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1. Introduction
There was broad consensus that network energy saving is of great importance for environmental sustainability and for operation cost savings. In the recent RANP#93e and pre-meeting email discussion before RANP#94e, there was hot discussion on network power saving, and the potential scope of a study on network energy savings was drafted. Based on the most recent email discussion, the objectives including “Definition of a network energy consumption model, evaluation methodology and KPIs , and study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception ” are finally provided, as shown in [1][2]. 
In this paper, we provide some further analysis and comments based on the discussion/conclusions from the email discussion and the SID.

2. Further views based on the conclusion from [RAN94e-R18Prep-09]
After the hot discussion, the following conclusion is given by the moderator:
	The objectives of the study are the following:

1. Definition of a network energy consumption model [RAN1]
· Adapt the framework of the power consumption modelling and evaluation methodology of TR38.840 to the network side, including relative energy consumption for DL and UL (considering factors like PA efficiency, number of TxRU, network 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), 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.

3. Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception [RAN1, RAN2, RAN3, [RAN4]]

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. 
· 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.

The study should coordinate with SA5 and RAN4 as needed.


2.1 Network power consumption model
[bookmark: OLE_LINK3]Generally, we agree with the moderator’s proposal on network power consumption model and think a reference (or relative) power consumption model should be defined by adapting the model for UE power consumption in TR 38.840 as the starting point. A model for study of power consumption should be able to reflect the relative power gap regardless of specific implementations of different vendors, when their BS operates in different states with different sleeping/transmission strategies and hence is able to guide the WGs to identify the key common factors that have impact on power consumption, while at the meantime is preferably to be simple for 3GPP to carry out evaluations to verify various solutions. The power consumption model used in [3] has proven to be able to be used in 3GPP for this purpose, thus it can be the starting point for further adaptation on network side. 
Proposal 1: A relative power consumption model should be defined for network power consumption model, by adapting the power model for UE in TR 38.840 suitably.
The detailed consideration on the power consumption modelling is present in [4]. 
2.2 Evaluation methodology and KPIs
We agree with the moderator that the 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), energy efficiency, and UE power consumption/complexity. More accurately, we think these two KPIs, network energy savings and network/user performance should be jointly evaluated for all cases and potential solutions, and other aspects, e.g., UE power consumption and the gNB/UE complexity, can also be considered for evaluating some solutions when applicable. For evaluating network/user performance, the coverage of common signals for idle UEs and the UPT of DL/UL data transmission for connected UEs are widely used as a network metric and metric of user experience, respectively. 
Proposal 2: For the evaluation methodology, both the network energy saving gains and the network/user performance should be evaluated. 
· [bookmark: OLE_LINK4]For evaluating network/user performance, at least the coverage of common signals for idle UEs and the UPT of data transmission for connected UEs should be considered.
2.3 Techniques to enable network energy saving 
We think that the current scope of the potential techniques to study is too broad and vague, and more a specific scope should be given. In our understanding, the study should firstly focus on how to achieve more dynamic and finer granularity adaptation of transmissions and/or receptions in one or more of time, frequency, spatial, and power domains. Note that most of semi-static adaption methods have already been realized through gNB implementation, and as explained in [4], the semi-static method often lead to some notable performance loss. Some assistance information from UE and/or neighbouring gNB may be useful to enable a more energy-efficient operation at gNB. 
Proposal 3: For the candidate techniques and features, support to focus on the following two areas:
· dynamic and finer granularity adaptation of transmissions and /or receptions in one or more different domains (e.g., time, frequency, spatial, power). [RAN1]
· network and/or UE feedback/assistant information. [RAN1, RAN2, RAN3]
2.4 Example scenarios for the study on network energy saving  
As shown in the draft SID RP-212709 from the moderator, the following description related to scenarios for the study on network energy saving is captured in the objective section. In our understanding, there is no need to keep the example scenarios (i.e. the part highlight in yellow below) in the objective section, it can be moved to justification section.  
	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. 
· 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




In addition, in our understanding, it is not expected to study solutions for LTE even if EN-DC is one of the scenarios to be considered, since the study here mainly focuses on NR. 
Proposal 4: The description on example scenarios in the objective section should be moved to the justification section.

For further details on the network energy saving, some detailed candidate methods are presented in [4]. The modified objectives in the SID is listed in the appendix. 
3. Conclusions
The following observations and proposals are provided.
Proposal 1: A relative power consumption model should be defined for network power consumption model, by adapting the power model for UE in TR 38.840 suitably.
Proposal 2: For the evaluation methodology, both the network energy saving gains and the network/user performance should be evaluated. 
· For evaluating network/user performance, at least the coverage of common signals for Idle UEs and the UPT of data transmission for connected UEs should be considered.
Proposal 3: For the candidate techniques and features, support to focus on the following two areas:
· dynamic and finer granularity adaptation of transmissions and /or receptions in one or more different domains (e.g., time, frequency, spatial, power). [RAN1]
· network and/or UE feedback/assistant information. [RAN1, RAN2, RAN3]
Proposal 4: The description on example scenarios in the objective section should be moved to the justification section.
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Appendix: Proposed changes on objectives 
	The objectives of the study are the following:

1. Definition of a network energy consumption model [RAN1]
· Adapt the framework of the power consumption modelling and evaluation methodology of TR38.840 to the network side, including relative energy consumption for DL and UL (considering factors like PA efficiency, number of TxRU, network 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), 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.

3. Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception 
· dynamic and finer granularity adaptation of transmissions and /or receptions in one or more different domains (e.g., time, frequency, spatial, power). [RAN1]
· network and/or UE feedback/assistant information. [RAN1, RAN2, RAN3]

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. 
· [bookmark: _GoBack]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.

The study should coordinate with SA5 and RAN4 as needed.




