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1. Introduction
[bookmark: Proposal_Pattern_Length]This document identifies RAN2 areas of interest/work for the following objective highlighted in green of R19 NES WID [1] and also, provides a summary overview of key points for RAN2 to consider from previous RAN1 agreements/discussion. 
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
1. Discussion
Paging adaptation in time domain
Update on RAN1 agreements – Paging adaptation in time domain
The following includes RAN1 agreements on the POs adaptation of in time domain:
· For adaptation of paging, 
· Study further from RAN1 perspective, techniques for adaptation of paging occasions in time-domain and achievable network energy savings
Topics for RAN2 discussion - Paging adaptation in time domain
[bookmark: _Hlk162992669]Firstly, RAN2 should clarify the target optimization/techniques that target the adaptation of the paging occasions (POs) in time-domain. The adaption of POs is a NES technique that was well evaluated by RAN1 in Rel-18 as captured in TR 38.864 [2]. Legacy specification evenly spreads the POs and PFs across the time. This negatively impacts gNB’s ability to go to deeper sleep modes as gNB might need to wake up to send paging regardless of whether paged UEs are in its coverage area or not. From a UE side, not all POs are used to monitor paging and UE determines the PF based on its UE ID and T (DRX cycle periodicity). The numerous POs distributed over time is to evenly spread the UEs that need to be paged to reduce the probability of paging overload. Therefore, even if the POs are compressed together in time domain, it should not negatively impact paging latency from the UE perspective nor network paging load. Below figure provides on top, an example of legacy PFs and its relationship with configuration parameter N, and paging DRX cycle (T), and on the bottom part, an example of introducing consecutive paging frames to increase periods between paging frames. From the network perspective, it is possible to support the same paging density by squeezing the PFs and/or POs to be in consecutive slots or frames. In such paging configuration, gNB does not necessarily need to wake up frequently to be able to transmit paging to UEs. As long as the total paging density is preserved, there would be no paging latency impact from the UE perspective. 
[image: ]
[bookmark: _Toc162996716][bookmark: _Toc163128675][bookmark: _Toc163141337][bookmark: _Toc163141366]Legacy specification spreads evenly the POs/PFs across the time of the paging DRX cycle which negatively impacts gNB’s ability to go to deeper sleep modes. If those same POs/PFs were all in consecutive frames/slots, gNB could have longer periods of times without having to page any UE while still maintaining the same paging density.
Another aspect to discuss  is whether a cell enabling paging adaptation technique needs to allow legacy UEs also camping on the cell or only Rel-19 NES UEs. This may impact on how the adaptation of the PO/PFs is performed. An alternative is that network may want to have the flexibility to barred legacy UEs while allowing the access of Rel-19 NES UEs (e.g., similarly as it was done for Rel-19 NES UEs) while the paging adaptation assumes that any kind of UE may be camping on the cell (which would include legacy UEs and Rel-19 NES UEs).
Proposal 1. [bookmark: _Toc162996720][bookmark: _Toc163128680][bookmark: _Toc163141350][bookmark: _Toc163141370]To enable paging adaptations in time domain that allow a more compact occurrence of the POs/PFs (e.g., condense or consecutive occurrence over certain time).
Proposal 1.1. [bookmark: _Toc162996721][bookmark: _Toc163128681][bookmark: _Toc163141351][bookmark: _Toc163141371]To discuss whether to support legacy UEs in Rel-19 NES cells supporting paging adaptation on the time domain.
Proposal 1.1.1. [bookmark: _Toc162996722][bookmark: _Toc163128682][bookmark: _Toc163141352][bookmark: _Toc163141372]Even if legacy UEs are supported, to discuss whether network should be allowed to bar legacy UEs from camping on Rel-19 NES cell while allowing access of Rel-19 NES UEs (similarly as it was done for Rel-18 NES UEs).


RACH adaptation in time domain
Update on RAN1 agreements - RACH adaptation in time domain
The following includes RAN1 agreements on the possible options for RACH adaptation of in time domain:
· [bookmark: _Hlk162523957]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
· 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)
· Other options are not precluded

[bookmark: _Toc162996717][bookmark: _Toc163128676][bookmark: _Toc163141338][bookmark: _Toc163141367]Possible enhancements to highlight from RAN1 mechanism identified for the study: adaptation and additional PRACH resources/occasions, available to UE on any RRC state and that may change in a dynamic and/or semi-static manners.

