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1. Introduction
There has been progress in RAN4 on supporting SSB-less SCell with an LS [1] sent to RAN2.
In this paper, we share some understanding on RAN4 agreements and discuss the impact on RAN2 specification.
2. [bookmark: _Toc12718547]Discussion
2.1. RAN4 progress on SSB-less SCell
The following agreements have been made in RAN4#108bis:
Agreement:
The reference cell is not restricted to PCell. And the reference cell shall has SSB.
Agreement:
· 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.
· Reference cell means the timing and AGC source of SSB-less Cell.
· FFS whether to consider the reference cell and QCL source cell are different.
· Whether QCL is needed will be discussed in other issue.
· The details of the signalling is up to RAN2.
· If the reference cell is an SCell, it should be activated.
· RAN4 FFS the conditions for reference cell. (e.g. activated SCell)
Agreement:
· 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.
· Note: update the wording in RAN4 requirements for inter-band SSB-less.
An LS has been sent to RAN2 to inform RAN4 decision:
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.
2.2. SSB-less SCell operation impact on RRC and UE capability
· Issue 1: Reference cell indication
Based on the RAN4 agreements, we understand there would be the following cases:
· Case 1: The absoluteFrequencySSB is not provided while the reference cell is indicated to UE, UE obtains timing reference from the indicated reference cell.
· Case 2: The absoluteFrequencySSB is not provided and the reference cell is not provided, UE obtains the timing reference from the default cell.
Currently, the highlighted part has been specified in field description of FrequencyInfoDL to support intra-frequency SSB-less SCell. 
	FrequencyInfoDL field descriptions

	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, on handover, corresponds to the cell-defining SSB.


To support inter-frequency SSB-less SCell, the reference cell can also be introduced in FrequencyInfoDL. 
Although RAN4 give examples on what kind of information to be provided to UE, e.g., PCI, SSB frequency, etc, they also mention that the details of the signaling is up to RAN2. We understand providing the PCI would be sufficient since other information would be associated with PCI.
Proposal 1: For inter-frequency SSB-less SCell, introduce referenceCell in FrequencyInfoDL to indicate the PCI of a reference cell, from which UE obtains the timing reference.
Based on RAN4 agreement that if the reference cell is an SCell or PSCell, it should be an activated SCell or activated PSCell, we have the following proposal:
Proposal 2: The reference cell indicated by referenceCell in FrequencyInfoDL can either be an activated SpCell or an activated SCell.
If neither absoluteFrequencySSB nor referenceCell is indicated for an inter-frequency SSB-less SCell, UE obtains timing reference from the default cell, which will be defined and specified by RAN4.
Proposal 3: For an inter-frequency SSB-less SCell, if the referenceCell is not indicated, UE obtains timing reference from the default cell, which will be defined and specified by RAN4.
The following changes in 38.331 can be considered to implement the RAN4 agreements and the above agreements:
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-r18					PhysCellId										
OPTIONAL
}
 
-- TAG-FREQUENCYINFODL-STOP
-- ASN1STOP

	FrequencyInfoDL field descriptions

	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 for the. This is only supported in case when 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; the UE obtains timing reference from the cell indicated by referenceCell or a default cell, if referenceCell is not configured, as described in TS 38.133 [14] for the case when the SCell for which the UE obtains the timing reference is in a different frequency band as the cell from which UE obtains the timing reference .
For cells supporting RedCap, on handover, corresponds to the cell-defining SSB.

	referenceCell
Reference cell, from which UE obtains timing reference for the case when the SCell for which UE obtains the timing reference is in a different frequency band as the cell from which UE obtains the timing reference.



· Issue 2: UE capability reporting
A UE capability scellWithoutSSB is defined to indicate whether the UE supports configuration of SCell that does not transmit SSB in the intra-band CA case as shown below:
	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


To support SSB-less for inter-band CA, a new capability, e.g. interBandScellWithoutSSB, is needed so that gNB can differentiate whether the UE supports intra-Band SSB-less, inter-Band SSB-less, or both:
	scellWithoutSSBInterBand
Defines whether the UE supports configuration of SCell that does not transmit SS/PBCH block for inter-band CA. This is conditionally mandatory with capability signalling for inter-band CA.
	FS
	CY
	N/A
	N/A



Proposal 4: Introduce a new UE capability scellWithoutSSBInterBand for SSB-less SCell in the inter-band CA.
Proposal 5: Agree the text proposal in Appendix.
3. Conclusion and proposals
Based on the analysis in previous sections, the following observations and proposals are given: 
Proposal 1: For inter-frequency SSB-less SCell, introduce referenceCell in FrequencyInfoDL to indicate the PCI of a reference cell, from which UE obtains the timing reference.
Proposal 2: The reference cell indicated by referenceCell in FrequencyInfoDL can either be an activated SpCell or an activated SCell.
Proposal 3: For an inter-frequency SSB-less SCell, if the referenceCell is not indicated, UE obtains timing reference from the default cell, which will be defined and specified by RAN4.
Proposal 4: Introduce a new UE capability scellWithoutSSBInterBand for SSB-less SCell in the inter-band CA.
Proposal 5: Agree the text proposal in Appendix.
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5. Appendix
5.1. Text proposal for 38.331
--------------Change Start--------------
[bookmark: _Toc146781294][bookmark: _Toc60777238]–	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-r18					PhysCellId														
OPTIONAL
}

-- 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 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] or TS 38.101-5 [75]). 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 for the. This is only supported in case when 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; the UE obtains timing reference from the cell indicated by referenceCell or a default cell, if referenceCell is not configured, as described in TS 38.133 [14] for the case when the SCell for which the UE obtains the timing reference is in a different frequency band as the cell from which UE obtains the timing reference.
For cells supporting RedCap, this field corresponds to the CD-SSB.

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

	referenceCell
Reference cell, from which UE obtains timing reference for the case when the SCell for which UE obtains the timing reference is in a different frequency band as the cell from which UE obtains the timing reference.

	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

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



--------------Change End--------------
5.2. Text proposal for 38.306
	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

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







