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1	Introduction
[bookmark: _Hlk126662671]RAN2 is starting WI on NW energy saving (RP-223540) with one of the goals:
1. Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2] 

[bookmark: _Hlk126662737]The TR 38.864 v18.0.0 captures this on the objective:
[bookmark: _Toc123635634]6.5.1	Cell selection/reselection
For backward compatibility, there is a need to allow NES cells to prevent legacy UEs from camping. NES cells should be able to configure whether to prevent legacy UEs, while allowing NES-capable UEs to camp on. Possible solutions may include but not limited to:
-	Use IntraFreqExcludedCellList/InterFreqExcludedCellList
-	Use the cellBarred or cell reservation fields in MIB/SIB
The definition of NES cell will be discussed in the WI phase.
The NW should be able to configure NES-capable UEs to prioritize/down-prioritize a specific NES cell or NES cells on a specific frequency. It is left to the WI phase whether the existing mechanism for cell (re)selection is sufficient according to the NES techniques specified.
From RAN2 perspective, legacy UEs and NES-capable UEs can be handled via cell selection/reselection techniques in the presence of NES cells.
In this paper we discuss the objective.

In RAN2#121 we reached following agreement:
Agreements:
1. RAN2 confirms that non-NES UEs can access to NES cells if NES solution is backwards compatible

and in RAN2#122:


Agreements:
1. We will define UE capabilities with signaling.  Details are FFS and will be discussed later during the WI phase.  
2. Separate camping restrictions for NES-capable and non-NES UEs will be defined.  FFS if it is a single bit or more.   

2 	Motivation
Whenever the gNB (or one of the network entities it controls, such as a cell, a DU, a CU) operates in a network energy saving (NES) mode such as a dormant state, this entails that some of its hardware components are switched off or kept in a sleep mode to obtain network energy reduction. As a result, the capability of the gNB to provide services to the end users may be temporarily reduced until the energy saving mode is exited. Accordingly, there can be a trade-off between the energy to be saved and performance to be provided. For example, the provided performance during the NES mode (e.g.  in terms of bit rate, latency, number of served UEs, amount of data served, etc.) can be limited or degraded.
Observation 1: Cell operating in a NES mode will have reduced performance (e.g. in terms of bit rate, latency, number of served UEs, amount of data served, etc.)  
 To enable increased performance or revert to the normal performance level, the network may want to exit the NES mode. However, this comes at the price of an increased energy consumption. 
Without any NES WI improvements, the main method for achieving energy saving is to turn off cells where capacity is not needed. This assumes that the operator has sufficient capacity on other frequency/NW layers. Such a behavior will be quite slow and mostly one would turn off cells when there is less demand for capacity, e.g., during the night. We consider that it is imperative to enable a fast way to activate NES modes in order to achieve energy savings when there is possibility to do so even if only lasting for short moments. This is similar to UE DRX when one only applies full capacity when there is need. So, the NES mode of gNB/network could change frequently (e.g. with PHY/MAC signaling) without upper layer signaling (e.g. RRC signaling). This may cause issues how the upper layer signaling can control UEs – especially UEs in IDLE/INACTIVE.
Observation 2: NES WI should enable fast methods to turn on/off NES modes and also turning on/off the cell.
Thus, we see motivation to allow/disallow legacy UEs to camp on NES cells due to the limited capacity that NES activated cells can accommodate. Of course, this would mostly be applicable in a 5G network that has capacity to handle legacy UEs on other frequency layers too. So, a network could choose to control for example that some UEs will not camp at all on NES cells or then they could allow camping but limit the accesses to the system while operating in NES mode.
 2.1 	Mobility
When a cell is applying NES mode with some of the solutions under discussion, the legacy UEs might not be able to camp on/access the NES cell, while the UEs supporting NES can. And definitely such a NES cell will have at least limited capacity to handle UEs. So, it may be desired by the NW that, even if legacy UEs could camp, they would prefer camping on cells not utilizing NES functionalities.
Quite often it happens that a whole frequency applies a NES method or even is turned off completely. It seems also very likely that the number of frequency layers applying NES will change in time. As well as the number of cells applying NES will change in time in a one specific frequency layer. If we consider tools for handling reselection priorities currently found in the specs:
1.	Priorities in SIB – these are common for all UEs (NES, non-NES UEs.) 
2.	Dedicated priorities provided in RRCRelease.
Without any modification in the specifications, dedicated priorities can handle a NES scenario. However, if NES frequency layers are changing frequently, then moving UEs back to RRC_CONNECTED to change the priorities may not be convenient but on the other hand target of the WI is the low load scenario so maybe that is not really showstopper. We could consider having some NES specific reselection priorities in SIBs as well and changing those SIB reselection priorities would require SI update procedure, which could be problematic if needed to be done frequently. We just need to remember that this is not really in the WI objectives where the focus is to prevent legacy UE camping on cells where it cannot operate. Thus, it might be challenging to do anything here in the WI due to plenary decisions and having some tools already available. But it seems quite reasonable to assume that NES does not need to be utilized on the whole frequency but just on subset of cells. E.g., in locations with more UE density, it might be better to keep cells on a frequency that is not using NES. Thus, we think RAN2 should be considering solutions for mobility that handle both intra- and inter-frequency mobility.
In the RRC_IDLE/INACTIVE, mobility is controlled by reselections and mostly with broadcast signaling, although it is possible to provide dedicated priorities. As the reselection priorities as such only target a whole frequency, they are not suitable, at least as a lone solution, for mixed deployment frequencies (both NES and non-NES cells on same frequency).
Observation 3: RAN2 should consider reselection handling scenarios where whole frequency is utilises NES (e.g. SCell frequency turned off) as well as only subset of cells on a frequency utilize NES
As we can expect that there will be UEs in future systems which understand NES deployments and UEs which do not (legacy UE), any solutions should be able to provide mechanisms that will handle both type of UEs. Thus, it seems necessary that solutions (if any) introduced for NES reselection control should be able to control legacy UE camping on a NES utilizing cell.
Observation 4: RAN2 should have a mechanism where legacy UEs and NW can control camping on cells/frequencies utilizing NES in order to avoid unnecessary reselections to NES cells
So basically at least one would need to be able to control also cell selection and camping on NES cell for legacy UEs (and still allow NES UEs to camp on those). This can be easily achieved by using NES specific cell barring, i.e., legacy UEs follow legacy barring but NES capable UEs would still need to check whether NES specific barring is present or not before making decision that cell is barred for NES capable UE. 
In RAN2#122 it was agreed that
1.  Separate camping restrictions for NES-capable and non-NES UEs will be defined.  FFS if it is a single bit or more.   

