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1	Introduction
At the last RAN Plenary, received the LS from SA2 in RP-240029 (=S2-2403733) that asked some technical questions to RAN1, 2 and 4.
After a very short “corridor” discussion at RAN #103, a reply LS was sent in RP-240825 that requested RAN WGs to NOT assist SA in their Rel 19 work on this topic. 
2	Discussion
Vodafone strongly believes that 3GPP should work as one project to deliver complete features to the 3GPP eco-system rather than working as independent TSGs.
On this energy topic, SA1 spent considerable time studying requirements, and then specifying normative requirements in clause 6.15a of TS 22.261.
Subsequently TSG-SA performed a complex prioritisation exercise for the Rel 19 SA2 work, and the SA2 work on Energy Efficiency and Energy Saving was allocated a significant amount of the SA2 time.
The SA2 study work has progressed and is expected to lead to the creation of a normative Work Item at SA #104.
SA2 has agreed to focus on the energy consumption from the user plane (e.g. gNB + UPF) and not consider the energy consumption of control plane entities.
Considering that:
It is well known that the large majority of network energy is consumed in the RAN, and
the only place where energy consumption is not basically related to data volume is on the radio
interface, 
having co-operation from RAN is very important to the success of this piece of 3GPP work.

Proposal: TSG-RAN and TSG-SA co-ordinate at TSG #104 to ensure 3GPP aims to get some useful output from this Rel 19 SA work on Energy Efficiency and Energy Saving.

3	Technical Aspects
3.1 	Average per-GByte energy consumption is already known
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 that consume the same data volume. 
Existing OAM counters are not usable for this as there is no differentiation between particular UEs; and they collect data over much longer periods (e.g. 15 mins) than the typical length of an RRC connection on that gNB. 
Note that 5GC security policies mean that the UE would normally use different core network temporary IDs on successive RRC connections, and that the UE’s core network temporary ID is not available to a gNB after inter-gNB handover. Hence the RAN has no means to link together the energy used by a specific UE on subsequent RRC connections. 
At the moment, no one (operator, subscriber, chipset maker, base station vendor, CN vendor) can determine the per-UE energy consumption over an hour/day/month and hence our 3GPP-ecosystem is missing critical information about our costs.
Typically, industries that lack understanding of their customers become unsuccessful!
 
3.2	Clarification on use cases for per UE energy consumption
As mentioned in the reply LS from RAN#103, a clarification on the use cases enabled by the network energy consumption per UE metric is required. Hence, some examples are given below:
a) knowledge of which customers (enterprise or consumer) are profitable and which ones are not. This would be a useful input at the next contract renegotiation.
b) knowledge of a consumer-customer’s CO2 emissions. Many customers are interested in this.
c) knowledge of an enterprise-customer’s CO2 emissions. Many enterprises are now mandated to include accurate information on their CO2 emissions in their financial reports.
d) identification of network areas where network power consumption per UE is high. This can be used to trigger network investigations leading to coverage optimisation and/or interference reduction (e.g., downtilt).
e) identification of UEs using high levels of RAN energy that are probably indoors. For these, operators could more actively work on moving them onto WiFi.
f) identification of UE types that use unusually low or high amounts of network energy, leading to a better understanding of the actual impact to the network from watches or glasses.
g) identification of poor performing devices within a device type (e.g. the bottom 5% of brand X, model y) and target those customers for device upgrades, etc.   
h) work with IoT enterprise customers who use high amounts of network energy to improve how they position/mount their devices/antenna.
i) work with office-enterprise customers to adapt their indoor coverage solutions.

3.3	Per-UE energy consumption metric 
In the LS from SA2:
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.
While the energy consumption (e.g., in the base-band unit) is relatively easy to compute based on the UE’s data volume, the majority of the energy is consumed by the remote radio heads (RRH) and is likely to vary with the radio conditions and implementations of RRH.
S2-2402891 gives an example of how the variable part of the per-UE RAN transmitted energy might be estimated as:
No. of DL resource blks*Transmit Time interval*transmit power / No. of users sharing the resource blk
and the short discussion at RAN #103 did not raise technical problems with such a calculation.
S2-2402891 suggested how the information needed for such a calculation could be gathered:
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.
A different approach to this would be for the gNB to post-process a local copy of the PDCCH(s) in order to establish the number of Resource Blocks allocated to each UE (on each frequency band that the UE used).
The above approaches should give a reasonable estimate for the actual energy transmitted from the antenna. 
There is then a need to take into account the base station’s transmitter efficiency. 
We suggest that an operator configured parameter is used to multiply the energy transmitted per UE into a value for the energy consumed by the base station transmitter for that UE. The operator could use a common value across their different vendor’s gNBs, or, the operator could use their existing knowledge of the different vendors’ gNB’s power efficiency to configure vendor specific values (or, the operator could adopt a different approach). 
The above operator configured parameter could also be used to include any BBU processing that varies with the UE’s radio conditions (e.g. a large amount of FEC processing is likely to be needed for UEs in poor coverage/high interference) using the assumption that areas of bad downlink performance are likely to be correlated with areas of bad uplink performance.
With regard to the frequency of reporting the energy consumption to the CN, we assume that a model similar to Rel 15’s secondary RAT data volume reporting can be used, e.g., the energy consumed (since the last report) is reported at handover (Xn and NG); at RRC Release; and (for long lived RRC connections without handover) periodically (e.g. every 15 minutes).

With these kinds of approaches, it should be feasible for RAN WGs, within a reasonable amount of time, to describe a formula that allows gNBs to report the number of joules consumed by the gNB for that UE to the core network.

3.4	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. 
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	Proposals
1) 	TSG-RAN and TSG-SA co-ordinate at TSG #104 to ensure 3GPP aims to get some useful output from this Rel 19 SA work on Energy Efficiency and Energy Saving.

2) 	It is proposed that the above technical aspects are discussed to assist in the work organisation.
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