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1 Introduction
The Rel-18 work item on network energy savings for NR specified techniques primarily for RRC Connected UEs such as SSB-less SCell operation, cell DTX/DRX mechanism, mechanisms to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, CHO procedure enhancement(s) etc. 
Rel-19 work item aims to specify further network energy savings techniques such adaptation of common signal/channel transmissions. WID of Rel-19 network energy saving specifies the following objective for adaptation of common signal/channel transmissions:
· 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 
2 Discussion
Adaptation of SSB in time domain
RAN1 has discussed (in RAN1#116) adaptation of SSB in time domain and agreed to consider the following 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 an SSB burst
· Other mechanisms/combinations are not precluded

The SSB adaptation mechanism may have some RAN2 impact such as RRC configuration and (de) activation/trigger for adaptation. Adapting SSB may also affect legacy UEs (e.g. UEs in idle/inactive). RAN2 may need to discuss whether legacy UEs can camp in a cell supporting SSB adaptation. If legacy UEs can not camp, mechanism to bar legacy UEs and not bar UEs supporting SSB adaptation would be needed. The details can be studied after RAN1 has agreed on a specific SSB adaptation mechanism.

Proposal 1: For adaptation of SSB in time domain, RAN2 to wait for further progress in RAN1.

Adaptation of PRACH in time domain
RAN1 has discussed (in RAN1#116) adaptation of PRACH in time domain and agreed to consider the following 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

The PRACH adaptation mechanism may have some RAN2 impact such as RRC configuration and (de) activation/trigger for adaptation, RACH resource selection etc. The details can be studied after RAN1 has agreed on a specific PRACH adaptation mechanism.

Proposal 2: For adaptation of PRACH in time domain, RAN2 to wait for further progress in RAN1.

Adaptation of paging occasions
RAN1 has discussed (in RAN1#116) adaptation of paging occasions and agreed the following: 
· 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

Figure 1 illustrates the paging configuration in NR. From network perspective, multiple paging frames are uniformly distributed in time in DRX cycle. UEs are distributed across these paging frames.



Figure 1

Distributed PFs (as shown in figure 1) may lead to frequent wakeup by network to deliver paging resulting in increased energy consumption. 
Approach 1: By bundling/grouping PFs together, multiple wake ups can be reduced. Frequent transmission of signals such as SSBs/PEIs that aid in reception of paging can be minimized. Figure 2 illustrates bundling/grouping of PFs for T = 32rf and N = T/4



Figure 2
Approach 2: An alternate approach would be to 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. For example, let’s say 32 POs are needed in a DRX cycle to meet the paging load in a cell. Network can configure 8 PFs and 4 POs per PF in legacy. Based on approach 2, network can configure 1 PF in DRX cycle and 32 POs per PF.
Proposal 3: For adaptation of paging occasions in time domain, RAN2 to discuss whether to a) bundle paging frames or 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 Conclusion
Proposal 1: For adaptation of SSB in time domain, RAN2 to wait for further progress in RAN1.

Proposal 2: For adaptation of PRACH in time domain, RAN2 to wait for further progress in RAN1.

Proposal 3: For adaptation of paging occasions in time domain, RAN2 to discuss whether to a) bundle paging frames or 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.
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