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1. Introduction
In R15, the intra-band SSB-less was supported:

In RAN2, the following changes are captured in TS38.331 and TS 38.306.

	–
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,

    ...

}

-- 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]). 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.

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

	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.


In R18, the inter-band SSB-less is supported:

	–
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                   ServCellIndex                                                   OPTIONAL    -- Cond SSBlessSCell

    ]]
}

-- 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 intra-band SpCell or intra-band SCell if applicable as described in TS 38.213 [13], clause 4.1, or from the SpCell or an SCell indicated by referenceCell, or from the "default cell" defined in TS [xx]. This is supported in case the SCell for which the UE obtains the timing reference is in the same or different frequency band as the cell (i.e. the SpCell or the SCell, respectively) from which the UE obtains the timing reference.

For cells supporting (e)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

Indicates the reference cell, i.e. the cell which provides the timing reference and AGC source for the inter-band SSB-less SCell. If the reference cell is an SCell or PSCell, it should be an activated SCell or activated PSCell.

If this field is absent a "default cell" is the reference cell as defined in TS 38.133 [14].

	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).


Observation: 

· For R15 SSB-less SCell, the absoluteFrequencySSB in FrequencyInfoDL is optional and the UE obtains timing reference from the intra-band SpCell or intra-band SCell.

· For R18 SSB-less SCell, the absoluteFrequencySSB in FrequencyInfoDL is optional and the UE obtains timing reference from reference cell if referenceCell is configured, otherwise from default cell as defined in RAN4.
2. Discussion
In R15 SSB-less SCell (i.e., SCell without SSB), there is no configuration of absoluteFrequencySSB and also refence cell for intra-band SSB-less SCell, and UE obtains timing reference from the intra-band SpCell or an intra-band SCell if applicable as described in TS 38.213 [13], clause 4.1.
In R18, it is for inter-band case, there is no configuration of absoluteFrequencySSB and if the refence cell is not configured, RAN4 agreed to define “by default cell” as reference cell if not provided as yellow highlight text in RAN4 38.133 CR [R4-2321616].
	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.


However, if one SSB-less cell is configured without reference cell configuration, how does UE know it is R15 intra-band case or R18 inter-band case? It will make UE confused and the UE behaviour is not also clear.
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In online/offline discussion, we summarised following understandings:
Understanding 1.1: The UE will try to search for intra-band activated serving cell as reference cell as R15 first, if no intra-band serving cell found, then UE will try to search for inter-band default cell as reference cell.

Understanding 1.2: The UE will try to search for inter-band default cell as reference cell first, if no default cell found, then UE will try to search for intra-band activated serving cell as reference cell as R15.
Understanding 2: The UE will try to search for intra-band activated serving cell as reference cell as R15.
Understanding 3: The UE will try to search for inter-band default cell as reference cell

Understanding 4: It is up to UE implementation if there is no performance difference between option 1.1 and option 1.2.

Understanding 5: One indication is configured in FrequencyInfoDL to indicate the UE will follow R15 behavior or R18 default cell behavior (e.g., one explicit indication or wrap referenceCell field in a setupRelease structure, as suggested in E305).
Understanding 6: It is up to network to ensure, there is no such configuration confusion for UE.
In understanding 2, the R18 default cell case will be never performed even if the UE support R18 inter-band SSB-less SCell. In understanding 3, the R15 intra-band SSB-less will be never performed if the UE support R18 inter-band SSB-less SCell. In understanding 4, it is not clear the performance difference between intra-band case and inter-band case. For understanding 6, there will be a limitation on CA configuration for UE. For understanding 5, the ASN.1 will be impact. 
In our understanding, intra-band SSB-less case is supported in R15 and inter-band SSB-less case is supported in R18. It makes sense to prioritize the intra-band case over inter-band case.
During offline discussion, some companies concern about what are captured in RAN1/4 spec. In 38.331, it refers 38.213, i.e., “If the field is absent, the UE obtains timing reference from the intra-band SpCell or intra-band SCell if applicable as described in TS 38.213 [13]”. In 38.213, the text will refer 38.133.
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We copy the text from [R4-2406302]. The yellow highlight part is for R15 and the green highlight part is for R18.
	
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. 
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.


For intra-band case, the UE will find an intra-band serving cell meeting the condition specified in yellow highlight (red wording). For inter-band default cell case, the reference cell is not configured and the UE will try to find an inter-band serving cell meeting the condition in green highlight (red wording). The condition for intra-band case is different from inter-band case, it is not clear for UE which condition (i.e., intra-band condition or inter-band condition) will be applied first.
	Issue 1-1-2: QCL/TCI indication and reference Cell determination
· Agreement: 
· No requirement is applied for the case of more than one QCLtypeC source cells and without Rel-18 network indication.



	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.


