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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]

2. 


This contribution provides further analysis on SSB-less SCell operation for network energy saving.
Discussion
In RAN4#107 meeting, scenario 2 is deprioritized. 
	Issue 1-1-1/2/3: Scenario 1 / 2 / 2a
· Agreements
· Continue RAN4 work on the following SSB-less SCell scenarios
· Scenario 1: SCell without SSB transmission and with TRS transmission
· Scenario 2a: SCell without SSB transmission and without any other DL transmissions, but with UL reception at the NW side
· Note: No RAN1 impacts are expected, and no RAN4 requirements will be defined if the scenario is not supported from RAN1 specification perspective.
· Deprioritize RAN4 work on the following SSB-less SCell scenario
· Scenario 2: SCell without SSB transmission and without TRS transmission
· Send LS to RAN1/2 to check on support of Scenario 2a from RAN1/2 specifications perspective


Regarding scenario 2a, after a few meetings discussion, the conclusion made in RANP #101 is that scenario 2a is not considered in R18 NES.
	RP-232175	Discussion on Rel-18 network energy saving	ZTE, Sanechips
Replaces 
	Proposal 1: RAN tasks RAN4/RAN2 to support Scenario 2a and specify the corresponding requirements.
	
	RAN4 chair (Huawei): was discussed in RAN4 for a few meeting, CR was not agreed so no consensus
	RAN2 chair (Mediatek): RAN2 received one LS from RAN4 but not concluded yet, so work is still open
	Ericsson: agrees with rapporteur that scenario 2a is not in the scope of the WI so it should not be in REL-18
	ZTE: scenario 2a is in the WI
	Intel: impacts on RAN1/RAN2 were feared for scenario 2a; we have no RAN1 objective in WID
	Nokia: scenario 2a is not fitting for energy saving feature
	T-Mobile: we could live with all the scenarios as we see no benefit in this
	RAN2 chair (Mediatek): received LS, discussed it, is currently not supported in the spec, we are waiting for RAN4 
	decision
	RAN1 chair (Samsung): does not remember that RAN1 received an LS on this
	RAN chair: strong need to do scenario 2a: 2 companies (ZTE, Intel), no need for scenario 2a: 7 companies
	RAN chair: could we conclude that scenario 2a is not considered in REL-18?
	ZTE: can we say "scenario 2a is not specified in REL-18"?
	
	conclusion: scenario 2a is not specified in REL-18



Therefore RAN4 would focus on scenario 1. The following analysis focus on scenario 1(No SSB but with TRS transmission).
Conditions for SSB-less inter-band CA SCell operation
· RTD
At RAN4#108 meeting, RTD for scenario 1 has achieved below consensus.
	Issue 1-2-1: RTD conditions for scenario 1
· Agreements
· Define requirements for RTD ≤ CP
· note: the CP corresponding to the [largest SCS across CCs or SCell SCS]
· FFS if additional requirements shall be considered for RTD ≤ 260ns
· Performance requirements (RRM and/or demodulation) need to be introduced for the scenario with RTD ≤ CP to guarantee proper performance on the SCell




When RTD between the SSB-less SCell and the FR1 inter-band reference serving cell is larger than 260ns and less than CP, the coarse timing can refer to other active cell, then UE is able to correctly receive TRS. To obtain fine timing, UE would perform TRS tracking, then additional time will be needed during SCell activation procedure. The CP mentioned above corresponds to the SSB-less SCell.
We also think in certain band combinations and with certain BS implementation, the received time difference between two CC can achieve less than 260ns. It is feasible that the frequency/time synchronization of SSB-less SCell can utilize that of the activated cell on inter-band, however most companies would like one set of RTD value. As a compromise, RAN4 can focus on less than CP RTD condition.
Proposal 1: Confirm the agreement: Define requirements for RTD ≤ CP where the CP corresponding to the SSB-less SCell SCS.
· Power difference
The following options for received power difference were proposed in last meeting [2].
	Issue 1-2-2: Power difference conditions for scenario 1
Proposals:
· Proposal 1: The reception power difference shall be within 6dB. (Apple, MTK, CMCC, Intel, SS, Huawei, Vivo, Ericsson, ZTE, LGE, CATT)
· Proposal 1a: For a UE using single RF chain, the difference of reception power with the reference cell selected from FR1 inter-band active serving cells is within 6dB (SS, Ericsson)
· Proposal 1b: (Vivo)
· The difference of Tx power with the FR1 inter-band active serving cell is within 6dB, and the same UE RF chain is used for the SSB-less SCell

