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1. Introduction
In the WID [1], the objectives for RAN2 are the following:
	4.	Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2]



During the RAN2#122 meeting, it was agreed that:

	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.   



In this contribution, we discuss information that can help in the choice of NES solution as well as highlight the problems caused by the coexistence with legacy UEs.
2. Discussion
2.1 The need to offload legacy UEs
It is likely that NES configurations will include shorter sleep patterns and the deactivation of certain functions without requiring UEs to completely leave the cell, which may not be backwards compatible for legacy UEs.
For instance, a simple way to save energy while being able to provide a reliable service is to have short sleep pattern of e.g. a few subframes where the cell is not transmitting or receiving (but unlike legacy cell switch-off the switch-on time is known and UEs may not need to be offloaded). Such a solution was proposed in [3], which noted that always-on signals may also be affected, which would in turn impact legacy UEs. Indeed, if a legacy UE tries to access a cell and the cell is during the time a sleeping period when e.g. PRACH resources would have been located, this would cause non backwards compatibility issues. In this case, a cell could choose to offload legacy UEs (like in legacy cell switch-off) to be able to apply NES for the remaining UEs.
As it will take time before all UEs are Rel18+, there will be a mix of UEs. Knowing how many UEs can support more aggressive NES configurations without requiring to be offloaded will play an important role in the choice of the optimal NES configuration. For instance, if the cell only comprises of legacy UEs, the NES options will be very limited while offloading a few UEs for the sake of the whole cell may be a valid trade-off.
This would require the introduction of a new UE capability to let the serving cell be aware of this. Hence, it was agreed last meeting that such capability will be introduced and signalled.
Observation 1: Some legacy UEs may need to be offloaded if the cell uses NES, which is why it was agreed to define and signal an NES capability.
Furthermore, the SID states that “legacy UEs should be able to continue accessing a network implementing Rel-18 network energy savings techniques, with the possible exception of techniques developed specifically for greenfield deployments.”
We see three options to achieve a trade-off between serving legacy UEs and achieving NES:
- Every NES technique is backwards compatible and essential functionalities remain always-on
- Cell resources are split between NES-capable UEs and legacy UEs, e.g. the initial BWP could stay backwards compatible and other more aggressive NES techniques can be applied in other BWPs
- The cell can use legacy switch-off to offload its legacy UEs (and stay barred) but keep NES-capable UEs
The last option is the one that can achieve the most gains in terms of NES since even with low to no load, keeping the cell on consumes a lot of energy. It would correspond to the "greenfield deployment” scenario mentioned in the SID but, thanks to the legacy cell switch-off mechanism, it would not cause Non Backward Compatibility issues for legacy UEs that were connected to the cell before implementing NES techniques.
Therefore, to allow the most effective NES techniques, we believe that the whole cell may need to be made unavailable to legacy UEs.
Proposal 1: RAN2 to consider simply barring NES cells to legacy UEs.
During the RAN2 #122 meeting, it was raised that barring legacy UEs may prevent them from accessing emergency services, in the case of MIB barring. However, we argue that, according to the SID, a Rel18+ network cannot leave UEs without a legacy option, i.e. only a capacity cell may switch off while a coverage cell will still offer more basic services, including emergency services.
Observation 2: If legacy UEs are barred from an NES cell, the network has to ensure that another cell can provide emergency services for these UEs.
Also, barring does not need to be systematic for every NES solution, as some gains can still be achieved while serving legacy UEs (e.g. BWP adaptation). However, all 9 solutions discussed in [2] have an impact on legacy UEs. Therefore, we think RAN2 should consider a solution to be able to bar/offload legacy UEs in the context of NES. Furthermore, an offloading or barring mechanism can be applicable independently of the NES solution, so this issue can be discussed separately.
Proposal 2: RAN2 should discuss solutions to offload connected legacy UEs, independently of the NES solution.

2.1 Load estimation and the issue with idle legacy UEs
To apply the most efficient Network Energy Saving configuration, the network needs accurate information of its current and future traffic loads as well as how the overall network will react to the cell deciding to start saving energy. The accuracy of the information is all the more relevant than there will be a variety of “finer granularity” configurations compared to legacy systems.
The decision to implement NES comes from the fact that the cell is experiencing a low load. But a low (perceived) load may take many forms and shapes, e.g (i) a lot of UEs in Inactive mode with long delay requirements and preconfigured uplink resources, (ii) a single UE with high QoS requirements, or (iii) hundreds of camping UEs that rely on this cell for coverage.
Observation 3: A cell does not have knowledge of potential Idle UEs camping on the cell.
This is an issue for a NES cell switching from legacy mode to NES mode for UEs camping on the NES cell, since the cell has no knowledge of these UEs. As a matter of fact, there will most likely be Idle UEs in any load scenario that the cell cannot reliably take into account. But one can imagine that using the legacy cell switch-off may have an impact on these Idle UEs that will need to reselect a less suitable cell and may all start waking up later on.
Observation 4: Legacy idle mode UEs cannot be offloaded when an NES cell is switching from legacy mode to NES mode.
In general, it is desirable to have better load estimation, but for the case of NES cells, this may be necessary.
Proposal 3: RAN2 to discuss enhancements to UE load estimation, including Idle UEs.
As argued in Proposal 3, the NES cell should be able to bar legacy and non-NES capable UEs but this may not be applicable to all NES states. Indeed, legacy UEs should be able to access an NES cell that does not apply all NBC NES states, e.g. beam reduction or switch-off outside of legacy-compatible scheduled UL/DL including broadcast information.
However, unless the network can be aware of its idle mode legacy UEs, legacy UEs may access an NES cell in legacy mode but should not be allowed to camp on an NES cell as it could change NES state while (legacy) UEs are camping on it. We wish to avoid NBC issues where legacy UEs cannot acquire MIB and SIB, therefore the state in which an NES cell should be discussed in RAN2 to avoid these issues.
Proposal 4: RAN2 to assume legacy UEs are not allowed to camp on some type of NES cells. FFS on the definition of NES cell.
3. Conclusion
In this contribution, we propose:
Proposal 1: RAN2 to consider simply barring NES cells to legacy UEs.
Proposal 2: RAN2 should discuss solutions to offload connected legacy UEs, independently of the NES solution.
Proposal 3: RAN2 to discuss enhancements to UE load estimation, including Idle UEs.
Proposal 4: RAN2 to assume legacy UEs are not allowed to camp on some type of NES cells. FFS on the definition of NES cell.
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