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[bookmark: _Hlk92533719]Introduction
According to RAN#102 discussion, one objective of the Rel-19 network energy saving WID [1] was approved including adaptation of common signal/channel transmissions, which is shown as following:
	3. 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 this contribution, we will provide our consideration on the adaptation of common signal transmissions.

Discussion
[bookmark: OLE_LINK19][bookmark: OLE_LINK22]2.1 Adaptation of SSB in time domain
	Agreement
[bookmark: _Hlk162413963]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
[bookmark: _Hlk162413896]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（fast）/configuration（semi）



RAN1 has discussed adaptation of SSB in time domain in RAN1#116 meeting and made some agreements listed above. According to RAN1 discussion, the adaptation mechanisms for SSB and applicable scenarios under each mechanism are unclear. Therefore, we propose to postpone the discussion until RAN1 has made further progress.
Proposal 1: RAN2 to postpone the discussion for adaptation of SSB until RAN1 has made further progress. 
2.2 Adaptation of PRACH in time domain
	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
Agreement
For the adaptation mechanisms of PRACH in time-domain
· Support at least PRACH adaptation provided by gNB without UE trigger
· FFS: PRACH adaptation with UE trigger：
· Note: UE trigger means UE requests adaptation of PRACH
· Study at least the following,
· Dynamic signaling and/or semi-static signaling of PRACH adaptation 
· Adaptation of PRACH transmission according to certain condition 
· Applicability to idle/inactive and/or connected mode Ues 
Which scenarios the adaptation mechanism is applicable to (e.g. cell with both legacy and Rel-19 UE, cell with only Rel-19 UEs)


In RAN1#116 meeting, RAN1 has agreed to introduce additional PRACH resources for Rel-19 UEs. For additional PRACH configuration, from RAN2 perspective, RAN2 impact mainly includes configuration of additional PRACH resources, configuration of mapping between SSB and additional PRACH, and signaling of indicating the adaptation of additional PRACH, etc. However, it depends on the specific solutions of RAN1. Therefore, we propose to postpone the discussion.
Proposal 2: RAN2 to postpone the discussion for adaptation of PRACH until RAN1 has made further progress.
2.3 Adaptation of paging occasions including confining the paging occasions in the time domain
Currently, paging occasions for different UEs are uniformly distributed in time domain, which means the cell has to frequently wake up at different time for paging transmissions, causing less NW’s deep sleeping opportunities. Taking the following parameters as an example, when T = 32 frames, N = quarterT, PF_offset = 0, then according to the formulae of paging frame that is (SFN + PF_offset) mod T = (T div N)*(UE_ID mod N), there are 8 paging frames uniformly distributed in each DRX cycle and the UEs are uniformly distributed in these 8 paging frames. The NW needs to wake up 8 times in one DRX cycle and chances for deep sleeping are limited. Therefore, the NW should confine the paging occasions in the time domain to better achieve the NES gain.



Figure 1. Legacy paging frame distribution
Based on the following note for adaptation of common signal/channel transmissions in NES WID [1], the legacy UEs can camp on the cell configured with paging adaptation feature. Therefore, the target scenario for Rel-19 should focus on a single cell with the legacy UEs and the Rel-19 UEs supporting paging adaptation.
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown. 
Observation 1: The enhancement on paging adaptation in Rel-19 should not impact the legacy UEs.
According to the legacy paging configuration, the NW can configure at least two legacy PFs in each DRX cycle that T = 32 frames and N = oneSixteenthT. With this configuration, the network can sleep 150ms between two adjacent PFs, but it may lead to high paging load in legacy PFs. Therefore, to ensure not impacting the paging capacity of the legacy UEs which monitor paging transmissions according to the legacy paging configuration, one solution for paging adaptation is to introduce additional PFs adjacent to the legacy PFs for the Rel-19 UEs.


Figure 2. Additional paging frame distribution
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Observation 2: The network can configure a minimum amount of two PFs in each DRX cycle according to the current specification. Under this configuration, the network can sleep 150ms between two adjacent PFs, but it may lead to a high paging load in legacy PFs.
Proposal 3: Support separate configuration for the Rel-19 UEs with additional PF(s) consecutive to the legacy PF(s) to achieve balance between paging load and NES gain.
With this solution, we should discuss the paging monitoring behaviors of the UEs. The legacy UEs still monitor the paging transmission in legacy PFs. For the Rel-19 UEs, if the NW does not configures the separate configuration, the Rel-19 UEs can monitor the paging transmission in legacy PFs. If the NW configures the separate configuration, there are two options can be considered:
· Option 1: The UEs monitor the paging transmission in one PF from additional PF(s) only per paging cycle.
· Option 2: The UEs monitor the paging transmission in one PF from additional PF(s) and legacy PFs per paging cycle, FFS details
[bookmark: OLE_LINK1]For option 1, the NW only pages the Rel-19 UEs in additional PFs and the Rel-19 UEs can be mapped to additional PFs. For option 2, If the NW estimates that the load of legacy UEs is low, a part of Rel-19 UEs can be assigned to legacy PFs, which can reduce the need for additional PFs. Therefore, the Rel-19 UEs can monitor the paging transmission in one PF from additional PFs and legacy PFs per paging cycle. For example, the Rel-19 UEs can be mapped to PFs determined by (UE_ID mod N), where N includes the sum of the number of legacy PFs and additional PFs.
Proposal 4: The UEs use the separate configuration for determining additional PF(s) if it is configured by the NW. Otherwise, legacy paging configuration can be used.
Proposal 5: If the NW configures the additional PF(s), RAN2 to discuss how the Rel-19 UEs monitor the PF(s):
· Option 1: The UEs monitor the paging transmission in one PF from additional PF(s) only per paging cycle;
· Option 2: The UEs monitor the paging transmission in one PF from additional PF(s) and legacy PFs per paging cycle, FFS details;

Conclusion
Based on the discussion, we have the following proposals:
Proposal 1: RAN2 to postpone the discussion for adaptation of SSB until RAN1 has made further progress. 
Proposal 2: RAN2 to postpone the discussion for adaptation of PRACH until RAN1 has made further progress.
Observation 1: The enhancement on paging adaptation in Rel-19 should not impact the legacy UEs.
Observation 2: The network can configure a minimum amount of two PFs in each DRX cycle according to the current specification. Under this configuration, the network can sleep 150ms between two adjacent PFs, but it may lead to a high paging load in legacy PFs.
Proposal 3: Support separate configuration for the Rel-19 UEs with additional PF(s) consecutive to the legacy PF(s) to achieve balance between paging load and NES gain.
Proposal 4: The UEs use the separate configuration for determining additional PF(s) if it is configured by the NW. Otherwise, legacy paging configuration can be used.
Proposal 5: If the NW configures the additional PF(s), RAN2 to discuss how the Rel-19 UEs monitor the PF(s):
· Option 1: The UEs monitor the paging transmission in one PF from additional PF(s) only per paging cycle;
· Option 2: The UEs monitor the paging transmission in one PF from additional PF(s) and legacy PFs per paging cycle, FFS details;
[bookmark: _GoBack]4. Reference
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