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1. Introduction
In last RAN4#109 meeting, the WF for NES has been agreed in [1]. There are still some opens issues for further discussion in the maintenance stage, and in this contribution, we continue the discussion on the SSB-less SCell operation for NES.
2. Discussion
The text specified in the TS38.133 is as followings, but there are still some editor notes for FFS:
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Issue 1-1-2: Power difference conditions for scenario 1
The agreement and remaining issues from last meeting are as followings:
	Online session (Thursday Nov 16, 2023)
Agreement:
· The requirements apply provided that [EPRE] difference at UE side is less than [9] dB.
· EPRE difference is based on power difference between TRS symbol on SSB-less SCell and SSB symbol on reference cell
· Capture in the WF that RAN4 assumes that UE carries out pre-compensation for AGC considering [BW difference and carrier frequency difference].
· Further discuss whether/how to capture the EPRE after pre-compensation in the spec.



In existing SSB-less SCell activation for FR1 intra-band contiguous case, it was specified that,
	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
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]-	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. 



In the inter-band scenario, UE may support high Rx power difference, but such high Rx power difference is only supported when UE have sufficient SSB or TRS/A-TRS samples for AGC settling. However, in SSB-less inter-band CA scenario, SCell only has TRS/A-TRS for AGC fine tuning, and therefore RAN4 needs to carefully check the Rx power difference side condition for the requirement.
In our view, in SSB-less inter-band CA with co-located cells, the Rx power difference is mainly up to the following aspects:
· (a). Pathloss difference, 
· a-1: carrier frequency difference;
· a-2: propagation path difference;  
· (a). BW size difference; 
· (a). Typical PSD difference at gNB Tx

After some offline checking with some infra vendors, we assume the same PSD can be assumed for this inter-band FR1 co-located CA case (btw. Reference cell and target SSB-less SCell). The BW size difference and carrier frequency difference between reference cell and target SSB-less SCell is also known to the UE, but we need to understand the typical value of these two aspects to decide the power difference side condition. 
If we cannot decide on such typical values for the above aspects, we may only consider the UE implementation for AGC settling without any pre-information. Here, the AGC settling without any pre-information means the coarse AGC value from reference cell can have big difference from target SSB-less SCell and therefore such reference cannot help any more for UE to decide the AGC on the target SCell, and therefore what UE will do is exactly like an initial or blind AGC estimation. Thus, we think the compensation for AGC is kind of UE implementation on compensation for both pathloss difference and BW size difference, however, as we discussed in last meeting, it’s hard to clarify the details for such compensation due to different UE implementations. We are fine to keep “EPRE after pre-compensation” in the spec text, and we can also compromise to remove it without changing power difference value.
Proposal 1: For power difference conditions in SSB-less SCell activation requirement, RAN4 to keep “EPRE after pre-compensation” in the spec text.

Issue 1-3-1: By default reference cell when the reference cell indication is not provided. 
The agreement and remaining issues from last meeting are as followings:
	Online session (Tuesday Nov 14, 2023)
Agreement: 
· 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
· 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. 
· Option 2: up to UE to decide
· 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. 
· Other option is not precluded.



For the single QCL typeC source cell, it’s clear that QCLtypeC source cell shall be the reference cell if the Rel-18 network indication is not provided. However, for the case of more than one QCL typeC source cells, we have the following possible case:
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Figure 1. example for the case of more than one QCL typeC source cells

As shown in figure 1, if QCL typeC relation can be configured for different TRSs of being-activated SCell to different active serving cells, we think it make more sense to assume the by-default reference cell shall be the active serving cell associated with the active TRS used for PDCCH reception at target SCell, i.e., TRS in the active TCI for PDCCH of target SCell. Or alternatively, if companies would like to simplify the UE and network implementation, it can also be defined to always have network configuration in this case.
Proposal 2: For the case of more than one QCL typeC source cells, either of following alternative can be adopted:
Alt1: if network doesn’t indicate the reference cell, UE to assume: the reference cell shall be the active serving cell who is QCL typeC with the ‘active TRS’ used for PDCCH reception at target SCell, i.e., TRS in the active TCI for PDCCH of target SCell.
Alt2: No requirement shall be applied if network doesn’t explicitly indicate the reference cell for the case of more than one QCL typeC source cells, i.e., UE expects network to indicate the reference cell for the case of more than one QCL typeC source cells.

