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Introduction
[bookmark: _Hlk53783455]During RAN1#110 meeting, significant progress has been achieved for the NES evaluation [1]. However, there are still some remaining issues. In this contribution, we discuss and provide our views on the evaluation for network energy saving, especially for the energy consumption model and evaluation assumptions. 
Energy consumption model for BS
In [Post-110-R18- NW_ES2] email discussion [2], the agreements for energy consumption model have been achieved as shown below.
	Agreement
· The total transition time for set 2 and set 3 is the same as that for set 1.
· Companies are encouraged to check the input and values provided in section 2.1.4.2 of R1-2208312 for further determination.




The relative power for reference configuration set 2 and set 3 is still a remaining issue. From R1-2208312, some companies provide their preference relative power and there is a proposed working assumption from FL shown in Table 1. Although the absolute powers for Set 1 and Set 2 should be different due to different configurations of TxRU number, bandwidth, and transmission power, it is feasible to assume the same relative power model for set 2 and set 1 for evaluation purpose. For the proposed relative power values, which are the average from preference values of companies and are almost the same as that of Set 1, we can accept proposal to move forward the following evaluations.
Table 1. The relative power values for reference configuration set 2 and set 3 proposed by FL
	Power state
	Relative Power P for Category 1
	Relative Power P for Category 2

	
	Set 2
	Set 3
	Set 2
	Set 3

	Deep sleep
	1
	1
	1
	1

	Light sleep
	23
	20
	2.6
	1.8

	Micro sleep
	50
	38
	5
	3

	Active DL
	240
	152
	40 
	8.4

	Active UL
	90
	80
	 5.8
	4.2



Table 2. Reference configuration for evaluation and BS energy consumption modeling purpose, for single CC case
	
	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
EIRP limited to 63dBm

	Total number of UL Rx RUs
	64
	32
	2



Proposal 1: Consider to take the relative power values for reference configuration set 2 and set 3 proposed by FL as Table 1 for evaluation purpose.
Simulation assumption
In [Post-110-R18- NW_ES2] email discussion, the agreements for the simulation assumption have been achieved as shown below.
	Agreement
· For FR1, adopt the Reference SLS configurations in Annex-A in R1-2208312 as baseline SLS assumptions.
· Other carrier frequencies can be optionally considered.
· FFS For FR2 adopt the Reference SLS configuration used in Dense Urban Config.B in Table2 of RP-180524 for IMT-2020 with the following clarification/update as initial SLS assumption.
· BS antenna configurations
· 2 TxRU (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2;1,1)
· (dH, dV) = (0.5λ, 0.8λ) (dg,H, dg,V) = (4.0λ, 3.6λ)
· Traffic model & UE density
· Follow previous agreements with adjusted UE density
· Total transmit power per TRxP
· Value scaled from that in set 3 reference configuration considering BW 
· Further adjustment/clarification can be discussed in the next meeting.




In our point of view, we agree that the Reference SLS configuration used in Dense Urban Config.B in Table2 of RP-180524[3] for IMT-2020 can be used as initial SLS assumption for FR2. The final reference configurations for evaluation and BS energy consumption modeling purpose are summarised in table 2. A whole picture of parameter in RP-180524 is shown in Appendix A. However, some necessary clarification/updates should be made for the reference SLS configuration to adapt to the previous agreements or the scenarios.
The original number of TXRU setting is 8TXRU, (Mp,Np,P,Mg,Ng) =(1,1,2,2,2) in RP-180524. However, our agreed reference for TXRU number is set to 2, which is the reference configuration for set 3 FR2 in RAN1#109-e meeting. Considering this, we can update the TXRU per TRxP to 2TXRU, (Mp,Np,P,Mg,Ng) =(1,1,2,2,2). 
For the total transmit power, the original assumption is 37 dBm for 40 MHz bandwidth in RP-180524. While the value in set 3 reference configuration is agreed as 33 dBm for 100MHz. If considering the bandwidth updates to 100 MHz for evaluation, the total transmit power can be set to 33dBm. If companies use other bandwidth other than 100MHz (e.g., 40 MHz) for evaluation, the total transmit power can be scaled considering bandwidth. 
For the traffic model, because packets for these scenarios may be burst and the SID is agreed to focus on idle/empty and low/medium load scenario, we think the full buffer is not feasible. We have already achieved three traffic models (FTP, IM and VoIP) in previous discussion. The traffic model can be adapted to these three models. Furthermore, there can be different UE density defined corresponding to low/light/medium load cases.  
The updated baseline parameter is shown in table 3 with updated parameters highlighted in yellow.
Table 3. Updated parameters based on Dense Urban Config.B
	Dense Urban - eMBB
	Config. B

	Carrier frequency for evaluation
	1 layer (Macro) with 30 GHz

	BS antenna height
	25 m

	Total transmit power per TRxP
	33 dBm for 100 MHz bandwidth

	UE power class
	23 dBm

	Number of antenna elements per TRxP
	256Tx/Rx, (M,N,P,Mg,Ng) = (4,8,2,2,2), (dH,dV) = (0.5, 0.5)λ. (dg,H,dg,V) = (4.0, 2.0)λ

