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Introduction
A study item (SI) on network energy savings for NR was approved in RAN#95-e meeting[1]. As a part of the objectives of the SI, one sub-agenda is to define a base station energy consumption model, an evaluation methodology and KPIs.
During RAN1#110bis-e meeting, the BS energy consumption model was further discussed and the basic framework has been determined, including relative power value for reference configuration Set 1/2/3, additional transition energy of light and deep sleep, power scaling method for active DL and UL transmission, SLS assumptions for FR1 and FR2, and a template for collection of evaluation results. The detailed agreements are listed in the appendix.
In this contribution, we provide our analysis on the BS energy consumption model firstly. Then, some evaluation results and observations on the potential energy saving techniques are presented with the agreed template for collection of simulation results. 

BS energy consumption model
A reliable BS energy consumption model is crucial for NW energy saving performance evaluation. The energy consumption computed based on the model should be consistent with the actual BS energy consumption. According to the Objective 1 of the SID, RAN1 should adapt the framework of the UE power consumption model to the BS side. With regards to this matter, the BS power consumption model for evaluation purpose includes: 
· Reference configuration for Set 1 FR1/Set 2 FR1/Set 3 FR2.
· Multiple power states including sleep and non-sleep modes with relative power and associated transition time/energy.
· Power scaling method in spatial, frequency, power, time domain, etc.

After extensive discussion in the previous meetings, Table 1 showing a general picture of the BS power consumption model has been agreed, where two active states without differentiation of various channels/signals and three sleep modes are specified.
Table 1. Power states of BS power consumption model
	Power state
	Characteristic
	Relative Power P
	Additional transition energy2 E
	Total transition time T

	Deep sleep1
	There is neither DL transmission nor UL reception. 
Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	P1
	E1
	T1

	Light sleep
	There is neither DL transmission nor UL reception. 
Time interval for the sleep should be larger than the total transition time entering and leaving this state.
	P2
	E2
	T2

	Micro sleep
	There is neither DL transmission nor UL reception.
Immediate transition is assumed for network energy saving study purpose from or to a non-sleep state.
	P3
	0
	0

	Active DL
	There is only DL transmission.
	P4
	N.A.

	Active UL
	There is only UL reception.
	P5
	

	Note 1: Depending on implementations, there could be a state that the power is lower than deep sleep and requires larger total transition time, e.g. hibernating sleep or Quasi-off, which is not explicitly modeled in this study for evaluation purpose. 
Note 2: Unit in relative power times duration.



According to the agreed framework, it has stipulated that there is neither DL transmission nor UL reception during the sleep state. Thus, the BS should determine the target sleep mode i from the beginning based on the current traffic load, and perform one-shot transition between the active state and i-th sleep mode, as shown in Fig 1. 

Fig 1. One-shot transition between the active state and i-th sleep mode
To calculate the BS energy consumption, the relative power value for each state have been carefully discussed, and two categories of values are determined based on the averaged values of companies’ input, as shown in Table 2. Also, additional transition energy and total transition time including energy and time for ramping down and ramping up are also provided in Table 3 and Table 4 respectively. In our contribution, BS category 1 is used for NES performance evaluation. 
Table 2. Relative power values P for reference configuration Set 1, Set 2 and Set 3
	Power state
	BS Category 1
	BS Category 2

	
	Set 1
	Set 2
	Set 3
	Set 1
	Set 2
	Set 3

	Deep sleep
	1
	1

	Light sleep
	25
	2.1

	Micro sleep
	55
	50
	38
	5.5
	5
	3

	Active DL
	280
	200
	152
	32
	26
	17.6

	Active UL
	110
	90
	80
	6.5
	5.8
	4.2



Table 3. Total transition time T for reference configuration Set 1, Set 2 and Set 3
	Power state
	BS Category 1
	BS Category 2

	Deep sleep
	50 ms
	10 s

	Light sleep
	6 ms
	640 ms



Table 4. Additional transition energy E for reference configuration Set 1, Set 2 and Set 3
	Power state
	BS Category 1
	BS Category 2

	Deep sleep
	1000
	17000

	Light sleep
	90
	1088



As per the agreed BS power consumption model, the total BS energy consumption  includes the energy consumption  of each power state and additional transition energy . The BS power state at different time instant can be determined by SLS, but there is no consensus on the time unit of the relative power values in the BS power model table, e.g., symbol-level/slot-level/ms-level. Considering the total BS energy consumption  is summation of  and , the unit of  and  should be firstly unified when calculating . Thus, the following agreement was made in the last meeting.
Agreement
· All calculation of energy consumption should use the same time unit (companies to indicate which time unit they used)