Issue 1-3-5: Neighbor cells on carrier of SSB-less SCell.
The remaining issues from last meeting are as followings:
	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)



When we assume SSB-less SCell operation, we never touch the neighbor cell measurement on the carrier of SSB-less SCell. The SSB-less SCell is because network would like to save the energy of this cell when the traffic load of this cell is low, but it does not necessarily mean all the other cells on this carrier are in the NES mode (without SSB transmission). If some of the neighbor cells on this carrier have SSB transmission and network configure such MO to UE, it’s unclear to us if it shall be treated as intra-frequency or inter-frequency. In R16 we have a feature for inter-frequency measurement without MG, and the condition to support that feature is also “the SSB is completely contained in the active BWP of the UE”, as following,
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Figure 2. example of neighbor cell SSBs located in the active BWP of SSB-less SCell

Similarly, in NES case, if there are multiple SSBs from neighbor cells located in the active BWP of the SSB-less SCell as figure 2, these neighbor cell measurements cannot be treated as intra-frequency anyway. Thus, we think if neighbor cells on carrier of SSB-less SCell have SSB transmission, the measurement for those neighbor cells shall be treated as inter-frequency measurement without MG as long as the SSBs from those neighbor cells can be contained in the active BWP of SSB-less SCell.
Since we have already completed the core part of this WI, if companies have concern to open new discussion in the maintenance feature, we are also fine to limit the scenario in R18 to that all neighbor cells on the CC of SSB-less SCell shall be SSB-less cells as well.
Proposal 3: if neighbor cells on carrier of SSB-less SCell have SSB transmission, the measurement for those neighbor cells shall be treated as inter-frequency measurement without MG as long as the SSBs from those neighbor cells can be contained in the active BWP of SSB-less SCell. 

Issue 1-4-1: UE capability indication for inter-band SSB-less
	· Proposals
· Option 1: Introduce per BC UE capability. 
· Option 2: Introduce per FS UE capability.
· Option 3: Introduce per FSPC UE capability. 



In current RAN2 spec TS38.306, the capability of SSB-less SCell operation for intra-band CA case was defined as following,
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In last meeting, some companies proposed that a UE capability for SSB-less SCell should be defined per BC where the band combination indicates the bands of reference cell and the SSB-less SCell. 
There might be some drawbacks for this solution: (1)without consideration for CC pair, UE may indicate to not support such SSB-less SCell operation as long as one pair of CCs on these two bands have large FD separation, even though the actual inter-band CCs for CA are adjacent to each other; (2) the capability definition will be complicated, e.g., for a combination of 3 bands (band 1 is left band, band 2 is middle band, and band 3 is right band), band 1 and band 3 CCs can operate without SSB only if band 2 CC is used as reference with SSB, it’s unclear if UE shall indicate support such 3 bands SSB-less SCell capability or not. We are flexible to discuss which way is more suitable for capability indication to maximize the benefit of such NW energy saving.
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If majority companies would like to use per-BC capability indication, we think it would be more efficient to indicate such BC based on a specific reference cell/CC, and it can reduce overhead of indication of all possible combinations with all hypothetical reference cells. However, we also understand that, if the capability indicate is based on a reference cell, when the reference cell is changed dynamically, e.g., SCell is activated or deactivated by MAC CE, it would be not practical for UE to trigger capability indication so dynamic on RRC. Thus, one feasible way is to indicate thus UE capability as per FS (per band per band combination), i.e., a capability of per reference band (reference cell’s band) per band combination. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 4: adopt ‘per FS’ for UE capability of SSB-less SCell operation, and one example for the UE capability design is as in the annex.

New identified issue: multiple SSB-less SCell activation

In last meeting, the SSB-less SCell activation requirement has been introduced in the CR R4-2321617, however, the previous discussion only focused on single being-activated SCell, that is, there is only one SSB-less SCell to be activated. Since R19 WI of NES enhancement has no scope for SSB-less SCell activation enhancement, we are wondering if multiple SSB-less SCell activation shall also be specified in this release. So far the activation procedure is independent when multiple SSB-less SCell are being activated even though the target being-activated SCells are intra-band contiguous CCs. Like shown in the example of following figure, the SSB-less SCell 1 and SSB-less SCell 2 activation are performed independently: SCell 1 needs two samples of TRS1 for AGC settling and T/F tracking, while Scell 2 needs another two samples of TRS2 for AGC settling and T/F tracking.
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Figure 3. example for multiple SSB-less SCell activation

We know that the current multiple SCell activation requirement has one side condition that “any to-be-activated unknown SCell has active serving cell(s) or known to-be-activated SCell(s) on the same band”, however, such condition with respect to the searcher limitation may not be needed for SSB-less SCell activation case (UE does not need coarse timing acquisition or cell searching). In our view, if the being-activated SSB-less SCell1 and the being-activated SSB-less SCell2 are intra-band contiguous CCs, it would make sense to prioritize the SCell with the smallest TRS periodicity for activation, and then treat the other SCell(s) activation by reusing all the AGC and T/F information (no additional time is needed for activation), and the total delay for multiple SCell activation would still be: Tfirst_TRS + TTRS +[5]ms. We would like to raise it to companies’ attention to see if further discussion on this direction is desirable.

