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Introduction
The definition of base station energy consumption model, evaluation methodology and KPIs are important for the study on the network energy saving techniques. In RAN1 #109-e meeting, some agreements have been reached as follows [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



According to the agreements, some of the design principles and basic configurations are made. While, there are still many details to be discussed. In this contributions, further analysis on the network energy consumption model and evaluation methodology are provided, and some basic simulation results are given. 

Energy consumption model 
The network power consumption model is beneficial for the provision of in-depth understanding of different network energy saving techniques. As agreed in [1], at least reference configuration, multiple power states and scaling method should be considered for network energy consumption model. In this section, other details, such as, basic principles of the energy consumption modelling, the definition of the power states and corresponding relative power, scaling factors for different configurations, etc., are discussed.
 
Principles of the energy consumption model
In RAN1 #109-e meeting, the reference configurations for FR1 and FR2 are agreed. To build the network energy consumption model, the entries provided in the agreements are sufficient. What’s more, the working assumption of the number of TxRUs and the power level for FDD in FR1 and TDD in FR2 can be confirmed. 
[bookmark: _Toc15490][bookmark: _Toc18273]The working assumption for reference configuration of the number of TxRUs and the power level for FDD in FR1 and TDD in FR2 can be confirmed.
As it was agreed in RAN1 #109-e meeting, the BS energy consumption model should at least include the power consumption of BS on slot-level. If a symbol-level power consumption model is considered, much more efforts will be required by both power consumption model and SLS evaluation. Considering the fact that some implementation at NW side, such as encoding/decoding, resource mapping for data/reference signal transmission, etc, involves more than one symbol, it will be cumbersome to assess NW power consumption in symbol level. Even at the expense of more efforts on the symbol level power consumption model, we can expect that it won’t lead to significant different evaluation results or observations compared with slot-level power consumption model. Meanwhile, for the power states which need to be distinguished in symbol-level operations, for example, SSB/CSI-RS transmission, the power consumption value can be derived by scaling the slot-level power based on time and frequency occupancy. Therefore, it is more appropriate to define the power consumption model for different states per slot.
[bookmark: _Toc18232][bookmark: _Toc23449]It is more appropriate to define the power consumption model for different states per slot. 
[bookmark: _Toc5739]Scaling slot-level power with symbol occupancy can be used to derive the power consumption values for SSB/CSI-RS transmission, etc.
The DL power consumption is the main contributor to network energy consumption due to the utilization of PA, DPD, etc. in the DL transmission. Meanwhile, for UL reception, LNA is used and the PA can be de-activated. Therefore, compared with DL transmission, the power consumption of UL reception is very low. Hence, the DL and UL should be separately modeled for network energy consumption. 
For UL reception state, it is observed that the power consumption doesn’t differ greatly in different uplink services. Therefore, different from the DL transmission power consumption model, the UL reception only requires a simplified energy consumption model. 
[bookmark: _Toc27424]The power consumption of UL reception doesn’t differ greatly in different uplink services.
[bookmark: _Toc14335][bookmark: _Toc11549]The DL and UL should be separately modeled for network energy consumption.
[bookmark: _Toc20006]The UL reception only requires a simplified energy consumption model.

