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Introduction
After the study item phase [1], Rel-18 Network energy savings for NR WID [2] has the objectives to specify cell DTX/DRX mechanisms including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode avoiding any impacts on UE non-capable of NES. On top of that, RAN2 is tasked to define mechanisms that prevent legacy UEs camping on Rel-18 NES cells.

	2.	Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
•	Note: No change for SSB transmission due to cell DTX/DRX.
•	Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.

4.	Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2] 



In this contribution, we want to highlight the need that mechanisms created to prevent non-NES UEs camping on Rel-18 NES cells are flexible enough to ensure operators have a full set of tools to ensure best network performance.
Discussion
Scenarios
The different techniques identified during Rel-18 SI NES phase may apply to different scenarios. Here, we show a dense urban scenario where network is designed to provide capacity using CA. In this scenario, each gNB is engineered with multiple cells.

It is well known that traffic is deterministic, and it is correlated with time. Two clear examples are train stations and office areas. Train stations will be crowded at peak hours, while the same train station will remain almost empty at late or very early hours. Office areas have a similar pattern. They will have traffic peaks from 9am to 5pm, while they will remain almost empty between 9pm to 6am.

To absorb the high volume of traffic at peak hours, operators deploy multiple carriers on each gNB. During off-peak hours, when not all carriers are required, it is essential to apply NES techniques to reduce the network energy consumption. 

Observation 1: cell NES status should change dynamically based on network traffic requirements to reduce energy costs. 

Figure 1 is an example on how cells can dynamically (de)activate their NES status. This example is representative of a gNB with multiple carriers deployed to provide the required capacity during peak hours. It shows how, during off-peak hours, a subset of cells activates its NES features.

[image: ]
[bookmark: _Ref126835746]Figure 1 Scenario where NES cells are dynamically activated

In this paper, the following assumption are done:
· Cell NES supports DTX/DRX,
· High-band and mid-bands have higher bandwidth than lower bands,
· Frequencies with higher bandwidth are prioritized for camping,
· NES UEs and non-NES UEs can use a cell with DTX/DRX activated.

UEs access to NES cells
During the SI phase [1], it was identified that legacy UEs can use NES cells under certain conditions. Proposed cell DTX/DRX mechanisms during the SI can be considered a backwards compatible NES solution as it is able to support legacy UEs via network implementation.

Observation 2: legacy UEs can access to NES cells if NES solution is backwards compatible.

It is expected that most network energy saving is achieved when NES solutions are supported by UEs. Even though, on backward compatible NES solutions like cell DTX/DRX, legacy and NES UEs can use the cell. Consequently, if both legacy and NES UEs can access to NES cells, it is important that operators have mechanisms that allow NES and non-NES UEs to camp on NES cells. 

Proposal 1: RAN2 shall confirm that non-NES UEs can access to NES cells if NES solution is backwards compatible.

 
New cell selection/re-selection mechanisms
To achieve the maximum network energy reduction, once NES is activated on a subset of cells as can be seen in Figure 1, it is desirable that UEs camp on non-NES cells. The cells without any active NES mechanism in the area should absorb most, if not all, of the traffic. As captured on WID, it is important to specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques but is equally important that NES UEs camp on the cell where most energy saving can be achieved on the network.

Observation 3: non-NES cells should absorb most, if not all, of the traffic in the area where they co-exist with NES cells to achieve better network energy saving results.

Proposal 2: RAN2 needs to specify mechanism(s) to ensure NES UEs camp on the cell where network can achieve maximum energy savings, if necessary.

Considering how the network is engineered in previous example (Figure 1), intra-frequency and inter-frequency priorities for cell selection and cell re-selection will differ based on NES solutions being activated or deactivated. 

Observation 4: in the same area, frequency priorities for intra-frequency and inter-frequency cell selection and re-selection may differ if NES cell are activated or deactivated.

As expected, non-NES UEs will follow legacy signalling. Legacy signalling includes broadcasted information where frequency priorities for cell selection and cell re-selection are transmitted on SIBs, and dedicated signalling when UE is released.  

To avoid additional changes to the ones already required, it is reasonable that new information for NES UEs is transmitted as an extension of existing signalling.

It is worth to summarize the different options to change the frequency priorities for cell selection and cell re-selection:
a) No change. Use legacy mechanisms including SIB and dedicated signalling,
b) Define new information in Rel-18 to minimize the changes on SIBs for NES capable UEs and include new IEs on dedicated signalling.

With option a, all UEs will follow the same rules and any change will impact all UEs. That means, this solution needs to be avoided since NES techniques can be non-backwards compatible. 

Observation 5: without new signalling for cell selection and cell re-selection, any priority modification will affect NES and non-NES UEs.

It is impossible to ensure that once NES is activated on a cell, cell selection and cell re-selection priorities will be kept. On contrary, it is quite likelihood that these priorities change to achieve maximum energy savings.

As it is shown above in Figure 1, when NES is activated, operators potentially will leave as non-NES cells the ones that ensure better coverage. In areas engineered for capacity, this implies a change on cell selection and cell re-selection frequency prioritization. When the area starts to be congested, NES features on cells will be deactivated and with that, it is expected a change on cell selection and cell re-selection prioritization.

