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The following was agreed corresponding to evaluation of different network energy saving techniques [1].
	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

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.

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




Energy consumption is a major contributor to the network OPEX. Increasing capacity while keeping network energy consumption low is a big challenge for 5G NR based network. Energy consumption model and KPI development are important parts of Rel-18 Network Energy Saving study, which allow us to evaluate different network energy saving techniques. In RAN1- 109e, good progress was made towards identifying a suitable evaluation framework for BS power consumption. In this contribution, we present our views on BS power consumption model, including definition of different operating states and remaining aspects of evaluation methodology.

Discussion on evaluation methodology
BS models
Evaluation methodology includes developing a suitable energy consumption model, KPIs for network energy saving study. Developing an energy consumption model for network should include not only when base station is actively transmitting or receiving, but also when base station is idle. From power modelling perspective, major components at gNB can be identified as:
· Power amplifier,
· Analog front-end/RF,
· Digital baseband,
· Note that digital baseband can be further broken down into smaller functional blocks, e.g. digital baseband front-end and digital baseband back-end.
· Controller and Network Backhaul,
· Power systems
Note that depending on implementation, different functional splits, such as among blocks comprising of analog front-end and digital base band processors, are possible and it is expected that energy consumption model remains generic enough to support various network architecture. A high-level diagram is provided below in Figure 1, where it is shown that it may be possible that core network (CN) supports traditional Macro-cells and also smaller form factor cells where control, digital, and radio units are collocated, as well as newer base station (BS) architectures where one or more of control, digital and radio units can be distributed over different nodes in a network.
Proposal 1: Energy consumption model should be flexible and generic to represent different potential NW architectures and functional splits at the BS.
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[bookmark: _Ref111189619]Figure 1 – An example of coexistence of different network architectures under a CN
Based on various potential architecture implementations of the network functions, the energy consumption modelling should consider both active operation and absence of traffic, i.e., when BS is not communicating with the UEs and is idle. According to the guideline in SID, the model should be based on the relative power model developed in TR 38.840 and energy consumption value for different states of the BS is obtained relative to energy consumption value of a given state or a state which assumed to have unit energy consumption. When the BS is idle, several sleep modes can be considered to decrease network energy consumption.
Unlike the UE, where majority of the devices under power class 3 are small form factor, typically implemented in either single monolithic chip or few chip components, BS implementation can have much more widely ranging architecture choices. Therefore, we suggest considering at least two different BS categories for the evaluation and analysis of the network energy consumption.
BS category #1 is suggested to represent a general macro BS that may leverage various functional splits (at various levels). Since it can be composed of multiple functional blocks, various levels of sleep modes can be envisioned. It has been agreed in RAN1 # 109e that macro cell BS for FR1 is assumed for energy consumption model.  BS category #2 is suggested to represent a smaller form factor BS where many of the system components are integrated together. It can have a simpler set of sleep modes that can be leveraged. One possible deployment for BS category # 2 can be micro-cell BS for FR2.

Discussion on sleep modes
When the BS is not transmitting, energy consumption can be potentially reduced if BS enters different sleep modes where in each sleep mode, different hardware components of the BS can be turned off. The more functional components are turned off, the deeper the sleep mode can be.  During the time hardware transitions into or out of sleep mode, power is also consumed, and this can be referred to as the “overhead of sleep”. The number and extent of hardware blocks that can be put into sleep is proportional to the “depth of sleep”. It should be noted that in our view, gNB cannot be completely turned off. Network controller and backhaul still needs to be active so that the gNB wake up from sleep state to handle incoming traffic to users and receive user requests.
In RAN1 – 109e, it was agreed that one or more of the following can be taken into account to characterize the sleep modes.
· Relative power 
· Transition time
· Transition energy