Power states and relative power
Similar with TR38.840 [2], both sleep modes and active states with relative power, and associated transition time/energy should be considered for network energy consumption model. 
· Active states
In TR38.840, the DL states of UE power consumption model are classified by PDCCH/PDSCH reception, and reference signal detection since UE’s DL reception behaviors are simple and clear based on the configuration and scheduling grant. Moreover, considering blind decoding is involved in PDCCH monitoring at UE side, it seems reasonable to differentiate the power state of PDCCH detection from PDSCH reception.
However, different from UEs, network has to simultaneously transmit multiple DL data and/or reference signals to one or more UEs in the cells based on a proper scheduling strategy. And from power consumption perspective, there is little difference among encoding for PDCCH/PDSCH and DL reference signal generation. Hence, using a specific transmission state, such as PDCCH or PDSCH transmission, cannot accurately reflect network DL power state. What really affects the power consumption of DL transmission is the number of symbols and bandwidth occupied by the transmission in a slot. 
[bookmark: _Toc19638]The DL transmission power consumption per slot is affected by the number of symbols and bandwidth occupied by the transmission in a slot, not by the specific contents of the transmission.
Therefore, for DL transmission, only the power consumption of DL transmission with full bandwidth and full symbol usage of the reference configuration needs to be determined. The power consumption of DL transmission with other configuration can be obtained through the scaling rule.
[bookmark: _Toc25019][bookmark: _Toc24572]A DL state with full bandwidth and full symbol usage of the reference configuration needs to be determined regardless the specific contents in the transmission.
For UL reception states, there is no need to set multiple UL reception states, either. What’s more, considering that the power consumption of UL reception is very small, a simple alternative of the UL power state model is to use one power consumption value for all the potential UL reception. Another alternative is the same with DL power state, i.e., defining a reference power consumption value along with multiple scaling factors. And the first alternative is preferred from our perspective.
[bookmark: _Toc19477]For UL reception, the following two options can be considered
· [bookmark: _Toc4302]Alt-1: one power consumption value for all UL reception;
· [bookmark: _Toc16977]Alt-2: one reference power consumption value with multiple scaling factors for adaptation in different domain.

[bookmark: _Toc6984][bookmark: _Toc15619]For UL reception, the following option is preferred.
· [bookmark: _Toc31979][bookmark: _Toc20248]Alt-1: one power consumption value for all UL reception

· Sleep modes
When there is no data transmission, the network can enter into a sleep mode by shutting down some of the components to reduce power consumption. According to the current base station implementation, three distinguished sleep states (i.e., micro sleep, light sleep and deep sleep) are applied at least in DL.
In micro sleep, network can mute the PA module. And the required ramp-down and ramp-up time for micro sleep is in a microsecond level, which can be ignored in the slot-level power consumption model. If there is no data transmission for a longer period, some digital processing units, such as DPD, FFT processing, MAC scheduler, etc. can be de-activated, so that network can enter into a light sleep state. As a results, it will take network hundreds of milliseconds to switch to/from the light sleep state. Furthermore, the base station can shut down more components to enter a deep sleep state to save energy. It also takes longer time, i.e., at least in a level of seconds, for network to transition between the deep sleep state and active state. Therefore, three sleep modes can be defined for base station according to the transition time/energy and associated power consumption values, which include a micro sleep state with 0 transition time, a light sleep state with hundreds of milliseconds transition time and a deep sleep state with several seconds transition time. 
[bookmark: _Toc21547]Three sleep modes including 0 transition time for micro sleep, hundreds of milliseconds transition time for light sleep and several seconds transition time for deep sleep can be defined at least for network DL energy consumption model.
As it is discussed above, compared with DL transmission, the power consumption of UL reception is very low. Since the PA can be muted when there is no DL transmission, the power consumption of the network is quite similar with micro sleep state even if there is UL reception. Therefore, the base station should be able to enter into a micro sleep state at least for the case that there is no downlink transmission.
Therefore, it can be further discuss whether to define the sleep modes separately for DL and UL. 
[bookmark: _Toc21681]Further discuss whether to define the sleep modes separately for DL and UL.
As shown in Figure 1, there are two transition manners for network to switch from DL/UL active states to a sleep mode. For the step-by-step transition scheme shown in Figure 1(a), BS cannot directly enter into a light or deep sleep mode from DL/UL active state. When there is no data transmission, BS can first switch into a micro sleep. After a timer expiration, BS can then enter into a light sleep. With the help of another timer, BS can finally enter in the deep sleep.
[image: ]
(a)  Step-by-step transition scheme
[image: ]
(b) Direct transition scheme
Figure 1 Network transition scheme between active state and sleep states

