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This contribution summarizes the discussions and proposals in AI 7.2.11 regarding NR UE features that are not dedicated to a specific Rel-16 work item/TEI.
Based on the discussions summarized in Section 2, followings are parts of the suggested email discussions/approvals for AI 7.2.11. 
Initial FL proposal of email discussion/approval:
Email discussion/approval on NR UE features that are not dedicated to a specific Rel-16 work item/TEI (26th Oct – 3rd Nov)
· Whether/how to define new FGs for NR-CA based on working assumption and conclusion made at RAN1#102-e
· How to define new FG(s) for requiring an offset between the end of PDCCH triggering A-SRS and the SRS transmission for CB PUSCH and antenna switching according to agreements made at RAN1#102-e
· Whether/how to define a new FG for supporting partial cancellation of configured PUCCH/PUSCH/PRACH due to dynamic SFI, dynamically granted PDSCH and CSI-RS
· Whether or not to modify prerequisite FGs for FG22-1/2
· Whether or not to clarify the interpretation that two PDSCHs in FDM scheme B and TDM scheme A are counted separately for the purpose of FG 5-11/5-13 only if a UE supports more than one unicast PDSCH in a slot in a CC
· Whether/how to introduce new FG(s) related to cri-RI-CQI CSI reporting
· Whether/how to clarify relationship among FG#5-22/23/25 and FG#22-3a~4h
· Whether or not to introduce licensed/unlicensed differentiation for some Rel-15 FGs according to the proposal in R1-2008614

Companies are encouraged to check above FL proposal and to provide feedback if any in below.
	Company
	Comment

	Apple
	We are supportive of the FL proposal 
· Whether/how to define new FGs for NR-CA based on working assumption and conclusion made at RAN1#102-e
· Yes, we need to defin new FGs, detailed solution can be discussed
· How to define new FG(s) for requiring an offset between the end of PDCCH triggering A-SRS and the SRS transmission for CB PUSCH and antenna switching according to agreements made at RAN1#102-e
· We can address at leatst 19 symbols Qualcomm raised 
· NBC can be resolved by duplicating the related Rel-15 FGs, for example, PUSCH processing, PDCCH monitoing related
· Whether/how to define a new FG for supporting partial cancellation of configured PUCCH/PUSCH/PRACH due to dynamic SFI, dynamically granted PDSCH and CSI-RS
· Yes, we prefer to have FG, detailed design can be further discussed 
· Whether or not to modify prerequisite FGs for FG22-1/2
· Fine to discuss
· Whether or not to clarify the interpretation that two PDSCHs in FDM scheme B and TDM scheme A are counted separately for the purpose of FG 5-11/5-13 only if a UE supports more than one unicast PDSCH in a slot in a CC
· This is also raised in Rel-16 eMIMO, we are fine to discuss. However, we do not prefer the solution to mix the Rel-16 and Rel-15 UE capability. We prefer either (1) prohibit more than 1 TB in a slot for SDCI MTRP (2) define separate UE capability for processing more than 1 TB in a slot for SDCI MTRP
· Whether/how to introduce new FG(s) related to cri-RI-CQI CSI reporting
· Our proposal, we are supportive
· Whether/how to clarify relationship among FG#5-22/23/25 and FG#22-3a~4h
· Supportive to discuss
· Whether or not to introduce licensed/unlicensed differentiation for some Rel-15 FGs according to the proposal in R1-2008614
· Supportive to discuss

	Intel
	For second discussion point, propose to add discussion point on TS38.214 update to capture new timing offset 

For sixth discussion point, not clear whether the “problem” exists. Can be discussed with lower priority.

We would also like to discuss the below aspect by further email discussion.
	Missing part in TS38.213 corresponding to 6-9a 
 
6-9aDifferent numerologies across NR carriers within the same NR PUCCH group, with PUCCH on a carrier of larger SCS 
 
However, in Section 9 of TS38.213: 
A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration [image: ] UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration [image: ] if [image: ].  
 
FG 6-9a was introduced at the last moment of Rel-15 late drop whereas the above description in Section 9 in TS38.213 had been there based on FG 6-9 (different numerologies across NR carriers within the same NR PUCCH group, with PUCCH on a carrier of smaller SCS). We think this was simply overlooked in Rel-15 and thus the above description in Section 9 of TS38.213 would unnecessarily prohibit UCI multiplexing in case of FG 6-9a. We propose to remove the above sentence in TS38.213 in Rel-16 and we do not see non-backward compatible issue. 
 
Proposal 5:  
Remove the following sentence in Section 9 of TS38.213. 
A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration [image: ] UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration [image: ] if [image: ].


 



	Moderator
	Reply comment to Intel:
Both parts you pointed are already captured in section 2.1 and 2.2, and hence they can be discussed as part of discussion point #1 and #2. On the other hand, since this is UE feature agenda and main discussion now is for updating UE features list, the email scope description is provided from such perspective. TPs/CRs for RAN1 specs can also be discussed in this agenda. But considering that we will send updated UE features list to RAN2, I think TPs/CRs can be discussed after updating UE features list.

Regarding discussion point #6:
According to RAN#89e discussion, we should set very high bar to introduce new FG i.e., only when “essential” issue exists. If there is no consensus (or no majority view) that the proposed new FG can address such essential issue, I think we should not spend the time to discuss the proposed new FG. Therefore, further feedback and clarification if any would be necessary and appreciated.

	Huawei, HiSilicon
	Ok to discuss the other points except for with the following:
1. The issue raised in section 2.5 seems also be captured in the FL summary of eMIMO. Prefer to discuss them there as it seems to be a pure R16 issue.
2. Regatrding the issue raised in section 2.4,
it has been discussed well and reached the following agreements in RAN1#101. The proposal is clearly not in line with the agreements and motivated by nothing new. In particular, the current prerequisite was promoted by the same proponent in R1-2003332 as copied below. Therefore, we don’t feel it is necessary to reopen the discussion.
R1-2003332:
Proposal 1: RAN1 makes conclusion that on the prerequisite of supporting Tx switching i.e.
· If a UE supports inter-band UL CA with Tx switching, the UE must support inter-band UL CA without Tx switching;
· If a UE supports EN-DC with Tx switching, the UE must support EN-DC without Tx switching;
· If a UE supports standalone SUL with Tx switching, the UE must support standalone SUL without Tx switching.

RAN1#101
Agreements
· A new FG for indicating supported option for UL Tx switching for inter-band UL CA is added in the UE features list
· Candidate values set is {option1, option2, [both option 1 and option 2]}
· Type of the FG is “Per BC”
· This FG is "Conditional mandatory with capability signalling".  Signaling of this FG is mandatory conditioned on the support of switching time capability for Tx switching between two uplink carriers in inter-band UL CA band combinations in RAN4 FG 7-1 (i.e. Tx switching period between two uplink carriers). 
· 6-6 and RAN4 FG 7-1 are prerequisite feature groups for the new FG
· Note “[it is up to RAN2 how to report support of both option 1 and option 2]”
· Add "FR1 only" in the column of FR1/FR2 differentiation

[bookmark: _Hlk42020390]Agreements:
· A new FG 22-2 for indicating supported option for UL Tx switching for EN-DC is added in the UE features list
· Candidate values set is {option1, option2, [both option 1 and option 2]}
· Type of the FG is “Per BC”
· This FG is "Conditionally mandatory with capability signalling".  Signaling of this FG is mandatory conditioned on the support of switching time capability for Tx switching between two uplink carriers in EN-DC in RAN4 FG 7-1 (i.e. Tx switching period between two uplink carriers). 
· EN-DC and RAN4 FG 7-1 are prerequisite feature groups for the new FG
· Add "FR1 only" in the column of FR1/FR2 differentiation
· Add a note depending on the outcome from [101-e-LS-TxSwitching-01] to both FG 22-1 and FG 22-2 - e.g. ["It has been agreed in RAN1 that UE can report support of one of the three candidates {option1, option2, both option1 and option2}.  It is up to RAN2 to design the corresponding UE capability signalling."]   

	Qualcomm
	On first bullet, yes, we need to define new FGs, which should be based on the working assumption and the conclusion made at RAN1#102-e. As seen from our contributions R1-2008587 and R1-2008614, we consider that the new FGs should be the same as/similar to the cell-grouping UE capabilities for synchronous NR-DC, which is now listed under the UE features for MR-DC/CA. It is good to discuss them together.

We support the discussion on bullet 2 and 3.

On bullet 5, it is being discussed in the eMIMO capability session as “FGs 16-2b-3 and 16-2b-4: whether to update the note (R1-2008146, R1-2008614)” based on our contribution. No need to discuss here.

On bullet 6 (cri-RI-CQI CSI reporting), we are ok to discuss. 

On topic #7, we do not see a need to discuss further. We already agreed that the UE would under-report Rel-15 capabilities. 

On the last topic (licensed/unlicensed diff), we support to discuss. RAN#89 concluded the following (RP-202045) :  “For features (including Rel-15 features) that are applicable to both licensed and unlicensed operation, it may be discussed case by case based on company input whether to introduce licensed/unlicensed differentiation in the UE capability signalling. The company input must describe how the feature is impacted by operation in unlicensed bands, and why licensed/unlicensed differentiation is justified. If licensed/unlicensed differentiation is agreed to be applicable for Rel-15 features, the additional capability signalling if needed is introduced from Rel-16”

	Moderator
	Thank you very much for further feedbacks.
Based on the all feedbacks, there would be consensus to discuss following discussion points. Therefore, the final FL proposal on email discussion scope includes them.
· Whether/how to define new FGs for NR-CA based on working assumption and conclusion made at RAN1#102-e
· How to define new FG(s) for requiring an offset between the end of PDCCH triggering A-SRS and the SRS transmission for CB PUSCH and antenna switching according to agreements made at RAN1#102-e
· Whether/how to define a new FG for supporting partial cancellation of configured PUCCH/PUSCH/PRACH due to dynamic SFI, dynamically granted PDSCH and CSI-RS
· Whether or not to introduce licensed/unlicensed differentiation for some Rel-15 FGs according to the proposal in R1-2008614
On the other hand, there seems no consensus on other discussion points, and hence interested companies are encouraged to discuss the necessity of proposed discussion points via offline towards next meeting if necessary.



Based on above preparation phase email discussion, updated FL proposal is provided as below.
Updated FL proposal of email discussion/approval:
[103-e-NR-UEFeature-Others-01] Email discussion/approval on NR UE features that are not dedicated to a specific Rel-16 work item/TEI (26th Oct – 3rd Nov)
· Whether/how to define new FGs for NR-CA based on working assumption and conclusion made at RAN1#102-e
· How to define new FG(s) for requiring an offset between the end of PDCCH triggering A-SRS and the SRS transmission for CB PUSCH and antenna switching according to agreements made at RAN1#102-e
· Whether/how to define a new FG for supporting partial cancellation of configured PUCCH/PUSCH/PRACH due to dynamic SFI, dynamically granted PDSCH and CSI-RS
· Whether or not to introduce licensed/unlicensed differentiation for some Rel-15 FGs according to the proposal in R1-2008614
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1. 
Discussion on NR Rel-16 UE features

New FGs for NR-CA
Following working assumption was made at RAN1#102-e.

