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Introduction
The core requirements on network energy savings have been completed at RAN4#109 meeting. This contribution provides analysis on some maintenance in core requirements for network energy saving.
Discussion
Inter-band SSB-Less operation
Compensation for AGC
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. In requirements definition perspective, without explicit definition on “AGC compensation” there is no common understanding what’s the received EPRE at UE side and it is not clear to UE whether SSB-less operation is supposed to be supported or not. 
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. The main difference is coming from pathloss. According to pathloss models specified in TS 38.901, typical pathloss is model by 20log10(X), X is the ratio of center frequency of the SSB-less operation band pair. Then the pathloss difference from two inter-band bands can be simulated and compensated at UE. Taking some UE implementation margin into account, 4dB margin can be added on top of pathloss.
Proposal 1: The compensation for AGC is 20log10(X) with 4dB implementation margin, where X is the ratio of center frequency of the SSB-less operation band pair.
Neighbour cells on carrier of SSB-less SCell
Another open issue is regarding the intra-frequency and inter-frequency measurement definition for neighbor cell on carrier of SSB-less SCell [2]. 
	Issue 1-1-6: Neighbour cells on carrier of SSB-less SCell
· Proposals
· Option 1: 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 (Apple)
· Option 2: For the case of the neighbour cell(s) is on the carrier of SSB-less SCell and the SSB from neighbour cell(s) can be contained in the active BWP of SSB-less SCell, the measurement for such neighbour cell(s) can be treated as intra-frequency measurement. (CMCC, ZTE)
· Option 3: Do not discuss the neighbor cell measurement on the carrier of SSB-less SCell. (Nokia, Huawei)



As per the existing definition, as no SSB exists on SSB-less serving cell, the neighbor cell on the 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.



Moreover UE can perform L3 measurement without gap, as long as the target SSB of the neighbor cell is within active BWP of SSB-less SCell. We don’t think further clarification on the existing intra-frequency measurement definition under SSB-less SCell operation is needed. And there is also no ambiguity that the within active BWP case is regarded as inter-frequency without gap.
Proposal 2: 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.
In addition in R15 intra-band SSB-less SCell scenario, the same situation is present. It is not a specific issue raising in R18 inter-band SSB-less operation. 
[bookmark: _Hlk166490865]Proposal 3: No need to further clarifiy on neighbor cell measurement on carrier of SSB-less SCell in R18 inter-band SSB less operation.
FR1 intra-band NCCA
In last meeting, one discussion was carried out for SSB-less operation for intra-frequency non-contiguous CA[2]. RAN4 would further study whether the SSB-less activation delay requirement specified for FR1 inter-band CA can be reused or not.
	Issue 1-3-1: Intra-band NCCA
Agreement:
Regarding FR1 intra-band NCCA with SSB-less operation, further study whether we can reuse or not the SSB-less activation delay requirement specified for FR1 inter-band CA.
The study does not impact the completion timeline of the WI. 


From UE implementation perspective, two carriers may share the same RF chain or have separate RF chain. For the scenario where the same RF chain is shared, the EPRE difference at UE side shall be NOT larger than 6dB. 
Proposal 4: For FR1 intra-band NCCA with SSB-less operation, EPRE difference at UE side shall be NOT larger than 6dB.
[bookmark: _Hlk162875038]If RTD between the target SCell and the intra-band NCCA collocated reference serving cell is larger than 260ns and less than CP, then the coarse timing can refer to other active cell. As the course timing has been acquired, UE can correctly receive TRS on its own cell. Afterwards UE performs TRS tracking to obtain fine timing. Therefore RTD can be less than CP for FR1 intra-band NCCA with SSB-Less operation. 
Proposal 5: For FR1 intra-band NCCA with SSB-less operation, RTD between the target SCell and the intra-band NCCA collocated reference serving cell can be within CP.
Multiple SSB-less SCells activation
It is agreed in RAN4#110bis meeting that the existing single SSB-less activation requirements can be applied to each to-be-activated SSB-less SCells respectively when to-be-activated SSB-less SCells are in different bands [2].
	[bookmark: _Hlk163640590]Issue 1-1-7: Multiple SSB-less SCells activation
Agreement:
· When to-be-activated SSB-less SCells are in different bands
· Existing single CC requirement can apply to each to-be-activated SSB-less SCells respectively.
· The reference cell to the multiple SSB-less Scells in difference bands may or may not be different. 



