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1 Introduction
RAN approved a new study item on network energy saving (NES) [1]. The SI aims to improve the operation of the cellular eco-system to enable more efficient adaptation of network transmissions and receptions resources in the time, frequency, spatial, and power domains, aided by UE feedback and assistance. This enables an eco-friendly UE operation that allows deployment of greener network deployments of reduced emissions and Opex costs associated with operating a cellular network. However, the impact on user performance and legacy UEs should be limited; KPIs such as spectral efficiency, capacity, user perceived throughput, latency, UE power consumption, handover performance, call drop rate, and initial access performance are taken into account. Network energy savings techniques to be studied should thus avoid having large impacts to such KPIs. 
The SID includes the following objective accordingly:

	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

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.



RAN1 had an initial discussion on NES UE assistance information and made some agreements, summarized in Annex A. RAN2 had follow-up discussions initially in RAN2#119e, with agreements summarized in Annex B. NES time and frequency domain aspects are discussed in our companion R2 contributions [2, 3]. This contribution provides a discussion on using UE assistance information to aid the network with NES decisions.
2 Discussion
UE assistance information can be beneficial in aiding the network to make decisions related to adapting resources in the time, frequency, spatial or power domains, as well as activating certain cells. gNBs can take into consideration UE measurements, positioning, UE assistance info, interference status, load information, and proprietary info to make decisions related to adapting resources or turning cells on/off. 
NES UE assistance info can be useful is when the UE is in need to perform initial access or to adapt network availability, coverage, or network resources in connected mode. For example, the UE may not be able to find any SSBs or CSI-RS above the threshold during initial access, e.g. when the UE is in a bad geometry, due to having the best cell in the area in a sleep mode or turned off. The UE can detect common signals (e.g. SI from another cell) that would inform the UE about the existence of a sleeping cells. The UE can thus indicate the need for on demand SSB transmission or a change in the NES state of a cell in sleep or dormant state. The UE may also include other information to aid the network such as related measurements or the UE’s location and leave the decision for the network. 
In connected mode, if the serving cell is in a sleep mode and the UE has high priority data to transmit, it can be beneficial for the UE to indicate such data arrival. For the spatial domain, it can also be useful for the UE to indicate the need for additional antenna ports or chains, to meet the throughput or reliability needs.
Proposal 1: 
Support transmission of UE assistance information for NES. RAN2 to consider the RAN1 agreed contents as a starting point:
· preferred SSB configurations,

· indication of semi-static UL channel transmissions,

· indication of UE’s buffer status for UL channel transmissions, 

· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s), 

· coverage, mobility status, location.

Frequent transmission of UE assistance information for NES can have impacts on UE power savings, and thus shall not be transmitted too frequently or unpredictably, especially when it’s not of use to the network. UE can therefore trigger the transmission of UE assistance information when needed, e.g. upon data arrival, based on coverage conditions, or based on detection of NES SSBs.
Proposal 2: 
RAN2 to discuss triggers and conditions for transmission of NES UE assistance information for each type of assistance information.
With regards to the format of UE assistance information, one possibility is to reuse legacy Rel-16 RRC UAI format specified for power savings, which includes the UE’s preferred bandwidth, carrier, DRX configuration, MIMO layers etc. However, as seen in the content of proposal 1, the information is quite different from what R16 UAI has, and content for NES reflects more dynamic events (e.g., measurements, data traffic, location). Such content is not suitable for transmission via RRC messages (similar to UAI) given the temporal association. Therefore, it is more desirable to reflect such metrics more dynamically, using a MAC CE for example.
Observation 1: Given content for NES UE assistance information reflects more dynamic events (e.g., measurements, data traffic, location), it is suitable to transmit such information using RRC messages (similar to UAI).

Further, some of the assistance information can already be provided by existing mechanisms (e.g. BFR), while others may not. It’s therefore better to discuss the format used per UE assistance info type.
Proposal 3: 
RAN2 to discuss the format used for transmission of NES UE assistance information for each type of assistance information. R16 UAI is not re-used for NES assistance information.
3 Conclusion
In this contribution, UE assistance information for network energy saving is discussed. The following observations and proposals are provided:

Proposal 1: 
Support transmission of UE assistance information for NES. RAN2 to consider the RAN1 agreed contents as a starting point:

· preferred SSB configurations,

· indication of semi-static UL channel transmissions,

· indication of UE’s buffer status for UL channel transmissions, 

· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s), 

· coverage, mobility status, location.

Proposal 2: 
RAN2 to discuss triggers and conditions for transmission of NES UE assistance information for each type of assistance information.
Observation 1: Given content for NES UE assistance information reflects more dynamic events (e.g., measurements, data traffic, location), it is suitable to transmit such information using RRC messages (similar to UAI).

Proposal 3: 
RAN2 to discuss the format used for transmission of NES UE assistance information for each type of assistance information. R16 UAI is not re-used for NES assistance information.
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Annex A: R1 agreements for NES techniques
Agreement
Further study techniques and enhancements on assistance information from the UE to aid the gNB to perform energy saving techniques

· Some examples of assistance information are, but not limited to:
· preferred SSB configurations,

· indication of semi-static UL channel transmissions,

· indication of UE’s buffer status for UL channel transmissions, 

· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s), 

· coverage, mobility status, location.

· conditions for triggering the assistance information from the UE

Annex B: R2 agreements for NES techniques
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 
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