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Introduction
In this contribution, we discuss remaining aspects of evaluation assumptions and base station power model.
[bookmark: _Ref47421117][bookmark: _Hlk23927392]NW Energy Consumption Evaluation Methodology
RAN1#109e and #110 made the following agreements on reference configurations for evaluation and BS energy consumption modeling purpose. 
	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
	32
	2

	Total DL power level
	55dBm
	49dBm

	33dBm and EIRP limited to 63dBm. Note EIRP limit is also scaled with the number of TxRU)

	Total number of UL Rx RUs
	64
	32
	2






The total DL power level is defined for a given carrier bandwidth and a number of TxRUs in the reference configuration. For example, it is 55dBm per 100MHz with 64 TxRUs in Set 1 FR1. When the bandwidth and/or the number of TxRUs is different from the ones in the reference configuration, the total DL power should be scaled accordingly. For instance, if the bandwidth is reduced to 50 MHz, the total power of 52 dBm should be used in evaluation with 64 TxRUs in Set 1 FR1. Similarly, for the case with 100MHz bandwidth and 32 TxRUs, the total power of 52 dBm should be used in evaluation.

Observation 1: The total DL power level is defined for a given carrier bandwidth and a number of TxRUs in the reference configuration. For example, it is 55 dBm per 100MHz with 64 TxRUs in Set 1 FR1.

Proposal 1: For evaluation purpose, the actual total DL transmission power is adjusted according to the actual bandwidth and the number of active TxRUs as follows

· ,  and  are total DL power level, bandwidth, and the number of TxRUs in the reference configuration, respectively.
·  and  are the actual bandwidth and the number of active TxRUs, respectively.

[bookmark: _Ref114825440]Base Station Power Model
[bookmark: _Ref111121070]BS Power Consumption for FR1
RAN1#110 made the following working assumption for relative power and total transition time for the reference configuration Set 1 FR1. The remaining power model aspect for Set 1 FR1 is on the additional transition energy.
	Working Assumption
For reference configuration set 1, the values are provided as below. FFS set2 and set 3.
	Power state
	Relative Power P
	Total transition time T

	Deep sleep
	1
	1
	Cat 1:

50ms 
	Cat 2: 

10s

	Light sleep
	Cat 1: 25
	Cat 2: 2.1
	Cat 1: 6 ms
	Cat 2: 640 ms

	Micro sleep
	Cat1: 55
	Cat 2: 5.5
	0
	0

	Active DL
	Cat 1: 280
	Cat 2: 32
	N.A.
	N.A.

	Active UL
	Cat 1: 110
	Cat 2: 6.5
	N.A.
	N.A.






It was discussed in RAN1#109e on whether the power consumption should be modelled per slot-level as done in UE power model or per symbol-level. Furthermore, as noted in the agreement, system simulation evaluations can be per slot regardless of detailed approach for calculating symbol-level power consumption. 

	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.



Although the relative power values were agreed as working assumption in RAN1#110, it is not clear whether they are per symbol-level or per slot-level. It should be noted that a gNB may transmit or receive signal/channels at the same time from a group of UEs. Hence, different symbols in a slot may have different frequency resource utilization. As we discussed later that for active downlink transmission, different frequency resource utilization may lead to different gNB transmit power. As a result, it is more reasonable to provide the relative power consumption in symbol level. Furthermore, with symbol-level power, no scaling in time domain is needed.

Proposal 2: Confirm working assumption on relative power and total transition time for Set 1 FR1 with a clarification that the relative power is per symbol-level.
· Note: no power scaling in time domain is needed.
In the remaining of this section, we provide the relative power for different base station operations in Table 1 for the reference configuration Set 2 FR1. Furthermore, additional transition energy for the BS sleep states is provided in Table 2 for both Set 1 FR1 and Set 2 FR1. The power consumption is with an assumption of a fixed PA efficiency value of 31% provided in [1]. We will discuss how the power consumption should be scaled with respect to different PA efficiency values in Section 3.3.
[bookmark: _Ref109828466]Table 1: Base station relative power
	BS operation
	Set 2 FR1

	Active transmission (100% PRB utilization)
	 [270]

	Active reception (100% PRB utilization)
	[80] 

	Micro sleep
	[50] 

	Light sleep
	[20] 

	Deep sleep
	1 



[bookmark: _Ref109828511]Table 2: Additional transition energy for base station sleep states
	Sleep state
	Additional transition energy 
(relative power x ms)
	Transition time 
(ms)

	
	Set 1 FR1 for Category 1
	Set 2 FR1
	

	Micro sleep
	0
	0
	0

	Light sleep
	[90]
	[90]
	6

	Deep sleep
	[760]
	[620]
	50




Proposal 3: Consider base station power consumption as provided in Table 1 and Table 2 for the reference configurations in FR1.

