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1. Introduction
This contribution discusses aspects related to energy consumption modelling and evaluation methodology for evaluating NW energy saving techniques.
2. Energy Consumption Modelling 
During the last RAN1#109-e meeting [1], the following agreement for energy consumption modelling has been agreed for evaluation of NW energy saving techniques. 
	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


As stated in the above agreement, the energy consumption modelling should include the reference configuration for power consumption modelling to the BS side. Power consumption modelling for NW energy saving evaluation should be investigated on multiple power states, and provide BS power consumption model including relative power and transition time/energy. In addition, power consumption scaling model can be further determined with respect to different adaptation aspects in different resource domains.
2.1 Reference configuration
To establish a BS energy consumption model, the following agreement has been made for reference configuration. 
	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


 


In practice, the power consumption amount varies with respect to occupied physical layer resources in different domains, such as carrier BW, and number of Tx/Rx antennas. Therefore, it’s necessary to provide a reference configuration for the BS power consumption model to be established as above table. For FDD in FR1 and TDD in FR2, total DL power levels can be reused from [2] as 49 dBm for below 6GHz and 43 dBm for above 6GHz. 
Proposal 1: Reuse the total DL power level from TR38.802 for set2 FR1 and set3 FR2 as follows:
· Total DL power level = 49 dBm for set2 FR1,
· Total DL power level = 43 dBm for set3 FR2 with EIRP limited to 78 dBm.
Furthermore, the antenna configuration captured in [2] can be reused as reference configuration for the evaluation of NW energy saving techniques. The details of antenna configurations are summarized in Annex. The same assumption on the antenna configuration as described in the following proposal has been made for the derivation of our preliminary evaluation results in section 4.
Proposal 2: Reuse the antenna configuration assumptions in TR 38.802 as follows:
· Antenna setup and port layouts at gNB: (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1; 4, 8) (dH, dV) = (0.5, 0.8)λ for FR1,
· Antenna setup and port layouts at gNB: (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2; 1,1) (dH, dV)=(0.5, 0.5)λ for FR2.
2.2 Sleep modes
The following agreement has been made to define different types of sleep modes and study the characteristics of each mode.
	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.


In order to consider the power consumption in practical BS operations, it will be necessary to define multiple sleep modes. Multiple sleep modes can facilitate to reflect the different amount of BS power consumption and the needed transition time of hardware components, e.g., RF, oscillator, baseband, etc., in different network operation states. Accordingly, we propose to consider three different sleep modes, namely deep/light/micro sleep, which each mode can be associated with a certain network energy saving (ES) mode of operations. For the ES mode associated with deep sleep as described in our companion contribution [3], a gNB may not perform any transmission or reception, including periodic signals such as DL/UL RSs, SSB, and configured grant transmissions. In other words, the gNB may switch off the RF and baseband circuits completely in the ES mode associated with deep sleep. Light sleep can be associated with another ES mode, which no UE-specific data transmission and reception are performed, but other signals such as DL/UL RSs, SSB, and BCH transmission remain active or can be reconfigured to occur less frequently. The gNB can still switch off most of the digital signal processing modules for UE-specific data processing in the ES mode associated with light sleep. Lastly, a micro sleep mode can be associated with idle states of gNB, which gNB is neither transmitting nor receiving for a short time duration. Immediate transition can be assumed for power saving study purpose from or to a non-sleep mode. The gNB may not be able to turn off any RF components or digital processing modules within a short idle time duration for micro sleep.
Proposal 3: Introduce multiple sleep modes, deep/light/micro sleep, which each sleep mode is associated with an energy saving mode
For both deep sleep mode and light sleep mode, the BS power consumption would be changed in accordance with which hardware components are on or off. In addition, there will be additional transition cost for switching between the corresponding sleep mode and the normal mode. As illustrated in Figure 1, the additional transition cost needs to take into consideration of additional transition energy and total transition time regarding ramping down and ramping up transitions. For the sleep duration of each sleep mode, it should be larger than the total transition time entering and leaving the sleep mode. Also, there will be additional transition energy for switching on/off corresponding RF components and digital signal processing modules.
[image: ]
Figure 1: Illustration of BS power consumption with state transitions
Proposal 4: For deep sleep mode and light sleep mode, the sleep duration should be larger than the total transition time.
For evaluation of network energy saving, the definition of transition time and additional transition energy from UE power consumption model in [4] can be reused or considered as a starting point. To determine the value of additional transition energy and transition time at gNB side, it needs to be further investigated because gNB utilizes a larger number of antenna elements and, accordingly a larger number of PA/RF chains, compared to UE.
Proposal 5: Reuse the definition of total transition time, , and additional transition energy,  from UE power saving for switching between deep/light sleep mode and non-sleep mode.
2.3 BS power consumption model
In the last meeting [1], the following agreements and working assumption has been discussed to determine the BS power consumption model with respect to DL and UL for evaluation.
	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

