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1. Introduction
[bookmark: Proposal_Pattern_Length]RAN2 continue the discussion on how to enable adaptation of paging and RACH to improve network energy saving.
1. Discussion
Paging adaptation on time
The following was agreed in RAN2#125bis to support adaptation of paging in time domain:
· 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.
· [bookmark: _Hlk165464210]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.
· 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)
The following sections discuss the foreseen impacts for both non-NES UE and NES UEs considering whether they are both allowed to access and/or page when paging adaptation is used in a NES Cell.
Access of non-NES UEs when using paging adaptation on time
Firstly, RAN2 needs to discuss whether a NES cell enabling paging adaptation technique needs to also allow camping of non-NES UEs (including legacy and Rel-19 ones) or only Rel-19 NES UEs. From RAN2#125bis discussion, it seemed preferable that network has the flexibility to bar, when required, non-NES UEs while allowing the access of Rel-19 NES UEs (e.g., similarly as it was done for Rel-19 NES UEs). If so, RAN2 needs to assume when discussing this new paging adaptation technique that any kind of UE may be camping on the cell (which would include legacy UEs, Rel-19 non-NES UEs and Rel-19 NES UEs).
Proposal 1. [bookmark: _Toc162996721][bookmark: _Toc163128681][bookmark: _Toc163141351][bookmark: _Toc163141371][bookmark: _Toc165968837][bookmark: _Toc166014137][bookmark: _Toc166072011][bookmark: _Toc166072568][bookmark: _Toc166160456][bookmark: _Toc166160466][bookmark: _Toc166160479][bookmark: _Toc166160531][bookmark: _Toc162996722][bookmark: _Toc163128682][bookmark: _Toc163141352][bookmark: _Toc163141372]To allow access of non-NES UEs in Rel-19 NES cells supporting paging adaptation technique. 
Proposal 2. [bookmark: _Toc165968838][bookmark: _Toc166014138][bookmark: _Toc166072012][bookmark: _Toc166072569][bookmark: _Toc166160457][bookmark: _Toc166160467][bookmark: _Toc166160480][bookmark: _Toc166160532]To allow for the network to bar legacy UEs from camping on Rel-19 NES cell while allowing the access of Rel-19 NES UEs. I.e., new barring indication is defined for Rel-19 NES UEs supporting paging adaptation technique similarly as it was done for Rel-18 NES UEs. 

Paging resources for NES UEs and non-NES UEs when using paging adaptation on time
Before discussing how Rel-19 NES paging adaptation is defined, RAN2 should clarify how this mechanism should work in relation to legacy paging mechanism that would target other UEs (non-NES or legacy ones). Figure 1 depicts examples on how they may work together considering a paging example provided assuming legacy paging (referred as [A] in Figure 1) and Rel-19 NES paging adaptation (referred as [B] in Figure 1).
· Overlapping paging resources. Paging resources for Rel-19 NES UEs and other UEs can be overlapped on time for example as shown in [C.1] in Figure 1.
· Non-overlapping paging resources. Paging resources for Rel-19 NES UEs and other UEs can be overlapped on time for example as shown in [C.2] in Figure 1. 


[bookmark: _Ref165992899]Figure 1. Paging resources on time for legacy and Rel-18 NES paging adaptation (including interaction)
The non-overlapping approach [C.2] could help under high paging load situations as there would be different paging resources used for Rel-19 NES UEs and other UEs and, the paging load between Rel-19 NES and other UEs would not impact each other. The overlapping approach [C.1] could be sufficient for low/normal paging load situations. On other hand, it could be claimed that overlapping approach [C.1] might allow in-balance on the load for those paging resources that are common for Rel-19 NES UEs and other UEs; however, this might not be a critical issue understanding that network could increase the number of POs when required for Rel-19 NES UEs aiming to minimize the impact on other UEs. In addition, Rel-19 NES paging adaptation aims to reduce network power consumption for which seems reasonable to also assume low/normal paging load situations as baseline (instead of high ones).
Proposal 3. [bookmark: _Toc165968839][bookmark: _Toc166014139][bookmark: _Toc166072013][bookmark: _Toc166072570][bookmark: _Toc166160458][bookmark: _Toc166160468][bookmark: _Toc166160481][bookmark: _Toc166160533]Paging resources for Rel-19 NES UEs and other UEs can overlap (i.e., there may be POs that overlap and other that do not). FFS if any optimization is needed for non-overlapping scenario (i.e., Rel-19 NES UEs and other UEs would not be paged in same paging resources).




