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Introduction
In RAN #98e, a new WID on NES is approved [1]. In the WID the following scope is included.
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 RAN4 #106-bis-e, the discussion on the above bullet was discussed, and the WF was agreed. [2] Based on discussion the following is agreed.
· 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


In our understanding, no companies are really interested in Scenario 2. Companies are generally interested in scenario 1 and scenario 2a.
Based on all above information, we provide our view on SSB-less SCell operation for network energy saving on scenario 1 and scenario 2a.
Discussion on Scenario 1
<On indication of co-location and timing reference information>
In current RAN2 spec, i.e. TS 38.331, the following clarification for the configuration of FrequencyInfoDL is captured for intra-band SSB-less SCell.
	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.



Moreover, in TS 38.213, the clarification of cell search behaviour of the UE is as follows.
TS 38.213 v17.2.0
· For a serving cell without transmission of SS/PBCH blocks, a UE acquires time and frequency synchronization with the serving cell based on receptions of SS/PBCH blocks on the PCell, or on the PSCell, or on an SCell if applicable as described in [10, TS 38.133], of the cell group for the serving cell.


In TS 38.133, the activation procedure of the corresponding SCell is specified in 8.3.2. Even for the unknown case, UE needs not to perform cell search nor the synchronization to the SCell and the activation delay can be reduced to 3ms, i.e. only includes the MAC CE decoding time.
TS 38.133 v17.8.0
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 for UE supporting scellWithoutSSB, 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. 


Based on all above information, to extend the SSB-less operation from intra-band CA to the inter-band CA, the following additional clarification/configuration needs to be provided.
· Clarify in TS 38.331 that the SSB frequency configuration can be absent if the timing information can be provided from an inter-band active serving cell.
· Clarify in TS 38.133 that the RTD between SCell without SSB and the inter-band active serving cell is within 260ns
· Clarify in TS 38.133 that the RS of SCell without SSB is QCL-A with TRS of the SCell without SSB, and the TRS(s) of the SCell is (are) further QCL-TypeC with SSB(s) of an inter-band active serving cell.
· Clarify/introduce the RRC signalling for indicating which inter-band active serving cell is the timing reference of the cell without SSB. 
· Introduce new UE capability for this feature.
For the 1st and 4th and 5th bullet, RAN2 work may be needed. In our view a LS can be sent to RAN2 to trigger RAN2’s discussion on the details. Note that for the 4th bullet above, about the QCL-C configuration, as quoted below, the RAN2 spec has already provided feasible indication of the active serving cell. Note that QCL-C is the QCL information with respect to the average delay/doppler-offset, which is related to timing information. Therefore, the detailed signalling design can be further discussed and clarified in RAN2.
TS 38.331 v17.2.0
QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                               OPTIONAL,   -- Need R
    bwp-Id                              BWP-Id                                                      OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}
 
cell
The UE's serving cell in which the referenceSignal is configured. If the field is absent, it applies to the serving cell in which the TCI-State is applied. The RS can be located on a serving cell other than the serving cell in which the TCI-State is configured only if the qcl-Type is configured as typeC or typeD. See TS 38.214 [19] clause 5.1.5.

Observation 1  In RAN2 spec, TS 38.331, the current QCL indication includes the index of referenced serving cell which may be re-used in indicating the timing reference cell in inter-band SSB-less operation.
Proposal 1  For SSB-less operation of an inter-band SCell in FR1, the following clarification is added to the SCell activation delay requirements in TS 38.133:
· Clarify in TS 38.133 that the RTD between SCell without SSB and the inter-band active serving cell is within 260ns
· Clarify in TS 38.133 that the RS of SCell without SSB is QCL-A with TRS of the SCell without SSB, and the TRS(s) of the SCell is (are) further QCL-TypeC with SSB(s) of an inter-band active serving cell.
Proposal 2  For SSB-less operation of an inter-band SCell in FR1, send the LS to RAN2 to trigger discussion regarding the following 
· Clarify in TS 38.331 that the SSB frequency configuration can be absent if the timing information can be provided from an inter-band active serving cell.
· Clarify/introduce the RRC signalling for indicating which inter-band active serving cell is the timing reference of the cell without SSB. 
· Introduce new UE capability for this feature.
A draft LS is provided in the Annex.