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


As stated in the above, the BS power consumption model can be defined on slot-level, and the BS power consumption can be separately considered with DL transmission and UL reception because the amount of power consumption would be different between Tx and Rx. In general, the gNB consumes larger power to transmit the DL for traffic processing and background activities compare to the UL reception. Therefore, each BS power consumptions can be investigated with regard to DL channels/signals and UL channels/signals.
For the BS power consumption model, gNB can operate in a variety of power states. For the sake of simplicity, it’s better to pursue a smaller number of power saving states on gNB side. There is no need to determine power consumption for all L1 channels. For example, PDCCH-only transmission may rarely happen on the gNB side. In our view, the power states on BS can be divided into three categories, including i) sleep modes, ii) traffic processing, and iii) background activities. 
For sleep modes, as mentioned in Section 2.2, three sleep modes can be considered with different power consumption. Because each sleep mode has different capability to switch on/off hardware components, each of the three sleep modes has different amounts of power consumption. In addition, there is no need to consider different power consumption model regarding the DL and UL. For FFS with regard to idle state of gNB, as mentioned in section 2.2 for sleep modes, idle state of gNB, which gNB is neither transmitting nor receiving, constitutes micro sleep mode for saving energy.
Proposal 6: Define idle state of gNB as micro sleep mode for saving energy.
For traffic processing states, a unified power state can be considered for DL and UL traffic processing. Since both PDCCH and PDSCH/PUSCH are message based and includes channel encoding/decoding, there is no need to distinguish the case when a slot is for PDSCH/PUSCH only or for PDCCH + PDSCH/PUSCH. The average power for DL traffic processing can be larger than UL traffic processing, because TX involves PA operation which accounts for larger portion of power consumption. 
Observation 1: A unified power state is sufficient to model power consumption for traffic processing in DL and UL, respectively.
For background activities, several power states for link quality or mobility maintenance can be considered. For DL background activities, periodic SSB and CSI-RS transmission should be considered. The average transmission power for a slot involving SSB transmission can be same as a DL slot for traffic as SSB includes both PSS/SSS and PBCH. The average power for a slot of CSI-RS resources should be lower than DL traffic slot, as the energy consumption for RS resources processing is lower than L1 channel processing based on channel encoding. For UL background activities, periodic CSI report, SR, and HARQ based on PUCCH reception can be considered. For the sake of simplicity, a long PUCCH can be assumed and corresponding average power can be same as UL traffic.
Given above, Table 1 provides our views on BS power consumption model with multiple power states for both FR1 and FR2
Proposal 7: Support BS power consumption model with multiple power states in Table 1, given reference configuration.
Table 1: BS power consumption model
	Power State
	Characteristics
	Relative Power per slot

	
	
	FR1
	FR2

	Sleep
	Deep Sleep
	· Time interval for the sleep should be larger than the total transition time entering and leaving this mode
· Cost additional transition energy to switch between associated energy saving mode (with no any transmission or reception, including RS, SSB transmission) and normal/active mode.
	[FFS]
	[FFS]

	
	Light Sleep
	· Time interval for the sleep should be larger than the total transition time entering and leaving this mode
· Cost additional transition energy to switch between associated energy saving mode (all RS, SSB, BCH will remain active or can be reconfigured with thin transmission) and normal/active mode.
	[FFS]
	[FFS]

