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Introduction
A study item on network energy savings [1] has been approved for Rel-18, including the following objectives:
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.

Some agreements have been made in RAN1#109-e for the evaluation methodology and power modeling (as shown in the Annex). In this contribution, we provide our views on the remaining details of evaluation methodology.
Power Modeling
The following was agreed in RAN1#109-e regarding the BS power modeling:
Agreement
For evaluation purpose, the BS energy consumption model should at least include the power consumption of BS on slot-level.
· Note that symbol-level power consumption to reflect different BW (or RB utilization) / time-occupancy / tx-rx direction of different symbols in a slot is considered.
· FFS details (e.g. explicit symbol-level power modelling, scaling slot-level power to symbol level power for various cases, etc.)
· Note: system simulation evaluations can be per slot regardless of detailed approach for calculating symbol-level power consumption.
Agreement
· For evaluation, at least for non-sleep mode and TDD, the BS power consumption for DL and UL are separately modelled, allowing DL-only transmission or UL-only reception.
· FFS: whether UL-only reception energy consumption model can be derived/simplified from DL-only transmission energy consumption model
· FFS: the impact of UL reception and/or DL transmission on sleep modes and associated transition time/energy
· FFS: whether/how to define an idle state, where BS is neither transmitting nor receiving but also doesn’t enter into any sleep mode or define it as sleep mode
· FFS: whether the model for FDD can be based on the model for TDD
Agreement
For evaluation purpose, 
· Study how to define sleep modes and determine the characteristics for each mode from one or multiple of the below
· Relative power 
· Transition time
· Transition energy
· Other approaches are not precluded
· Note: BS components that can be turned off can be considered for discussion purpose when defining the specific values of the characteristics for sleep modes.
· Study whether sleep mode is defined for DL(TX) and UL(RX) jointly or separately
· Study the assumption of order for BS entering/resuming from a sleep mode to another mode (sleep or non-sleep) and the associated transition time and energy, i.e. state machine which may have impact on the transition energy.
Working assumption
For evaluation, for energy consumption modelling for FDD and the case of simultaneous DL transmission and UL reception for non-sleep mode, study the following with potential down-selection in RAN1#110
· Option 1: the power consumption is the total of DL and UL power consumption
· Option 2: the power consumption for UL is neglected
· Other option is not precluded
· Note the DL (or UL) power consumption can be obtained using a same approach as that obtained from the DL (or UL)-only in TDD model

For the sleep modes for BS, there were discussions on how many sleep modes to define. It is understood that different BS may have different implementation on sleep modes, which impacts how many levels and the corresponding power consumption/transition time for each sleep mode. It is not possible to have a model that accurately reflect all different implementations. We think it is sufficient to define 3 sleep modes (similar to the concept of UE sleep states), that is, micro sleep (with little interruption in service), light sleep and deep sleep. Three level of sleep modes should be sufficient to capture the first-order effects. If any additional sleep mode is necessary for a particular network energy saving technique, it can be separately discussed.
Proposal 1: Define 3 levels of sleep modes for BS: micro sleep, light sleep and deep sleep.
One of the controversial issues in BS power modeling is how to model DL and UL power consumption, separately or jointly. In practice, DL and UL may have some shared components depending on implementation. Ideally, they should be considered together, especially when determining whether the BS can enter a particular sleep state. However, this is very implementation dependent, the coupling between DL and UL may be more or less, depending on each specific implementation. In addition, simulating DL and UL together in a system-level simulation, which is not typically done in RAN1, brings significant complexity for evaluation. So for simplicity, we think it is important to at least allow companies to perform separate DL and UL power consumption analysis as a choice. This may not capture all the details, but it should be able to provide first-order analysis.
Proposal 2: It is up to the company to decide whether to evaluate network power consumption for DL and UL separately or jointly.
If a company chooses to evaluate DL and UL jointly, for FDD, when both DL and UL are in non-sleep mode, we think it is better to go with Option 1, i.e., the power consumption is the total of DL and UL power consumption. Even though DL (with PA) consumes the majority of the power, UL power consumption is not a negligible part either based on the results from the literature. By simply adding up DL and UL power consumption, it may be over-estimation. In this case, we may consider an adjustment factor to reduce the total power consumption.
On the other hand, for determination of sleep mode, DL and UL should be considered jointly.
Proposal 3: If network power consumption for DL and UL are jointly evaluated,
· For FDD, when there is simultaneous DL reception and UL transmission, the power consumption is the total of DL and UL power consumption (Option 1).
· FFS an adjustment factor
· For determination of sleep modes, DL and UL are considered jointly.
There was also discussion on how to model the symbol-level power consumption, whether to use a specific symbol-level modeling or to use scaling. Our preference is to stick with a simple model and use scaling, if there is such a need.
Proposal 4: If necessary, symbol-level power consumption is scaled from slot-level power consumption based on time occupancy.

