslot for two HARQ-ACK codebooks with up to one 2*7-symbol subslot which are not covered by 11-4c and 11-4e  
	If the UE supports two HARQ-ACK codebooks with up to one subslot based codebook with 2*7-symbol configuration, the UE also supports:

1) 2PUCCH transmissions in the same subslot of the codebook which are not covered by 11-4c and 11-4e
	11-4
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting.
For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-2
	Optional with capability signalling

	[11-4i]
	2 PUCCH transmissions in the same subslot for two subslot based HARQ-ACK codebooks which are not covered by 11-4d and 11-4f 
	If the UE supports two HARQ-ACK codebooks both with 2*7-symbol configuration, the UE also supports:

1) 2PUCCH transmissions in the same subslot of a codebook which are not covered by 11-4d and 11-4f
	11-4a
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting.
	Optional with capability signalling



Alt.2
· Do not confirm working assumption on FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i and remove FGs

Companies are encouraged to check above FL proposal and to provide feedback if any in below. If you cannot accept the FL proposals, please put your company name after “Cannot accept the proposals” below and please provide your alternative proposal (in your comment) which could be acceptable to all in your consideration.
	Cannot accept the proposals: 
	Company
	Comment

	Intel
	We are supportive of Alt. 1

	DOCOMO
	This proposal shoud be jointly discussed with FL proposals 2 and 3. We prefer Alt.2 with including “supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot” in FGs 11-3 and 11-4/4a for the simplicity of FGs.

	ZTE
	Share with DOCOMO.

	Qualcomm
	We support Alt1. As mentioned already before, the total number of PUCCH transmissions and their formats too impact UE’s processing burden. 
Regarding the note “This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting”, it should be clear that #CSI reporting per slot remains the same as in Rel. 15 as agreed during the last meeting. 

	Samsung
	We understand that it might be related to proposal 2 and 3 as DCM and ZTE mentioned. But, this proposal seems more providing specific condition by considering PUCCH format. That is the difference we have understood between them. If we finally consider two approaches, that is, “supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot” and FG [11-3c/d/e/f/g and 11-4c/d/e/f/g/h/i] are included in UE feature, it may need additional works how “supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot” could be associated with FG [11-3c/d/e/f/g and 11-4c/d/e/f/g/h/i]. Either way is okay to us. But, we slightly prefer simple UE feature. 

	Huawei, HiSilicon 
	We are supportive of Alt. 1. As to the FFS points, our views are as below:
1) FG11-4e: “FFS: Definition of “per subslot” when two codebooks have two different subslot configurations with FG11-4a” seems not needed, since FG 11-4e is defining the capability per subslot per codebook.
2) We are fine with “FS” as the reporting type for these FGs considering we already agreed “FS” for FG 11-3 and FG 11-4.
3) FG 11-4f: The note “For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-2” should be changed to “For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-22”.
4) FG 11-4h: The note “For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-2” should be changed to “For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-22a”.

In addition, as to the comment that these FGs can be replaced by component 6 under FG 11-4/4a and component 3 of FG 11-3, in our understanding it won’t work.  The FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i define the maximum number of actual PUCCH transmissions and PUCCH formats within a sub-slot, while component 6 in FG11-4/4a defines the restriction for the maximum number of actual PUCCH transmissions for HARQ-ACK within a slot. They are different things and both will have impact on UE complexity, and both should be kept. Similar situation as component 3 under FG 11-3.    

	vivo
	Support Alt. 1. 

	Nokia, NSB
	Similarly to DOCOMO, we prefer Alt. 2. 

	Ericsson
	Prefer Alt 2. 
As shown below, 11-3c/d/e/f/g have equivalent, existing, FG. Hence 11-3c/d/e/f/g can be achieved by adding a note to 11-3. Similarly, 11-4c/d/e/f/g/h/i can be achieved by adding a note to 11-4.  
Proposal: 
· Add a note to 11-3: “Note: a UE supporting FGs 4-2 or 4-19a or 4-22 or 4-22a, together with 11-3, “a slot” in FG 4-2, 4-19a, 4-22, 4-22a is replaced by “a sub-slot of length 2 or 7 symbols for NCP and (2 and 6 symbols for ECP) for the PUCCH formats that can be accommodated in the corresponding sub-slot durations””
· Add a note to 11-4: “Note: a UE supporting FGs 4-2 or 4-22 or 4-22a, together with 11-4, “a slot” in FG 4-2, 4-22, 4-22a is replaced by “a sub-slot of length 2 or 7 symbols for NCP and (2 and 6 symbols for ECP) for the PUCCH formats that can be accommodated in the corresponding sub-slot durations””
Other comments to 11-3c/d/e/f/g and 11-4c/d/e/f/g/h/i:
· 7-symbol subslots are covered. Are the same FGs cover 6-symbol subslots for ECP?
· For “at most once per subslot for HARQ-ACK”: It’s sufficient to have “once per subslot for HARQ-ACK”. That is, the UE is capable of once per subslot, although actually transmission can be 0 or 1 HARQ-ACK in a sub-slot. In this sense, all instances of “at most” should be removed from these FGs.


Corresponding feature groups for 11-3c/d/e/f/g:
	11-3c: 2 PUCCH of format 0 or 2 for a single 7*2-symbol subslot based HARQ-ACK codebook
	FG 4-2: “1) 2 PUCCH format 0/2 in different symbols and once per slot for HARQ-ACK,”

	11-3d: 2 PUCCH of format 0 or 2 for a single 2*7-symbol subslot based HARQ-ACK codebook
	FG 4-2: “1) 2 PUCCH format 0/2 in different symbols and once per slot for HARQ-ACK,”

	11-3e: 1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 or 4 in the same subslot for a single 2*7-symbol HARQ-ACK codebooks
	FG 4-22: “1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3, or 4 in the same slot”

	11-3f: 2 PUCCH transmissions in the same subslot for a single 2*7-symbol HARQ-ACK codebooks which are not covered by 11-3d and 11-3e
	FG 4-22a: “2 PUCCH transmissions in the same slot which are not covered by 4-22 and 4-2”

	11-3g: SR/HARQ-ACK multiplexing at most once per subslot using a PUCCH (or HARQ-ACK piggybacked on a PUSCH) when SR/HARQ-ACK are supposed to be sent with different starting symbols in a subslot
	FG 4-19a: “SR/HARQ-ACK multiplexing once per slot using a PUCCH (or HARQ-ACK piggybacked on a PUSCH) when SR/HARQ-ACK are supposed to be sent with different starting symbols in a slot”



Corresponding feature groups for 11-4c/d/e/f/g/h/i: 
	11-4c: 2 PUCCH of format 0 or 2 for two HARQ-ACK codebooks with one 7*2-symbol sub-slot based HARQ-ACK codebook
	FG 4-2: “1) 2 PUCCH format 0/2 in different symbols and once per slot for HARQ-ACK,”

	11-4d: 2 PUCCH of format 0 or 2 in consecutive symbols for two HARQ-ACK codebooks with one 2*7-symbol sub-slot based HARQ-ACK codebook
	FG 4-2: “1) 2 PUCCH format 0/2 in different symbols and once per slot for HARQ-ACK,”

	11-4e: 2 PUCCH of format 0 or 2 for two subslot based HARQ-ACK codebooks
	FG 4-2: 
“1) 2 PUCCH format 0/2 in different symbols and once per slot for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and once per slot for SR”

	11-4f: 1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 or 4 in the same subslot for HARQ-ACK codebooks with one 2*7-symbol subslot based HARQ-ACK codebook
	FG 4-22: “1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3, or 4 in the same slot”

	11-4g: 1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 or 4 in the same subslot for two subslot based HARQ-ACK codebooks
	FG 4-22: “1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3, or 4 in the same slot”

	11-4h: 2 PUCCH transmissions in the same subslot for two HARQ-ACK codebooks with one 2*7-symbol subslot which are not covered by 11-4c and 11-4e
	FG 4-22a: “2 PUCCH transmissions in the same slot which are not covered by 4-22 and 4-2”

	11-4i: 2 PUCCH transmissions in the same subslot for two subslot based HARQ-ACK codebooks which are not covered by 11-4d and 11-4f
	FG 4-22a: “2 PUCCH transmissions in the same slot which are not covered by 4-22 and 4-2”





	Apple
	We support Alt 1. Even though we understand companies’ desire to simplify the UE features, the UE complexity to support a combination in a slot is not the same as supporting such a combination in a sub-slot, especially if we support 7 sub-slots in a slot. Therefore we should allow the UE to report the capability separately for slot-based and sub-slot-based operation.
We agree that ““FFS: Definition of “per subslot” when two codebooks have two different subslot configurations with FG11-4a” seems not needed, since FG 11-4e is defining the capability per subslot per codebook” is not needed because it says “per codebook”, and for each codebook, the definition of subslot is clear. 



Based on the discussion in GTW session, following agreement was made.

Agreements:
· Confirm working assumption on FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i and keep FGs
· Add a note: For ECP, “7 symbols” is replaced by “6 symbols” in above FGs
· Whether “at most” is kept or removed can be discussed in RAN1

Updated FL proposal 1:
· Check if FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i need any modification
· Reporting type is per FS
· Remove FFS note from FG11-4e and continue discussion on the point in RAN1

Companies are encouraged to check above FL proposal and to provide feedback if any in below. If you cannot accept the FL proposals, please put your company name after “Cannot accept the proposals” below and please provide your alternative proposal (in your comment) which could be acceptable to all in your consideration.
	Cannot accept the proposals: 
	Company
	Comment

	Huawei
	1) FG 11-4f: The note “For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-2” should be changed to “For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-22”.
2) FG 11-4h: The note “For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-2” should be changed to “For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-22a”.

	
	

	
	



Based on the discussion in GTW session, following agreement was made.
Agreements:
· For FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i
· Reporting type is per FS
· Remove FFS note from FG11-4e

Updated FL proposal 1:
· “at most” is kept for FGs 11-3c/3d/3g/4c/4d/4e

Companies are encouraged to check above FL proposal and to provide feedback if any in below. If you cannot accept the FL proposals, please put your company name after “Cannot accept the proposals” below and please provide your alternative proposal (in your comment) which could be acceptable to all in your consideration.
	Cannot accept the proposals: 
	Company
	Comment

	
	

	
	

	
	



Agreements:
· “at most once per subslot for HARQ-ACK” is changed to “once per subslot for HARQ-ACK”
· “at most once per subslot for SR” is changed to “once per subslot for SR”

Updated FL proposal 1:
· Discuss “once per subslot per codebook for SR” part

Companies are encouraged to check above FL proposal and to provide feedback if any in below. If you cannot accept the FL proposals, please put your company name after “Cannot accept the proposals” below and please provide your alternative proposal (in your comment) which could be acceptable to all in your consideration.
	Cannot accept the proposals: 
	Company
	Comment

	
	

	
	

	
	



Based on the discussion in GTW session, following agreement was made.

Agreements:
· “once per subslot per codebook for SR” part is changed to “once per subslot per priority for SR”

Agreements:
· FG 11-4f: The note “For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-2” should be changed to “For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-22”.
· FG 11-4h: The note “For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-2” should be changed to “For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-22a”.

4 FG11-3
	11. 
NR_L1enh_URLLC
	11-3
	More than one PUCCH for HARQ-ACK transmission within a slot
	1. Supports sub-slot based HARQ-ACK feedback procedure. 
• A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.
• At least one sub-slot configuration for PUCCH can be UE specifically configured to a UE. 
• Supports a single configuration for PUCCH resource for all sub-slots in a slot. The starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot. Any sub-slot PUCCH resource is not across sub-slot boundaries. 

2. Supported sub-slot configuration

3. [Supported combinations of (A, B), where A is the minimum gap between sub-slots containing actual PUCCH transmissions measured from beginning to beginning of the sub-slots, including across slots, and B is the sub-slot duration, with both A and B in units of symbols] 
	
	Yes
	N/A
	
	Per FS

Per FS is selected because in bands or BCs with large number of carriers or large BW, the UE’s processing power is spent on PDCCH/PDSCH decoding, and hence in some cases the support of the new codebook or some codebook configurations may not be possible
	N/A
	N/A
	N/A 
	Candidate value set for component 2:
{ 7-symbol*2, 2-symbol*7 and 7-symbol*2} for NCP or { 6-symbol*2, 2-symbol*6 and 6-symbol*2} for ECP
The number of PUCCHs for CSI reporting per slot is not impacted compared with Rel-15 by introducing the new HARQ-ACK CBs

A UE supporting 11-3 is also expected to support FGs 4-1, 4-3, 4-4, 4-5, and 4-19 with a “slot” being replaced by a sub-slot of length 2 or 7 symbols for NCP and (2 and 6 symbols for ECP) for the PUCCH formats that can be accommodated in the corresponding sub-slot durations

[Candidate value set for component 3):
(A, B) = 
{(7, 7),
(4, 2) and (7, 7),
(2, 2) and (7, 7)}]

FFS: Whether to keep component 3) and accordingly the above note for component 3)

	Optional with capability signalling



Following proposals are made in contributions.
	[2]
	3. About whether/how to define following component 3 in FG11-3 of “More than one PUCCH for HARQ-ACK transmission within a slot”
“3. [Supported combinations of (A, B), where A is the minimum gap between sub-slots containing actual PUCCH transmissions measured from beginning to beginning of the sub-slots, including across slots, and B is the sub-slot duration, with both A and B in units of symbols]”
Component 3 is proposed to support the case to allow 3 PUCCHs with the combination of (A, B) = (4, 2) to reduce the latency if the UE cannot support 7 PUCCHs. However, introduce the component for such optimization seems not necessary from the latency perspective given only 3 symbol difference compared to the support of 2*7-symbol sub-slot configuration. Therefore, we are fine to remove it from the FG11-3. 