· Proposal 2: The reception power difference can be larger than 6dB. (QC, CMCC, SS, Huawei, Ericsson, Nokia, vivo)
· Proposal 2a: for a UE using dual RF chains, the difference of reception power with the reference cell selected from FR1 inter-band active serving cells is within 6dB+Y, the value of Y is TBD. (SS)
· Proposal 2b: If UE can support TRS-based AGC adjustment, there is no power difference limitation. (Huawei)
· Proposal 2c: (QC, LGE)
· NW provides explicit information about transmit power offset between reference cell and SSBless SCell, where transmit power offset = transmit power of RS on reference Cell – Transmit power of RS on SSBless SCell.
· If NW provide transmit power offset information, RAN4 does not need to define side condition of AGC for SSBless Scell operation.
· Proposal 2d: (Ericsson)
· For a UE using dual RF chains, the maximum power difference UE can handle is 25dB.
· NW can indicate the power difference between the reference cell and target cell to UE to compensate the AGC gain
· For a UE using dual RF chains, RAN4 to study whether UE can use TRS transmission in scenario 1 for computing AGC.  
· Proposal 2e: (Nokia) 
· RAN4 to discuss the feasibility and corresponding UE behavior when reception power difference is within 6dB and when reception power difference is larger than 6dB respectively.
· Proposal 2f: (vivo) 
· The UE is allowed at least one CSI-RS based measurement for AGC adjustment on the SCell before or during the activation of the SCell. Such CSI-RS based measurement can be A-TRS, TRS, CSI-RS for mobility or CSI-RS for pathloss measurements.




For intra-band continuous SCell activation in R17, the side condition of received power difference between SSB-less SCell and reference cell is 6dB. With this condition, the same coarse AGC gain as reference cell can be applied for SSB-less SCell. For R18 inter-band scenario, under certain band combinations, e.g., 700M,800M, 900M or 1.8G,2.1G ,2.6 G, the transmit power for each CC is similar and the propagation channel is resembled. Then the received power difference from UE side can also be within 6dB. 
It shall be noted that 6dB received power difference is just one side condition, if the condition is not satisfied, the requirements are not applied. If network think some conditions can not be guaranteed, network can disable the feature.
Under 6dB condition, no additional time is needed for AGC as the same AGC gain of reference cell can be leveraged for SSB-less SCell.
Proposal 2: When Received power difference between SSB-less SCell and reference cell within 6dB, no additional time is needed for AGC adjustment.
During last meeting, some companies think in certain band combination, the received power difference between two CCs may be larger than 6dB. As we know AGC adjustment depends on the 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, a TRS burst is used for AGC. It means that the feasibility of TRS based AGC adjustment has been already verified. Therefore when received power difference is within 25dB, UE can perform TRS or ATRS based AGC.
Proposal 3: When Received power difference between SSB-less SCell and reference cell less than 25dB, AGC is performed based on TRS/ATRS and additional time is needed for AGC.
During discussion, some interesting novation also arises. It is proposed to indicate transmit power offset to UE. We understand the motivation is to guarantee the received power difference at UE after compensation is within 6dB. However if the power difference between two CC is large (far larger than 6dB), it is possible that there are large frequency domain separation. Then the signal would experience various propagation channel. At UE side, it is hard to guarantee the received power difference is within 6db if UE compensates only the power difference due to frequency separation using ideal propagation model formula (e.g., 20logf).
· Frequency domain separation
In our understanding, SSB-Less operation is supposed to be per band combination capability. With large frequency domain separation, RTD, power difference would be large and beam dependency would be less. If UE has no capability to handle SSB-Less operation on some band combination, it would not report to support such capability. From RRM requirements perspective, frequency domain separation is not a side condition for SSB-less operation.
Proposal 4: As UE reports supporting SSB-less operation by per band combination, the frequency domain separation is not supposed to be as a side condition of requirements. 

