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1	Introduction
RAN2 is starting to work on study item on NW energy saving with RAN2 objective to identify possible techniques to improve NW energy efficiency for base station transmission and reception [1]:
	3. 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. 



In this paper we discuss what could be done for limiting NW energy consumption via mobility enhancements.
2	Discussion
At the RAN1#110bis meeting, the following agreement was made on the network energy saving techniques and directions to be considered in the study (see Section 3 in R1-2210620[2]):

	Agreement
The following are description of a potential energy saving techniques being discussed in RAN1. The benefits and performance impact of the candidate techniques are subject to further RAN1 evaluations, while RAN1 is discussing the following techniques may have potential impact to other WGs (FFS: RAN4 impact). The impact is not an exhaustive list nor represent definitive list of impacts to WGs and is subject to further changes as RAN1 progress work for the SI.
The description of the technique does not imply the technique will be automatically captured to the TR, but assumed to be the basis for the description in the TR if agreed. Note that this is only to be used as a starting point to finalized the TR in November.
· Note: further merging of techniques (e.g. #A-6 and #A-1) is not precluded.
· Time domain technique description available in: 
· Proposal #2-1H of R1-2210620 Section 3
· Proposal #2-2J of R1-2210620 Section 3
· Proposal #2-3H of R1-2210620 Section 3
· Proposal #2-4H of R1-2210620 Section 3
· Proposal #2-6J of R1-2210620 Section 3
· Frequency domain technique description available in: 
· Proposal #3-1I of R1-2210620 Section 3
· Proposal #3-2F of R1-2210620 Section 3
· Proposal #3-3F of R1-2210620 Section 3
· Spatial domain technique description available in: 
· Proposal #4-1J of R1-2210620 Section 3
· Proposal #4-2G of R1-2210620 Section 3
· Power domain technique description available in: 
· Proposal #5-1I of R1-2210620 Section 3
· Proposal #5-2H of R1-2210620 Section 3
· Proposal #5-3H of R1-2210620 Section 3
· Proposal #5-4H of R1-2210620 Section 3
· Proposal #5-5D of R1-2210620 Section 3




At the RAN2#119e, the following techniques were identified for RAN2 to study [3]:
Solution groups:
1. Adaption of MIB/SSB/SIB 
	-  partial/simplified SSB
2	Increase of SSB/SIB periodicity 
3	On demand SSB/SIB1 (FFS if there are enhancements for other SIBs)
	- FFS for on-demand MIB
4	Receiving SSB/SIB on one carrier/cell and performing access to another carrier/cell 
5	Handover/Fast PCell change for NES
	- CHO or new configuration
	- group HO
6	Resource adaptation (frequency and time domain)
	- Including PRACH, SRS, PUSCH, PUCCH resources and periodicities 
	- cell DTX/DRX  
	- measurement 
	- reference signal type and configuration of reference signal pattern for connected mode
	- BWP adaptation
7	Any Cell activation/re-activation or UE wake up request signal (connected/idle)
8	Paging enhancements (includes paging-less solutions)
9	Cell selection/reselection (ie. cell prioritization also including legacy UEs)

Things to study 
1. Study group configuration and signalling for transitions for different solutions
	- pre-configuration and L1/L2 signaling to trigger change of configuration
2	Identify/capture RAN2 impact to legacy for the different solutions 
3	Awareness of the NES states at the UE side for the different solutions
4	Aim to minimize DL signalling for NES
5	Consider UE complexity and energy consumption
6	UE assistance information for the specific network energy technique, it’s benefits and impact to UE/NW 

An effective technique for BS energy savings is cell deactivation in low load scenarios. Typically, cell shutdown techniques are initiated by progressively reducing the cell transmitted power, which can then be gradually increased at cell reactivation. By reducing the cell transmit power, the cell coverage shrinks while the area of neighbouring cells may be likewise expanded so that the UEs served by the cell can be offloaded to a neighbouring cell. However, the transmit power reduction requires SI modification, because the SSB reference power level is defined in SIB1, and thus the speed at which the cell power reduction can be enforced is limited by the (relatively long) duration of the SI modification period. This slows down the speed at which active UEs served by the cell that is being switched off can be offloaded to neighbouring cells. Enabling faster cell deactivation/reactivation as well as faster offloading/onloading of the active UEs can be beneficial to allow a more dynamic usage of cell deactivation techniques. This can be achieved by informing the UEs about the future cell transmit power adjustments (decrease / increase) when initiating cell deactivation/activation (rather than by step-by-step SI changes).

Proposal 1: RAN2 to study procedures and signalling to enabling faster cell deactivation / reactivation by informing the UEs about the future cell transmit power adjustments with minimal need for SI modification.

	Solution: Faster cell deactivation/reactivation with minimal need for SI modification for cell transmit power adjustments

	Introduction
	Support faster cell deactivation/reactivation by informing the UEs about the future cell transmit power adjustments (decrease / increase) e.g. of the SSB when initiating cell deactivation/activation (rather than by step-by-step SI changes).


	Scenario
	Single-carrier or multi-carrier; UEs in RRC Idle/Inactive/Connected

	NES gain
	Increased energy saving by reduced cell deactivation/reactivation transition times, and more frequent usage of cell deactivation techniques

	Impact to legacy UEs
	Not applicable to legacy UEs

	UE assistance needed
	No

	RAN2 impact
	Introduce mechanisms for faster SSB transmit power adjustments, etc.