	[3]
	It is still pending on whether/how to keep component 3 of FG 11-3. As discussed above, if the working assumption on support of FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i is not confirmed, we would be fine to keep component 3 here. But, the current form is too restrictive. It artificially introduces a gap between every two PUCCHs within a slot, while there is even no such restriction in Rel-15. Similar to component 6 of FG 11-4/4a, we suggest changing component 3 to ‘Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot’.
Proposal 4: Component 3 of FG 11-3 should be changed to ‘Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot’.

	[4]
	During the email discussion, whether to keep component 3 under FG 11-3 was discussed and no consensus was achieved. We still prefer to keep component 3.
While FG 11-3c to 3g define the maximum number of actual PUCCH transmissions within a sub-slot and component 6 in FG 11-4/4a defines the restriction for the maximum number of actual PUCCH transmissions for HARQ-ACK within a slot, this component 3 defines the gap that can be allowed between two actual PUCCH transmissions. The gap between actual PUCCH transmissions is important for UE capability, because we also need to consider the processing that the UE needs to do from receiving the PDSCH until the transmission of the PUCCH, not just the PUCCH transmission itself. Supporting back-to-back PUCCHs will have impact on the processing pipeline, which will result in difficulties to handle the processing with one unit and to use more processing units will increase the UE complexity. This is similar as what we did for PUSCH in Rel-15, where FG5-33 introduces a gap for two unicast PUSCHs. 

	[5]
	· We are supportive of the proposal to remove Component #3 from FG 11-3. With the restrictions from Rel-15 on scheduling and HARQ timings in place, there is no adverse impact to pipelining due to the absence of component #3 from FG 11-3. This is similar to PUSCH scheduling with multiple PUSCHs per slot, where it has not been necessary since Rel-15 to introduce any additional constraints enforcing gaps between two consecutive PUCCHs.

	[6]
	All above FGs relate to limiting a number of PUCCH transmission within a slot. In Rel-15, similar restrictions were adopted for limiting the number of PUUCH transmissions within a slot. Therefore, component 3 of FG 11-3 is not necessary. In that sense, [11-4c to 4i] can be covered by [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot] for FG 11-4/4a, and [11-3c to 3g] can be covered by [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot] under FG 11-3 if component 3 of FG 11-3 is replaced by [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot].
Proposal 1: Add component [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot] for FG 11-4/4a and FG 11-3. 

	[7]
	One open issue for FG 11-3 is whether to introduce component 3(“[Supported combinations of (A, B), where A is the minimum gap between sub-slots containing actual PUCCH transmissions measured from beginning to beginning of the sub-slots, including across slots, and B is the sub-slot duration, with both A and B in units of symbols]”). It defines certain minimum gap between PUCCHs which helps with the 2-symbol sub-slot implementation. We support introducing this component because it would allow UEs to implement the feature with reduced complexity, similar to the span pattern that has been introduced for PDCCH. From performance point of view, supporting 2-symbol sub-slot allows fast HARQ-ACK feedback for reduced latency at least with a single PDSCH. Introducing the gap degrades the HARQ-ACK latency only if there are two back-to-back 2-symbol PDSCH transmissions that requires HARQ-ACK feedback, but this does not seem to be a compelling use case. Therefore, introducing the 2-symbol gap should not have much impact in practical sense, but could provide relaxation for UE implementation. 
However, it should be clarified whether PUCCH transmissions here include the ones that include UCI other than HARQ-ACK. From UE complexity point of view, it makes sense to include all PUCCH transmissions in the definition given that all PUCCH transmissions are confined within sub-slots in this case.
Proposal 2-1: Include component 3 in FG 11-3 by modifying it to the following: “Supported combinations of (A, B), where A is the minimum gap between sub-slots containing actual PUCCH transmissions carrying any UCI measured from beginning to beginning of the sub-slots, including across slots, and B is the sub-slot duration, with both A and B in units of symbols”.
There is a note for FG 11-3 that: “A UE supporting 11-3 is also expected to support FGs 4-1, 4-3, 4-4, 4-5, and 4-19 with a “slot” being replaced by a sub-slot of length 2 or 7 symbols for NCP and (2 and 6 symbols for ECP) for the PUCCH formats that can be accommodated in the corresponding sub-slot durations”. These FGs 4-x defines the frequency of PUCCH as once per slot. When “slot” is replaced by “sub-slot”, the frequency of PUCCH becomes once per sub-slot. However, this is somewhat conflicting with the intention of Proposal 2-1 which may limit the maximum total number of PUCCHs per slot when sub-slot based HARQ-ACK feedback is enabled. Therefore, we think it is more appropriate to re-interpret these FGs 4-x as the UE capability “in a sub-slot”, but not necessarily in every sub-slot. The wording can be changed accordingly. This is also aligned with Proposal 2-4 below.
Proposal 2-2: Modify the note for FG 11-3 as follows: “A UE supporting 11-3 is also expected to support FGs 4-1, 4-3, 4-4, 4-5, and 4-19 with a “slot” being replaced by a sub-slot of length 2 or 7 symbols for NCP and (and 2 or and 6 symbols for ECP) for the PUCCH formats that can be accommodated in the corresponding sub-slot durations”, and “once per slot” being replaced by “at most once per sub-slot”.

	[8]
	· 11-3, component 3: no need for the component, can be removed.

	[10]
	· We are proposing to keep component 3 and its corresponding note; the gap between the consecutive PUCCHs has an impact on the UE’s processing. 



Based on the above contributions, it is agreed to discuss following point in the email discussion [12].
Discussion point #3
· Whether the component 3 of FG11-3 is kept, removed or replaced by another component


4.1	Proposal and discussion
Based on contributions and the discussion in email discussion [101-e-Post-NR-UE-Features-12], it seems larger number of companies prefer to remove the component 3 of FG11-3. On the other hand, several companies propose to add another component “Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot” to FG11-3. The FL proposal is to remove the component 3 and not to add the proposed component as FG[11-3c/d/e/f/g and 11-4/c/d/e/f/g/h/i] are proposed to be kept in FL proposal 1 (Alt.1). If it is not agreeable, alternative (Alt.2) is to add the component of FG11-3 to limit the number of PUCCH transmissions within a slot.
FL proposal 2:
Alt.1
· Component 3 is removed from FG11-3
	11. 
NR_L1enh_URLLC
	11-3
	More than one PUCCH for HARQ-ACK transmission within a slot
	1. Supports sub-slot based HARQ-ACK feedback procedure. 
• A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.
• At least one sub-slot configuration for PUCCH can be UE specifically configured to a UE. 
• Supports a single configuration for PUCCH resource for all sub-slots in a slot. The starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot. Any sub-slot PUCCH resource is not across sub-slot boundaries. 

2. Supported sub-slot configuration

[Supported combinations of (A, B), where A is the minimum gap between sub-slots containing actual PUCCH transmissions measured from beginning to beginning of the sub-slots, including across slots, and B is the sub-slot duration, with both A and B in units of symbols] 
	
	Yes
	N/A
	
	Per FS

Per FS is selected because in bands or BCs with large number of carriers or large BW, the UE’s processing power is spent on PDCCH/PDSCH decoding, and hence in some cases the support of the new codebook or some codebook configurations may not be possible
	N/A
	N/A
	N/A 
	Candidate value set for component 2:
{ 7-symbol*2, 2-symbol*7 and 7-symbol*2} for NCP or { 6-symbol*2, 2-symbol*6 and 6-symbol*2} for ECP
The number of PUCCHs for CSI reporting per slot is not impacted compared with Rel-15 by introducing the new HARQ-ACK CBs

A UE supporting 11-3 is also expected to support FGs 4-1, 4-3, 4-4, 4-5, and 4-19 with a “slot” being replaced by a sub-slot of length 2 or 7 symbols for NCP and (2 and 6 symbols for ECP) for the PUCCH formats that can be accommodated in the corresponding sub-slot durations

[Candidate value set for component 3):
(A, B) = 
{(7, 7),
(4, 2) and (7, 7),
(2, 2) and (7, 7)}]

FFS: Whether to keep component 3) and accordingly the above note for component 3)

	Optional with capability signalling



Alt.2
· Component 3 of FG11-3 is replaced by “Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot”
· Candidate values are [TBD]
	11. 
NR_L1enh_URLLC
	11-3
	More than one PUCCH for HARQ-ACK transmission within a slot
	1. Supports sub-slot based HARQ-ACK feedback procedure. 
• A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.
• At least one sub-slot configuration for PUCCH can be UE specifically configured to a UE. 
• Supports a single configuration for PUCCH resource for all sub-slots in a slot. The starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot. Any sub-slot PUCCH resource is not across sub-slot boundaries. 

2. Supported sub-slot configuration

3. [Supported combinations of (A, B), where A is the minimum gap between sub-slots containing actual PUCCH transmissions measured from beginning to beginning of the sub-slots, including across slots, and B is the sub-slot duration, with both A and B in units of symbols] Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot
	
	Yes
	N/A
	
	Per FS

Per FS is selected because in bands or BCs with large number of carriers or large BW, the UE’s processing power is spent on PDCCH/PDSCH decoding, and hence in some cases the support of the new codebook or some codebook configurations may not be possible
	N/A
	N/A
	N/A 
	Candidate value set for component 2:
{ 7-symbol*2, 2-symbol*7 and 7-symbol*2} for NCP or { 6-symbol*2, 2-symbol*6 and 6-symbol*2} for ECP
The number of PUCCHs for CSI reporting per slot is not impacted compared with Rel-15 by introducing the new HARQ-ACK CBs

A UE supporting 11-3 is also expected to support FGs 4-1, 4-3, 4-4, 4-5, and 4-19 with a “slot” being replaced by a sub-slot of length 2 or 7 symbols for NCP and (2 and 6 symbols for ECP) for the PUCCH formats that can be accommodated in the corresponding sub-slot durations

[Candidate value set for component 3):
(A, B) = 
{(7, 7),
(4, 2) and (7, 7),
(2, 2) and (7, 7)}]

FFS: Whether to keep component 3) and accordingly the above note for component 3)

	Optional with capability signalling



Companies are encouraged to check above FL proposal and to provide feedback if any in below. If you cannot accept the FL proposals, please put your company name after “Cannot accept the proposals” below and please provide your alternative proposal (in your comment) which could be acceptable to all in your consideration.
	Cannot accept the proposals: 
	Company
	Comment

	Intel
	We support Alt. 1. 
There is no need to further introduce additional constraints on numbers of PUCCH, especially given that we have FGs #11-3c/d/e/…, and 11-4c/d/e/…, and Component 6 for 11-(4/)4a.

	DOCOMO
	This proposal shoud be jointly discussed with FL proposals 1 and 3. We prefer Alt.2 with removing FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i for the simplicity of FGs.

	ZTE
	Same as DOCOMO, we prefer Alt.2 if Alt.2 in Proposal 1 is adopted.

	Qualcomm 
	We are fine with Alt2. However, a decision should be made for FL proposal 1 first. 

	Samsung
	Alt. 2 is more preferable. 

	Huawei, HiSilicon 
	We still prefer to keep component 3.
While FG 11-3c to 3g define the maximum number of actual PUCCH transmissions within a sub-slot and component 6 in FG 11-4/4a defines the restriction for the maximum number of actual PUCCH transmissions for HARQ-ACK within a slot, this component 3 defines the gap that can be allowed between two actual PUCCH transmissions. The gap between actual PUCCH transmissions is important for UE capability, because we also need to consider the processing that the UE needs to do from receiving the PDSCH until the transmission of the PUCCH, not just the PUCCH transmission itself. Supporting back-to-back PUCCHs will have impact on the processing pipeline, which will result in difficulties to handle the processing with one unit and to use more processing units will increase the UE complexity. This is similar as what we did for PUSCH in Rel-15, where FG5-33 introduces a gap for two unicast PUSCHs. While FG 11-3c to 3g define the maximum number of actual PUCCH transmissions within a sub-slot and component 6 in FG 11-4/4a defines the restriction for the maximum number of actual PUCCH transmissions for HARQ-ACK within a slot, this component 3 defines the gap that can be allowed between two actual PUCCH transmissions. The gap between actual PUCCH transmissions is important for UE capability, because we also need to consider the processing that the UE needs to do from receiving the PDSCH until the transmission of the PUCCH, not just the PUCCH transmission itself. Supporting back-to-back PUCCHs will have impact on the processing pipeline, which will result in difficulties to handle the processing with one unit and to use more processing units will increase the UE complexity. This is similar as what we did for PUSCH in Rel-15, where FG5-33 introduces a gap for two unicast PUSCHs.

