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[bookmark: _Hlk92533719]Introduction
[bookmark: _Hlk85390381][bookmark: _Hlk92533704]According to RAN#98 discussion, one objective of the R18 network energy saving WID [1] is the following:
	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 this contribution, we provide our consideration on the technique of SSB-less SCell operation for inter-band CA for network energy saving. 

Discussion
In order to achieve the SSB-less operation for SCell in inter-band CA, RAN4 is undergoing corresponding discussions, including scenarios, feasibility, RRM requirement and L1/L3 measurement, etc. Based on the potential RAN2 spec impacts and the previous RAN4 discussion, we would like to discuss several parts, including:
· Time/frequency synchronization
· L3 measurement
· Pathloss reference
· UE capability for inter-band SSB-less SCell operation
2.1 Time/frequency synchronization
Regarding timing/frequency synchronization information, RAN4 had some discussion on SSB-less SCell activation during eFeRRM WI. The SCell without SSB means the time/frequency synchronization can be derived from the PCell or another SCell. Similar conclusion is mentioned that SSB-less SCell is already supported for intra-band CA in the current RAN2 spec [2]:
	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 CD-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, this field corresponds to the CD-SSB.


For intra-band CA, UE can always assume that it is co-located deployment, so the timing/frequency synchronization information from the PCell or another SCell can be used as reference. For inter-band CA, whether this restriction can be met depends on the feasibility assessment of RAN4. If RAN4 agrees it is feasible to support inter-band SSB-less SCell, the procedures defined for intra-band SSB SCell can be reused and there is a need to clarify the field description of absoluteFrequencySSB.
Proposal 1: If RAN4 agrees it is feasible to support inter-band SSB-less SCell, reuse the legacy solution that absoluteFrequencySSB is absent if the UE obtains the timing reference from an inter-band active serving cell.
2.2 L3 measurement
For L3 measurement operation on the inter-band SSB-less SCell, RAN4 discusses the following candidate options:
· Option 1: No SSB and No CSI-RS resource for L3 measurement on the inter-band SSB-less SCell.
· Option 2: No SSB but with CSI-RS resource for L3 measurement on the inter-band SSB-less SCell.
For option 1, there are no SSB and no CSI-RS. Whether SSB based L3 measurement in PCell or another SCell can be reused depends on RAN4's discussion. No RAN2 spec impact has been observed so far. However, for option 2, there may be some RAN2 impact. In the scheme of CSI-RS based RRM measurements, the time/frequency synchronization is obtained through associatedSSB in CSI-RS-Resource-Mobility:
• When associatedSSB is configured: the UE first detects the SSB associated with the CSI-RS, determines the target cell through the SSB, and then determines the location of the target CSI-RS resource based on the timing information of the target cell.
However, the current signalling only supports the scenario where the CSI-RS and the associated SSB are in the same band. The following clarification can be found in the MeasObjectNR. When associatedSSB is configured, ssbFrequency is mandatory present. The only frequency band in which the SSB and/or CSI-RS indicated in this MeasObjectNR are located by the freqBandIndicatorNR, 
MeasObjectNR information element
-- ASN1START
-- TAG-MEASOBJECTNR-START

MeasObjectNR ::=                    SEQUENCE {
    ssbFrequency                        ARFCN-ValueNR                                                   OPTIONAL,   -- Cond SSBorAssociatedSSB
    ssbSubcarrierSpacing                SubcarrierSpacing                                               OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc1                               SSB-MTC                                                         OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc2                               SSB-MTC2                                                        OPTIONAL,   -- Cond IntraFreqConnected
...,
   [[
    freqBandIndicatorNR                 FreqBandIndicatorNR                                             OPTIONAL,   -- Need R
    measCycleSCell                      ENUMERATED {sf160, sf256, sf320, sf512, sf640, sf1024, sf1280}  OPTIONAL    -- Need R
    ]],
    [[

freqBandIndicatorNR
The frequency band in which the SSB and/or CSI-RS indicated in this MeasObjectNR are located and according to which the UE shall perform the RRM measurements. This field is always provided when the network configures measurements with this MeasObjectNR.
Observation 1: RAN2 signaling currently supports the scenario where the CSI-RS and the corresponding associated SSB are in the same band if associatedSSB is configured.
Therefore, for inter-band scenario, we propose to indicate the frequency band related to the associated SSB.
Proposal 2: RAN2 to introduce an indication in MeasObjectNR for indicating the frequency band in which the associated SSB located.
• When associatedSSB is not configured: the location of CSI-RS resources can be directly determined by the IE refServCellIndex, which indicates the serving cell providing the timing reference for the CSI-RS resources.
The following clarification for the configuration of refServCellIndex is captured [2]. The CSI-RS resources and the serving cell indicated by refServCellIndex for timing reference are only located in the same band. For inter-band scenario. Clarification is needed.
	refServCellIndex
Indicates the serving cell providing the timing reference for CSI-RS resources without associatedSSB. The field may be present only if there is at least one CSI-RS resource configured without associatedSSB. If this field is absent, the UE shall use the timing of the PCell for measurements on the CSI-RS resources without associatedSSB. The CSI-RS resources and the serving cell indicated by refServCellIndex for timing reference should be located in the same band.