It is anticipated that cells remain in NES status as much time as possible to obtain the maximum benefit. That implies, network will need a degree of flexibility to dynamically activate or deactivate NES techniques. The higher is the granularity on the network, the higher is the complexity of the signalling. Hence, new signalling that overwrites legacy signalling is required but it is important to keep a balance between benefit and complexity.

Observation 6: it is more efficient to create new Rel-18 mechanisms for NES cell selection and NES cell re-selection than reuse legacy mechanisms.

Observation 7: additional information for NES UEs will have priority over legacy information that is still required for non-NES UEs.

There are multiple options to add additional information and mitigate the required actions on UEs:
i. Modify the cell selection / cell re-selection list each time network NES configuration changes;
ii. Create several cell selection / cell re-selection lists with different priorities and a single IE that indicates which list the UE needs to use;
iii. Create two lists, a single list of frequencies and a sequence of lists with priorities. Then, a new IE will indicate the specific priority list to be selected from the sequence of priorities that will be used.

How option iii works is summarized in the following example:
	New broadcasted information transmitted. Example:
· Frequency list: [freq_A, freq_B, freq_C, freq_D]
· Sequence of priorities (7 is maximum and 0 is lowest priority):
· 0 -> [7, 5, 3, 0];
· 1 -> [5, 7, 3, 0];
· 2 -> [3, 7, 5, 0];
· 3 -> [0, 3, 5, 7];

New broadcasted IE to indicate how UE needs to apply different priorities. Example:
· New IE NesPrioritySelection = 2

NesPrioritySelection = 2 will indicate that a UE should consider priorities [3, 7, 5, 0] for frequencies [freq_A, freq_B, freq_C, freq_D]. Freq_A with priority 3, freq_B with priority 7 and so on.

By modifying NesPrioritySelection, priorities are changed without changing the frequencies to be measured. That will reduce UE implementation complexity with sufficient flexibility on the network side. The absence of NesPrioritySelection IE implies that NES is not activated so UE should follow legacy mechanism for cell selection and cell re-selection.

With dedicated signalling, a simple list of frequencies can be sent where the order of the frequency on the list indicates the priority. First frequency will have maximum priority and last frequency will have lowest priority.



 
It seems that option iii is the most flexible with the minimum information as the frequency list is included only once. At this stage, we encourage RAN2 to discuss additional frequency priorities information for cell selection and cell re-selection.

Proposal 3: RAN2 needs to create additional mechanisms to dynamically modify frequency priorities and sub-priorities for cell selection and cell re-selection when cell NES is activated/deactivated with a minimum impact on the system.

To avoid network misalignments, cells supporting NES need to be coordinated. Other case, it is possible that frequencies for cell selection and cell re-selection from different cells are not aligned and that has a negative impact on UEs.

Proposal 4: RAN2 needs to confirm that neighbours NES capable cells are coordinated to avoid misalignments on the network that may impact UEs negatively.

NES has maximum priority for operators, even though, it is not possible to guarantee that the whole network will be upgraded simultaneously with NES functionalities. There is no option to coordinate cells not upgraded with NES features, hence NES solution needs to take this into account.

Proposal 5: RAN2 is encouraged to find a solution where NES capable cells, using new cell selection and cell re-selection signalling, can deprioritize cells not upgraded with NES features from being selected for camping.

Conclusion
Observation 1: cell NES status should change dynamically based on network traffic requirements to reduce energy costs. 
Observation 2: legacy UEs can access to NES cells if NES solution is backwards compatible.
Observation 3: non-NES cells should absorb most, if not all, of the traffic in the area where they co-exist with NES cells to achieve better network energy saving results.
Observation 4: in the same area, frequency priorities for intra-frequency and inter-frequency cell selection and re-selection may differ if NES cell are activated or deactivated.
Observation 5: without new signalling for cell selection and cell re-selection, any priority modification will affect NES and non-NES UEs.
Observation 6: it is more efficient to create new Rel-18 mechanisms for NES cell selection and NES cell re-selection than reuse legacy mechanisms.
Observation 7: additional information for NES UEs will have priority over legacy information that is still required for non-NES UEs.

Proposal 1: RAN2 shall confirm that non-NES UEs can access to NES cells if NES solution is backwards compatible.

Proposal 2: RAN2 needs to specify mechanism(s) to ensure NES UEs camp on the cell where network can achieve maximum energy savings, if necessary.

Proposal 3: RAN2 needs to create additional mechanisms to dynamically modify frequency priorities and sub-priorities for cell selection and cell re-selection when cell NES is activated/deactivated with a minimum impact on the system.

Proposal 4: RAN2 needs to confirm that neighbours NES capable cells are coordinated to avoid misalignments on the network that may impact UEs negatively.

Proposal 5: RAN2 is encouraged to find a solution where NES capable cells, using new cell selection and cell re-selection signalling, can deprioritize cells not upgraded with NES features from being selected for camping.
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