	
	Micro sleep
	· Immediate transition is assumed for power saving study purpose from or to a non-sleep mode
	[FFS]
	[FFS]

	Traffic 

	DL 
	For any of:
· PDSCH, or
· PDCCH + PDSCH
	[FFS]
	[FFS]

	
	UL
	For any of:
· PUSCH, or
· PDCCH + PUSCH
	[FFS]
	[FFS]

	Background activities 
(for link quality or mobility maintenance) 
	SSB 
	Two SSBs per slot
	[FFS] 
	[FFS]

	
	CSI-RS 
	14 symbols per slot with TDMed CSI-RS resources
	[FFS] 
	[FFS]

	
	CSI report, SR, HARQ
	14 symbols of PUCCH per slot
	[FFS]
	[FFS]


Additionally, the average power, which is normalized relative to the average power for deep sleep, for different power states should be further investigated at the gNB side. In general, the gNB consumes much higher power for DL transmission than UL reception because gNB transmits DL with much higher Tx power, and also, consists of lager antenna size and larger number of PA/RF chain on transceiver. Hence, we would like to further study on exact average power value at gNB perspective.
2.4 BS power consumption scaling for adaptation 
Another design aspect for BS power consumption modeling is scaling of average power when considering adaptation of resources in different domains.  
	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



For evaluation of network energy saving, the potential solution will be evaluated on all domains in [3]. To acquire the energy saving gain, the above parameters listed in the agreements can be adapted and reduced, and the BS power consumption changed by the adaptations should be defined to calculate the energy saving gain. For the scaling of average power consumption, an approach similar to that adopted in [4] can be reused with adjusted parameter values for the purpose of network energy saving evaluation as described below. 
For the adaptation in frequncy domain, scaling of averge power in terms of carrier BW and number of carriers can be considered. Similarly to the adaptation of BW via BWP [4], the scaling for adaptation on carrier BW, X MHz, can be modeled as a linear interpolation from intermediate bandwidths, such that scaling of X MHz = [0.4] + [0.6] * (X - 20) / 80. The valid carrier BW can be X = 10, 20, 40, 80, and 100 for FR1. For adaptation on number of carriers, a scaling factor can be predetermined for each applicable number of CCs. For example, 2CC is [1.7]*1CC, 4CC is [3.4]*1CC. 
For the adaptation in spatial domain, scaling of average power in terms of the number of DL/UL antenna ports and the number of TxRU can be considered. To reuse the principle for UE power consumption scaling, a scaling factor can be predetermined for each applicable number of TX/RX antenna ports or number of TxRU. For example, 2TX power is [0.7]x 4Tx power, 1RX power is [0.7]x 2Rx power, and 1TxRU power is [0.7]x 2TxRU power. 
For the adaptation in time domain, scaling of average power in terms of the number of symbols occupied per slot can be considered. The power for relavant power states, such as PDSCH, PUSCH, SSB or CSI-RS resources, can be determined based on a linear interpolation function with respect to number of occupied symbols per slot. 
For the adaptation in Tx power domain, a linear interpolation function can be used to determine the average power for transmission within a range of 55 dBm to [x] dBm. 
Given above, the scaling of average power for adaptation can be summaried as in table 2. Similarly to the BS power consumption modeling, the scaling values of average power for adapatation should be studied from gNB perspectives.
Proposal 8: Support the scaling methods for adaptation in Table 2, and study the exact scaling values of average power for adaptation from the gNB perspective in Table 2.
[bookmark: _Ref528491787]Table 2: BS power consumption scaling for adaptation
	Scaling
	Proposal

	Frequency domain
	Carrier Bandwidth, X
	Scaling of X MHz = [0.4] + [0.6] * (X - 20) / 80.
Valid only for X = 10, 20, 40, 80, and 100.