Proposal 5: RAN4 to discuss the multiple SSB-less SCell activation requirement in R18 maintenance stage.

Other thinking about future release

In R19 NES enhancement WID, one scope is for support on-demand SSB SCell operation for UEs in connected mode configured with CA for both intra-/inter-band CA. We just identified one thing which may cause backward compatibility issue with our current work in R18. In R18 SSB-less SCell activation, the way UE to understand target SCell is SSB-less SCell is based on the following configuration:

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], …

However, if the SCell being activated is an on-demand SSB SCell but no SSB transmission is triggered yet, network may not provide SSB configuration (absoluteFrequencySSB) in the target SCell (FrequencyInfoDL) nor SMTC configuration for the target SCell to the UE, and then UE cannot differentiate if this is inter-band SSB-less SCell operation or UE needs to request SSB by itself for on-demand SSB SCell operation. However, in SSB-less SCell operation we have reference cell configuration or by-default reference cell assumed based on QCL-typeC source cell. So perhaps, if the target SCell is configured to UE without SSB (e.g., neither SSB configuration (absoluteFrequencySSB) in the target SCell (FrequencyInfoDL) nor SMTC configuration for the target SCell), and reference serving cell is not indicated by higher layer parameter [SSB-less-Referencecell], and QCL-typeC source cell is not configured to UE for the target SCell, then such target SCell can be treated as on-demand SSB SCell rather than a SSB-less SCell. Of course, we are open to further discuss it in R19 timeline.
3. Conclusion
In this contribution, we discuss the RRM impact for NES feature.
Proposal 1: For power difference conditions in SSB-less SCell activation requirement, RAN4 to keep “EPRE after pre-compensation” in the spec text.
Proposal 2: For the case of more than one QCL typeC source cells, either of following alternative can be adopted:
Alt1: if network doesn’t indicate the reference cell, UE to assume: the reference cell shall be the active serving cell who is QCL typeC with the ‘active TRS’ used for PDCCH reception at target SCell, i.e., TRS in the active TCI for PDCCH of target SCell.
Alt2: No requirement shall be applied if network doesn’t explicitly indicate the reference cell for the case of more than one QCL typeC source cells, i.e., UE expects network to indicate the reference cell for the case of more than one QCL typeC source cells.
Proposal 3: if neighbor cells on carrier of SSB-less SCell have SSB transmission, the measurement for those neighbor cells shall be treated as inter-frequency measurement without MG as long as the SSBs from those neighbor cells can be contained in the active BWP of SSB-less SCell. 
Proposal 4: adopt ‘per FS’ for UE capability of SSB-less SCell operation, and one example for the UE capability design is as in the annex.
Proposal 5: RAN4 to discuss the multiple SSB-less SCell activation requirement in R18 maintenance stage.
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Annex
	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-x
	FR1 Inter-band SSB-less SCell operation
	Support of SSB-less SCell operation for inter-band CA for FR1 and co-located cells
	
	Yes
	N/A
	UE does not support SSB-less SCell operation for inter-band CA for FR1 and co-located cells, and network cannot configure FR1 inter-band SSB-less SCell to the UE for CA.
	Per FS
	No
	FR1 only
	N/A
	UE is required to meet the RRM requirement of FR1 inter-band SSB-less SCell operations in TS38.133.
	Optional with capability signaling
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A measurement is defined as an inter-frequency SSB based measurements without measurement gaps (either legacy
measurement gap or NCSG) in active BWP and its delay requirements are specified in clause 9.3.9, for UE capable of
interFrequencyMeas-NoGap provided that

- the UE supports interFrequencyMeas-Nogap-r16 [15], and

- the SSB is completely contained in the active BWP of the UE.
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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-
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Example for the case when SSB-less SCell 1 and SCell 2
are intra-band contiguous CCs
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and if there is one col]ocated active reference servmg cell on different FR1 band, when the following
conditions are fulfilled for UE supporting [scell WithoutSSB-interband),

SSB(s) of an mtcr band active serving cell, and the inter-band active serving cell shall be same as the
reference serving cell.
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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".
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