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Introduction
In RAN#94, it was agreed to start a Rel 18 SI on network energy savings (latest WID in [7]), with 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. 
3. Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:
· How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]
· Information exchange/coordination over network interfaces [RAN3]
Note: Other techniques are not precluded
The study should prioritize idle/empty and low/medium load scenarios (the exact definition of such loads is left to the study), and different loads among carriers and neighbor cells are allowed.

In this contribution, we provide inputs for objectives 1 and 2, i.e., modelling of gNB energy consumption, evaluation methodology and KPIs. 

Discussion 
gNB power model

In this section, general aspects of gNB power model are discussed, followed by power model structure, scaling and approach for deriving the energy consumption for NR channel/signal transmission/reception.

General aspects 

The power model should reflect practical gNB technology at a few years’ time horizon. Both overly conservative estimates, assuming older technology, and highly optimistic estimates presuming technology disruptions should be avoided. Furthermore, both hardware and software should be considered in developing the appropriate model. 
In previous discussions, a model [1] from 2015 has been used and companies have broadly considered it a qualitative and quantitative reference. The power levels and the time scales in the paper, (shown in Annex), have been used in previous discussions. The presentation structure of the model is somewhat different from the UE power model in Rel-16/17. It is therefore desirable to introduce an improved model that better reflects the current trends and the analysis structure anticipated in the SI. In such a model, careful attention should be given to each state, particularly the sleep modes when the gNB is not active. Some components, e.g., PAs can be turned ON and OFF very fast, e.g., at symbol level scales, and some other components, need longer transition times.  

Reference configurations and power model structure

In RAN1#109-e, agreements were made regarding the reference configurations as well as energy consumption modelling. 

[bookmark: _Toc61364570][bookmark: _Toc61364582]First, we address the remaining issues for reference configurations. 

For FR1 FDD, the working assumption regarding the number of TxRUs for can be confirmed and the total DL power level at 49dBm is also OK. 

Regarding the FR2 TDD, we propose to set the EIRP to 63dBm, moreover, we do not see need to agree on a different max power other than EIRP. 

[bookmark: _Toc111205647]For the reference configurations from RAN1#109-e, agree to the following: 
a. [bookmark: _Toc111205648]For FR1 FDD, 
i. [bookmark: _Toc111205649]Confirm the working assumption regarding number of TXRUs,
ii. [bookmark: _Toc111205650]total DL power level is set to 49dBm. 
b. [bookmark: _Toc111205651]For FR2, EIRP limit is set to 63dBm.

[bookmark: _Toc102118594][bookmark: _Toc102126790][bookmark: _Toc102118595][bookmark: _Toc102126791]Next, we discuss the energy consumption modelling. We first focus on a TDD model. Similar to UE power consumption model in TR 38.840 [1], and as agreed in RAN1#109-e, the model should cover 100% PRB in active transmission and reception, and multiple sleep states with different transition times. In contrast to UE where all operations can be linked to single UE-gNB communication and specific channel processing, a gNB operation may include communication or broadcast to a varying number of UEs and on different channels and with different signals. Furthermore, in a typical implementation, TX/RX hardware including antenna units and RF components are entangled, and thus the radio may only adopt/operate in a sleep mode when there is nothing to transmit or receive, e.g., in a symbol. 

It is also possible to have the transmitter and receivers totally separate, nevertheless, this is rather a poor design in terms of energy consumption as it naturally means the total energy consumption of receiver and transmitters being higher than the case where the transmitter and receiver share at least part of the RF. At least, considering a typical TDD design, in case there is something to transmit or receive, then the gNB may not be able to choose a sleep mode. As such, UL and DL network energy consumption modelling at least for TDD scenarios and in the sleep, modes should be considered together, though they are modelled separately in active mode, to reflect the fact that active UL consumes less than active DL. The same can be said about FDD AAS at least, since major RF components which accounts for static part of energy consumption remains the same for UL and DL, and thus the sleep modes are the same for both UL and DL.
 