Conclusion
In this contribution, we discussed the BS power modeling and proposed the following:
Proposal 1: Define 3 levels of sleep modes for BS: micro sleep, light sleep and deep sleep.
Proposal 2: It is up to the company to decide whether to evaluate network power consumption for DL and UL separately or jointly.
Proposal 3: If network power consumption for DL and UL are jointly evaluated,
· For FDD, when there is simultaneous DL reception and UL transmission, the power consumption is the total of DL and UL power consumption (Option 1).
· FFS an adjustment factor
· For determination of sleep modes, DL and UL are considered jointly.
Proposal 4: If necessary, symbol-level power consumption is scaled from slot-level power consumption based on time occupancy.
Reference
[1] RP-220297, Revised SI: Study on network energy savings for NR, Huawei, RAN#95e, Mar. 2022.
Annex: Agreements
RAN1#109-e
Agreement
TR skeleton for TR 38.864 Study on network energy savings for NR is endorsed in R1-2205307.

Agreement
For evaluation purpose, the energy consumption modeling for a BS includes at least the following:
· Reference configuration
· FFS other details
· Note FR1 and FR2 to be separately considered for detailed parameters
· Multiple power state(s) including sleep/non-sleep mode(s) with relative power, and associated transition time/energy
· Scaling method to be applied at least for non-sleep mode.
· FFS other details including scaling for sleep mode

R1-2205402	FL summary#2 for performance evaluation for NR NW energy savings	Moderator (Huawei)

Agreement
For evaluation purpose, the BS energy consumption model should at least include the power consumption of BS on slot-level.
· Note that symbol-level power consumption to reflect different BW (or RB utilization) / time-occupancy / tx-rx direction of different symbols in a slot is considered.
· FFS details (e.g. explicit symbol-level power modelling, scaling slot-level power to symbol level power for various cases, etc.)
· Note: system simulation evaluations can be per slot regardless of detailed approach for calculating symbol-level power consumption.

Agreement
· For evaluation, at least for non-sleep mode and TDD, the BS power consumption for DL and UL are separately modelled, allowing DL-only transmission or UL-only reception.
· FFS: whether UL-only reception energy consumption model can be derived/simplified from DL-only transmission energy consumption model
· FFS: the impact of UL reception and/or DL transmission on sleep modes and associated transition time/energy
· FFS: whether/how to define an idle state, where BS is neither transmitting nor receiving but also doesn’t enter into any sleep mode or define it as sleep mode
· FFS: whether the model for FDD can be based on the model for TDD

Agreement
For evaluation purpose, 
· Study how to define sleep modes and determine the characteristics for each mode from one or multiple of the below
· Relative power 
· Transition time
· Transition energy
· Other approaches are not precluded
· Note: BS components that can be turned off can be considered for discussion purpose when defining the specific values of the characteristics for sleep modes.
· Study whether sleep mode is defined for DL(TX) and UL(RX) jointly or separately
· Study the assumption of order for BS entering/resuming from a sleep mode to another mode (sleep or non-sleep) and the associated transition time and energy, i.e. state machine which may have impact on the transition energy.