<On L3 measurement of the SCell without SSB>
Normally L3 measurement is performed by the UE so as to provide L3 MR. Based on L3 MR, gNB may know the signal quality of the SCell before it is actually activated for a given UE. In our view, even for the SSB-less SCell, L3 measurement should be supported. 
For intra-band SCell without SSB, the same set of RF chains could be used by the UE for the SCell and the reference serving cell with SSB. Hence, if gNB can ensure that the Tx power difference is not that large between the 2 cells, normally there will not be big Rx power difference observed at UE side. However, for the inter-band case, even if network can ensure collocated deployment and TAE << CP for the inter-band scenario, the wireless propagation for the inter-band SpCell and SCell, for example, can still be quite different. This could be resulted from the different UE antennas used for different band. For example, for n5+n78 band combination, UE antennas used for low band are normally different from the antennas used for 3.5GHz band. In realistic typical use cases, quite large difference in the Rx signal level can be observed for different band. 
Observation 2  For inter-band scenario, for some certain band combinations, large difference in the Rx signal quality can be observed among different bands even if co-located gNB array can be assumed, due to the different UE RF chains used for different bands.
In last meeting, companies proposed to discuss the frequency domain separation between 2 bands. This could be a potential approach to solve the issue. However, it seems not the best one. Whether and how UE uses the same RF chains for the corresponding band combination should be up-to UE capability. It is not preferred to restrict UE implementation based on band classification. 
In case UE does not report the capability implying same RF chain is used in the inter-band CA band combination, CSI-RS based L3 measurement can be used to measure the signal quality. In current TS 38.331, the current signalling only support the scenario when the CSI-RS and the corresponding associated SSB are in the same band. The following clarification can be found in the MeasObjectNR.
TS 38.331 v17.2.0
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.

Therefore, clarification is needed in the RAN2 specs and the issue can be sent to RAN2 via LS.
Proposal 3  For scenario 1, instead of specifying frequency domain separation condition between 2 bands, RAN4 discuss the UE capability implying the same antenna set is used in the inter-band CA combination:
· If UE does not report the corresponding capability, CSI-RS based L3 measurement should be supported for the SSB-less SCell. Send LS to RAN2 to inform this decision and ask them to clarify in RAN2 spec about the freqBandIndicatorNR configured under MeasObjectNR for this case.

<On L1 measurement of the SCell without SSB>
The L1 measurement here, in our understanding, includes
· BFD/CBD measurement
· L1-RSRP/L1-SINR measurement and reporting
Since different bands are considered, we do not see the issue if UE performs CSI-RS based BFD on the 2 bands. Moreover, current CSI-RS based L1 measurement requirements are also applicable if the CSI-RSs are configured on SSB-less SCell.
Observation 3  If CSI-RS based BFD/CBD/L1-RSRP/L1-SINR measurement are configured on an SSB-less SCell, current RRM requirements are applicable without need of any enhancements.
If the SCell without SSB is a cell with both DL and UL, the UL timing and PL-RS related measurement are also needed. Since the co-location condition is already clarified in the WID, in our view there is no need to consider the case that SSB-less SCell is not in the same TAG as the reference serving cell. 
Proposal 4  No RRM requirements are specified if the SSB-less SCell is not configured in the same TAG as the reference serving cell.
For the PL-RS measurement, cross-carrier indication is not supported in RAN1/2 specs. However, cross-carrier pathloss reference linking can be supported.
Observation 4  If CSI-RS based PL-RS measurement is configured on an SSB-less SCell, current RRM requirements are applicable without need of any enhancements.