[bookmark: _Toc102127192][bookmark: _Toc102127225][bookmark: _Toc102126963][bookmark: _Toc102127193][bookmark: _Toc102127226][bookmark: _Toc111205644]In typical TDD/FDD AAS scenario, UL and DL implementations are entangled and thus, it is preferred to model them together at least for the sleep modes. If there is something to transmit or receive in a symbol, the gNB can not go to sleep. 

Based on these discussions, we can consider at least the following states and their associated transition times to active transmission or reception as being essential in modelling of network energy consumption. 

· Active transmission (100% PRB) 
· the transmitted symbol occupies 100% of available PRBs and all hardware resources are utilized to maximize spectral efficiency and baseband processing capability.
· Active reception (100% PRB) 
· this models UL reception at the gNB, i.e., PRACH, SRS, PUCCH and PUSCH.   
· “Micro” sleep 
· the gNB does not need to operate TX/RX within the current symbol. PA or LNA can be turned off. 
· “Light” sleep 
· the gNB does not need to operate TX/RX at least within the next X1 ms (~[5] ms). Additional hardware components, i.e., in addition to PA can be turned off, e.g., transceiver chains. Power should be lower compared to micro sleep.
· “Deep” sleep 
· the gNB does not need to operate TX/RX at least within the next X2 ms (~[50] ms). Even more hardware components can be turned off with respect to light sleep, and the minimum can be kept ON, e.g., the clock. Power should be lower compared to light sleep.
· “Hibernate” sleep
· the gNB does not need to operate TX/RX within the next X3 ms (~ [1000] ms). All hardware/software components can be turned off. Power should be lower compared to deep sleep.

From connection perspective, the gNB and UE remain connected during micro-, light- and deep sleep, i.e., UE is camped on the cell either in RRC_connected or RRC_idle/inactive, while the connection becomes lost for the hibernate mode, i.e., the cell is totally off from a UE’s perspective.

For micro sleep mode in the model, the intention is to turn OFF and ON components which can be done in a very fast way at the symbol level, which are mostly the PAs in case of transmit units and LNAs in case of receiver units. While deactivating such components can bring in  energy saving, yet additional components particularly in the RF section can be deactivated and activated at a slightly slower scale which gains additional saving. A light sleep mode with the transition time in the order of ~5ms is proposed in the model to reflect this. It helps to accurately model energy consumption considering RAN functionalities for the low and medium load traffic levels. 

Figure 1 shows the described states and the transition from each sleep mode to the active state. The active state is applicable to both transmission and reception at the gNB side.



 
[bookmark: _Ref102044736]Figure 1 State transition model
[bookmark: _Toc102037851][bookmark: _Toc102037919][bookmark: _Toc111205652][bookmark: _Hlk99895669]The gNB power model should include at least following states:  active transmission (100% PRB operation),  active reception (100%PRB), micro sleep, light sleep, deep sleep, and hibernate sleep.
In some reference modelling, another state is also considered called an idle or no load or 0%PRB. In this case, the components are active but there is no transmission or reception. This state does not exist by its own but may form a reference floor for the power consumption when gNB transmits or receives something. We do not see a need to incorporate this state in the power model as the case for no transmission or reception would correspond to one of the sleep states.

[bookmark: _Toc111205645]There is no need to introduce a separate idle or no-load state in the gNB power model.

Also, in line with the UE power model, the power and energy levels provided by the model should be relative. As in the UE model [2], the deep sleep level may be used as the reference unit for gNB power model and power levels of other states and operations may be expressed as multiples of it. This mitigates the effect of systematic differences in measurement or estimation methodology.

[bookmark: _Toc111205653]The gNB power model should be expressed in relative units, relative to e.g. the deep sleep power level.  
Table 1 shows the power states and power levels that can be used for gNB power model. The values are given considering the reference configuration for FR1 TDD, FR1 FDD and FR2 TDD agreed in RAN1#109-e.  

