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Introduction
The WID for “Enhancements of network energy savings for NR” was approved at RAN #102, and further updated at RAN # 103 with the follows [1].
	The objectives of the work item are the following:
3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
a. [bookmark: _Hlk163180119]Adaptation of SSB in time domain, e.g. adapting periodicity 
b. Adaptation of PRACH in time domain
c. Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
i. This study is to be done in 2Q’2024 only
d. Adaptation of paging occasions including confining the paging occasions in the time domain
i. Note: there shall be no paging latency increase
e. Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 



In this contribution, we discuss scenarios or use cases for adaptation of common signal and channel transmissions and potential impact to specification work.
Discussion
[bookmark: _Hlk163187680]Adaptation of SSB in time domain
For adaptation of SSB in time domain, the following agreements were made at RAN1 #116 for further study [2].
	Agreement
For adaptation of SSB in time-domain, consider the following adaptation mechanisms for further study. 
· Adaptation of SSB burst periodicity
· Adaptation based on two SSB configurations where up to two configurations can be active
· Adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration
· Adapting the transmitted number of SSBs within a SSB burst
· Cell DTX for SSB adaptation
· Whether to support new SSB burst periodicity value(s)
· Whether to support new SSB burst(s) (i.e. how SSB transmission is made within a burst)
· New compact SSB burst(s) 
· Adapting the position of SSBs within a SSB burst
· Other mechanisms/combinations are not precluded
Agreement
For the adaptation mechanisms of SSB in time-domain, study further applicable scenarios and associated legacy UE impact/handling (if any) based on the following: 
· Applicability to UE in idle/inactive and/or connected mode 
· Applicability to PCell and/or SCell(s)
Agreement
For the adaptation mechanisms of SSB in time-domain, study further following mechanisms: 
· Adaptation mechanism indicated or configured by gNB without UE trigger
· Adaptation triggered by UE (if any)
FFS: Details of associated signaling/indication/configuration



Furthermore, the following agreements were made at RAN1 #116bis [3].
	Agreement
For indication of adaptation of SSB in time-domain, 
Support at least SSB adaptation provided by gNB without UE trigger
Agreement
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
· [bookmark: _Hlk164286497]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 




NR supports cell-defining SSB (CD-SSB) and non-cell-defining SSB (NCD-SSB). The CD-SSB has associated SIB1 and transmitted in a cell supporting initial access/idle mode operation for UEs at Idle or Inactive state. The NCD-SSB does not have associated SIB1 and can be transmitted in a cell that may not support initial access/idle mode operation, e.g., the secondary cell (Scell) in CA deployments. Furthermore, the NCD-SSB is only needed for UE connected mode operation, e.g., beam management, mobility management, power control etc. or for a cell or carrier without CD-SSB. 
SSB design is mainly under RAN1’s scope, RAN2 can wait for RAN1’s decision and not discuss SSB adaptation at the first meeting of Rel-19 NES. 
Proposal 1. For SSB adaptation, RAN2 can wait for RAN1's conclusion on the applicable scenarios.
Adaptation of PRACH in time domain
For adaptation of PRACH in time domain, the following agreement wwas made at RAN1 #116 for further study [2].
	Agreement
For adaptation of PRACH in time-domain, consider the following adaptation mechanisms for further study.
· Adaptation based on configuration of additional[/different] 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
· For the additional PRACH resources,
· Adaptation of PRACH resource periodicity/PRACH occasion 
· Adaptation at PRACH configuration/association period/association pattern period level and SSB to RO mapping cycle
· Adaptation based on extending cell DRX operation for PRACH.
· Concentrating ROs in time domain
· Other options are not precluded


Furthermore, the following agreements were made at RAN1 #116bis [3].
	Agreement
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

Agreement
For adaptation of PRACH in time-domain, support the following: 
· SSB-RO mapping for the additional PRACH resources is separate from the SSB-RO mapping of the PRACH resources for legacy UEs (if any)
· FFS: whether/how to handle SSB-RO mapping if the additional PRACH resources overlap in both time and frequency with the PRACH resources for legacy UEs
· Note: SSB-RO mapping of the PRACH resources for legacy UEs is not impacted if Rel-19 UE uses these PRACH resources
· FFS: SSB-RO mapping for the additional PRACH resources 