Working Assumption:
· For NR-CA with three or four different SCSs in a band combination, new Rel-16 FGs are introduced for following purposes 
· UE wants to indicate one PUCCH group comprising DLs with three/four different numerologies.
· UE wants to indicate preferred UL [either bands or SCSs] to send PUCCH.
· Note: This is a very specific case which hasn’t been supported in Rel-15 (the only use case is FR1+FR1+FR2 CA with DSS) although there is other way to implement.
· UE wants to indicate two PUCCH groups where at least one PUCCH group has two numerologies
· UE wants to indicate DL [either bands or SCSs] combination to be mapped to for each PUCCH group.
· UE wants to indicate preferred UL [either bands or SCSs] to send two PUCCHs with different numerologies.
· Note: Indication of two PUCCH bands with the same numerology can be supported by Rel-15 twoPUCCH-Group.
· Note: potential NBC issue due to above proposals should be avoided.
Conclusion:
· For NR-CA with three or more bands even with [one or] two different SCSs in a band combination, RAN1 see the potential benefits of new Rel-16 FG(s) to be introduced to enable (parts or all of) the following from Rel-16, and RAN1 will discuss whether/how to introduce the new FG(s) for Rel.16
· UE wants to indicate two PUCCH groups
· UE wants to indicate DL [either duplex mode, licensed/unlicensed, FR, bands or SCSs] combination to be mapped to for each PUCCH group.
· UE wants to indicate preferred UL [either duplex mode, licensed/unlicensed, FR, bands or SCSs] to send two PUCCHs.
· Note: (parts or all of) the above may be achieved by clarification on existing UE capabilities/RAN1 specifications 
Note: potential NBC issue to Rel-15 due to above proposals should be avoided.

Following proposals are made in contributions.
	[3]
	We discuss the following aspects.

1-1) Missing part in TS38.213 corresponding to 6-9a

6-9a	Different numerologies across NR carriers within the same NR PUCCH group, with PUCCH on a carrier of larger SCS

However, in Section 9 of TS38.213:



A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration  UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration  if . 

FG 6-9a was introduced at the last moment of Rel-15 late drop whereas the above description in Section 9 in TS38.213 had been there based on FG 6-9 (different numerologies across NR carriers within the same NR PUCCH group, with PUCCH on a carrier of smaller SCS). We think this was simply overlooked in Rel-15 and thus the above description in Section 9 of TS38.213 would unnecessarily prohibit UCI multiplexing in case of FG 6-9a. We propose to remove the above sentence in TS38.213 in Rel-16 and we do not see non-backward compatible issue.

Proposal 5: 
Remove the following sentence in Section 9 of TS38.213.



A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration  UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration  if .

1-2)  Preferred UL to send PUCCH 

In case that the same numerology is used across two PUCCH groups, the current Rel-15 signalling structure of ‘twoPUCCH-Group’ already offers the flexibility for UE to indicate preferred UL band in a band combination for two PUCCH groups by ‘FS’. Thus, there is no need to further discuss the case of the same numerology across two PUCCH group.

	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	twoPUCCH-Group
Indicates whether two PUCCH group in CA with a same numerology across CCs for data and control channel [at a given time] is supported by the UE. For NR CA, two PUCCH group is supported with the same numerology across NR carriers for data and control channel at a given time. For EN-DC, two PUCCH group is supported with the same numerology across NR carriers for data and control channel at a given time, wherein an NR PUCCH group is configured in FR1 and another NR PUCCH group is configured in FR2.
	FS
	No
	No
	No



In case that different numerology is used across two PUCCH groups, the current Rel-15 signaling structure of ‘diffNumerologyAcrossPUCCH-Group’ does not offer granularity for UE to indicate preferred UL band in a band combination for two PUCCH groups since it is signalled by ‘BC’. In fact, RAN1 agreement was to take FG 6-7 (twoPUCCH-Group) as prerequisite for FG 6-8 (diffNumerologyAcrossPUCCH-Group), but RAN2 missed to capture it into TS38.306. If it were captured in TS38.306, UE is able to indicate preferred UL band in a band combination. 
We can introduce prerequisite in Rel-16 to address the concern but it might give restriction to align preferred UL between same and different numerology cases. Therefore, if this scenario needs to be supported, it would be better to introduce a new Rel-16 capability for different numerology case with ‘FS’ while avoiding non-backward compatible issue.


	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	diffNumerologyAcrossPUCCH-Group
Indicates whether different numerology across two NR PUCCH groups for data and control channel at a given time in NR CA and EN-DC is supported by the UE.
	BC
	No
	No
	No



Proposal 6: 
If UE wants to indicate preferred UL band in a band combination in case of different numerologies across two PUCCH groups, a new Rel-16 capability with ‘FS’ can be introduced while avoiding non-backward compatible issue.

	[5]
	In this section, we discuss the PUCCH group related UE feature group to address the limitation and restriction from Rel-15 feature group design. We will first discuss three aspects related to PUCCH group configuration and capability reporting, then propose some new FGs to resolve the limitation and restrictions and address the Working Assumption agreed in the last RAN1#102-e meeting. 
Current PUCCH group configuration 
Based on our understanding, below we summary the current PUCCH group configuration 

· In each PUCCH group, at most two different numerologies
· Maximum two PUCCH groups in NR
· For EN-DC, NGEN-DC, NE-DC: 
· At most one PUCCH group per frequency range 
· NR PUCCH group in FR2 uses the same numerology
· For NR-DC
· Maximum one PUCCH group per CG
· Only the same numerology is supported for the cell group with carriers only in FR2. 
· However, it is not clear whether gNB is allowed to configure both FR1 and FR2 in the same CG (PUCCH group)
· In Rel-15, it is not an issue since RAN4 only defines FR1+FR2 two band NR-DC BC 
· In Rel-16, RAN4 introduced FR1+FR1+FR2 three band NR-DC BC. PUCCH group (CG) configuration is not adequately discussed in RAN1
· For NR-CA
· No further restrictions 

In terms of the UE capability reporting related to PUCCH group, we have the following four FGs 

· FG6-7
· UE supports two PUCCH groups, but, UE only supports the same numerology across both PUCCH groups for all carriers for both data and control
· FG6-8
· UE supports two PUCCH groups, and, UE supports different numerologies between two PUCCH groups for both data and control
· FG6-9
· In the same PUCCH group, UE supports up to two different numerologies wherein NR PUCCH is sent on the carrier with smaller SCS for data/control channel 
· FG6-9a
· In the same PUCCH group, UE supports up to two different numerologies wherein NR PUCCH is sent on the carrier with larger SCS for data/control channel 

New deployment in Rel-16 NR
The followings are the new deployment we should consider for RAN1 PUCCH group design, both because of the new deployment introduced in RAN4, and, because of the actual commercial deployment interest 

· For NR-DC, in 38.101-3, RAN4 introduced the 3 band, FR1 + FR1 + FR2, NR-DC BC
· From RAN4 38.101-3, the CG configuration can be either (FR1 + FR1) + FR2, or (FR1) + (FR1 + FR2)
· Note: In Rel-15, only 2 band, FR1 + FR2, NR-DC BC is introduced in RAN4
· For NR-CA, in 38.101-3, RAN4 introduced the 3 and 4 band, FR1 + FR1 [+ FR1] + FR2, NR-CA BC
· Note: In Rel-15, only 2 band, FR1 + FR2, NR-CA BC is introduced in RAN4
· There is growing commercial interest for 3 band FR1 + FR1 + FR2 NR deployment, with 3 different numerologies. One example is
· LTE low FR1 FDD band with 15kHz SCS, for refarming or coexistence 
· NR mid-high FR1 TDD band with 30kHz SCS
· NR  FR2 TDD band with 120kHz SCS

All the above new deployment does not exist in Rel-15, and as results, are not adequately discussed and supported by the Rel-15 PUCCH group design, especially in terms of the UE capability reporting.
Issue with current PUCCH group
From the previous discussion, 3 band FR1 + FR1 + FR2 NR BC is newly introduced in Rel-16 in RAN4, and more importantly, it is attracting commercial deployment interest. In this subsection, we discuss the inadequacy of the current PUCCH group capability reporting in terms of supporting FR1 + FR1 + FR2 deployment 

· UE is not allowed to support 3 different numerologies in the same PUCCH group
· For FR1 + FR1 + FR2 NR-CA deployment, this forces UE and NW to use two PUCCH groups since, currently, UE can only support two different numerologies in the same PUCCH group
· Compared to supporting two PUCCH group, a single PUCCH group with 3 different numerologies may offer UE more implementation flexibility and better system performance as well
· UE cannot indicate the preferred PUCCH group configuration 
· Rel-15 UE capability reporting is unclear, our understanding is that, it allows both PUCCH groups configurations 
· (FR1 + FR1) + FR2
·  (FR1) + (FR1 + FR2)
· UE either has to support both or support neither based on the current capability reporting
· UE does not have full flexibility to indicate the location of PUCCH in the PUCCH group. Below are the details
· For (FR1 15kHz + FR1 30kHz), UE may want to support both PUCCH on 15kHz and on 30kHz, so UE can report to support both FG6-9 and FG6-9a
· For (FR1 15kHz + FR2 120kHz), UE may want to support PUCCH on 15kHz only, so UE has to support that it does not support FG6-9a
· The above two conflict each other

To resolve the above issues, we propose the following new PUCCH group related FGs in order to better support the emerging FR1 + FR1 + FR2 deployment

Proposed new FGs
We propose the following new FGs with some explanation of the purpose 

· FG22-6a, this is to indicate whether UE supports 3 different numerologies in the same PUCCH group and the restrictions on PUCCH configuration 
· FG22-6b, this is to indicate whether UE supports FR1 + (FR1 + FR2) PUCCH group configuration 
· FG22-6c, this is to indicate, for FR1 + (FR1 + FR2) PUCCH group configuration, whether PUCCH can be configured on FR2 on the secondary PUCCH group, or SCG. 