Alternatively, according to the direct state transition model in Figure 1(b), the BS can directly transition from active mode to any of the sleep modes. The purpose of step-by-step transition scheme is to simulate the shutdown procedure of base station operation. However, for network power consumption modeling and evaluation, this complicated transition processing doesn’t result in significantly difference in evaluation results, but greatly increases the simulation complexity. Meanwhile, the side effects of the sleep modes on scheduling latency, UPT, etc, are similar for both transition schemes. Considering the different transition time and energy for different sleep modes, the direct transition scheme is sufficient to simulate the base station operations.
For the direct transition scheme, the transition between active state and sleep mode is provided in Figure 2, which includes the relative power, transition time and transition energy (including the ramp up energy and the ramp down energy).
[image: ]
Figure 2 Transition between active and sleep states

[bookmark: _Toc7873][bookmark: _Toc24058]A direct transition scheme between active state and sleep modes should be adopted.
[bookmark: _Toc9793][bookmark: _Toc26450]
· Relative power
As agreed in [1], the reference configurations for FDD and TDD are different. For example, the system bandwidth of the TDD is much greater than that of the FDD. The number of DL TxRUs and the total DL power level are also different. With all these different assumption for FDD and TDD, it is obvious that the absolute power consumption of TDD BS and FDD BS is different. However, since the power value of other states are defined in relative to sleep mode (for example, deep sleep) in the relative power consumption model, and the ratio between other state and deep sleep state is similar, the same relative power value can be considered for TDD and FDD in FR1.
[bookmark: _Toc604]Same relative power value can be considered for TDD and FDD in FR1.
For the power consumption of UL reception, since the main power contributor, i.e., PA is de-activated, the consequent power value is similar with micro sleep state. For the power value of special slot with both DL and UL operation, it is straightforward that the power consumption can be modelled as the same with the DL transmission.
According to the above analysis, an example of the power value corresponding to each power state is given in Table 1.
Table 1 power states and relative power
	Power state
	characteristic
	Relative power/slot

	
	
	FR1

	Sleep 
	Micro Sleep
	Sleep state with PA de-activated
	10

	
	Light sleep
	Sleep state with digital processing components de-activated
	5

	
	Deep sleep
	Sleep state with more components de-activated
	1

	Active state
	DL active state 
	DL transmission with full bandwidth and symbols occupation
	100

	
	UL active state
	UL reception
	10

	
	DL+UL active state
	Special slot with both DL transmission and UL reception
	100



As discussed, the three sleep modes correspond to 0 transition time, hundred milliseconds transition time, and several seconds transition time respectively. Therefore, an immediate transition for micro sleep, 400ms transition time for light sleep and 5s transition time for deep sleep can be adopted. 
The shadow area in Figure 2 can be used as the start point for calculating the additional transition energy. In addition, it should be noted that the switching between micro sleep state and active state does not require additional transition time or energy. Therefore, the power of the micro sleep can be used to replace the active state power when calculating the additional transition energy. What’s more, the conditions on transition to a deeper sleep state (for example, the deep sleep) is met, the additional energy for the base station entering into the deeper-level sleep states should be lower than that of the lower sleep states (e.g. light sleep).
Based on the above analysis, the transition time and the additional transition energy for network sleep states are provided in Table 2. 

[bookmark: _Toc1195]Table 2 transition time and additional transition energy of network sleep states
	Sleep mode
	Total transition time
	Additional transition energy

	Deep sleep
	several seconds, e.g. 5s
	20000

	Light sleep
	hundred milliseconds, e.g. 400ms
	1000

	Micro sleep
	0 ms
	0

	Note: Immediate transition is assumed for network energy saving study purpose between micro sleep state and a non-sleep state.



[bookmark: _Toc2818][bookmark: _Toc25623][bookmark: _Toc4220][bookmark: _Toc32275][bookmark: _Toc4297][bookmark: _Toc30098]Table 1 and Table 2 can be taken as a starting point for network power consumption model. 