Table 1. Power level of different states at gNB.
	Operation/state
	Power level, relative units (FR1 TDD)
	Power level, relative units (FR1 FDD)
	Power level, relative units (FR2 TDD)

	Active transmission (100% PRB)
	 [260]
	[160]
	 [70]

	Active reception (100% PRB)
	[100] 
	[84]
	[40] 

	“Micro”-sleep
	[60] 
	[42]
	[20] 

	“Light”-sleep
	[25] 
	[25] 
	[15] 

	“Deep”-sleep
	1 
	1 
	1 

	“Hibernate”-sleep 
	[0.1]
	[0.1]
	[0.1]



Figure 2  shows the relative powers of Table 1 for FR1 TDD as an example using a bar graph.
[image: ]

[bookmark: _Ref102124877]Figure 2. Illustration of the power levels for different operations/states, FR1 TDD.

We note that deep sleep is not the lowest available power level; further significant power savings are possible when the gNB is in hibernate mode, i.e., the cell is off and is not transmitting anything including SSBs. The cell is known to other cells, but not to the UE at least in the current setups.

Next, energy for state transition is discussed.  A gNB consumes energy to transition to different sleep modes from active and vice versa. These energy consumptions should not be omitted since a gNB may take hundreds of ms to fully reactivate from sleep mode (e.g. in hibernate), and the power consumed in sleep mode may be still comparable to active transmission or reception as seen in Table 1 and Table 2. Hence, it is necessary to include additional transition energy when establishing and evaluating the gNB power model. 

In the last meeting, there were also discussions to model complicated state transition procedure between gNB sleep states - we prefer to keep the model simple and not such cases as how the gNB goes to a sleep state during transition is implementation issue. A gNB would only adopt a sleep mode if its total inactivity time in UL and DL is larger than the corresponding transition time.

[bookmark: _Toc111205654]The gNB power model should include transition energy between different gNB sleep states and active transmission/reception state.

The additional transition energy from active state to sleep mode (SM) k and vice versa can be calculated using  where  is the power level and half the transition time of ith sleep mode, respectively [3]. The definition of additional transition energy is the same for UE power saving model in 38.840 [2].






[bookmark: _Toc102126796][bookmark: _Toc102127027]
Table 2. Energy and transition time from active to different sleep mode and vice versa.
	Transitions
 
	 
Additional transition energy (Relative power x ms)
 
	Transition time (ms)
(incl. ramp down/up)
 

	
	FR1-TDD
	FR1-FDD
	FR2
	

	Active ó microsleep
	0
	0
	0
	0

	Active ó light-sleep
	[90]
	[40]
	[15]
	[5]

	Active ó deep-sleep
	[750]
	[700]
	[330]
	[50]

	Active ó hibernate sleep
	[1220]
	[1170]
	[760]
	[1000]




In the previous meeting, a working assumption was made on how to model power for simultaneous UL reception and DL transmission in case of FDD. As mentioned before the UL and DL share a large part of RF components and static parts, and the addition of UL on top of the static part is very small. Therefore, the power level for simultaneous UL reception and DL transmission can be approximated to be same as active DL transmission.

[bookmark: _Toc111205655]For energy consumption modelling for FDD, the power level for simultaneous UL reception and DL transmission can be approximated to be same as DL transmission.
Power model scaling 

In RAN1#109-e, some agreements were made regarding the power model scaling.

Scaling should be defined for gNB power model based on transmission and reception BW, carrier aggregation, and the number of antenna RUs. This is shown in Table 3. Regarding Transmission Bandwidth (DL), more BW entails more output power if a fixed power density spectrum is used, resulting in more power consumed by the PAs. In contrast to transmission, the power level in reception is not significantly impacted by reducing PRBs since the power consumed by the LNAs is not as high as the power consumed by the PAs. 

In case of antenna scaling, the scaling can be performed at the fast scale, i.e., micro sleep level, or at a slower scale of few ms. In low and medium traffic levels, which are focus in this SI, slow scaling provides more power saving gain. Slow scaling means more RF components than just PAs are shut down, and thus it also impacts the level of micro sleep, while fast scaling means components which can be turned off at micro sleep level, i.e., mostly PAs are turned off. The transition time for slow scaling is in the order of [1-3] ms. The expression for this is provided in Table 3. 
 
[bookmark: _Toc111205656]The gNB power model should consider the scaling of relative power levels at least for active transmission/reception and at least for BW, CA, and antenna RUs, and the maximum output power. 

