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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 for network energy saving.
Discussion
Inter-band SSB-Less operation
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 for neighbor cells on carrier of SSB-less SCell.
	Issue 1-3-2: Neighbor cells on carrier of SSB-less SCell.
· Proposals
· Option 1: If the neighbour cell’s SSB is contained in the active BWP of SSB-less Cell, it is treated as intra-frequency. (CMCC, ZTE)
· Option 2: If the neighbour cell’s SSB is contained in the active BWP of SSB-less Cell, it is treated as inter-frequency without gap. (Apple, Vivo)
· Option 3: No need to further discuss on neighbor cells on carrier of SSB-less SCell in R18 inter-band SSB less. (Huawei)


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, as there is no SSB in SSB-less serving cell. 
	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 there is no need to modify the existing intra-frequency definition. And there is no ambiguity that the case is regarded as inter-frequency without gap.
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.
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.

NES-based CHO
Based on the discussion in last meeting, companies proposed following maintenance issues for NES-based CHO [2].
	Issue 2-3: NES CHO maintenance – Others
Issue 2-3-1 Cell switch off
· Proposals
· Option 1: Before going into the detailed discussion, RAN4 needs to double confirm if DCI2-9 can also indicate cell turning off. (Apple)
· Option 2: RAN4 to study UE behaviour when serving cell will switch off but the handover channel condition hasn’t met. (Ericsson).
Issue 2-3-2 CHO condition is not any more fulfilled when receiving the DCI 2-9.
· Proposals
· Option 1: (Nokia)
· For the case DCI 2-X command comes after TEvent_DU + Tidentify_intra_with_index, the NES-based CHO shall be executed only if the condition of NES-based CHO is still met when receiving the DCI 2-X command.
· RAN4 to wait for RAN2 conclusion and decides if defining the handover delay requirement if the CHO condition has been met but is not any more fulfilled when receiving the DCI 2-X command.
Issue 2-3-3 Measurement behaviour
· Proposals
· Option 1: (Ericsson)
· When NES CHO condition is met before the DCI indication, UE shall execute the handover immediately after receiving the DCI indication.
· When NES CHO condition is met after the DCI indication, UE shall perform measurement based on SMTC only regardless of the network’s configuration.



For CHO related to Cell switching, based on the comments received offline, the intention is to differentiate UE behavior for different CHO purposed. In following part, we would like to present our analysis from the perspective of necessity and feasibility.
Regarding the necessity of doing so, based on the comments from companies, the motivation is to force UE to complete CHO as soon as possible (fastened measurement delay) since the Cell is going to turn off. However, from our understanding, when the cell is going to turning off is completely up to NW decision. The targeting case is low load scenario, and if NW is going to switch of the Cell and plane to trigger NES based CHO to transfer all UEs to another Cell, NW can send DCI 2-9 early if NW think it is important to guarantee all UE have completed CHO to another Cell before Cell switch off.
Observation 1: When to switch off the Cell and when to trigger DCI 2-9 is completely up to NW decision, which means NW is able to guarantee all UE have completed CHO before Cell switch off without specify specific UE behavior. 
Then from feasibility perspective, as analyzed in last meeting, RAN2 introduce the NES-based CHO for the purpose including Cell DTX and Cell switch off. However, there is no intention/method to differentiate these two cases from RAN1/2 specification. The corresponding RAN1/2 descriptions are summarized as follows:
	TS 38.213 
-	if nesEvent is configured, the NES-mode indication field includes one bit indicating NES-specific CHO execution condition, as described in [12, TS 38.331]
-	a '0' value for the NES-mode indication field indicates NES-specific CHO execution condition is disabled
-	a '1' value for the NES-mode indication field, indicates NES-specific CHO execution condition is enabled
TS 38.331 
3>	if the condTriggerConfig is not configured with nesEvent:
………
3>	else:
4>	if NES mode indication is received from lower layers, indicating that the NES-specific CHO execution condition is enabled; and
4>	if the entry condition(s) applicable for this event associated with the condReconfigId, i.e. the event corresponding with the condEventId(s) of the corresponding condTriggerConfig within VarConditionalReconfig, is fulfilled for the applicable cells for all measurements after layer 3 filtering taken during the corresponding timeToTrigger defined for this event within the VarConditionalReconfig:
5>	consider the event associated to that measId to be fulfilled;
4>	if the measId for this event associated with the condReconfigId has been modified; or
4>	if NES mode indication is received from lower layers, indicating that the NES-specific CHO execution condition is disabled; or
4>	if the leaving condition(s) applicable for this event associated with the condReconfigId, i.e. the event corresponding with the condEventId(s) of the corresponding condTriggerConfig within VarConditionalReconfig, is fulfilled for the applicable cells for all measurements after layer 3 filtering taken during the corresponding timeToTrigger defined for this event within the VarConditionalReconfig:
5>	consider the event associated to that measId to be not fulfilled;