For RAN4 agreement above, it mentions there will be only one reference cell. However, this agreement and the corresponding text is only used for inter-band case, not intra-band case, also not both. In R15, UE can find any serving cell as reference cell meeting the intra-band conditions, i.e., “more than one”. In R18, it does not make sense that there is only one reference cell for intra-band case or one intra-band reference cell and one inter-band reference cell because more than one reference cell is already supported in R15. Of course, we can send LS to RAN4 to confirm this understanding if there is no consensus on this point in RAN2.
Some companies may say that the UE may also find an intra-band serving cell in R18 default cell case. If so, we need check it with RAN4. 
In my understanding, the intra-band reference cell has better performance than inter-band reference cell. Of course, we can also check it with RAN4.
Proposal 1: RAN2 is kindly asked to confirm which understanding is correct due to the configuration confusion issue.
Proposal 2: If RAN2 cannot reach a consensus on the configuration confusion issue, it is proposed to send LS to RAN4 to confirm following issues:

· Q1: Whether the UE may find an intra-band serving cell in R18 default cell case?
· Q2: Whether there is performance difference between option 1.1 and option 1.2?
3. Conclusions

Based on the above discussion, we propose following proposals:
Observation: 

· For R15 SSB-less SCell, the absoluteFrequencySSB in FrequencyInfoDL is optional and the UE obtains timing reference from the intra-band SpCell or intra-band SCell.

· For R18 SSB-less SCell, the absoluteFrequencySSB in FrequencyInfoDL is optional and the UE obtains timing reference from reference cell if referenceCell is configured, otherwise from default cell as defined in RAN4.
Proposal 1: RAN2 is kindly asked to confirm which understanding is correct due to the configuration confusion issue.
Proposal 2: If RAN2 cannot reach a consensus on the configuration confusion issue, it is proposed to send LS to RAN4 to confirm following issues:

· Q1: Whether the UE may find an intra-band serving cell in R18 default cell case?
· Q2: Whether there is performance difference between option 1.1 and option 1.2?
4. Understanding 1.1 text proposals

6.3.2
Radio resource control information elements

===omit some text===
–
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                   ServCellIndex                                                   OPTIONAL    -- Cond SSBlessSCell

    ]]

}

-- 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 intra-band SpCell or intra-band SCell if applicable as described in TS 38.213 [13], clause 4.1, or from the SpCell or an SCell indicated by referenceCell, or from the "default cell" defined in TS [xx]. This is supported in case the SCell for which the UE obtains the timing reference is in the same or different frequency band as the cell (i.e. the SpCell or the SCell, respectively) from which the UE obtains the timing reference.

For cells supporting (e)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

Indicates the reference cell, i.e. the cell which provides the timing reference and AGC source for the inter-band SSB-less SCell. If the reference cell is an SCell or PSCell, it should be an activated SCell or activated PSCell.

If this field is absent, the UE obtains timing reference from the intra-band SpCell or an SCell if applicable as described in TS 38.213 [13], if no such cell found, a "default cell" is the reference cell as defined in TS 38.133 [14].

	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.

	SSBlessSCell
	The field is optionally present, Need S, if the inter-band SSB-less SCell is configured for this cell and absoluteFrequencySSB is absent. It is absent otherwise.


5. Understanding 5 text proposals
6.3.2
Radio resource control information elements

===omit some text===

–
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                   ServCellIndex                                                   OPTIONAL    -- Cond SSBlessSCell
option 1:
     intraIndication                      ENUMERATED {true}                                                OPTIONAL,
     option 2: other solutions 
]]
}
-- 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 intra-band SpCell or intra-band SCell if applicable as described in TS 38.213 [13], clause 4.1, or from the SpCell or an SCell indicated by referenceCell, or from the "default cell" defined in TS [xx]. This is supported in case the SCell for which the UE obtains the timing reference is in the same or different frequency band as the cell (i.e. the SpCell or the SCell, respectively) from which the UE obtains the timing reference.

For cells supporting (e)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.

	intraIndication

if referenceCell is absent, indicates the UE obtains timing reference from the intra-band SpCell or intra-band SCell if applicable as described in TS 38.213 [13] or from a "default cell" as defined in TS 38.133 [14].

	referenceCell

Indicates the reference cell, i.e. the cell which provides the timing reference and AGC source for the inter-band SSB-less SCell. If the reference cell is an SCell or PSCell, it should be an activated SCell or activated PSCell.

If this field is absent a "default cell" is the reference cell as defined in TS 38.133 [14].

	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.

	SSBlessSCell
	The field is optionally present, Need S, if the inter-band SSB-less SCell is configured for this cell and absoluteFrequencySSB is absent. It is absent otherwise.
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1
Overall description

For R15 intra-band SSB-less SCell, the absoluteFrequencySSB in FrequencyInfoDL is optional and the UE obtains timing reference from the intra-band SpCell or intra-band SCell.

For R18 inter-band SSB-less SCell, the absoluteFrequencySSB in FrequencyInfoDL is optional and the UE obtains timing reference from reference cell if referenceCell is configured, otherwise from default cell as defined in RAN4.
However, if one SSB-less cell is configured without reference cell configuration for UE support both R15 intra-band SSB-less SCell and inter-band SSB-less SCell, how does UE know it is R15 intra-band case or R18 inter-band default Cell case? It will make UE confused and the UE behavior is not also clear.
Q1: Whether the UE may find an intra-band serving cell in R18 default cell case?
Q2: RAN2 respectfully asks RAN4 whether there is performance difference if the UE try to search for intra-band activated serving cell as reference cell as R15 first, if no intra-band serving cell found, then UE will try to search for inter-band default cell as reference cell or vice versa.
2
Actions

To RAN2

ACTION: 
RAN2 respectfully asks RAN4 to consider the above question.
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