· TCI indication and reference cell 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, the similar principle is supposed to be followed. In scenario1, TRS is configured on the SSB-less SCell. From TCI chain perspective, the RS of SSB-less SCell shall be QCL-TypeA with TRS on its own cell. And the TRS on the SSB-less SCell shall be further QCL-TypeC with SSB of the reference cell on different band, as according to TS 38.214, only QCL-type C is allowed if periodic RS would have relation with SSB on a different cell.
	[image: C:\Users\h00388629\AppData\Roaming\eSpace_Desktop\UserData\h00388629\imagefiles\1A91D8BA-DED8-43FB-A0CF-A56265DAF997.png]



Proposal 5: The QCL relation is supposed to be:
The RS(s) of SCell being activated is (are) QCL-TypeA with TRS(s) of the SSB-less SCell, and the TRS(s) of the SCell being activated is (are) further QCL-TypeC with SSB(s) of reference cell on different band.
One key point is how to inform UE which is the reference active cell for the SSB-less cell. According to existing QCL-Info, “cell” can be another serving cell (see yellow highlight) if QCL-type is type-C. Therefore network can inform UE which is reference cell through TCI state where TRS on the SSB-less cell is QCL-C with SSB on another serving cell. Therefore the reference cell indication can be informed implicitly through TCI state configuration
[image: C:\Users\h00388629\AppData\Roaming\eSpace_Desktop\UserData\h00388629\imagefiles\CEF8763F-C39D-4DF5-A195-E3E747CACDDA.png]
	cell 
The UE's serving cell in which the referenceSignal is configured. If the field is absent, it applies to the serving cell in which the TCI-State is configured. The RS can be located on a serving cell other than the serving cell in which the TCI-State is configured only if the qcl-Type is configured as typeC or typeD. See TS 38.214 [19] clause 5.1.5. 



Proposal 6: Network can inform UE which is reference cell through TCI state where TRS on the SSB-less cell is QCL-C with SSB on reference serving cell.

SCell activation delay requirements
· TRS and ATRS
Recalling R17 fast SCell activation, it is verified that ATRS can be utilized for AGC and fine time tracking during SCell activation procedure. For SSB-less SCell, only SSB is not valid. ATRS can be available on the SSB-less SCell and is to be used. When ATRS is configured, the ATRS would be QCL-A to periodic TRS on the SSB-less SCell, and the TRS would be 	QCL-C to SSB on the reference cell. As per R17 fast SCell activation, SCell activation delay can be further reduced if AGC and fine timing are based on ATRS burst.
Proposal 7: ATRS can be configured on SSB-less SCell and is used to fasten SCell activation.
· SCell activation delay
Under side condition of less than CP RTD and within 6dB power difference, the coarse timing and AGC adjustment can utilize reference cell, but additional time for fine timing acquisition may be needed. Herein fine time tracking can be performed based on periodic TRS or Aperiodic TRS. In this case, Tactivation_time is Tfirst_TRS+3 ms or Tfirst_ATRS+3 ms.
Under side condition of less than CP RTD and within 25dB power difference, the coarse timing can utilize reference cell, but additional time for AGC adjustment and fine timing acquisition may be needed. Herein the AGC and fine time tracking can be performed based on periodic TRS or Aperiodic TRS. In this case, Tactivation_time is Tfirst_TRS + TTRS +3 ms or Tfirst_ATRS+Tgap + TATRS +3 ms where Tgap is defined as R17 fast SCell activation.
Proposal 8: 
Under side condition of less than CP RTD and within 6dB power difference, Tactivation_time is Tfirst_TRS +3 ms or Tfirst_ATRS+3 ms.
Under side condition of less than CP RTD and within 25dB power difference, Tactivation_time is Tfirst_TRS + TTRS +3 ms or Tfirst_ATRS+Tgap + TATRS +3 ms where Tgap is defined as R17 fast SCell activation.

