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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 in the time domain.
2	Discussion
At the RAN1#110 meeting, high-level agreements on the network energy saving techniques and directions to be considered by the study were made (see R1-2208185). Some excerpts from Section 3 in R1-2208185 are copied here [2]:

	Time domain Techniques
1) Technique #A-1: Adaptation of common signals and channels (SSB/SI/paging)
2) Technique #A-2: Dynamic adaptation of UE specific signals/channels  
3) Technique #A-3: Wake up signal (WUS) for gNB 
4) Technique #A-4: Adaptation/alignment of UEs’ DRX 
5) Technique #A-5: Adaptation of gNB inactive state 

Frequency domain Techniques
1) Technique #B-1: Multi-carrier energy savings enhancements (e.g. SSB-less Scell in inter-band CA)
2) Technique #B-2: Dynamic adaptation of bandwidth part of UE(s) within a carrier
3) Technique #B-3: Dynamic adaptation of bandwidth of UE(s) within a BWP [and dynamic adaptation of a resource grid in a carrier] 

Spatial domain Techniques
1) Technique #C-1: Dynamic adaptation of spatial elements 
2) Technique #C-2: Dynamic adaptation of TRPs in mTRP 

Power domain Techniques
1) Technique #D-1: Adaptation of transmission power of signals and channels
2) Technique #D-2: Enhancements to gNB digital pre-distortion and UE post-distortion 
3) Technique #D-3: Adaptation of transceiver processing algorithm
4) Technique #D-4: PA Input Power Bias ("input backoff”) Adaptation  

Other Energy Saving Aspects and Techniques
1) Technique #E-1: UE assistance information or feedback/report to further facilitate gNB network energy saving




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 

RAN2 email discussion [313] proposal from rapporteur [4]:
	Proposal: RAN2 will continue studying the following aspects: 
1) Common signals related:
1-1) SSB/SIB/Paging-less (multi-carrier case is studied first)
1-2) On-demand SSB/SIB1 (e.g., triggered by WUS)
1-3) Extended SSB/SIB1 periodicity
2) Group signalling/configuration related:
2-1) Group HO/CHO
2-2) NW DTX/DRX
2-3) BWP adaptation
3) Cell selection/reselection.



In time-domain network energy saving adaptations, certain base station (BS) hardware can be turned dynamically ON/OFF, allowing discontinuous transmission and/or reception, and hence BS energy saving. For example, activation and deactivation of the DL RF path (e.g. power amplifier) is denoted as BS discontinuous transmission (DTX), and likewise BS discontinuous reception (DRX) for the UL RF path. Micro interruptions in the RF paths can also be made at symbol-level in symbols where no transmissions/receptions are to be made, and these are referred to as micro DTX and µDRX, respectively. Although both UL and DL RF paths can be considered, practically, the circuits and hardware components related to BS transmission may consume a much larger energy compared to the BS reception. And so, techniques that extend DTX opportunities may be prioritized over techniques related to DRX for improved NW energy saving.
1) Common signals related:
In RAN1 and RAN2, to extend DTX and DRX opportunities, methods of reducing/adapting transmission/reception of both common and semi-persistent channels/signals are considered. Among other channels and signals, SSB/SIB1 reduction/adaptation and SSB/SIB1-less operations for inter-band scenarios are considered. 
Support of more dynamic SSB/SIB1 transmission adaptation would allow to quickly adapt the SSB/SIB1 periodicities to the current traffic load. This can increase the opportunities to apply (µ)DTX/DRX and in turn increase energy saving potentials, and therefore should be considered. For RRC Connected UEs, there may not be much impact from reduced SSB/SIB1 transmissions if, for example, UE-specific CSI-RSs are provisioned as an alternative to the reduced SSBs. Instead, RRC Idle/Inactive UEs may be impacted from reduced SSB/SIB1 transmissions, e.g. the initial access delay may increase. 
Observation 1: The impact on RRC Connected UEs from reduced SSB/SIB1 transmissions may be limited if UE-specific reference signals (TRS/CSI-RS) are provisioned by the network to allow proper time and frequency synchronization and compliance with legacy measurement requirements.
Observation 2: The impact on RRC Idle/Inactive UEs from reduced SSB/SIB1 transmissions should be studied.
Proposal 1: RAN2 to study procedures and signalling to enable dynamic SSB/SIB1 transmission reduction/adaptation and consider the impact to RRC Idle/Inactive UEs.
2) Group signalling/configuration related:
Furthermore, if the BS applies (µ)DTX during times when the UE expects to receive (periodic or semi-persistent) channel/signals, the lack of those channels/signals may affect some UE operations. For example, if a CSI-RS transmission should have taken place by the network during a BS (µ)DTX period, and therefore these are omitted, their omission may lead to unnecessary UE energy consumption and triggering additional measurements at the UE. To avoid this, a (µ)DTX indication to UE (or a network sleeping mode indication) may be studied. 
Proposal 2: RAN2 to study procedures and signalling to extend (µ)DTX / network sleeping modes opportunities including (µ)DTX indication to UE e.g. for UE power saving. 
Similarly, in scenarios and networks where µDRX brings promising network energy savings, UE assistance could be considered to extend DRX periods when the UE has been configured with periodic or semi-persistent channel/signals. For example, the UE could assist the network about which Configured Grant (CG)-PUSCH resources it needs to use based on its uplink data transmission.  Currently, DCI command-based activation and deactivation is supported for CG type 2 configurations. Thereby the network may deactivate CG PUSCH resources (of type 2 configuration) based on the BSR reported by the UE (e.g. BSR indicating 0 bits or lack of BSR). However, the BSR reflects only the data already buffered and pending at the UE, whereas it does not reflect the data that may arrive in the UE buffer in between two (consecutive) CG occasions. And CG PUSCH resources may be configured in the first place for periodic traffic, in which case the BSR would not be sufficient. Therefore, we see the benefit to introduce more flexible means, allowing the UE to activate / deactivate CG occasions based on its knowledge of uplink data. 
Proposal 3: RAN2 to study procedures and signalling to extend (µ)DRX / network sleeping modes opportunities including UE assistance for (de)activation of unnecessarily CG-PUSCH resources. 
	Solution: Deactivation of CG-PUSCH resources

