[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting # 110								                               R4-2401353
[bookmark: OLE_LINK3]Athens, GR, 26 Feb – 01 Mar, 2024

Title: 					Discussion on SSB-less SCell operation
Source: 	Huawei, HiSilicon
Agenda item:	8.26.2.2
Document for:	Discussion
Introduction
The core requirements on network energy savings have been completed at RAN4#109 meeting. This contribution provides analysis on some remaining issues of SSB-less SCell operation for network energy saving.
Discussion
Maintenance in core part
In RAN4#109 meeting, the core requirements on SSB-less SCell activation were approved in R4-2321616 [1]. The side conditions are duplicated as below,
	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 for UE supporting [scellWithoutSSB-interband],
-	The RTD between the target SCell and the colocated reference serving cell is within CP where CP is corresponding to the SCS of SSB-less SCell, and 
-	The [EPRE] difference at UE side 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.
Editor notes: FFS whether and how to capture if there are more than one QCL source cell.
Editor notes: FFS whether and how to capture the wording “after the compensation for AGC”.



Considering different BW and carrier frequency from SSB-less SCell and the reference cell, the received power may be large at UE side, especially if the frequency domain separation is large. So some kind of AGC compensation at UE side is supposed to be executed. 
As per the current requirements, EPRE at UE side focus on the power per resource element, therefore the BW difference has almost no impact when using ERPE as unit. According to various pathloss models specified in TS 38.901, most pathloss due to frequency is model by 20log10(x). Then the pathloss difference from two inter-band bands can be simulated and compensated by UE. We also know, how to compensate the received power for AGC highly depends on UE implementation. Therefore the current description of AGC compensation is a pretty good trade-off.
Proposal 1: Keep the current description of “after the compensation for AGC” as it is.
Another open issue is regarding multiple QCL-C source cells when reference cell indication is not provided [2].
	Issue 1-3-1: By default reference cell when the reference cell indication is not provided. 
	Online session (Tuesday Nov 14, 2023)
Agreement: 
· [bookmark: _Hlk157522632]For the case of one active QCLtypeC source cell, QCLtypeC source cell shall be the reference cell if the Rel-18 network indication is not provided.
Under the following contion:
· 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, and the inter-band active serving cell shall be same as the reference cell.
· For the case of more than one QCLtypeC source cells
a) Option 1: UE is not expected to handle the scenario that: 1) If there are more than one QCL source cells and 2) the Rel-18 network indication is not provided. 
b) Option 2: up to UE to decide
c) Option 3: No requirement is applied for the case of more than one QCLtypeC source cells and without Rel-18 network indication in Rel-18. 
d) Other option is not precluded. 






From TCI chain perspective a complete TCI chain shall consist of an SSB. For SSB-less cell, as there is no SSB on its own cell, the TRS on it shall be further QCL-C with SSB of the reference cell which has SSB. The concerning scenario of issue 1-3-1 is that reference cell is not indicated by network and more than one TRS on SSB-less cell are QCL-C with SSBs on different cell respectively, e.g.,
TRS1 on SSB-less cell QCL-C ==>SSB1 on Cell1，
TRS2 on SSB-less cell QCL-C ==>SSB2 on Cell2.
Although from RAN2 signaling perspective, the above configuration is allowed, there is almost no use case of such kind of configuration in practical. In our understanding, the typical configuration is that multiple TRSs on SSB-less cell are QCL-C to the same reference cell. Even if the configuration is valid, the same timing of cell1 and cell2 is supposed to be ensured. UE can decide which cell is chosen as reference cell, and then there is no difference of whether cell 1 or cell 2 is regarded as reference cell. Therefore we suggest that no requirement is specified for the case of more than one QCLtypeC source cells (i.e., Option 3).
Proposal 2: No requirement is applied for the case of more than one QCLtypeC source cells and without Rel-18 network indication in Rel-18.
Another remaining open issue in core part is the intra-frequency and inter-frequency measurement definition in SSB-less scenario.
	Issue 1-3-5: Neighbor cells on carrier of SSB-less SCell.
Can be FFS in maintenance if needed.
· Option 1: If neighbor cells on carrier of SSB-less SCell have SSB transmission, the measurement for those neighbor cells shall be treated as intra-frequency measurement as long as the SSBs from those neighbor cells can be contained in the active BWP of SSB-less SCell. (Apple)



As per the existing definition, as no SSB exists on SSB-less serving cell, the neighbor cell on carrier of SSB less SCell is supposed to be regarded as inter-frequency measurement. 
	A measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same.



