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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 what could be done for limiting NW energy consumption when considering UEs in RRC_IDLE/INACTIVE states. 
2 	Discussion
Generally, it is quite challenging to modify existing IDLE/INACTIVE procedures due to already existing population of UEs in the networks and difficulty to have different behaviour of UEs for different releases of UEs. Even if one would have different behaviour for release 18 UEs allowing network to save energy, one would need to take into account also the possibility for legacy UEs to camp in the system. But of course it is always possible for an operator to make the decision that in order to achieve maximum energy saving gains it would not support part of the UE populations in 5G system e.g. in certain cells. In other paper [R2-2210129] we discuss how to handle mobility and access control for legacy UEs as well NES capable UEs.
2.1	Paging
In 3GPP normally we design paging in such a way that all the UEs paging occasions are distributed evenly in time. This is an excellent approach to maximize the capacity of the system for paging but inherently this will cause also “maximum” energy consumption for paging for the network. 
For example, if there are 10 UEs monitoring for paging in a cell it would not be problematic for the base station to serve all 10 UEs simultaneously even if they are all paged. However, due to the UE ID based distribution of users within the paging cycle, it may happen that the network has to transmit 10 individual paging messages spread across the paging cycle. This prohibits effective base station sleep opportunity as the base station has to be active for 10 short periods during the paging cycle. 
Observation 1: The existing paging design distributes paging occasions evenly in time which minimizes the possibility for a base station to sleep between paging occasions.
Thus, it will be beneficial for RAN2 to discuss if the paging mechanism can be enhanced to provide better base station sleep opportunities, at least when the paging load is low. Of course, it would be even better if the paging occasions would be collocated in time with other downlink signals (e.g. MIB/SIBs/SSBs). Difficulties in doing this is the need for backward compatibility, i.e. solution should work for legacy UEs.
Proposal 2: Study possibilities to save base station energy via time domain enhancements of the paging mechanism.
2.2	SSB/MIB/SIB
SSB/SIB1 transmission reduction/adaptation can be achieved by increasing the SSB burst periodicity and SIB1 periodicity and/or repetition frequency so that the SSB and/or SIB1 are transmitted less often (e.g. during low load), thus saving energy.
In fact, it is already possible for the gNB to change the SSB settings in the current system, but the existing mechanism is slow as it requires SI change and requires the UE to re-acquire the SIB1, which may take several tens of seconds. Similarly, SIB1 are transmitted with the configured periodicity e.g. with a periodicity of 160ms, and can be repeated within the 160ms based on NW implementation. For example, for SSB and CORESET multiplexing pattern 1, the SIB1 repetition transmission period is 20ms. 
Support of more dynamic adaptation means could be considered, to quickly adapt to the current traffic load, as it can increase the opportunities for the base station to apply (µ)DTX/DRX and in turn increase energy saving potentials. It is noted that increasing the SSB period may impact certain operations of legacy UEs, which for example as per TS38.213 assume that SSBs are transmitted with a periodicity of 20 ms for initial cell selection. Therefore, impact on legacy UEs should be taken into account in the study.
Proposal 3: RAN2 to study procedures and signalling to enable dynamic SSB/SIB1 reduction/adaptation.
2.2	Cell/node activation by UE
A more flexible control of the cell/network node (re)-activation whenever a UE requiring service appears may potentially increase the usage of cell deactivation for network energy saving when the load decreases. To this end, the cell/network node activation request by the UE is in scope of the RAN1 study (e.g. to identify a suitable signal/channel from UE for gNB’s wake-up request). An aspect that RAN2 could consider, in parallel to the RAN1 study, is whether the UE should be always allowed to send a cell/node wake-up request or not.
Proposal 4: RAN2 to study cell/network node activation request by the UE including the conditions for the UE to trigger such request.
3	Conclusion
Proposal 1: Discuss whether it is feasible to (possibly via just longer periodicity) omit for network energy saving in release 18 some release 15 downlink signals utilized by IDLE/INACTIVE UEs. 
Observation 1: The existing paging design distributes paging occasions evenly in time which minimizes the possibility for a base station to sleep between paging occasions.
Proposal 2: Study possibilities to save base station energy via time domain enhancements of the paging mechanism.
Proposal 3: RAN2 to study procedures and signalling to enable dynamic SSB/SIB1 reduction/adaptation.
Proposal 4: RAN2 to study cell/network node activation request by the UE including the conditions for the UE to trigger such request.