Proposal 3-1: Introduce the following FG and UE capability related to PUCCH group
· FG22-6a/6b/6c to address the missing PUCCH related UE capability 
· Replicate FG6-7, FG6-8, FG6-9 and FG6-9a to address the NBC issue

	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

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	22. NR Others
	22-6a
	Support of three different numerologies in the same PUCCH group for EN-DC, NGEN-DC, NE-DC, NR-DC and NR-CA
	For EN-DC, NGEN-DC, NE-DC, NR-DC and NR-CA, support three different numerologies in the same PUCCH group

1) Which SCS can be configured to transmit NR PUCCH

	
	Yes
	N/A
	
	Per BC
	N/A
	N/A 
	N/A
	Candidate value for component 1, 3 bit bitmap {smallest SCS, second smallest SCS, largest SCS}

	Optional with capability signalling

Component 1: {smallest SCS, second smallest SCS, largest SCS}

	22. NR Others
	22-6b
	Support of more than one NR  PUCCH group per frequency range for both NR-DC and NR-CA
	For both NR-DC and NR-CA, UE supports more than one NR PUCCH group per frequency range
	
	Yes
	N/A
	
	Per BC
	N/A
	N/A 
	N/A
	
	Optional with capability signalling

	22. NR Others
	22-6c
	Support of NR PUCCH-SCell on FR2 in the NR PUCCH group with both FR1 and FR2 for NR-CA
	UE supports NR PUCCH-SCell being sent on the carrier in FR2 when NR PUCCH group is configured with carriers in both FR1 and FR2 for NR CA
	
	Yes
	N/A
	
	Per BC
	N/A
	N/A 
	N/A
	
	Optional with capability signalling




	[7]
	View
· For the WA, we are supportive to confirm the WA.
· Rel-15 capabilities do not cover NR-CA with three or four different SCSs within a PUCCH group.
· For NR-CA with three or four different SCSs and with two PUCCH groups where at least one PUCCH group has two SCSs, the assumed case is inter-FR CA where FR1 is configured with two bands with different SCSs (band-X and band-Y) and FR2 is configured with another SCS (band-Z).
· In this case, UE could support only two PUCCH groups opration where one PUCCH group is in FR1 (band-X and band-Y) and another is in FR2 (band-Z). In Rel-15, the UE would like to report diffNumerologyAcrossPUCCH-Group and (e.g.) diffNumerologyWithinPUCCH-GroupSmallerSCS as supported.
· However, this includes another PUCCH grouping where one PUCCH group is set with band-X and band-Z, and another PUCCH group is set with band-Y. Both two PUCCH cells will be configured in FR1. UE that does not support the second PUCCH grouping cannot report the two Rel-15 capabilities as supported.
· Therefore, NW side cannot configure inter-band CA for the UE by using the first PUCCH grouping, which would be easier than the second grouping.
· To avoid this situation, new capability would be beneficial.
· For the square brackets of [either bands or SCSs], we are supportive either since SCSs is better from perspective of smaller signaling bits while finer signaling would be beneficial e.g., from IODT perspective.
· For the conclusion, we are supportive to introduce the corresponding UE capabilies.
· Our assumed case is inter-FR CA where FR1 is configured with two bands with the same SCS (band-A and band-B) and FR2 is configured with another SCS (band-C).
· In this case, UE could support one PUCCH group operation for the three bands and two PUCCH groups opration where one PUCCH group is in FR1 (band-A and band-B) and another is in FR2 (band-C). In Rel-15, the UE would like to report diffNumerologyAcrossPUCCH-Group and (e.g.) diffNumerologyWithinPUCCH-GroupSmallerSCS as supported.
· However, this includes another PUCCH grouping where one PUCCH group is set with band-A and band-C, and another PUCCH group is set with band-B. Both two PUCCH cells will be configured in FR1. UE that does not support the last PUCCH grouping cannot report the two Rel-15 capabilities as supported.
· Therefore, NW side cannot configure inter-band CA for the UE by using the first or second PUCCH grouping, which would be easier than the last grouping.
· To avoid this situation, new capability would be beneficial.
· For the square bracket of [one or], we are not sure there is feasible case that should be considered. Separation between TDD-band/FDD-band, or Licensed-band/Unlicensed-band for PUCCH grouping was raised in the last meeting, but currently we feel the benefit over the additional bit cost is questionable. We are open to have further discussions for clarification of the necessity.
· For the square brackets of [either duplex mode, licensed/unlicensed, FR, bands or SCSs], according to the above feasible situation and another case of three bands in FR1, we are supportive at least either bands or SCSs since SCSs is better from perspective of smaller signaling bits while finer signaling would be beneficial e.g., from IODT perspective.

	[8]
	As seen from the working assumption, RAN1 has a common understanding that the new capability signalling for PUCCH-grouping are necessary to accommodate 3 or 4 numerologies for a NR-CA band combination as well as PUCCH-location information, in each PUCCH-group. The remaining issues for NR-CA with 3 or 4 numerologies are the square brackets; whether the capability signalling for PUCCH-grouping and PUCCH-location in a PUCCH-group are SCS-level or band-level. The conclusion should be highly dependent on whether the same capability is necessary also for 1 or 2 numerologies which is in the conclusion part. If yes, band-level grouping/location makes much more sense. Below, let us discuss some cases of NR-CA with 1 or 2 numerologies.

1) Inter-band NR-CA with 3 or more bands, where FR1 band(s) and FR2 band(s) are included
2) Inter-band NR-CA with 3 or more bands, where two numerologies are used across carriers

Example 1 illustrates a joint example for Case 1) and Case 2). Suppose a UE wants to support a NR-CA band combination that comprises two FR1 bands with SCS1 and one FR2 band with SCS2. 

[image: ]
Example 1: inter-band NR-CA with two FR1 bands + one FR2 band

In order to enable one PUCCH-group for FR1 band(s) and the other PUCCH-group for FR2 band(s), the UE has to report diffNumerologyAcrossPUCCH-Group = supported. If the UE also supports NR-CA with single PUCCH group with the PUCCH transmission on the carrier with smaller SCS for this NR-CA band combination, the UE has also to report diffNumerologyWithinPUCCH-GroupSmallerSCS = supported. By these two capability signalling, the UE is supposed to support following two configurations for NR-CA with two PUCCH groups.

· (Config 1) one PUCCH-group for the FR1 bands, the other PUCCH-group for the FR2 band;
· (Config 2) one PUCCH-group for a FR1 band and the FR2 band with PUCCH transmission on the FR1 band, the other PUCCH-group for the other FR1 band.

Config 1 can be realized in a similar manner as for Rel.15 NR-DC where MCG is fully in FR1 and SCG is fully in FR2, while Config 2 requires intra-FR inter-PUCCH-group parallel UCI feedback procedures and dynamic power-sharing for simultaneous PUCCH transmissions in the same FR. Clearly, Config 1 and Config 2 are for different scenarios/use-cases and hence should be decoupled in the UE capability signalling. Mandating support of both configurations for a UE that wants to support one of them is not desirable. As such, the need for PUCCH-grouping is not specifically for NR-CA with 3 or 4 numerologies – from the above argument, it is clear that the PUCCH-grouping is also necessary for NR-CA with 2 numerologies.

3) Inter-band NR-CA with 3 or more bands, where FDD band(s) and TDD band(s) are included
Suppose a NR-CA band combination comprises one FDD band and two TDD bands. Similar to the previous cases, following configurations are considered:

· (Config 3) one PUCCH-group is for the FDD bands, another PUCCH-group is for the TDD band;
· (Config 4) one PUCCH-group is for the FDD + TDD bands, another PUCCH-group is for the other FDD band.
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Example 2: inter-band NR-CA with two FDD bands + one TDD band

In Rel.15/16, a capability signalling, spCellPlacement, has been supported. This is to address the concern for CA or DC including at least two of FR1-FDD cell, FR1-TDD cell, and FR2 cell, in a cell-group. However, this is not applicable to the PUCCH-SCell in the secondary PUCCH group (PUCCH-SCell is not the SpCell by definition). Therefore, changes are necessary to address NR-CA with two PUCCH groups. Instead of changing the existing UE capability spCellPlacement, just extending the working assumption from “NR-CA with 3 or 4 SCSs” to “NR-CA with any SCS” is more feasible solution. 

4) Inter-band NR-CA with 3 or more bands, where licensed band(s) and unlicensed band(s) are included
Rel.16 NR-U supports stand-alone NR-U and CA/DC for licensed carrier(s) + unlicensed carrier(s). Suppose a NR-CA band combination comprises two licensed bands and one unlicensed band. Similar to the previous cases, following configurations are considered:

· (Config 5) one PUCCH-group is for licensed bands, another PUCCH-group is for unlicensed band
· (Config 6) one PUCCH-group is for licensed + unlicensed bands, another PUCCH-group is for a licensed band.
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Example 3: inter-band NR-CA with two licensed bands + one unlicensed band

The UE should be able to declare support of Config 5 without enabling Config 6 (or vice versa). In particular, Config 6 with PUCCH on unlicensed band for the CG containing licensed + unlicensed bands should be optional. However, this is impossible if no PUCCH-grouping capability (+ PUCCH-location) is supported. Same as the previous case 3), extending the working assumption from “NR-CA with 3 or 4 SCSs” to “NR-CA with any SCS” can resolve the issue.

From the overall discussion, it should be clear that appropriate PUCCH-grouping capability is necessary for NR-CA with two PUCCH-groups. Note that for Case 3) and Case 4), the same numerology can be used across the bands. Therefore, the need for PUCCH-grouping is not specifically for NR-CA with 2 or 3 or 4 numerologies – it is also necessary for NR-CA with the same numerology. Since there are various reasons and multiple numerologies is no longer the only reason, the capability should be band-level grouping. 

The next level question is whether to differentiate primary PUCCH group and secondary PUCCH group in the capability signalling. For example, whether to split the UE capability of Config 1 into the following. 

· (Config 1-1) Primary PUCCH group is for the FR1 bands, secondary PUCCH group is for the FR2 band;
· (Config 1-2) Primary PUCCH group is for the FR1 bands, secondary PUCCH group is for the FR2 band.

If there is no capability differentiation between primary PUCCH group and secondary PUCCH group, the UE is required to support Config 1-1 and Config 1-2. There is an existing per-UE capability pCell-FR2 – by this, the UE can declare support of Config 1-2 for all the supported NR-CA band combinations. However, it is not possible to indicate support of Config 1-2 for some of the NR-CA band combinations but not for others, which is undesirable. Therefore, differentiation between primary PUCCH-group and secondary PUCCH-group is necessary.

Based on the above discussion, we propose the following. Note that this proposal addresses remaining issues on both working assumption and conclusion for NR-CA with two PUCCH groups. 

Proposal 3:
· For NR-CA with three or more bands in a NR-CA band combination, new Rel-16 FGs are introduced to enable the following:
· UE indicates support of two PUCCH groups for the band combination, where the UE indicates:
· The DL band(s) to be mapped to primary PUCCH group and secondary PUCCH group; and
· The UL band(s) where the PUCCH transmission can be configured in each PUCCH group of each PUCCH-grouping configuration reported by the capability.

The remaining is the details of the first sub-bullet of the working assumption. For NR-CA with one PUCCH group, the capability can indicate with which SCS(s) the UE can transmit PUCCH for the given NR-CA band combination. One thing that is not clear from the text of the working assumption is whether the 3 or 4 SCSs can be enabled/supported in a cell-group of NR-DC. The working assumption does not intend to support 3 or 4 SCSs in a cell-group of NR-DC, as well as 3 or 4 SCSs in a PUCCH-group of NR-CA with two PUCCH groups.

Proposal 4:
· For a NR-CA band combination, a UE can indicate the support of {three} or {three or four} different SCSs when the UE is not configured with two PUCCH groups.
· The UE can also indicate with which SCS(s) the UE can transmit the PUCCH.
· Note: For NR-DC in Rel.16, three or four different SCSs in a cell-group is not supported.
· Note: For NR-CA with two PUCCH groups in Rel.16, three or four different SCSs in a PUCCH-group is not supported.

