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1	Introduction
RAN Plenary has received the LS from SA2 in RP-240029 (=S2-2403733) that asks some technical questions to RAN1, 2 and 4. 
As at least one of the questions is probably not simple to answer, the LS was also sent to RAN plenary to consider e.g., the work organisation aspects.

2	Background
At SA2 #161 in February 2024, Vodafone submitted S2-2402891 on the need to measure the RAN energy consumption per-UE.
Operators can already calculate an average for the “energy consumption per UE” by taking the complete energy consumption for the network; the complete data traffic for the network; and the amount of data used by the UE. No extra Release 19 work is needed for that!
An earlier SA2 document, S2-2401179, illustrates that the amount of energy a user uses varies depending upon the range/radio conditions and the time of day (e.g., how many other users use the adjacent cells).
Independently from these documents, it is clear from cell edge data rates vs peak data rates, that UEs in different locations can experience vastly different (perhaps 1000-fold different) data rates with the same base station (with the base station transmitting at constant power).
For Vodafone, the interesting aspect of the SA2 Study Item “FS_EnergySys” is to find the energy consumption differences for different UEs using the same data volume. What the operator does with this information, is FFS, but, at the moment, no one (operator, subscriber, chipset maker, base station vendor, CN vendor) knows this information and hence, e.g. network optimisation cannot be done to reduce energy consumption, nor enterprises encouraged to mount IoT devices in less energy-consuming locations, nor consumers nudged to modify their habits, etc.
While some of this energy consumption (e.g., in the base-band unit) is probably relatively easy to compute based on the UE’s data volume, the majority of the energy is consumed by the remote radio heads and is likely to vary with the radio conditions and require more complex estimation.
S2-2402891 gives an example of how the variable part of the per-UE RAN energy consumption might be estimated (see below), but, believes that RAN Working Groups are the correct place to provide such an estimate.
No. of DL resource blks*Transmit Time interval*transmit power / No. of users sharing the resource blk
Given that most base stations are likely to have the capability to use “proportional-fair” schedulers, the feedback loops to that fairness algorithm must be providing information on the number of resource blocks used, and number of sharing users. And the TTI and Tx power are probably constants. So, this calculation ought to be feasible within the base station and able to be reported to the CN. The “fixed energy” usage of the base station can either be ignored (as it is small in comparison) or reported as a separate “average” metric.
3	Potential work in RAN working groups related to RP-240029
3.1	Per-UE energy consumption metric 
In the LS:
SA2 invites RAN1, RAN2 and RAN4 to investigate whether and how the gNB can estimate the base station energy consumption described above and whether a standardized solution can be identified.
SA2 were uncertain which groups(s) needed to be involved in this work, so TSG-RAN guidance on the relevant group(s) would be useful.
It seems likely that this question needs more than one RAN-WG meeting to answer. Hence it is probably appropriate to add an objective that spans a few meetings into the RAN Rel 19 “Enhancements of network energy savings for NR” WID (latest agreed version in RP-234065).
While the SA2 Study Item should finish in June 2024, knowing that RAN is working on (or will work on) this question ought to be sufficient to allow SA2 to move onto their Work Item phase.

3.2	Per-UE-per-QoS flow energy measurement
SA2 invites RAN2 to indicate whether the base station energy consumption (that varies with radio conditions) can be reported on a per-UE-per-PDU session and per-UE-per-QoS flow basis.

This question relates to how the data flows of one UE are multiplexed onto the radio interface. This may be possible for RAN2 to answer quickly.
The answer to this question impacts whether the SA1 requirements on better than per-UE granularity of energy reporting can be fulfilled.

3.3	Work in RAN3
SA2 are examining mechanisms (including something similar to Rel 15’s secondary RAT data volume reporting, and, GTP-U header extensions) by which the RAN could report the RAN’s energy consumption for that UE to the CN.
Whatever approach is taken, it seems likely that some mechanism inside the NG-RAN would be needed for the DU to report to the CU, before the CU reports to the Core Network. 
It seems useful to capture the work needed in this area in e.g., an update to the RAN Rel 19 “Enhancements of network energy savings for NR” WID.
From an SA2 perspective, this “NG-RAN internal” work would be invisible to the Core Network and hence only needs completion in time for the stage 3 Rel 19 completion.

4	Draft WID update
A potential revision marked update to the latest agreed Rel 19 WID on “Enhancements of network energy savings for NR” (RP-234065) is annexed to this document.

5	Proposals
1) 	TSG RAN is requested to discuss this topic and to consider how to organise this work.
2) 	It is proposed that the annexed updates to the RAN Rel 19 “Enhancements of network energy savings for NR” WID are discussed, revised, and agreed.