L1/L3 measurement on SSB-less SCell
The intention of L1-RSRP measurement in FR1 is for network to choose transmit beam. As the SSB-less cell and other inter-band cell are co-located, it is probably that network use the same transmit beam for both cells. So when CSI-RS resources for L1 measurement are not configured, the SSB-less SCell can fully leverage the information from an already reference cell. It is no need for UE to perform L1 measurement on SSB-less cell.
Whether network configures CSI-RS resources for L1 measurement is up to network. And supporting CSI-RS based L1-RSRP measurement is UE optional capability. When CSI-RS resources for L1 measurement are configured, it is straight forward that UE performs CSI-RS based L1 measurement. Herein the legacy requirements for CSI-RS based L1 measurement can be reused for SSB-less SCell operation.
In summary, similar as intra-band case, NW can either determine the link status by the co-located reference cell, or NW can configure CSI-RS based L1 measurement if needed.
Proposal 9: No RRM impacts on L1 measurement requirements for inter-band SSB-less operation.
Regarding L3 measurement, based on co-located assumption, there is no necessity to perform mobility measurement on this SSB-less Cell which is similar as intra-band SSB-less. In other words, the SSB-less cell is always co-located with a Cell with SSB when NW can determine the mobility based on the measurement on this Cell. 
Proposal 10: Based on the co-located assumption, no RRM impacts on L3 measurement for inter-band SSB-less operation.
In last meeting, some companies mentioned CSI-RS based L3 measurements. For existing CSI-RS based L3 measurement, RAN4 specify requirements only for the case when associatedSSB is configured. According to existing RAN2 signalling, the associatedSSB shall be in the same cell as the related CSI-RS resource. RAN4 would not further enhance CSI-RS based L3 measurement in R18 which would involve RAN2 and RAN4. In NES WI, the fundamental mobility performance can be guaranteed by SSB based L3 measurement.
Signaling and capability
To enable SSB-less operation on SCell, UE shall report its supported band combination where SSB-less operation can be supported. For a certain SSB-less band combination, the SSB-less cell and reference cell can be indicated as below:
- If the UE is not provided with SSB configuration (absoluteFrequencySSB) nor SMTC configuration for the SCell, then this cell is regarded as SSB-less SCell. This principle is aligned with existing intra-band contiguous SSB-less scenario;
- According to proposal 6, network can inform UE which is reference cell through existing TCI state where TRS on the SSB-less cell is QCL-C with SSB on the reference serving cell.
For example, a new per band combination capability of UE supporting SSB-less operation can be designed as below. This is just an example, detailed IE is left to RAN2.
	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 inter-band collocated CA.