Energy consumption scaling for adaptation
The power consumption value defined by the reference parameters is only applicable to the specific configuration. When the base station configuration is changed, the power consumption of each power state should also be changed accordingly. Therefore, scaling method is important for network energy consumption modeling. Similar to UE power consumption model, the network energy consumption model can be scaled according to a list of scaling factors. 
For the scaling of the occupied symbols, the number of the active symbols and the number of the micro sleep symbols within a slot should be considered.
The transmission power per CC can be also impacted by the number of TxRUs, DL BW/RBs occupation and PSD. It should be noticed that the adaptation of DL BW/RBs occupation and PSD has similar influence on network power consumption, since the network power consumption is dominated by PA. Meanwhile, for spatial domain adaptation, TxRU shutting down provides gNB a chance to switch off more processing units and save more power saving benefits.
For the scaling of the occupied BW/RBs for DL, the TxRUs for DL and PSD, a linear formula can be adopted. 
For the scaling factors of CA, a fixed scaling factor cannot represent all deployments and implementations. In the case of intra-band CA, some RF components are shared among difference cells. For intra-band CA with hardware coupling, the energy consumption of the multiple cells is less than the sum of the power consumption of each cell. 
However, for a typical implementation of inter-band CA, the RF chains and other components of difference cells are independent. Therefore, for inter-band CA, the total energy consumption of multiple cells is basically equal to the sum of the power consumption of each cell. 
Similar to CA, the scaling of mTRP is also related to hardware implementation.
[bookmark: _Toc5634]For intra-band CA, the total energy consumption of multiple cells is less than the sum of the power consumption of each cell. For inter-band CA, the total energy consumption of multiple cells is equal to the sum of the power consumption of each cell.
Based on the above analysis, we recommend the following proposal.
[bookmark: _Toc25456][bookmark: _Toc20390]Table 3 can be considered as a starting point of the scaling factors of network power consumption model.
[bookmark: _Ref528491787]Table 3: Network energy consumption scaling for adaptation
	Scaling for FR1
	Proposal

	System Bandwidth (DL)
	



, wherein X is the occupied system bandwidth, is the system bandwidth of the reference configuration, e.g., for FDD and for TDD.

	Occupied symbols(DL)
	α*P1+(1-α)*P2, wherein P1 is the power for active state, P2 is the power of micro-sleep, α is the ratio of active state occupation within a slot.

	Antenna scaling (DL)
	0.2+0.8*X, X is the percentage of the active downlink TxRU.

	Number of CCs in CA
	β*(P1+P2) for intra-band CA, β<1;
(P1+P2) for inter-band CA;
wherein the P1 is the power consumption of cell #1, the P2 is the power consumption of cell #2.

	Number of TRPs
	γ*(P1+P2) , γ <1;

	PSD
	
, wherein X is the ratio between applied PSD and the max PSD based on reference configuration

	Scaling for UL reception
	[bookmark: _Toc22841]No scaling.

	[bookmark: _Toc14356]Above scaling is applicable for FR1 only.