When the to-be activated SSB-less SCells are on the same band, we observed that there are some further enhancements on the activation delay proposed by some companies. As it is a very late stage of the WI, we prefer to define general and minimum requirements to cover both scenarios (i.e., to-be-activated SSB-less SCells are in different bands and are on the same band.)
Proposal 6: When to-be-activated SSB-less SCells are in same band, existing single CC requirement can apply to each to-be-activated SSB-less SCells respectively.
NES-based CHO
Regarding NES-based CHO, following progress were achieved in last meeting. 
	[bookmark: _Hlk163639675]Issue 1-2-1: Whether to differentiate requirements wrt Cell turning off.
Agreement:
· RAN4 will not define Cell switch off specific requirements/behaviour when receiving NES indication for CHO unless there is new agreement from other working group which can explicitly indicate “cell switch off”.



One remaining issue is how formulate the requirements when the CHO conditions are variable. RAN2 also had relevant discussion in last meeting with following clarifications.
	Agreements on CHO
Understanding is that “The fulfilment of the event includes the case that the NES mode indication has been received and the entry condition is now fulfilled”.  No need to update the specifications
No further clarification to continue measurement and CHO evaluation is necessary for the case UE now receives NES mode-enabled indication while NES CHO event is not yet fulfilled, and for the case NES CHO event is now fulfilled and UE has received a NES mode-enabled indication.



Based on RAN4 discussion in last meeting, all companies are aligned on the UE behavior. The controversial part is how to describe different cases clearly in the requirements. With RAN2 further clarification, the NES-based CHO are triggered when following conditions are met:
Condition 1: NES mode indication has been received.
Condition 2: The entry condition is now fulfilled. 
Observation 1: The NES-based CHO is triggered when following conditions are met:
Condition 1: NES mode indication has been received.
Condition 2: The entry condition is now fulfilled. 
Based on the current requirements, we didn’t consider the case when condition has been met but not met anymore. It could be divided into following two cases w.r.t whether the DCI is received before or after.
[image: ]
Fig.1 Conditions vs CHO triggering when condition is kept fulfilled.
However, if we want to model the case that condition could be dropped after it is fulfilled. As shown in following Fig.2, the CHO shall be triggered as point A. Based on the discussion during the meeting, companies proposed to modify the TEvent_DU as follows:

[image: ]
Fig.2 Conditions vs CHO triggering when condition is not met anymore.
Based on the discussion during the meeting, companies proposed to modify the TEvent_DU as follows, which can handle the case as illustrated in Fig.2. However, it can not handle the case when DCI 2_9 is received earlier as shown in Fig.3
	TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until
-     a condition exists at the measurement reference point which will trigger the NES-based conditional handover, and
-     the condition keeps existing within Tidentify before UE successfully decodes DCI 2-9 with NES-mode indication 



[image: ]
Fig.3 Conditions vs CHO triggering when condition is not met anymore.
Then, one may propose to further modify the TEvent_DU as the delay uncertainty until the condition keeps existing for Tidentify. However, there is still missing case. As shown in following Fig. 4, the condtion has been met for Tidentify from point B to point C. However, the condtion is dropped again. Then based on above modification and current requirements, UE shall be able to trigger NES based CHO at point D. However, the minimum requirements shall be defined based on that UE triggers NES CHO at Point E.
[image: ]

Fig.4 Conditions vs CHO triggering when condition is not met anymore.
Thus, based on the analysis above, if we want to model the procedure clearly, it could be divided into following two cases:
· NES based CHO is triggered when DCI 2-9 with NES-mode indication is decoded when condition keeps existing within Tidentify before UE successfully decodes DCI 2-9 with NES-mode indication 
· Otherwise, NES based CHO is triggered until condition keeps existing for Tidentify after DCI 2-9 with NES-mode indication is decoded.
Based on the analysis above, we found it is very difficult to define Tevent_DU based on current framework ignoring the receiving of DCI 2-9. 
Observation 2: If we want to model the procedure clearly, it could be divided into following two cases:
· NES based CHO is triggered when DCI 2-9 with NES-mode indication is decoded when condition keeps existing within Tidentify before UE successfully decodes DCI 2-9 with NES-mode indication 
· Otherwise, NES based CHO is triggered until condition keeps existing for Tidentify after DCI 2-9 with NES-mode indication is decoded.