A macro BS may leverage functional splits at variety of levels, where different functional blocks may not necessarily be collocated. A set of sleep modes can be considered which could allow for different implementations, such as collocated and distributed placements of different functional components of the BS, which allow for flexible switch on/off of a selected set of components (e.g., selected based on comparable power consumption, transition time and/or transition energy), at the distributed unit (DU) and/or remote unit (RU) level, without impacting regular NW control operation. In Table 1, we provide a set of 4 sleep modes which can be realized for a macro-cell BS category # 1 which may offer different flavours of functional splits and grouping of hardware (HW) components.
Table 1 – Different sleep modes considering large scale Macro BS or BS with potentially flexible functional splits among different PHY blocks (BS category #1).
	Sleep Modes (SM)
	Characteristics

	SM4: Ultra-Deep sleep
	All analog front-end and digital baseband components are turned off. 

	SM3: Deep sleep 
	Most of the PHY blocks are turned off. At least clock generator is still running.

	SM2: Light sleep 
	Many PHY blocks, comprising analog front-end and digital baseband are turned off.

	SM1: Micro sleep
	Some RF components are turned off.

	Note: It is assumed that controller and backhaul are open and functioning in all the sleep modes



FromTable 1, the SM2 and SM3 are intended to capture turning off HW components at different levels. We observe that at least for micro-sleep, it is possible that a first group of cell nodes (e.g., TRPs/RRHs/RUs) is in micro-sleep if they are not serving load, whereas a second group of cell nodes can be actively serving load. Hence, unlike UE power consumption model, here status of different cell nodes should be taken into account to obtain aggregate energy consumption of the network.
In addition to the above model, we provide a set of sleep modes for smaller form factor BSs, such as micro-cell BS, where implementation may be less modular and/or distributed over geographical area. Example set of sleeps modes for the second class of BS is shown in Table 2. 
Table 2 – Different sleep modes considering micro cell BS (BS category #2).
	Sleep Modes (SM)
	Characteristics

	SM2: Deep sleep
	All analog front-end and digital baseband components are turned off.

	SM1: Light sleep
	Some RF and PHY components are turned off.

	Note: It is assumed that controller and backhaul are open and functioning in all the sleep modes



Because the wide variety of BS implementation possible for networks, we think it is important to at least capture two distinct set of sleep modes and associated power profiles that can represent of at least two different BS categories. Obviously, there could be much more different type of BS implementation that may require slightly different definition of set of sleep modes. However, it would be impractical to define too many BS categories and its associated sleep modes. Therefore, our suggestion is to start with two BS categories and two sets of sleep modes associated with each BS category. RAN1 can discuss further about adding more categories to the evaluation study. Moreover, we think that separate definition of idle state (i.e., when BS is neither in SM, nor in active state) is not necessary. Micro-sleep as in SM1 can be assumed when BS is idle and not communicating to any UEs. On the other hand, we think separate SM definition for DL and UL is also not necessary. For SM1, gNB is assumed to be inactive in both DL and UL.
Proposal 2: Assume different BS categories for developing different sleep modes, considering their architectural differences. For evaluation purposes, adopt at least two different BS categories and associated power profiles.
Proposal 3: Adopt 4 sleep modes for macro-cell BS.
· Separate idle state (i.e., when BS is neither in SM, nor in active state) definition is not necessary
· Separate SM definitions for DL and UL are not necessary.
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[bookmark: _Ref111189818]Figure 2 – Different options of transitioning to/from sleep modes and active state