Evaluation methodology
The evaluation methodology are important for the evaluation of performance gains and identification of efficient network energy saving techniques. In this section, the evaluation methodology, such as the traffic load, the evaluation assumptions for network energy saving are discussed. 
· Traffic load 
According to the SID, this study should prioritize idle/empty and low/medium load scenarios, while the definition of the load needs further discussion. According to [3], the different traffic loads are defined by PRB utilization. To be more specific, the medium load is defined as about 30 % PRB utilization, while the busy hour is defined as more than 50 % PRB utilization. We think the similar definition can be reused. For the high load with more than 50 % PRB utilization, we think the impact of network energy saving techniques can be also evaluated with low priority due to the workload. In addition, it’s noted that the SSBs and SIBs are transmitted periodically even if there is no traffic load. Therefore, when calculating the PRB utilization, the resources occupied by SSBs and SIBs are not accounted. 
[bookmark: _Toc23752][bookmark: _Toc31386][bookmark: _Toc12851][bookmark: _Toc7162][bookmark: _Toc19699][bookmark: _Toc18384]The traffic load can be defined as following
· [bookmark: _Toc15662][bookmark: _Toc17912][bookmark: _Toc4813][bookmark: _Toc3301][bookmark: _Toc21852][bookmark: _Toc29694]idle/ empty load: only common signal/channel, such as SSB and SIB is transmitted in DL;
· [bookmark: _Toc27295][bookmark: _Toc19247][bookmark: _Toc13623][bookmark: _Toc12248][bookmark: _Toc19614][bookmark: _Toc3746]low load: <20% PRB utilization;
· [bookmark: _Toc13212][bookmark: _Toc28650][bookmark: _Toc26167][bookmark: _Toc6206][bookmark: _Toc31400][bookmark: _Toc4662]Medium load: 20%~50 % PRB utilization.
[bookmark: _Toc21281]The resources occupied by SSBs and SIBs are not accounted in the PRB utilization.
What’s more, as agreed in last meeting, 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. For the UL transmissions, these two FTP3 traffic can be used to simulate UL traffic. 
[bookmark: _Toc20160]FTP3 (0.5MB as packet size, 200ms as mean inter-arrival time) and FTP3 IM (0.1MB as packet size, 2s as mean inter-arrival time) can be used to simulate UL traffic. 
· Evaluation assumptions 
For system level simulation, the evaluation assumptions including the gNB and UE antenna configuration, frequency band, number of layers, slot format, UE distribution, Tx and Rx power, etc. for UMa scenario based on agreements in RAN1#109e meeting and TR 38.838 [4] and TR 38.901 [5] are shown in Table A1 in appendix. It can be considered as a start point for the system level simulation assumption for network energy savings.
[bookmark: _Toc3710]The simulation assumption in Table A1 in appendix can be considered as a start point for the system level simulation assumption for network energy savings.
It is also noticed that in Table A1, 64TxRU is assumed for TDD. For the evaluation of network energy saving techniques in spatial domain, other antenna configurations, e.g. 32TxRU, can be also considered. And the total DL transmit power should decrease with the decreases of the number of TxRU.
For simulation assumptions of baseline configuration, Table 4 can be considered. For the setting of other channels/signals, it is highly dependent on detailed deployment and implementation. It is challenge to converge to a unified configuration. Therefore, other simulation parameters can be reported by companies for evaluating different network energy saving techniques. 

[bookmark: _Toc13655][bookmark: _Toc20771]Table 4 Simulation assumption for other configurations 
	Configuration 
	Simulation assumption

	Duplex Mode / Simulation bandwidth
	TDD/100 MHz
	FDD/20 MHz

	SSB
	20ms, 8 beams
	20ms, 4 beams

	SIB1
	40ms, 8 beams
	40ms, 4 beams



[bookmark: _Toc30342]The simulation assumption in Table 4 can be considered in the baseline setting for the system level simulation. 

Preliminary system-level simulation results
In this section, we provide some preliminary simulation results of the base station power consumption. The power model is based on the analysis above and the additional assumption is listed as below.
· UE’s traffic: FTP3.
· REs dedicated to PDCCH and PDSCH: 0% ~ 30% PRB

[bookmark: OLE_LINK1]Herein the cases in the simulation are shown in Table 5. Simulation results of network energy savings gains and average UE power consumption for all of the cases under different resource utilization are shown in Figure 3 based on the simulation assumption shown in Table A1 in Appendix. Wherein the UPT ratio is the ratio of the UPT of enhanced scheme over UPT of baseline scheme.
[bookmark: _Ref19975]Table 5 Cases for system-level simulation
	Case 
	Description 

	64T data+SSB+SIB
	BS antenna configuration: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1)
SSB: 8 beams, 20ms periodicity
SIB1: 8 beams, 40ms periodicity

	64T data-only
	BS antenna configuration: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1)



[bookmark: _Ref4436]
Figure 3 Evaluation results of SSB-less for inter-band CA

Figure 4 Evaluation results of SSB-less and SIB-less scheme
[bookmark: _GoBack]It is observed from the system-level simulation results that the SSB-less SCell scheme can obtain 4.3%~22.6% energy saving gain in the cases of RU=4.9%~37.5%, and the SSB-less and SIB-less scheme can obtain 9.3% ~ 36.2% energy saving gain in the cases of RU=4.9%~37.9%. It can be also observed that SSB-less/SIB-less scheme can improve the UPT performance.
[bookmark: _Toc721]It is observed from the system-level simulation results that the SSB-less SCell scheme can obtain 4.3%~22.6% energy saving gain in the cases of RU=4.9%~37.5%, and the SSB-less and SIB-less scheme can obtain 9.3% ~ 36.2% energy saving gain in the cases of RU=4.9%~37.9%.  