In addition, as we pointed under section 3, FG 11-3x and FG 11-4x are different with component 3 under FG 11-3 and component 6 under FG 11-4/4a, both should be kept. 

	vivo
	Same view as Intel, we support Alt.1.

	Nokia, NSB
	We support Alt. 1

	Ericsson
	Support Alt 1

	Apple
	We prefer Alt 2, with the same reasoning as provided by Huawei/HiSilicon.



Based on the discussion in GTW session, following agreement was made.
Agreements:
Component 3 is removed from FG11-3


5 FG11-4/4a and FG12-1
	11. 
NR_L1enh_URLLC
	11-4
	Two HARQ-ACK codebooks with up to one sub-slot based HARQ-ACK codebook (i.e. slot-based + slot-based, or slot-based + sub-slot based) simultaneously constructed for supporting  HARQ-ACK codebooks with different priorities at a UE 
	1. Supports two HARQ-ACK codebooks with different priorities to be simultaneously constructed with the restriction up to one sub-slot based HARQ-ACK codebook.
2. Supports separate PUCCH configuration for different HARQ-ACK codebooks
3. Supports 2-level priority of HARQ-ACK for dynamically scheduled PDSCH and SPS PDSCH.
4. [Supports a DCI format (from the formats 1_1/1_2) scheduling PDSCH with different HARQ-ACK priorities when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured per BWP]
5. Supports separate configuration of parameters PDSCH-HARQ-ACK-Codebook, UCI-OnPUSCH and ‘codeBlockGroupTransmission” for different HARQ-ACK codebooks.   
6. [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot]
7. Support intra-UE multiplexing/prioritization of UL overlapping channels/signals with two priority levels for HARQ-ACK
	
	Yes
	N/A
	
	Per FS

Per FS is selected because in bands or BCs with large number of carriers or large BW, the UE’s procesing power is spent on PDCCH/PDSCH decoding, and hence in some cases the support of the new codebook or some codebook configurations may not be possible
	N/A
	N/A
	N/A 
	If a UE reports both 11-3 and 11-4, it can support two slot-based HARQ-ACK codebooks, and one slot-based and one-sub-slot-based HARQ-ACK codebooks. If a UE reports 11-4 but not 11-3, it can only support two slot-based HARQ-ACK codebooks.

The number of PUCCHs for CSI reporting per slot is not impacted compared with Rel-15 by introducing the new HARQ-ACK CBs
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-4a


	Two sub-slot based HARQ-ACK codebooks simultaneously constructed for supporting HARQ-ACK codebooks with different priorities at a UE 
	1. Supports two sub-slot based HARQ-ACK codebooks with different priorities to be simultaneously constructed.
2. Supports separate PUCCH configuration for different HARQ-ACK codebooks
3. Supports 2-level priority of HARQ-ACK for dynamically scheduled PDSCH and SPS PDSCH.
4. [Supports a DCI format (from the formats /1_1/1_2) scheduling PDSCH with different HARQ-ACK priorities  when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured in USS per BWP]  
5. Supports separate configuration of parameters PDSCH-HARQ-ACK-Codebook, UCI-OnPUSCH and ‘codeBlockGroupTransmission” for different HARQ-ACK codebooks.
6. [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot]
	11-3 and 11-4
	Yes
	N/A
	
	Per FS

Per FS is selected because in bands or BCs with large number of carriers or large BW, the UE’s procesing power is spent on PDCCH/PDSCH decoding, and hence in some cases the support of the new codebook or some codebook configurations may not be possible
	N/A
	N/A
	N/A
	The number of PUCCHs for CSI reporting per slot is not impacted compared with Rel-15 by introducing the new HARQ-ACK CBs
	Optional with capability signalling

	12. NR_IIOT
	12-1
	UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels in physical layer
	Support intra-UE multiplexing/prioritization of overlapping PUCCH/PUCCH and PUCCH/PUSCH with two priority levels in physical layer (PHY)
1) [Configuration of PHY priority level for CG PUSCH and SR, and dynamic indication of priority level for dynamic PUSCH with a single DCI format]
2) Multiplexing/prioritization between UL channels/signals with the same PHY priority level
3) Prioritization between UL channels/signals with different PHY priority levels
4) Additional number of symbols (d1) needed beyond the PUSCH preparation time for cancelling a low priority UL transmission.
5) Additional number of symbols (d2) needed beyond the PUSCH preparation time for scheduling a high priority UL transmission that cancels a low priority UL transmission 
	
	Yes
	N/A
	
	Per FS

Per FS is selected because this FG involves various kinds of prioritization/cancellation/multiplexing, it is very processing intensive, and hence it is important to have finer granularity so that the UE does not have to under-report based on the worst band/band combination
	N/A
	N/A
	N/A
	Candidate value set for component 4: {0, 1, 2}

Candidate value set for component 5: {0, 1, 2}

The relationship between this feature and the feature of up to two HARQ-ACK codebooks of 11-4 and 11-4xshould be further discussed.
	Optional with capability signaling






Following proposals are made in contributions.
	[2]
	[Component 4] for FG11-4/4a as well as [component 1] for FG12-1 should be kept, this is based on the working assumption agreed in RAN1 #99 meeting below for when only one DCI format is configured to support scheduling the traffic with different priorities. When both DCI formats (DCI formats 0_1/0_2 and 1_1//1_2) are configured, how to support scheduling the traffic with different priorities are still under the maintenance discussions. 
Working assumption:
When a single PDSCH/PUSCH processing timeline is configured in the carrier, at least when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured in USS per BWP, a DCI format (from the formats 0_1/1_1/0_2/1_2) can be used to schedule PDSCH with different HARQ-ACK priorities or PUSCH with different priorities. 
For [component 6] that [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot], it has relations with FG 11-3c to 3g and 11-4c to 4i, for example, for the case of (slot-based + sub-slot based HARQ-ACK codebook), the maximum number of actual PUCCH transmissions for HARQ-ACK within a slot is defined by FG11-4c, FG-114d, FG-114f and FG11-4h; for the case of (sub-slot based + sub-slot based HARQ-ACK codebook), it is defined by FG 11-4e/FG11-4g/FG-11-4i.

	[3]
	There was a working assumption on support of FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i. The intention of these feature groups is to limit the maximum number of PUCCHs by following Rel-15 FG 4-2 and FG 4-22a with replacing slot PUCCH to sub-slot PUCCH. By these FGs, the maximum number of PUCCHs within a slot will be determined. However, component 3 of FG 11-3 and component 6 of FG 11-4/4a also targets to limit the the maximum number of PUCCHs within a slot. In this sense, it’s not rational to confirm the working assumption with keeping FG11-3/11-4/4a unchanged. Thus, there are basically two alternatives to go with. 
· Alt1: Confirm the working assumption, and delete component 3 of FG 11-3 and component 6 of FG 11-4/4a.
· Alt2: Do not confirm the working assumption, and keep component 3 of FG 11-3 and component 6 of FG 11-4/4a.
In our view, Alt2 is preferred since it is simpler for UE reporting and network handling. 
Proposal 3: Do not confirm the working assumption on support of FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i, and keep component 3 of FG 11-3 and component 6 of FG 11-4/4a.

	[4]
	Both updated proposal 2 and part of the updated proposal 4 as above should be agreed. The updated proposal 2 (i.e. FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i) define the maximum number of actual PUCCH transmissions and PUCCH formats within a sub-slot, while component 6 in FG11-4/4a defines the restriction for the maximum number of actual PUCCH transmissions for HARQ-ACK within a slot. They are different things and both will have impact on UE complexity. Especially if component 3 under FG 11-3 is not included, then for sure component 6 should be kept here.  
As to the reporting type for FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i, we are ok with “Per FS”. 

	[5]
	· Component #4 for FG 11-4/4a and Component 1 for FG 12-1 should be kept. These components are a direct consequence of the following WA from RAN1 #99:
	Working assumption:
When a single PDSCH/PUSCH processing timeline is configured in the carrier, at least when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured in USS per BWP, a DCI format (from the formats 0_1/1_1/0_2/1_2) can be used to schedule PDSCH with different HARQ-ACK priorities or PUSCH with different priorities.
· 1-bit field in DCI can be configured as the PHY identification of the priority
· No indication of different priorities by DCI formats 0_0/1_0


Without these components it could be interpreted that these components by themselves are mandatory (since they are not captured in UE features, but in RAN1 specifications),  and such outcome would be quite undesirable and unfortunate. 
· On the other hand, the FFS bullet on introducing yet another UE feature based on a new behaviour, yet to agreed, and with questionable benefits at this late stage of Rel-16 maintenance, should not be pursued. Further details are provided in our companion paper as part of Rel-16 eURLLC/IIoT maintenance [4]. 
· On Component #6 for FG 11-4a, while it is indeed true that FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i in Proposal 2 (from moderator) provide certain limits on the numbers of PUCCHs in a slot for different combinations, these limits include PUCCH carrying different UCIs, and not just HARQ-ACK. Defining some limits on max number of PUCCHs with HARQ-ACK in a slot for FG 11-4a can be beneficial to UE implementation considering the case when both HARQ-ACK CBs are sub-slot based, especially, if both follow the 2-symbol*7 sub-slot configuration. 
· However, such restrictions for FG 11-4, with one slot and another sub-slot based HARQ-ACK CB do not seem essential in light of the FGs as part of Proposal 2 (from moderator).

	[6]
	I. FG 11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/I & component 3 of FG 11-3 & Component 6 of FG 11-4/4a
All above FGs relate to limiting a number of PUCCH transmission within a slot. In Rel-15, similar restrictions were adopted for limiting the number of PUUCH transmissions within a slot. Therefore, component 3 of FG 11-3 is not necessary. In that sense, [11-4c to 4i] can be covered by [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot] for FG 11-4/4a, and [11-3c to 3g] can be covered by [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot] under FG 11-3 if component 3 of FG 11-3 is replaced by [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot].
Proposal 1: Add component [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot] for FG 11-4/4a and FG 11-3. 
II. FG 11-4, FG 11-4a, FG 12-1a
It has been agreed that use of a priority indicator for determining a priority of a PUSCH or PUCCH transmission is an optional feature. It has also been agreed that the priority indicator field in configurable – i.e. it’s use is not needed to operate a UE mixed traffic.
Component 4 is against the above and intends to only enable scheduling of a UE with mixed traffic using a single DCI format based on the priority indicator. There are fundamental problems with such as approach.
First, what would the size of the single DCI format be? Would it be the very compact DCI format x_2 that was introduced for URLLC and is highly inappropriate for eMBB or would it be the ~100-bit DCI format x_1 that is highly inappropriate for URLLC? Or would it be something in the middle that is a poor choice for both eMBB and URLLC? In general, that would contradict how DCI formats, intented for substantially different purposes, have been used in LTE/NR including in Rel-16 where a new DCI format was introduce in order for a gNB to separately schedule a UE on sidelink and on Uu link.
Second, use of a single DCI format to support both eMBB traffic and URLLC traffic is not supported by specifications as the configuration of several parameters is based on the DCI format and not on the priority indicator. For example, the MCS table is associated with the DCI format, not with the priority indicator. There is no way for a network to indicate use of a high spectral efficiency MCS table (Table 1 or 2 in TS 38.214) for eMBB and a low spectral efficiency MCS table (Table 3 in TS 38.214) for URLLC using a same DCI format. For example, HARQ-ACK timing is defined by dl-DatatoUL-ACK and by dl-DataToUL-ACK-ForDCI-Format1-2 and it is not possible to indicate different values for HARQ-ACK slot timing (slot or sub-slot) using a same DCI format. The same applies to several other configurations such as the reference SLIV or the number of cells for CA with Rel-15/Rel-16 PDCCH monitoring.
There are additional issues, such as an inefficient search space set configuration as different numbers of PDCCH candidates per CCE aggregation level are required for different target BLERs corresponding to different traffic types, but detailed discussion can occur later, if needed, as it should be clear that, both for operational reasons and reasons related to specification support, use of single DCI format to schedule both eMBB and URLLC is not practically possible.
Observation 1: Use of a single DCI format to schedule mixed traffic (eMBB and URLLC) for a UE is not feasible, both due to deployment considerations and due to absence of specification support. 
Currently, FGs 11-4, 11-4a, and 11-4b include support for mixed traffic based on an optional feature and on a field that the gNB is not mandated to configure. Combined with the above infeasibility to support mixed traffic using a single DCI format, Component 4 should be removed from FGs 11-4, 11-4a and Component 1 should be removed from FG 12-1 and should be replaced by the baseline operation of using DCI formats 0_1/1_1 for priority 0 (eMBB) and DCI formats 0_2/1_2 for priority 1.
Proposal 2: 
For FGs 11-4 and 11-4a:
replace “Supports a DCI format (from the formats 1_1/1_2) scheduling PDSCH with different HARQ-ACK priorities when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured per BWP” 
with “Supports DCI format 1_1 scheduling PDSCH with HARQ-ACK priority 0 and DCI format 1_2 scheduling PDSCH with HARQ-ACK priority 1 per BWP”.
For FG 12-1: 
replace “Configuration of PHY priority level for CG PUSCH and SR, and dynamic indication of priority level for dynamic PUSCH with a single DCI format” 
with “Configuration of PHY priority level for CG PUSCH and SR, and indication of priority level 0 by using DCI format 0_1 and of priority level 1 by using DCI format 0_2 for dynamic PUSCH”.