Topics for RAN2 discussion - RACH adaptation in time domain
In general, PRACH resources are only occupied if there are corresponding UEs that require to transmit PRACH exists. While network can try to make estimations of the expected PRACH load and configure appropriate resources for PRACH, it may be still difficult to assess the required PRACH load dynamically and try to allocate PRACH resources accordingly. This flexibility becomes more useful if/when enabling Rel-19 paging adaptation in time domain also under discussion. 
For such scenarios where gNB can anticipate higher than usual PRACH resource demand, it can be beneficial to support gNB to allocate additional PRACH resources. This approach can introduce clustered PRACH occasions that are placed nearby or together to enable a longer sleep times of the gNB in low load situations. The new PRACH occasion patterns could be superimposed on top of legacy PRACH occasions with lower PRACH density. This would allow legacy UEs to be supported by the legacy PRACH occasions and Rel-19 NES-capable UEs to be supported by the new PRACH occasions.
[image: ]
[bookmark: _Toc163128677][bookmark: _Toc163128678][bookmark: _Toc162996718][bookmark: _Toc163141339][bookmark: _Toc163141368]Being able to allocate additional PRACH resources when required seems beneficial for the network to better accommodate those instants in which gNB can anticipate higher than usual usage of PRACH resource demand.
RAN1/2 would need to discuss configuration details on the RACH adaptation and how UE is informed about this. As RAN1 has already started detailed discussion on this area, therefore we suggest waiting until further progress on their discussion to minimize overlapping discussion. 
Proposal 2. [bookmark: _Toc162996723][bookmark: _Toc163128683][bookmark: _Toc163141353][bookmark: _Toc163141373]To enable RACH adaptations in time domain that allow additional PRACH resources that can be clustered in time domain. RAN2 to wait for RAN1 progress before discussing more details on this area.

SSB adaptation in time domain
Update on RAN1 agreements - SSB adaptation in time domain
The following includes RAN1 agreements on the possible options for SSB adaptation of in time domain:
· 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
· 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)
· Adaptation mechanism indicated or configured by gNB without UE trigger
· Adaptation triggered by UE (if any)
· FFS: Details of associated signaling/indication/configuration
· Other mechanisms/combinations are not precluded
There may be some overlapping with on-demand SSB SCell for UEs in RRC_CONNECTED configured with CA. However, this SSB adaptation on time domain seems to have a broader scope from study point of view e.g. based on RAN1 discussion, it seems to target UEs in any RRC state (idle, inactive and connected). This is a RAN1 lead area and RAN1 has already started detailed discussion on it, therefore we suggest waiting until further progress. 
[bookmark: _Toc162996719][bookmark: _Toc163128679][bookmark: _Toc163141340][bookmark: _Toc163141369]Adaptation of SSB over time aims to address a broader scope than on demand SSB SCell as it targets UE in any RRC state.
Proposal 3. [bookmark: _Toc162996724][bookmark: _Toc163128684][bookmark: _Toc163141354][bookmark: _Toc163141374]Wait for further RAN1 progress on which SSB adaptations in time domain are agreed.



1. Conclusion
The observations captured are the following:
Observation 1.	Legacy specification spreads evenly the POs/PFs across the time of the paging DRX cycle which negatively impacts gNB’s ability to go to deeper sleep modes. If those same POs/PFs were all in consecutive frames/slots, gNB could have longer periods of times without having to page any UE while still maintaining the same paging density.
Observation 2.	Possible enhancements to highlight from RAN1 mechanism identified for the study: adaptation and additional PRACH resources/occasions, available to UE on any RRC state and that may change in a dynamic and/or semi-static manners.
Observation 3.	Being able to allocate additional PRACH resources when required seems beneficial for the network to better accommodate those instants in which gNB can anticipate higher than usual usage of PRACH resource demand.
Observation 4.	Adaptation of SSB over time aims to address a broader scope than on demand SSB SCell as it targets UE in any RRC state.

The proposals captured are the following:
Proposal 1.	To enable paging adaptations in time domain that allow a more compact occurrence of the POs/PFs (e.g., condense or consecutive occurrence over certain time).
Proposal 1.1.	To discuss whether to support legacy UEs in Rel-19 NES cells supporting paging adaptation on the time domain.
Proposal 1.1.1.	Even if legacy UEs are supported, to discuss whether network should be allowed to bar legacy UEs from camping on Rel-19 NES cell while allowing access of Rel-19 NES UEs (similarly as it was done for Rel-18 NES UEs).
Proposal 2.	To enable RACH adaptations in time domain that allow additional PRACH resources that can be clustered in time domain. RAN2 to wait for RAN1 progress before discussing more details on this area.
Proposal 3.	Wait for further RAN1 progress on which SSB adaptations in time domain are agreed.
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