We could consider having a separate barring per feature of NES e.g. one could only bar UEs not supporting Cell DTX/DRX or spatial domain enhancements. If a UE supporting Release 18 NES will support all the features of NES then there is no need to even discuss whether separate barring per feature is needed.
Observation 5: if a release 18 UE supporting NES supports all NES features there is no need to even consider separate barring per feature
If this is not the case it would provide more flexibility to be able to bar per feature but of course this comes with the downside of more complexity. In our view we can live with just single barring bit but we are open to discuss if more detailed barring is required. From RAN2 point of view there does not seem to be need for separate barring as we basically only have CHO optimizations and DTX/DRX optimizations considered in the WI. As CHO optimizations don’t impact IDLE UEs there is no need to consider more granular barring from RAN2 perspective.
Proposal 1: Start CRs with single bit commonly barring all Release 18 NES capable UEs and consider if there is motivation for more granular barring after NES features have progressed in other WGs
Currently we have barring in MIB and SIB1 – MIB is used for “early barring” to enable UE to bar cell without reading SIB1 where we have more detailed barring information e.g. regarding NTN and reduced UE capability barring. As the MIB does not have really too much room for more bits and anyway barring in MIB is more targeted to scenario where cell is barred for everyone it seems sufficient to have barring in SIB1.  
[image: ]
Figure 1: Barring for NTN and RedCAP ASN.1
Then regarding the behaviour we would like to achieve with the barring and procedural text for NES capable UE:
1. UE will check legacy barring and check whether NES barring is present
a. If NES barring is present
i. UE bars the cell
b. If NES barring is not present
i. UE follows legacy barring bit indication
One could do the barring with optional present barring (enumerated{barred}) – we can also have separate “notBarred” although that is unnecessary for the UE behaviour.
Proposal 2: Add NES barring in SIB1 with only value barred and being optionally present
Proposal 3: NES capable UE bars the cell in following cases
1. if NES barring is present  
2. NES barring is not present and legacy barring indicates barred.