Similar to UE power consumption model in TR 38.840, network energy consumption model should include transition times to enter and leave a given SM. In Figure 2, we consider two examples of BS state transitions. For option 1, BS could enter different SMs in stages, whereas in option 2, it is assumed that BS could enter any SM directly from active state. Since controller portion of the BS always being on and monitoring the backhaul at all times, UE requests/traffic arrival can be potentially handled faster with option 1 where BS does not enter deeper SMs directly, whereas option 2 may provide larger energy saving by allowing direct access to deeper SM when applicable. For the UE power saving study, the energy consumed for each sleep mode was defined. This approach was ok for UE as UE has information about the sleep cycles and active cycles (e.g. PDCCH monitoring occasions) in advanced by gNB configuration. Therefore, it is possible for UE to pre-determine which sleep mode to enter at a given moment. However, for BS no such configurations are provided by the core network, and BS must react to the traffic and user requests much more dynamically. As such, having pre-determined information on which sleep modes can be entered may not be typically available.  On the other hand, BS could consider prediction based on loading statistics and RAN data collection for different times of the day and could also take this into account for choosing which SM to enter. However, for evaluation purposes, we are open to consider Option 2 which may be simpler for evaluations. Also, transition time in activation and deactivation of a SM can be assumed same for simplicity in evaluation, without losing much integrity in evaluation insights.
Observation 1: It is not practical to assume complete turn off of all gNB architectural components. In particular, it is expected that at least network controller and backhaul always remain active to receive traffic and control from the core network.
Proposal 4: For BS energy consumption evaluation purposes, direct transition to (from) any SM from (to) active state can be considered. 
· The deactivation transition time is assumed to be equal to the activation transition time for a given SM

In Table 3, we provide some example values for transition times and minimum sleep length for different SMs. The listed values are tentative values and further discussion in RAN1 would be needed to finalize for evaluation purposes. It should be noted that for SM that require transmission and/or minimum sleep length longer than 160 msec, the ability for BS to enter into such SM would be only possible if the BS does not need to send SSB periodically. Similarly for other SM, such SM can be only leveraged by the BS if the BS does not need to be more frequently active for essential operations such as trying to receive PRACH, send paging for the network, broadcasting system information, etc. Therefore, careful consideration is needed to finalize the transition times. It also needs to be noted that model for sleep modes and transition times are for evaluation purposes and it is expected that in evaluation, the SMs can be realistically accessed by the BS over a period of time.
Table 3 – Transition periods between a SM state and active state for BS Category #1
	Sleep Modes

	SM1
	SM2
	SM3
	SM4

	Total Transition time (activation + deactivation)
	01
	[4] msec
	[40] msec
	[200] msec

	FR1 Relative Power Value2
	0
	[240]
	[1280]
	[2800]

	FR2 Relative Power Value2
	0
	[960]
	[5120]
	[11200]

	NOTE 1: In practice, transition to SM1 may require at least a symbol, e.g, 71.4 µs. However, for evaluation purposes, it is assumed negligible and set to 0.
NOTE2: The relative power value represents the relative power value for the entire duration of the transmission time using the reference numerology.



Table 4 – Transition periods between a SM state and active state for BS Category #2
	Sleep Modes
	SM1
	SM2

	Total Transition time (activation + deactivation)
	01 (FR1)
[125] µsec (FR2)
	[200] msec

	FR1 Relative Power Value2
	[0]
	[4000]

	FR2 Relative Power Value2
	[100]
	[16000]

	NOTE 1: In practice, transition to SM1 may require at least few symbols, e.g, 125 µs. However, for evaluation purposes, it is assumed negligible and set to 0.
NOTE2: The relative power value represents the relative power value for the entire duration of the transmission time using the reference numerology.



Proposal 5: Consider Table 3 and 4 of R1-2206595 for SM transition time and energy as starting point for discussion. 
Transmission modes when BS is communicating
In practice, the processing blocks at BS for the DL and UL channels can be different depending on types of signals/channels generation. For example, following categorization can be obtained based on types of signal/channel generation and detection at gNB.
· DL
· Coded transmission: PDCCH, PDSCH
· Signal transmission: SSB, CSI-RS
· Although SSB includes PBCH, for simplicity it is assumed that processing power of narrowband PBCH is on par with signal
· UL
· Decoding: PUCCH (except PF0), PUSCH
· Detection: SRS, PUCCH PF0, PRACH
However, since low to moderate loading scenarios are mainly considered for evaluation purposes, it may not make much material difference by adopting separate active state power values for low-rate uncoded transmission such as sequence and coded transmissions, such as PDCCH, PDSCH, PUCCH, PUSCHs, in terms of overall energy consumption. Hence, for evaluation purposes, we are open to consider a single active state, one for DL and one for UL. 
Proposal 6: Consider single active state for each of DL and UL.

