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1 Introduction
The Network Energy saving (NES) WID RP-223540 was agreed in RAN#98-e [1], the WI objective on inter-band SSB-less CA is copied below: 1. Specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells, if found feasible by RAN4 study, where a UE measures SSB transmitted on PCell or another SCell for an SCell’s time/frequency synchronization (including downlink AGC), and L1/L3 measurements, including potential enhancement on SCell activation procedures if necessary [RAN4, RAN2]


In RAN2#122 [2], it was agreed that the RRC signaling and UE capability of intra-band CA can be considered as baseline, and RAN2 will study its specification impacts. 
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.
RAN4 also made progress in RAN4#107 [3] and RAN4#108b [4]. And RAN4 sent LS (R4-2317307) to request RAN2 to design signaling on indication of which cell is the reference cell [5]. 
In this contribution, we share our view on below aspects:
· Scenario
· Spec impacts on timing reference acquisition (open issue 2-2)
· Spec impacts on SCell activation procedure (open issue 2-1)
· Spec impacts on UE capability
2 Discussion 
2.1 Scenario   
In RAN4#107 [3], it was agreed that 3 scenarios can be considered (i.e. scenario 1, scenario 2, scenario 2a).   
· Agreements
· Continue RAN4 work on the following SSB-less SCell scenarios
· Scenario 1: SCell without SSB transmission and with TRS transmission
· Scenario 2a: SCell without SSB transmission and without any other DL transmissions, but with UL reception at the NW side
· Note: No RAN1 impacts are expected, and no RAN4 requirements will be defined if the scenario is not supported from RAN1 specification perspective.
· Deprioritize RAN4 work on the following SSB-less SCell scenario
· Scenario 2: SCell without SSB transmission and without TRS transmission
· Send LS to RAN1/2 to check on support of Scenario 2a from RAN1/2 specifications perspective


Although RAN4 has not made decision on whether scenario 2a is in WID scope by RAN4#108, RAN#101 discussed this issue and agreed scenario 2a is not specified in REL-18 [6].
RP-232175	Discussion on Rel-18 network energy saving	ZTE, Sanechips
Replaces 
Proposal 1: RAN tasks RAN4/RAN2 to support Scenario 2a and specify the corresponding requirements.
	
RAN4 chair (Huawei): was discussed in RAN4 for a few meeting, CR was not agreed so no consensus
RAN2 chair (Mediatek): RAN2 received one LS from RAN4 but not concluded yet, so work is still open
Ericsson: agrees with rapporteur that scenario 2a is not in the scope of the WI so it should not be in REL-18
ZTE: scenario 2a is in the WI
Intel: impacts on RAN1/RAN2 were feared for scenario 2a; we have no RAN1 objective in WID
Nokia: scenario 2a is not fitting for energy saving feature
T-Mobile: we could live with all the scenarios as we see no benefit in this
RAN2 chair (Mediatek): received LS, discussed it, is currently not supported in the spec, we are waiting for RAN4 
	decision
RAN1 chair (Samsung): does not remember that RAN1 received an LS on this
RAN chair: strong need to do scenario 2a: 2 companies (ZTE, Intel), no need for scenario 2a: 7 companies
RAN chair: could we conclude that scenario 2a is not considered in REL-18?
ZTE: can we say "scenario 2a is not specified in REL-18"?
	