Note that the transition energy is calculated with unit in (relative power)*(duration in ms). In our evaluation, the following formula in the FL summary[3] is used for calculation of total BS energy consumption : 

where  and  are relative power value and time duration in unit of slot for power state i,  and  are transition energy and the number of transitions for sleep mode j and  is the numerology. 
For BS power scaling, the baseline formula in the agreement is used for evaluation. The BS power consumption for active DL transmission is given by:

 is a static part of power for BS in active, which is not scaled based on reference configuration.  is a dynamic part of power for BS in active, which is scaled based on reference configuration, where , , is the fraction of active TRxRUs, the ratio of RF bandwidth and maximum system BW and the ratio of PSD per TxRU between the DL transmission and reference configuration, respectively. Besides,  and , where A = 0.4 and = for any , . 

Evaluation methodology and KPIs
Some evaluation results for reference configuration Set 1 FR1 are provided in this section, and the detailed simulation parameters can be found in the appendix. To effectively evaluate the ES gain of the potential energy saving techniques, the parameters provided in the reference configuration are taken as baseline, e.g., system BW is 100MHz and the number of Tx/Rx RUs is 64. Then, the performance evaluation on the following potential energy saving techniques are provided in Table 5: 
· Technique #A-1: Adaptation of common signals and channels.
· Technique #A-4: Adaptation of DTX/DRX. 
· Technique #B-3: Dynamic adaptation of bandwidth of active BWP of UEs. 
· Technique #C-1: Dynamic adaptation of spatial elements.
Table 5. Evaluation results on the potential energy saving techniques
	Company
	NW energy saving scheme
	ES Gain
	ES gain for each configuration
	BS Category
	UPT
	Other impact
	Evaluation methodology/baseline assumption
	Note

	OPPO
	A-1
	2.57%-3.89%
	Set 1, FTP: 2.57%

Set 1, IM: 3.89%

	Category 1
	Almost similar with the baseline
	
	SIB1 with 24 RBs for 20 ms periodicity
	RU:
Set1, FTP: 10%
Set1, IM: 0.1%

	OPPO
	A-4
	DRX align: 4.7%-6.7%
dropping SSB outside UE active time: 14.4%-70.1%
	Set 1, FTP:
DRX align: 4.7%
dropping SSB outside UE active time: 14.4%

Set 1, IM:
DRX align: 6.7%
dropping SSB outside UE active time: 70.1%

	Category 1
	Set 1, FTP:
UPT: 361.08Mbps (loss of 15.5%)
Latency: 78.03ms (increase of 50%)

IM:
UPT: 85.91Mbps (loss of 8.7%)
Latency: 143.55ms
(increase of 3.83%)

	BO (buffer occupancy) increase
FTP: 9%
IM:3.5%

ρ (packet completion rate) loss:
FTP:1.2%
IM:0.3%
	C-DRX config:
FTP (160,100,8)
IM (320, 80, 10)
	

	OPPO
	B-3
	1.3%-1.4%
	Set 1, FTP:
ES gain: 1.4%

Set 1, IM:
ES gain: 1.3%

	Category 1
	FTP:
UPT: 554.74Mbps (loss of 46.8%)
Latency: 9.35ms (increase: of 86.3%)

IM:
UPT: 513.43Mbps (loss of 52%)
Latency: 1.78ms (increase of 48.3%)

	RU increase from 10% to 33%
	A large BW of 100MHz and a small bandwidth of 60Mhz are assumed for comparison.
	

	OPPO
	C-1
	13.7%-22.1%
	Set 1, FTP: 
ES gain: 22.1%

Set 1, IM:
ES gain: 13.7%

	Category 1
	FTP:
UPT: 550Mbps (loss of 47.2%)
Latency: 12.41ms (increase of 147%)

IM:
UPT: 782.55Mbps (loss of 21.2%)
Latency: 1.79ms (increase of 49.1%)
	RU increase from 10% to 30%
	64T: (M, N, P, Mg, Ng, MP, NP,) = (8, 8, 2, 1, 1, 4, 8) and 8T: (M, N, P, Mg, Ng, MP, NP,) = (4, 2, 2, 1, 1, 2, 2) are assumed for comparison
	