	[10]
		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

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	22. NR Others
	22-5a
	Support of three different numerologies in the same PUCCH group for EN-DC, NGEN-DC, NE-DC, NR-DC and NR-CA
	For EN-DC, NGEN-DC, NE-DC, NR-DC and NR-CA, support three different numerologies in the same PUCCH group
1) Which NR carrier(s) can be configured to transmit NR PUCCH

2) Carrier type that can transmit NR PUCCH 
	
	Yes
	N/A
	
	Per BC
	N/A
	N/A 
	N/A
	Candidate values
1) {FR1 only, FR2 only, FR1 and FR2}
2) 3-bit bitmap {Lic FDD, lic TDD, unlic.}
	Optional with capability signalling


	22. NR Others
	22-5b
	Support of four different numerologies in the same PUCCH group for EN-DC, NGEN-DC, NE-DC, NR-DC and NR-CA
	For EN-DC, NGEN-DC, NE-DC, NR-DC and NR-CA, support four different numerologies in the same PUCCH group
1) Which NR carriers(s) can be configured to transmit NR PUCCH

2) Carrier type that can transmit NR PUCCH
	
	Yes
	N/A
	
	Per BC
	N/A
	N/A 
	N/A
	Candidate value for component 1) {FR1 only, FR2 only, FR1 and FR2}
2) 3-bit bitmap {Lic FDD, lic TDD, unlic.}
	Optional with capability signalling


	22. NR Others
	22-5c
	Two NR PUCCH group with different numerologies across NR carriers within at least one of the two PUCCH groups
	For EN-DC, NGEN-DC, NE-DC, NR-DC and NR-CA, support two NR PUCCH group with different numerologies across NR carriers within at least one of the two PUCCH groups
1) Which NR carrier(s) can be mapped to PUCCH group #1  
2) Carrier type that can transmit NR PUCCH group #1
3) Which NR carrier(s) can be mapped to PUCCH group #2
4) Carrier type that can transmit NR PUCCH group #2
	
	Yes
	N/A
	
	Per BC
	N/A
	N/A 
	N/A
	Candidate values
1) {FR1 only, FR2 only, FR1 and FR2}
2) 3-bit bitmap {Lic FDD, lic TDD, unlic.}
3) {FR1 only, FR2 only, FR1 and FR2}
4) 3-bit bitmap {Lic FDD, lic TDD, unlic.}
	Optional with capability signalling







Discussion point #1
· Whether/how to define new FGs for NR-CA based on working assumption and conclusion made at RAN1#102-e


New FG(s) for requiring an offset between the end of PDCCH triggering A-SRS and the SRS transmission for CB PUSCH and antenna switching
Following agreements were made at the email discussion after RAN1#102-e.
Agreements:
· A new FG for requiring an offset between the end of PDCCH triggering A-SRS and the SRS transmission for CB PUSCH and antenna switching is introduced, and new FGs/components that are replicated from 3-2, 3-5, 3-5a, 3-5b are also introduced.
· FFS: detailed design of new FGs
	2-58a
	For SRS for CB PUSCH and antenna switching on FR1 with symbol level offset for aperiodic SRS transmission  
	· For SRS for CB PUSCH and antenna switching on FR1, UE requires minimum of 19 [TBD: other potential candidate values] symbols offset between aperiodic SRS triggering and transmission 
	2-53
	Yes
	N/A
	 
	Per FS
	n/a
	n/a
	n/a
	 
	Optional with capability signalling


FFS: any necessary clarification for Rel-15 specification.

Following proposals are made in contributions.
	[3]
	During email discussion after RAN1#102-e, additional FG 2-58a indicating minimum timing offset of 19 symbols between PDCCH and SRS with usage set to 'codebook' or 'antennaSwitching' was agreed. The motivation of the corresponding FG is to relax the existing timing requirement for SRS transmission (currently based on the N2 value) to a minimum of 19 symbols similar to timing requirements for SRS with non-codebook usage. The proposed UE capability is expected to be useful in conjunction with PDCCH capabilities in FG 3-2, 3-5, 3-5a, 3-5b allowing PDCCH transmission in any part of the slot effectively facilitating SRS transmission scenarios with smaller scheduling offsets comparing to FG 3-1 with PDCCH transmission in the beginning of the slot. To ensure backwards compatibility with Rel-15 NW (which are not capable of understanding introduced FG 2-58a), we propose replicating FG 3-2, 3-5, 3-5a, 3-5b for Rel-16 to allow indication of their support in Rel-16 (in conjunction with 2-58a) and no support for Rel-15 NW. Similarly, the PUSCH processing capability defined by FG 5-5c may be also considered for reporting in Rel-15. In summarizing discussion above the following modification to FG 2-58a is considered.
Proposal 7:
The following modification is proposed.

	2-58a
	For SRS for CB PUSCH and antenna switching on FR1 with symbol level offset for aperiodic SRS transmission  
	1. For SRS for CB PUSCH and antenna switching on FR1, UE requires minimum of 19 [TBD: other potential candidate values] symbols offset between aperiodic SRS triggering and transmission
2. Component according to FG 3-2 type1-3-CSS
3. Component according to FG 3-5 withoutDCI-Gap
3. Component according to FG 3-5a withDCI-Gap
4. Component according to FG 3-5b pdcch-MonitoringAnyOccasionsWithSpanGap
5. Component according to FG 5-5c pusch-ProcessingType2

	2-53
	Yes
	N/A
	
	Per FS (applicable to FR1 only)
	n/a
	n/a
	n/a
	
	Optional with capability signalling
Candidate values for component 2 {‘support, no support’} 
Candidate values for component 3 {‘support, no support’} 
Candidate values for component 4 are value set for (X, Y): {(7, 3), (4, 3) and (7, 3), (2, 2) and (4, 3) and (7, 3)}
Candidate values for component 5: X in {1, …, 16}, 




Introduction of FG 2-58a would also require modification to TS 38.214, in particular the following TP may be considered to support alternative time interval for SRS transmission depending on UE capability.

Proposal 8:
The following TP to TS38.214 is proposed.
	[bookmark: _Toc11352157][bookmark: _Toc20318047][bookmark: _Toc27299945][bookmark: _Toc29673219][bookmark: _Toc29673360][bookmark: _Toc29674353][bookmark: _Toc36645583][bookmark: _Toc45810632]6.2.1	UE sounding procedure
…
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource or SRS-PosResource-r16 is set to 'aperiodic':
-	the UE receives a configuration of SRS resource sets,
[bookmark: _Hlk515880410]-	the UE receives a downlink DCI, a group common DCI, or an uplink DCI based command where a codepoint of the DCI may trigger one or more SRS resource set(s). For SRS in a resource set with usage set to 'codebook' or 'antennaSwitching', the minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2 + Tswitch or N2 + Tswitch +14 depending on UE capability. Otherwise, the minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2 + Tswitch+14. The minimal time interval in units of OFDM symbols is counted based on the minimum subcarrier spacing between the PDCCH and the aperiodic SRS. 
-	Tswitch is defined in clause 6.4.




	[7]
	View
· Regarding the other potential candidate values than 19 symbols for offset between aperiodic SRS triggering and transmission, we think that single value for each SCS should be enough. 19 symbols are for 15 and 30 kHz SCSs while 60 kHz SCS would require more symbols for the offset.
· Regarding new FGs or components that are replicated from 3-2, 3-5, 3-5a and 3-5b, we think that defining new FGs would be safer approach to avoid any potential NBC and/or under-reporting issue as discussed at the last meeting.

	[8]
	One remaining aspect to discuss is how to address the backward compatibility issue. Let us consider the following cases:
· A Rel. 15 UE underreports its capability if it requires a larger gap, i.e., it does not report the support of PDCCH capabilities and CB-PUSCH/AS together. Hence, there is no issue. 
· A Rel. 16 UE reports two sets of capabilities, one under the Rel. 15 FGs and one under the Rel. 16 FGs. For reporting the Rel. 15 FGs, the same approach as above can be used. For the latter case, we need to define a Rel. 16 replicas of PDCCH capabilities that also take into account the A-SRS timeline considerations. This can be done as follows (the FG below is only for FG 3-5b, but, the same approach can be followed:

	3-5x
	All PDCCH monitoring occasion can be any OFDM symbol(s) of a slot for Case 2 with a span gap and constrained timeline for SRS for CB PUSCH and antenna switching on FR1
	· A UE supports FG 3-5b
· For SRS for CB PUSCH and antenna switching on FR1, UE requires minimum of 19 [TBD: other potential candidate values] symbols offset between aperiodic SRS triggering and transmission   
	3-5b, 2-53
	Yes
	N/A
	 
	Per FS
	n/a
	n/a
	n/a
	 
	Optional with capability signalling



 Proposal 9: Define Rel. 16 replicas of Rel. 15 PDCCH monitoring capabilities with constrained on the A-SRS timeline for CB PUSCH and antenna switching usages.  

	[9]
	Since FG 2-58a is for FR1 other minimum value seems unnecessary, thus propose to remove the text in square bracket.  
Proposal 4-6: To remove the text in square bracket FG 2-58a 
	2-58a
	For SRS for CB PUSCH and antenna switching on FR1 with symbol level offset for aperiodic SRS transmission  
	For SRS for CB PUSCH and antenna switching on FR1, UE requires minimum of 19 [TBD: other potential candidate values] symbols offset between aperiodic SRS triggering and transmission
	2-53
	Yes
	N/A
	 
	Per FS
	n/a
	n/a
	n/a
	 
	Optional with capability signalling






Discussion point #2
· How to define new FG(s) for requiring an offset between the end of PDCCH triggering A-SRS and the SRS transmission for CB PUSCH and antenna switching according to agreements made at RAN1#102-e


A new FG for supporting partial cancellation of configured PUCCH/PUSCH/PRACH due to dynamic SFI, dynamically granted PDSCH and CSI-RS

Following proposals are made in contributions.
	[3]
	During the RAN1 #102E meeting, the following was proposed:
	· A new FG for supporting partial cancellation of configured PUCCH/PUSCH/PRACH due to dynamic SFI, dynamically granted PDSCH and CSI-RS is introduced.


Based on Rel-15 specifications, partial cancelation of PUCCH/PUSCH/PRACH triggered by dynamic SFI or dynamically assigned PDSCH/CSI-RS is supported.
Partial cancelation does not involve any resumption of transmission following a partial cancelation; in case of a “partial cancelation” the trailing symbols of the PUSCH/PUCCH/PRACH from the first canceled symbol are dropped. Note that these aspects were discussed in Rel-15 and the decision was to not expect the UE to resume transmission after cancelling a certain number of symbols, but not that the cancellation has to start from the first symbol. In Rel-15, the latter constraint (“full cancelations only”) was only imposed for cases involving cancelation of PUSCH transmissions following prioritization at MAC (at the “UL grant-level”) for PUSCH transmissions.
The above proposal suggests introducing a FG and corresponding UE capability for Rel-16. However, it is not clear what is expected of Rel-15 UEs. It should be noted that this behavior is currently expected from all Rel-15 UEs (mandatorily) supporting TDD bands as the component of “7) Dynamic UL/DL determination based on L1 scheduling DCI with/without cell specific RRC configured UL/DL assignment” is part of FG #5-1 that is mandatory w/o capability signalling. 
Furthermore, it is suggested/implied that for UEs that do not indicate such capability may only be expected to cancel PUSCH/PUCCH/PRACH only if the corresponding trigger (the DCI format) is received such that the last symbol of the PDCCH is at least Tproc,2 before the first symbol of the UL channel. While technically, this is understandable, the conflict with mandatory Rel-15 requirements remain the fundamental challenge. 

Observation: 
· The proposed Rel-16 FG introduces “incapability” in context of Rel-15 mandatory requirements. 
Proposal 9:
· It is preferable not to introduce a new Rel-16 FG for partial cancelation of PUSCH/PUCCH/PRACH as it conflicts with mandatory requirements from Rel-15. 

In summary, we should either leave existing specifications unchanged following Rel-15, or, else, address the issue also for Rel-15 (preferably via a solution that is not NBC – but we don’t have a good proposal while keeping backward compatibility).

	[7]
	View
· As companies had different understanding whether the partial cancellation of configured PUCCH/PUSCH/PRACH is supported in Rel.15, it should be clarified at first.