 Energy consumption model
Next, we discuss energy consumption model based on relative values for BS category #1 and #2. An example of the relative power values for different sleep states and different active states are shown in Table 5 and Table 6 for BS category #1 and #2, respectively. Note that for active state relative power value, it is expressed as additional power consumed in the slot with respect to SM1, which is the static power component per slot.
[bookmark: _Ref111194420]Table 5 – Power consumption model with slot averaged values for BS category #1
	States/Modes and description
	Relative Power Value

	SM4
	[1]

	SM3(1)
	[10]

	SM2(1)
	[20]

	SM1
	[40]

	DL Transmission
	[280] 

	UL Reception
	[80]

	NOTE 1: SM2 and SM3 distinction may depend on CU/DU/RU functional splits at the base station



[bookmark: _Ref111194421]Table 6 – Power consumption model with slot averaged values for BS category #2
	States/Modes and description
	Relative Power Value

	SM2
	[1]

	SM1
	[30]

	DL Transmission
	[180]

	UL Reception
	[70]



Proposal 7: Adopt the above energy consumption model in Tables 6, and 7 of R1-2206595.
· The values in brackets [] are to be confirmed or revised in RAN1 meetings.

Remaining aspects of reference configuration
Similar to UE power saving studies. We need to define reference configuration for evaluation purposes. In RAN1 109e, quite a few parameters for reference configuration for FR1 and FR2 were agreed. Antenna configurations have not been decided yet. We propose the values in Table 7, which are based on BS antenna configuration adopted in TR38.802. 
Table 7: Antenna configuration for FR1 and FR2 TDD
[bookmark: _Ref111194508]Table 7 – Antenna configuration for FR1 and FR2 TDD
	Parameter
	Value

	BS Antenna Configuration (FR1)
	64 TxRu, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8)
(dH, dV) = (0.5λ, 0.8λ)

	BS Antenna Configuration (FR2)
	2 TxRU (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2;1,1)
(dH, dV) = (0.5λ, 0.8λ) (dg,H, dg,V) = (4.0λ, 3.6λ)



Deployment scenario for FR2 is still open. We think DU scenario can be considered. But we are also open to Macro scenario if majority of the group prefers. Assuming DU scenario with ISD 200m, the DL power level can be as follows (based on TR 38.802)
· Total DL power level: 40 dBm 
· EIRP for FR2 TDD should be limited to 73dBm (cf. Macro layer 200m ISD, above 6GHz, DU scenario 38.802 Table A2.1-1)

Proposal 8: Adopt the following for BS antenna configurations.
	BS Antenna Configuration (FR1)
	64 TxRu, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8)
(dH, dV) = (0.5λ, 0.8λ)

	BS Antenna Configuration (FR2)
	2 TxRU (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2;1,1)
(dH, dV) = (0.5λ, 0.8λ) (dg,H, dg,V) = (4.0λ, 3.6λ)



Proposal 9: Consider micro-cell DU scenario for FR2 deployment and adopt the following for DL power level 
· Total DL power level: 40 dBm 
· EIRP for FR2 TDD should be limited to 73dBm

Scaling of energy consumption model
The energy consumption model presented in Table 5 and Table 6 are based on reference configuration. Following similar approaches as adopted in TR 38.840 to obtain power values for other configuration based on scaling, we suggest the scaling relationship in Table 8.
[bookmark: _Ref111194631]Table 8 – scaling model for BS power consumption
	Scaling Cases 
	Scaling parameter
	Scaling for FR1
	Notes

	BW (DL) 
	α
	Scaling of X MHz = [0.6] + [0.4]· X/100
Valid values of X = 5, 10, 20, 40, 80, 100 MHz
	PSD is assumed to be fixed and transmission power is scaled with BW.

