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Introduction
The new WI on network energy savings for NR has been approved in [1]. Technical Report output in SI phase is captured in TR 38.864. SSB-less SCell operation is one objective of the WID: 
	The objectives of the work item are the following:

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]




This contribution provides further analysis on SSB-less SCell operation for network energy saving.
Discussion
In RAN4#108bis meeting, it is agreed one set of side condition including RTD and power difference is to be specified for SSB-less SCell activation [2]. 
	Issue 1-2-1: RTD conditions for scenario 1 – whether to consider RTD ≤ 260 ns
Agreement:
· One set of condition (i.e. RTD ≤ CP agreed in RAN4#108) and one requirement
· TRS/A-TRS is needed for Scell activation

Issue 1-2-2: RTD conditions for scenario 1 – clarifications on CP length
Agreement:
The CP corresponds to the SCS of SSB-less SCell

Issue 1-2-3: Power difference conditions for scenario 1

Online agreement Tuesday
	Session Chair:
Both Set 1 and 2 conditions are possible from network deployment perspective, and may have different conditions for different band combinations.
· Set 1: The maximum received Power difference can be up to 6dB
· Set 2: The maximum received Power difference can be up to [X] dB, and X is larger than 6.

Agreement:
For set 2 condition, TRS/A-TRS is needed for Scell activation 
· Make conclusion in this meeting
For set 1 condition:
· Further discuss whether TRS/A-TRS is needed and conclude in this meeting.
· Option 1: if it is not concluded as feasible to work without TRS/A-TRS for AGC SCell activation in this meeting, the same RAN4 minimal requirements will be applied for set 1 and set 2 conditions.
Other options are not precluded.




Online discussion on October 12 (Thursday)
Agreement:
Issue 1-2-3: Power difference conditions for scenario 1
· One set of condition (Set 2) and one requirement
· Set 2: The maximum received Power difference can be up to [X] dB, and X is larger than 6.
· TRS/A-TRS is needed for Scell activation



The maximum received power difference between SSB-less SCell and reference cell can be up to [X] dB, and X is larger than 6. As we know AGC adjustment depends on the totally received power. In scenario 1 where SCell has TRS transmission, TRS can be used for AGC. Furthermore, recalling R-17 temporary RS based SCell activation requirement, one aperiodic CSI-RS burst is sufficient for AGC adjustment. Then for inter-band SSB-less operation, the X value is to guarantee UE can perform AGC within one TRS/ATRS duration when received power difference is within certain power level. According to UE implementation, we suppose X is to be 12.
Proposal 1: When Received power difference between SSB-less SCell and reference cell is less than 12dB, one TRS /ATRS is needed for AGC.
· QCL/TCI indication
In existing requirements for intra-band contiguous SSB-less scenario, the QCL relation is defined as below,
	[bookmark: _Hlk145598140]	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 R18 inter-band SSB-less scenario, the similar principle is supposed to be followed. In SSB-less SCell scenario1, periodic TRS is available on the SSB-less SCell. If ATRS is configured, according to TS 38.214 ATRS shall QCL-Type A with the periodic TRS on its own cell. 
	[image: C:\Users\h00388629\AppData\Roaming\eSpace_Desktop\UserData\h00388629\imagefiles\9864DDFB-93E4-4F0C-9413-2AE8E6040C7D.png]


For other RSs, e.g., CSI-RS for CQI, CSI-RS for PDCCH/PDSCH, the RSs of the SSB-less SCell are supposed to be QCL-TypeA with the TRS on its own cell as well.
Observation 1: As per existing RAN1 specification, ATRS, CSI-RS for CQI or CSI-RS for PDCCH/PDSCH shall be QCL-TypeA with the periodic TRS.
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 QCLed with SSB of the reference cell which has SSB. According to TS 38.214, only QCL-type C is allowed where periodic TRS is associated with SSB on a different cell.
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Observation 2: As per existing RAN1 specification, a complete TCI chain shall be associated with of an SSB.
Observation 3: As per existing RAN1 specification, for periodic TRS, UE shall expect QCL-type C with SSB.
In summary, as per existing RAN1 specification, it is an invalid configuration that a TCI chain is not associated with SSB. In other words, it is NOT valid without QCL configuration between the RSs from inter-band carriers. Therefore the valid QCL relation configuration for SSB-less Scell shall be:
The RS of SCell being activated is QCL-TypeA with TRS of the SSB-less SCell, and the TRS of the SSB-less SCell is further QCL-TypeC with SSB of reference cell on different band.
Proposal 2: The QCL relation is supposed to be:
[bookmark: _Hlk149573226]The RS of SCell being activated is QCL-TypeA with TRS of the SSB-less SCell, and the TRS of the SSB-less SCell is further QCL-TypeC with SSB of reference cell on different band.
· By default reference cell
The “reference cell” and “SSB-less SCell” are agreed in [3]. 
	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.



[bookmark: _Hlk149656601]The remaining issue in RAN4 is how to define “by default reference cell” if reference cell is not indicated by network. 
If there is only one active cell in the TAG, it is straight forward that the active cell is regarded as the “by default cell”. If there are more than one active cell in the same TAG,
· If the TAG is pTAG, it is intuitive to take SpCell as the reference cell.
· If the TAG is sTAG, it would cause problem if UE use any of the activated SCells as the reference cell. When UE randomly select one active serving cell as reference cell, network doesn’t know which cell is chosen from UE. Then network has no idea of how to configure TCI to link the SSB-less cell and the UE selected reference cell. Therefore dedicated indication of reference cell is expected to be provided.