	Introduction
	CG-PUSCH occasions can be activated/deactivated (autonomously) by the UE for a period based on need (if no data will be or not available in the next occasions falling with such period)

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

	NES gain
	Avoids unnecessary monitoring of CG-PUSCH occasions, and thus increases longer sleep opportunities for the network.

	Impact to legacy UEs
	No

	UE assistance needed
	UE indicates no need for certain CG-PUSCH occasions or their deactivation

	RAN2 impact
	Mechanisms to support UE (autonomous) (de)activation of CG-PUSCH resources with assistance information for the network to identify timely  unnecessary CG-PUSCH occasions for which reception can be omitted.



Another 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 neighboring cells may be likewise expanded so that the UEs served by the cell can be offloaded to a neighboring 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 neighboring cells. Enabling faster cell deactivation as well as faster offloading of the active UEs can be beneficial to allow a more dynamic usage of cell deactivation techniques. A faster offloading/onloading of UEs can be achieved by applying NES-based CHO. Further, it can alternatively be achieved by enabling the UE to bias the measurements event conditions with the anticipated total transmit power adjustments (total decrease / increase power) upon cell deactivation/activation rather than step-by-step. 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 to enabling faster cell deactivation / reactivation and faster offloading of UE to neighboring cells.

	Solution: Faster cell deactivation/reactivation

	Introduction
	Support faster cell deactivation/reactivation by enabling transmit power reduction/increase with minimal need for SI modification

	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




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

	Introduction
	Support faster offloading/onloading of UEs by NES-based CHO and/or by enabling biasing of the measurements event conditions with the anticipated total transmit power adjustments (decrease / increase) upon cell deactivation/activation rather than step-by-step 

	Scenario
	Single-carrier or multi-carrier; UEs in RRC 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
	Mechanisms for ES-based CHO and biasing mobility measurements event conditions



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.

3	Conclusion
Details on time domain solutions for NES are discussed in this contribution with the following proposals proposed:
Proposal 1: RAN2 to study procedures and signalling to enable dynamic SSB/SIB1 transmission reduction/adaptation as and consider the impact to RRC Idle/Inactive UEs.
Proposal 2: RAN2 to study procedures and signalling to extend (µ)DTX / network sleeping modes opportunities including (µ)DTX indication to UE e.g. for UE power saving. 
Proposal 3: RAN2 to study procedures and signalling to extend (µ)DRX / network sleeping modes opportunities including UE assistance for (de)activation of unnecessarily CG-PUSCH resources. 
Proposal 4: RAN2 to study procedures and signalling to enabling faster cell deactivation / reactivation and faster offloading of UE to neighboring cells.
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