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1. Introduction
The following SID objectives related to the network energy saving for NR were approved in RAN#94-e meeting [1]:
	The objectives of the study are the following:

1. Definition of a base station energy consumption model [RAN1]
· Adapt the framework of the power consumption modelling and evaluation methodology of TR38.840 to the base station side, including relative energy consumption for DL and UL (considering factors like PA efficiency, number of TxRU, base station load, etc), sleep states and the associated transition times, and one or more reference parameters/configurations.

2. Definition of an evaluation methodology and KPIs [RAN1]
· The evaluation methodology should target for evaluating system-level network energy consumption and energy savings gains, as well as assessing/balancing impact to network and user performance (e.g. spectral efficiency, capacity, UPT, latency, handover performance, call drop rate, initial access performance, SLA assurance related KPIs), energy efficiency, and UE power consumption, complexity. The evaluation methodology should not focus on a single KPI, and should reuse existing KPIs whenever applicable; where existing KPIs are found to be insufficient new KPIs may be developed as needed.
Note: WGs will decide KPIs to evaluate and how.

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. 

The following example scenarios (mapping between scenarios and network loads is left to the study) including single-carrier and multi-carrier deployments are used as the starting point for discussion on prioritized scenarios for the study. 

The following example scenarios are listed in no particular order.
· Urban micro in FR1, including TDD massive MIMO (note: this scenario can also model small cells)
· FR2 beam-based scenarios (note: this scenario can also model small cells)
· Urban/Rural macro in FR1 with/without DSS (no impact to LTE expected in case of DSS)
· EN-DC/NR-DC macro with FDD PCell and TDD/Massive MIMO on higher FR1/FR2 frequency

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.

Note 2: the study of energy savings specifically for IAB is not part of the scope.

The study should coordinate with RAN4 as needed.


In this contribution, we discuss and provide views on the gNB power consumption model and KPI for network energy savings (NES).

2. Discussion
2.1 KPI
	For companies to consider when providing evaluation results:
· Use the following table with adding Category, as a draft template for collection of simulation results
· The template can be further adjusted with input when captured into TR.
· Other formats are not precluded.
	Company
	NW energy saving scheme
	ES Gain
	ES gain for each configuration
	UPT
(Optional: Energy Efficiency)
	Other impact
	Evaluation methodology/baseline assumption
	Note

	
	
	Editor Note: includes a range for different configurations, if possible.
	Editor Note: include gain for each configuration, if possible. For example, per Load, configurations of common signals etc.
	Editor Note: may include average UPT, target UPT (95%/50%/5%) and UPT loss/gain per ES techniques.
May also include scheduling latency, user plane latency etc.
Optionally, results with EE can be included with clear definition reported.
	Editor Note: may include coverage, UE power consumption, EE with definition, etc.
	Editor Note: may include selected parameters/baselines etc, if there are multiple.
	Editor Note: other important setting that needs to be reported, e.g. the selected options/approaches as mentioned in R1-2208654.





In RAN1#110b-e meeting [2], the above table was agreed upon as a draft template to collect the evaluation results. Since the template can be further adjusted with input when captured into TR, the KPI such as energy efficiency (EE) can be added to the column in order to analyse and observe the effects of the NES technique in various ways. In addition, the time unit of relative power should be added to indicate which time unit was used for energy consumption calculation by the company.
In RAN#95-e meeting, the LS on energy efficiency (EE) was sent from SA to RAN [5]. It requested the recipients including RAN to consider EE as a guiding principle when developing new solutions and evolving the 3GPP systems specification. With this regard, EE can be also included as one of KPIs in evaluation results for NES.
The definition of EE from TR 38.913 Clause 7.19 [5] is as follows:

· where  refers to the weights of every deployment scenario where the network energy efficiency is evaluated and,
· 
· where V1= Refers to the traffic per second served by a base station (in bits/s),
·  = Refers to the power consumed by a base station to serve V1 (in Watt = Joule/s), and
·  = Refers to the weight for each traffic load level.
According to the above equation captured from TR 38.913 [5], the absolute power value is required to calculate EE. However, according to the objective in [1] or the UE power saving model in [3], the relative power can be used to define gNB power consumption model. Therefore, the definition of EE may need to be modified so that it can also be calculated based on a relative power value. A simple solution could be to replace the absolute power in EE formula with the relative power (i.e., new EE = ratio of throughput to reference power consumed by gNB). Given the relationship between absolute power and relative power, the original EE value calculated by the absolute power can be derived from the new EE value calculated by the relative power. Therefore, the EE value calculated by relative power can also be considered as a valuable KPI for evaluation methodology. 

Proposal #1: Energy efficiency can be included as one of the KPIs when providing the evaluation results and new energy efficiency is defined as the ratio of throughput to reference power consumed by gNB.

In addition, we need to consider the trade-off relationship between the performance gain of gNB and the performance loss of UE. To be specific, gNB’s performance gain and UE’s performance loss compared to the reference scenario (i.e. scenario without NES techniques) can be reported at the same time. Moreover, a lower bound for UE’s performance loss can be defined to guarantee that UE’s performance cannot be degraded under the lower bound.

Proposal #2: Considering the trade-off between the performance gain of gNB and the performance loss of UE, both of gNB’s performance gain and UE’s performance loss compared to the reference scenario (i.e. scenarios without network energy saving techniques) can be reported.

3. Conclusions
In this contribution, the definition of gNB power consumption model and KPI to study on network energy saving for NR was discussed, and the followings are proposed.
Proposal #1: Energy efficiency can be included as one of the KPIs when providing the evaluation results and new energy efficiency is defined as the ratio of throughput to reference power consumed by gNB.
Proposal #2: Considering the trade-off between the performance gain of gNB and the performance loss of UE, both of gNB’s performance gain and UE’s performance loss compared to the reference scenario (i.e. scenarios without network energy saving techniques) can be reported.
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