Proposal 11: If the UE is not provided with SSB configuration (absoluteFrequencySSB) nor SMTC configuration for the SCell, this cell is regarded as SSB-less SCell.
Proposal 12: Network can inform UE which is reference cell through TCI state where TRS on the SSB-less cell is QCL-C with SSB on the reference serving cell, and this indication also means the SSB-less feature is enabled.
Proposal 13: Define per band combination UE capability: whether the UE supports configuration of SCell that does not transmit SSB.
As UE may have different capability of supporting AGC adjustment within 6dB or within 25 dB, RAN4 to introduce a capability that UE support SSB-less operation within 6dB received power difference or within 25dB received power difference. 
- If UE only support SSB-Less operation within 6dB received power difference, network makes decision whether to enable SSB-Less feature according to realistic network deployment;
- If UE support SSB-Less operation within 25dB received power difference, network would enable SSB-Less feature.
Where network enable SSB-less feature by QCL-C configuration as proposed by proposal 6.
Proposal 14: Define a UE capability: UE support SSB-less operation within 6dB received power difference or within 25dB received power difference.
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: Confirm the agreement: Define requirements for RTD ≤ CP where the CP corresponding to the SSB-less SCell SCS.
Proposal 2: When Received power difference between SSB-less SCell and reference cell within 6dB, no additional time is needed for AGC adjustment.
Proposal 3: When Received power difference between SSB-less SCell and reference cell less than 25dB, AGC is performed based on TRS/ATRS and additional time is needed for AGC.
Proposal 4: As UE reports supporting SSB-less operation by per band combination, the frequency domain separation is not supposed to be as a side condition of requirements. 
Proposal 5: The QCL relation is supposed to be:
The RS(s) of SCell being activated is (are) QCL-TypeA with TRS(s) of the SSB-less SCell, and the TRS(s) of the SCell being activated is (are) further QCL-TypeC with SSB(s) of reference cell on different band.
Proposal 6: Network can inform UE which is reference cell through TCI state where TRS on the SSB-less cell is QCL-C with SSB on the reference serving cell.
Proposal 7: ATRS can be configured on SSB-less SCell and is used to fasten SCell activation.
Proposal 8: 
Under side condition of less than CP RTD and within 6dB power difference, Tactivation_time is Tfirst_TRS +3 ms or Tfirst_ATRS+3 ms.
Under side condition of less than CP RTD and within 25dB power difference, Tactivation_time is Tfirst_TRS + TTRS +3 ms or Tfirst_ATRS+Tgap + TATRS +3 ms where Tgap is defined as R17 fast SCell activation.
Proposal 9: No RRM impacts on L1 measurement requirements for inter-band SSB-less operation.
Proposal 10: Based on the co-located assumption, no RRM impacts on L3 measurement for inter-band SSB-less operation.
Proposal 11: If the UE is not provided with SSB configuration (absoluteFrequencySSB) nor SMTC configuration for the SCell, this cell is regarded as SSB-less SCell.
Proposal 12: Network can inform UE which is reference cell through TCI state where TRS on the SSB-less cell is QCL-C with SSB on the reference serving cell, and this indication also means the SSB-less feature is enabled.
Proposal 13: Define per band combination UE capability: whether the UE supports configuration of SCell that does not transmit SSB.
Proposal 14: Define a UE capability: UE support SSB-less operation within 6dB received power difference or within 25dB received power difference.
References
[1] [bookmark: _Ref465857292][bookmark: OLE_LINK22]RP-223540, New WID: Network energy savings for NR, Huawei
[2] R4-2314381, WF on RRM requirements for NR network energy saving, Huawei
Annex
Title:	LS on signalling for SSB-less SCell operation
Response to:	-
Release:	Rel-18
Work Item:	Netw_Energy_NR-Core
Source:	RAN WG4
To:	RAN WG2
Cc:	-
Contact Person:	
Name:	Han Jing	
E-mail Address:	hw.hanjing@huawei.com
Attachments:	

[bookmark: _Hlk63256122]1. Overall Description:
Under the release 18 work item on network energy saving, to enable SSB-less SCell operation RAN4 had agreed to introduce following UE capabilities:
· RAN4 agrees to introduce a per band combination UE capability to indicate whether the UE is capable of supporting SCell that does not transmit SSB.
· If the UE is not provided with SSB configuration (absoluteFrequencySSB) nor SMTC configuration for the SCell, then the Scell is regarded as SSB-less SCell;
· Network informs UE which is reference cell through existing TCI state where TRS on the SSB-less cell is QCL-C with SSB on the reference cell. No additional signalling is needed.
· RAN4 agrees to introduce a per UE capability to indicate UE support SSB-less operation within 6dB received power difference or within 25dB received power difference, and corresponding requirements can apply accordingly based on the power difference conditions supported by the UE.

2. To RAN WG1 and WG2 group. 
ACTION: 	RAN4 respectfully ask RAN2 to take the above agreements into account.

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN4 Meeting #109			Nov. 13 – Nov. 17, 2023	Chicago, US
TSG-RAN4 Meeting #110		     Feb. 26 – Mar. 3, 2024	Athens, GR


8

6

image1.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. »
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Editor's note: Can be discussed if ASNL overhead reasons should have another way to implement than using this extension.
Editor's note: Needed in Rel-15/16 TCI state for mIRP intercell and in Rel-17 TCI state for BM intercell.
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