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Introduction
The support of inter-band CA SSB-less SCell operation was introduced as a part of Rel-18 Network Energy Saving WI. In this paper we provide views on the extension of the requirements to the case pf intra-band non-contiguous CA (NCCA) with the aim of enhancing network energy efficiency for a wider set of commercially important scenarios.
Discussion
Intra-band non-contiguous SSB-less SCell activation requirements
RAN4 has agreed to a major part of the SSB-less SCell activation requirements in the previous meetings and the TS 38.133 includes the conditions to apply the requirements as follows:
	For a UE supporting [scellWithoutSSB-interband], if the SCell being activated belongs to FR1 and if the UE is not provided with SSB configuration (absoluteFrequencySSB) in the target SCell (FrequencyInfoDL) nor SMTC configuration for the target SCell, and if there is one collocated active reference serving cell on different FR1 band, when the following conditions are fulfilled,
-	The RTD between the target SCell and the collocated reference serving cell is within CP where CP is corresponding to the SCS of SSB-less SCell, and 
-	The [EPRE] difference at the UE is smaller than or equal to [9] dB, where, [EPRE] difference is the power difference between TRS/A-TRS symbol on the SSB-less SCell and SSB symbol on the reference serving cell [after the compensation for AGC], and
-	The RS(s) of the SSB-less SCell being activated is (are) QCL-TypeA with TRS(s) of the SSB-less SCell being activated, and the TRS(s) of the SSB-less SCell being activated is (are) further QCL-TypeC with SSB(s) of an inter-band active serving cell, and the inter-band active serving cell shall be same as the reference serving cell.
where the reference serving cell can be indicated by higherlayer parameter [SSB-less-Referencecell]. If UE is not indicated with [SSB-less-Referencecell], the reference serving cell is assumed to be the QCL-typeC source cell if there is only one active QCL-typeC source cell configured.
Editor notes: FFS whether and how to capture if there are more than one QCL source cell.
Editor notes: FFS whether and how to capture the wording “after the compensation for AGC”.
Tactivation_time is
-	Tfirst_TRS + TTRS +5 ms, [if aperiodic CSI-RS resources are not configured for SCell activation or UE do not support [ATRS based SSB-less operation]]
-	Tfirst_ATRS + Tgap + TATRS + 5 ms [if aperiodic CSI-RS resources are configured for Scell activation for UE supporting [ATRS based SSB-less operation]]


It is specified that for inter-band SCell without SSB transmission or configuration the UE is required to meet the fast activation delay requirements under a set of defined conditions. These conditions are as follows: (1) the difference in EPRE after AGC compensation must be less than [9] dB, ensuring minimal power discrepancy and impact on signal quality; (2) the RTD between the reference cell and the target SCell must be less than the CP duration of the target cell, which is critical for maintaining orthogonality and reducing inter-symbol interference; and (3) the QCL relations must be met for the corresponding reference signals.
In RAN4 #110 meeting the discussion on extension of SSB-less SCell activation requirements for the case of intra-band non-contiguous SSB-less SCell took place to ensure that the feature can be applied in a wider set of commercially important scenarios. The group reached the following agreement regarding extension of SSB-less SCell activation requirements for the case of intra-band non-contiguous SSB-less SCell [1]. 
	Agreement:
Regarding FR1 intra-band NCCA with SSB-less operation, further study whether we can reuse or not the SSB-less activation delay requirement specified for FR1 inter-band CA.
The study does not impact the completion timeline of the WI. 


In RAN4 #110bis meeting the discussion developed and two alternatives emerged as companies looked for convergence on this issue:
	Background:
· Activation delay requirements are specified for inter-band SSB-less SCell operations in Rel-18 with conditions: EPRE difference, RTD and QCL relations between RS from reference and target cells;
· The basic UE implementation assumption is with separate RF chains for intra-band non-contiguous CA but using single RF chain can be a popular implementation;
· Assuming separate RF chain for intra-band NCCA leads to the direction that we can largely reuse the requirements specified for inter-band cases however if we consider single chain the conditions mentioned need further study and discussions;
· Vice chair and moderator suggested the group to focus on technical discussions in this meeting.

WF Alternative 1: 
· Specify only assuming separate chains and reuse largely the requirements specified for inter-band cases;
· Specify UE optional capability signalling for intra-band NCCA SSB-less SCell operations in a similar way as for inter-band cases;
· UE with single chain implementation does not indicate support for intra-band NCCA SSB-less SCell operations and does not need to meet the requirements.

WF Alternative 2:
· Specify two sets of requirements respectively assuming single and separate chains, where one of the sets reuse largely the requirements specified for inter-band cases;
· Specify UE optional capability signalling for two different implementations separately;
· Different UE implementations are required to meet different sets of requirements correspondingly.


