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[bookmark: _Hlk92533719]Introduction
[bookmark: _Hlk92533704]The intention of this contribution is to identify higher layer open issues on UE capabilities for NES, considering RAN1/2/4 progress so far. Annex includes legacy CHO related UE capabilities, LS from RAN4 on inter-band SSB-less SCell and TP based on RAN1 UE feature list for cell DTX/DRX for reference.

Discussion
Inter-band SSB-less SCell
[bookmark: _Hlk92538289]In RAN2#122, the following agreement was made [1]:
	Agreements:
1.	If RAN4 conclude SSB-less SCell for inter-band CA for FR1 and co-located cells is feasible, the signaling of intra-band CA (including RRC change on timing of SSB-less SCell and capability signaling) can be considered as its baseline. Whether other new signaling is required depends on RAN4 input.
2.	If RAN4 concludes it is feasible, RAN2 can further work on at leaest the following specification impacts:
-	RRC configuration of the frequency of the SSB to be used for the UE to obtain the timing reference for the inter-band SCell.
-	UE capability reporting to indicate whether UE supports configuration of inter-band SCell that does not transmit SS/PBCH block.


During the last meeting, RAN4 concluded that it is feasible to support the feature by defining the reference cell for the inter-band SSB-less SCell [2]. Meanwhile, RAN4 agreed that some requirements need to be introduced for the scenario to guarantee proper performance on the SCell. 
The legacy UE capability scellWithoutSSB to indicate support of intra-band SSB-less SCell is as below [3], which is conditionally mandatory. Considering the requirements discussed by RAN4, the UE capability to indicate support of inter-band SSB-less SCell should be optional, which means the legacy UE capability scellWithoutSSB cannot be reused from RAN2 point of view. Therefore, we proposes that a new optional UE capability is defined to identify Rel-18 UEs supporting configuration of inter-band SCell that does not transmit SS/PBCH block. However, the details of the new UE capability, e.g. dependency, granularity, are still under discussion. We should wait for further RAN4 conclusion on it.
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	scellWithoutSSB
Defines whether the UE supports configuration of SCell that does not transmit SS/PBCH block. This is conditionally mandatory with capability signalling for intra-band CA but not supported for inter-band CA.
	FS
	CY
	N/A
	N/A


Proposal 1: A new optional UE capability (e.g. interBandSCellWithoutSSB-r18) is defined to identify Rel-18 UEs supporting configuration of inter-band SCell that does not transmit SS/PBCH block. The details of the new UE capability, e.g. dependency, granularity, are pending on further RAN4 discussion.
CHO
In RAN2#122 and RAN2#123bis, the following agreements were made [1][4]:
	RAN2#122
Agreements
1.	We will have a CHO solution that considers NES mode of at least source cell.  
2.	We can have a specific NES CHO execution condition based on source cell NES mode.   FFS how the UE determines is in NES mode.   FFS on how this is achieved in RRC
3.	We will not introduce new L1 signalling for the purpose of CHO
4.	Event A3, A4, A5 can be configured as a CHO execution condition in the NES scenario.   We will study the time based mechanism

RAN2#123bis
Agreements:
1	Group common DCI format 2-X is reused to notify the UE that source cell is entering NES mode.
-	add one bit of DCI 2-X to trigger both use cases of Cell DTX/DRX activation and cell turning off. RAN2 send LS to RAN1 to request this signaling change.
2	RAN2 will not specify anything related to target cell NES mode for CHO