Cell reselection priorities control camping on frequencies in NR and for intra-frequency mobility UEs are controlled via offsets as well as allowed/excluded cell lists. It seems easy to limit legacy UEs to camp on NES cells by listing those cells in the excluded cell lists.
Observation 5: NW could handle legacy UEs not to reselect to NES applying cells by utilizing Intra/InterFreqExcludedCellList
However, the UEs supporting NES should still be able to reselect to those NES cells if intended by the NW, even if they are in the excluded cell list to block the legacy UEs. The NW could indicate those NES cells so that the NES capable UEs would consider them as allowed. 
If one agrees to be able to derive different exclude cell list for NES capable UEs (compared to legacy UEs), then those cells won’t be used by UEs for cell reselection as defined by 38.304:
The UE shall not consider any exclude-listed cells as candidate for cell reselection.
Thus, cell reselection can be controlled effectively with exclude-listed cells to avoid legacy and allow NES UEs to reselect to NES cells. As the signaling of exclude-listed cells is done for both intra and inter-frequency cells, it would be possible to steer UE reselection via that handling both intra and inter-frequency cases. 
Observation 6: exclude-listed cells can control UE reselection to both intra- and inter-frequency cells
One could also consider using some NES specific cell reselection priorities but that won’t be able to handle intra-frequency scenarios at all
Observation 7: NES specific cell reselection priorities cannot handle intra-frequency scenarios
In RAN2#119bis it was agreed:
The network should be able to configure NES capable UEs to (de)prioritize NES cells.  Such mechanisms can be considered for both frequency and cell level cell selection/reselection (de)prioritization.  FFS on whether the existing mechanism is sufficient
As was discussed above, purely exclude-listed cells can handle also this agreement without requiring additional mechanism as the exclude cell list can also indicate whole list as excluded
Observation 8: With exclude-cell list one can prevent UE utilizing all the PCIs of a frequency for reselection
This leads to a proposal to use an exclude-cell list as baseline for a reselection mechanism that prevents legacy UEs to reselect to NES cells and allows NES capable UEs to reselect to those.
Proposal 4: To handle reselection steering to/out of NES cells: the NES capable UEs could derive different excluded list than the legacy UE does based on Intra/InterFreqExcludedCellList. 
If the NW intends to use a NES mode for a cell, to avoid that any other UEs reselect to the cell, IntraFreqExcludedCellList/InterFreqExcludedCellList can be used. However, in order to prompt UEs already camped on the cell to reselect to another cell, the NW needs to indicate the cell as barred. As the cellBarred in MIB is used to bar legacy UEs, another mechanism needs to be introduced so that the NW bars also NES capable UEs in case it intends to shut down the cell completely. 
Using a NES specific new cellBarred in SIB1 has been proposed in the discussions. However, this requires that a SIB update procedure takes place, which in turn requires sending paging indicating SI update notification for a modification period, as well as then sending updated SIB for the next modification period. Barring the cell for the NES UEs with this process is not very power efficient from a NES point of view, while it also introduces delay for the NW to turn off the cell.
In order to speed up the cell reselection, we propose to indicate, e.g., in short message DCI (addressed to P-RNTI) to initiate cell reselection for all the UEs camping on the cell. After this indication, the NW can ensure that no UE camps on the cell and can turn off the cell without waiting the SI update procedure to complete.
Upon reception of the short message indicating NW initiated cell reselection, a UE that is camped on the cell considers the cell as barred and performs cell re-selection procedure.
Proposal 5: Introduce an indication not requiring SI update procedure to indicate the cell is being shut down and to trigger NES capable UE to bar the cell and perform cell reselection