	[8]
	The issue of partial cancellation of configured uplink transmissions due to PDSCH/CSI-RS/SFI has been discussed before. If the partial cancellation is assumed, a UE should be able to cancel an ongoing configured uplink transmission if it detects a DCI scheduling PDSCH or CSI-RS or SFI. The cancellation could be partial based on the timeline. As an example, a DL DCI scheduling a PDSCH can force a UE to interrupt an ongoing P-CSI transmission; this scenario is not covered by any existing capabilities. However, the Rel. 15 UEs are not able to partially cancel an ongoing uplink transmission (the Rel. 15 agreement also seems to suggest that the cancellation is full and not partial.) 

Hence, we propose to add the following Rel. 16 FG to support the feature:


	FG X-X
	Cancellation of PUCCH, PUSCH or PRACH with a DCI scheduling a PDSCH or CSI-RS or a DCI format 2_0 for SFI
	A UE supports the partial cancellation of the SRS or PUCCH or PUSCH or PRACH configured transmission: 
· The UE cancels the configured PUCCH or PUSCH or PRACH in a set of symbols of a slot due to detection of a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as downlink or flexible
· The UE cancels the configured PUCCH or PUSCH or PRACH in a set of symbols of a slot due to the detection of a DCI format 1_0, DCI format 1_1, DCI format 1_2 or DCI format 0_1 and DCI format 0_2 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols. 

	
	Yes
	N/A
	 
	Per FS
	n/a
	n/a
	n/a
	 
	Optional with capability signalling



Proposal 10: Introduce a new Rel. 16 FG for supporting cancellation of configured PUCCH/PUSCH/PRACH due to the collision with PDSCH/CSI-RS/SFI. 

In case a UE does not support this feature, the DCI triggering a cancellation should be received Tproc,2 before the starting symbol of a transmission to be cancelled. Another issue to clarify is what a Rel. 15 UE behaviour should be?  This issue can be addressed by either defining a Rel. 15 FG as well or to conclude that the partial cancellation is not supported in Rel. 15. 



Discussion point #3
· Whether/how to define a new FG for supporting partial cancellation of configured PUCCH/PUSCH/PRACH due to dynamic SFI, dynamically granted PDSCH and CSI-RS


Prerequisite of UL Tx switching
	22. NR Others
	22-1
	Indicating supported option for UL Tx switching for inter-band UL CA
	Indicating supported option for UL Tx switching for inter-band UL CA
· Candidate values set is {option1, option2, both option 1 and option 2}
	6-6 and RAN4 FG 7-1 (Tx switching period between two uplink carriers)
	Yes
	N/A
	
	Per BC
	N/A
	N/A (FR1 only)
	N/A
	It has been agreed in RAN1 that UE can report support of one of the three candidates {option1, option2, both option1 and option2}.  It is up to RAN2 to design the corresponding UE capability signalling.
	Signaling of this FG is mandatory conditioned on the support of switching time capability for Tx switching between two uplink carriers in inter-band UL CA band combinations in RAN4 FG 7-1 (i.e. Tx switching period between two uplink carriers)

	22. NR Others
	22-2
	Indicating supported option for UL Tx switching for EN-DC
	Indicating supported option for UL Tx switching for EN-DC
· Candidate values set is {option1, option2}
	EN-DC and RAN4 FG 7-1 (Tx switching period between two uplink carriers)
	Yes
	N/A
	
	Per BC
	N/A
	N/A (FR1 only)
	N/A
	
	Signaling of this FG is mandatory conditioned on the support of switching time capability for Tx switching between two uplink carriers in EN-DC in RAN4 FG 7-1 (i.e. Tx switching period between two uplink carriers)



Following proposal is made in a contribution.
	[2]
	During RAN2 email discussion “[AT111-e][019][NR16] UE cap UL TX switching (China Telecom)”, it is not clear to companies about the understanding on the prerequisite for FG22-1 and FG22-2. Take FG22-1 as an example, it is not clear whether FG6-6 should be the prerequisite for both UL Tx switching Option1 and Option2. Some companies have the understanding that FG6-6 should be the prerequisite only for UL Tx switching Option2. Different understandings may cause different requirements for the supportedBandCombinationList design. Since these two FGs are originated from RAN1, it is better that if RAN1 could clarify this issue.
FG 22-1 is used to indicate the supported option for UL Tx switching for inter-band UL CA. For Option2, it makes sense to make FG 6-6 (UL CA) as the prerequisite because Option2 UE supports legacy UL CA behaviors (1P+1P) and also supports Tx switching. However, it may not be reasonable to make FG 6-6 as the prerequisite for Option1 because Option1 UE doesn’t support legacy UL CA behaviour (1P+1P). From this perspective, Option1 may have lower implementation complexity than legacy UL CA. Thus, it is more appropriate that FG6-6 should not be the prerequisite for Option1.
Similar clarification can be made for FG22-2. It is more appropriate that “EN-DC” is the prerequisite of Option2 instead of Option1 for EN-DC.

Thus, we have the following proposal and the corresponding UE feature update is as below.
Proposal 8 (UL Tx switching): 
FG6-6 is NOT the prerequisite of “option1” for FG22-1 for UL Tx switching CA.
“EN-DC” is NOT the prerequisite of “option1” for FG22-2 for UL Tx switching EN-DC.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups

	22. NR Others
	22-1
	Indicating supported option for UL Tx switching for inter-band UL CA
	Indicating supported option for UL Tx switching for inter-band UL CA
· Candidate values set is {option1, option2, both option 1 and option 2}
	For “option2” and “both option1 and option2”: 6-6 and RAN4 FG 7-1 (Tx switching period between two uplink carriers)
For “option1”: RAN4 FG 7-1 

	22. NR Others
	22-2
	Indicating supported option for UL Tx switching for EN-DC
	Indicating supported option for UL Tx switching for EN-DC
· Candidate values set is {option1, option2}
	For “option2”: EN-DC and RAN4 FG 7-1 (Tx switching period between two uplink carriers)

For “option1”: RAN4 FG 7-1 






Discussion point #4
· Whether or not to modify prerequisite FGs for FG22-1/2


Interpretation of counting PDSCHs for the purpose of FG5-11/13

Following proposal is made in a contribution.
	[4]
	FG 5-11/5-11a/5-11b describe the maximum number of unicast PDSCH’s per slot per CC a UE supports for UE processing time capability 1. FG 5-13/5-13a/5-13b/5-13c describe the maximum number of unicast PDSCHs per slot per CC a UE supports for UE processing time capability 2. In the current description of 5-11/5-13, it is not very clear if two PDSCH transmissions for FDM scheme B and TDM scheme A are counted separately toward the number a UE reported. In our view, both the schemes involve demodulation and LLR generation operation similar to handling of two separate PDSCH TB’s in non-M-TRP situation. They also involve combining operation of two separately processed LLR’s for decoding operation or may involve two decoding operations depending on implementation. 
In #102-e meeting, we proposed to count two PDSCHs in FDM scheme B and TDM scheme A separately for the purpose of FG 5-11/5-13. However, a concern was raised since this implies that a UE needs to support at least two unicast PDSCHs to support FDM scheme B and TDM scheme A. To address this concern, two possible solutions without ASN.1 impact were discussed. 
First one is to allow only up to one FDM scheme B or TDM scheme A in each slot per CC. One potential issue with this solution is that a UE would still need to handle up to one more PDSCH than what it declares when FDM scheme B or TDM scheme A is utilized. This solution also limits scheduling flexibility of the network.
An alternative solution is to count two PDSCHs in FDM scheme B and TDM scheme A separately for the purpose of FG 5-11/5-13 only if a UE supports more than one unicast PDSCH in a slot. With this method, a UE does not need to support at least two unicast PDSCHs to support FDM scheme B and TDM scheme A, and the concern on too many PDSCHs for a higher-end UE can also be addressed while still allowing network scheduling flexibility. Hence, we propose the following based on this alternative.
Proposal 2: Confirm the interpretation that two PDSCHs in FDM scheme B and TDM scheme A are counted separately for the purpose of FG 5-11/5-13 only if a UE supports more than one unicast PDSCH in a slot in a CC.



Discussion point #5
· Whether or not to clarify the interpretation that two PDSCHs in FDM scheme B and TDM scheme A are counted separately for the purpose of FG 5-11/5-13 only if a UE supports more than one unicast PDSCH in a slot in a CC


New FG(s) related to cri-RI-CQI CSI reporting

Following proposal is made in contributions.
	[5]
	In Rel-15, a special port selection CSI report is designed by configuring the UE with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-CQI'. The detailed UE behavior is specified in Clause 5.2.1.4.2 in 38.214. There are two modes of  'cri-RI-CQI' report summarized as below

· Simpler mode, without non-PMI-PortIndication. In this mode, the port grouping for each rank is hardcoded in the specification 
· More complicated mode, with non-PMI-PortIndication. In this mode, the port grouping for each rank is RRC configured independently for each CSI-RS resource.

Compared to the simpler mode, the mode with non-PMI-PortIndication requires UE to have more memory to store the RRC configuration of port grouping of each rank. This configuration is done per CSI-ReportConfig per CC, which may require large amount of UE memory to store the RRC configuration. Furthermore, it is not clear to us whether RRC configured port grouping can really provide meaningful performance benefit, since CSI-RS transmission is transparent such that gNB already has full flexibility to determine the beam forming applied to each CSI-RS ports. Therefore, it is reasonable to assume that a UE may only support 'cri-RI-CQI' report without non-PMI-PortIndication, but does not support 'cri-RI-CQI' report with non-PMI-PortIndicatio.

In the current UE feature design, the above differentiation is not allowed. We only have a single FG, i.e. FG 2-38 csi-ReportWithoutPMI, to indicate whether UE supports 'cri-RI-CQI' report. UE has to support either both with and without non-PMI-PortIndication, or, neither of them. This limits the possibilities that a UE can support 'cri-RI-CQI' report and, also limits the potential gain that can be achieved in the field for reciprocity based MIMO operation especially in TDD frequency band.