	
	# of CCs
	2CC is [1.7]*1CC,
4CC is [3.4]*1CC.

	Spatial domain
	Antenna scaling (DL)
	32TxRU power is [0.7]x 64TxRU power

	
	Antenna scaling (UL)
	32RxRU power is [0.7]x 64RxRU power

	Time domain
	SSB
	FFS for scaling w.r.t. # of SSBs per slot

	
	CSI-RS
	FFS for scaling w.r.t. # of symbols for CSI-RS

	Power domain
	TX power
	FFS for scaling for reduced TX power from [55] dBm to [X] dBm



3. Evaluation methodology 
3.1 KPIs
The following agreements were agreed for possible KPIs to identify the performance gain and loss by applying the potential network energy saving techniques. 
	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).
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.


During the previous meeting [1], numerous possible KPIs were considered, including system-level network energy consumption and energy saving gains, as well as assessing/balancing impact to network coverage, user performance (e.g., UPT, latency, handover performance, initial access performance, spectral efficiency, capacity, etc.), energy efficiency, UE power consumption, and complexity. At least, we consider the energy saving gain, latency and coverage as the most critical KPIs for fundamental network operation.
Among all the possible KPIs, we think energy saving gain (ESG) should be prioritized for evaluating the performance for an energy saving technique. The ESG can be defined as 
ESG = (B-A)/B×100%,
[bookmark: _GoBack]where A is the energy consumption of gNB corresponding to a given energy saving scheme, and B is the energy consumption of gNB corresponding to the baseline operation. The baseline can be defined as always-on case, which the gNB is always available for scheduling and/or traffic processing.
In addition to ESG, two kinds of latency, which are user plane latency and scheduling latency, should be considered. The increase in the user plane latency can be modeled as 
User plane latency increase = , and  = ,
where the user plane latency, L, is calculated as the delay between the time when a packet arrivals and the time when the packet is decoded similar as latency in [5]. It provides the performance of network service in terms of how long it takes to deliver a packet. The increase in the scheduling latency can be modeled as
Scheduling latency increase = , and  = ,
where the scheduling latency, , is calculated as the delay between the time when a packet arrivals and the time when the packet is scheduled. The scheduling latency had been used during SI for UE power saving [6]. It provides the performance impact on scheduling by applying the network energy saving techniques. Both latencies should be considered to evaluate the performance impact of network energy saving techniques. In terms of latency increase, both latencies can be compared to the target required latency to identify acceptable network energy saving techniques.
Meanwhile, a user perceived throughput loss, i.e., UPT loss, can also be considered to reflect the impact on system performance such as [7]
UPT loss = , UPT = amount of data (file size) / time needed to download data,
where the UPT is calculated as a packet size division time needed to download data, between the time when the packet is received in the transmit buffer and the time when the last bit of the packet is correctly delivered to the receiver. Also, user throughput loss can be compared to the target required UPT.
Last but not least, coverage and UE power consumption should be further evaluated. The coverage is one of key factors for network deployment, so it should be involved into evaluation metrics. Coverage loss can be provided by link budget analysis used in Rel-17 CovEnh or 5-percentile UE’s latency increase or user throughput loss. Also, an adoption of network energy saving techniques should not result in a non-negligible increase in the UE power consumption.
Given above, we suggest the following KPIs for evaluating NW energy saving techniques.
Proposal 9: Use the following KPIs for evaluating NW energy saving techniques:
· Energy saving gain
· Latency (user plane latency and scheduling latency)
· UPT
· Coverage
· UE power consumption
Furthermore, when it comes to identify the system reliability and performance loss according to the application of network energy saving techniques, it should be compared with target requirements of latency and UPT. For example, if the degraded performance is still within the target requirement, then the techniques can be identified as possible network energy saving techniques. Therefore, we suggest to further determine the target requirements on latency and UPT for network energy saving.
Proposal 10: Define acceptable levels of performance degradation in terms of the target requirements on latency and UPT for the evaluation of network energy saving techniques.
3.2 Traffic model 
In [X], three types of traffic models, such as FTP, instant messaging, and VoIP application, are agreed for the evaluation. 
	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.