2.2 	Access control
As we can also have mixed deployments, then it becomes more complex to control UEs (NES capable or legacy UE) to camp on some cells on frequency. Especially NES capable UEs should be allowed to camp on NES cells but this could be problematic if large of amount of NES capable cells arrive to the NES utilizing cell simultaneously. Network would need to have control on how those UEs access the cell. 
Currently, the network can configure limitations to the initial access using the UAC framework. The UAC is however defined to mitigate network congestion. It seems quite likely that when network is operating in NES mode it cannot handle efficiently many UEs and thus it becomes critical that network can effectively prevent new access in the cell. The UAC information is transmitted in system information (SI), and thus requires SI modification for any changes to be made to the access barring. This implies that currently the network cannot adjust the barring information dynamically and requires SI re-acquisition. And as the NES mode of gNB/network could change frequently (e.g. with PHY/MAC signaling) without upper layer signaling (e.g. RRC signaling), a slow update of access barring or cell barring can become difficult to manage. 
Proposal 6: RAN2 should study how the network can control accesses in the NES utilizing gNB effectively.
3	Paging 
3.1	Paging in subset of beams
RAN2 received LS R3-232084 regarding restricting paging in limited area where they state regarding possibly RAN2 impacts:
RAN3 is currently working on enhancements to restrict paging in a limited area as described in TR 38.864 clause 6.5.4, and has made the following agreements for RAN-initiated paging: 
a)	It is gNB’s implementation to decide to which Ues the paging enhancement technique is applied. 
b)	Introduce the recommended paging SSB list in the F1AP PAGING message sent from the gNB-CU to the gNB-DU. 
c) Introduce the recommended paging SSB list in the F1AP UE CONTEXT RELEASE COMPLETE message sent from the gNB-DU to the gNB-CU.
According to above agreements, paging for Ues in RRC INACTIVE state may be restricted to a limited number of beams within a cell. RAN3 would respectfully like to ask RAN2 the following question:    
Q1: Whether RAN3’s agreements have any impact on, or could be impacted by, TS 38. 304 clause 7 Paging, e.g., related to the following paragraph. 
TS 38.304 clause 7.1:
“In multi-beam operations, the UE assumes that the same paging message and the same Short Message are repeated in all transmitted beams and thus the selection of the beam(s) for the reception of the paging message and Short Message is up to UE implementation. The paging message is same for both RAN initiated paging and CN initiated paging.”

In Incheon RAN2 meeting we have following outcome:
R2-2304627	LS on the enhancements to restricting paging in a limited area (R3-232084; contact: Nokia)	RAN3	LS in	Rel-18	Netw_Energy_NR-Core	To:RAN2, SA2
-	Nokia thinks that we should respond that there is no RAN2 impact.  Huawei agrees but thinks we should wait for SA2 respond.  
-	Xiaomi is wondering if this solution works at all.  Qualcomm thinks that there are impact to RAN2.   
=>	We will for SA2 to respond to RAN3
R2-2306067	Work plan for NR network energy savings	Huawei, HiSilicon	Work Plan	Rel-18	Netw_Energy_NR
=>	Noted 

And now SA2 has provided their response in S2-2307984 with essentially following response:
Q2: RAN3 would respectfully like to ask SA2 if there are any issues from CN perspective with this mechanism.
Answer: SA2 does not see any showstoppers from CN perspective for the enhancements to restrict paging in a limited area for UEs in RRC IDLE. SA2 requests RAN3 to inform SA2 when the related CRs are agreed in order to proceed with alignment CRs in specifications under SA2 control. 
SA2 would also like to validate the following assumption: If the initial paging attempt using the potential new parameter of "List of recommended beams" fails, how paging escalation happen will be controlled by the AMF based on existing procedures.
and ask the following questions: 
Q1: SA2 understands that the beam-based paging is most efficient towards low mobility and static UEs. How is the gNB expected to determine whether the UE is static or not across multiple RRC connections from the same UE considering TS 33.501 contains requirements on 5G-S-TMSI reallocation? 
Q2: SA2 would like to ask about the validity condition of the potential “List of recommended beams” container that is stored in the AMF. What is the AMF condition to delete the stored "List of recommended beams"? 
Then considering also 38.304- UE assumes that UE may try to receive paging basically from any beam – naturally UE won’t be trying to receive from any beam it won’t be able to receive with sufficient performance. So, in order to limit paging to a subset of beams, the NW would need to have reasonable understanding which beams UEs are able to receive. Or alternatively, the NW can start paging in a subset of beams but if the UE does not respond to paging, it would need to start sending paging in wider area e.g. every beam or even multiple gNB etc. It is our understanding though that we cannot change UE behaviour - at least not legacy UE behaviour. So at least part of the population of UEs will always assume paging will be same in each of the beams. But on the other hand we don’t see issue from UE point of view if paging content is different as long as NW ensures at some point NW pages in proper beam(s) so that UE can receive the paging.
Observation 9: UEs may continue to assume same paging will be sent on each beam
Such a behaviour will likely add some delay in the paging provision for the UE, if the initial guess of beams where UE is located is not correct. If the NW starts paging in subset of beams and if the UE does not respond to paging, the NW would need to start sending paging in wider area, e.g., every beam, and this would cause delay (at least length of paging cycle). Also, the amount of signaling is increasing, because NW needs to send paging again, if the UE is not responding in the first attempt. Also, it is not really RAN2 realm to assess how this kind of repetition is feasible form RAN3/SA2 point of view. 
Proposal 7: Respond to RAN3 that RAN2 sees no need to impact the clause in 7.1 of 38.304 regarding paging in subset of beams but highlight to them that this may cause UEs to miss paging if wrong subset of beams is selected by the network. 