conclusion: scenario 2a is not specified in REL-18
So, following RAN#101 conclusion, we propose RAN2 focus on Scenario 1 in Rel-18. 
Proposal 1: Following RAN#101 conclusion, RAN2 focus on Scenario 1 in Rel-18.
2.2 Spec impacts on timing reference acquisition (open issue 2-2)
Intra-band SSB-less CA was specified in NR Rel-15. RAN1/RAN4 first discussed and concluded its timing issue, and then RAN2 introduced below specification changes on RRC signaling for timing reference:
· TS 38.331: There is no explicit indication on which cell for timing acquisition. Instead, in field description of IE absoluteFrequencySSB, capture RAN1/RAN4 conclusion that timing reference of SSB-less SCell is from the SpCell or an SCell of its serving cell group.   
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Observation 1: In TS 38.331, there is no explicit indication on which cell for timing acquisition of target SSB-less CA. Instead, the field description of IE absoluteFrequencySSB captures an assumption that timing reference of SSB-less SCell is from the SpCell or an SCell of its serving cell group.
Meanwhile TS 38.133 [7] also captured the below requirements to acquire timing reference for intra-band SSB-less CA:
-	If the SCell being activated belongs to FR1 and if there is at least one active serving cell contiguous to the SCell on that FR1 band, if the UE is not provided with SSB configuration (absoluteFrequencySSB) nor SMTC configuration for the target SCell, Tactivation_time is 3 ms, provided
   -	The RTD between the target SCell and the contiguous active serving cell is within within ±260ns, and 
   -	The difference of the reception power with the contiguous active serving cell is <= 6dB, and 
   -	The RS(s) of SCell being activated is (are) QCL-TypeA with TRS(s) of the SCell being activated, and the TRS(s) of the SCell being activated is (are) further QCL-TypeC with SSB(s) of any active serving cell that is contiguous to the SCell being activated on that FR1 band. 
According to RAN2 and RAN4 specifications, we can see the timing assumption implies the UE can always assume co-located deployment for intra-band CA. Thus, it can use any activated serving cell (irrespective of PCell, PSCell or SCell) which is on intra-band contiguous CC to obtain the timing of target SSB-less SCC.
Observation 2: According to RAN2 and RAN4 specifications, the timing assumption implies the UE can always assume co-located deployment for intra-band CA. Thus, it can use any activated serving cell (irrespective of PCell, PSCell or SCell) which is on intra-band contiguous CC to obtain the timing of target SSB-less SCC.
However, in inter-band case, it is possible that there are multiple inter-band CCs to the target SSB-less SCell. In this case, the assumption of always co-located deployment in intra-band CA is not valid anymore. For example, one possible deployment is that PCell and SSB-less cell are inter-band CA while another SCell with SSB and SSB-less cell are intra-band CA. If the PCell and the SCell with SSB have timing difference, the UE may be confused which one is its timing reference.
Observation 3: In inter-band CA, there may be multiple inter-band CCs to the target SSB-less SCell. In this case, the assumption of always co-located deployment in intra-band SSB-less CA is not valid anymore.
Based on above technique issue, RAN4 sent LS (R4-2317307) to request RAN2 to design signaling on indication of which cell is the reference cell [5]:
[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.
As can be seen, there are two new definitions:
· Reference cell (as highlighted above): one activated serving cell which is explicitly indicated by NW for timing reference and ACG source of SSB-less SCell.
· The signaling should be RRC but RAN2 need to determine details of the indication (e.g. whether to use PCI or SSB frequency as RAN4 mentioned). 
· By default Cell (as highlighted above): one activated serving cell for timing reference and ACG source of SSB-less SCell, when reference cell is not explicitly indicated by NW. 
· According to RAN4 LS, RAN4 will further discuss how to define by default Cell. Thus, no RAN2 work is needed for now.
On indication of reference cell, we think it is straight forward to add the indication (e.g. named as ReferenceCell) in IE frequencyInfoDL. With regarding to its details, we think there are below 3 alternatives:
· Alt-1: serving cell index (i.e. SCellIndex with 5bit)
· Alt-2: PCI value (i.e. PhysCellId with 10bit)
· Alt-3: SSB frequency (i.e. ARFCN-ValueNR with up to 22bit)
Among them, we prefer Alt-1 because it needs minimal payload size and there is no ambiguity to indicate serving cell because this feature works only after CA is configured. 
Observation 4: Regarding to details of indication of reference cell, serving cell index (i.e., SCellIndex with 5bit) is sufficient and there is no ambiguity to indicate serving cell.
Proposal 2: Per RAN4 LS (R4-2317307) request, add the indication of reference cell (e.g., named as ReferenceCell) with form of serving cell index in IE frequencyInfoDL.
On "by default Cell", RAN2 should wait for RAN4 further progress because RAN4 LS indicate RAN4 will define it.
Proposal 3: RAN2 wait for RAN4 further progress on how to define "by default Cell".
We provide TP in Appendix.
2.3 Spec impacts on SCell activation procedure (open issue 2-1)
As mentioned in Proposal 1, we only study scenario 1:
· Scenario 1: SCell without SSB transmission and with TRS transmission
From RAN2 perspective, TRS based fast SCell activation was already introduced in Rel-17. The RAN2 specification impacts include TS 38.331 and TS 38.321: 
· TS 38.331: TRS is configured by RRC signaling.
	CSI-MeasConfig ::=                  SEQUENCE {
    [omitted]
    [[
    sCellActivationRS-ConfigToAddModList-r17  SEQUENCE (SIZE (1..maxNrofSCellActRS-r17)) OF SCellActivationRS-Config-r17   OPTIONAL, -- Need N
    sCellActivationRS-ConfigToReleaseList-r17 SEQUENCE (SIZE (1..maxNrofSCellActRS-r17)) OF SCellActivationRS-ConfigId-r17 OPTIONAL  -- Need N
    ]]
}