Annex: draft updates to last agreed WID

3GPP TSG RAN Meeting #102	RP-234065
Edinburgh, Scotland, December 11th-15th, 2023	

Source:	Ericsson (Moderator)
[bookmark: _Hlk161059154]Title:	New WID: Enhancements of network energy savings for NR
Document for:	Approval
Agenda Item:	9.1.1.5

[bookmark: _Hlk161062661]3GPP™ Work Item Description
Information on Work Items can be found at http://www.3gpp.org/Work-Items 
See also the 3GPP Working Procedures, article 39 and the TSG Working Methods in 3GPP TR 21.900
Title: Enhancements of network energy savings for NR	
[bookmark: _Hlk161055262]Acronym: Netw_Energy_NR_enh
Unique identifier:	
NOTE:	For new WIs/SIs leave the Unique identifier empty and make a proposal for an Acronym.
	For a revised WI/SI: Take Unique identifier and acronym as shown in 3GPP workplan.
	If this is a RAN WID including Core and Perf. part, then Title, Acronym and Unique identifier refer to the feature WI.
	Please tick (X) the applicable box(es) in the table below:
	Either:
	This WID includes a Core part
	X

	This WID includes a Performance part
	X


	or:
	This WID includes a Testing part
	

	and it addresses the following 3GPP work area:
	Radio Access
	

	
	Core Network
	

	
	Services
	



Potential target Release:	Rel-19
[bookmark: _Hlk24657936]NOTE: In case of contradiction with the target dates of clause 5, clause 5 determines the target release.
1	Impacts
	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	X
	X
	
	

	No
	X
	
	
	X
	X

	Don't know
	
	
	
	
	



2	Classification of the Work Item and linked work items
2.1	Primary classification
This description is either a … 
	
	Study Item


or a
	Normative Work Item:
tick applicable boxes below

	
	Stage 1

	
	Stage 2

	X
	Stage 3

	
	Other (e.g. testing)



2.2	Parent Work Item
For a brand-new topic, use “N/A” in the table below. Otherwise indicate the parent Work Item.
	Parent Work / Study Items 

	Acronym
	Working Group
	Unique ID
	Title (as in 3GPP Work Plan)

	FS_Netw_Energy_NR
	RAN1
	940080
	Study on network energy savings for NR

	Netw_Energy_NR
	RAN1
	981037
	Network energy savings for NR (Release 18)


NOTE:	RAN agreed some time ago, that it describes the feature WI + Core/Perf. part WI or Testing part WI in one 	WID. Therefore the table above should include the feature WI data (In case the feature covers Core and Perf. 	part, please list under Working Group the leading WG of the Core part).
2.3	Other related Work Items and dependencies
	Other related Work/Study Items (if any)

	Acronym
	Unique ID
	Title
	Nature of relationship

	EE_5G
	810023
	Energy Efficiency of 5G
	Definition of energy efficiency (EE) KPI for NG-RAN, use cases, requirements and procedures for collecting performance measurements (namely data volume measurements and PEE (Power, Energy and Environment) parameters from 5G base stations (TS28.310)

	FS_EE_5G
	760064
	Study on system and functional aspects of Energy Efficiency in 5G networks
	Study Item that lead to WI on Energy Efficiency of 5G

	FS_ENEFF
	710049
	Study on Energy Efficiency Aspects of 3GPP Standards
	SA study item

	FS_NG_SReq
	700058
	Study on Scenarios and Requirements for Next Generation Access Technologies
	RAN study item

	SON_5G
	850030
	Self-Organizing Networks (SON) for 5G networks
	Energy Saving NRM based on SON NRM


NOTE:	Also related or dependent WIs/SIs in other TSGs shall be indicated here.