Furthermore, even for UE that supports 'cri-RI-CQI' report, currently the UE is not allowed to report the CSI-RS resource related capability, such as the maximum number of CSI-RS resources and the maximum number of ports of CSI-RS resource, unlike other codebook types such as FG2-36, FG2-40, FG2-41, FG2-43

To address those issues, we propose the following new FGs 

Proposal 3-2: Introduce the following FG and UE capability related to PUCCH group
· FG22-7a/7b to address the missing 'cri-RI-CQI' report related UE capability 
· Replicate FG 2-38, i.e., csi-ReportWithoutPMI, to address the NBC issue
	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

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	22. NR Others
	22-7a
	Support of 'cri-RI-CQI' report with non-PMI-PortIndication
	UE supports CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-CQI' and the higher layer parameter non-PMI-PortIndication configured
	2-38
	Yes
	N/A
	
	Per UE
	N/A
	N/A 
	N/A
	
	Optional with capability signalling

	22. NR Others
	22-7b
	CSI-RS resource limitation on 'cri-RI-CQI' report
	A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously. 
	2-38
	Yes
	N/A
	
	Per UE
	N/A
	N/A 
	N/A
	
	Optional with capability signalling

Maximum size of the list is 16. 
the candidate values for the max # of Tx port in one resource is 
{2, 4, 8} 
The candidate value set of the max # of resources is: 
{from 1 to 64} 
The candidate value set of total # of ports (including both channel and NZP-CSI-RS based interference measurement) is: 
{from 2 to 256} 






Discussion point #6
· Whether/how to introduce new FG(s) related to cri-RI-CQI CSI reporting


Relationship among FG#5-22/23/25 and FG#22-3a~4h

Following proposal is made in a contribution.
	[6]
	In RAN#101, RAN1 FG#22-3a~3h and FG#22-4a~4h are introduced. However, the relationship among FG#5-22/23/25 and FG#22-3a~4h is not clear. This contribution clarifies the ambiguity.
Table 1. R15 RAN1 FG#5-22/23/25
	5-22
	CBG-based re-transmission for DL using CBGTI

	5-23
	CBGFI for CBG-based re-transmission for DL

	5-25
	CBG-based re-transmission for UL using CBGTI


Table 2. R16 RAN1 FG#22-3a~22-4h
[image: ]
When we look into the relationship between FG#5-25 and FG#22-3a~3d & 22-4a~4d (UL CBG related features), there are at least two potential interpretations.
· Interpretation #1 for UL CBG: 
· If UE supports UL CBG-based re-transmission at least for one scenario among FG#22-3a~3d & 22-4a~4d, UE shall claim supporting FG#5-25 and also claim supporting at least one of FG#22-3a~3d & 22-4a~4d.
· Interpretation #2 for UL CBG:
· If UE claims supporting FG#5-25, UE shall support all UL CBG-based re-transmission scenarios among FG#22-3a~3d & 22-4a~4d
· If UE only supports UL CBG-based re-transmission for part of scenarios among FG#22-3a~3d & 22-4a~4d, UE shall claim not supporting FG#5-25 and claim supporting at least one of FG#22-3a~3d & 22-4a~4d.
For interpretation #1 for UL CBG, Rel-15 gNB may over-interpret Rel-16 UE’s capability and Rel-16 UE will need to drop the scheduled UL TBs when gNB schedules UL TBs exceeding the UE’s capability.
For interpretation #2 for UL CBG, Rel-15 gNB may under-interpret Rel-16 UE’s capability due to the under-reporting.
Observation #1: Either interpretation #1 or interpretation #2 works for UL CBG
· For interpretation #1, Rel-15 gNB may over-interpret Rel-16 UE’s capability.
· For interpretation #2, Rel-15 gNB may under-interpret Rel-16 UE’s capability due to the under-reporting.
Regarding to DL CBG, two interpretations (similar to those for UL CBG) are analyzed for the relationship between FG#5-22/23 and FG#22-3e~3h & 22-4e~4h.
· Interpretation #3 for DL CBG: 
· If UE supports DL CBG-based re-transmission at least for one scenario among FG#22-3e~3h & 22-4e~4h, UE shall claim supporting “FG#5-22 only” or “FG#5-22 plus #5-23”, and also claim supporting at least one of FG#22-3e~3h & 22-4e~4h.
· Interpretation #4 for DL CBG:
· If UE claims supporting “FG#5-22 only” or “FG#5-22 plus #5-23”, UE shall support all DL CBG-based re-transmission scenarios among FG#22-3e~3h & 22-4e~4h. 
· If UE only supports DL CBG-based re-transmission for part of scenarios among FG#22-3e~3h & 22-4e~4, UE shall claim not supporting FG#5-22/23 and claim supporting at least one of FG#22-3e~3h & 22-4e~4h. 

For interpretation #3 for DL CBG, Rel-15 gNB may over-interpret Rel-16 UE’s capability and Rel-16 UE will need to drop the scheduled DL TBs when gNB schedules DL TBs exceeding the UE’s capability.
For interpretation #4 for DL CBG, Rel-16 gNB won’t be able to differentiate UE supporting “FG#5-22 only” and UE supporting “FG#5-22 plus #5-23” because there are no clear differentiation for the support of “CBG-based re-transmission for DL using CBGTI only” or “CBG-based re-transmission for DL using CBGTI and CBGFI” in FG#22-3e~3h & 22-4e~4h. Therefore, interpretation #4 introduces some ambiguity on Rel-16 UE’s capability to Rel-16 gNB.
Observation #2: Interpretation #3 works for DL CBG, but Interpretation #4 introduces some ambiguity on Rel-16 UE’s capability.
· For interpretation #3, Rel-15 gNB may over-interpret Rel-16 UE’s capability.
· For interpretation #4, Rel-16 gNB won’t be able to differentiate UE supporting “FG#5-22 only” and UE supporting “FG#5-22 plus #5-23”.
Proposal: Adopt Interpretation #1 for UL CBG and Interpretation #3 for DL CBG as RAN1’s understanding for Rel-16 UE capability report.
· When Rel-15 gNB schedules DL or UL TBs exceeding Rel-16 UE capability, it’s up to UE implementation.



Discussion point #7
· Whether/how to clarify relationship among FG#5-22/23/25 and FG#22-3a~4h


Licensed/unlicensed differentiation for Rel-15 features

Following proposal is made in a contribution.
	[8]
	At RAN#89, the following conclusion was reached [2]

Moderator conclusion for proposal 3: For features (including Rel-15 features) that are applicable to both licensed and unlicensed operation, it may be discussed case by case based on company input whether to introduce licensed/unlicensed differentiation in the UE capability signalling. The company input must describe how the feature is impacted by operation in unlicensed bands, and why licensed/unlicensed differentiation is justified. If licensed/unlicensed differentiation is agreed to be applicable for Rel-15 features, the additional capability signalling if needed is introduced from Rel-16






According to the above conclusion, companies are expected to submit proposals on which Rel-15 UE features need licensed/unlicensed differentiation. 
In the following, we give a list of feature groups from the Rel-15 feature list that would need capability differentiation by adding a copy in Rel-16 that is applicable to unlicensed spectrum only. 

Proposal 12:  Introduce licensed/unlicensed capability differentiation for the following features:
· FG 1-3
· FG 2-32a/2-32b
· FG 3-6/3-7/3-8
· FG 4-11
· FG 4-13
· FG 4-19/4-19a/4-19b/4-19c/4-28
· FG 4-23
· FG 5-1b
· FG 5-14/5-16/5-17/5-17a
· FG 5-18/5-19/5-20/5-21
· FG 5-22/5-23/5-24/5-25
· FG 5-30/5-30a/5-31
· FG 8-7/8-8
· FG 5-34/5-34a/2-32c

In the following, we give more details for the proposal. 

FG 1-3 “SS-SINR” 
Given that the transmission of SSB is not guaranteed with LBT, the SINR measurement in unlicensed requires separate optimization. 
	1-3
	SS block based SINR measurement (SS-SINR)
	1) SS-SINR measurement
	1-1
	Yes
	Not support SS-SINR measurement
	Type 4
	No need
	Yes
	
	
	RAN1
	
	Optional with capability signaling


  

FG 2-32a/2-32b “Semi-persistent CSI report” 
It is unlikely that semi-persistent CSI report would be commercialized in the same time frame in licensed and unlicensed spectrum. Since the testing of this feature is a significant effort, not having capability differentiation would block the introduction of this feature in either licensed or unlicensed.  
	2-32a
	Semi-persistent CSI report on PUCCH
	1. Support report on PUCCH formats over 1 – 2 OFDM symbols once per slot (or piggybacked on a PUSCH) s
2. Support report on PUCCH formats over 4 – 14 OFDM symbols once per slot (or piggybacked on a PUSCH)
	
	Yes
	SP-CSI on PUCCH is not supported
	Type 4
	No
	No
	
	
	RAN1
	Optional
	Optional with capability signaling

	2-32b
	Semi-persistent CSI report on PUSCH
	1. Support report on PUSCH 
	
	Yes
	SP-CSI on PUSCH is not supported
	Type 4
	No
	No
	
	
	RAN1
	Optional
	Optional with capability signaling




FG 3-6 “Dynamic SFI” 
The use and interpretation of DCI 2-0 is different between licensed and unlicensed. In unlicensed, the UE is expected to indicate for example FG 10-30.  The support of DCI 2-0 in unlicensed should not indicate support of FG 3-6 in licensed, otherwise the introduction of this feature in umlicensed may get delayed.    
	3-6
	Dynamic SFI monitoring 
	1) Adjust periodic and semi-persistent signal reception and transmission in response to detected dynamic UL/DL configuration
	
	Yes
	
	Type 4
	Yes
	Yes
	
	
	
	[Optional with capability signaling]
	Optional with capability signaling




FG 3-7 “Wideband DM-RS” 
Wideband DM-RS is useful to alleviate restrictions due to PSD limitation in unlicensed, therefore it can be commercialized in unlicensed earlier than in licensed. Not having capability differentiation would block the introduction of this feature in unlicensed.  
	3-7
	Precoder-granularity of CORESET size
	
	
	Yes
	
	Type 4
	No need
	No need
	
	
	
	Optional with capability signaling
	Optional with capability signaling




FG 3-8 “Increased number of search spaces in SCell” 
Increased number of search spaces is useful to enable the search space switching feature in unlicensed, therefore it can be commercialized in unlicensed earlier than in licensed. Since the complexity of testing this feature is significant, not having capability differentiation would block the introduction of this feature in unlicensed.  
	3-8
	Up to 10 search spaces in a SCell
	Up to 10 search spaces in a slot in a SCell per BWP. 
	
	Yes
	
	Type 4
	No need
	No need
	
	
	
	Optional with capability signaling
	Optional with capability signaling




FG 4-11 “Type 1 HARQ-ACK codebook”
It is expected that unlicensed would use Type 3 codebook instead of Type 1, therefore testing opportunity for this feature in unlicensed may be severely limited. Not having capability differentiation could delay the introduction of this feature in licensed.  
	4-11
	Semi-static HARQ-ACK codebook
	
	
	Yes
	
	Type 4
	No need
	No need
	
	
	RAN1
	Mandatory with capability signaling
	Mandatory with capability signaling




FG 4-13 “More than one SR configurations”
More than one SR configuration is in particular useful in IIOT, therefore it may get introduced in unlicensed before licensed. Not having capability differentiation would block the introduction of this feature in unlicensed.  
	4-13
	More than one SR configurations per PUCCH group
	
	
	Yes
	
	Type 4
	No need
	Yes
	
	
	RAN1 and RAN2
	Optional with capability signaling
	Optional with capability signaling




FG 4-19/4-19a/4-19b/4-19c/4-28 “HARQ-ACK multiplexing”
It is unlikely that these features would be commercialized in the same time frame in licensed and unlicensed spectrum. Since the testing of this feature is a significant effort, not having capability differentiation would block the introduction of this feature in either licensed or unlicensed.  
	4-19
	SR/HARQ-ACK/CSI multiplexing once per slot using a PUCCH (or HARQ-ACK/CSI piggybacked on a PUSCH) when SR/HARQ-ACK/CSI are supposed to be sent with the same starting symbol on the PUCCH resources in a slot
	SR/HARQ-ACK/CSI multiplexing once per slot, where overlapping PUCCH resources have the same starting symbols on the PUCCH resources in a slot while precluding the case of SR/HARQ-ACK by overlapping PUCCH resources with the same starting symbols on the PUCCH resources in a slot

	
	Yes
	
	Type 4
	No need
	Yes
	
	If FG4-28 is not included or not supported, HARQ-ACK/CSI piggyback on PUSCH once per slot when the starting OFDM symbol of the PUSCH is the same as the starting OFDM symbols of the PUCCH resource(s) that would have been transmitted on

If FG4-28 is included and supported, HARQ-ACK/CSI piggyback on PUSCH once per slot for which case the starting OFDM symbol of the PUSCH is the different from the starting OFDM symbols of the PUCCH resource(s) that would have been transmitted on