To fully accomplish a faster cell deactivation/reactivation, also faster offloading of the active UEs to neighbour cells before deactivation is beneficial, and likewise a faster UE onloading after reactivation. A faster offloading/onloading of UEs can be achieved by leveraging the CHO framework. CHO allows the UE to execute a handover when certain execution conditions are met, without requiring a handover command by the network. Thereby CHO enables a faster and more robust handover. In the regular CHO, the UE starts evaluating the execution conditions upon receiving the CHO configuration. If CHO is to be leveraged to offload the active UEs upon cell deactivation, such immediate evaluation may have to be changed so that the evaluation is triggered only upon cell deactivation, which may not be known at the time of configuring CHO. We note that in NR NTN, there was defined event T1 which has a “delay” component associated to event trigger so that a later triggering has been seen as feasible way to perform CHO. We assume likely some sort of similar considerations need to apply to cell activation.

Proposal 2: RAN2 to study procedures and signalling for faster offloading/onloading of UEs to/from neighboring cells by extending the CHO functionality for cell deactivation/reactivation.

	Solution: Faster UE offloading/onloading via NES-based CHO 

	Introduction
	Support faster offloading/onloading of UEs by NES-based CHO.

	Scenario
	Single-carrier or multi-carrier; UEs in RRC Connected

	NES gain
	Increased energy saving by faster UE offloading/onloading, which leads to reduced cell deactivation/reactivation transition times, and in turn to more frequent usage of cell deactivation techniques

	Impact to legacy UEs
	Not applicable to legacy UEs

	UE assistance needed
	No

	RAN2 impact
	Mechanisms for taking the NES mode of source / target cell into account in the evaluation of CHO execution conditions. 



In RAN2#119bis, the following related assumptions were made regarding R2-2210369:
Proposal 7: Discussion on group handover should be confined to the CHO framework.

=>	Scenario 1: UEs are HO’ed due to switch of SOURCE cell to NES mode is considered for further study.  FFS whether any enhancements is needed.  
=>	FFS Scenario 2: UEs are HO’ed due to source link degradation, where TARGET cell is selected based on its mode of operation
=>	As a first priority, discussion on RAN2 group handover are confined to the CHO framework


As described above, in scenario 1, the execution of the CHO handover may not depend uniquely on the fulfilling of certain radio conditions as in the regular CHO. On the contrary, the CHO handover for UE offloading should be triggered only upon the deactivation of the source cell. Therefore, the network may need to indicate to the UEs when to start evaluating the CHO execution conditions after deciding about cell deactivation. Whether a group signalling of such indication is beneficial may depend on the number of active UEs to offload, which may be expected to be limited. 

Observation 1: Whether a group signalling for CHO for UE offloading/onloading is beneficial may depend on the number of active UEs to offload, which may be expected to be limited.

Proposal 3: RAN2 to study how to indicate to the UE to start evaluating the CHO execution conditions for offloading.

Alternatively, a faster offloading/onloading of UEs can be also achieved when using regular handovers by enabling the UEs to bias the measurements event conditions. The bias should account for the anticipated (future) transmit power adjustments (total decrease / increase power) that is applied upon cell deactivation/activation rather than letting the UE to observe the impact of step-by-step transmit power adjustments in its measurements. In the offloading case, this will trigger earlier measurement reporting from the UE, and thus faster handover commands from the network.

Proposal 4: RAN2 to study procedures and signalling for faster offloading/onloading of UEs to/from neighboring cells by enabling measurement event biasing to account for future cell transmit power adjustments (decrease / increase) during cell deactivation/activation.

	Solution: Faster UE offloading/onloading via measurement event bias for cell deactivation/reactivation

	Introduction
	Support faster offloading/onloading of UEs by enabling biasing of the measurements event conditions with the anticipated / future cell transmit power adjustments (decrease / increase) during cell deactivation/activation (rather than observing step-by-step transmit power adjustments)

	Scenario
	Single-carrier or multi-carrier; UEs in RRC Connected

	NES gain
	Increased energy saving by faster UE offloading/onloading, which leads to reduced cell deactivation/reactivation transition times, and in turn to more frequent usage of cell deactivation techniques

	Impact to legacy UEs
	Not applicable to legacy UEs

	UE assistance needed
	No

	RAN2 impact
	Mechanisms for NES-based biasing of mobility measurements event conditions with future cell transmit power adjustments



Furthermore, the activation/deactivation of a cell (for example a small cell) may allow malicious devices to deduce information relevant to the location and/or trajectory of a mobile user by monitoring for changes in the cell sleep mode. This may be particularly concerning if the gNB/cell/beam sleep mode change (e.g. switching on and off) may be triggered by a single UE entering or existing certain cell/beam areas (e.g. switch on triggered by a single UE’s wake up signal). And in this way the privacy of the UE may be compromised by these energy saving techniques at the network side. It should be kept in mind as well when designing the solutions.

Observation 2: The usage of cell activation/deactivation may compromise the end-user privacy, and this should be kept in mind when designing the NES solutions.

3	Conclusion
Proposal 1: RAN2 to study procedures and signalling to enabling faster cell deactivation / reactivation by informing the UEs about the future cell transmit power adjustments with minimal need for SI modification.

Proposal 2: RAN2 to study procedures and signalling for faster offloading/onloading of UEs to/from neighboring cells by extending the CHO functionality for cell deactivation/reactivation.

Observation 1: Whether a group signalling for CHO for UE offloading/onloading is beneficial may depend on the number of active UEs to offload, which may be expected to be limited.

Proposal 3: RAN2 to study how to indicate to the UE to start evaluating the CHO execution conditions for offloading.

Proposal 4: RAN2 to study procedures and signalling for faster offloading/onloading of UEs to/from neighboring cells by enabling measurement event biasing to account for future cell transmit power adjustments (decrease / increase) during cell deactivation/activation.

Observation 2: The usage of cell activation/deactivation may compromise the end-user privacy, and this should be kept in mind when designing the NES solutions.
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