BS Power Consumption for FR2
In a similar manner, the base station relative power for the reference configuration Set 3 at FR2 can be seen in Table 3 for. 
[bookmark: _Ref115308131]Table 3: Base station relative power for reference configuration Set 3 for FR 2.
	BS operation
	Set 3 FR2

	Active transmission (100% PRB utilization)
	 [74]

	Active reception (100% PRB utilization)
	[46] 

	Micro sleep
	[15] 

	Light sleep
	[8] 

	Deep sleep
	1 




Proposal 4: Consider base station power consumption as provided in Table 3 for the reference configuration Set 3 in FR2.
[bookmark: _Ref109900211]BS Power Scaling
The BS power scaling is necessary to scale the BS power consumption provided in Section 3.1 to different gNB transmission and/or reception configurations. 
Scaling for active DL transmission in spatial, frequency and power domains
Power consumption of an active DL transmission in spatial, frequency and power domains can be partitioned into static power consumption  (due to components that are not scaled with spatial, frequency and power domains) and dynamic power consumption  that is scaled with spatial, frequency and power domains with scaling factors , respectively.
+ 
Notation:
· is the ratio between the actual number of TxRUs and the reference number of TxRUs for DL transmission
· is the ratio between the actual number of frequency resources and the reference number of frequency resources for DL transmission
· is the ratio between PSD of the actual DL transmission and PSD of the reference DL transmission.
Let  and  be relative power values of micro sleep and active DL transmission based on reference configuration, respectively. The static power consumption can be approximated as power consumption when the base station is in micro sleep state i.e., .
The dynamic power consumption when spatial, frequency and power domains meet the reference configurations (i.e., for Set 1 FR1, 64 TxRUs, 100% frequency resource usage and 55dBm total transmit power) 

Scaling
When we only scale the dynamic power consumption in spatial domain,  

Since frequency and power domains are closely related, indicating the scaling in the transmitted power, it makes sense to jointly scale the dynamic power in both frequency and power domains:

Here,  is the ratio between a reference PA efficiency  and actual PA efficiency  depending on the actual transmit power and actual frequency domain usage.

·  when  = 1
· α and  are provided in the below table

	Parameters 
	FR1
	FR2

	
	[31%]
	[8%]

	
	[0.86]
	[0.24]

	
	[0.025]
	[0.01]



Putting all together, the power consumption of an active DL transmission can be adapted in spatial, frequency and power domains by
 where .

Hence, we make the following proposal:

Proposal 5: The power consumption of an active DL transmission is adapted in spatial, frequency and power domains as follows:



·  and  are relative power values of micro sleep and active DL transmission based on reference configuration, respectively
· is the ratio between the actual number of TxRUs and the reference number of TxRUs for DL transmission
· is the ratio between the actual number of frequency resources and the reference number of frequency resources for DL transmission
· is the ratio between PSD of the actual DL transmission and PSD of the reference DL transmission.
·  is the ratio between a reference PA efficiency and actual PA efficiency

·  when  = 1
· α and  are provided in the below table

	Parameters 
	FR1
	FR2

	
	[31%]
	[8%]

	
	[0.86]
	[0.24]

	
	[0.025]
	[0.01]



Scaling for active UL reception in spatial and frequency domains 
For active UL reception, the power consumption of active uplink reception depends on the number of RxRUs and frequency resource utilization. From our perspective, different from the DL transmission, we can separately scale the power consumption in spatial and frequency domains. In particular, the power consumption of active uplink reception can be scaled in spatial and frequency domains as follows:


Notation
·  is the power consumption of the active UL reception based on the reference configuration.
· is the ratio between the actual number of RxRUs and the reference number of RxRUs for UL reception
· is the ratio between the actual number of frequency resources and the reference number of frequency resources for UL reception

Proposal 6: Power consumption of an active UL reception is adapted in spatial and frequency domain as


·  is the power consumption of the active UL reception based on the reference configuration.
· is the ratio between the actual number of RxRUs and the reference number of RxRUs for UL reception
· is the ratio between the actual number of frequency resources and the reference number of frequency resources for UL reception.