All Rel-16/17 CHO related UE capabilities are summarized in Annex 5.1. First of all, it is straight-forward that a new optional UE capability should be defined to indicate Rel-18 UEs supporting source cell NES mode based CHO via DCI format 2_9, and the UE indicating support of this feature shall also indicate the support of condHandover-r16. 
One may consider whether to revise/reuse the UE capability FG 42-5 (support Cell DTX/DRX configuration activation and deactivation via DCI 2_9) in RAN1 UE feature list to also indicate support of NES based CHO via DCI format 2_9. It may be feasible, but it will involve complicated cross-WG discussion on the generic UE capability. First, the intention that RAN2 decided to add a bit for NES based CHO is to decouple the use of the DCI format 2_9 for cell DTX/DRX and NES based CHO. Secondly, RAN1 has agreed the UE capability on support of Cell DTX/DRX configuration activation and deactivation via DCI 2_9 (FG 42-5) has a pre-requisite of supporting Cell DTX/DRX operation by RRC configuration (FG 42-4). In comparison, the NES based CHO solution cannot work without support of DCI format 2_9. Thirdly, RAN1 may determine the candidate values of FG 42-5 to be {cell DTX only, cell DRX only, both}, while the UE capability of supporting source cell NES mode based CHO via DCI format 2_9 should only be {supported}. In sum, from the Rapporteur’s perspective, we prefer not to couple the UE capability for CHO with the UE capability for cell DTX/DRX, although both features involve the use of DCI format 2_9.
Observation 1: It may involve complicated cross-WG discussion to couple the UE capability for CHO with the UE capability for cell DTX/DRX, although both features may involve the use of DCI format 2_9. 
Proposal 2: A new optional UE capability (e.g. nesBasedCondHandoverWithDCI-r18) is defined to identify Rel-18 UEs supporting NES CHO execution condition based on source cell NES mode via DCI format 2_9, and the UE indicating support of this feature shall also indicate the support of condHandover-r16. 
As for the characteristics of nesBasedCondHandoverWithDCI-r18, it should be per band, no FDD-TDD DIFF, and no FR1-FR2 DIFF. Similar to condHandover-r16, the UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands, all TDD-FR2-1 bands and all TDD-FR2-2 bands respectively.
Proposal 3: The UE capability of nesBasedCondHandoverWithDCI-r18 is per band, no FDD-TDD DIFF, and no FR1-FR2 DIFF. UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands, all TDD-FR2-1 bands and all TDD-FR2-2 bands respectively.
According to R2#122 [1], Event A3, A4, A5 can be configured as a CHO execution condition in the NES scenario:
	RAN2#122
Agreements
1.	We will have a CHO solution that considers NES mode of at least source cell.  
2.	We can have a specific NES CHO execution condition based on source cell NES mode.   FFS how the UE determines is in NES mode.   FFS on how this is achieved in RRC
3.	We will not introduce new L1 signalling for the purpose of CHO
4.	Event A3, A4, A5 can be configured as a CHO execution condition in the NES scenario.   We will study the time based mechanism


Correspondingly, the UE needs to report the capability for event A3~A5 based CHO, if the UE wants to support NES-specific CHO based on event A3~A5. However, the legacy Rel-16 UE capability condHandover-r16 only indicates that the UE supports eventA3-based and eventA5-based CHO, although it is not explicitly defined in the capability field description. Therefore, the UE needs to additionally indicate the support of eventA4-based CHO if needed. One may consider to reuse eventA4BasedCondHandover-r17, which is defined for NTN as follows [3]:
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	eventA4BasedCondHandover-r17
Indicates whether the UE supports Event A4 based conditional handover in NTN bands, i.e., CondEvent A4 as specified in TS 38.331 [9]. A UE supporting this feature shall also indicate the support of condHandover-r16 for NTN bands and the support of nonTerrestrialNetwork-r17. UE shall set the capability value consistently for all FDD-FR1 NTN bands.
	Band
	No
	N/A
	N/A