In terms of the 2nd FFS, to simplify the evaluation, it is efficient to use a unified model between DL and UL. Regarding the C-DRX, it can be studied to enhance the UE specific C-DRX for network energy saving. Also, to show the UE power consumption, the C-DRX can be considered. So, we are okay to study C-DRX for investigating UE performance impact, however it would be optional for evaluation on network energy saving because its UE power saving techniques.
Observation 2: No need to further study the different traffic model for DL and UL.
When it comes to the traffic scenarios for network energy saving evaluation, it would be reasonable to consider a low traffic load scenario as, otherwise, the mobile network operators would not consider to put their network in an energy saving mode. To verify the techniques under different traffic loads, various traffic models should be defined, it can be range of resource utilization (RU). For example, the RU range of medium load is 10% to 30%, and the RU range for low load is less than 10%.
Proposal 11: Support the various traffic models for evaluating a NW energy saving technique:
· Medium traffic load: 10 % ~ 30 % RU
· Low traffic load: less than 10 % RU
3.3 Simulation scenarios 
The following scenarios are captured in the agreements while the previous meeting for evaluation
	Agreement
At least urban macro is prioritized for FR1. FFS the baseline deployment assumption for FR2.
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.


Based on the previous agreements, FR1 has been adopted for evaluation. Regarding the FR2 in FFS, to reflect the practical network deployment scenarios, it is necessary to evaluate the network energy saving techniques in FR2. Hence, we suggest to evaluate the network energy saving in the FR2 scenarios in order to provide full picture for NR.
Proposal 12: Support to study FR2 scenarios for evaluating NW energy saving techniques in addition to FR1.
4. Preliminary evaluation results
4.1 Potential techniques in time domain solution
In this section, we provide the preliminary result of SSB adaptation. For evaluation of SSB adaptation, the following cases described in Figure 2, including multiple SSB configurations, has been assumed in conjunction with multiple sleep modes in Table 3.


Figure 2: Illustration of baseline scenarios for evaluation on SSB adaptation
Table 3: Evaluation assumption for SSB adaptation
	
	Baseline
	Reduced SSB transmission

	Scenario 0. 
	SSB configuration: {8 SSBs in burst, ssb-periodicity: 20 ms}
Sleep mode: micro sleep { relative power: 45, transition time: 0 ms, transition energy: 0}
	SSB configuration: {2 SSBs in burst, ssb-periodicity: 20 ms}
Sleep mode: micro sleep {relative power: 45, transition time: 0 ms, transition energy: 0}

	Scenario 1. 
	SSB configuration: {8 SSBs in burst, ssb-periodicity: 40 ms}
Sleep mode: light sleep { relative power: 20, transition time: 6 ms, transition energy: 100}
	SSB configuration: {2 SSBs in burst, ssb-periodicity: 40 ms}
Sleep mode: light sleep { relative power: 20, transition time: 6 ms, transition energy: 100}

	Scenario 2. 
	SSB configuration: {8 SSBs in burst, ssb-periodicity: 160 ms}
Sleep mode: deep sleep { relative power: 1, transition time: 20 ms, transition energy: 450}
	SSB configuration: {2 SSBs in burst, ssb-periodicity: 160 ms}
Sleep mode: deep sleep { relative power: 1, transition time: 20 ms, transition energy: 450}


To calculate the amount of network energy saving, the PDCCH+PDSCH, SSB transmission and sleep mode are considered, and the duration and relative power of each channels and mode has been used. For PDCCH+PDSCH, the duration was derived by resource utilizations acquired on multiple traffic loads (e.g. reference 32.9%RU, medium load 13.7%RU and low load 4.6%RU) from system level simulation, given reference configuration in Annex, and relative power was assumed as 300 as it was used in UE power saving. For SSB transmission, we assumed 8 SSB transmission over 4 slot and 100 relative power per slot. By adapting the number of SSB transmission, we have taken into account 2 SSB transmission over 2 slot with 50 relative power per slot. For sleep modes, we determined the suitable sleep mode, which could have longer sleep duration than transition time, depending on SSB-periodicity, and assumed relative power, total transition time and energy shown in Table 3.
Table 4: Preliminary evaluation results of SSB adaptation
	NW energy saving scheme
	ESG for each traffic loads
	Evaluation methodology/baseline assumption
	Note