Agreement
Support adaptation mechanisms of PRACH in time-domain for following:   
· UE in idle/inactive mode
· UE in connected mode


Based on RAN1’s agreement, PRACH adaptation in time may be based on the configuration of additional or different PRACH resources for NES-capable UEs only. 
Furthermore, the additional PRACH resources may be based on the adaptation of PRACH resource period or occasions, adaptation of association pattern with SSB, adaptation on cell DRX, etc. 
Proposal 2. On RACH occasion (resource) adaptation, RAN2 can evaluate possible RRC and MAC spec impacts for the additional PRACH resource configuration or indication and leave the study conclusion to RAN1. 
Adaptation of PRACH in spatial domain
Adaptation of PRACH in spatial domain may achieve network energy saving by optimizing the number of ROs for each direction based on the UE distribution in the coverage area, e.g., the number of UEs at a spatial direction.
Adaptation of PRACH in spatial domain is mostly under RAN1’s evaluation, RAN2 should not spend time on it for now. 
Proposal 3. RAN2 waits for RAN1’s progress on Adaptation of PRACH in spatial domain. 
Adaptation of paging occasions 
For adaptation of paging occasions, the following agreement was made at RAN1 #116 for further study [2].
	Agreement
For adaptation of paging, 
· Study further from RAN1 perspective, techniques for adaptation of paging occasions in time-domain and achievable network energy savings.
· Note: Specification details for PO/PF determination and paging-related configuration/procedures to be handled by RAN2


At RAN2 #125bis, the following agreements were made for paging adaptation [4].
	Agreements on paging adaptation:
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)





Figure 1: Adaptation of Paging Frames
Currently, up to 4 POs may be configured per Paging Frame (PF). With bundled PFs as shown in Figure 1, POs may be configured with one or two POs per PF. With further distributed PFs, the number of POs needs to be increased to maintain enough paging occasions, e.g., the number of POs per PF may be more than 4 (i.e., increasing the value of ns).
Proposal 4. RAN2 discusses adaptation of POs within a PF for bundled PFs and further distributed PFs.
For supporting legacy UEs, the current PF/PO should not be changed or adapted. For Rel-19 NES-capable UEs, additional PF/PO may be added, e.g., evenly distributed or bundled together next to the legacy PF/PO. 
With the adaptation of PF/PO, Rel-19 NES-capable UE may be restricted with new PF/PO to reduce paging conflict with legacy UEs.
Proposal 5. For paging adaptation, RAN2 discusses whether R19 NES-capable UEs are restricted with new PF(s)/PO(s) or not.  
With adaptation of PF/PO, R19 NES-capable UEs needs to know how to determine the new PF and PO, e.g., using formular or configuration.  
Proposal 6. RAN2 discusses how to determine new PF/PO for R19 NES-capable UEs. 
Additionally, the new PF/PO may be adapted based on traffic and UE distribution and thus the network needs to indicate to the new PO/PF Rel-19 NES capable UEs, e.g., broadcasted in SIB1 or configured via RRC. 
Proposal 7. RAN2 discusses how to indicate new PF/PO to R19 NES-capable UEs. 
Conclusion
[bookmark: _Hlk92772570]In this contribution, we discussed scenarios or options for on-demand SIB1 operation and concluded with the following observations and proposals.
Adaptation of SSB in time domain
Proposal 1. For SSB adaptation, RAN2 can wait for RAN1's conclusion on the applicable scenarios.
Adaptation of PRACH in time domain
Proposal 2. On RACH occasion (resource) adaptation, RAN2 can evaluate possible RRC and MAC spec impacts for the additional PRACH resource configuration or indication and leave the study conclusion to RAN1. 
Adaptation of PRACH in spatial domain
Proposal 3. RAN2 waits for RAN1’s progress on Adaptation of PRACH in spatial domain.
Adaptation of paging occasions
Proposal 4. For paging adaptation, RAN2 discusses adaptation of POs within a PF for bundled PFs and further distributed PFs.
Proposal 5. For paging adaptation, RAN2 discusses whether R19 NES-capable UEs are restricted with new PF/PO or not.  
Proposal 6. RAN2 discusses how to determine new PF/PO for R19 NES-capable UEs. 
Proposal 7. RAN2 discusses how to indicate new PF/PO to R19 NES-capable UEs. 
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