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Introduction
The WI for Network Energy Saving was approved in RAN#98-e [1]. One of its objectives is to specify mechanisms for avoiding legacy UEs accessing cells applying Rel-18 NES techniques:
	4. [bookmark: _Hlk89917254]Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2] 



The study phase have focused on the importance of barring legacy UEs when applying NES techniques in a cell. This contribution discusses the current barring method and identify potential challenges and limitations that could arise with the introduction of Rel-18 NES techniques.
Cell Selection and Re-selection
During the study phase, the importance of barring legacy UEs from cells applying NES techniques was discussed. Cell barring may prevent legacy UEs to access or camp on a cell, once NES techniques are applied, e.g. during low traffic load scenarios. During the study phase cell barring related to NES techniques refers generally to legacy UEs (Re-15/Rel-16/Rel-17 UEs). In fact, TR 38.864 states that there is a need to prevent legacy UEs from camping on “NES cells”. It also states that the definition of a “NES cell” would be discussed on the WI phase. 
However, as some NES features were selected for Rel-18 and further features are likely to be introduced on future releases there will be hardly a “NES cell”, but instead there will be cells supporting a certain set of NES features. The discussion of cell barring needs to be revisited according to that reality. As diverse NES techniques may be implemented, there might be multiple groups of UEs supporting diverse types of NES techniques. As such, simply separating UEs into legacy UEs and NES-capable UEs may not provide the best match for operator needs. Instead, a finer granularity may be considered. Namely, only those UEs should be barred from camping on a cell that are not able to handle the applied NES techniques.

As illustrated in Figure 1 below, scenarios with multiple UEs and gNBs supporting one or more NES techniques will become more and more common. When a gNB applies a NES technique, it may be crucial to bar all UEs that do not support it. Therefore, the importance of filtering out UEs that are not compatible with the applied techniques will only grow with time.
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[bookmark: _Ref127461121]Figure 1 – Only UEs which do not support the specific applied technique need to be barred

[bookmark: _Toc126753650][bookmark: _Ref127516059] During the study phase the need for cell barring was discussed based on barring legacy UEs from NES cells while letting NES-capable UEs to access the NES cell. This differentiation may not be granular enough. Cells may apply a set of NES techniques, while UEs may be able to support a different set of NES techniques.
As more NES techniques are expected to be added in future releases, it will become increasingly important to selectively block UEs that do not support the applied techniques in a cell, rather than barring all legacy UEs.
[bookmark: _Ref127516076]NES market may get even more fragmented with future releases. NES features will be introduced over time, in different releases.  For the foreseeable future networks and UEs with different NES capabilities will have to interact.
Barring legacy UEs is not always necessary, particularly when applying techniques such as cell DTX/DRX or backward-compatible spatial adaptation techniques in a cell. Therefore, it is important to consider whether to bar UEs on a case-by-case basis. The following table shows an analysis of the need for cell barring for features included in Rel-18 and a few other features which are based on common signals adaptations and had significant support to be standardized. 





	Technique
	Reference on TR 38.864
	Release
	Importance of cell barring

	Cell DTX/DRX
	A-4
	Rel-18
	Cell barring can be beneficial to achieve enough energy saving, but some support of legacy UEs via C-DRX signaling is possible

	Spatial Adaptation
	C-1
	Rel-18
	Cell barring can be beneficial to achieve enough energy saving, but legacy are supported by the cell (the technique is UE specific)

	PSD Adaptation
	D-1
	Rel-18
	Cell barring can be beneficial to achieve enough energy saving, but legacy are supported by the cell (the technique is UE specific)

	SSB-less for inter-band CA
	B-1-1
	Rel-18 subject to R4 feasibility
	Not needed. Legacy UEs will not even discover the cell.

	WUS to gNB 
	A-3
	
	It can be essential. UEs not supporting the feature may not be able to operate with intermittent SSBs

	Non-CA SSB/SIB-1-less
	A-1-5
	
	It can be essential. UEs not supporting the feature may not be able to operate with intermittent or modified SSB/SIB-1s

	Dynamic SSB periodicity
	A-1-3
	
	It can be essential. UEs not supporting the feature may not be able to operate with varying SSB periodicity



As it can be seen on the table above, on Rel-18 Cell-DTX/Cell-DRX, PSD and Spatial Adaptation may benefit from barring legacy UEs, but legacy UEs may still be supported in the cell.