	SSB adaptation
From 8 SSBs to 2 SSBs

	Reference: 3.77 %
Medium load: 5.92 %
Low load: 8.3 %
	Baseline: {8 SSBs in burst, ssb-periodicity: 20 ms}
Reduced: {2 SSBs in burst, ssb-periodicity: 20 ms}
	Traffic loads [RU]: 
{32.9%, 13.7%, 4.6%}

	
	Reference: 2.7 %
Medium load: 5.06 %
Low load: 8.97 %
	Baseline: {8 SSBs in burst, ssb-periodicity: 40 ms}
Reduced: {2 SSBs in burst, ssb-periodicity: 40 ms}
	Traffic loads [RU]: 
{32.9%, 13.7%, 4.6%}

	
	Reference: 0.91 %
Medium load: 2.09 %
Low load: 5.04 %
	Baseline: {8 SSBs in burst, ssb-periodicity: 160 ms}
Reduced: {2 SSBs in burst, ssb-periodicity: 160 ms}
	Traffic loads [RU]: 
{32.9%, 13.7%, 4.6%}


As analyzed in Table 4, the preliminary results of SSB adaptation show 0.9% - 8.97% energy saving gain. As decreasing the RUs for PDCCH + PDSCH, the ESG of SSB adaptation becomes more increasing. Also, the ESG of SSB adaptation are depending on ssb-periodicity. Furthermore, we would like to further study the performance impact on initial access and measurement by adapting SSB transmission.
Observation 3: Adapting the number of SSBs from 8 to 2 provides energy saving gain up to 8.97% in preliminary results.
4.2 Potential techniques in frequency domain
In this section, BWP adaptation has been evaluated for network energy saving. In preliminary evaluation result, the ESG of BWP adaptation are calculated only on PDSCHs with the scaling of BW adaptation used in UE power saving, as follow: Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80. The UPT and user plane latency, which acquired with reference configuration with normal traffic load in Annex, have been taken into account as target required performance of UPT and user plane latency. In terms of scheduling latency, it was compared between full bandwidth and reduced bandwidth over the same traffic loads to show the scheduling impact, which may be affected by traffic loads. Figure 3 depicts the BWP adaptation with fixed PSD value for keeping the coverage. BW are adapted from 100 MHz with 55 dBm to 60 MHz with 53 dBm by changing the traffic loads from normal traffic load, which is calculated by reference traffic model in Annex, to medium/low traffic loads, which is calculated by medium/low traffic model in Annex.


Figure 3: Illustration of BWP adaptation scenario for evaluation
Table 5: Preliminary evaluation results of BWP adaptation
	NW energy saving scheme
	ESG
	UPT loss
	Scheduling latency
	User plane latency
	Evaluation methodology/baseline assumption
	Note


	BWP adaptation
from 100 MHz to 60 MHz.
	30 %
	17.92 %
	3.85 %
	21.83 %
	Baseline: 100MHz with 55 dBm
Reduced: 60 MHz with 53 dBm.
	From normal traffic load:
33% RU
To medium traffic load: 13.7% RU

	
	30 %
	No loss
	No increase
	No increase
	Baseline: 100MHz with 55 dBm
Reduced: 60 MHz with 53 dBm.
	From normal traffic load:
33% RU
To low traffic load: 4.6% RU