	RAN1
	Mandatory with capability signaling
	Mandatory with capability signaling

	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
	Overlapping PUCCH resources have different starting symbols in a slot
	4-19
	Yes
	
	Type 4
	No need
	Yes
	
	
	RAN1
	Optional with capability signaling
	Optional with capability signaling

	4-19b
	SR/HARQ-ACK/CSI multiplexing more than once per slot using a PUCCH (or HARQ-ACK/CSI piggybacked on a PUSCH) when SR/HARQ-ACK/CSI are supposed to be sent with the same or different starting symbol in a slot
	Overlapping PUCCH resources have same or different starting symbols in a slot
	4-19c
	Yes
	
	Type 4
	No need
	Yes
	
	
	RAN1
	Optional with capability signaling
	Optional with capability signaling

	4-19c
	SR/HARQ-ACK/CSI multiplexing once per slot using a PUCCH (or HARQ-ACK/CSI piggybacked on a PUSCH) when SR/HARQ-ACK/CSI are supposed to be sent with different starting symbols in a slot
	Overlapping PUCCH resources have different starting symbols in a slot
	4-19a
	Yes
	
	Type 4
	No need
	Yes
	
	
	RAN1
	Optional with capability signaling
	Optional with capability signaling

	4-28
	HARQ-ACK multiplexing on PUSCH with different PUCCH/PUSCH starting OFDM symbols
	
HARQ-ACK piggyback on a PUSCH with/without aperiodic CSI once per slot when the starting OFDM symbol of the PUSCH is different from the starting OFDM symbols of the PUCCH resource that HARQ-ACK would have been transmitted on

	4-1
	Yes
	
	Type 4
	No need
	Yes
	
	
	RAN1
	Mandatory with capability signalling
	




FG 4-23 “PUCCH repetitions”
Since the repeated transmissions could fall outside of COT, this feature implies a different implementation in unlicensed compared to licensed. Therefore, licensed/unlicensed capability differentiation is necessary for this feature.  
	4-23
	Repetitions for PUCCH format 1, 3, and 4 over multiple slots with K = 2, 4, 8
	
	
	Yes
	
	Type 4
	No need
	No need
	
	
	RAN1
	[Mandatory with capability signaling]
	Mandatory with capability signaling




FG 5-1b “More than one DL/UL switch point in a slot”
It is unlikely that more than one switching point in a slot would be commercialized in the same time frame in licensed and unlicensed spectrum. Since the testing of this feature is a significant effort, not having capability differentiation would block the introduction of this feature in either licensed or unlicensed.  
	5-1b
	More than one DL/UL switch point in a slot
	In TDD support more than one switch points in a slot for actual DL/UL transmission(s)
	
	Yes
	
	Type 4
	N.A.
TDD only
	Yes
	
	
	
	
	Optional with capability signaling




FG 5-14/5-16/5-17/5-17a “PDSCH and PUSCH repetitions”
Since the repeated transmissions could fall outside of COT, this feature implies a different implementation in unlicensed compared to licensed. Therefore, licensed/unlicensed capability differentiation is necessary for these features.  
	5-14
	Type 1 configured PUSCH repetitions over multiple slots
	1) K = 2, 4, 8 times repetitions with RV sequences
	5-19
	Yes
	
	Type 4
	No need
	No need
	
	
	
	
	Optional with capability signaling

	5-16
	Type 2 configured PUSCH repetitions over multiple slots
	1) K = 2, 4, 8 times repetitions with RV sequences
	5-20
	Yes
	
	Type 4
	No need
	No need
	
	
	
	
	Optional with capability signaling

	5-17
	PUSCH repetitions over multiple slots  
	1) K = 2, 4, 8 times repetitions
	
	Yes
	
	Type 4
	No need
	No need
	
	
	
	
	Mandatory with capability signaling

	5-17a
	PDSCH repetitions over multiple slots  
	1) K = 2, 4, 8 times repetitions
	
	Yes
	
	Type 4
	No need
	
	
	
	
	
	Optional with capability signaling




FG 5-18/5-19/5-20/5-21 “SPS and configured grant”
It is unlikely that the SPS and configured grant feature would be commercialized in the same time frame in licensed and unlicensed spectrum. Since the testing of this feature represents a significant complexity, not having capability differentiation would block the introduction of this feature in either licensed or unlicensed.  
	5-18
	DL SPS
	
	
	Yes 
	
	Type 4
	No need
	No need
	
	
	
	
	Optional with capability signaling

	5-19
	Type 1 Configured UL grant
	1) K = 1
	
	Yes
	
	Type 4
	No need
	No need
	
	
	
	
	Optional with capability signaling

	5-20
	Type 2 Configured UL grant 
	1) K = 1
	
	Yes
	
	Type 4
	No need
	No need
	
	
	
	
	Optional with capability signaling

	5-21
	Pre-emption indication for DL
	
	
	Yes
	
	Type 4
	No need
	No need
	
	
	
	
	Optional with capability signaling




FG 5-22/5-23/5-24/5-25 “CBG operation”
It is unlikely that the CBG feature would be commercialized in the same time frame in licensed and unlicensed spectrum. Since the testing of this feature represents a significant complexity, not having capability differentiation would block the introduction of this feature in either licensed or unlicensed.  
	5-22
	CBG-based re-transmission for DL using CBGTI
	
	
	Yes
	
	Type 4
	No need
	No need
	
	
	
	
	Optional with capability signaling

	5-23
	CBGFI for CBG-based re-transmission for DL
	
	5-22
	Yes
	
	Type 4
	No need
	No need
	
	
	
	
	Optional with capability signaling

	5-24
	Dynamic HARQ-ACK codebook using sub-codebooks for CBG-based re-transmission for DL
	
	
	Yes
	
	Type 4
	No need
	No need
	
	
	
	
	Optional with capability signaling

	5-25
	CBG-based re-transmission for UL using CBGTI
	
	
	Yes
	
	Type 4
	No need
	No need
	
	
	
	
	Optional with capability signaling




FG 5-30/5-30a/5-31 “Larger scheduling offsets”
Increased scheduling offsets imply different implementation in unlicensed, since the scheduled transmission could fall outside of COT Therefore, licensed/unlicensed capability differentiation is necessary for these features.  
	5-30
	DL scheduling slot offset greater than zero for PDSCH mapping type A
	Support of DL scheduling slot offset (K0) greater than zero for PDSCH mapping type A
	
	Yes
	
	Type 4
	Yes
	Yes
	
	
	
	Mandatory with capability signaling
	Mandatory with capability signaling

	5-30a
	DL scheduling slot offset greater than zero for PDSCH mapping type B
	Support of DL scheduling slot offset (K0) greater than zero for PDSCH mapping type B
	
	Yes
	
	Type 4
	Yes
	Yes
	
	
	
	
	Mandatory with capability signaling

	5-31
	UL scheduling slot offset greater than 12
	Support of UL scheduling slot offset (K2) greater than 12
	
	Yes
	
	Type 4
	Yes
	Yes
	
	
	
	Mandatory with capability signaling
	Mandatory with capability signaling




FG 8-7/8-8 “Power control with two closed loops”
It is unlikely that power control with two closed loops would be commercialized in the same time frame in licensed and unlicensed spectrum. Not having capability differentiation would block the introduction of this feature in either licensed or unlicensed bands. 
	8-7
	UL power control with 2 PUSCH closed loops
	Two different TPC loops 
	
	Yes
	
	Type 4
	Yes
	Yes
	
	
	
	Mandatory with capability signaling
	Mandatory with capability signaling

	8-8
	UL power control with 2 PUCCH closed loops
	Two different TPC loops
	
	Yes
	
	Type 4
	Yes
	Yes
	
	
	
	Mandatory with capability signaling
	Mandatory with capability signaling




FG 5-34/5-34a/2-32c “New MCS and CQI tables”
It is unlikely that the new MCS and CQI tables would be commercialized in the same time frame in licensed and unlicensed spectrum. Since the testing of this feature is a significant effort, especially at the 10-5 BLER levels, not having capability differentiation could block the introduction of this feature in either licensed or unlicensed bands.  
	5-34
	New 64QAM MCS table for PDSCH
	New 64QAM MCS table for PDSCH

	
	Yes
	
	Type 4
	No need
	Yes
	
	
	RAN1
	Optional with capability signaling
	Optional with capability signaling

	5-34a
	New 64QAM MCS table for PUSCH
	New 64QAM MCS tables for PUSCH with and without transform precoding respectively
 

	
	Yes
	
	Type 4
	No need
	Yes
	
	
	RAN1
	Optional with capability signaling
	Optional with capability signaling

	2-32c
	New CQI table
	CQI table with target BLER of 10^-5
	
	Yes
	
	Type 4
	No need
	Yes
	
	
	RAN1
	Optional with capability signaling
	Optional with capability signaling




As an additional point, we suggest to clarify the relationship between Rel-16 FG 10-26a “CSI-RS based RRM” and Rel-15 FG 1-5/1-5a/1-6/1-7/1-8/1-9, all of which are copied below. 

Proposal 13:  Clarify that a UE indicating no support of FG 10-26a, also indicates that none of Rel-15 FG 1-5/1-5a/1-6/1-7/1-8/1-9 are supported by the UE in unlicensed bands. 

	10. NR-unlicensed
	10-26a
	CSI-RS based RRM for operation with shared spectrum channel access 
	CSI-RS based RRM for operation with shared spectrum channel access 
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling




	1-5
	CSI-RS based RRM measurement with associated SS-block
	1) CSI-RSRP measurement
2) CSI-RSRQ measurement
	1-1, CSI-RS 
	Yes
	Not support CSI-RSRP and CSI-RSRQ measurement
	Type 4
	No need
	Yes
	
	
	RAN1
	
	Optional with capability signaling
Note: This does not discourage RAN4 to complete their work
Note: there is expectation that RAN4 will complete the corresponding RRM measurement 

	1-5a
	CSI-RS based RRM measurement without associated SS-block
	1) CSI-RSRP measurement 
2) CSI-RSRQ measurement
3) There is SS-block in the target frequency on which the RRM measurement is performed
	1-1, CSI-RS
	Yes
	
	Type 4
	No need
	Yes
	
	
	RAN1
	
	Optional with capability signaling
Note: This does not discourage RAN4 to complete their work
Note: there is expectation that RAN4 will complete the corresponding RRM measurement 

	1-6
	CSI-RS based RS-SINR measurement
	1) CSI-SINR measurement
	1-1
1-5
	Yes
	Not support CSI-SINR measurement
	Type 4
	No need
	Yes
	
	
	RAN1
	Optional with capability signaling
	Optional with capability signaling

	1-7
	CSI-RS based RLM
	1) CSI-RS based RLM
	1-1, CSI-RS
	Yes
	Not support CSI-RS based RLM
	Type 4
	No need
	Yes
	
	
	RAN1
	
	Mandatory with capability signaling 


	1-8
	RLM based on a mix of SS block and CSI-RS signals within active BWP
	
	1-4 and 1-7
	Yes
	UE does not support RLM based on a mix of SS block and CSI-RS signals
	Type 4
	No need
	No need
	
	
	RAN1
	[Mandatory /optional with capability signaling]
	Optional with capability signaling

	1-9
	CSI-RS based contention free RA for HO
	
	1-1
CSI-RS

1-5 or 1-5a
	Yes
	UE does not support CSI-RS based contention free RA for HO
	Type 4
	No need
	No need
	
	
	RAN1
	Optional with capability signaling
	Optional with capability signaling




Similar to the above, we suggest clarifying the relationship between Rel-16 FG 10-2c/10-2d “SSB-based RLM” and Rel-15 FG 1-4 “SSB-based RLM”, each of which is copied below. 