Scaling for CA and multi-TRP scenarios
For CA deployments, it is reasonable to compute the total power consumption as the sum of the power consumption of configured cells. Furthermore, for intra-band with contiguous CCs, since some base station components may be shared across multiple CCs, the power consumption of the Scell can be scaled e.g., by [0.75]. 

Proposal 7: For CA, the total power consumption is the sum of the power consumption of configured cells
· For intra-band CA with contiguous CCs, the power consumption of the Scell is scaled by [0.75]. 

For multi-TRP deployments, TRPs typically have separate RF chains. Hence, it is reasonable to compute the total power consumption as the sum of the power consumption of configured TRPs.

Proposal 8: For multi-TRP, the total power consumption is the sum of the power consumption of configured active TRPs.

Evaluation Results
The description of the energy savings techniques is provided in [2]. In this section, we provide the performance evaluation using system level simulations. The simulation assumptions are the working assumptions agreed in RAN1#110 and some additional assumption on broadcast channel/signal provided in Section 6. Furthermore, we use the base station power model that is discussed in Section 3 and RAN1#110 working assumption. The analysis is performed based on Set 1 FR1 with power model of Category 1. No C-DRX was configured in the simulations. For the frame structure DDDSU with limited uplink resource, it is reasonable to assume that UL has smaller traffic than DL. More specifically, we assume that the same traffic for the baseline scenario and enhanced scenario with the UL/DL traffic as follows:
· DL traffic: 0.5Mbytes packet and 200ms mean inter-arrival time,
· UL traffic: 0.1Mbytes packet and 200ms mean inter-arrival time
We provide three performance metrics:
· Average network energy savings
· Average user perceived throughput (UPT) to understand impact on the user experience and data plane latency
· Coverage in terms of downlink SINR.
Dynamic antenna port adaptation
The evaluation results for the performance metrics are provided in Figure 1 and Figure 2 for different gNB antenna port configurations: 64 TxRUs (4x8) and 32 TxRUs (4x4). We make the following observations on radeoff among the energy savings, user performance and coverage.
Observation 2: Reducing the number of antenna ports can provide the network energy savings at the expense of reduction in UPT and coverage.
Observation 3: Reducing the number of antenna ports from 64 to 32 provides 22% and 21% average network energy savings in low and light load scenarios, respectively. 
Observation 4: However, reducing the number of antenna ports from 64 to 32 reduces the average UPT by 31% in low load and 30% in light load. Furthermore, the DL SINR at 5 percentile (i.e., cell edge users) is reduced by 4.5dB in low load and 9dB in light load.

[bookmark: _Ref110850258]Figure 1: Network energy consumption 
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[bookmark: _Ref110850266]Figure 2: Impact on UPT and coverage (DL SINR)
Dynamic TRP adaptation
In the simulation, each TRP is equipped with 64 TxRUs following antenna arrangement agreed as working assumption in RAN1#110. The simulation results in terms of network energy savings and UPT are provided in Figure 3.
Observation 5: Reducing multi-TRP to single TRP can provide 40% average network energy savings with 16% average UPT reduction in low load, and 24% average network energy savings with 22% average UPT reduction in light load. 

 
[bookmark: _Ref110850345]Figure 3: Network energy consumption & UPT
Dynamic downlink transmission power adaptation
We assume the same antenna configuration of 64 TxRUs (4x8) as agreed in RAN1#110 working assumption for different DL Tx power levels. Figure 4 and Figure 5 provide the average network energy consumption and impact on UPT and coverage for different total DL Tx power values. 
Observation 6: Reducing the DL transmit power level can provide network energy savings. However, it negatively impacts UPT and coverage.
Observation 7: Reducing the DL transmit power level from 55dBm to 52dBm provides 9% and 6% average network energy savings in low and light load scenarios, respectively.
Observation 8: Reducing the DL transmit power level from 55dBm to 52dBm reduces 10% and 16% average UPT in low and light load scenarios, respectively. Furthermore, the DL SINR at 5 percentile (i.e., cell edge users) is reduced by around 4dB in low load and 2.5dB in light load.