As analyzed in Table 5, BWP adaptation between full bandwidth and reduced narrow bandwidth achieves the ESG up to 30% while DL transmission. Under medium traffic load, the BWP adaptation show 17.92% UPT loss and user plane latency 21.83%. And scheduling latency increases 3.85%. Under low traffic load, there is no performance degradation of BWP adaptation with low traffic load compared full bandwidth with normal traffic load. Also, there is no degradation on scheduling latency. Based on the preliminary results, it was observed that BWP adaptation can be applied without severe performance degradation under low traffic loads
Observation 4: Adapting bandwidth from 100MHz to 60 MHz achieves 30 % energy saving gain in preliminary results.
Observation 5: Under medium traffic load, adapting bandwidth from 100MHz to 60 MHz shows up to 17.92% UPT loss, scheduling latency increase up to 3.85% and user plane latency up to 21.83% in preliminary results.
Observation 6: Under low traffic load, there is no performance degradation by adapting bandwidth from 100MHz to 60 MHz in preliminary results.
4.3 Potential techniques in spatial domain
In this section, TxRUs adaptation has been evaluated for network energy saving. In preliminary evaluation result, the ESG of TxRUs adaptation are calculated with the antenna scaling of TxRUs adaptation used in UE power saving, as follow: 32TxRU power is 0.7x 64TxRU. TxRUs adaptation was evaluated between 64 TxRUs from reference configuration and reduced TxRUs over the same traffic loads. The number of TxRUs are adapted from 64 TxRUs with 55 dBm to 32 TxRUs with 52 dBm.
Table 6: Preliminary evaluation results of TxRUs adaptation
	NW energy saving scheme
	ESG
	UPT loss
	5-percentile UE’s 
UPT loss
	Scheduling latency
	User plane latency
	Evaluation methodology/baseline assumption
	Note


	TxRUs adaptation
from 64 TxRUs to 32 TxRUs
	30 %
	22.04 %
	27.6 %
	2.94 %
	28.29 %
	Baseline: 64 TxRUs with 55 dBm
Reduced: 32 TxRUs with 52 dBm.
	Normal traffic load:
33% RU


	
	30 %
	11.77 %
	21.47 %
	No increase
	11.76 %
	Baseline: 64 TxRUs with 55 dBm
Reduced: 32 TxRUs with 52 dBm.
	Medium traffic load: 13.7% RU 

	
	30 %
	6.62 %
	19.49 %
	No increase
	6.55 %
	Baseline: 64 TxRUs with 55 dBm
Reduced: 32 TxRUs with 52 dBm.
	Low traffic load: 4.6% RU


As analyzed in Table 6, TxRUs adaptation between 64 TxRUs and reduced 32 TxRUs achieves the ESG up to 30% while DL transmission. The TxRUs adaptation show 6.62% - 22.04% UPT loss and user plane latency increases in range of 6.55% - 28.29%. And scheduling latency increases 2.94% in normal traffic load. In addition, 5-percentile UE’s UPT loss was acquired in range of 19.49% - 27.6%. Based on the 5-percentile UE’s UPT loss, we can find there was more performance degradation on UPT compared to UPT loss of 50-percentile UE. It was relevant to coverage loss. As a conclusion, TxRUs adaptation results in coverage loss.
Observation 7: Adapting the number of TxRUs from 64 TxRUs to 32 TxRUs achieves 30 % energy saving gain for PDSCH transmission in preliminary results.
Observation 8: Adapting the number of TxRUs from 64 TxRUs to 32 TxRUs shows up to 22.04% UPT loss, scheduling latency increase up to 2.94% and user plane latency up to 28.29% in preliminary results.
Observation 9: Adapting the number of TxRUs shows more UPT loss of 5-percentile UE than UPT loss of 50-percentile UE. It can be translated as coverage loss.