Proposal 14: Clarify that Rel-15 FG 1-4 applies to licensed band operation only. 

	10. NR-unlicensed
	10-2c
	SSB-based RLM for dynamic channel access mode
	1. SSB-based RLM with Q for dynamic channel access mode
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Q indicates the value of RAN1 parameter 

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signaling

This FG may be a part of basic operation for a particular scenario

	10. NR-unlicensed
	10-2d
	SSB-based RLM for semi-static channel access mode
	1. SSB-based RLM with Q for semi-static channel access mode, when DRS window is no longer than the fixed frame period
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Q indicates the value of RAN1 parameter 

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signaling

This FG may be a part of basic operation for a particular scenario



	1-4
	SS block based RLM
	1) SS block based RLM
	1-1
	Yes
	Not support SS block based RLM
	Type 4
	No need
	No need
	
	
	RAN1
	
	Mandatory with capability signaling which shall be set to ‘1’ 






Discussion point #8
· Whether or not to introduce licensed/unlicensed differentiation for some Rel-15 FGs according to the proposal in R1-2008614



Conclusion
Based on the email discussion in preparation phase, it was agreed to have following email discussion in RAN1#103-e.

[103-e-NR-UEFeature-Others-01] Email discussion/approval on NR UE features that are not dedicated to a specific Rel-16 work item/TEI (26th Oct – 3rd Nov) – Hiroki (DCM)
1. Whether/how to define new FGs for NR-CA based on working assumption and conclusion made at RAN1#102-e
1. How to define new FG(s) for requiring an offset between the end of PDCCH triggering A-SRS and the SRS transmission for CB PUSCH and antenna switching according to agreements made at RAN1#102-e
1. Whether/how to define a new FG for supporting partial cancellation of configured PUCCH/PUSCH/PRACH due to dynamic SFI, dynamically granted PDSCH and CSI-RS
1. Whether or not to introduce licensed/unlicensed differentiation for some Rel-15 FGs according to the proposal in R1-2008614
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Appendix: UE features list for FGs that are not dedicated to a specific Rel-16 work item/TEI 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
(the ‘type’ definition from UE features should be based on the granularity of 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

	8. UL TPC
	8-1
	Dynamic power sharing for LTE-NR DC
	When total transmission power exceeds Pcmax, UE scales NR transmission power.	
	EN-DC
	No
	N/A
	
	Per UE
	No
	No
	
	
	Mandatory with capability signalling set to 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
(the ‘type’ definition from UE features should be based on the granularity of 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

	22. NR Others
	22-1
	Indicating supported option for UL Tx switching for inter-band UL CA
	Indicating supported option for UL Tx switching for inter-band UL CA
· Candidate values set is {option1, option2, both option 1 and option 2}
	6-6 and RAN4 FG 7-1 (Tx switching period between two uplink carriers)
	Yes
	N/A
	
	Per BC
	N/A
	N/A (FR1 only)
	N/A
	It has been agreed in RAN1 that UE can report support of one of the three candidates {option1, option2, both option1 and option2}.  It is up to RAN2 to design the corresponding UE capability signalling.
	Signaling of this FG is mandatory conditioned on the support of switching time capability for Tx switching between two uplink carriers in inter-band UL CA band combinations in RAN4 FG 7-1 (i.e. Tx switching period between two uplink carriers)

	22. NR Others
	22-2
	Indicating supported option for UL Tx switching for EN-DC
	Indicating supported option for UL Tx switching for EN-DC
· Candidate values set is {option1, option2}
	EN-DC and RAN4 FG 7-1 (Tx switching period between two uplink carriers)
	Yes
	N/A
	
	Per BC
	N/A
	N/A (FR1 only)
	N/A
	
	Signaling of this FG is mandatory conditioned on the support of switching time capability for Tx switching between two uplink carriers in EN-DC in RAN4 FG 7-1 (i.e. Tx switching period between two uplink carriers)

	22. NR Others
	22-3a
	CBG based transmission for UL with 1 unicast PUSCH per slot per CC with UE processing time Capability 2
	CBG based transmission for UL with 1 unicast PUSCH per slot per CC with UE processing time Capability 2
	
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	
	This capability is necessary for each SCS
	Optional with capability signalling

	22. NR Others
	22-3b
	CBG based transmission for UL with up to 2 unicast PUSCHs per slot per CC for different TBs with UE processing time Capability 2
	CBG based transmission for UL with up to 2 unicast PUSCHs per slot per CC for different TBs with UE processing time Capability 2
	
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	
	This capability is necessary for each SCS
	Optional with capability signalling

	22. NR Others
	22-3c
	CBG based transmission for UL with up to 7 unicast PUSCHs per slot per CC for different TBs with UE processing time Capability 2
	CBG based transmission for UL with up to 7 unicast PUSCHs per slot per CC for different TBs with UE processing time Capability 2
	
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	
	This capability is necessary for each SCS
	Optional with capability signalling

	22. NR Others
	22-3d
	CBG based transmission for UL with up to 4 unicast PUSCHs per slot per CC for different TBs with UE processing time Capability 2
	CBG based transmission for UL with up to 4 unicast PUSCHs per slot per CC for different TBs with UE processing time Capability 2
	
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	
	This capability is necessary for each SCS
	Optional with capability signalling

	22. NR Others
	22-3e
	CBG based transmission for DL with 1 unicast PDSCH per slot per CC with UE processing time Capability 2
	CBG based transmission for DL with 1 unicast PDSCH per slot per CC with UE processing time Capability 2
	
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	
	This capability is necessary for each SCS
	Optional with capability signalling

	22. NR Others
	22-3f
	CBG based transmission for DL with up to 2 unicast PDSCHs per slot per CC for different TBs with UE processing time Capability 2
	CBG based transmission for DL with up to 2 unicast PDSCHs per slot per CC for different TBs with UE processing time Capability 2
	
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	
	This capability is necessary for each SCS
	Optional with capability signalling

	22. NR Others
	22-3g
	CBG based transmission for DL with up to 7 unicast PDSCHs per slot per CC for different TBs with UE processing time Capability 2
	CBG based transmission for DL with up to 7 unicast PDSCHs per slot per CC for different TBs with UE processing time Capability 2
	
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	
	This capability is necessary for each SCS
	Optional with capability signalling

	22. NR Others
	22-3h
	CBG based transmission for DL with up to 4 unicast PDSCHs per slot per CC for different TBs with UE processing time Capability 2
	CBG based transmission for DL with up to 4 unicast PDSCHs per slot per CC for different TBs with UE processing time Capability 2
	
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	
	This capability is necessary for each SCS
	Optional with capability signalling

	22. NR Others
	22-4a
	CBG based transmission for UL with 1 unicast PUSCH per slot per CC with UE processing time Capability 1
	CBG based transmission for UL with 1 unicast PUSCH per slot per CC with UE processing time Capability 1
	
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	
	This capability is necessary for each SCS
	Optional with capability signalling

	22. NR Others
	22-4b
	CBG based transmission for UL with up to 2 unicast PUSCHs per slot per CC for different TBs with UE processing time Capability 1
	CBG based transmission for UL with up to 2 unicast PUSCHs per slot per CC for different TBs with UE processing time Capability 1
	
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	
	This capability is necessary for each SCS
	Optional with capability signalling

	22. NR Others
	22-4c
	CBG based transmission for UL with up to 7 unicast PUSCHs per slot per CC for different TBs with UE processing time Capability 1
	CBG based transmission for UL with up to 7 unicast PUSCHs per slot per CC for different TBs with UE processing time Capability 1
	
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	
	This capability is necessary for each SCS
	Optional with capability signalling

	22. NR Others
	22-4d
	CBG based transmission for UL with up to 4 unicast PUSCHs per slot per CC for different TBs with UE processing time Capability 1
	CBG based transmission for UL with up to 4 unicast PUSCHs per slot per CC for different TBs with UE processing time Capability 1
	
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	
	This capability is necessary for each SCS
	Optional with capability signalling

	22. NR Others
	22-4e
	CBG based transmission for DL with 1 unicast PDSCH per slot per CC with UE processing time Capability 1
	CBG based transmission for DL with 1 unicast PDSCH per slot per CC with UE processing time Capability 1
	
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	
	This capability is necessary for each SCS
	Optional with capability signalling

	22. NR Others
	22-4f
	CBG based transmission for DL with up to 2 unicast PDSCHs per slot per CC for different TBs with UE processing time Capability 1
	CBG based transmission for DL with up to 2 unicast PDSCHs per slot per CC for different TBs with UE processing time Capability 1
	
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	
	This capability is necessary for each SCS
	Optional with capability signalling

	22. NR Others
	22-4g
	CBG based transmission for DL with up to 7 unicast PDSCHs per slot per CC for different TBs with UE processing time Capability 1
	CBG based transmission for DL with up to 7 unicast PDSCHs per slot per CC for different TBs with UE processing time Capability 1
	
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	
	This capability is necessary for each SCS
	Optional with capability signalling

	22. NR Others
	22-4h
	CBG based transmission for DL with up to 4 unicast PDSCHs per slot per CC for different TBs with UE processing time Capability 1
	CBG based transmission for DL with up to 4 unicast PDSCHs per slot per CC for different TBs with UE processing time Capability 1
	
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	
	This capability is necessary for each SCS
	Optional with capability signalling

	22. NR Others
	22-5a
	Simultaneous transmission of SRS for antenna switching and SRS for CB/NCB /BM for intra-band UL CA
	1.     Support transmission of SRS for xTyR (x<y) based antenna switching and SRS for CB/NCB /BM on different CCs in overlapped symbol(s) for intra-band UL CA
2.     Support transmission of SRS for xTyR (x=y) based antenna switching and SRS for CB/NCB /BM on different CCs in overlapped symbol(s) for intra-band UL CA
	
	Yes
	N/A
	 
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signaling
Note: For component 1 and 2, a UE not reporting this component does not support the feature 

	22. NR Others
	22-5b
	Simultaneous transmission of SRS for antenna switching and SRS for CB/NCB /BM for inter-band UL CA
	1.     Support transmission of SRS for xTyR (x<y) based antenna switching and SRS for CB/NCB /BM on different CCs in overlapped symbol(s) for inter-band UL CA
2.     Support transmission of SRS for xTyR (x=y) based antenna switching and SRS for CB/NCB /BM on different CCs in overlapped symbol(s) for inter-band UL CA
	
	Yes
	N/A
	 
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signaling
Note: For component 1 and 2, a UE not reporting this component does not support the feature

	22. NR Others
	22-5c
	Simultaneous transmission of SRS for antenna switching and SRS for antenna switching for intra-band UL CA
	1.     Support transmission of SRS for antenna switching and SRS for antenna switching on different CCs in overlapped symbol(s) for intra-band UL CA
	
	Yes
	N/A
	 
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signaling

	22. NR Others
	22-5d
	Simultaneous transmission of SRS for antenna switching and SRS for antenna switching for inter-band UL CA
	1.     Support transmission of SRS for antenna switching and SRS for antenna switching on different CCs in overlapped symbol(s) for inter-band UL CA
	
	Yes
	N/A
	 
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signaling
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