[bookmark: _Ref102125433]Table 3. Scaling for gNB power model.
	Factor for scaling
	Proposal
	Comments

	DL Tx Bandwidth (FR1 TDD)
	Scaling of X MHz = [0.4] + [0.6] * X /100

	relative to active transmission (100%PRB).

if fraction of power (fp) is used instead of full power, X (in scaling) is replaced by  X * fp



	UL Reception Bandwidth
(FR1 TDD)
	Scaling of X MHz =  [0.8] + [0.2] * X /100

	relative to active reception (100%PRB).

	CA with RF sharing
	[1.7]*0.5*n
	n=2,4,8 (number of CCs)

	CA without RF sharing
	n
	n=2,4,8 (number of CCs)

	[bookmark: OLE_LINK1]Number of antennas RUs 
(at least for FR1)
	[0.4] + [0.6]*(x/64) where x is either 64, 32, 16 that represents the number of antennas RUs
	Antenna RUs are reduced for both UL and DL. 

Antenna RUs adaptation impacts active transmission/reception and micro sleep.

Transition time [1-3] ms



Proposals for gNB power model, state transition and scaling for power model are directly shown in the conclusions. 

Energy consumption for NR channels/signals 

Next, we discuss how total energy can be calculated for NR channels/signals considering the following agreement which was made in RAN1#109-e.

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.

The model in previous section together with scaling can be used at the symbol level. Therefore, in a very simple way irrespective of the signal, or channel, a formula can be used to determine the total power consumption in a transmitted symbol. 

When it comes to slot level, we can also easily extend the provided model, i.e., in a simple way, if all the symbols in the slot are used for transmission/reception, then we can use the above formulas and scaling. However, if some symbols are not used for transmission or reception, then depending on the available time to sleep, the appropriate sleep mode (typically microsleep if only symbol level duration) becomes applicable. 

Below is an example to calculate energy for one slot with only one SSB transmission.
 
· 4 symbols with active DL Tx with 20 PRBs occupied per symbol 
· 10 symbols in microsleep
· Total energy per slot is given by (4 * 111+ 10 * 60). 

Similar examples can be applied to other types of signals and channels. A gNB can transmit multiple signals/channels in the same slot, therefore, in our opinion a methodic example as in this section suits better for network energy consumption evaluations than per slot/channel definitions. For example, a BS may decide to transmit SSB and PDSCH in the same slot or transmits PDCCH to multiple UEs in the same slot. While slot level modelling is possible and agreed in the last meeting, however, in turn it also means in each slot, the NW transmits a specific signal/channel, which leads to a waste of energy at the NW. A good design of scheduler at the NW side would naturally try to fill up all the available PRBs within a slot, so it can achieve a higher sleep time. Companies should be allowed to use the above symbol level approach, as this is the more accurate and reasonable design.

[bookmark: _Toc111205657]The energy consumption for a slot is determined by summing up the calculated power level for each symbol in the slot to reflect different BW (or RB utilization) / time-occupancy / tx-rx direction of different symbols in the slot. 

Evaluation methodology

In this section, further details of evaluation methodology are discussed for evaluating network energy saving techniques.

In addition to the typical reference configuration parameters, some other parameters for system level simulation (e.g., the BS and UE setup) may need to be agreed. For example, it will be beneficial to have an alignment on the parameter such as BS height, carrier frequency, BS distance, number of CCs, etc. Similar with the UE power saving work, the simulation assumption for the system level simulation may use table A2.1-1 of TR 38.802. It should be noted, however, different values on the parameter can also be used whenever reasonable and justified. Furthermore, it would be good to agree on the number of SSBs and their periodicities for each case, e.g., up to 6 SSBs with periodicity of 20ms for FR1 and up to 48 SSBs with periodicity of 20ms for FR2. 

[bookmark: _Toc111205658]Table A2.1-1 of TR 38.802 can be used as the baseline for system level simulation assumptions. Other assumptions are not precluded.

Next, we discuss resource utilization. From the gNB perspective, in one period, the energy consumption will highly depend on the number of PRBs occupied during the transmission. Therefore, the average resource utilization (RU) of the simulation should be agreed as it will heavily affect the energy saving gain evaluation of the techniques discussed in the study item. In addition, it has been agreed in the SID that the network energy saving SI will put emphasis on the low and medium load scenarios.