There was related discussion in last RAN2 discussion to clarify the meaning of Cell switching off, and the conclusion in RAN2 is there is no spec impact, which is highlighted below.
	Cell Switching OFF and CHO not executed  
R2-2401361	Cell Switch off and NES Mode Indication	Lenovo, Motorola Mobility, Continental Automotive, Nokia, Nokia Shanghai Bell, BT Plc, Vodafone, Sony, Google, CEWiT, Deutsche Telekom, Ericsson, Samsung	discussion	Rel-18	Netw_Energy_NR-Core	R2-2400563
 	Proposal 1: RAN2 kindly clarify following aspects related to the Cell Switch off: 
a) if Cell Switch off means no transmission from the cell at all (no SSBs/ SI); 
-	Qualcomm is concerned as we didn’t specify a procedure for the UE to switch off.  Vodafone always thought that this just means the UE just turns off completely and will disappear.  Interdigital explains that we never mention switch off, NES-mode indication.  If there is no other cells then we just have RLF.    
-	Lenovo explains that the problem is that the UE doesn’t know if the U Eis switching off.   Sony thinks that this NW implementation.   LG thinks that the NW will stop transmitting SSB/SIB but it is already aware of what the implications of that are.   Apple doesn’t think we need to differentiate.    Oppo thinks that the UE should have a unified behaviour.  Samsung is concerned as the network would be reluctant to turn off the cells.  Qualcomm thinks that if there is a concern, then the network can wait for the successful HO from new target cell before switching off.  
=>	Understanding is that a cell switch off corresponds to a full switch off, but there is not specification impact.   



With above RAN1/2 spec and latest agreement, it could be concluded that there is no intention/method to differentiate the purpose of NES-based CHO, which is up to NW implementation.
Observation 2: From the feasibility perspective, there is no intention/method to differentiate the purpose of NES-based CHO, which is up to NW implementation based on RAN1/2 spec and latest RAN2 agreement.
Thus, there is no need to further discuss UE behavior/requirements for NES-based CHO with respect to Cell switch off.
Proposal 6: No need to further discuss UE behavior/requirements for NES-based CHO with respect to Cell switch off.
The other issue is about when the CHO condition is not fulfilled anymore when receiving the DCI 2-9. The status are shown as follows:
	Issue 2-3-2 CHO condition is not any more fulfilled when receiving the DCI 2-9.
· Proposals
· Option 1: (Nokia)
· For the case DCI 2-X command comes after TEvent_DU + Tidentify_intra_with_index, the NES-based CHO shall be executed only if the condition of NES-based CHO is still met when receiving the DCI 2-X command.
· RAN4 to wait for RAN2 conclusion and decides if defining the handover delay requirement if the CHO condition has been met but is not any more fulfilled when receiving the DCI 2-X command.



For the case when CHO condition is not met anymore before DCI 2-9 received, from our understanding, there is corresponding procedure defined in RAN2 spec, which is quoted as below. Take condEvent A3 as example, RAN2 spec has defined leaving condition/entering condition. 
	[image: ]



	4>	if NES mode indication is received from lower layers, indicating that the NES-specific CHO execution condition is disabled; or
4>	if the leaving condition(s) applicable for this event associated with the condReconfigId, i.e. the event corresponding with the condEventId(s) of the corresponding condTriggerConfig within VarConditionalReconfig, is fulfilled for the applicable cells for all measurements after layer 3 filtering taken during the corresponding timeToTrigger defined for this event within the VarConditionalReconfig:
5>	consider the event associated to that measId to be not fulfilled;




If the leaving conditions are fulfilled, then the event is not fulfilled.
Observation 3: RAN2 has define the criteria whether the event is fulfilled or not when the condition changed. 
Proposal 7: Whether the event is fulfilled or not when the condition changed shall follow RAN2 specification.
Conclusions
This contribution provides analysis on maintenance 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: 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.
Observation 1: When to switch off the Cell and when to trigger DCI 2-9 is completely up to NW decision, which means NW is able to guarantee all UE have completed CHO before Cell switch off without specify specific UE behavior. 
Observation 2: From the feasibility perspective, there is no intention/method to differentiate the purpose of NES-based CHO, which is up to NW implementation based on RAN1/2 spec and latest RAN2 agreement.
Proposal 6: No need to further discuss UE behavior/requirements for NES-based CHO with respect to Cell switch off.
Observation 3: RAN2 has define the criteria whether the event is fulfilled or not when the condition changed. 
Proposal 7: Whether the event is fulfilled or not when the condition changed shall follow RAN2 specification.
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5.54.4 Event A3 (Neighbour becomes offset better than SpCell)

‘The UE shall:
1> consider the entering condition for this event to be satisfied when condition A3-1, as specified below, is fulfilled;
1> consider the leaving condition for this event to be satisfied when condition A3-2, as specified below, is fulfilled;
1> use the SpCell for Mp, Ofp and Ocp.

NOTE 1: The cell(s) that triggers the event has reference signals indicated in the measObjectNR associated to this
event which may be different from the NR SpCell measObjectNR.

Inequality A3-1 (Entering condition)
Mn + Ofin + Ocn — Hys > Mp + Ofp + Ocp + Off
Inequality A3-2 (Leaving condition)

Mn + Ofi + Ocn + Hys < Mp + Ofp + Ocp + Off