Enhancements to enable paging adaptation on time
Few points to highlight from legacy PF/PO calculation and paging related configurations:
· 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 UE
PF_offset : configurable offset for SFN
Ns (number of POs per PF) : { 1, 2, 4 }
N : {T, T/2, T/4, T/8, T/16} 
(T/N) is the number of PF within DRX cycle T = {1,2,4,8,16}
Rel-19 NES paging adaptations in time domain will allow a more compact occurrence of the POs/PFs (e.g., condense or consecutive occurrence over certain time) and different approaches could be considered as captured in RAN2#125bis agreements: (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. Both approaches can be seen as complementary operations that may be enabled leaving their usage up to network need depending on its specific network requirements 
Bundle paging frames
PFs could be changed them to appear together i.e. in a consecutive/bundle manner. This could help to reduce network consumption while guaranteeing similar paging delays as for legacy one. For this different approaches could be considered. For example: a group or bundle of PFs could be defined every certain periodicity (instead of having PF at regular intervals). 
One option may be to reuse legacy calculation and later add a shift to each of the occurrence in order to bundle or group them all together. Alternatively new/updated formula could be defined, for example as new parameter L could be defined to indicate the number of consecutive PFs within a PF bundle (i.e., PF bundle size) and a new parameter G (e.g., G=1) to indicate the gap between PFs.
SFN for the PF is determined by:
(SFN + PF_offset) mod T = G*(UE_ID mod L) 
L: the number of consecutive PFs within a PF bundle (i.e., PF bundle size)
G: the frame gap between consecutive PFs

Proposal 4. [bookmark: _Toc166072014][bookmark: _Toc166072571][bookmark: _Toc166160459][bookmark: _Toc166160469][bookmark: _Toc166160482][bookmark: _Toc166160534]To support the option of bundling PFs every certain periodicity. FFS whether legacy PF/PO is used as baseline of the calculations or new parameters are defined to allow network to control the size and potentially also the periodicity of the PF bundle (or group).
Extend the values of N and Ns
The number of PFs within a DRX cycle (T/N) can be extended (e.g., new values of N could be T/32, T/64, T/128, etc) to increase the interval between the PFs and accordingly the increase the number of POs per PF (e.g., new values of Ns could be 6, 8, 10, 12, 14, 16 etc). This approach could be useful by network when configuring fewer number of PFs within a DRX cycle considering network foreseen paging load. It may be useful for cells operating with numerologies and frame structure that can support large number of slots within a system frame that can support increased number of Pos.
Proposal 5. [bookmark: _Toc46740403][bookmark: _Toc46740416][bookmark: _Toc109242482][bookmark: _Toc109242515][bookmark: _Toc109242566][bookmark: _Toc148975996][bookmark: _Toc165968840][bookmark: _Toc166014140][bookmark: _Toc166072015][bookmark: _Toc166072572][bookmark: _Toc166160460][bookmark: _Toc166160470][bookmark: _Toc166160483][bookmark: _Toc166160535]To support the option of extending the values/range of N and accordingly Ns to allow network to increase the interval between the PFs and to also increase number of POs per PF. FFS new values/ranges.
RACH adaptation on time
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:
Agreement #1
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 #2
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)
Agreement #3
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 #4
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 #5
Support adaptation mechanisms of PRACH in time-domain for following:
· UE in idle/inactive mode
· UE in connected mode

[bookmark: _Toc162996717][bookmark: _Toc163128676][bookmark: _Toc163141338][bookmark: _Toc163141367][bookmark: _Toc165968834][bookmark: _Toc166014134][bookmark: _Toc166072018][bookmark: _Toc166072022][bookmark: _Toc166072566][bookmark: _Toc166160464][bookmark: _Toc166160476][bookmark: _Toc166160529]RAN1 agreed to support at least the RACH adaptation on time for UEs in any RRC state, additional NES specific PRACH resources than legacy ones (which are provided via semi-static signaling) and separate SSB-RO mapping for those NES specific/additional PRACH resources.