[bookmark: _Ref110850392]Figure 4: NW energy consumption
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[bookmark: _Ref110850407]Figure 5: Impact on UPT and coverage (DL SINR)
Dynamic UE-group Pcell switching
This section provides some performance evaluation which brings motivations for the dynamic Pcell switching as given in companion contribution [2]. Figure 6 shows evaluation results for 1-CC case and 2-CC case and compared them under different cell loadings from the perspectives of 5%-tile/50%-tile UTPs and NW energy consumptions. We assumed 20UEs per cell and 25UEs per cell to see the different cell loading situation. For 25 UEs per cell, if only a single CC is activated, the resource utilization is up to 61%, which is comparatively very high loaded and then UPT becomes degraded accordingly, especially for 5%-tile UPT (showing 64Mbps). In this case NW may activate both CCs to reduce the RU (36%) and 5%-tile UPT can be increased to 243Mbps, which means that cell edge throughput is significantly increased by activating both CCs. However, if cell load becomes comparatively smaller, e.g., from 25UEs per cell (36% RU with 2CC) to 20 UEs per cell (22% RU with 2CC), one Scell can be deactivated while supporting more than 200Mbps 5%-tile UPT. Deactivation of a Scell can reduce NW energy consumption by 33% compared to the case that both CC are all activated as shown in Figure 6. Dynamic UE-group Pcell switching scheme enables this Scell deactivation more efficient and fast manner even when the Pcells are different between UEs. 
Observation 9: Scell deactivation/dormancy can provide network energy savings. However, it negatively impacts UPT and coverage.
Observation 10: Scell deactivation shows 33% average network energy savings when 20 UEs are assumed in a cell.
Observation 11: Scell deactivation shows 64Mbps for 25 UEs per cell (61% RU) and 210Mbps for 20UEs per cell (39% RU)
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[bookmark: _Ref110850141]Figure 6: Comparison between 1-CC case and 2-CC case depending on cell loading

Conclusion 
The following observations and proposals are made in this contribution:
Observation 1: The total DL power level is defined for a given carrier bandwidth and a number of TxRUs in the reference configuration. For example, it is 55 dBm per 100MHz with 64 TxRUs in Set 1 FR1.

Observation 2: Reducing the number of antenna ports can provide the network energy savings at the expense of reduction in UPT and coverage.
Observation 3: Reducing the number of antenna ports from 64 to 32 provides 22% and 21% average network energy savings in low and light load scenarios, respectively. 
Observation 4: However, Reducing the number of antenna ports from 64 to 32 reduces the average UPT by 31% in low load and 30% in light load. Furthermore, the DL SINR at 5 percentile (i.e., cell edge users) is reduced by 4.5dB in low load and 9dB in light load.

Observation 5: Reducing multi-TRP to single TRP can provide 40% average network energy savings with 16% average UPT reduction in low load, and 24% network energy savings with 22% average UPT reduction in light load

Observation 6: Reducing the DL transmit power level can provide network energy savings. However, it negatively impacts UPT and coverage.
Observation 7: Reducing the DL transmit power level from 55dBm to 52dBm provides 9% and 6% average network energy savings in low and light load scenarios, respectively.
Observation 8: Reducing the DL transmit power level from 55dBm to 52dBm reduces 10% and 16% average UPT in low and light load scenarios, respectively. Furthermore, the DL SINR at 5 percentile (i.e., cell edge users) is reduced by around 4dB in low load and 2.5dB in light load.

Observation 9: Scell deactivation/dormancy can provide network energy savings. However, it negatively impacts UPT and coverage.
Observation 10: Scell deactivation shows 33% average network energy savings when 20 UEs are assumed in a cell.
Observation 11: Scell deactivation shows 64Mbps for 25 UEs per cell (61% RU) and 210Mbps for 20UEs per cell (39% RU)


Proposal 1: For evaluation purpose, the actual total DL transmission power is adjusted according to the actual bandwidth and the number of active TxRUs as follows

· ,  and  are total DL power, bandwidth, and the number of TxRUs in the reference configuration, respectively.
·  and  are the actual bandwidth and the number of active TxRUs, respectively.
Proposal 2: Confirm working assumption on relative power and total transition time for Set 1 FR1 with a clarification that the relative power is per symbol-level.
· Note: no power scaling in time domain is needed.
Proposal 3: Consider base station power consumption as provided in Table 1 and Table 2 for the reference configurations in FR1.
Proposal 4: Consider base station power consumption as provided in Table 3 for the reference configuration set 3 in FR2.
Proposal 5: The power consumption of an active DL transmission is adapted in spatial, frequency and power domains as follows:

·  and  are relative power values of micro sleep and active DL transmission based on reference configuration, respectively
· is the ratio between the actual number of TxRUs and the reference number of TxRUs for DL transmission
· is the ratio between the actual number of frequency resources and the reference number of frequency resources for DL transmission
· is the ratio between PSD of the actual DL transmission and PSD of the reference DL transmission.
·  is the ratio between a reference PA efficiency and actual PA efficiency

·  when  = 1
· α and  are provided in the below table
Proposal 6: Power consumption of an active UL reception is adapted in spatial and frequency domain as