Considering that the UE supporting eventA4BasedCondHandover-r17 should also support nonTerrestrialNetwork-r17, it cannot be reused for NES based CHO, and hence as a simple solution we propose to define a new optional capability for Rel-18 UE to indicate support of eventA4-based CHO for NES.
Proposal 4: A new optional UE capability (e.g. eventA4BasedCondHandoverNES-r18) is defined to identify Rel-18 UEs supporting Event A4 to be configured as a CHO execution condition for NES, and the UE indicating support of this feature shall also indicate the support of condHandover-r16. 
The characteristics of eventA4BasedCondHandoverNES-r18 should be the same as nesBasedCondHandoverWithDCI-r18.
Proposal 5: The UE capability of eventA4BasedCondHandoverNES-r18 is per band, no FDD-TDD DIFF, and no FR1-FR2 DIFF. UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands, all TDD-FR2-1 bands and all TDD-FR2-2 bands respectively.
Cell DTX/DRX
According to the latest RAN1 UE feature list [5], it remains FFS on supported number of cell DTX/DRX patterns per cell group and the granularity of FG 42-4. Based on our RAN1 colleague’s feedback, RAN1 did not spend much time on it and is waiting for RAN2’s further conclusion. As cell DTX/DRX is a RAN2-led feature and we achieved some related agreements during last meeting as below [4], it is helpful to progress the issue from RAN2 point of view.
	RAN2#123bis
Agreements:
1. Cell DTX/DRX configuration is provided per Serving Cell with the following restrictions:
· A maximum of two cell DTX/DRX patterns can be configured per MAC entity 
· The two configured patterns are aligned, 
· The start and slot offset are common for the two patterns.
· one periodicity is an integer multiple of the other.


Since RAN2 has agreed at last meeting that a maximum of two cell DTX/DRX patterns can be configured per MAC entity, it is simple to go with the UE also supports a maximum of two cell DTX/DRX patterns per cell group from the UE capability’s perspective. 
However, there is ambiguity with the wording of this agreement. It is unclear whether the maximum of two patterns is per {cell DTX only, cell DRX only, both} or regardless of which mode the pattern is for. From the offline discussion during R2#123bis, we understand that the two patterns are regardless of which mode the pattern is for, and therefore propose to modify the wording for clarification.
Proposal 6: From UE capability’s perspective, the supported number of cell DTX/DRX patterns per cell group is two, regardless of each pattern is for cell DTX only, cell DRX only, or both.
RAN1 had discussed about the granularity of the UE capabilities on support of cell DTX/DRX for two meetings, and no conclusion was made. According to the RAN2 progress so far, the major cell DTX/DRX conclusions are made per cell, e.g. activation/deactivation, configuration, etc. Hence, we propose the granularity of the UE capabilities on support of cell DTX/DRX operation by RRC configuration (FG 42-4) to be per band accordingly.
Proposal 7: The granularity of the UE capability on support of cell DTX/DRX operation by RRC configuration (FG 42-4) is per band.
TP to TS 38.306 for proposal 4-5 is attached in Annex 5.3.
As for the granularity on support of Cell DTX/DRX configuration activation and deactivation via DCI 2_9 (FG 42-5), considering the agreement made at R1#114 as below [6]:
	Agreement
From RAN1 point of view, DCI format 2_X supports activation/deactivation of cell DTX/DRX configuration of multiple serving cells and support activation/deactivation per cell
· UE monitor DCI format 2_X in one serving cell


and it remains FFS whether to merge FG 42-5 with FG 42-4, we think it is better to leave the details of FG 42-5 to RAN1.
Proposal 8: It is up to RAN1 to decide the granularity of the UE capability on support of cell DTX/DRX activation and deactivation via DCI format 2_9 (FG 42-5) and whether to merge FG 42-5 with FG 42-4.

Conclusion
Based on the discussion, we have the following observation and proposals:
UE capabilities for Inter-band SSB-less SCell
Proposal 1: A new optional UE capability (e.g. interBandSCellWithoutSSB-r18) is defined to identify Rel-18 UEs supporting configuration of inter-band SCell that does not transmit SS/PBCH block. The details of the new UE capability, e.g. dependency, granularity, are pending on further RAN4 discussion.