Conclusion
In this contribution, we discuss the energy consumption model, the evaluation methodology. Some preliminary evaluation results are also provided. We have the following observations and proposals
Observation 1: The power consumption of UL reception doesn’t differ greatly in different uplink services.
Observation 2: The DL transmission power consumption per-slot is affected by the number of symbols and bandwidth occupied by the transmission in a slot, not by the specific contents of the transmission.
Observation 3: For UL reception, the following two options can be considered
Observation 4: For intra-band CA, the total energy consumption of multiple cells is less than the sum of the power consumption of each cell. For inter-band CA, the total energy consumption of multiple cells is equal to the sum of the power consumption of each cell.
Observation 5: It is observed from the system-level simulation results that the SSB-less SCell scheme can obtain 4.3%~22.6% energy saving gain in the cases of RU=4.9%~37.5%, and the SSB-less and SIB-less scheme can obtain 9.3% ~ 36.2% energy saving gain in the cases of RU=4.9%~37.9%.

Proposal 1: The working assumption for reference configuration of the number of TxRUs and the power level for FDD in FR1 and TDD in FR2 can be confirmed.
Proposal 2: It is more appropriate to define the power consumption model for different states per slot.
Proposal 3: Scaling slot-level power with symbol occupancy can be used to derive the power consumption values for SSB/CSI-RS transmission, etc.
Proposal 4: The DL and UL should be separately modeled for network energy consumption.
Proposal 5: The UL reception only requires a simplified energy consumption model.
Proposal 6: A DL state with full bandwidth and full symbol usage of the reference configuration needs to be determined regardless the specific contents in the transmission.
 Alt-1: one power consumption value for all UL reception;
 Alt-2: one reference power consumption value with multiple scaling factors for adaptation in different domain.
Proposal 7: For UL reception, the following option is preferred.
 Alt-1: one power consumption value for all UL reception
Proposal 8: Three sleep modes including 0 transition time for micro sleep, hundreds of milliseconds transition time for light sleep and several seconds transition time for deep sleep can be defined at least for network DL energy consumption model.
Proposal 9: Further discuss whether to define the sleep modes separately for DL and UL.
Proposal 10: A direct transition scheme between active state and sleep modes should be adopted.
Proposal 11: Same relative power value can be considered for TDD and FDD in FR1.
Proposal 12: Table 1 and Table 2 can be taken as a starting point for network power consumption model.
Proposal 13: Table 3 can be considered as a starting point of the scaling factors of network power consumption model.
Proposal 14: The traffic load can be defined as following
 idle/ empty load: only common signal/channel, such as SSB and SIB is transmitted in DL;
 low load: <20% PRB utilization;
 Medium load: 20%~50 % PRB utilization.
Proposal 15: The resources occupied by SSBs and SIBs are not accounted in the PRB utilization.
Proposal 16: FTP3 (0.5MB as packet size, 200ms as mean inter-arrival time) and FTP3 IM (0.1MB as packet size, 2s as mean inter-arrival time) can be used to simulate UL traffic.
Proposal 17: The simulation assumption in Table A1 in appendix can be considered as a start point for the system level simulation assumption for network energy savings.
Proposal 18: The simulation assumption in Table 4 can be considered in the baseline setting for the system level simulation.

References
[bookmark: _Ref17466]Chair's notes RAN1#109-e, 2022-05.
[bookmark: OLE_LINK5]3GPP TR 38.840, V16.0.0, 2019-06.
ETSI ES 202 706-1 V1.6.1, 2021-01.
3GPP TR 38.838, V17.0.0, 2021-12.
3GPP TR 38.901, V17.0.0, 2022-03.

