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1	Introduction
RAN2 is starting to work on study item on NW energy saving (RP-220297) with the scope:
The objectives of the study are the following:

1. Definition of a base station energy consumption model [RAN1]
· Adapt the framework of the power consumption modelling and evaluation methodology of TR38.840 to the base station side, including relative energy consumption for DL and UL (considering factors like PA efficiency, number of TxRU, base station load, etc), sleep states and the associated transition times, and one or more reference parameters/configurations.

1. Definition of an evaluation methodology and KPIs [RAN1]
· The evaluation methodology should target for evaluating system-level network energy consumption and energy savings gains, as well as assessing/balancing impact to network and user performance (e.g. spectral efficiency, capacity, UPT, latency, handover performance, call drop rate, initial access performance, SLA assurance related KPIs), energy efficiency, and UE power consumption, complexity. The evaluation methodology should not focus on a single KPI, and should reuse existing KPIs whenever applicable; where existing KPIs are found to be insufficient new KPIs may be developed as needed.
Note: WGs will decide KPIs to evaluate and how.

1. 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]
· Information exchange/coordination over network interfaces [RAN3]
Note: Other techniques are not precluded

The study should prioritize idle/empty and low/medium load scenarios (the exact definition of such loads is left to the study), and different loads among carriers and neighbor cells are allowed. 

The following example scenarios (mapping between scenarios and network loads is left to the study) including single-carrier and multi-carrier deployments are used as the starting point for discussion on prioritized scenarios for the study. 

The following example scenarios are listed in no particular order.
· Urban micro in FR1, including TDD massive MIMO (note: this scenario can also model small cells)
· FR2 beam-based scenarios (note: this scenario can also model small cells)
· Urban/Rural macro in FR1 with/without DSS (no impact to LTE expected in case of DSS)
· EN-DC/NR-DC macro with FDD PCell and TDD/Massive MIMO on higher FR1/FR2 frequency

Note 1: 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.

Note 2: the study of energy savings specifically for IAB is not part of the scope.

The study should coordinate with RAN4 as needed.

RAN2 objectives are to identify possible techniques to improve NW energy efficiency for base station transmission and reception. The work item does not mention separately CONNECTED and IDLE/INACTIVE techniques but targeting different states will likely have quite different techniques. It is also notable that the SI will focus on low load scenarios.
In this paper we discuss how network that has NES cells deployed could operate without causing too severe impacts to non-NES UEs.
2 	Discussion
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, and data transfer or initial access can be inhibited altogether for some UEs -  especially legacy UEs. 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. 
It also seems that the NES mode of gNB/network could change frequently (e.g. with PHY/MAC signalling) without upper layer signaling (e.g. RRC signalling). This may cause issues how the upper layer signaling can control UEs – especially UEs in IDLE/INACTIVE. 
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, e.g. SIB-less or adaptive SSB/SIB etc, the legacy UEs might not be able to camp on/access the NES cell, while the UEs supporting NES can. Additionally it may be desired by NW that even if legacy UEs could camp they would prefer camping on cells not utilizing NES functionalities. 
It seems quite reasonable to assume that NES does not need to be utilized on 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 not using NES. Thus we think RAN2 should be considering solutions for mobility that handle both intra- and inter-frequency mobility.
As the mobility in RRC_CONNECTED is network controlled it seems possible with already existing signaling to control where UEs will operate in RRC_CONNECTED mode. But even for these scenarios it might be required to be able to quickly move many UEs to different cell when cell starts to operate in NES mode as we discuss in R2-2210185.
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 whole frequency they are not suitable at least as lone solution for mixed deployment frequencies (both NES and non-NES cells on same frequency).
Observation 1: RAN2 should consider in reselection handling scenarios where whole frequency is utilizing 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 the system in future 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 control legacy UE camping on a NES utilizing cells. One could either
Observation 2: RAN2 should have a mechanism where legacy UEs could be control camping on cells/frequencies utilizing NES
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 3: NW could handle legacy UEs not to camp on 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. 
Proposal 1:. NW should be able to allow NES capable UEs to camp on NES utilizing cells even if legacy UEs are prevented camping on those
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 signalling) without upper layer signaling (e.g. RRC signalling), a slow update of access barring or cell barring can become difficult to manage. 
Proposal 2: RAN2 should study how the network can control accesses in the NES utilizing gNB effectively.
3	Conclusion
 Observation 1: RAN2 should consider in reselection handling scenarios where whole frequency is utilizing NES (e.g. SCell frequency turned off) as well as only subset of cells on a frequency utilize NES
Observation 2: RAN2 should have a mechanism where legacy UEs could be control camping on cells/frequencies utilizing NES
Observation 3: NW could handle legacy UEs not to camp on NES applying cells by utilizing Intra/InterFreqExcludedCellList
Proposal 1: NES enabled neighboring cells could be broadcast so that the NES capable UEs could derive different excluded list than the legacy Intra/InterFreqExcludedCellList. 
Proposal 2: RAN2 should study how the network can control accesses in the NES utilizing gNB effectively.