<On activation procedure of the SCell without SSB>
For the activation procedure of the SCell without SSB, besides the timing information, the Rx AGC adjustment also needs to be considered. As discussed above, if L3 measurement is configured on the SCell and UE has reported L3 MR for the SCell, the SCell can be considered as known. 
Proposal 5  For an SSB-less SCell that configured with CSI-RS based L3 measurement, the known/unknown condition of the SCell is defined based on the L3 MR of the CSI-RS based L3 measurement. 
For the known case, UE still need to perform fine time tracking on the SCell, based on either A-TRS or TRS that is QCL-C with an active serving cell. If the CSI-RS based L3 measurement is not configured on this SCell, the SCell is regarded as unknown and UE may need to adjust AGC for this SCell. In this case, the activation delay of unknown SCell can also be defined. 
Moreover, for the inter-band case, the timing reference serving cell also needs to remain detectable during the SCell activation procedure. Since the CSI-RS based L3 measurement is not necessarily configured, the side condition of the SCell should be -2dB no matter it is known or unknown.
Proposal 6  The SSB-less SCell activation requirements are only applicable if the Ês/Iot ≥ -2dB and the SSB of the timing reference serving cell meeting detectable condition in 9.2 of TS 38.133
· If an SSB-less SCell is configured with CSI-RS based L3 measurement, and UE has reported one MR within a predefined period, the SSB-less SCell is unknown
· The activation delay of a known SSB-less SCell is TfirstTRS + 5ms or TfirstA-TRS + 5ms.
· Otherwise, the SSB-less SCell is unknown
· The activation delay of an unknow SSB-less SCell is TfirstTRS + TTRS + 5ms or TFirstATRS + Tgap + TATRS + 5ms
Discussion on Scenario 2a
<On indication of co-location and timing reference information>
Scenario 2a is actually for an inter-band SCell who has no DL transmission at all, but only uplink transmission. 
In R15, the intra-band operation of Scenario 2a is possible, at least for FR1. UE may directly use the DL timing derived from PCell in the same band. The serving cell to calculate pathloss for uplink can also be indicated by PathlossReferenceLinking. If UE is also configured with cross-carrier scheduling, UE may transmit PUSCH on the SCell if it receives UL grant from PDCCH on PCell. Since intra-band scenario is generally considered, in our understanding the frequency tracking based on TRS in PCell can also be re-used for intra-band SCell.
Observation 5  In R15, the operation of intra-band contiguous SCell without DL can be supported by RAN1/2 signaling.
However, however, from RRM requirements perspective, RAN4 mainly focus on the RRM requirements for the DL SCell. In R17 RRM requirements for PUCCH SCell is introduced. However, there is no RRM requirements for the activation delay of an intra-band SCell without DL.
Observation 6  The baseline activation delay requirements for intra-band contiguous SCell without DL is missing in current TS 38.133.
Therefore, to support the inter-band SSB-less SCell without any DL transmission in R18, RAN4 may need to further discuss and analyse the feasibility. However, technically, for the intra-band SCell without DL, we do not see a big issue to re-use the activation delay for DL only SCell, i.e. 3ms.
Proposal 7  As the baseline requirements for R18 scenario 2a discussion, RAN4 discuss and agree on the activation delay for intra-band contiguous SCell without DL, which is also 3ms.
On top of P7, RAN4 may analyse the feasibility of scenario 2a in a similar way as scenario 1. 
For scenario 2a, there is no need to consider any QCL information because there is no DL transmission. However, the pathloss reference information and the DL timing info needs to be clarified for scenario 2. In our understanding, UE may directly re-use the active DL timing derived from PCell and the PL calculated in PCell, if network indicate UE to do so. However, this would be slightly too restrictive for the inter-band case. For example, in a 3-band inter-band CA, the best serving CC to serve as a reference CC is not always the PCell. 
Proposal 8  For scenario 2a, to extend this scenario to the inter-band case, it is suggested NOT to limit the reference CC as PCC. Any necessary signalling impact for this can be enclosed in the LS to RAN2.
Moreover, since there is no DL transmission for the corresponding band, in would be difficult to further adjust UE tx performance based on the DL reception. Even CSI-RS L3 based approach might not be feasible. Therefore, the support of this type of operation is up-to UE capability.
Proposal 9  For scenario 2, instead of specifying frequency domain separation condition between 2 bands, RAN4 discuss the UE capability implying the same antenna set is used in the inter-band CA combination:
· If UE does not report the corresponding capability, inter-band SCell operation without DL is not expected to be configured for this UE.