Observation 2: RAN2 signaling currently only supports the scenario where the CSI-RS and the serving cell indicated by refServCellIndex are in the same band if associatedSSB is not configured.
Proposal 3: Add an clarification that the CSI-RS resources and the serving cell indicated by refServCellIndex for timing reference can be extended to different band. 
2.3 Pathloss reference
Currently, based on the RAN4#106bis agreements [3], the scenario 2a is considered, in which there is no DL transmission but with UL reception. In this scenario, we consider how to determine pathloss reference.
	Agreements
· The following scenarios are considered for inter-band SSB-less SCell requirements definition
· Scenario 1: No SSB but with TRS transmission configured on the SSB-less SCell
· FFS whether to consider requirements based on TRS transmission during and/or after SCell activation
· Scenario 2: No SSB and no TRS transmission configured on the SSB-less SCell
· Scenario 2a: No DL transmission but with UL reception at the NW side on the SSB-less SCell.
· FFS if requirements will be defined for all or a subset of scenarios subject to feasibility analysis


The following clarification can be found in the pathlossReferenceLinking [2].
	pathlossReferenceLinking
Indicates whether UE shall apply as pathloss reference either the downlink of SpCell (PCell for MCG or PSCell for SCG) or of SCell that corresponds with this uplink (see TS 38.213 [13], clause 7).


Observation 3: When there is no DL transmission, UE can obtain the pathloss reference from the downlink of SpCell or of SCell that corresponds with this uplink. 
For SSB-less SCell operation, the time/frequency synchronization and L1/L3 measurements of the SCell can be derived from the PCell or another SCell. Therefore, for scenario 2a, an LS can be sent to RAN4 to ask whether the pathloss reference can also be extended to the downlink of co-located SCells.
Proposal 4：Send an LS to RAN4 to ask whether the pathloss reference can be extended to the downlink of co-located inter-band SCells.
2.4 UE capability for inter-band SSB-less SCell operation
	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


The UE capability is already supported for intra-band SSB-less SCell operation in the current RAN2 spec. Similarly, If RAN4 agrees it is feasible to support inter-band SSB-less SCell, a new UE capability, i.e. scellWithoutSSB-r18, needs to be introduced.
Proposal 5: If RAN4 agrees it is feasible to support inter-band SSB-less SCell, a new UE capability, i.e. scellWithoutSSB-r18, needs to be introduced.

Conclusion
Based on the discussion, we have the following observation and proposals:
Proposal 1: If RAN4 agrees it is feasible to support inter-band SSB-less SCell, reuse the legacy solution that absoluteFrequencySSB is absent if the UE obtains the timing reference from an inter-band active serving cell.
Observation 1: RAN2 signaling currently supports the scenario where the CSI-RS and the corresponding associated SSB are in the same band if associatedSSB is configured.
Proposal 2: RAN2 to introduce an indication in MeasObjectNR for indicating the frequency band in which the associated SSB located.
Observation 2: RAN2 signaling currently only supports the scenario where the CSI-RS and the serving cell indicated by refServCellIndex are in the same band if associatedSSB is not configured.
Proposal 3: Add an clarification that the CSI-RS resources and the serving cell indicated by refServCellIndex for timing reference can be extended to different band. 
Observation 3: When there is no DL transmission, UE can obtain the pathloss reference from the downlink of SpCell or of SCell that corresponds with this uplink. 
Proposal 4：Send an LS to RAN4 to ask whether the pathloss reference can be extended to the downlink of co-located inter-band SCells.
Proposal 5: If RAN4 agrees it is feasible to support inter-band SSB-less SCell, a new UE capability, i.e. scellWithoutSSB-r18, needs to be introduced.
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5. Appendix
5.1 RAN4#106bis Agreements
	Issue 2-1-1: Which scenario to be considered for SSB-Less SCell operation for FR1 inter-band collocated CA
· Agreements
· The following scenarios are considered for inter-band SSB-less SCell requirements definition
· Scenario 1: No SSB but with TRS transmission configured on the SSB-less SCell
· FFS whether to consider requirements based on TRS transmission during and/or after SCell activation
· Scenario 2: No SSB and no TRS transmission configured on the SSB-less SCell
· Scenario 2a: No DL transmission but with UL reception at the NW side on the SSB-less SCell.
· FFS if requirements will be defined for all or a subset of scenarios subject to feasibility analysis

Online session (Monday April 24, 2023)
Issue: From RRM perspective from UE side, under which conditions SSB-less SCell operation can work?
· Agreements
· Conditions for SSB-less inter-band CA SCell operation for scenario-1, scenario-2 and scenario-2a
· Received time difference (RTD) between the SSB-less SCell and the FR1 inter-band active serving cell
· Option 1-1: 260ns
· Option 1-2: 3us
· Option 1-3: smaller than 3us
· Other values are not precluded
· The difference of the reception power with the FR1 inter-band active serving cell
· Option 2-1: 6dB
· Option 2-2: 6dB+offset
· Other values are not precluded
· FFS: TCI state (using TCI state information of inter-band co-located SSB less SCell from active serving cell)
· FFS: frequency domain separation between the SSB-less SCC and the FR1 inter-band active serving CC; or Certain band combinations.
· FFS if requirements will be defined subject to feasibility analysis
· Note: different conditions and values may be applicable scenario-1, scenario-2 and scenario-2a