·  is the power consumption of the active UL reception based on the reference configuration.
· is the ratio between the actual number of RxRUs and the reference number of RxRUs for UL reception
is the ratio between the actual number of frequency resources and the reference number of frequency resources for UL reception.
Proposal 7: For CA, the total power consumption is the sum of the power consumption of configured cells
· For intra-band CA with contiguous CCs, the power consumption of the Scell is scaled by [0.75]. 
Proposal 8: For multi-TRP, the total power consumption is the sum of the power consumption of configured TRPs.
[bookmark: _Ref114825376]Appendix: System level simulation assumption 

	Parameters
	Set 1 FR1 (TDD)

	Basic parameters
	Total DL transmit power
	55dBm

	
	Channel model
	Urban Macro (UMA)
(low-loss O2I penetration model)

	
	Device deployment
	80% indoor, 20% outdoor

	
	Inter-site distance
	500m

	
	Network Topology
	7*3 Sector

	
	Carrier Frequency
	4.0GHz

	
	Multiple access
	OFDMA

	
	Duplexing
	TDD

	
	Numerology
	30kHz,
14 OFDM symbol slot

	
	Guard band ratio on simulation bandwidth
	TDD: 2.08% (272 RB for 30kHz SCS and 100 MHz bandwidth)

	
	Simulation bandwidth
	100MHz

	
	Frame structure
	DDDSU
(S slot has 10D:2G:2U symbols)

	
	UT attachment
	Based on RSRP

	
	Wrapping around method
	Geographical distance based wrapping

	
	Traffic model
	FTP3 
· DL traffic: 0.5Mbytes packet and 200ms mean inter-arrival time
· UL traffic: 0.1Mbytes packet and 200ms mean inter-arrival time

	BS parameters
	BS antenna height
	25 m

	
	BS noise figure
	5 dB

	
	BS antenna element gain
	8 dBi

	
	Total number of TxRUs
	64

	
	Antenna configuration at TRxP
	(M, N, P, Mg, Ng, MP, NP,) = (8, 8, 2, 1, 1, 4, 8).
(dH, dV) = (0.5, 0.8)λ

	UE parameters
	UE power class
	23dBm

	
	UE noise figure
	9 dB

	
	UE antenna element gain
	0 dBi

	
	UE antenna height
	Outdoor UEs: 1.5 m; Indoor Uts: 1.5m or consider floor height

	
	Antenna configuration at UE
	For 4R: (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ

	Transmission parameters
	Modulation
	Up to 256 QAM

	
	Transmission scheme
	SU-MIMO

	
	SU dimension
	For 4Rx: Up to 4 layers

	
	DL CSI measurement
	Precoded CSI-RS based

	
	DL codebook
	non-PMI transmission

	
	SRS transmission
	For UE 4 Tx ports: Non-precoded SRS

	
	CSI feedback
	Company to report the assumptions

	
	Interference measurement
	SU-CQI; CSI-IM for inter-cell interference measurement

	
	Scheduling
	PF

	
	Receiver
	MMSE-IRC

	
	Channel estimation
	Non-ideal

	Common RS
	SSB period
	20ms (default config)

	
	SSB BW & duration
	20 RBs & 4 symbols per SSB

	
	The number of SSBs
	4
Two 30kHz SSBs per slots, SSB composition case 

	
	SIB1 periodicity
	20ms (default config)

	
	SIB1 duration
	One slot for one associated SSB
4 slots in total (due to 4 SSBs)

	
	SIB1 BW
	48 RBs
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Average network energy

4x8 (55dBm DL Tx power)	Low load	Light load	28900	36250	4x4 (52dBm DL Tx power)	6495	7540	1	Low load	Light load	22405	28710	



Average DL UPT (Mbps)

4x8 (55dBm DL Tx power)	Low load	Light load	1194	980	4x4 (52dBm DL Tx power)	374	290	1	Low load	Light load	820	690	



Average network energy

mTRP	Low load	Light load	47850	47850	sTRP	18950	11600	1	Low load	Light load	28900	36250	



Average UPT (Mbps)

mTRP	Low load	Light load	1424	1251	sTRP	230	271	1	Low load	Light load	1194	980	



Average network energy

55dBm DL Tx	Low load	Light load	28900	36250	52dBm DL Tx	2530	2241	1	Low load	Light load	26370	34009	



Average UPT

55dBm	Low load	Light load	1200	980	52dBm	125	159	1	Low load	Light load	1075	821	
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