	[7]
	Component 6 for FG 11-4/4a is “[Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot]”. We think it is important to allow the UE to report such a limit, otherwise a UE may need to support up to 14 PUCCHs in a slot, which could be unnecessarily demanding for the UE implementation. In addition, if a low-priority PUCCH is cancelled, it should be counted towards the limit because the UE may still need to process it before being cancelled.
In addition, the description current says PUCCH transmissions for HARQ-ACK. However, there still could be SR and CSI on PUCCH, and limiting the number of PUCCHs for HARQ-ACK only does not effectively reflect the UE complexity. For example, for the 2-symbol sub-slot case, the UE can report up to 3 PUCCHs per slot for HARQ-ACK, but according to the specifications, there could still be up to 7 SRs in a slot, plus CSI on PUCCH. So, the reporting is not very useful for the UE. Therefore, we propose to change it to include PUCCHs carrying any UCI.
Proposal 2-3: Component 6 is kept for FG 11-4/4a by replacing “actual PUCCH transmissions for HARQ-ACK” with “actual PUCCH transmissions for any UCI”. 
· Candidate values for the component 6 of FG11-4 is: For slot-based + sub-slot based, {2, 3, 4} for 7-symbol*2 sub-slot configuration, and {2, 3, 4, 5, 6, 7} for 2-symbol*7 sub-slot configuration.
· Candidate values for the component 6 of FG11-4a is: {2, 3, 4} for 7-symbol*2 sub-slot configuration, and {2, 3, 4, 5, 6, 7} if at least one of them has 2-symbol*7 sub-slot configuration.
· Add a note that “A low-priority PUCCH that is cancelled by a high-priority transmission is counted towards the limit”.

	[8]
	· 11-4: 
· Component 4: as discussed already during RAN1#101-e, component 4 is an integral part of the functionality, it is very well aligned with the existing agreements and working assumptions in RAN1, and it is already captured in specifications. Hence, it needs to be kept in FG11-4.
· Component 6: OK to keep it as it addresses the issue corresponding to proposed FGs 11-3c/d/e/f/g and 11-4d/e/f/g/h/i.
· 12-1, component 1: to be kept, similar reasons as for 11-4 component 4 above.

	[9]
	· Regarding component 4 for FG11-4/4a, current text should be kept as it is aligned with WA in RAN1#99. If additional agreement for the case when a UE is configured with both sets of formats 0_1/1_1 and 0_2/1_2 but does not support FG11-4b is obtained in Rel.16 maintenance, new text/component can be added.

	[10]
	FG 11-4/FG11-4a:
· We are fine to keep component 4 if another component describing the UE capability in case two sets of DCI formats are configured is added; the value range for this component could be {dynamic switching of priority using each DCI format, a fixed priority using a given DCI format}.
· We are fine to keep component 6.
FG 12-1:
· Component 1 needs to also account for the priority of PUCCH carrying SPS HARQ-ACK.
· Regarding the note, FG 12-1 and the feature to support two HARQ-ACK codebooks should be considered independent. A UE may support one or both or none. A gNB can select a reasonable configuration according to the UE’s reported capability.

	[11]
	In our view, Component 4 is kept for FG11-4/4a (and Component 1 is kept for FG12-1). These components correctly reflect the Working Assumption made in RAN1#99 (copied below).
	Working assumption: (RAN1#99)
When a single PDSCH/PUSCH processing timeline is configured in the carrier, at least when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured in USS per BWP, a DCI format (from the formats 0_1/1_1/0_2/1_2) can be used to schedule PDSCH with different HARQ-ACK priorities or PUSCH with different priorities. 
· 1-bit field in DCI can be configured as the PHY identification of the priority
· No indication of different priorities by DCI formats 0_0/1_0




Regarding Component 6 of FG11-4/4a), component 6 should be considered together with FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i. 
· If FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i are not introduced, then we support keeping Component 6 in FG11-4a.   If Component 6 is kept, candidate values for the component 6 of FG11-4a is as follows.
· {2, 3, 4} if both HARQ-ACK codebooks use 7-symbol*2 sub-slot configuration (See Figure 1), and 
· {7} if at least one of HARQ-ACK codebooks use 2-symbol*7 sub-slot configuration (see Figure 2). For this scenario, candidate value smaller than 7 are not included, since the UE should support at least one PUCCH per sub-slot, resulting in 7 PUCCH in a slot.  Figure 2 shows that the candidate value 2, for example, is too limiting for the scheduler, hence not included.
· On the other hand, if FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i are introduced, then we do not see the need of keeping Component 6 in FG11-4/4a. It’s true that component 6 is about actual PUCCH within a slot (i.e., not sub-slot). However, we do not see the need to additionally introduce component 6, since per-sub-slot UE capability is provided in detail. Together with sub-slot configuration, this naturally gives the limit of actual PUCCH transmission within a slot. 


[image: ]
[bookmark: _Ref47714244]Figure 1. The exemplary PUCCHs for two HARQ-ACK codebooks, both with 7-symbol*2 sub-slot configuration
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[bookmark: _Ref47714245]Figure 2. The exemplary PUCCHs for two HARQ-ACK codebooks, with at least one of HARQ-ACK codebooks use 2-symbol*7 sub-slot configuration.

[bookmark: _Toc47714072][bookmark: _Toc47744349]Keep Component 4 for FG11-4/4a.
[bookmark: _Toc47714073][bookmark: _Toc47744350]Consider Component 6 for FG11-4/4a together with FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i.
~
In our view, Component 1 should be kept for FG12-1. Similar to Component 4 of FG11-4/4a, Component 1 of FG12-1 correctly reflect the Working Assumption made in  RAN1#99 (as copied earlier).
1. [bookmark: _Toc47654794][bookmark: _Toc47744352][bookmark: _Toc47714074]Keep Component 1 for FG12-1.



Based on the above contributions, it is agreed to discuss following points in the email discussion [12].
Discussion point #4
· Whether the component 4 of FG11-4/4a and the component 1 of FG12-1 are kept, removed or replaced by other component(s)

Discussion point #5
· Whether the component 6 of FG11-4/4a is kept, removed or modified, and what are candidate values for the component 6

5.1	Proposal and discussion
Based on contributions and the discussion in email discussion [101-e-Post-NR-UE-Features-12], following proposals are made.
Regarding the component 6 of FG11-4/4a, although several companies argued that the component 6 is not necessary if the working assumption on FG[11-3c/d/e/f/g and 11-4c/d/e/f/g/h/i] is confirmed as in FL proposal 1, there are some other companies prefer to keep both the component 6 of FG11-4/4a and FG[11-3c/d/e/f/g and 11-4c/d/e/f/g/h/i]. Therefore, it may or may not be dependent on the FL proposal 1 (and 2). The FL proposal 3 is to keep the component 6 of FG11-4/4a (Alt.1), and alternative for the case if Alt.1 is not agreeable is to remove the component 6 of FG11/4/4a (Alt.2).
FL proposal 3:
Alt.1
· Component 6 is kept for FG11-4/4a
· Candidate values for the component 6 of FG11-4 is: For slot-based + sub-slot based, {2, 3, 4} for 7-symbol*2 sub-slot configuration, and {2, 3, 4, 5, 6, 7} for 2-symbol*7 sub-slot configuration
· Candidate values for the component 6 of FG11-4a is: {2, 3, 4} for 7-symbol*2 sub-slot configuration, and {2, 3, 4, 5, 6, 7} if at least one of them has 2-symbol*7 sub-slot configuration
	11. 
NR_L1enh_URLLC
	11-4
	Two HARQ-ACK codebooks with up to one sub-slot based HARQ-ACK codebook (i.e. slot-based + slot-based, or slot-based + sub-slot based) simultaneously constructed for supporting  HARQ-ACK codebooks with different priorities at a UE 
	1. Supports two HARQ-ACK codebooks with different priorities to be simultaneously constructed with the restriction up to one sub-slot based HARQ-ACK codebook.
2. Supports separate PUCCH configuration for different HARQ-ACK codebooks
3. Supports 2-level priority of HARQ-ACK for dynamically scheduled PDSCH and SPS PDSCH.
4. [Supports a DCI format (from the formats 1_1/1_2) scheduling PDSCH with different HARQ-ACK priorities when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured per BWP]
5. Supports separate configuration of parameters PDSCH-HARQ-ACK-Codebook, UCI-OnPUSCH and ‘codeBlockGroupTransmission” for different HARQ-ACK codebooks.   
6. [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot]
Candidate values: For slot-based + sub-slot based, {2, 3, 4} for 7-symbol*2 sub-slot configuration, and {2, 3, 4, 5, 6, 7} for 2-symbol*7 sub-slot configuration
7. Support intra-UE multiplexing/prioritization of UL overlapping channels/signals with two priority levels for HARQ-ACK
	
	Yes
	N/A
	
	Per FS

Per FS is selected because in bands or BCs with large number of carriers or large BW, the UE’s procesing power is spent on PDCCH/PDSCH decoding, and hence in some cases the support of the new codebook or some codebook configurations may not be possible
	N/A
	N/A
	N/A 
	If a UE reports both 11-3 and 11-4, it can support two slot-based HARQ-ACK codebooks, and one slot-based and one-sub-slot-based HARQ-ACK codebooks. If a UE reports 11-4 but not 11-3, it can only support two slot-based HARQ-ACK codebooks.

The number of PUCCHs for CSI reporting per slot is not impacted compared with Rel-15 by introducing the new HARQ-ACK CBs
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-4a


	Two sub-slot based HARQ-ACK codebooks simultaneously constructed for supporting HARQ-ACK codebooks with different priorities at a UE 
	1. Supports two sub-slot based HARQ-ACK codebooks with different priorities to be simultaneously constructed.
2. Supports separate PUCCH configuration for different HARQ-ACK codebooks
3. Supports 2-level priority of HARQ-ACK for dynamically scheduled PDSCH and SPS PDSCH.
4. [Supports a DCI format (from the formats /1_1/1_2) scheduling PDSCH with different HARQ-ACK priorities  when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured in USS per BWP]  
5. Supports separate configuration of parameters PDSCH-HARQ-ACK-Codebook, UCI-OnPUSCH and ‘codeBlockGroupTransmission” for different HARQ-ACK codebooks.
6. [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot]
Candidate values: {2, 3, 4} for 7-symbol*2 sub-slot configuration, and {2, 3, 4, 5, 6, 7} if at least one of them has 2-symbol*7 sub-slot configuration

	11-3 and 11-4
	Yes
	N/A
	
	Per FS

Per FS is selected because in bands or BCs with large number of carriers or large BW, the UE’s procesing power is spent on PDCCH/PDSCH decoding, and hence in some cases the support of the new codebook or some codebook configurations may not be possible
	N/A
	N/A
	N/A
	The number of PUCCHs for CSI reporting per slot is not impacted compared with Rel-15 by introducing the new HARQ-ACK CBs
	Optional with capability signalling



Alt.2
· Component 6 is removed from FG11-4/4a

Companies are encouraged to check above FL proposal and to provide feedback if any in below. If you cannot accept the FL proposals, please put your company name after “Cannot accept the proposals” below and please provide your alternative proposal (in your comment) which could be acceptable to all in your consideration.
	Cannot accept the proposals: 
	Company
	Comment

	Intel
	We are fine with having Component 6 for FG 11-4a (when both codebooks are sub-slot-based), but still do not see a need to add it to FG 11-4.

	DOCOMO
	This proposal shoud be jointly discussed with FL proposals 1 and 2. We prefer Alt.1 with removing FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i for the simplicity of FGs.

	ZTE
	Same as DOCOMO, we prefer Alt.1 if Alt.2 in Proposal 1 is adopted. Regarding the candidate values, we think 14 one-symbol PUCCHs is also possible in case of two 2-symbol sub-slot configurations. 

	Qualcomm
	For Alt1, it is unclear how the value range is decided. For example, for slot + 2*7-symb subslot, the maximum number of PUCCHs carrying HARQ-ACK could only be 3; however, the value range consists of 4 as well.