Appendix
Table A1 Evaluation assumptions on basic simulation parameters for UMa scenario

	Parameters
	Value

	Duplex Mode / Simulation bandwidth
	TDD/100 MHz
	FDD/20 MHz

	Scenario
	Urban Macro;
Hexagonal grid, 19 macro sites, 3 sectors per site

	Inter-BS distance
	500m

	Min. BS - UE distance
	35m

	Carrier frequency
	2.3G; 2.6 GHz; 3.5 GHz; 4GHz
	2.1GHz;800MHz;900MHz

	SCS
	30KHz
	15KHz

	TDD pattern
	DDDSU
	/

	BS Antenna Configuration
	64Tx antenna ports, and (dH, dV) = (0.5λ, 0.5λ);
64Tx: (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1; 4,8)
The antenna tilt is 12 degrees.
	32Tx antenna ports, and (dH, dV) = (0.5λ, 0.5λ);
32Tx: (M, N, P, Mg, Ng) = (8,4,2,1,1)
The antenna tilt is 12 degrees.

	UE Antenna Configuration
	4 Rx antenna ports, and dH = 0.5λ
4 Rx: (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1; 1,2);

	Total DL power level
	55dBm
	49dBm

	UE transmit power
	23 dBm

	Antenna Height
	25 m for BS and 1.5 m for UE

	Antenna Element Gain
	8dBi for BS and 0 dBi for UE

	Receiver Noise Figure
	5 dB for BS and 9 dB for UE

	UE distribution
	Uniform in cell;
80% of users are indoor, 20% of users are outdoor;
Use 3km/h for modeling fading channel

	Number of UEs per cell
	Depends on RU requirement

	Scheduling Algorithm
	SU-MIMO + PF; or MU-MIMO + PF

	HARQ/repetition
	HARQ retransmission

	Channel estimation
	Realist

	PDCCH overhead
	1/7 (2symbols per 14symbol)

	DMRS overhead
	1 symbol per 14symbol

	BS receiver
	MMSE-IRC




ES gain & RU
ES gain ssb-less	
case1	case2	case3	case4	0.226012822057257	0.138622574627576	0.0722794603981609	0.0434972250886151	UPT ratio ssb-less	case1	case2	case3	case4	1.0163169428551	1.01868982797718	1.0137825548663	1.00712450948295	RU	
case1	case2	case3	case4	0.0490259155631065	0.0973486006259918	0.236972585320473	0.374604165554047	RU ssb-less	
case1	case2	case3	case4	0.0489364303648472	0.0963510200381279	0.235738873481751	0.373052805662155	
Energy saving gain (%)


RU (%)





UPT ratio & RU
UPT ratio ssb-less	
case1	case2	case3	case4	1.0163169428551	1.01868982797718	1.0137825548663	1.00712450948295	ES gain ssb-less	
case1	case2	case3	case4	0.226012822057257	0.138622574627576	0.0722794603981609	0.0434972250886151	RU	
case1	case2	case3	case4	0.0490259155631065	0.0973486006259918	0.236972585320473	0.374604165554047	RU ssb-less	
case1	case2	case3	case4	0.0489364303648472	0.0963510200381279	0.235738873481751	0.373052805662155	
UPT ratio (%)


RU (%)





ES gain & RU
ES gain ssbsib-less	
case1	case2	case3	case4	0.361920791744192	0.258280843314671	0.147397452625016	0.0927396642380434	UPT ratio ssbsib-less	case1	case2	case3	case4	1.01798775480796	1.02178138406346	1.02011016295404	1.02087068961095	RU	
case1	case2	case3	case4	0.0494189895689487	0.0977294892072678	0.238877594470978	0.378570079803467	RU ssbsib-less	
case1	case2	case3	case4	0.0489364303648472	0.0963510200381279	0.235738873481751	0.373052805662155	
Energy saving gain (%)


RU (%)





UPT ratio & RU
UPT ratio ssbsib-less	
case1	case2	case3	case4	1.01798775480796	1.02178138406346	1.02011016295404	1.02087068961095	ES gain ssbsib-less	
case1	case2	case3	case4	0.361920791744192	0.258280843314671	0.147397452625016	0.0927396642380434	RU	
case1	case2	case3	case4	0.0494189895689487	0.0977294892072678	0.238877594470978	0.378570079803467	RU ssbsib-less	
case1	case2	case3	case4	0.0489364303648472	0.0963510200381279	0.235738873481751	0.373052805662155	
UPT ratio (%)


RU (%)
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