For Technique #A-1, Option 3), i.e., transmission occasion of one or more common signals/channels of specific periods can be skipped, is further evaluated in our contribution. Specifically, the ES gain of skipping SIB1 with 24 RBs for 20 ms periodicity is summarized in Table 5. Skipping transmission occasion of SIB1 can bring ES gain of 2%-4% and has little effect on UE throughput/latency.
Observation 1: For Technique #A-1, Skipping transmission occasion of SIB1 can bring ES gain of 2%-4% and has little effect on user throughput/latency.
[bookmark: _Hlk118361212]For Technique #A-4, we evaluate the enhancement of UE C-DRX where DRX cycles or offsets configured for UEs can be aligned, and further reducing gNB’s activities (e.g. SSB) outside UE DRX active time. Comparing with UE-specific DRX, UE-aligned DRX pattern can bring ES gain of 4%-7% depending on the traffic load and has slight impact on UE throughput/latency. Furthermore, dropping SSB outside UE DRX active time has remarkable energy saving effect with ES gain of at most 70%.
Observation 2: For Technique #A-4, UE-aligned DRX pattern can bring ES gain of 4%-7% depending on the traffic load and has slight impact on UE throughput/latency.
Observation 3: For Technique #A-4, reducing gNB’s activities (e.g. SSB) outside UE DRX active time has remarkable energy saving effect with ES gain of at most 70%.
For Technique #B-3, the energy saving evaluation on reducing system BW is considered in our simulation. Reducing the system BW to 60MHz can bring only ES gain of 1%-2%, because more slots are used for transmission and the UPT/latency is inevitably affected.
Observation 4: For Technique #B-3, BW reduction can bring only ES gain of 1%-2% with a certain performance loss on latency/UPT.
For Technique #C-1, Type 1 adaptation, i.e., enable/disable all spatial elements associated to a logical antenna port, e.g., a subset of ports of a CSI-RS resource (set), is adopted in our evaluation. Reducing the number of Tx/Rx RUs to 8 can bring ES gain of 13%-22% and the UE throughput/latency is still acceptable.
Observation 5: For Technique #C-1, Reducing the number of Tx/Rx RUs to 8 can bring ES gain of 13%-22% and the UE throughput/latency is still acceptable.

Conclusion
In this contribution, the BS energy consumption model is discussed and some evaluation results on the potential energy saving techniques are presented. The following proposals and observations are made:
Observation 1: For Technique #A-1, Skipping transmission occasion of SIB1 can bring ES gain of 2%-4% and has little effect on user throughput/latency.
Observation 2: For Technique #A-4, UE-aligned DRX pattern can bring ES gain of 4%-7% depending on the traffic load and has slight impact on UE throughput/latency.
Observation 3: For Technique #A-4, reducing gNB’s activities (e.g. SSB) outside UE DRX active time has remarkable energy saving effect with ES gain of at most 70%.
Observation 4: For Technique #B-3, BW reduction can bring only ES gain of 1%-2% with a certain performance loss on latency/UPT.
Observation 5: For Technique #C-1, Reducing the number of Tx/Rx RUs to 8 can bring ES gain of 13%-22% and the UE throughput/latency is still acceptable.
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Appendix 
simulation assumptions
Table 1 The evaluation assumption for BS power consumption model
	Channel model
	3D-Uma as in TR 38.901

	Device deployment
	5 UEs per cell. 80% indoor, 20% outdoor

	Percentage of high loss and low loss building type
	100% low loss

	Inter-site distance
	500m

	Network Topology
	7*3 Sector

	Carrier Frequency
	2.6GHz

	Multiple access
	OFDMA

	Duplexing
	TDD (for set 1 ref. config.)

	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

	UT attachment
	Based on RSRP

	Wrapping around method
	Geographical distance based wrapping

	Traffic model
	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)

	BS antenna height
	25 m

	BS noise figure
	5 dB

	BS antenna element gain
	8 dBi

	Antenna configuration at TRxP
	For 64T: (M, N, P, Mg, Ng, MP, NP,) = (8, 8, 2, 1, 1, 4, 8).
based on 38.802

	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, 0.8)λ

	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
	CQI, RI: every 5 slot; Subband based

