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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In NR capability design, the UE capability could be per UE, per band, per BC, per FS, or per FSPC, below is a brief illustration of how these capabilities are included:
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In RAN4#110 meeting, a new capability related to SSB-less SCell for inter-band CA was added to the feature list [1]:
	[bookmark: _Hlk162692420]Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/ Optional

	42.Netw_Energy_NR
	42-1
	SCell without SS/PBCH block for inter-band CA
	Support of SCell without SS/PBCH block for inter-band CA
	
	Yes
	NA
	UE cannot support SCell without SS/PBCH block for inter-band CA 
	per FS
	NA
	FR1 only
	NA
	For each band within the BC, UE indicates if it supports the SSB-less operation when this band is the reference band and other band(s) in the BC as the SSB-less band(s).
If UE indicate “support” for this band, it means all other bands within the BC can be configured as SSB-less bands. 
	Optional with capability signaling


The new capability is a per FS capability, and was chosen by RAN4 from the following options [2]:
	· Option 1: Per band pair per BC: UE indicates support or not for each band pair within the BC. (HW, vivo, Intel, CMCC)
· Example: for A+B+C, UE report the capabilities for A+B, A+C, B+C separately.
· Option 2: Per BC: UE report one capability for one BC. (Nokia, E///, ZTE, QC, HW, Apple, Intel, OPPO, CMCC, CATT)
· Example: for A+B+C, UE report one capability, indicate the support of SSB-less operation for A+B, B+A, A+C, C+A, B+C, C+B. [UE can support separate capability for BC A+B.]
· Option 2a: UE report one capability for one BC + one separate capability on different duplex modes.
· Option 3: Per FS (per band per BC): For each band within the BC. UE indicates whether this band can be the reference band (or SSB-less band) when any other bands in the BC as the SSB-less band (or reference band). (vivo, Apple, ZTE, QC, OPPO)


The issue for Option 2 is that, since it is a per BC capability, the UE cannot indicate the support of SSB-less operation under some of the fallback BC while not supporting SSB-less operation under other fallback BC. For instance, the UE cannot indicate that when operating in band combination A+B+C, SSB-less operation can be supported for A+B but not A+C (as an alternative, the capability can be indicated for band combination A+B or A+C separately, but in this case it cannot indicate that UE is operating in band combination A+B+C).
Another issue for both Option 1 and Option 2 is that, the following case cannot be differentiated: UE supports SSB-less operation between A + B and B + C, whether UE can support A and C as SSB-less band simultaneously when B is the reference band. As illustrated in the figure below, UE can indicate the feature set including SSB-less capability for band B if it supports A and C as SSB-less band simultaneously. While for other UEs not indicating this for band B, it means the UE cannot support A and C as SSB-less band simultaneously. 
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Option 3 was adopted, and RAN4 further agreed on the two principles [2]:
	Agreements:

If UE indicates support of SSB-less operation between Band A and Band B, it is RAN4 understanding that there is no direction between A and B, which means that UE shall indicate either band as the reference band and the other band as the SSB-less band. How UE to indicate it is up to RAN2 to design. 

If UE indicates support of SSB-less operation between Band A and Band B, and UE can support CA combination containing A and B, then it is natural that UE can support SSB-less operation between A and B under such CA combination.


The UE capability has been added to TS 38306 as follows:
	scellWithoutSSB-InterBandCA-r18
Indicates whether the UE supports SCell without SS/PBCH block for inter-band CA.
For each band within the BC, UE indicates if it supports the SSB-less operation when this band is the reference band and other band(s) in the BC as the SSB-less band(s).
	FS
	No
	N/A
	FR1 only


In our understanding, the current wording has not fully illustrated RAN4 understanding, and we will discuss the TP in this contribution.
2. Discussion
[bookmark: _Ref131674149]We found the following issues with the current wording:
· Issue 1: RAN4’s first understanding should be added to the field description, i.e. no direction between A and B if UE supports SSB-less operation for A+B, which means the reference cell can be configured in either band A or band B.
· Issue 2: RAN4’s second understanding helps to save signalling overhead to a large extent, but is not embodied in the current field description, i.e. the support of SSB-less operation for A+B can also be used in the parent band combinations of A+B.
For instance, if the FS containing this capability is reported for band B in the band combination of A+B+C, it means the UE supports SSB-less operation with reference cell in band B, it also means the UE support SSB-less for any band pairs containing band B (for band pairs, there is no need to differentiate which is the reference band because RAN4 agreed that there is no direction). Besides, UE shall also support multiple bands (e.g. all bands within the band combination except for band B) working as SSB-less bands when band B is the reference band. Based on above, all possible cases (between two bands or among multiple bands) for SSB-less operation under the band combination are identified. Without repeating the indication under all parent band combinations containing these cases, UE shall also support the SSB-less operation under these parent band combination(s).
For instance, UE indicates supporting SSB-less operation in band B under band combination A + B + C, it means UE shall support the SSB-less operation for A + B and B + C (either band as the reference and the other one as SSB-less), and B as the reference and A and C as SSB-less simultaneously. At the same time, UE shall also support any parent band combinations containing A + B, or B + C, or A + B + C (when B is reference band). One example is shown as follows:
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The TP is given as follows:
	scellWithoutSSB-InterBandCA-r18
Indicates whether the UE supports SCell without SS/PBCH block for inter-band CA.
For each band within the BC, UE indicates if it supports the SSB-less operation when this band is the reference band and other band(s) in the BC as the SSB-less band(s). For the supported band combination(s) (between two bands or among multiple bands) for SSB-less operation as indicated under this BC, UE shall also support the SSB-less operation under any parent band combination(s) of these supported band combination(s).
If SSB-less operation is supported between two bands, it is understood that there is no direction between the two bands, which means that the network can configure either band as the reference band and the other band as SSB-less band.
	FS
	No
	N/A
	FR1 only


Proposal 1: Add the following in the field description of scellWithoutSSB-InterBandCA-r18:
“For the supported band combination(s) (between two bands or among multiple bands) for SSB-less operation as indicated under this BC, UE shall also support the SSB-less operation under any parent band combination(s) of these supported band combination(s).
If SSB-less operation is supported between two bands, it is understood that there is no direction between the two bands, which means that the network can configure either band as the reference band and the other band as SSB-less band.”
3. [bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
[bookmark: _Toc423020280]In this contribution, we discussed UE capability for SSB-less SCell, and have the following proposal:
Proposal 1: Add the following in the field description of scellWithoutSSB-InterBandCA-r18:
“For the supported band combination(s) (between two bands or among multiple bands) for SSB-less operation as indicated under this BC, UE shall also support the SSB-less operation under any parent band combination(s) of these supported band combination(s).
If SSB-less operation is supported between two bands, it is understood that there is no direction between the two bands, which means that the network can configure either band as the reference band and the other band as SSB-less band.”
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If the FS containing scellWithoutSSB-InterBandGA-18 is reported for band B in band combination A+B-+C, it means the following are supported:
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