5. Conclusions
This contribution discusses aspects related to power consumption modelling and evaluation methodology for evaluating NW energy saving techniques. The proposals and observations made in this contribution are summarized as below: 
Observation 1: A unified power state is sufficient to model power consumption for traffic processing in DL and UL, respectively.
Observation 2: No need to further study the different traffic model for DL and UL.
Observation 3: Adapting the number of SSBs from 8 to 2 provides energy saving gain up to 8.97% in preliminary results.
Observation 4: Adapting bandwidth from 100MHz to 60 MHz achieves 30 % energy saving gain in preliminary results.
Observation 5: Under medium traffic load, adapting bandwidth from 100MHz to 60 MHz shows up to 17.92% UPT loss, scheduling latency increase up to 3.85% and user plane latency up to 21.83% in preliminary results.
Observation 6: Under low traffic load, there is no performance degradation by adapting bandwidth from 100MHz to 60 MHz in preliminary results.
Observation 7: Adapting the number of TxRUs from 64 TxRUs to 32 TxRUs achieves 30 % energy saving gain for PDSCH transmission in preliminary results.
Observation 8: Adapting the number of TxRUs from 64 TxRUs to 32 TxRUs shows up to 22.04% UPT loss, scheduling latency increase up to 2.94% and user plane latency up to 28.29% in preliminary results.
Observation 9: Adapting the number of TxRUs shows more UPT loss of 5-percentile UE than UPT loss of 50-percentile UE. It can be translated as coverage loss.
Proposal 1: Reuse the total DL power level from TR38.802 for set2 FR1 and set3 FR2 as follows:
· Total DL power level = 49 dBm for set2 FR1,
· Total DL power level = 43 dBm for set3 FR2 with EIRP limited to 78 dBm.
Proposal 2: Reuse the antenna configuration assumptions in TR 38.802 as follows:
· Antenna setup and port layouts at gNB: (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1; 4, 8) (dH, dV) = (0.5, 0.8)λ for FR1,
· Antenna setup and port layouts at gNB: (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2; 1,1) (dH, dV)=(0.5, 0.5)λ for FR2.
Proposal 3: Introduce multiple sleep modes, deep/light/micro sleep, which each sleep mode is associated with an energy saving mode
Proposal 4: For deep sleep mode and light sleep mode, the sleep duration should be larger than the total transition time.
Proposal 5: Reuse the definition of total transition time, , and additional transition energy,  from UE power saving for switching between deep/light sleep mode and non-sleep mode.
Proposal 6: Define idle state of gNB as micro sleep mode for saving energy.
Proposal 7: Support BS power consumption model with multiple power states in Table 1, given reference configuration.
Proposal 8: Support the scaling methods for adaptation in Table 2, and study the exact scaling values of average power for adaptation from the gNB perspective in Table 2.
Proposal 9: Use the following KPIs for evaluating NW energy saving techniques:
· Energy saving gain
· Latency (user plane latency and scheduling latency)
· UPT
· Coverage
· UE power consumption
Proposal 10: Define acceptable levels of performance degradation in terms of the target requirements on latency and UPT for the evaluation of network energy saving techniques.
Proposal 11: Support the various traffic models for evaluating a NW energy saving technique:
· Medium traffic load: 10 % ~ 30 % RU
· Low traffic load: less than 10 % RU
Proposal 12: Support to study FR2 scenarios for evaluating NW energy saving techniques in addition to FR1.
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Annex: 
Evaluation assumptions in RP-180524.
	Technical configuration Parameters
	Reference 

	Frequency Range
	FR1, FR2

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	(M, N, P, Mg, Ng; Mp, Np) – 
for example
FR2:   (4,8,2,2,2; 1,1) (dH, dV)=(0.5, 0.5)λ : 
FR1:   (8,8,2,1,1; 4,8) (dH, dV)=(0.5, 0.8)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization

	Antenna setup and port layouts at UE
	(M, N, P, Mg, Ng; Mp, Np) 
for example 
FR2 : (2,4,2,1,2; 1,2) (dH, dV) = (0.5, 0.5)λ
FR1 : (1,2,2,1,1; 1,2) (dH, dV)=(0.5, N/A)λ
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization]

	BS Tx power 
	55 dBm per TRP 

	MIMO scheme
	SU-MIMO [optional: MU-MIMO] with rank adaptation is a baseline for overhead reduction.

	MIMO layers
	Provide the assumption on the maximum MU layers

	CSI feedback 
	Feedback assumption “ CSI feedback periodicity (full CSI feedback)

	Feedback assumption
(Optional parameters)
	Non-ideal CSI-RS/IMR channel/interference estimation 
(Number of CSI-RS ports = 16, 32 for (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (4, 4, 2, 1, 1), (4, 8, 2, 1, 1)

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	TBD

	Mechanic tilt 
	90° in GCS (pointing to horizontal direction)

	HARQ retransmission
	4 ReTx

	Electronic tilt
	(According to Zenith angle in "Beam set at TRxP")

	Traffic models
	Reference: FTP3 (0.5MB as packet size, 200ms as mean inter-arrival time)
Medium traffic model: FTP3 (0.5MB as packet size, 400ms as mean inter-arrival time)
Low traffic model: FTP3 (0.5MB as packet size, 1s as mean inter-arrival time)
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