[bookmark: _Ref127516090]Cell-DTX/Cell-DRX, PSD and Spatial Adaptation may benefit from barring legacy UEs, but legacy UEs may still be supported in the cell.
[bookmark: _Ref127516184]RAN2 may consider a finer granularity for UEs to apply cell barring than to distinguish legacy UEs and NES supporting UEs only. Thus, there might be a better match of UEs being able to camp on cells applying NES techniques. 
As new techniques, such as common channel adaptation, are expected to be introduced in future releases, it will become increasingly important to selectively bar legacy UEs, including Release 18 UEs, to ensure efficient utilization of network resources and to provide better performance to UEs that support the applied techniques.
However, with the constant introduction of new features and NES techniques, the current barring mechanism may require frequent redesigns. Therefore, a more flexible and a future-proof approach for barring UEs should be adopted to minimize redesign efforts and ensure efficient management of network resources.
[bookmark: _Ref127516109]Future releases are likely to introduce common channel adaptations, which will most certainly need barring legacy UEs (including Rel-18 UEs).
[bookmark: _Toc126753653][bookmark: _Ref127516201]RAN 2 should consider forward compatibility in the design of cell barring NES techniques for release-18. 
Due to the introduction of NES features cells may need to be barred more frequently than they have been barred on the past. During initial access (initial cell search) a UE will need then to traverse more frequencies until it can find one which is not barred. Consequently, in order to prevent significant initial access delays for UEs, the process of receiving and decoding the barring information should be designed to be as quick as possible. Therefore, ideally NES-related barring should be directly on the MIB, which could provide quicker access to the information. However, only one bit is left in the MIB. 
[bookmark: _Ref127516169]Ideally NES-related barring should be on MIB, to allow fast adaptations and not degrade initial access. However only 1 spare bit is left on MIB.
[bookmark: _Ref127516216]RAN 2 to discuss how to enable fast evaluation of NES-related barring. 
With the emergence of several groups of UEs with varying capabilities of supporting NES techniques, multiple cells located in the vicinity could be barred for UEs not supporting NES techniques even over the same periods of time. This scenario would put a risk on “not barred” cells to experience overload. Therefore, ensuring load balancing becomes increasingly important. This requires careful management of network resources to distribute traffic evenly across cells and ensure optimal performance for all UEs considering also their capability to support NES techniques.
As shown in Figure 1, the barred UEs which do not support the applied technique, should select another gNB to camp on. In larger scales this could lead to load unbalancing.
Identifying the UEs and gNBs with different support levels, can help to balance the load on the network and ensure that network resources are used efficiently. Overall, effective filtering of UEs based on their compatibility with applied NES techniques is essential for ensuring optimal network performance and maintaining a high quality of service for all UEs.
[bookmark: _Ref127517459]Effective load balancing becomes increasingly important with implementation of cell barring considering the emergence of multiple UE groups with varying levels of support for NES techniques.
[bookmark: _Ref127517475]RAN 2 to discuss how to handle load balancing in future with different UE and Cell types.

Conclusions
In this contribution, we discussed some Cell Selection and Cell Reselection aspects of Network Energy Savings. The following observations and proposals have been made:

Observation 1: During the study phase the need for cell barring was discussed limited to NES supporting cells vs. non-NES supporting cells. This differentiation may not be fine enough. Cells may apply a set of NES techniques, while UEs may be able to support a different set of NES techniques.

Observation 2: NES market may get even more fragmented with future releases. NES features will be introduced over time, in different releases.  For the foreseeable future networks and UEs with different NES capabilities will have to interact.

Observation 3: Cell-DTX/Cell-DRX, PSD and Spatial Adaptation may benefit from barring legacy UEs, but legacy UEs may still be supported in the cell.

Observation 4: Future releases are likely to introduce common channel adaptations, which will most certainly need barring legacy UEs (including Rel-18 UEs).

Observation 5: Ideally NES-related barring should be on MIB, to allow fast adaptations and not degrade initial access. However only 1 spare bit is left on MIB.

Observation 6: Effective load balancing becomes increasingly important with implementation of cell barring considering the emergence of multiple UE groups with varying levels of support for NES techniques.

[bookmark: _GoBack]Proposal 1: RAN2 may consider a finer granularity for UEs to apply cell barring than to distinguish legacy UEs and NES supporting UEs only. Thus, there might be a better match of UEs being able to camp on cells applying NES techniques.

Proposal 2:  RAN 2 should consider forward compatibility in the design of cell barring NES techniques for release-18. 

Proposal 3: RAN 2 to discuss how to enable fast evaluation of NES-related barring.

Proposal 4: RAN 2 to discuss how to handle load balancing in future with different UE and Cell types.
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