[bookmark: _Toc111205659]At least an average resource utilization of [1%-3%], 10% and 30% is included for the network energy-saving evaluations. Other values are not precluded. 


KPIs 

While the focus of this study is to obtain mechanism which supports network energy saving, it shall be understood that the proposed mechanisms can also impact KPIs other than network energy to some extent. Therefore, besides of the energy saving gain, the impact to the other KPI caused by the proposed mechanism should also be considered. Furthermore, we should consider that while some KPIs such as cell level throughput may be impacted, at the end what is important is that the UE is happy with the experience, and thus when it comes to specific KPIs, the emphasis can be more on UE level KPIs. 

Energy saving gain

The network energy saving schemes are generally proposed to reduce the overall energy consumption. Considering this, the evaluation in the study shall be conducted in the sense of average power consumption in a duration (e.g., at least a duration corresponds to several FTP sessions) instead of reducing the instantaneous power consumption. For example, a transmission with full PRBs in one time instance may consume more power compared to a transmission with lower PRB occupancy. However, for a given packet size, transmission with full PRB may require a shorter time to complete the transmission. Hence, although the instantaneous power consumption is higher, the total energy consumption might be lower by using the full PRB transmission due to the shorter transmission time.

[bookmark: _Toc111205660]Evaluation of the energy saving gain should consider overall network energy usage for performing a certain operation (e.g., equal to several FTP sessions) as opposed to instantaneous power consumption.

Multiple cells may be used in the SLS. In some cases, it is possible that the reduction on the energy consumption of a certain cell brings an impact to the increase of average energy consumption in other cells. Considering this, the average energy consumption should at least be the average energy consumption of all cells in the simulation. For a certain case, it is possible that information on the average energy consumption of each (or a certain) cell may be worth to be included. Thus, this information may also optionally be added if needed. In addition, other statistical values, e.g., percentile, CDF, etc., may also be added if needed. Note that besides of the energy consumption, the same approach may also be taken for other KPIs, e.g., throughput loss, additional latency, etc.

[bookmark: _Toc111205661]At least the average value across multiple cells can be considered for the qualitative analysis via SLS. Average values of each cell and other statistics may also be added if needed. 

In addition to the above, several other KPIs may also be considered. For example, the resource overhead, number of delivered data per energy, spectral efficiency, cell-drop rate, successful handover rate, etc. It should be noted, however, those KPIs may be very use case specific. For example, not all of proposed schemes requires handover to see the advantage or drawbacks. In another example, the spectral efficiency KPI may be more suitable for the high load traffic case which is not the focus of this SI. Considering this, other KPIs than the above shall be optional. In addition, for these KPIs, pen and paper analysis or qualitative analysis may be sufficient.

In addition to the KPIs mentioned above, one popular KPI is energy efficiency. This KPI is quite vague and has different definitions from consumed energy per maximum capacity to consumed energy per delivered bits and so on. In case, this is also a KPI to study, first we should find a definition which reflects the intention of the SI, e.g., following ETSI definitions it can be defined as consumed energy per delivered bit. And next, we should note that temporary high energy efficiency is not a good measure for evaluating the network energy consumption, and thus it should be evaluated over a longer time, e.g., 24 hours. 
Conclusion
In previous sections, the following observations and proposals were made: 

Observation 1	In typical TDD/FDD AAS scenario, UL and DL implementations are entangled and thus, it is preferred to model them together at least for the sleep modes. If there is something to transmit or receive in a symbol, the gNB can not go to sleep.
Observation 2	There is no need to introduce a separate idle or no-load state in the gNB power model.