	Samsung
	On alt. 1, we are okay for second sub-bullet, not okay with first-bullet. This is because it depends on proposal 4. If proposal 4 is agreed, the first sub0bullet is not possible with a single DCI format as the HARQ-ACK codebooks are then bothe either sub-slot based (same as for 11-4a) or slot-based. If alt. 2 for proposal 4 is agreed, the first sub-bullet is possible.  

	Huawei, HiSilicon
	We support to keep component 6 for FG11-4/4a. 
We are supportive of Alt.1 from the FL proposal in principle. However, in our view, “For slot-based + sub-slot based, {2, 3, 4} for 7-symbol*2 sub-slot configuration…” should be changed to “For slot-based + sub-slot based, {2, 3, 4} for 7-symbol*2 sub-slot configuration”, assuming only 1 PUCCH for slot-based HARQ-ACK codebook in a slot. 

In addition, we want to clarify again that component 6 here and FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i are independent.  The FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i define the maximum number of actual PUCCH transmissions and PUCCH formats within a sub-slot, while component 6 in FG11-4/4a defines the restriction for the maximum number of actual PUCCH transmissions for HARQ-ACK within a slot. They are different things and both will have impact on UE complexity, and both should be kept. Similar situation as component 3 under FG 11-3.   

	vivo
	We support to keep component 6. For FG 11-4, we would like to calrify the candidate values for slot-based + slot-based HARQ-ACK codebooks is 2. 

	Nokia, NSB
	We agree with DOCOMO above, and we prefer Alt.1 with removing FG11-3c/d/e/f/g and FG11-4c/d/e/f/h/i.

	Ericsson
	Support Alt 1 in principle, together with removing FG11-3c/d/e/f/g and FG11-4c/d/e/f/h/i (see response to FL proposal 1).
Regarding the candidate values in Alt 1: 
· We are fine with “{2, 3, 4} for 7-symbol*2 sub-slot configuration”
· For 2-symbol*7 sub-slot configuration, the candidate values should be 7 (and possibly above). Maximum values of {2,3,4,5,6} are too restrictive since they do not allow at least one PUCCH per sub-slot. 

	Apple
	Support Alt 1.
In addition, we would like to clarify that “A low-priority PUCCH that is cancelled by a high-priority transmission is counted towards the limit”.



Based on the discussion in GTW session and email discussion, following agreement was made.
Agreements:
· Component 6 (Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot) is kept for FG11-4/4a
· Candidate values for the component 6 of FG11-4 is: For NCP, {4, 5, 6, 7} for 2-symbol*7 sub-slot configuration; For ECP, the candidate value is {4,5,6} for 2-symbol*6 sub-slot configuration.
· Candidate values for the component 6 of FG11-4a is: For NCP, {4, 5, 6, 7} for 2-symbol*7 sub-slot configuration; For ECP, the candidate value is {4,5,6} for 2-symbol*6 sub-slot configuration.
· Add a note to FG 11-4: 
· Component 6 is applied to the sub-slot HARQ-ACK codebook. It is assumed that only 1 actual PUCCH transmission for HARQ-ACK within a slot for slot-based HARQ-ACK codebook.
· Component 6 is reported for 2-symbol*7 duration sub-slot configuration. For 6 or 7-symbol duration*2 sub-slot configuration, the value of component 6 is {2} for both NCP and ECP cases.
· For component 6, maximum of 1 actual PUCCH transmission for HARQ-ACK within a slot for a slot-based HARQ-ACK codebook. Thus, value reported for component 6 has no meaningdoes not apply for “slot-based + slot based”.
· Add a note to FG 11-4a: 
· Component 6 is applied to each of the two sub-slot HARQ-ACK codebooks separately, respectively.   
· Component 6 is reported for 2-symbol duration*7 sub-slot configuration. For 6 or 7-symbol duration*2 sub-slot configuration, the value of component 6 is {2} for both NCP and ECP cases.




Regarding the component 4 of FG11-4/4a and the component 1 of FG12-1, it seems larger number of companies prefer to keep them according to the previous RAN1 working assumption. Potential alternative is the proposal in [5] or the proposal in [10].
FL proposal 4:
Alt.1
· Component 4 of FG11-4/4a and component 1 of FG12-1 are kept.
	11. 
NR_L1enh_URLLC
	11-4
	Two HARQ-ACK codebooks with up to one sub-slot based HARQ-ACK codebook (i.e. slot-based + slot-based, or slot-based + sub-slot based) simultaneously constructed for supporting  HARQ-ACK codebooks with different priorities at a UE 
	1. Supports two HARQ-ACK codebooks with different priorities to be simultaneously constructed with the restriction up to one sub-slot based HARQ-ACK codebook.
2. Supports separate PUCCH configuration for different HARQ-ACK codebooks
3. Supports 2-level priority of HARQ-ACK for dynamically scheduled PDSCH and SPS PDSCH.
4. [Supports a DCI format (from the formats 1_1/1_2) scheduling PDSCH with different HARQ-ACK priorities when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured per BWP]
5. Supports separate configuration of parameters PDSCH-HARQ-ACK-Codebook, UCI-OnPUSCH and ‘codeBlockGroupTransmission” for different HARQ-ACK codebooks.   
6. [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot]
7. Support intra-UE multiplexing/prioritization of UL overlapping channels/signals with two priority levels for HARQ-ACK
	
	Yes
	N/A
	
	Per FS

Per FS is selected because in bands or BCs with large number of carriers or large BW, the UE’s procesing power is spent on PDCCH/PDSCH decoding, and hence in some cases the support of the new codebook or some codebook configurations may not be possible
	N/A
	N/A
	N/A 
	If a UE reports both 11-3 and 11-4, it can support two slot-based HARQ-ACK codebooks, and one slot-based and one-sub-slot-based HARQ-ACK codebooks. If a UE reports 11-4 but not 11-3, it can only support two slot-based HARQ-ACK codebooks.

The number of PUCCHs for CSI reporting per slot is not impacted compared with Rel-15 by introducing the new HARQ-ACK CBs
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-4a


	Two sub-slot based HARQ-ACK codebooks simultaneously constructed for supporting HARQ-ACK codebooks with different priorities at a UE 
	1. Supports two sub-slot based HARQ-ACK codebooks with different priorities to be simultaneously constructed.
2. Supports separate PUCCH configuration for different HARQ-ACK codebooks
3. Supports 2-level priority of HARQ-ACK for dynamically scheduled PDSCH and SPS PDSCH.
4. [Supports a DCI format (from the formats /1_1/1_2) scheduling PDSCH with different HARQ-ACK priorities  when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured in USS per BWP]  
5. Supports separate configuration of parameters PDSCH-HARQ-ACK-Codebook, UCI-OnPUSCH and ‘codeBlockGroupTransmission” for different HARQ-ACK codebooks.
6. [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot]
	11-3 and 11-4
	Yes
	N/A
	
	Per FS

Per FS is selected because in bands or BCs with large number of carriers or large BW, the UE’s procesing power is spent on PDCCH/PDSCH decoding, and hence in some cases the support of the new codebook or some codebook configurations may not be possible
	N/A
	N/A
	N/A
	The number of PUCCHs for CSI reporting per slot is not impacted compared with Rel-15 by introducing the new HARQ-ACK CBs
	Optional with capability signalling

	12. NR_IIOT
	12-1
	UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels in physical layer
	Support intra-UE multiplexing/prioritization of overlapping PUCCH/PUCCH and PUCCH/PUSCH with two priority levels in physical layer (PHY)
1) [Configuration of PHY priority level for CG PUSCH and SR, and dynamic indication of priority level for dynamic PUSCH with a single DCI format]
2) Multiplexing/prioritization between UL channels/signals with the same PHY priority level
3) Prioritization between UL channels/signals with different PHY priority levels
4) Additional number of symbols (d1) needed beyond the PUSCH preparation time for cancelling a low priority UL transmission.
5) Additional number of symbols (d2) needed beyond the PUSCH preparation time for scheduling a high priority UL transmission that cancels a low priority UL transmission 
	
	Yes
	N/A
	
	Per FS

Per FS is selected because this FG involves various kinds of prioritization/cancellation/multiplexing, it is very processing intensive, and hence it is important to have finer granularity so that the UE does not have to under-report based on the worst band/band combination
	N/A
	N/A
	N/A
	Candidate value set for component 4: {0, 1, 2}

Candidate value set for component 5: {0, 1, 2}

The relationship between this feature and the feature of up to two HARQ-ACK codebooks of 11-4 and 11-4xshould be further discussed.
	Optional with capability signaling






Alt.2
· For FGs 11-4/4a, the component 4 is replaced by “Supports DCI format 1_1 scheduling PDSCH with HARQ-ACK priority 0 and DCI format 1_2 scheduling PDSCH with HARQ-ACK priority 1 per BWP”.
· For FG 12-1, the component 1 is replaced by “Configuration of PHY priority level for CG PUSCH and SR, and indication of priority level 0 by using DCI format 0_1 and of priority level 1 by using DCI format 0_2 for dynamic PUSCH”.
	11. 
NR_L1enh_URLLC
	11-4
	Two HARQ-ACK codebooks with up to one sub-slot based HARQ-ACK codebook (i.e. slot-based + slot-based, or slot-based + sub-slot based) simultaneously constructed for supporting  HARQ-ACK codebooks with different priorities at a UE 
	1. Supports two HARQ-ACK codebooks with different priorities to be simultaneously constructed with the restriction up to one sub-slot based HARQ-ACK codebook.
2. Supports separate PUCCH configuration for different HARQ-ACK codebooks
3. Supports 2-level priority of HARQ-ACK for dynamically scheduled PDSCH and SPS PDSCH.
4. Supports DCI format 1_1 scheduling PDSCH with HARQ-ACK priority 0 and DCI format 1_2 scheduling PDSCH with HARQ-ACK priority 1 per BWP [Supports a DCI format (from the formats 1_1/1_2) scheduling PDSCH with different HARQ-ACK priorities when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured per BWP]
5. 
6. Supports separate configuration of parameters PDSCH-HARQ-ACK-Codebook, UCI-OnPUSCH and ‘codeBlockGroupTransmission” for different HARQ-ACK codebooks.   
7. [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot]
8. Support intra-UE multiplexing/prioritization of UL overlapping channels/signals with two priority levels for HARQ-ACK
	
	Yes
	N/A
	
	Per FS

Per FS is selected because in bands or BCs with large number of carriers or large BW, the UE’s procesing power is spent on PDCCH/PDSCH decoding, and hence in some cases the support of the new codebook or some codebook configurations may not be possible
	N/A
	N/A
	N/A 
	If a UE reports both 11-3 and 11-4, it can support two slot-based HARQ-ACK codebooks, and one slot-based and one-sub-slot-based HARQ-ACK codebooks. If a UE reports 11-4 but not 11-3, it can only support two slot-based HARQ-ACK codebooks.

The number of PUCCHs for CSI reporting per slot is not impacted compared with Rel-15 by introducing the new HARQ-ACK CBs
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-4a


	Two sub-slot based HARQ-ACK codebooks simultaneously constructed for supporting HARQ-ACK codebooks with different priorities at a UE 
	1. Supports two sub-slot based HARQ-ACK codebooks with different priorities to be simultaneously constructed.
2. Supports separate PUCCH configuration for different HARQ-ACK codebooks
3. Supports 2-level priority of HARQ-ACK for dynamically scheduled PDSCH and SPS PDSCH.
4. Supports DCI format 1_1 scheduling PDSCH with HARQ-ACK priority 0 and DCI format 1_2 scheduling PDSCH with HARQ-ACK priority 1 per BWP [Supports a DCI format (from the formats /1_1/1_2) scheduling PDSCH with different HARQ-ACK priorities  when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured in USS per BWP]  
5. 
6. Supports separate configuration of parameters PDSCH-HARQ-ACK-Codebook, UCI-OnPUSCH and ‘codeBlockGroupTransmission” for different HARQ-ACK codebooks.
7. [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot]
	11-3 and 11-4
	Yes
	N/A
	
	Per FS

Per FS is selected because in bands or BCs with large number of carriers or large BW, the UE’s procesing power is spent on PDCCH/PDSCH decoding, and hence in some cases the support of the new codebook or some codebook configurations may not be possible
	N/A
	N/A
	N/A
	The number of PUCCHs for CSI reporting per slot is not impacted compared with Rel-15 by introducing the new HARQ-ACK CBs
	Optional with capability signalling

	12. NR_IIOT
	12-1
	UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels in physical layer
	Support intra-UE multiplexing/prioritization of overlapping PUCCH/PUCCH and PUCCH/PUSCH with two priority levels in physical layer (PHY)
1) Configuration of PHY priority level for CG PUSCH and SR, and indication of priority level 0 by using DCI format 0_1 and of priority level 1 by using DCI format 0_2 for dynamic PUSCH [Configuration of PHY priority level for CG PUSCH and SR, and dynamic indication of priority level for dynamic PUSCH with a single DCI format]
2) 
3) Multiplexing/prioritization between UL channels/signals with the same PHY priority level
4) Prioritization between UL channels/signals with different PHY priority levels
5) Additional number of symbols (d1) needed beyond the PUSCH preparation time for cancelling a low priority UL transmission.
6) Additional number of symbols (d2) needed beyond the PUSCH preparation time for scheduling a high priority UL transmission that cancels a low priority UL transmission 
	