3	Justification
Network energy saving is of great importance for environmental sustainability, to reduce environmental impact (greenhouse gas emissions), and for operational cost savings. As 5G is becoming pervasive across industries and geographical areas, handling more advanced services and applications requiring very high data rates (e.g. XR), networks are being denser, use more antennas, larger bandwidths and more frequency bands. The environmental impact of 5G needs to stay under control, and novel solutions to improve network energy savings need to be developed.
Energy consumption has become a key part of the operators’ OPEX. According to the report from GSMA [1], the energy cost on mobile networks accounts for ~23% of the total operator cost. Most of the energy consumption comes from the radio access network and in particular from the Active Antenna Unit (AAU), with data centres and fibre transport accounting for a smaller share. The power consumption of a radio access can be split into two parts: the dynamic part which is only consumed when data transmission/reception is ongoing, and the static part which is consumed all the time to maintain the necessary operation of the radio access devices, even when the data transmission/reception is not on-going.
During the study in the SI phase [2], the network energy consumption model for the base station (BS) was defined including the reference configurations for FR1 TDD/FDD and FR2, the deep/light/micro sleep power states with corresponding relative power, transition time and energy consumption among different power states based on two types of BS categories, and the scaling rules for the active DL/UL power states considering BS power split by a static part of power and a dynamic part of power with the latter part reflecting the dynamic power consumption with respect to transmission/reception resource configurations in time, frequency, spatial and power domains. In addition, evaluation methodology and assumptions were achieved to study and evaluate the network energy saving gains for potential techniques with respect to other KPI including UPT, access delay, UE power consumption, etc.  
Based on the agreed BS energy consumption model, and the evaluation methodology and assumptions, potential network energy saving techniques in various domains were evaluated with respect to the energy saving gains and the corresponding performance impact considering the above KPIs. The studied techniques are classified into time, frequency, spatial and power domains, and the technical descriptions as well as the legacy UE and specification impacts are summarized in the technical report [2]. The techniques in time and frequency domains mainly aim to reduce the power consumption for dynamic part by trying to shutdown more symbols on one or more carriers to achieve BS micro sleep, and even the static power part by enlarging the interval between the contiguous active transmission/reception occasions to achieve BS light/deep sleep. The techniques in spatial and power domains mainly aim to reduce the power consumption of the TRX chains and PAs by trying to shutdown more spatial elements and/or reduce transmission power/power spectrum density, or increase the PA efficiency. As shown in Section 7 in TR 38.864 [2], some of the studied techniques are beneficial for network energy savings. 
The Rel-18 work item on network energy savings for NR led to the specification of some of the techniques that were found beneficial in the study, primarily for RRC Connected, user specific signals and channels, and low load scenarios. The techniques specified in Rel-18 include SSB-less SCell operation for inter-band CA for FR1 and co-located cells, enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, inter-node information exchange on cell DTX/DRX, techniques in spatial and power domains to enable efficient adaptation of spatial elements as well as efficient adaptation of power offset values between PDSCH and CSI-RS, as well as mechanisms to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, CHO procedure enhancement(s), and inter-node beam activation and enhancements on restricting paging in a limited area, and the corresponding RRM/RF core requirements.
Some other techniques also found to be beneficial in the study were not yet specified in Rel-18. This Rel-19 work item aims to specify further network energy savings targeting the beneficial techniques studied in Rel-18, but yet unspecified, including on-demand SSB and on-demand SIB1 transmissions, as well as adaptation of common signal/channel transmissions.
Based on Rel-19 stage 1 requirements in TS 22.261 clause 6.15a, SA2 are studying Energy Efficiency and Energy Saving (TR 23.700-66). This SA2 work needs assistance from RAN working groups in order to estimate the per-UE RAN energy consumption and the reporting of this information to the Core Network.
[1] [bookmark: _Ref73190176]GSMA, 5G energy efficiencies: Green is the new black, https://data.gsmaintelligence.com/api-web/v2/research-file-download?id=54165956&file=241120-5G-energy.pdf
[2] [bookmark: specType1][bookmark: specNumber][bookmark: specVersion]3GPP TR 38.864 V18.1.0, Study on network energy savings for NR.

4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
The objectives of the work item are the following:

1. Specify procedures and signaling method(s) to support on-demand SSB SCell operation for UEs in connected mode configured with CA, for both intra-/inter-band CA. [RAN1/2/3/4]
· Specify triggering method(s) (select from UE uplink wake-up-signal using an existing signal/channel, cell on/off indication via backhaul, Scell activation/deactivation signaling)
· Note1: On-demand SSB transmission can be used by UE for at least SCell time/frequency synchronization, L1/L3 measurements and SCell activation, and is supported for FR1 and FR2 in non-shared spectrum.

2. Study procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode, including: [RAN1/2/3]
· Triggering method by uplink wake-up-signal using an existing signal/channel.
· Wake-up-signal configuration provisioning to UE 
· Note: No modification of SSB will be discussed under this objective
· Information exchange between gNBs at least for the configuration of wake-up signal, if necessary.
· Checkpoint for normative work in RAN#105

3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
· Adaptation of SSB in time domain, e.g. adapting periodicity 
· Adaptation of PRACH in time domain
· Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
· This study is to be done in 2Q’2024 only
· Adaptation of paging occasions including confining the paging occasions in the time domain
· Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 

4. Specify the corresponding core requirements, for the above features [RAN4].
5. Related to TSG-SA Rel 19 work. For UEs in RRC connected mode:
· To investigate whether and how the gNB can estimate the per-UE [and per-UE-per-PDU session and per-UE-per-QoS-flow] base station energy consumption that varies with radio conditions, and whether a standardized solution can be identified. [RAN1/2/4]
· To investigate how the above per-UE DU-energy-consumption information that is gathered by the DU can be provided to the CU. [RAN3] 


4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.
1. Specify corresponding performance requirements and test cases for the network energy saving techniques [RAN4].