	Time 
	β
	Scaling of occupied symbols =
0.25 for # symbols 1 – 4
0.5 for # symbols 5 – 8
1 for # symbols 9 – 14
	We prefer piece-wise linear model, but also open to consider simple linear scaling.

	BW (UL)
	
	None
	

	CA (DL)
	γ
	Scaling of M CCs = 1.3*(M – 1), for M > 1 and 1, for M = 1

	For example:
2 CC = [1.3]* 1CC
4 CC = [2.6]* 1CC
Assuming intra-band contiguous CA.
FFS: Other CA cases
FFS: Whether to have separate scaling for different BS categories

	CA (UL)
	µ
	2 CC = [1.3]* 1CC
4 CC = [2.6]* 1CC
	FFS: Whether to have separate scaling for different BS categories

	Antenna
(DL, UL)
	λ
	Scaling of N antenna = 0.7^(64/N – 1),
Valid values of N = 32, 16, 8, 4.
	For example, 
32 TxRU = [0.7] * 64TxRU
16 TxRU = [0.7]* 32TxRU = [0.49] * 64 TxRU



Considering the above scaling relationship, slot averaged relative power values for active states can be expressed as follows in Table 9 and Table 10.
[bookmark: _Ref111194928]Table 9 – Relative slot-level power value for active states, with applicable scaling (BS category # 1)
	States
	Relative slot-level power value with scaling

	DL transmission
	[280] *α * β * γ * λ + [40] 

	UL reception
	[80] * β * µ * λ+ [40] 



[bookmark: _Ref111194930]Table 10 – Relative slot-level power value for active states, with applicable scaling (BS category # 2)
	States
	Relative slot-level power value with scaling

	DL transmission
	[180] *α * β * γ * λ + [30] 

	UL reception
	[70] * β * µ * λ+ [30] 



Proposal 10: Adopt the scaling models in Table 8, 9, and 10 or R1-2206595.
One important element of BS energy consumption during active state is PA efficiency. For wide area BSs, the PA and the antenna system is one of the biggest components of power consumption. The operating power and mode of the PA and the antenna system can significantly impact the active power states. For example, when BS is transmitting in DL, different PA efficiency levels associated with different output transmit power can affect the total power consumption during active states.  However, we recognize that more discussion is needed on whether to model PA efficiency aspects for active states. Some example of further discussion points is whether or not absorb the PA efficiency as part of BW scaling or consider a separate scaling factor for DL active power states.
Another important aspect is consideration of changes of signal process flow/algorithms during active state of the BS. As discussed in our companion contribution [2], BS may consider utilizing different signal process flow/algorithms when transmitting and receiving signals and channels at the cost of some performance degradation. For example, use of different digital pre-distortion (DPD) levels or enabling/disabling of some filtering operations can impact the power consumption of the BS during active state. Such considerations of power consumption changes for active state is needed.
Proposal 11: Further discuss whether to consider an additional scaling parameter for DL active state power values to take into account various aspects of BS implementation such as PA efficiency and changes to signal processing flow and/or algorithms used during active state.