UE capabilities for NES based CHO
Observation 1: It may involve complicated cross-WG discussion to couple the UE capability for CHO with the UE capability for cell DTX/DRX, although both features may involve the use of DCI format 2_9. 
Proposal 2: A new optional UE capability (e.g. nesBasedCondHandoverWithDCI-r18) is defined to identify Rel-18 UEs supporting NES CHO execution condition based on source cell NES mode via DCI format 2_9, and the UE indicating support of this feature shall also indicate the support of condHandover-r16. 
Proposal 3: The UE capability of nesBasedCondHandoverWithDCI-r18 is per band, no FDD-TDD DIFF, and no FR1-FR2 DIFF. UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands, all TDD-FR2-1 bands and all TDD-FR2-2 bands respectively.
Proposal 4: A new optional UE capability (e.g. eventA4BasedCondHandoverNES-r18) is defined to identify Rel-18 UEs supporting Event A4 to be configured as a CHO execution condition, and the UE indicating support of this feature shall also indicate the support of condHandover-r16. 
Proposal 5: The UE capability of eventA4BasedCondHandoverNES-r18 is per band, no FDD-TDD DIFF, and no FR1-FR2 DIFF. UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands, all TDD-FR2-1 bands and all TDD-FR2-2 bands respectively.

UE capabilities for Cell DTX/DRX
Proposal 6: From UE capability’s perspective, the supported number of cell DTX/DRX patterns per cell group is two, regardless of each pattern is for cell DTX only, cell DRX only, or both.
Proposal 7: The granularity of the UE capability on support of cell DTX/DRX operation by RRC configuration (FG 42-4) is per band.
Proposal 8: It is up to RAN1 to decide the granularity of the UE capability on support of cell DTX/DRX activation and deactivation via DCI format 2_9 (FG 42-5) and whether to merge FG 42-5 with FG 42-4.

References
[1] R2#122 meeting minutes
[2] R4-2317307 LS on SSB-less operation for Rel-18 NES
[3] TS 38.306, V17.6.0
[4] R2#123bis meeting minutes
[5] R1-2310635 Updated RAN1 UE features list for Rel-18 NR after RAN1#114bis 
[6] R1#114 meeting minutes

Annex
Rel-16/17 CHO related UE capabilities 

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

	condHandover-r16
Indicates whether the UE supports conditional handover including execution condition, candidate cell configuration and maximum 8 candidate cells. Except for NTN bands, UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands, all TDD-FR2-1 bands and all TDD-FR2-2 bands respectively. For NTN, UE shall set the capability value consistently for all FDD-FR1 NTN bands.
	Band
	No
	N/A
	N/A

	condHandoverFailure-r16
Indicates whether the UE supports conditional handover during re-establishment procedure when the selected cell is configured as candidate cell for condition handover. Except for NTN bands, UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands, all TDD-FR2-1 bands and all TDD-FR2-2 bands respectively. For NTN, UE shall set the capability value consistently for all FDD-FR1 NTN bands.
	Band
	No
	N/A
	N/A

	condHandoverTwoTriggerEvents-r16
Indicates whether the UE supports 2 trigger events for same execution condition. This feature is mandatory supported if the UE supports condHandover-r16. Except for NTN bands, UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands, all TDD-FR2-1 bands and all TDD-FR2-2 bands respectively. For NTN, UE shall set the capability value consistently for all FDD-FR1 NTN bands.
	Band
	CY
	N/A
	N/A

	eventA4BasedCondHandover-r17
Indicates whether the UE supports Event A4 based conditional handover in NTN bands, i.e., CondEvent A4 as specified in TS 38.331 [9]. A UE supporting this feature shall also indicate the support of condHandover-r16 for NTN bands and the support of nonTerrestrialNetwork-r17. UE shall set the capability value consistently for all FDD-FR1 NTN bands.
	Band
	No
	N/A
	N/A

	locationBasedCondHandover-r17
Indicates whether the UE supports location based conditional handover, i.e., CondEvent D1 as specified in TS 38.331 [9]. A UE supporting this feature shall also indicate the support of condHandover-r16 for NTN bands and the support of nonTerrestrialNetwork-r17. UE shall set the capability value consistently for all FDD-FR1 NTN bands.
	Band
	No
	N/A
	N/A