4.3	RAN time budget request (not applicable to RAN5 WIs/SIs)
NOTE:	For all new RAN related WIs/SIs which are not led by RAN WG5 the WI/SI rapporteur has to fill out the attached Excel table to request time budgets for corresponding RAN WG meetings.
The Excel table has to be filled out for all affected RAN WGs and up to the target date of the WI/SI.
One time unit (TU) corresponds to ~ 2 hours in the meeting.
If no TU is needed, then leave the field empty otherwise enter a number >0 in the field.
	For revisions of already approved WI/SI descriptions: Please remove the Excel table from the WID/SID's zip file. The time budgets are already recorded. If you want to modify them, then this has to be done via the status report and not via a revised WID/SID.
	If this WID is covering Core and Performance part, then please fill out one line for each part in the attached Excel table.
additional comments to the time budget request in the attached Excel table:


5	Expected Output and Time scale
	New specifications {One line per specification. Create/delete lines as needed}

	Type 
	TS/TR number
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	
	
	
	
	
	


NOTE:	If this is a RAN WI including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
By default a new specs can only be new for one of both parts.

	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	38.211
	NR; Physical channels and modulation
	RAN#108
	Core Part

	38.212
	NR; Multiplexing and channel coding
	RAN#108
	Core Part

	38.213
	NR; Physical layer procedures for control
	RAN#108
	Core Part

	38.214
	NR; Physical layer procedures for data
	RAN#108
	Core Part

	38.300
	NR; NR and NG-RAN Overall description; Stage-2
	RAN#109
	Core part

	38.306
	NR; User Equipment (UE) radio access capabilities
	RAN#109
	Core part

	38.321
	NR; Medium Access Control (MAC) protocol specification
	RAN#109
	Core Part

	38.331

	NR; Radio Resource Control (RRC); Protocol specification
	RAN#109
	Core Part

	38.420
	NG-RAN; Xn general aspects and principles
	RAN#109
	Core part

	38.423
	NG-RAN; Xn Application Protocol (XnAP)
	RAN#109
	Core part

	38.470
	NG-RAN; F1 general aspects and principles
	RAN#109
	Core part

	38.473
	NG-RAN; F1 Application Protocol (F1AP)
	RAN#109
	Core part

	38.133
	NR; Requirements for support of radio resource management
	RAN#109
	Core part

	38.133
	NR; Requirements for support of radio resource management
	RAN#111
	Performance part

	38.141-1
	NR; Base Station (BS) conformance testing Part 1: Conducted conformance testing
	RAN#111
	Performance part

	38.141-2
	NR; Base Station (BS) conformance testing Part 2: Radiated conformance testing
	RAN#111
	Performance part

	38.101-4
	NR; User Equipment (UE) radio transmission and reception; Part 4: Performance requirements
	RAN#111
	Performance part

	38.104
	NR; Base Station (BS) radio transmission and reception
	RAN#111
	Performance part



NOTE:	The above list of “impacted TS” may need updating according to the results of the work in objective 5. 
NOTE:	If this is a RAN WI including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
If an existing spec is affected by both (Core part and Perf. part), then it has to be listed twice with appropriate approval dates.

6	Work item Rapporteur(s)
Nimbalker, Ajit, Ericsson, ajit.nimbalker@ericsson.com
Cheng, Peng, Apple, pcheng24@apple.com, RAN2
NOTE:	The first listed Rapporteur has the overall responsibility for this WI (incl all secondary tasks).
7	Work item leadership
RAN1 
Secondary responsible Working Group(s): RAN2, RAN3, RAN4.
8	Aspects that involve other WGs
None identified yet.
NOTE:	For RAN WIs: Section 8 applies only to WGs outside of TSG RAN because all RAN WG aspects have to be covered in section 4.

9	Supporting Individual Members
	Supporting IM name

	Ericsson

	AT&T

	Apple

	CATT

	CHTTL

	China Unicom

	China Mobile

	China Telecom

	ETRI

	Fujitsu

	Futurewei

	Huawei

	HiSilicon

	III

	InterDigital

	ITRI

	Intel Corporation

	KDDI

	KT Corp.

	Lenovo

	LG Electronics

	MediaTek

	Motorola Mobility

	NEC

	Nokia

	Nokia Shanghai Bell

	NTT DOCOMO

	OPPO

	Orange

	Ovidio

	Qualcomm

	Samsung

	Sharp

	Sony

	Spreadtrum

	WILUS

	vivo

	ZTE Corporation

	Sanechips
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