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1. Introduction
New Rel-19 work item on enhancements of network energy savings was approved at RAN#102 and revised at RAN#103 [1]. One of the objectives in the WID is to specify adaptation of common signal/channel transmissions:
	Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
· Adaptation of SSB in time domain, e.g. adapting periodicity 
· Adaptation of PRACH in time domain
· Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
· This study is to be done in 2Q’2024 only
· Adaptation of paging occasions including confining the paging occasions in the time domain
· Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 



In the last RAN2 meeting, paging adaptation was discussed and the following agreements were achieved [2]:
	1. From the UE point of view, UE will monitor one PEI/PO every paging DRX cycle, i.e. the UE doesn’t skip PO in paging DRX cycle.
2. For adaptation of paging occasions in time domain, RAN2 to study a) bundle paging frames and b) extend the values of N to have increased interval between PFs (e.g. T/64, T/128 ...) and compensating decrease in number of PFs by increasing POs per PF.
3. For Paging adaptation, R2 discusses the following options on compatibility of legacy RRC_IDLE/RRC_INACTIVE UE:
· Option 1: Prevent the access of legacy UE via barring;
· Option 2: Separate paging resources for legacy UEs and Rel-19 NES UEs (assuming there are legacy UEs)



This objective was also discussed at RAN1#116bis and some agreements were made [3]. In this document, we focus on potential RAN2 impact based on RAN1 and RAN2 conclusion.
2. [bookmark: OLE_LINK139][bookmark: OLE_LINK140]Discussion
2.1 Adaptation of SSB
The following RAN1 agreements for SSB adaption were made in the last RAN1 meeting:
	For indication of adaptation of SSB in time-domain, 
· Support at least SSB adaptation provided by gNB without UE trigger

Adaptation mechanism(s) of SSB in time-domain is supported at least for one of the following scenario(s): 
· For cell with both legacy UEs and Rel-19 NES-capable UEs 
· Rel-19 NES-capable UE’s PCell (Connected mode) 
· Study from the following options:
· Option A1: adaptation for CD-SSB
· Option A2: adaptation for SSB that is not CD-SSB
· Option A3: adaptation for SSB not on sync raster
· Rel-19 NES-capable UE’s SCell 
· Study from the following options:
· Option B1: adaptation for CD-SSB
· Option B2: adaptation for SSB that is not CD-SSB
· Option B3: adaptation for SSB not on sync raster
· FFS: Rel-19 NES-capable UE in idle/inactive mode
· Note: Impact to idle/inactive UEs shall be minimized 




For SSB adaption, scenarios are still under discussion in RAN1 (e.g. RRC state and PCell/SCell). Several adaption mechanisms were listed for further study. It seems only RAN2 impact that can be identified for the time being is corresponding configuration. Other RAN2 impact, if any (e.g. trigger mechanism), can be studied and discussed after further RAN1 progress.
Proposal 1: Wait for further RAN1 progress before discussing RAN2 impact of SSB adaptation.
2.2 Adaptation of PRACH
The following RAN1 agreements for PRACH adaption were made in the last RAN1 meeting:
	For adaptation of PRACH in time-domain, support at least the following: 
· Adaptation based on additional PRACH resources for NES-capable UEs in addition to PRACH resources for legacy UEs (if any)
· Note: NES-capable UEs can use both additional PRACH resources and PRACH resources for legacy UEs
· Configuration of additional PRACH resources is provided by semi-static signalling
· FFS: details including whether there is overlap of additional PRACH resources and PRACH resources for legacy UEs
· FFS: adaptation mechanism for additional PRACH resources
· Note: No change to the existing PRACH configuration tables in 38.211

For adaptation of PRACH in spatial domain, 
· Study possibility of scenarios with non-uniform distribution of UEs in different beams 
· Note 6: Companies are encouraged to provide details on how they map UEs to different beams
· Study network energy savings gain achieved by non-uniform PRACH resource allocation across SSBs for scenarios with non-uniform distribution of UEs in different beams (if any)




For PRACH adaption, several mechanisms were listed for further study, which can be categorised as bellow:
· New configuration for PRACH, e.g. longer periodicity, new mapping relation between RO and SSB, etc.
· Dynamic adaption for PRACH configuration/occasion and corresponding trigger mechanisms.
Apart from corresponding configuration, for some PRACH adaption mechanism, there will be RAN2 procedure impacts. For example, PRACH resource selection for NES-UEs and UE request for PRACH adaption (if L2 signaling is needed). According to RAN1 agreements, all the listed mechanisms are for further study, RAN2 can start to discuss detailed RAN2 impacts after RAN1 makes down selections on the listed mechanisms.
Proposal 2: Wait for further RAN1 progress before discussing RAN2 impact of PRACH adaptation.
2.2 Adaptation of Paging
For paging adaptation, two options were agreed in the last RAN2 meeting:
· Option 1: bundle PFs in one paging DRX cycle in time domain.
· Option 2: extend interval between PFs and increase POs per PF to avoid decreasing paging capacity per paging DRX cycle.
Both options can restrict all POs in one paging DRX cycle to limited time domain for gNB energy saving. In Option 2, for each paging DRX cycle, the number of PFs is decreased but the number of POs per PF is increased. There may be impact on gNB scheduling flexibility for paging transmission as the gNB may need to schedule more paging transmission in one PF. Besides, increasing POs per PF may have impact on features linked to PO. For example, one DCI 2_7 for PEI can be associated with up to 8 POs of two consecutive PFs. Increasing POs per PF may have impact on PEI reception procedure. Thus, Option 1 is preferred.
In TS38.304, PF is determined by the following formulae:
	The PF and PO for paging are determined by the following formulae:
SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns
……
T: DRX cycle of the UE.
……
N: number of total paging frames in T
Ns: number of paging occasions for a PF




One straightforward way to bundle PFs to certain time domain within one paging DRX cycle is to update the formula for PF determination.
Proposal 3: For NES-UEs, revise the legacy PF determination formula to bundle PFs in one paging DRX cycle.
3. Conclusion
In this contribution, we focus on potential RAN2 impacts of adaptation of common signal/channel transmissions for network energy saving. Proposals are summarised as follows.
Proposal 1: Wait for further RAN1 progress before discussing RAN2 impact of SSB adaptation.
Proposal 2: Wait for further RAN1 progress before discussing RAN2 impact of PRACH adaptation.
Proposal 3: For NES-UEs, revise the legacy PF determination formula to bundle PFs in one paging DRX cycle.
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