	Yes
	N/A
	
	Per FS

Per FS is selected because this FG involves various kinds of prioritization/cancellation/multiplexing, it is very processing intensive, and hence it is important to have finer granularity so that the UE does not have to under-report based on the worst band/band combination
	N/A
	N/A
	N/A
	Candidate value set for component 4: {0, 1, 2}

Candidate value set for component 5: {0, 1, 2}

The relationship between this feature and the feature of up to two HARQ-ACK codebooks of 11-4 and 11-4xshould be further discussed.
	Optional with capability signaling






Alt.3
· For FGs 11-4/4a, the component 4 is replaced by “Supports DCI format 1_1 scheduling PDSCH with HARQ-ACK priority 0 and DCI format 1_2 scheduling PDSCH with HARQ-ACK priority 1 per BWP”.
	11. 
NR_L1enh_URLLC
	11-4
	Two HARQ-ACK codebooks with up to one sub-slot based HARQ-ACK codebook (i.e. slot-based + slot-based, or slot-based + sub-slot based) simultaneously constructed for supporting  HARQ-ACK codebooks with different priorities at a UE 
	1. Supports two HARQ-ACK codebooks with different priorities to be simultaneously constructed with the restriction up to one sub-slot based HARQ-ACK codebook.
2. Supports separate PUCCH configuration for different HARQ-ACK codebooks
3. Supports 2-level priority of HARQ-ACK for dynamically scheduled PDSCH and SPS PDSCH.
4. [Supports a DCI format (from the formats 1_1/1_2) scheduling PDSCH with different HARQ-ACK priorities when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured per BWP]
5. Supports separate configuration of parameters PDSCH-HARQ-ACK-Codebook, UCI-OnPUSCH and ‘codeBlockGroupTransmission” for different HARQ-ACK codebooks.   
6. [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot]
7. Support intra-UE multiplexing/prioritization of UL overlapping channels/signals with two priority levels for HARQ-ACK
8. Support in case two sets of DCI formats are configured
Candidate values: {dynamic switching of priority using each DCI format, a fixed priority using a given DCI format}
	
	Yes
	N/A
	
	Per FS

Per FS is selected because in bands or BCs with large number of carriers or large BW, the UE’s procesing power is spent on PDCCH/PDSCH decoding, and hence in some cases the support of the new codebook or some codebook configurations may not be possible
	N/A
	N/A
	N/A 
	If a UE reports both 11-3 and 11-4, it can support two slot-based HARQ-ACK codebooks, and one slot-based and one-sub-slot-based HARQ-ACK codebooks. If a UE reports 11-4 but not 11-3, it can only support two slot-based HARQ-ACK codebooks.

The number of PUCCHs for CSI reporting per slot is not impacted compared with Rel-15 by introducing the new HARQ-ACK CBs
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-4a


	Two sub-slot based HARQ-ACK codebooks simultaneously constructed for supporting HARQ-ACK codebooks with different priorities at a UE 
	1. Supports two sub-slot based HARQ-ACK codebooks with different priorities to be simultaneously constructed.
2. Supports separate PUCCH configuration for different HARQ-ACK codebooks
3. Supports 2-level priority of HARQ-ACK for dynamically scheduled PDSCH and SPS PDSCH.
4. [Supports a DCI format (from the formats /1_1/1_2) scheduling PDSCH with different HARQ-ACK priorities  when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured in USS per BWP]  
5. Supports separate configuration of parameters PDSCH-HARQ-ACK-Codebook, UCI-OnPUSCH and ‘codeBlockGroupTransmission” for different HARQ-ACK codebooks.
6. [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot]
7. Support in case two sets of DCI formats are configured
Candidate values: {dynamic switching of priority using each DCI format, a fixed priority using a given DCI format}
	11-3 and 11-4
	Yes
	N/A
	
	Per FS

Per FS is selected because in bands or BCs with large number of carriers or large BW, the UE’s procesing power is spent on PDCCH/PDSCH decoding, and hence in some cases the support of the new codebook or some codebook configurations may not be possible
	N/A
	N/A
	N/A
	The number of PUCCHs for CSI reporting per slot is not impacted compared with Rel-15 by introducing the new HARQ-ACK CBs
	Optional with capability signalling



Companies are encouraged to check above FL proposal and to provide feedback if any in below. If you cannot accept the FL proposals, please put your company name after “Cannot accept the proposals” below and please provide your alternative proposal (in your comment) which could be acceptable to all in your consideration.
	Cannot accept the proposals: 
	Company
	Comment

	Intel
	We support Alt. 1 that is clearly substantiated by existing RAN1 WA and agreements. 
Alt. 2 is proposing new details that seem to revert RAN1 decisions for the core specifications. UE features should follow existing RAN1 decisions, and not aim to define new procedures and revert RAN1 decisions. 

	DOCOMO
	We support Alt.1 as it is aligned with WA in RAN1#99. If additional agreement for the case when a UE is configured with both sets of formats 0_1/1_1 and 0_2/1_2 but does not support FG11-4b/12-1 is obtained in Rel.16 maintenance, new text/component corresponding to Alt.2 can be added.

	ZTE
	Alt 1

	Qualcomm
	Neither of the two alternatives. Add a new component to describe UE’s capability in case two DCI formats are configured with a value range {dynamic priority indication, fixed priority indication}.

	Samsung
	Object to proposal 4 due to reasons that we explained in our contribution R1-2006124.

	Huawei, HiSilicon 
	We prefer Alt. 1 more here. In our understanding, when only DCI format 0_1/1_2 or only DCI format 0_2/1_2 is supported, supporting pridoirity indication in the DCI should be the baseline. Of course, when both DCI format 0_1/1_2 and DCI format 0_2/1_2 are configured, it is different.  

	vivo
	We support Alt.1.

	Nokia, NSB
	We support Alt.1. It is critical that UE feature discussion follow the RAN1 specifications.

	Moderator
	Alt.3 is added based on Qualcomm’s comment.

	Ericsson
	Alt 1.

	Apple
	We are flexible in terms of which Alt to support. But we would like to point out this is not simply a UE feature discussion. The current specification does not support the case where the priority is determined based on DCI format. If we make a decision here, it should be directly carried over to the Rel-16 CR discussion without further debate.



Based on the discussion in GTW session, following agreement was made.



Agreements:
· Component 4 of FG11-4a and component 1 of FG12-1 are kept.

Updated FL proposal 4:
· Component 4 of FG11-4 is kept.

Companies are encouraged to check above FL proposal and to provide feedback if any in below. If you cannot accept the FL proposals, please put your company name after “Cannot accept the proposals” below and please provide your alternative proposal (in your comment) which could be acceptable to all in your consideration.
	Cannot accept the proposals: 
	Company
	Comment

	
	

	
	

	
	



Based on the discussion in GTW session, following agreement was made.
Agreements:
· Component 4 of FG11-4 is kept.


6 Conclusion
Based on this email discussion, following agreements were made.

Agreements:
· Confirm working assumption on FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i and keep FGs
· Add a note: For ECP, “7 symbols” is replaced by “6 symbols” in above FGs
· Whether “at most” is kept or removed can be discussed in RAN1
	[11-3c]
	2 PUCCH of format 0 or 2 for a single 7*2-symbol subslot based HARQ-ACK codebook 
	1) 2 PUCCH format 0/2 in different symbols and at most once per subslot for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and at most once per subslot for SR 

	11-3
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting.
	Optional with capability signalling

	[11-3d]
	2 PUCCH of format 0 or 2 for a single 2*7-symbol subslot based HARQ-ACK codebook 
	1) 2 PUCCH format 0/2 in different symbols and at most once per subslot for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and at most once per subslot for SR 
 
	11-3
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting.
For ECP, “7 symbols” is replaced by “6 symbols”
	Optional with capability signalling

	[11-3e]
	1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 or 4 in the same subslot for a single 2*7-symbol HARQ-ACK codebooks 
	If the UE supports a 2*7-symbol subslot HARQ-ACK codebook, the UE also supports:

1) 1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 and 4 in the same subslot
	11-3
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting.
For ECP, “7 symbols” is replaced by “6 symbols”
	Optional with capability signalling

	[11-3f]
	2 PUCCH transmissions in the same subslot for a single 2*7-symbol HARQ-ACK codebooks which are not covered by 11-3d and 11-3e  
	If the UE supports a 2*7-symbol subslot HARQ-ACK codebook, the UE also supports:

2 PUCCH transmissions in the same subslot for a single 2*7-symbol HARQ-ACK codebooks which are not covered by 11-3d and 11-3e  
	11-3
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting.
For ECP, “7 symbols” is replaced by “6 symbols”
	Optional with capability signalling

	[11-3g]
	SR/HARQ-ACK multiplexing at most once per subslot using a PUCCH (or HARQ-ACK piggybacked on a PUSCH) when SR/HARQ-ACK are supposed to be sent with different starting symbols in a subslot
	If a UE supports a subslot based HARQ-ACK codebook, the UE also supports:
Overlapping PUCCH resources with different starting symbols in a subslot
	11-3
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	
	Optional with capability signalling

	[11-4c]
	2 PUCCH of format 0 or 2 for tTwo HARQ-ACK codebooks with up to one 7*2-symbol sub-slot based HARQ-ACK codebook
	If the UE supports a 7*2-symbol subslot HARQ codebook, the UE also supports:

1) 2 PUCCH format 0/2 in different symbols and at most once per subslot for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and at most once per subslot for SR 

	11-4
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting. 
For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-2
	Optional with capability signalling

	[11-4d]
	2 PUCCH of format 0 or 2 in consecutive symbols for two HARQ-ACK codebooks with up to one 2*7-symbol sub-slot based HARQ-ACK codebook
	If the UE supports a 2*7-symbol subslot HARQ codebook, the UE also supports:

1) 2 PUCCH format 0/2 in different symbols and at most once per subslot for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and at most once per subslot for SR 
 
	11-4
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting.
For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-2
For ECP, “7 symbols” is replaced by “6 symbols”
	Optional with capability signalling

	[11-4e]
	2 PUCCH of format 0 or 2 for two subslot based HARQ-ACK codebooks 
	If the UE supports two subslot HARQ codebooks, the UE also supports:

1) 2 PUCCH format 0/2 in different symbols and at most once per subslot per codebook for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and at most once per subslot per codebook for SR 
 
	11-4a
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting.
FFS: Definition of “per subslot” when two codebooks have two different subslot configurations with FG11-4a
	Optional with capability signalling

	[11-4f]
	1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 or 4 in the same subslot for HARQ-ACK codebooks with up to one 2*7-symbol subslot based HARQ-ACK codebook 
	If the UE supports a 2*7-symbol subslot HARQ-ACK codebook, the UE also supports:

1) 1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 and 4 in the same subslot of the codebook
	11-4
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting.
For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-2
For ECP, “7 symbols” is replaced by “6 symbols”
	Optional with capability signalling

	[11-4g]
	1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 or 4 in the same subslot for two subslot based HARQ-ACK codebooks 
	If the UE supports two subslot HARQ-ACK codebooks both configured with 2*7- symbols, the UE also supports:

1) 1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 and 4 in the same subslot of a codebook
	11-4a
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting.
For ECP, “7 symbols” is replaced by “6 symbols”
	Optional with capability signalling

	[11-4h]
	2 PUCCH transmissions in the same subslot for two HARQ-ACK codebooks with up to one 2*7-symbol subslot which are not covered by 11-4c and 11-4e  
	If the UE supports two HARQ-ACK codebooks with up to one subslot based codebook with 2*7-symbol configuration, the UE also supports:

1) 2PUCCH transmissions in the same subslot of the codebook which are not covered by 11-4c and 11-4e
	11-4
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting.
For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-2
For ECP, “7 symbols” is replaced by “6 symbols”
	Optional with capability signalling

	[11-4i]
	2 PUCCH transmissions in the same subslot for two subslot based HARQ-ACK codebooks which are not covered by 11-4d and 11-4f 
	If the UE supports two HARQ-ACK codebooks both with 2*7-symbol configuration, the UE also supports:

1) 2PUCCH transmissions in the same subslot of a codebook which are not covered by 11-4d and 11-4f
	11-4a
	Yes
	N/A
	
	[Per FS]TBD
[Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH]
	[N/A]TBD
	[N/A]TBD
	[N/A]TBD
	This FG covers any PUCCH transmission and not only those for HARQ-ACK reporting.
For ECP, “7 symbols” is replaced by “6 symbols”
	Optional with capability signalling



Agreements:
· For FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i
· Reporting type is per FS
· Remove FFS note from FG11-4e

Agreements:
· “at most once per subslot for HARQ-ACK” is changed to “once per subslot for HARQ-ACK”
· “at most once per subslot for SR” is changed to “once per subslot for SR”

Agreements:
· “once per subslot per codebook for SR” part is changed to “once per subslot per priority for SR”

Agreements:
· FG 11-4f: The note “For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-2” should be changed to “For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-22”.
· FG 11-4h: The note “For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-2” should be changed to “For slot based + slot based case, the capability for each HARQ-ACK codebook is subjected to the capability reported by FG 4-22a”.