3.2	Avoiding paging sending in the POs during cell DTX/DRX
According to the RAN2#121 agreements, there should be no impact to paging for legacy and RRC Idle/Inactive UEs because of cell DTX/DRX. Although no explicit agreement has been done on supporting the paging reception in RRC Connected during cell DTX/DRX, it can be assumed that the network has to transmit the short message (that may contain ETWS and CMAS notifications) in the paging DCI for UEs in any RRC state, so also in RRC Connected.
Currently, the UE in the RRC Connected state has some freedom to monitor for the short message in any paging occasion (at least) once every defaultPagingCycle. Therefore, the RRC Connected UE can then also assume that the short message will continue to be available in any Paging Occasion independently of the cell DTX state.
As discussed earlier in this contribution, we see it beneficial to sometimes prevent legacy UE / non NES UE camping on a cell. In such a scenario, it would be desirable for the cell to omit the transmission of the short message during the POs which occur in cell DTX non-active time to further increase the energy saving potential. Thus, we would like to propose RAN2 to discuss whether it would be feasible for NES UEs in RRC_CONNECTED mode only to try to monitor paging in POs which fall in to Cell DTX active time.
Proposal 8: Make it possible for network to avoid sending paging/short messages in POs outside Cell DTX/DRX. 

4	Conclusion
Observation 1: Cell operating in a NES mode will have reduced performance (e.g. in terms of bit rate, latency, number of served UEs, amount of data served, etc.)  
Observation 2: NES WI should enable fast methods to turn on/off NES modes and also turning on/off the cell.
Observation 3: RAN2 should consider reselection handling scenarios where whole frequency is utilises NES (e.g. SCell frequency turned off) as well as only subset of cells on a frequency utilize NES
Observation 4: RAN2 should have a mechanism where legacy UEs and NW can control camping on cells/frequencies utilizing NES in order to avoid unnecessary reselections to NES cells
Observation 5: if a release 18 UE supporting NES supports all NES features there is no need to even consider separate barring per feature
Proposal 1: Start CRs with single bit commonly barring all Release 18 NES capable UEs and consider if there is motivation for more granular barring after NES features have progressed in other WGs
Proposal 2: Add NES barring in SIB1 with only value barred and being optionally present
Proposal 3: NES capable UE bars the cell in following cases
Observation 5: NW could handle legacy UEs not to reselect to NES applying cells by utilizing Intra/InterFreqExcludedCellList
Observation 6: exclude-listed cells can control UE reselection to both intra- and inter-frequency cells
Observation 7: NES specific cell reselection priorities cannot handle intra-frequency scenarios
Observation 8: With exclude-cell list one can prevent UE utilizing all the PCIs of a frequency for reselection
This leads to a proposal to use an exclude-cell list as baseline for a reselection mechanism that prevents legacy UEs to reselect to NES cells and allows NES capable UEs to reselect to those.
Proposal 4: To handle reselection steering to/out of NES cells: the NES capable UEs could derive different excluded list than the legacy UE does based on Intra/InterFreqExcludedCellList. 
Proposal 5: Introduce an indication not requiring SI update procedure to indicate the cell is being shut down and to trigger NES capable UE to bar the cell and perform cell reselection
Proposal 6: RAN2 should study how the network can control accesses in the NES utilizing gNB effectively.
Observation 9: UEs may continue to assume same paging will be sent on each beam
Proposal 7: Respond to RAN3 that RAN2 sees no need to impact the clause in 7.1 of 38.304 regarding paging in subset of beams but highlight to them that this may cause UEs to miss paging if wrong subset of beams is selected by the network. 
Proposal 8: Make it possible for network to avoid sending paging/short messages in POs outside Cell DTX/DRX. 
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