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

	Scheduling
	PF

	Receiver
	MMSE-IRC

	Channel estimation
	Non-ideal

	SSB periodicity
	20ms

	SS blocks per SSB burst
	8

	SSB time resource
	4 symbols per SSB

	SSB frequency resource
	20RB


Agreements from RAN1#110bis-e meeting
For companies to consider when providing evaluation results:
· Use the following table with adding Category, as a draft template for collection of simulation results
· The template can be further adjusted with input when captured into TR.
· Other formats are not precluded.
	Company
	NW energy saving scheme
	ES Gain
	ES gain for each configuration
	UPT
(Optional: Energy Efficiency)
	Other impact
	Evaluation methodology/baseline assumption
	Note

	
	
	Editor Note: includes a range for different configurations, if possible.
	Editor Note: include gain for each configuration, if possible. For example, per Load, configurations of common signals etc.
	Editor Note: may include average UPT, target UPT (95%/50%/5%) and UPT loss/gain per ES techniques.
May also include scheduling latency, user plane latency etc.
Optionally, results with EE can be included with clear definition reported.
	Editor Note: may include coverage, UE power consumption, EE with definition, etc.
	Editor Note: may include selected parameters/baselines etc, if there are multiple.
	Editor Note: other important setting that needs to be reported, e.g. the selected options/approaches as mentioned in R1-2208654.



Agreement
Confirm the previous Working Assumption with the following update
· For RAN1 evaluation purpose, for reference configuration set 1/2/3, the values are provided as below.  
· The transition time is confirmed without update.
· FFS: The time unit to be used when calculating the energy consumption
	Power state
	Relative Power P for Category 1
	Relative Power P for Category 2

	
	Set 1
	Set 2
	Set 3
	Set 1
	Set 2
	Set 3

	Deep sleep
	1
	1
	1
	1
	1
	1

	Light sleep
	25
	23 25
	20 25
	2.1
	2.6 2.1
	1.8 2.1

	Micro sleep
	55
	50
	38
	5.5
	5
	3

	Active DL
	280
	240 200
	152
	32
	40 26
	8.4 17.6

	Active UL
	110
	90
	80
	6.5
	 5.8
	4.2



Agreement
For set 1/2/3, the additional energy (unit in relative power*(duration in ms)) is 
	Power state
	Additional transition energy 

	
	Category 1
	Category 2

	Deep sleep
	1350 1000
	22500 17000

	Light sleep
	90
	1088



Agreement
Capture in TR that,
· The BS power model defined in this study is a simplified model for the purposes of evaluations, considering single-RAT NR BSs only. This does not mean a BS cannot benefit from the identified techniques when serving multi-RAT. 
Transition among power states, transition time, are implementation specific, and different BS types may support a different number of power states with different characteristics, i.e., power consumption values and required transition time.

Agreement
· All calculation of energy consumption should use the same time unit (companies to indicate which time unit they used)

Agreement
· The BS power consumption for active DL transmission is provided by

· : a static part of power for BS in active, which is not scaled based on reference configurations. 
· Baseline: 
· Optional: 
· : a dynamic part of power for BS in active, which is scaled based on reference configuration.
· Baseline: , where , , is the fraction of active TRxRUs, the ratio of RF bandwidth and maximum system BW and the ratio of PSD per TxRU between the DL transmission and reference configuration, respectively
· 
·  is the power part related to PA.
· For simplicity
· A = baseline: 0.4; optional: [0.1, 0.7]
· For 
· If one value of  is used for evaluation, = for any sf, sp
· If two values of  are used for evaluation,  = 0.76 if ; otherwise, 
· Companies to report the assumption used in evaluation. 
· The BS power consumption for active UL transmission is provided by

· : a static part of power for BS in active, which is not scaled based on reference configurations. 
· : a dynamic part of power for BS in active, which is scaled based on reference configuration and  is the percentage of active TRxRUs
· Baseline
· 
·  when no scaling is applied (i.e. scaling factor is 1)
· For multi-carrier: the total power consumption of BS is calculated as is the sum of the power consumption of each CC; 
· for intra-band multi-carrier with contiguous CCs, the power consumption of each additional CC is scaled by [0.7].
· For multi-TRP, the total power consumption of BS is assumed as is the sum of the power consumption of each TRP
· Company to report whether Pstatic is shared among TRPs (if shared, Pstatic is accounted once)
· Company to additionally report the assumption for antenna adaptation delay, e.g. immediate, with a transition time of [1-3] ms, etc.
· In time domain, 
· The power consumption in a slot is the sum of the power consumption associated with symbols in the slot. The symbol may correspond to uplink symbol, downlink symbol, or symbol without uplink and downlink.
· Company to report how the summation is performed along with evaluation results.
· Other values for the above scaling formula, and other scaling approaches can be optionally reported, including
· At least = 1 is supported. Additional one or two more values are FFS.
· PUL = P5 (0.8+ 0.2 sf) * (0.4+ 0.6*sa).
· Sf is the ratio of RF BW to the maximum system BW

Agreement
· For FR1 SLS assumptions, add parameters in the below table as additional SLS parameters.
	