Agreements:
Component 3 is removed from FG11-3

Agreements:
· Component 6 (Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot) is kept for FG11-4/4a
· Candidate values for the component 6 of FG11-4 is: For NCP, {4, 5, 6, 7} for 2-symbol*7 sub-slot configuration; For ECP, the candidate value is {4,5,6} for 2-symbol*6 sub-slot configuration.
· Candidate values for the component 6 of FG11-4a is: For NCP, {4, 5, 6, 7} for 2-symbol*7 sub-slot configuration; For ECP, the candidate value is {4,5,6} for 2-symbol*6 sub-slot configuration.
· Add a note to FG 11-4: 
· Component 6 is applied to the sub-slot HARQ-ACK codebook. It is assumed that only 1 actual PUCCH transmission for HARQ-ACK within a slot for slot-based HARQ-ACK codebook.
· Component 6 is reported for 2-symbol*7 duration sub-slot configuration. For 6 or 7-symbol duration*2 sub-slot configuration, the value of component 6 is {2} for both NCP and ECP cases.
· For component 6, maximum of 1 actual PUCCH transmission for HARQ-ACK within a slot for a slot-based HARQ-ACK codebook. Thus, value reported for component 6 has no meaningdoes not apply for “slot-based + slot based”.
· Add a note to FG 11-4a: 
· Component 6 is applied to each of the two sub-slot HARQ-ACK codebooks separately, respectively.   
· Component 6 is reported for 2-symbol duration*7 sub-slot configuration. For 6 or 7-symbol duration*2 sub-slot configuration, the value of component 6 is {2} for both NCP and ECP cases.

[bookmark: _Hlk48856040]Agreements:
· Component 4 of FG11-4a and component 1 of FG12-1 are kept.

Agreements:
· Component 4 of FG11-4 is kept.
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Appendix: UE features list for URLLC/IIoT in [1]
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
( 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	11. 
NR_L1enh_URLLC
	11-1
	Monitoring DCI format 1_2 and DCI format 0_2

	1. Supports monitoring DCI format 1_2 for DL scheduling 
2. Supports monitoring DCI format 0_2 for UL scheduling 
	
	Yes
	N/A
	
	Per UE
	No
	No
	N/A 
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-1a
	Monitoring both DCI format 0_1/1_1 and DCI format 0_2/1_2 in the same search space 
	1. Supports monitoring both DCI format 0_1/1_1 and DCI format 0_2/1_2 in the same search space 
	11-1
	Yes
	N/A
	
	Per UE
	No
	No
	N/A
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-1b
	Type 1 HARQ-ACK codebook support for relative TDRA for DL
	1. Support Type 1 HARQ-ACK codebook for TDRA using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference of the SLIV
	11-1
	Yes
	N/A
	
	Per UE
	No
	Yes

Note: Differentiation is from the perspective of the scheduled carrier
	N/A
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-2
	Rel-16 PDCCH monitoring capability 
	1. Supported combination(s) of (X, Y, ). For each reported combination, the UE supports the limit C on the maximum number of non-overlapped CCEs for channel estimation per PDCCH monitoring span and the limit M on the maximum number of monitored PDCCH candidates per PDCCH monitoring span 
2. Maximum number of DL and UL unicast DCI formats in a span
For the set of monitoring occasions which are within the same span:
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
· Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD


	
	Yes
	N/A
	
	Per FS for component 1

Note: Indicating support of this capability in a band in a BC implies that only rel-16 monitoring can be configured in a CA configuration for the BC if the CA configuration includes the band and if rel-16 monitoring is configured for the band


	N/A
	N/A
	N/A
	This capability is signaled for SCS 15 kHz and 30 kHz. 

For =0 and 1, candidate value set for (X, Y, ): {(7, 3, ),  (4, 3, ),  (2, 2, )}

For component 1, a list of separate UE capabilities (X, Y, )for processing capability #1;

For component 1, a list of separate UE capabilities (X, Y, )for processing capability #2;


	Optional with capability signalling







	11. 
NR_L1enh_URLLC
	11-2a
	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span when configured with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells
	1. Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span when configured with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells
· Candidate value for the component: {2, 3, …, 16}
2. Supported span arrangement for CA
· Candidate value for the component: {aligned spans only, aligned spans and non-aligned spans}
	11-2
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-2b
	Mix of Rel. 16 PDCCH monitoring capability and Rel. 15 PDCCH monitoring capability on different carriers
	1. Support Rel-15 monitoring capability and Rel-16 monitoring capability on different serving cells
	11-2
	Yes
	N/A
	
	Per FS

Note: Per FS is selected because same type with 3-5b is preferred
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-2c
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers
	1. Supported combination(s) of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16)
· Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15
2. Supported span arrangement for CA
· Candidate value for the component: {aligned spans only, aligned spans and non-aligned spans}
	11-2b
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	The minimum of the summation of capability on the number of CCs with Rel-15 PDCCH monitoring capability and the capability on the number of CCs with Rel-16 PDCCH monitoring capability is 3
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-3
	More than one PUCCH for HARQ-ACK transmission within a slot
	1. Supports sub-slot based HARQ-ACK feedback procedure. 
• A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.
• At least one sub-slot configuration for PUCCH can be UE specifically configured to a UE. 
• Supports a single configuration for PUCCH resource for all sub-slots in a slot. The starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot. Any sub-slot PUCCH resource is not across sub-slot boundaries. 

2. Supported sub-slot configuration

3. [Supported combinations of (A, B), where A is the minimum gap between sub-slots containing actual PUCCH transmissions measured from beginning to beginning of the sub-slots, including across slots, and B is the sub-slot duration, with both A and B in units of symbols] 
	
	Yes
	N/A
	
	Per FS

Per FS is selected because in bands or BCs with large number of carriers or large BW, the UE’s processing power is spent on PDCCH/PDSCH decoding, and hence in some cases the support of the new codebook or some codebook configurations may not be possible
	N/A
	N/A
	N/A 
	Candidate value set for component 2:
{ 7-symbol*2, 2-symbol*7 and 7-symbol*2} for NCP or { 6-symbol*2, 2-symbol*6 and 6-symbol*2} for ECP
The number of PUCCHs for CSI reporting per slot is not impacted compared with Rel-15 by introducing the new HARQ-ACK CBs

A UE supporting 11-3 is also expected to support FGs 4-1, 4-3, 4-4, 4-5, and 4-19 with a “slot” being replaced by a sub-slot of length 2 or 7 symbols for NCP and (2 and 6 symbols for ECP) for the PUCCH formats that can be accommodated in the corresponding sub-slot durations

[Candidate value set for component 3):
(A, B) = 
{(7, 7),
(4, 2) and (7, 7),
(2, 2) and (7, 7)}]

FFS: Whether to keep component 3) and accordingly the above note for component 3)

	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-3c]
	2 PUCCH of format 0 or 2 for a single 7*2 subslot based HARQ-ACK codebook 
	1) 2 PUCCH format 0/2 in different symbols and once per subslot for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and once per subslot for SR 
2)  
	11-3
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-3d]
	2 PUCCH of format 0 or for a single 2*7 subslot based HARQ-ACK codebook 
	1) 2 PUCCH format 0/2 in different symbols and once per subslot for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and once per subslot for SR 
 
	11-3
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-3e]
	1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 or 4 in the same subslot for a single 2*7-symbol HARQ-ACK codebooks 
	If the UE supports a 2*7-symbol subslot HARQ-ACK codebook, the UE also supports:

1) 1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 and 4 in the same subslot
	11-3
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-3f]
	2 PUCCH transmissions in the same subslot for a single 2*7-symbol HARQ-ACK codebooks which are not covered by 11-3d and 11-3e  
	If the UE supports a 2*7 subslot HARQ-ACK codebook, the UE also supports:

2 PUCCH transmissions in the same subslot for a single 2*7-symbol HARQ-ACK codebooks which are not covered by 11-3d and 11-3e  
	11-3
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-3g]
	SR/HARQ-ACK multiplexing once per subslot using a PUCCH (or HARQ-ACK piggybacked on a PUSCH) when SR/HARQ-ACK are supposed to be sent with different starting symbols in a subslot
	If a UE supports a subslot based HARQ-ACK codebook, the UE also supports:
Overlapping PUCCH resources with different starting symbols in a subslot
	11-3
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-4
	Two HARQ-ACK codebooks with up to one sub-slot based HARQ-ACK codebook (i.e. slot-based + slot-based, or slot-based + sub-slot based) simultaneously constructed for supporting  HARQ-ACK codebooks with different priorities at a UE 
	1. Supports two HARQ-ACK codebooks with different priorities to be simultaneously constructed with the restriction up to one sub-slot based HARQ-ACK codebook.
2. Supports separate PUCCH configuration for different HARQ-ACK codebooks
3. Supports 2-level priority of HARQ-ACK for dynamically scheduled PDSCH and SPS PDSCH.
4. [Supports a DCI format (from the formats 1_1/1_2) scheduling PDSCH with different HARQ-ACK priorities when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured per BWP]
5. Supports separate configuration of parameters PDSCH-HARQ-ACK-Codebook, UCI-OnPUSCH and ‘codeBlockGroupTransmission” for different HARQ-ACK codebooks.   
6. [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot]
7. Support intra-UE multiplexing/prioritization of UL overlapping channels/signals with two priority levels for HARQ-ACK
	
	Yes
	N/A
	
	Per FS

Per FS is selected because in bands or BCs with large number of carriers or large BW, the UE’s procesing power is spent on PDCCH/PDSCH decoding, and hence in some cases the support of the new codebook or some codebook configurations may not be possible
	N/A
	N/A
	N/A 
	If a UE reports both 11-3 and 11-4, it can support two slot-based HARQ-ACK codebooks, and one slot-based and one-sub-slot-based HARQ-ACK codebooks. If a UE reports 11-4 but not 11-3, it can only support two slot-based HARQ-ACK codebooks.

The number of PUCCHs for CSI reporting per slot is not impacted compared with Rel-15 by introducing the new HARQ-ACK CBs
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-4a


	Two sub-slot based HARQ-ACK codebooks simultaneously constructed for supporting HARQ-ACK codebooks with different priorities at a UE 
	1. Supports two sub-slot based HARQ-ACK codebooks with different priorities to be simultaneously constructed.
2. Supports separate PUCCH configuration for different HARQ-ACK codebooks
3. Supports 2-level priority of HARQ-ACK for dynamically scheduled PDSCH and SPS PDSCH.
4. [Supports a DCI format (from the formats /1_1/1_2) scheduling PDSCH with different HARQ-ACK priorities  when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured in USS per BWP]  
5. Supports separate configuration of parameters PDSCH-HARQ-ACK-Codebook, UCI-OnPUSCH and ‘codeBlockGroupTransmission” for different HARQ-ACK codebooks.
6. [Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot]
	11-3 and 11-4
	Yes
	N/A
	
	Per FS

Per FS is selected because in bands or BCs with large number of carriers or large BW, the UE’s procesing power is spent on PDCCH/PDSCH decoding, and hence in some cases the support of the new codebook or some codebook configurations may not be possible
	N/A
	N/A
	N/A
	The number of PUCCHs for CSI reporting per slot is not impacted compared with Rel-15 by introducing the new HARQ-ACK CBs
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-4b
	DL priority indication in DCI with mixed DCI formats
	1. Support of priority indicator field configured in DCI formats 1_1 and 1_2 in a BWP when configured to monitor both DCI formats 1_1 and 1_2 in the BWP
	11-1, 11-4
	Yes
	N/A
	
	Per UE
	No
	No
	N/A 
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-4c]
	2 PUCCH of format 0 or 2 for Two HARQ-ACK codebooks with up to one 7*2-symbol sub-slot based HARQ-ACK codebook
	If the UE supports a 7*2-symbol subslot HARQ codebook, the UE also supports:

1) 2 PUCCH format 0/2 in different symbols and once per subslot for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and once per subslot for SR 

	11-4
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-4d]
	2 PUCCH of format 0 or 2 in consecutive symbols for two HARQ-ACK codebooks with up to one 2*7-symbol sub-slot based HARQ-ACK codebook
	If the UE supports a 2*7-symbol subslot HARQ codebook, the UE also supports:

1) 2 PUCCH format 0/2 in different symbols and once per subslot for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and once per subslot for SR 
 
	11-4
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-4e]
	2 PUCCH of format 0 or 2 for two subslot based HARQ-ACK codebooks 
	If the UE supports two subslot HARQ codebooks, the UE also supports:

1) 2 PUCCH format 0/2 in different symbols and once per subslot per codebook for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and once per subslot per codebook for SR 
 
	11-4a
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-4f]
	1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 or 4 in the same subslot for HARQ-ACK codebooks with up to one 2*7-symbol subslot based HARQ-ACK codebook 
	If the UE supports a 2*7 subslot HARQ-ACK codebook, the UE also supports:

1) 1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 and 4 in the same subslot of the codebook
	11-4
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-4g]
	1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 or 4 in the same subslot for two subslot based HARQ-ACK codebooks 
	If the UE supports two subslot HARQ-ACK codebooks both configured with 2*7 symbols, the UE also supports:

1) 1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3 and 4 in the same subslot of a codebook
	11-4a
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-4h]
	2 PUCCH transmissions in the same subslot for two HARQ-ACK codebooks with up to one 2*7-symbol subslot which are not covered by 11-4c and 11-4e  
	If the UE supports two HARQ-ACK codebooks with up to one subslot based codebook with 2*7-symbol configuration, the UE also supports:

1) 2PUCCH transmissions in the same subslot of the codebook which are not covered by 11-4c and 11-4e
	11-4
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	[11-4i]
	2 PUCCH transmissions in the same subslot for two subslot based HARQ-ACK codebooks
which are not covered by 11-4d and 11-4f  
	If the UE supports two HARQ-ACK codebooks both with 2*7-symbol configuration, the UE also supports:

1) 2PUCCH transmissions in the same subslot of a codebook which are not covered by 11-4d and 11-4f
	11-4a
	Yes
	N/A
	
	TBD
	TBD
	TBD
	TBD
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-5
	PUSCH repetition Type B
	1. For a transport block, one dynamic UL grant or one configured grant schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots. 
2. Dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH.
3. The time window within which valid symbols are used for transmission is L*K, starting from the first symbol indicated by the SLIV in TDRA field.
4. PUSCH repetition type B is supported for DCI format 0_1 and DCI format 0_2 (for DG and type 2 CG).
5. S and L are separately indicated (4-bit for S and 4-bit for L). L <= 14. 
6. Handling of interaction with DL/UL directions depending on whether dynamic SFI is configured or not, including both cases with and without higher layer parameter InvalidSymbolPattern configured
7. Supported maximum number of PUSCH transmissions within a slot for all TB(s), where each actual repetition for PUSCH repetition type B is counted as 1 PUSCH transmission, separately reported for UE processing capability 1 and for UE processing capability 2 if UE supports both processing capabilities
Note: Number of TBs are based on reported Rel-15 capability on number of TBs, and reported value for component 7 cannot be smaller than the reported value of the number of TBs
8. Supported PUSCH hopping scheme
	
	Yes
	N/A
	
	Per FS

Note: Per FS is selected to follow Rel-15 reporting type for number of TBs to be supported
	N/A
	N/A
	N/A
	Candidate value for component 7: {2, 3, 4, 7, 8, 12}

Candidate value for component 8: {Inter-slot hopping, Inter-repetition hopping, both Inter-slot hopping and Inter-repetition hopping}

PUSCH repetition type B with configured grant is applied only if UE reports the support of FG 5-19 or FG 5-20, and subjected to the capability of FG 5-19 and FG 5-20

The case that both dynamic SFI and InvalidSymbolPattern are configured is applied only if UE reports the support of FG3-6
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-6
	PUSCH repetition Type A
	1.  PUSCH transmission with Rel-15 behavior with or without slot aggregation.  
• With slot aggregation, the number of repetitions can be dynamically indicated (as agreed for Rel-16).
• When dynamically indicated, the number of repetitions is jointly coded with SLIV in TDRA table, by adding an additional column for the number of repetitions in the TDRA table.
	One of {5-16, 5-17]
	Yes
	N/A
	
	Per UE
	No
	No
	N/A
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-7
	UL cancelation scheme for self-carrier
	1. Supports group common DCI (i.e. DCI format 2_4) for cancelation indication on the same DL CC as that scheduling PUSCH or SRS
2. UL cancelation for PUSCH 
· Cancellation is applied to each PUSCH repetition individually in case of PUSCH repetitions  
3. UL cancelation for SRS symbols that overlap with the cancelled symbols 

	
	Yes
	N/A
	
	Per FS

Per FS is selected because the FG is very demanding in UE processing, considering that this can be a UE with processing capability 1 but required to be able to cancel according to processing capability 2, and hence it is important to take into account the BC information for dimensioning purpose
	N/A
	N/A
	N/A 
	More than one monitoring occasion for DCI format 2_4 per slot is applied only if the UE reports to support FG 3-5 or FG 3-5a or FG 3-5b or 11-2 or 11-2a

	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-7a
	UL cancelation scheme for cross-carrier
	1. Supports group common DCI (i.e. DCI format 2_4) for cancelation indication on a different DL CC than that scheduling PUSCH or SRS
2. UL cancelation for PUSCH 
· Cancellation is applied to each PUSCH repetition individually in case of PUSCH repetitions  
3. UL cancelation for SRS symbols that overlap with the cancelled symbols 

	
	Yes
	N/A
	
	Per FS

Per FS is selected because the FG is very demanding in UE processing, considering that this can be a UE with processing capability 1 but required to be able to cancel according to processing capability 2, and hence it is important to take into account the BC information for dimensioning purpose
	N/A
	N/A
	N/A 
	More than one monitoring occasion for DCI format 2_4 per slot is applied only if the UE reports to support FG 3-5 or FG 3-5a or FG 3-5b or 11-2 or 11-2a

	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-7b
	Independent cancellation of the overlapping PUSCHs in an intra-band UL CA
	1. For a UE indicating the capability of pa-PhaseDiscontinuityImpacts, and if the PUSCH on at least one serving cell is cancelled, the UE may cancel the (repetition of the) PUSCHs transmission on all other intra-band serving cell(s). The cancellation of the (repetition of the) PUSCH transmission on a the set of intra-band serving cell(s) includes all symbols from the earliest symbol that is overlapping with the first cancelled symbol of the PUSCH on the serving cell for which the DCI format 2_4 is applicable to.
	6-23, 11-7 
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	If UE indicates 6-23 but does not support this FG, UE is not expected to be scheduled simultaneous PUSCHs on multiple carriers but receiving UL CI only for subset of carriers in intra-band carriers
	Optional with capability signaling

	11. 
NR_L1enh_URLLC
	11-8
	Enhanced UL power control scheme
	1. For DG-PUSCH, one bit (separately from SRI) in UL grant is used to indicate the P0 value if SRI is present in the UL grant, and 1 or 2 bits is used to indicate the P0 value if SRI is not present in the UL grant
	
	Yes
	N/A
	
	Per UE
	No
	Yes

Note: Differentiation is from the perspective of the scheduled carrier
	N/A
	
	Optional with capability signaling

	11. 
NR_L1enh_URLLC
	11-9
	Multiple active configured grant configurations for a BWP of a serving cell
	1. Supports up to 12 configured/active configured grant configurations in a BWP of a serving cell.
• Separate RRC parameters for different configured grant configurations
• Separate activation for different configured grant Type 2 configurations
• Separate release for different configured grant Type 2 configurations
2. Supported maximum number of configured/active configured grant configurations in a BWP of a serving cell
Candidate values for component 2: {1, 2, 4, 8, 12}
3. Supported maximum number of configured/active configured grant configurations across all serving cells
Candidate values for component 3: {2, …, 32}
	One of {5-19, 5-20}
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	For component 3: Total number in FR1 is not greater than X value reported for FR1. Total number in FR2 is not greater than X value reported for FR2.Total number across FR1 and FR2 is not greater than the larger of the FR1 and FR2 values
	Optional with capability signalling


	11. 
NR_L1enh_URLLC
	11-9a
	Joint release in a DCI for two or more configured grant Type 2 configurations for a given BWP of a serving cell
	1. M<=4 bits indication in the Release DCI is used for indicating which CG configuration(s) is/are released, where the association between each state indicated by the indication and the CG configuration(s) is
• Up to 2^M states are higher layer configurable, where each of the state can be mapped to a single or multiple CG configurations to be released
• In case of no higher layer configured state(s), separate release is used where the release corresponds to the CG configuration index indicated by the indication
	11-9
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-10 
	Type 2 configured grant release by DCI format 0_1  
	1. Support of type 2 configured grant release by DCI format 0_1
	5-20
	Yes
	N/A
	
	Per UE
	No
	No
	N/A 


	A UE supporting this feature and 11-1 (DCI format 0_2/1_2) shall also support 11-11 (Type 2 configured grant release by DCI format 0_2).

	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-11 
	Type 2 configured grant release by DCI format 0_2
	1. Support of type 2 configured grant release by DCI format 0_2
	5-20, 11-1
	Yes
	N/A
	
	Per UE
	No
	No
	N/A 

	A UE supporting this feature shall also support 11-10 (Type 2 configured grant release by DCI format 0_1).

	Optional with capability signalling



	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
( 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	12. NR_IIOT
	12-1
	UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels in physical layer
	Support intra-UE multiplexing/prioritization of overlapping PUCCH/PUCCH and PUCCH/PUSCH with two priority levels in physical layer (PHY)
1) [Configuration of PHY priority level for CG PUSCH and SR, and dynamic indication of priority level for dynamic PUSCH with a single DCI format]
2) Multiplexing/prioritization between UL channels/signals with the same PHY priority level
3) Prioritization between UL channels/signals with different PHY priority levels
4) Additional number of symbols (d1) needed beyond the PUSCH preparation time for cancelling a low priority UL transmission.
5) Additional number of symbols (d2) needed beyond the PUSCH preparation time for scheduling a high priority UL transmission that cancels a low priority UL transmission 
	
	Yes
	N/A
	
	Per FS

Per FS is selected because this FG involves various kinds of prioritization/cancellation/multiplexing, it is very processing intensive, and hence it is important to have finer granularity so that the UE does not have to under-report based on the worst band/band combination
	N/A
	N/A
	N/A
	Candidate value set for component 4: {0, 1, 2}

Candidate value set for component 5: {0, 1, 2}

The relationship between this feature and the feature of up to two HARQ-ACK codebooks of 11-4 and 11-4xshould be further discussed.
	Optional with capability signaling




	12. NR_IIOT
	12-1a
	UL priority indication in DCI with mixed DCI formats
	Support of priority indicator field configured in DCI formats 0_1 and 0_2 in a BWP when configured to monitor both DCI formats 0_1 and 0_2 in the BWP
	12-1 and 11-1
	Yes
	N/A
	
	Per UE
	No
	No
	N/A 
	
	Optional with capability signalling

	12. NR_IIOT
	12-2
	Multiple SPS configurations
	1) Support of up to 8 configured SPS configurations in a BWP of a serving cell and up to 32 configured SPS configurations in a cell group, including separate RRC parameters and separate activation/release for different SPS configurations
2) The max number of active SPS configurations in a BWP of a serving cell
3) The max number of active SPS configurations across all serving cells
4) The related HARQ-ACK enhancements to support multiple active SPS configurations
	5-18 DL SPS 
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Component-2, candidate value set is {1, 2, …, 8}

Component-3, candidate value set is [{2, …, 32}]

	Optional with capability signaling



	12. NR_IIOT
	12-2a
	Joint release in a DCI for two or more SPS configurations for a given BWP of a serving cell
	1) M<=4 bits indication in the Release DCI is used for indicating which SPS configuration(s) is/are released, where the association between each state indicated by the indication and the SPS configuration(s) is
• Up to 2^M states are higher layer configurable, where each of the state can be mapped to a single or multiple SPS configurations to be released
• In case of no higher layer configured state(s), separate release is used where the release corresponds to the SPS configuration index indicated by the indication
2) The related HARQ-ACK enhancements to support joint release
	12-2 

	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signaling

	12. NR_IIOT
	12-3
	SPS release by DCI format 1_1
	Support of SPS release by DCI format 1_1
	5-18 DL SPS

	Yes
	N/A
	
	Per UE
	No
	No
	N/A
	
	Optional with capability signaling

	12. NR_IIOT
	12-3a
	SPS release by DCI format 1_2
	Support of SPS release by DCI format 1_2
	5-18 DL SPS and 11-1
 
	Yes
	N/A
	
	Per UE
	No
	No
	N/A
	
	Optional with capability signaling

	12. NR_IIOT
	12-5
	Configuration of aggregation factor per SPS configuration
	Support of configurable PDSCH aggregation factor ({1, 2, 4, 8}) per DL SPS configuration
	5-18 DL SPS

	Yes
	N/A
	
	Per UE
	No
	Yes
	N/A
	
	Optional with capability signaling

	12. NR_IIOT
	12-6 
	Support of SPS periodicity shorter than 10 ms
	Support of SPS periodicity shorter than 10 ms
	5-18 DL SPS
	Yes
	N/A
	
	Per UE
	No
	Yes
	N/A 
	
	Optional with capability signalling
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