SCellActivationRS-Config-r17 ::= SEQUENCE {
    scellActivationRS-Id-r17         SCellActivationRS-ConfigId-r17,
    resourceSet-r17                  NZP-CSI-RS-ResourceSetId,
    gapBetweenBursts-r17             INTEGER (2..31)                                                            OPTIONAL, -- Need R
    qcl-Info-r17                     TCI-StateId,
    ...
}


· TS 38.321: fast TRS base SCell activation is triggered by MAC-CE.
	The MAC entity shall for each configured SCell:
1>	if an SCell is configured with sCellState set to activated upon SCell configuration, or an SCell Activation/Deactivation MAC CE or an Enhanced SCell Activation/Deactivation MAC CE is received activating the SCell:
2>	if the SCell was deactivated prior to receiving this Enhanced SCell Activation/Deactivation MAC CE and a TRS is indicated for this SCell:
3>	indicate to lower layers the information regarding the TRS.
2>	if the SCell was deactivated prior to receiving this SCell Activation/Deactivation MAC CE or this Enhanced SCell Activation/Deactivation MAC CE; or
2>	if the SCell is configured with sCellState set to activated upon SCell configuration:
[omitted]


It looks like current RAN2 framework can already support scenario 1. So, if RAN4 conclude scenario 1 is feasible, we think above RRC and MAC spec can be reused to scenario 1, i.e., TRS of SSB-less SCell is configured by RRC signalling as in Rel-17, and the UE behaviour of SCell activation captured in Section 5.9 of TS 38.321 can be reused. 
Proposal 4: No RAN2 spec impacts on SCell activation procedure is foreseen (i.e., TRS/A-TRS of SSB-less SCell is configured by RRC signalling as in Rel-17, and the UE behavior of SCell activation captured in Section 5.9 of TS 38.321 can be reused). 
2.4 Spec impacts on UE capability signaling
In TS 38.306, UE capability of intra-band SSB-less CA is captured as a per Feature Set (FS) signaling. 
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For inter-band SSB-less CA, we noticed that RAN4 discussed this issue [4], but no concluded was made.
	 Issue 1-6-4: UE capability
· Proposals
· Option 1: UE capability for SSBless SCell should be defined per band combo: (QC, Huawei, Ericsson, CMCC, SS)
· Option 1a: (Ericsson)
· RAN4 to agree to introduce UE capability to indicate which bands UE can support SSB less operation
· RAN4 to agree to introduce NW flag to further indicate in which bands SSB less operation will be configured
· RAN4 can send LS to RAN2 to introduce the UE capability signalling. 
· Option 1b: UE support SSB-less operation within 6dB received power difference or within 25dB received power difference. (Huawei, SS)
· Option 3: It is left to RAN2 to decide whether to reuse existing SCellwithoutSSB or introduce new signaling. (CATT)
· Option 4: The UE shall indicate the RTD or the set of RTD condition where applicable, so that network is aligned with UE on the expected behavior as well as the requirements it is supposed to meet. (Nokia)
· Option 5: For FR1 inter-band SSB-less SCell operation, the existing capability scellWithoutSSB can be expanded to cover the R18 FR1 inter-band CA case together with the FD separation, i.e., per-UE indication to support SSB-less SCell operation within a FD range (between reference CC and target SCC) (Apple)



According to above discussion NOTE, we think the capability design needs to take some specific RAN4 requirements of inter-band SSB-less CA into account (e.g., RTD condition, FD range, power difference). Thus, we propose to wait RAN4 input.   
Proposal 5: RAN4 discussed capability of inter-band SSB-less capability with some specific RAN4 requirements into account (e.g., RTD condition, FD range, power difference). Thus, RAN2 is kindly suggested to wait RAN4 conclusion. 
3 Conclusion
In this contribution, we further discuss RAN2 work of inter-band SSB-less CA. Our observations are:
Observation 1: In TS 38.331, there is no explicit indication on which cell for timing acquisition of target SSB-less CA. Instead, the field description of IE absoluteFrequencySSB captures an assumption that timing reference of SSB-less SCell is from the SpCell or an SCell of its serving cell group.
Observation 2: According to RAN2 and RAN4 specifications, the timing assumption implies the UE can always assume co-located deployment for intra-band CA. Thus, it can use any activated serving cell (irrespective of PCell, PSCell or SCell) which is on intra-band contiguous CC to obtain the timing of target SSB-less SCC.
Observation 3: In inter-band CA, there may be multiple inter-band CCs to the target SSB-less SCell. In this case, the assumption of always co-located deployment in intra-band SSB-less CA is not valid anymore.
Observation 4: Regarding to details of indication of reference cell, serving cell index (i.e., SCellIndex with 5bit) is sufficient and there is no ambiguity to indicate serving cell.