Conclusions
Based on above analysis, we have following observations and proposals.
Observation 1  In RAN2 spec, TS 38.331, the current QCL indication includes the index of referenced serving cell which may be re-used in indicating the timing reference cell in inter-band SSB-less operation.
Proposal 1  For SSB-less operation of an inter-band SCell in FR1, the following clarification is added to the SCell activation delay requirements in TS 38.133:
· Clarify in TS 38.133 that the RTD between SCell without SSB and the inter-band active serving cell is within 260ns
· Clarify in TS 38.133 that the RS of SCell without SSB is QCL-A with TRS of the SCell without SSB, and the TRS(s) of the SCell is (are) further QCL-TypeC with SSB(s) of an inter-band active serving cell.
Proposal 2  For SSB-less operation of an inter-band SCell in FR1, send the LS to RAN2 to trigger discussion regarding the following 
· Clarify in TS 38.331 that the SSB frequency configuration can be absent if the timing information can be provided from an inter-band active serving cell.
· Clarify/introduce the RRC signalling for indicating which inter-band active serving cell is the timing reference of the cell without SSB. 
· Introduce new UE capability for this feature.
Observation 2  For inter-band scenario, for some certain band combinations, large difference in the Rx signal quality can be observed among different bands even if co-located gNB array can be assumed, due to the different UE RF chains used for different bands.
Proposal 3  For scenario 1, instead of specifying frequency domain separation condition between 2 bands, RAN4 discuss the UE capability implying the same antenna set is used in the inter-band CA combination:
· If UE does not report the corresponding capability, CSI-RS based L3 measurement should be supported for the SSB-less SCell. Send LS to RAN2 to inform this decision and ask them to clarify in RAN2 spec about the freqBandIndicatorNR configured under MeasObjectNR for this case.
Observation 3  If CSI-RS based BFD/CBD/L1-RSRP/L1-SINR measurement are configured on an SSB-less SCell, current RRM requirements are applicable without need of any enhancements.
Proposal 4  No RRM requirements are specified if the SSB-less SCell is not configured in the same TAG as the reference serving cell.
Observation 4  If CSI-RS based PL-RS measurement is configured on an SSB-less SCell, current RRM requirements are applicable without need of any enhancements.
Proposal 5  For an SSB-less SCell that configured with CSI-RS based L3 measurement, the known/unknown condition of the SCell is defined based on the L3 MR of the CSI-RS based L3 measurement. 
Proposal 6  The SSB-less SCell activation requirements are only applicable if the Ês/Iot ≥ -2dB and the SSB of the timing reference serving cell meeting detectable condition in 9.2 of TS 38.133
· If an SSB-less SCell is configured with CSI-RS based L3 measurement, and UE has reported one MR within a predefined period, the SSB-less SCell is unknown
· The activation delay of a known SSB-less SCell is TfirstTRS + 5ms or TfirstA-TRS + 5ms.
· Otherwise, the SSB-less SCell is unknown
· The activation delay of an unknow SSB-less SCell is TfirstTRS + TTRS + 5ms or TFirstATRS + Tgap + TATRS + 5ms
Observation 5  In R15, the operation of intra-band contiguous SCell without DL can be supported by RAN1/2 signaling.
Observation 6  The baseline activation delay requirements for intra-band contiguous SCell without DL is missing in current TS 38.133.
Proposal 7  As the baseline requirements for R18 scenario 2a discussion, RAN4 discuss and agree on the activation delay for intra-band contiguous SCell without DL, which is also 3ms.
Proposal 8  For scenario 2a, to extend this scenario to the inter-band case, it is suggested NOT to limit the reference CC as PCC. Any necessary signalling impact for this can be enclosed in the LS to RAN2.
Proposal 9  For scenario 2, instead of specifying frequency domain separation condition between 2 bands, RAN4 discuss the UE capability implying the same antenna set is used in the inter-band CA combination:
· If UE does not report the corresponding capability, inter-band SCell operation without DL is not expected to be configured for this UE.
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In RAN4 #107 meetings, RAN4 have discussed the feasibility of SSB-less SCell operation. Based on discussion, RAN4 would like to ask the following questions
[Note: Highlighted parts will be updated based on agreements in RAN4 107]

Q1: For SSB-less operation of an inter-band SCell in FR1, how does gNB indicate UE which inter-band serving cell is the timing reference of the cell without SSB?

Q2: RAN4 has agreed to support CSI-RS based L3 measurement on an inter-band SSB-less SCell. However, RAN4 observes that the description freqBandIndicatorNR under MeasObject may need to be revised, since the CSI-RS and its associatedSSB can be on different frequency bands. Would RAN2 confirms RAN4’s understanding?

RAN4 respectively ask RAN2 to start discussion on above questions.

2. Actions:
To RAN WG2
RAN4 kindly request RAN2 to discuss above questions and provide feedback to RAN4.

3. Date of Next RAN4 Meetings:
TSG-RAN4 Meeting #108	Aug. 21 – Aug. 25	Toulouse, France
TSG-RAN4 Meeting #108-bis	Oct. 9 – Oct. 13 	Xiamen, China
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