	
	Set 1 FR1
	Set 2 FR1

	1
	Channel model
	3D-Uma as in TR 38.901
	3D-Uma as in TR 38.901

	2
	percentage of high loss and low loss building type
	100% low loss
	100% low loss

	3
	Guard band ratio on simulation bandwidth
	TDD: 2.08% (272 RB for 30kHz SCS and 100 MHz bandwidth)
	FDD: 6.4% (104RB for 15kHz SCS and 20 MHz BW)

	4
	HARQ scheme
	Ideal
	Ideal

	5
	Max HARQ retransmission
	3
	3

	6
	Target BLER
	10% of first transmission
	10% of first transmission

	7
	Power control parameters
	Open loop, 
P0=-80dBm, alpha=0.8
	Open loop,
P0=-80dBm, alpha=0.8

	10
	SS blocks per SSB burst
	Up to 8 for 3 GHz < FR1 <= 6 GHz
	Up to 4 for FR1<=3GHz

	11
	SSB time resource
	4 symbols for each SSB
	4 symbols for each SSB

	12
	SSB frequency resource
	20 RBs
	20 RBs


· For (Set 3) FR2 SLS assumptions, use Table below as baseline assumptions
	BS type
	Micro
	UE BWP
	100 Mhz

	Network layout and inter-site distance
	21 cells Wraparound (ISD=200m, as agreed)
	UE height
	1.5m

	Channel model
	UMi
	UE noise figure
	13 dB 

	Link direction
	Downlink
	UE antenna element gain
	5 dBi

	Frequency range
	30GHz 
	UE receiver
	MMSE-IRC

	Duplex 
	TDD
	UE deployment
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h

	Frame structure
	DDDSU (S: 10D:2G:2U) 
	Traffic model and C-DRx configuration
	follow previous RAN1 agreement

	Subcarrier spacing
	120 kHz
	UE density/NW Load
	Follow previous RAN1 agreements

	Simulation bandwidth
	100 MHz
	Maximum supported Modulation and coding scheme
	Up to 256QAM

	Number of carriers
	1 CC
	Guard band ratio on simulation bandwidth
	47.8% (64 RB for 120kHz SCS and 100 MHz bandwidth) As per TS 38.104

	Slot size
	14 OFDM symbols
	Channel estimation
	Ideal

	BS antenna configuration
	2 TxRU: 
Baseline:
[(M, N, P, Mg, Ng; Mp, Np) = (4,4,2,1,21;1,1); (dH, dV) = (0.5λ, 0.5λ) (dg,H, dg,V) = (2.5λ, 2.5λ)
Optional:
(M, N, P, Mg, Ng)=(8:16:2:2:2)]
	HARQ scheme
	Ideal

	Total Tx power 
	33 dBm, EIRP limited to 63 dBm (as agreed in ref. conf. set 3)
	Max HARQ retransmission
	3

	BS height
	10m
	Target BLER
	10% of first transmission

	BS noise figure
	7 dB
	Power control parameters
	Open loop, Alpha=1, P0=-106 dBm

	BS antenna element gain
	8 dBi
	Scheduling algorithm
	PF

	UE antenna configuration
	2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), 
(dH, dV) = (0.5λ, N/Aλ)
	Cell selection algorithm
	RSRP Slow Fading 

	UE max transmit power
	23 dBm 
	SS blocks per SSB burst
	Up to 64 


· Other parameters can be optionally reported.
· Company can optionally report the actual total DL transmit power allocation for the baseline and the proposed technique, if different from the agreed reference configuration.
· For TDD frame structure of e.g. DDDSU, the S slot is assumed as S = 10 DL symbols : 2 Guard symbols :2 UL symbols.
· Additionally, for FR1, include the following SLS assumptions as an optional scenario:
· BS antenna configuration: 4T
· BS Total Tx power: derived based on the scaling methodology 
· SS blocks per SSB burst: reduced to 1
· Other assumptions are same as those corresponding to Set 2 reference configuration.
· Additional transition energy is calculated taken into account the discussion and agreements for additional transition energy for Set 1/2/3 
· Company to report the details
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