Based on observations, our proposals can be found below. 
Proposal 1: Following RAN#101 conclusion, RAN2 focus on Scenario 1 in Rel-18.
Proposal 2: Per RAN4 LS (R4-2317307) request, add the indication of reference cell (e.g., named as ReferenceCell) with form of serving cell index in IE frequencyInfoDL.
Proposal 3: RAN2 wait for RAN4 further progress on how to define "by default Cell".
Proposal 4: No RAN2 spec impacts on SCell activation procedure is foreseen (i.e., TRS/A-TRS of SSB-less SCell is configured by RRC signalling as in Rel-17, and the UE behavior of SCell activation captured in Section 5.9 of TS 38.321 can be reused). 
Proposal 5: RAN4 discussed capability of inter-band SSB-less capability with some specific RAN4 requirements into account (e.g., RTD condition, FD range, power difference). Thus, RAN2 is kindly suggested to wait RAN4 conclusion. 
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Appendix: TP of reference cell
–	FrequencyInfoDL
The IE FrequencyInfoDL provides basic parameters of a downlink carrier and transmission thereon.
FrequencyInfoDL information element
-- ASN1START
-- TAG-FREQUENCYINFODL-START
 
FrequencyInfoDL ::=                 SEQUENCE {
    absoluteFrequencySSB                ARFCN-ValueNR                                                   OPTIONAL,   -- Cond SpCellAdd
    frequencyBandList                   MultiFrequencyBandListNR,
    absoluteFrequencyPointA             ARFCN-ValueNR,
    scs-SpecificCarrierList             SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier,
    ..., 
    referenceCell                        ServCellIndex                                                   OPTIONAL    -- Cond interbandSSBLessCA
}
 
-- TAG-FREQUENCYINFODL-STOP
-- ASN1STOP

	FrequencyInfoDL field descriptions

	absoluteFrequencyPointA
Absolute frequency position of the reference resource block (Common RB 0). Its lowest subcarrier is also known as Point A (see TS 38.211 [16], clause 4.4.4.2). Note that the lower edge of the actual carrier is not defined by this field but rather in the scs-SpecificCarrierList.

	absoluteFrequencySSB
Frequency of the SSB to be used for this serving cell. SSB related parameters (e.g. SSB index) provided for a serving cell refer to this SSB frequency unless mentioned otherwise. The cell-defining SSB of the PCell is always on the sync raster. Frequencies are considered to be on the sync raster if they are also identifiable with a GSCN value (see TS 38.101-1 [15]). If the field is absent, the SSB related parameters should be absent, e.g. ssb-PositionsInBurst, ssb-periodicityServingCell and subcarrierSpacing in ServingCellConfigCommon IE. If the field is absent, the UE obtains timing reference from the SpCell or an SCell if applicable as described in TS 38.213 [13], clause 4.1. This is only supported in case the SCell for which the UE obtains the timing reference is in the same frequency band as the cell (i.e. the SpCell or the SCell, respectively) from which the UE obtains the timing reference.
For cells supporting RedCap, if FrequencyInfoDL is included in the ReconfigurationWithSync, this field corresponds to the cell-defining SSB.

	frequencyBandList
List containing only one frequency band to which this carrier(s) belongs. Multiple values are not supported.

	referenceCell
Indicate from which serving cell the UE obtains timing reference and AGC source for the concerned SSB-less SCell. If it is an SCell or PSCell, it is activated.

	scs-SpecificCarrierList
A set of carriers for different subcarrier spacings (numerologies). Defined in relation to Point A. The network configures a scs-SpecificCarrier at least for each numerology (SCS) that is used e.g. in a BWP (see TS 38.211 [16], clause 5.3).


 
	Conditional Presence
	Explanation

	interbandSSBLessCA
	The field is optional present if neither absoluteFrequencySSB nor SMTC configuration is configured in this FrequencyInfoDL. Otherwise, the field is absent.

	SpCellAdd
	The field is mandatory present if this FrequencyInfoDL is for SpCell. Otherwise the field is optionally present, Need S.
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absoluteFrequencySSB
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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.