	timeBasedCondHandover-r17
Indicates whether the UE supports time based conditional handover, i.e., CondEvent T1 as specified in TS 38.331 [9]. A UE supporting this feature shall also indicate the support of condHandover-r16 for NTN bands and the support of nonTerrestrialNetwork-r17. UE shall set the capability value consistently for all FDD-FR1 NTN bands.
	Band
	No
	N/A
	N/A

	condHandoverFDD-TDD-r16
Indicates whether the UE supports conditional handover between FDD and TDD cells. The parameter can only be set if condHandover-r16 is set for both FDD and TDD. The UE that indicates support of this feature shall also indicate support of handoverFDD-TDD.
	UE
	No
	No
	No

	condHandoverFR1-FR2-r16
Indicates whether the UE supports conditional handover HO between FR1 and FR2. The parameter can only be set if condHandover-r16 is set for both FR1 and FR2. The UE that indicates support of this feature shall also indicate support of handoverFR1-FR2.
	UE
	No
	No
	No

	condHandoverWithSCG-NRDC-r17
Indicates whether the UE supports conditional handover with NR SCG configuration for NR-DC. The UE indicating support of this feature shall also indicate the support of condHandover-r16 and support of at least one NR-DC band combination.
	UE
	No
	No
	No

	condHandoverWithSCG-ENDC-r17
Indicates whether the UE supports conditional handover with NR SCG configuration for EN-DC. The UE indicating support of this feature shall also indicate the support of cho-r16 as specified in TS 36.306 [15] and at least one EN-DC band combination.
	UE
	No
	No
	No

	condHandoverWithSCG-NEDC-r17
Indicates whether the UE supports conditional handover with E-UTRA SCG configuration for NE-DC. The UE indicating support of this feature shall also indicate the support of condHandover-r16 and at least one NE-DC band combination.
	UE
	No
	No
	No



LS from RAN4 (R4-2317307)
Title:	LS on SSB-less operation for Rel-18 NES
Response to:	-
Release:	Rel-18
Work Item:	Netw_Energy_NR-Core
Source:	RAN WG4
To:	RAN WG2
Cc:	RAN WG1
Contact Person:	
Name:	Han Jing	
E-mail Address:	hw.hanjing@huawei.com
Attachments:	

[bookmark: _Hlk63256122]1. Overall Description:
Under the release 18 work item on network energy saving, to enable SSB-less SCell operation, RAN4 agrees to introduce indication from NW to UE to indicate which cell (e.g., PCI, SSB frequency, etc.) is the reference cell. RAN4 will define “by default cell” as reference cell if the indication is not provided, The reference cell means it is the timing reference and AGC source of SSB-less SCell. If the reference cell is an SCell or PSCell, it should be an activated SCell or activated PSCell. The details of the signalling are up to RAN2. 
RAN4 also has agreement on SSB-less SCell. If the UE is not provided with SSB configuration (absoluteFrequencySSB) in the SCell (FrequencyInfoDL) nor SMTC configuration for the SCell, this cell is regarded as SSB-less SCell.

2. To RAN WG2 group. 
ACTION: 	RAN4 respectfully ask RAN2 to take the above agreements into account and design corresponding signaling.

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN4 Meeting #109			Nov. 13 – Nov. 17, 2023	Chicago, US
TSG-RAN4 Meeting #110		     Feb. 26 – Mar. 3, 2024	Athens, GR

TP to TS 38.306 for proposal 4-5

< unchanged part is omitted>
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	cellDTX-DRX-r18
Indicates whether the UE supports cell DTX/DRX operation with one cell DTX/DRX configuration per cell by RRC configuration as specified in TS 38.321 [x]. For the UE supporting this feature, the supported number of cell DTX/DRX patterns per cell group is two, regardless of each pattern is for cell DTX only, cell DRX only, or both.
Editor’s Note: RAN2 may add additional details
	Band
	No
	No
	N/A


< unchanged part is omitted>
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