In our understanding, intra-frequency/inter-frequency definition has no correspondence with “with/without gap”. The inter-frequency cell can be measured without gap as long as the target SSB is within active BWP of SSB-less SCell. So it seems no need to modify the existing intra-frequency definition. Moreover the issue exists from R15 intra-band SSB-less SCell scenario. It is not a specific issue raising in R18 inter-band SSB-less operation. If companies would like to do some further clarification, we propose to discuss this in “up to R16 maintenance”.
Proposal 3: No need to further discuss on neighbor cells on carrier of SSB-less SCell in R18 inter-band SSB less.
UE capability
For legacy intra-band SSB-less SCell, UE capability of scellWithoutSSB is defined as below, and it is not applicable to inter-band CA. This capability is per Feature Set (FS), where "FS" indicates per band per band combination.
	Definitions for parameters

	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.



For R18 inter-band SSB-less operation, a new capability of supporting inter-band SSB-less operation is to be introduced. If the capability is defined as per FS or per BC, it indicates that SSB-less operation is supported across each band in supported band combination. However in certain scenario, SSB-less operation may be supported on partial BC. For example, 
Supported CA band combination is band A+B+C: 
· Band A and band B is inter-band collocated, and SSB-less operation is supported on band A+B;
· band C is far apart in frequency domain, and SSB-less operation is NOT supported on band A+C /B+C.
To support the above scenario, we propose the inter-band SSB-less operation capability is per band pair per band combination. One example is provided to facilitate the understanding, detailed description is left to RAN2.
	Definitions for parameters

	scellWithoutSSB-interband
Defines whether the UE supports configuration of SCell that does not transmit SS/PBCH block for each band pair in the band combination. This is for inter-band collocated CA.



Proposal 4: Define per band pair per band combination capability: Defines whether the UE supports configuration of SCell that does not transmit SS/PBCH block for each band pair in the band combination. This is for inter-band collocated CA.
Based on so far agreements, SSB-less capable UE shall support TRS based SCell activation, as the AGC adjustment and fine time tracking are to be performed based on TRS. UE may or may not support ATRS based SCell activation. So it is suggested to introduce an additional per band capability whether ATRS based SSB-less SCell activation is supported (as R17 fast SCell activation).
Proposal 5: Define a per band UE capability: whether ATRS based inter-band SSB-less SCell activation is supported.
The feature list is provided as below,
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	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 
	UE indicates supporting this feature per Band pair per BC
	NA
	FR1 only
	NA
	UE support this feature shall be able to use SS/PBCH block from other Cells from another band within the band combination for time/frequency synchronization of SCell without SS/PBCH block. UE shall meet the SCell activation requirements based on periodic CSI-RS for tracking defined in 38.133 8.3.2

	Optional with capability signaling

	42.Netw_Energy_NR
	42-2
	Aperiodic CSI-RS for tracking for fast SCell activation for SCell without SS/PBCH block for inter-band CA
	Support of aperiodic CSI-RS for tracking for fast SCell activation for SCell without SS/PBCH block for inter-band CA
	42-1
	Yes
	NA
	UE cannot support fast SCell activation based on aperiodic CSI-RS for tracking for SCell without SS/PBCH block for inter-band CA
	Per band
	NA
	FR1 only
	NA
	UE support this feature shall support fast SCell activation based on aperiodic CSI-RS for tracking for SCell without SS/PBCH block for inter-band CA. UE shall meet the SCell activation requirements based on Aperiodic CSI-RS for tracking defined in 38.133 8.3.2
	Optional with capability signaling




Conclusions
This contribution provides analysis on remaining issues and UE feature list on SSB-less SCell operation for network energy saving. According to the analysis, we propose the following proposals:
Proposal 1: Keep the current description of “after the compensation for AGC” as it is.
Proposal 2: No requirement is applied for the case of more than one QCLtypeC source cells and without Rel-18 network indication in Rel-18.
Proposal 3: No need to further discuss on neighbor cells on carrier of SSB-less SCell in R18 inter-band SSB less.
Proposal 4: Define per band pair per band combination capability: Defines whether the UE supports configuration of SCell that does not transmit SS/PBCH block for each band pair in the band combination. This is for inter-band collocated CA.
Proposal 5: Define a per band UE capability: whether ATRS based inter-band SSB-less SCell activation is supported.
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