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1. Introduction
In the SID [1], the objectives for RAN2 are the following:
Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:
• How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]

In this contribution, we analyse the importance of finer granularity of load information at the gNB side and propose possible enhancements to allow UEs and neighbouring gNBs help the gNB Network Energy Saving decisions.
2. Discussion
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.
In this contribution, we discuss three pieces of information that can impact the decision of which NES configuration to use:
1. The current cell load: its types of UEs (Connected, Inactive, and Idle) and their traffic patterns and QoS requirements
2. What types of UEs are in the cell: will these UEs be able to implement a chosen NES configuration?
3. What the overall network situation is: deciding to implement a NES configuration may impact neighbouring cells so a selfish decision may prove to be a bad decision
Firstly, the base decision to implement NES comes from the fact that the cell is experiencing a low load. But a low load may take many forms and shapes: is it (i) a lot of UEs in Inactive mode with long delay requirements and preconfigured uplink resources? (ii) a single UE with high QoS requirements? (iii) hundreds of camping UEs that rely on this cell for coverage?
The first situation is ideal, and we can imagine a very efficient way to serve UEs in a small amount of time and stopping emission/reception in the cell the rest of the time, with no impact on the current cell service (apart from potential newcomers).
The second situation may be a corner case but the cell will not be able to use legacy cell switch-off since this would require to offload the current high QoS UE. In this case other solution such as switching off unused beams or certain BWPs may be the only saving achievable.
Observation 1: The possible NES configurations may be limited by a few UEs with high QoS requirements, even if the overall load of the cell is low
The last situation can also be difficult to handle, especially 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 2: A cell does not have knowledge of potential Idle UEs camping on the cell
The second scenario is problematic, but this is down to bad luck and the network cannot chose to provide a UE with poor service. In the third scenario however, this is due to a lack of precise knowledge in the cell’s load.
Proposal 1: RAN2 to discuss enhancements to UE load estimation, including Idle UEs

Secondly, 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 [2], 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.
Observation 3: Some legacy UEs may need to be offloaded if the cell uses NES
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.
Proposal 2: RAN2 to discuss introducing a NES UE capability so the serving cell can be aware of these UEs

Thirdly, Network Energy Saving does not only apply to a single cell and the choice to reduce one cell’s functionalities (or any NES technique) will impact neighbouring cells and the network as a whole. However, in legacy networks information shared between cells about their respective load is limited to load level (low, medium, high) as well as how many UEs the neighbouring cell can still serve (for offloading purposes).
Observation 4: Currently, cells have a limited understanding of traffic loads among neighbouring cells
A better coordination at network-level would provide useful information to a serving cell when choosing an appropriate NES configuration.
Proposal 3: RAN2 to discuss enhancements to accuracy of neighbour load information when choosing an appropriate NES configuration

3. Conclusion
In this contribution, we identify three enhancement directions that would help a cell choose an appropriate NES configuration:
· Knowing the exact cell load: Connected UEs, Inactive UEs, and Idle UEs and their respective traffic patterns
· Knowing which UEs are able to follow NES techniques, as legacy UEs may not be compatible with dynamic sleeping patterns
· Knowing the overall network load: depending on neighbours’ load, a given cell may selfishly decide to switch off and offload its UEs, to the detriment of the overall network

To address these issues, we propose:
Proposal 1: RAN2 to discuss enhancements to UE load estimation, including Idle UEs
Proposal 2: RAN2 to discuss introducing a NES UE capability so the serving cell can be aware of these UEs
Proposal 3: RAN2 to discuss enhancements to accuracy of neighbour load information when choosing an appropriate NES configuration
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