Observation 3: It is very difficult to define Tevent_DU based on current framework which ignores the receiving of DCI 2-9.
Thus, if RAN4 would like to consider the complicated case when the condition is variable, we propose to define the NES based CHO as follows, which is quite different from legacy CHO framework:
	TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until 
-	a condition exists at the measurement reference point which will trigger the conditional handover, or 
-	a condition exists at the measurement reference point which will trigger the NES-based conditional handover UE successfully decodes DCI 2-9 with NES-mode indication.
<<unchanged part>>
6.1.4.2.2	Measurement time
The measurement time delay is defined from the end of TEvent_DU until UE executes a handover to a target cell and interruption time starts.
For conditional intra-frequency handover, the measurement time delay measured without Time To Trigger (TTT) and L3 filtering shall be less than Tidentify intra with index or Tidentify_intra_without_index defined in clause 9.2.5.1 or clause 9.2.6.2. 
For conditional inter-frequency handover, the measurement time delay measured without Time To Trigger (TTT) and L3 filtering shall be less than Tidentify_inter_with_index or Tidentify_inter_without_index defined in clause 9.3.4.
For NES-based conditional intra-frequency handover:
-	If a condition exists at the measurement reference point which fulfills the conditions for NES-based conditional handover, and it keeps existing for Tidentify_intra_with_index or Tidentify_intra_without_index before UE successfully decodes the DCI 2-9 with NES-mode indication, Tmeasure = 0.If UE successfully decodes DCI 2-9 command earlier than the time at the end of TEvent_DU + Tidentify_intra_with_index or TEvent_DU + Tidentify_intra_without_index, then the measurement time delay equal to Tidentify_intra_with_index or Tidentify_intra_without_index
-	Otherwise, Tmeasure equal to the time span from the end of TEvent_DU until a condition keeps existing for Tidentify_intra_with_index or Tidentify_intra_without_index. which can fulfill the NES-based conditional handover.
If UE successfully decodes DCI 2-9 command later than the time at the end of TEvent_DU + Tidentify_intra_with_index or TEvent_DU + Tidentify_intra_without_index, then the measurement time delay equals to the time from the end of Tevent_DU until UE successfully decodes DCI 2-9 command.




Proposal 7: Modify the requirements for NES-based CHO as follows:
	TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until 
-	a condition exists at the measurement reference point which will trigger the conditional handover, or 
-	a condition exists at the measurement reference point which will trigger the NES-based conditional handover UE successfully decodes DCI 2-9 with NES-mode indication.
<<unchanged part>>
6.1.4.2.2	Measurement time
The measurement time delay is defined from the end of TEvent_DU until UE executes a handover to a target cell and interruption time starts.
For conditional intra-frequency handover, the measurement time delay measured without Time To Trigger (TTT) and L3 filtering shall be less than Tidentify intra with index or Tidentify_intra_without_index defined in clause 9.2.5.1 or clause 9.2.6.2. 
For conditional inter-frequency handover, the measurement time delay measured without Time To Trigger (TTT) and L3 filtering shall be less than Tidentify_inter_with_index or Tidentify_inter_without_index defined in clause 9.3.4.
For NES-based conditional intra-frequency handover:
-	If a condition exists at the measurement reference point which fulfills the conditions for NES-based conditional handover, and it keeps existing for Tidentify_intra_with_index or Tidentify_intra_without_index before UE successfully decodes the DCI 2-9 with NES-mode indication, Tmeasure = 0.If UE successfully decodes DCI 2-9 command earlier than the time at the end of TEvent_DU + Tidentify_intra_with_index or TEvent_DU + Tidentify_intra_without_index, then the measurement time delay equal to Tidentify_intra_with_index or Tidentify_intra_without_index
-	Otherwise, Tmeasure equal to the time span from the end of TEvent_DU until a condition keeps existing for Tidentify_intra_with_index or Tidentify_intra_without_index. which can fulfill the NES-based conditional handover.
If UE successfully decodes DCI 2-9 command later than the time at the end of TEvent_DU + Tidentify_intra_with_index or TEvent_DU + Tidentify_intra_without_index, then the measurement time delay equals to the time from the end of Tevent_DU until UE successfully decodes DCI 2-9 command.