Topics for RAN2 discussion - RACH adaptation in time domain
In general, PRACH resources are only occupied if there are UEs that require to transmit PRACH . 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 time 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][bookmark: _Toc165968835][bookmark: _Toc166014135][bookmark: _Toc166072019][bookmark: _Toc166072023][bookmark: _Toc166072567][bookmark: _Toc166160465][bookmark: _Toc166160477][bookmark: _Toc166160530]Being able to allocate additional PRACH resources when required is beneficial for the network to better accommodate those instants in which gNB can anticipate higher than usual PRACH resource load.
RAN1/2 would need to discuss configuration details on the RACH adaptation and how UE is informed about this, including dynamic update of the configuration. RAN1 already agreed that it would be applicable to UEs in any RRC state and would be configured in a semi-static manner. Therefore, RRC signaling (similarly as legacy) could be re-used to define the new NES specific ones. This RRC signaling could indicate whether this NES-RACH configuration should be applied (i.e., considered active) or should be stored to be used in future e.g., when indicated by the network. In our understanding, RAN1 is considering defining new L1 signaling to potentially indicate when these new NES-RACH config. are to be used/applied but this is still under discussion.
Proposal 6. [bookmark: _Toc166072016][bookmark: _Toc166072573][bookmark: _Toc162996723][bookmark: _Toc163128683][bookmark: _Toc163141353][bookmark: _Toc163141373][bookmark: _Toc165968841][bookmark: _Toc166014141][bookmark: _Toc166160461][bookmark: _Toc166160471][bookmark: _Toc166160484][bookmark: _Toc166160536]To start RAN2 discussion based on RAN1 agreement that RACH adaptations in time domain allows configuring NES specific/additional PRACH resources. 
Proposal 6.1. [bookmark: _Toc166072574][bookmark: _Toc166072017][bookmark: _Toc166160462][bookmark: _Toc166160472][bookmark: _Toc166160485][bookmark: _Toc166160537]The configuration of NES specific/additional RACH (i.e. NES-RACH) is provided to UE via RRC broadcast signaling similarly as legacy RACH config. (i.e. in a semi-static manner) to be activated (1) immediately upon acquiring this NES-RACH configuration or (2) in future.
Proposal 6.1.1. [bookmark: _Toc166072575][bookmark: _Toc166160463][bookmark: _Toc166160473][bookmark: _Toc166160486][bookmark: _Toc166160538]For (1), FFS whether explicit or implicit indication is defined as part of the NES-RACH configuration. For (2), DL activate indication is defined via broadcast signaling (e.g., using L1 or RRC paging signaling) and/or NES-RACH configuration that provides activation related information for future purposes.


1. Conclusion
The observations captured are the following:
Observation 1.	RAN1 agreed to support at least the RACH adaptation on time for UEs in any RRC state, additional NES specific PRACH resources than legacy ones (which are provided via semi-static signaling) and separate SSB-RO mapping for those NES specific/additional PRACH resources.
Observation 2.	Being able to allocate additional PRACH resources when required is beneficial for the network to better accommodate those instants in which gNB can anticipate higher than usual PRACH resource load.
The proposals captured are the following:
Paging adaptation on time
Proposal 1.	To allow access of non-NES UEs in Rel-19 NES cells supporting paging adaptation technique.
Proposal 2.	To allow for the network to bar legacy UEs from camping on Rel-19 NES cell while allowing the access of Rel-19 NES UEs. I.e., new barring indication is defined for Rel-19 NES UEs supporting paging adaptation technique similarly as it was done for Rel-18 NES UEs.
Proposal 3.	Paging resources for Rel-19 NES UEs and other UEs can overlap (i.e., there may be POs that overlap and other that do not). FFS if any optimization is needed for non-overlapping scenario (i.e., Rel-19 NES UEs and other UEs would not be paged in same paging resources).
Proposal 4.	To support the option of bundling PFs every certain periodicity. FFS whether legacy PF/PO is used as baseline of the calculations or new parameters are defined to allow network to control the size and potentially also the periodicity of the PF bundle (or group).
Proposal 5.	To support the option of extending the values/range of N and accordingly Ns to allow network to increase the interval between the PFs and to also increase number of POs per PF. FFS new values/ranges.
RACH adaptation on time
Proposal 6.	To start RAN2 discussion based on RAN1 agreement that RACH adaptations in time domain allows configuring NES specific/additional PRACH resources.
Proposal 6.1.	The configuration of NES specific/additional RACH (i.e. NES-RACH) is provided to UE via RRC broadcast signaling similarly as legacy RACH config. (i.e. in a semi-static manner) to be activated (1) immediately upon acquiring this NES-RACH configuration or (2) in future.
Proposal 6.1.1.	For (1), FFS whether explicit or implicit indication is defined as part of the NES-RACH configuration. For (2), DL activate indication is defined via broadcast signaling (e.g., using L1 or RRC paging signaling) and/or NES-RACH configuration that provides activation related information for future purposes.
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