Proposal 1	For the reference configurations from RAN1#109-e, agree to the following:
a.	For FR1 FDD,
i.	Confirm the working assumption regarding number of TXRUs,
ii.	total DL power level is set to 49dBm.
b.	For FR2, EIRP limit is set to 63dBm.
Proposal 2	The gNB power model should include at least following states:  active transmission (100% PRB operation),  active reception (100%PRB), micro sleep, light sleep, deep sleep, and hibernate sleep.
Proposal 3	The gNB power model should be expressed in relative units, relative to e.g. the deep sleep power level.
Proposal 4	The gNB power model should include transition energy between different gNB sleep states and active transmission/reception state.
Proposal 5	For energy consumption modelling for FDD, the power level for simultaneous UL reception and DL transmission can be approximated to be same as DL transmission.
Proposal 6	The gNB power model should consider the scaling of relative power levels at least for active transmission/reception and at least for BW, CA, and antenna RUs, and the maximum output power.
Proposal 7	The energy consumption for a slot is determined by summing up the calculated power level for each symbol in the slot to reflect different BW (or RB utilization) / time-occupancy / tx-rx direction of different symbols in the slot. 
Proposal 8	Table A2.1-1 of TR 38.802 can be used as the baseline for system level simulation assumptions. Other assumptions are not precluded.
Proposal 9	At least an average resource utilization of [1%-3%], 10% and 30% is included for the network energy-saving evaluations. Other values are not precluded.
Proposal 10	Evaluation of the energy saving gain should consider overall network energy usage for performing a certain operation (e.g., equal to several FTP sessions) as opposed to instantaneous power consumption.
Proposal 11	At least the average value across multiple cells can be considered for the qualitative analysis via SLS. Average values of each cell and other statistics may also be added if needed.

Proposal 12 	Adopt a gNB power model as shown in below table. 

Power level of different states at gNB.
	Operation/state
	Power level, relative units (FR1 TDD)
	Power level, relative units (FR1 FDD)
	Power level, relative units (FR2 TDD)

	Active transmission (100% PRB)
	 [260]
	[160]
	 [70]

	Active reception (100% PRB)
	[100] 
	[84]
	[40] 

	“Micro”-sleep
	[60] 
	[42]
	[20] 

	“Light”-sleep
	[25] 
	[25] 
	[15] 

	“Deep”-sleep
	1 
	1 
	1 

	“Hibernate”-sleep 
	[0.1]
	[0.1]
	[0.1]



Proposal 13	Adopt transition energy/time for gNB power model as shown below.

	Transitions
 
	 
Additional transition energy (Relative power x ms)
	Transition time (ms)
(incl. ramp down/up)
 

	
	FR1-TDD
	FR1-FDD
	FR2
	

	Active ó microsleep
	0
	0
	0
	0

	Active ó light-sleep
	[90]
	[40]
	[15]
	[5]

	Active ó deep-sleep
	[750]
	[700]
	[330]
	[50]

	Active ó hibernate sleep
	[1220]
	[1170]
	[760]
	[1000]



Proposal 14	Adopt scaling for gNB power model as shown below.


	Factor for scaling
	Proposal
	Comments

	DL Tx Bandwidth (FR1 TDD)
	Scaling of X MHz = [0.4] + [0.6] * X /100

	relative to active transmission (100%PRB).

if fraction of power (fp) is used instead of full power, X (in scaling) is replaced by  X * fp


	UL Reception Bandwidth
(FR1 TDD)
	Scaling of X MHz =  [0.8] + [0.2] * X /100

	relative to active reception (100%PRB).

	CA with RF sharing
	[1.7]*0.5*n
	n=2,4,8  (number of CCs)

	CA without RF sharing
	n
	n=2,4,8  (number of CCs)

	Number of antennas RUs 
(at least for FR1)
	[0.4] + [0.6]*(x/64) where x is either 64, 32, 16 that represents the number of antennas RUs
	Antenna RUs are reduced for both UL and DL. 

Antenna RUs adaptation impacts active transmission/reception and micro sleep.

Transition time [1-3] ms
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List of agreements from RAN1#109-e

 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


ANNEX (BS power model from reference [1])

Base station power model which has been used in the past discussions from reference [1]. 
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[bookmark: _Ref102044612]Figure 3 Power consumption as the system deactivates and enters successive sleep modes
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BASE STATION POWER CONSUMPTION IN 2020 TECHNOLOGY. SLEEP
MODES 1 TO 4 CORRESPOND TO OFDM SYMBOL, SUB-FRAME, RADIO
FRAME AND STANDBY, RESPECTIVELY.
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