In our view, all the requirements specified for inter-band CA can be directly applied to intra-band non-contiguous CA. We propose that together with the specification of inter-band CA cases, RAN4 specifies requirements also for intra-band non-contiguous CA.
The baseline assumptions in the specs and discussions in RAN4 for the UE implementation regarding intra-band non-contiguous CA are the same as that of the inter-band CA. The UE uses separate RF and baseband resources to receive and process signals, which come from the two discontinuous carriers. As long as the side conditions are met in terms of RTD, power differences and QCL relations of the reference signals, the UE can achieve same delay performance for intra-band NCCA and inter-band SSB-less target SCells.
Proposal 1: Adopt WF Alternative 1: 
· Specify only assuming separate chains and reuse largely the requirements specified for inter-band cases;
· Specify UE optional capability signalling for intra-band NCCA SSB-less SCell operations in a similar way as for inter-band cases;
· UE with single chain implementation does not indicate support for intra-band NCCA SSB-less SCell operations and does not need to meet the requirements.
To quickly show the changes we propose, the below box contains the spec implementation for intra-band NCCA cases (see accompanying CR [2]).
	For a UE supporting [scellWithoutSSB-interband] or [scellWithoutSSB-NCCA], if the SCell being activated belongs to FR1 and if the UE is not provided with SSB configuration (absoluteFrequencySSB) in the target Scell (FrequencyInfoDL) nor SMTC configuration for the target Scell, and if there is one collocated active reference serving cell on a different FR1 band or on a non-contiguous carrier in the same band, when the following conditions are fulfilled,
-	The RTD between the target SCell and the collocated reference serving cell is within CP where CP is corresponding to the SCS of SSB-less SCell, and 
-	The [EPRE] difference at the UE is smaller than or equal to [9] dB, where, [EPRE] difference is the power difference between TRS/A-TRS symbol on the SSB-less SCell and SSB symbol on the reference serving cell [after the compensation for AGC], and
-	The RS(s) of the SSB-less SCell being activated is (are) QCL-TypeA with TRS(s) of the SSB-less SCell being activated, and the TRS(s) of the SSB-less SCell being activated is (are) further QCL-TypeC with SSB(s) of an inter-band or intra-band non-contiguous active serving cell, and the inter-band or intra-band non-contiguous active serving cell shall be same as the reference serving cell.


It is also important to note that for UEs with different implementations between inter-band and intra-band NCCA, the requirements specified for inter-band cases don’t apply to intra-band NCCA cases. However, to allow this kind of UE implementation means stricter side conditions for RTD and power difference that the network needs to guarantee, and meanwhile compromising network deployment availability.
It is fair that we don’t tighten the side condition for the network side since RAN4 also specifies the UE feature and capability signalling for intra-band NCCA SSB-less SCell activation. Under such circumstances, the UE who indicates support for intra-band NCCA SSB-less SCell activation should meet the requirements specified in the spec while there is no requirement for those who do not indicate support.
UE feature groups for SSB-less SCell activation
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In RAN4 #110 the UE feature group for inter-band SSB-less SCell activation was agreed as in the below table and we propose to add a new intra-band NCCA feature group upon it:
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[bookmark: _Ref149816831][bookmark: _Ref149894333]Table 1. Rel-18 NR UE features for Netw_Energy_NR WI.
	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

	42.Netw_Energy_NR
	42-1
	SCell without SS/PBCH block for inter-band CA
	Support of SCell without SS/PBCH block for inter-band CA
	
	Yes
	NA
	UE cannot support SCell without SS/PBCH block for inter-band CA 
	per FS
	NA
	FR1 only
	NA
	For each band within the BC, UE indicates if it supports the SSB-less operation when this band is the reference band and other band(s) in the BC as the SSB-less band(s).
If UE indicate “support” for this band, it means all other bands within the BC can be configured as SSB-less bands. 
	Optional with capability signalling

	
	42-2
	SCell without SS/PBCH block for intra-band non-contiguous CA
	Support of SCell without SS/PBCH block for intra-band non-contiguous CA
	
	Yes
	NA
	UE does not support SCell without SS/PBCH block for intra-band non-contiguous CA
	Per FS
	NA
	FR1 only
	NA
	For each carrier within the combination, UE indicates if it supports the SSB-less operation when any of the carrier can be the reference carrier and other(s) in the combination be the SSB-less carrier(s).
If UE indicates ‘support’ for a combination, it means all the carriers in the combination can be configured as SSB-less carriers.
	Optional with capability signalling
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We propose that RAN4 introduces the UE feature group for optionally supporting SSB-less intra-band NCCA SCell activation with capability signalling and per feature set indication. This new indication should be a separate element/vector from the existing SCellwithoutSSB or SCellwithoutSSB-interband.
Although per BC is enough to our views for the intra-band NCCA case however to align with legacy specs with intra-band contiguous SSB-less SCell cases, we propose a per FS indication.
Proposal 2: Introduce the optional with capability signalling with per FS granularity for UE supporting intra-band NCCA SSB-less SCell operation in Rel-18. 
Conclusion
In this paper we provide our views on specifying the intra-band NCCA SSB-less SCell activation delay requirements and the necessary UE feature group for it in Rel-18 for network energy saving.
Proposal 1: Adopt WF Alternative 1: 
· Specify only assuming separate chains and reuse largely the requirements specified for inter-band cases;
· Specify UE optional capability signalling for intra-band NCCA SSB-less SCell operations in a similar way as for inter-band cases;
· UE with single chain implementation does not indicate support for intra-band NCCA SSB-less SCell operations and does not need to meet the requirements.
Proposal 2: Introduce the optional with capability signalling with per FS granularity for UE supporting intra-band NCCA SSB-less SCell operation in Rel-18. 
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