Conclusions
This contribution provides analysis on maintenance for network energy saving. According to the analysis, we propose the following proposals:
Proposal 1: The compensation for AGC is 20log10(X) with 4dB implementation margin, where X is the ratio of center frequency of the SSB-less operation band pair.
Proposal 2: 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 3: No need to further clarifiy on neighbor cell measurement on carrier of SSB-less SCell in R18 inter-band SSB less operation.
Proposal 4: For FR1 intra-band NCCA with SSB-less operation, EPRE difference at UE side shall be NOT larger than 6dB.
Proposal 5: For FR1 intra-band NCCA with SSB-less operation, RTD between the target SCell and the intra-band NCCA collocated reference serving cell can be within CP.
Proposal 6: When to-be-activated SSB-less SCells are in same band, existing single CC requirement can apply to each to-be-activated SSB-less SCells respectively.
Observation 1: The NES-based CHO is triggered when following conditions are met:
Condition 1: NES mode indication has been received.
Condition 2: The entry condition is now fulfilled. 
Observation 2: If we want to model the procedure clearly, it could be divided into following two cases:
· NES based CHO is triggered when DCI 2-9 with NES-mode indication is decoded when condition keeps existing within Tidentify before UE successfully decodes DCI 2-9 with NES-mode indication 
· Otherwise, NES based CHO is triggered until condition keeps existing for Tidentify after DCI 2-9 with NES-mode indication is decoded.
Observation 3: It is very difficult to define Tevent_DU based on current framework which ignores the receiving of DCI 2-9.
Proposal 7: Modify the requirements for NES-based CHO as follows:
	TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until 
-	a condition exists at the measurement reference point which will trigger the conditional handover, or 
-	a condition exists at the measurement reference point which will trigger the NES-based conditional handover UE successfully decodes DCI 2-9 with NES-mode indication.
<<unchanged part>>
6.1.4.2.2	Measurement time
The measurement time delay is defined from the end of TEvent_DU until UE executes a handover to a target cell and interruption time starts.
For conditional intra-frequency handover, the measurement time delay measured without Time To Trigger (TTT) and L3 filtering shall be less than Tidentify intra with index or Tidentify_intra_without_index defined in clause 9.2.5.1 or clause 9.2.6.2. 
For conditional inter-frequency handover, the measurement time delay measured without Time To Trigger (TTT) and L3 filtering shall be less than Tidentify_inter_with_index or Tidentify_inter_without_index defined in clause 9.3.4.
For NES-based conditional intra-frequency handover:
-	If a condition exists at the measurement reference point which fulfills the conditions for NES-based conditional handover, and it keeps existing for Tidentify_intra_with_index or Tidentify_intra_without_index before UE successfully decodes the DCI 2-9 with NES-mode indication, Tmeasure = 0.If UE successfully decodes DCI 2-9 command earlier than the time at the end of TEvent_DU + Tidentify_intra_with_index or TEvent_DU + Tidentify_intra_without_index, then the measurement time delay equal to Tidentify_intra_with_index or Tidentify_intra_without_index
-	Otherwise, Tmeasure equal to the time span from the end of TEvent_DU until a condition keeps existing for Tidentify_intra_with_index or Tidentify_intra_without_index. which can fulfill the NES-based conditional handover.
If UE successfully decodes DCI 2-9 command later than the time at the end of TEvent_DU + Tidentify_intra_with_index or TEvent_DU + Tidentify_intra_without_index, then the measurement time delay equals to the time from the end of Tevent_DU until UE successfully decodes DCI 2-9 command.
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