Other evaluation assumptions 
Several KPIs were agreed in RAN1 # 109e for BS energy consumption evaluation as well as for observation of system impacts and UE performance. As per the guidelines, we think the evaluations should consider different loading scenarios, such as follows
· Zero load: RU < 5% (Only always-ON transmissions are made, e.g., SSB, SI)
· Light load: 5%< RU < 15%
· Medium load: 15%< RU < 35%
· High load: 35% < RU < 50%
Regarding UE dropping, we think non-uniform UE dropping can be considered in addition to uniform UE dropping to observe switching on/off some of the cell nodes, whenever possible. Deployment scenarios can be chosen so that network energy saving can be potentially realized by turning off one or more cell nodes. For this purpose, 2 layer HetNet Macro + Micro layout can be considered. 
Proposal 12: Consider at least zero, light, medium, and high loading scenario as part of the evaluations, where the loading criteria are defined as follows
· Zero load: RU < 5% (Only always-ON transmissions are made, e.g., SSB, SI)
· Light load: 5%< RU < 15%
· Medium load: 15%< RU < 35%
· High load: 35% < RU < 50%
Proposal 13: Consider deployment scenarios for study where potentially one or more cell nodes can be switched off. For example, 2 layer DU deployment scenario in TR 38.913 can be considered.
Moreover, regarding energy consumption in a slot with multiple DL transmissions with different BW and duration or both DL and UL transmission in a slot, we think simple weighted average calculation based on number of occupied symbols, BW, and relative power values can be considered. For PDCCH transmission, we think CORESET BW and duration can be assumed for calculating slot-level power value of PDCCH only transmission. If a slot has UL-only symbols, one simpler option can be to find the largest occupied BW for any symbol within a slot and use this for frequency domain scaling. This is assuming gNB may not perform BW adaptation for signal(s) reception of different BW within a slot.
Proposal 14. For a slot occupying both DL and UL symbols, consider simple weighted average to calculate slot-level power based on occupied number of symbols, BW, and relative power model.
Conclusions
In this contribution, we discussed issues related to evaluation methodology for network energy saving SI. The following is a summary of the proposals and observations:
Proposal 1: Energy consumption model should be flexible and generic to represent different potential NW architectures and functional splits at the BS.
Proposal 2: Assume different BS categories for developing different sleep modes, considering their architectural differences. For evaluation purposes, adopt at least two different BS categories and associated power profiles.
Proposal 3: Adopt 4 sleep modes for macro-cell BS.
· Separate idle state (i.e., when BS is neither in SM, nor in active state) definition is not necessary
· Separate SM definitions for DL and UL are not necessary.
Observation 1: It is not practical to assume complete turn off of all gNB architectural components. In particular, it is expected that at least network controller and backhaul always remain active to receive traffic and control from the core network.
Proposal 4: For BS energy consumption evaluation purposes, direct transition to (from) any SM from (to) active state can be considered. 
· The deactivation transition time is assumed to be equal to the activation transition time for a given SM
Proposal 5: Consider Table 3 and 4 of R1-2206595 for SM transition time and energy as starting point for discussion.
Proposal 6: Consider single active state for DL and UL separately.
Proposal 7: Adopt the above energy consumption model in Tables 6, and 7 of R1-2206595..
· The values in brackets [] are to be confirmed or revised in RAN1 meetings.
Proposal 8: Adopt the following for BS antenna configurations.
	BS Antenna Configuration (FR1)
	64 TxRu, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8)
(dH, dV) = (0.5λ, 0.8λ)

	BS Antenna Configuration (FR2)
	2 TxRU (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2;1,1)
(dH, dV) = (0.5λ, 0.8λ) (dg,H, dg,V) = (4.0λ, 3.6λ)



Proposal 9: Consider micro-cell DU scenario for FR2 deployment and adopt the following for DL power level 
· Total DL power level: 40 dBm 
· EIRP for FR2 TDD should be limited to 73dBm 
Proposal 10: Adopt the scaling models in Table 8, 9, and 10 or R1-2206595.
Proposal 11: Further discuss whether to consider an additional scaling parameter for DL active state power values to take into account various aspects of BS implementation such as PA efficiency and changes to signal processing flow and/or algorithms used during active state.
Proposal 12: Consider at least zero, light, medium, and high loading scenario as part of the evaluations, where the loading criteria are defined as follows
· Zero load: RU < 5% (Only always-ON transmissions are made, e.g., SSB, SI)
· Light load: 5%< RU < 15%
· Medium load: 15%< RU < 35%
· High load: 35% < RU < 50%
Proposal 13: Consider deployment scenarios for study where potentially one or more cell nodes can be switched off. For example, 2 layer DU deployment scenario in TR 38.913 can be considered.
Proposal 14. For a slot occupying both DL and UL symbols, consider simple weighted average to calculate slot-level power based on occupied number of symbols, BW, and relative power model.
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