Agreement
For evaluation, the scaling in a BS energy consumption model can be considered based on one or more of the following,
· Number of used physical antenna elements, or TX/RX RUs
· FFS: Mapping between used TX/RX RUs and used antenna ports
· FFS: Mapping between physical antenna elements and TX/RX RUs
· Occupied BW/RBs for DL and/or UL in a slot/symbol in one CC
· number of CCs in CA
· FFS dependency of RF sharing 
· number of TRPs
· PSD or transmit power 
· FFS dependency on BW scaling
· FFS: PA energy efficiency value
· number of DL and/or UL symbols occupied within a slot
· FFS other domain scaling
· FFS scaling is linearly or else, for each domain
Above does not necessarily imply that BS energy consumption model that takes into account all listed scaling factors will be developed

Agreement
For BS energy consumption evaluation, in addition to the energy saving gain,
· At least UPT/UE power consumption/access delay/latency should be considered for performance impact evaluation
· Note: this doesn’t necessarily mean that all the above are considered for all evaluation results. However, multiple KPIs are expected to be evaluated for a given technique. And this does not preclude to consider other KPIs when found appropriate for certain techniques/scenarios.

Agreement
At least urban macro is prioritized for FR1. FFS the baseline deployment assumption for FR2.

Agreement
· FTP3 (0.5MB as packet size, 200ms as mean inter-arrival time), FTP3 IM (0.1MB as packet size, 2s as mean inter-arrival time) and VOIP can be considered in the evaluation 
· FFS: with possible further prioritization, different model between DL and UL, and/or other traffic models that can be optionally considered.
FFS associated scenarios/configurations, e.g. C-DRX.

R1-2205468	FL summary#3 for performance evaluation for NR NW energy savings	Moderator (Huawei)

Agreement
For evaluation and BS energy consumption modeling purpose, for single CC case, at least the following in table should be considered for reference configuration
· Note: other TX-RX RU number and corresponding BS antenna configuration can be considered in SLS assumptions
	
	Set 1 FR1
	Set 2 FR1
	Set 3 FR2

	Duplex
	TDD
	FDD
	TDD

	System BW
	100 MHz
	20 MHz
	100 MHz

	SCS
	30 kHz
	15 kHz
	120 kHz

	Number of TRP
	1
	1
	1

	Total number of DL TX RUs
	64
	(working assumption) 32
	2

	Total DL power level
	55dBm
	[49dBm] – to be further discussed and finalized in future meetings

	43dBm – to be further discussed and finalized in future meetings

EIRP limited to 78dBm – to be further discussed and finalized in future meetings

	Total number of UL Rx RUs
	64
	(working assumption) 32
	2



Agreement
As a starting point,
· macro cell BS for FR1 is assumed for energy consumption model.
· FFS: micro cell BS for FR2 is assumed for energy consumption model.

Agreement
The evaluation baseline for energy saving study/evaluation for BS includes at least NR R15 mandatory without capability features. Optional features from R15 onwards (e.g. CA, MIMO) as well as implementation-based energy saving techniques should be explicitly reported and described if used in the evaluation baseline.
· FFS: need of alignment for certain configurations/implementation-based schemes.

Agreement
· Similar to UE power saving study, percentage of energy consumption reduction from the baseline is used to express BS energy saving gain.
· SLS is considered as baseline evaluation method. Other method, including numerical analysis and LLS can also be considered. At least one of the methods should be selected and used for evaluation of a specific technique (selection and criteria is up to proponent).

Working assumption
For evaluation, for energy consumption modelling for FDD and the case of simultaneous DL transmission and UL reception for non-sleep mode, study the following with potential down-selection in RAN1#110
· Option 1: the power consumption is the total of DL and UL power consumption
· Option 2: the power consumption for UL is neglected
· Other option is not precluded
· Note the DL (or UL) power consumption can be obtained using a same approach as that obtained from the DL (or UL)-only in TDD model