Proposal 3: 
· If there is only one active cell in the same TAG, if no indication of reference is indicated, the active cell is regarded as “by default reference cell”. 
· If there are more than one active cell in the same pTAG, if no indication of reference is indicated, SpCell is regarded as “by default reference cell”.
· If there are more than one active cell in the same sTAG, it would cause problem if UE use any of the activated SCells as the reference cell. Dedicated indication of reference cell is expected to be provided in this case.

SCell activation delay requirements
· TRS and ATRS
In SSB-less SCell scenario 1, TRS is always available. So TRS based SCell activation requirement is to be specified.
Recalling R17 fast SCell activation, it is verified that ATRS can be utilized for AGC and fine time tracking during SCell activation procedure. For inter-band SSB-less SCell, if ATRS is configured and UE capable of supporting ATRS based SCell activation, the SCell activation delay can be further reduced.
Proposal 4: RAN4 to specify requirements for TRS based SSB-less SCell activation and ATRS based SSB-less SCell activation.
· SCell activation requirement
Under side condition of less than CP RTD and within [12] dB power difference, the coarse timing can be acquired by leveraging the timing of reference cell, one TRS/ATRS is required for AGC adjustment and another one TRS/ATRS is required for fine time tracking. It shall be noted that a gap is needed between two ATRS (as R17 fast SCell activation). Therefore Tactivation_time is Tfirst_TRS + TTRS +3 ms or Tfirst_ATRS+Tgap + TATRS +3 ms if ATRS is configured and UE supports ATRS based SSB-less SCell activation.
Proposal 5: Under side condition of less than CP RTD and within [12] dB power difference, Tactivation_time is Tfirst_TRS + TTRS +3 ms, or 
Tfirst_ATRS+Tgap + TATRS +3 ms if ATRS is configured and UE supports ATRS based SSB-less SCell activation, where Tgap is defined as R17 fast SCell activation.
UE capability
For legacy intra-band SSB-less SCell, UE capability of scellWithoutSSB is defined as below.
	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 SSB-less operation, a new capability of supporting inter-band SSB-less is supposed to be introduced. The capability can be per band combination. UE reports its supported band combination where SSB-less operation is supported. In the following, one example is provided to facilitate the understanding, detailed IE is left to RAN2.
	Definitions for parameters

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



Proposal 6: Define per band combination UE capability: Defines whether the UE supports configuration of SCell that does not transmit SS/PBCH block 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 7: 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 
	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 SSB-less SCell operation for network energy saving. According to the analysis, we propose the following proposals:
Proposal 1: When Received power difference between SSB-less SCell and reference cell is less than 12dB, one TRS /ATRS is needed for AGC.
Observation 1: As per existing RAN1 specification, ATRS, CSI-RS for CQI or CSI-RS for PDCCH/PDSCH shall be QCL-TypeA with the periodic TRS.
Observation 2: As per existing RAN1 specification, a complete TCI chain shall be associated with of an SSB.
Observation 3: As per existing RAN1 specification, for periodic TRS, UE shall expect QCL-type C with SSB.
Proposal 2: The QCL relation is supposed to be:
The RS of SCell being activated is QCL-TypeA with TRS of the SSB-less SCell, and the TRS of the SSB-less SCell is further QCL-TypeC with SSB of reference cell on different band.
Proposal 3: 
· If there is only one active cell in the same TAG, if no indication of reference is indicated, the active cell is regarded as “by default reference cell”. 
· If there are more than one active cell in the same pTAG, if no indication of reference is indicated, SpCell is regarded as “by default reference cell”.
· If there are more than one active cell in the same sTAG, it would cause problem if UE use any of the activated SCells as the reference cell. Dedicated indication of reference cell is expected to be provided in this case.
Proposal 4: RAN4 to specify requirements for TRS based SSB-less SCell activation and ATRS based SSB-less SCell activation.
Proposal 5: Under side condition of less than CP RTD and within [12]dB power difference, Tactivation_time is 
Tfirst_TRS + TTRS +3 ms, or 
Tfirst_ATRS+Tgap + TATRS +3 ms if ATRS is configured and UE supports ATRS based SSB-less SCell activation, where Tgap is defined as R17 fast SCell activation.
Proposal 6: Define per FS (per band per band combination) UE capability: Defines whether the UE supports configuration of SCell that does not transmit SS/PBCH block in the band combination. This is for inter-band collocated CA.
Proposal 7: Define a per band UE capability: whether ATRS based inter-band SSB-less SCell activation is supported.
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For an aperiodic CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the
UE shall expect that a TCI-State indicates gcl-Type set to 'typeA' with a periodic CSI-RS resource in a NZP-CSI-RS-
ResourceSet configured with higher layer parameter #:s-Info and, when applicable, gc/-Type set to 'typeD' with the same
periodic CSI-RS resource.




image2.png
For a periodic CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter rs-Info, the UE
shall expect that a TCI-State indicates one of the following quasi co-location type(s): «

'typeC' with an SS/PBCH block and, when applicable, 'typeD’ with the same SS/PBCH block where SS/PBCH
block may have a PCI different from the PCI of the serving cell. The UE can assume center frequency, SCS,

SFN offset are the same for SS/PBCH block from the serving cell and SS/PBCH block having a PCI different
from the serving cell, or «

'typeC' with an SS/PBCH block and, when applicable,'typeD' with a CSI-RS resource in an NZP-CSI-RS-
ResourceSet configured with higher layer parameter repetition, where SS/PBCH block may have a PCI different
from the PCI of the serving cell. The UE can assume center frequency, SCS, SFN offset are the same for
SS/PBCH block from the serving cell and SS/PBCH block having a PCI different from the serving cell. »