+45°, -45° polarization

	Number of TXRU per TRxP
	2TXRU, (Mp,Np,P,Mg,Ng) =(1,1,2,2,2)

	Number of UE antenna elements 
	32Tx/Rx, (M,N,P,Mg,Ng) = (2,4,2,1,2), (dH,dV) = (0.5, 0.5)λ
(dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180;

0°,90° polarization

	Traffic model
	FTP, IM or VoIP

	Simulation bandwidth
	100 MHz

	UE density
	adjusted for different load cases



Proposal 2: Adopting the Reference SLS configuration used in Dense Urban Config.B in Table2 of RP-180524 for IMT-2020 with necessary updates as initial SLS assumption for FR2.

Conclusion
In summary, we provide the following observations and proposals for performance evaluation for network energy savings in Rel-18 NR:
Proposal 1: Consider to take the relative power values for reference configuration set 2 and set 3 proposed by FL as Table 1 for evaluation purpose.
Proposal 2: Adopting the Reference SLS configuration used in Dense Urban Config.B in Table2 of RP-180524 for IMT-2020 with necessary updates as initial SLS assumption for FR2.
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Appendix A
[bookmark: _Ref494294911]Table 2 Baseline parameter for Dense Urban – eMBB
	Dense Urban - eMBB
	Config. A
	Config. B

	Carrier frequency for evaluation
	1 layer (Macro) with 4 GHz
	1 layer (Macro) with 30 GHz

	BS antenna height
	25 m
	25 m

	Total transmit power per TRxP
	41 dBm for 10 MHz bandwidth
	37 dBm for 40 MHz bandwidth

	UE power class
	23 dBm
	23 dBm

	Percentage of high loss and low loss building type 
	20% high loss, 80% low loss (applies to Channel model B)
	20% high loss, 80% low loss

	Inter-site distance
	200 m
	200 m

	Number of antenna elements per TRxP
	128Tx/Rx, (M,N,P,Mg,Ng) = (8,8,2,1,1), (dH,dV) = (0.5, 0.8)λ

+45°, -45° polarization
	256Tx/Rx, (M,N,P,Mg,Ng) = (4,8,2,2,2), (dH,dV) = (0.5, 0.5)λ. (dg,H,dg,V) = (4.0, 2.0)λ

+45°, -45° polarization

	Number of TXRU per TRxP
	4TXRU, (Mp,Np,P,Mg,Ng) = (2,1,2,1,1)
	8TXRU, (Mp,Np,P,Mg,Ng) =(1,1,2,2,2)

	Number of UE antenna elements 
	4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, N/A)λ

0°,90° polarization
	32Tx/Rx, (M,N,P,Mg,Ng) = (2,4,2,1,2), (dH,dV) = (0.5, 0.5)λ
(dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180;

0°,90° polarization

	Number of TXRU per UE
	4TXRU, (Mp,Np,P,Mg,Ng) = (1,2,2,1,1)
(1-to-1 mapping)
	4TXRU, (Mp,Np,P,Mg,Ng)=(1,1,2,1,2)

	Device deployment
	80% indoor, 20% outdoor (in car)
Randomly and uniformly distributed over the area under Macro layer
	80% indoor, 20% outdoor (in car)
Randomly and uniformly distributed over the area under Macro layer

	UE mobility model
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction

	UE speeds of interest
	Indoor users: 3km/h
Outdoor users (in-car): 30 km/h
	Indoor users: 3km/h
Outdoor users (in-car): 30 km/h

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	7 dB

	UE noise figure
	7 dB 
	10 dB

	BS antenna element gain
	8 dBi
	8 dBi

	BS antenna element pattern
	See Table 6 in Section 4.6
	See Table 6 in Section 4.6

	UE antenna element gain
	0 dBi
	5 dBi

	UE antenna element pattern
	Omni-directional
	See Table 8 in Section 4.6

	Thermal noise level
	-174 dBm/Hz
	-174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer

	Simulation bandwidth
	10 MHz
	40 MHz

	UE density
	10 UEs per TRxP
	10 UEs per TRxP

	UE antenna height
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; 
nfl ~ uniform(1,Nfl) where 
Nfl ~ uniform(4,8)
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; 
nfl ~ uniform(1,Nfl) where 
Nfl ~ uniform(4,8)

	Channel model variant
	Alt. 1: Channel model A
Alt. 2: Channel model B
	(Channel model A or B is the same)

	TRxP number per site
	3
	3

	Mechanic tilt 
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	(According to Zenith angle in "Beam set at TRxP")
	(According to Zenith angle in "Beam set at TRxP")

	Handover margin (dB)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)

	TRxP boresight  
	30 / 150 / 270 degrees 

	30 / 150 / 270 degrees 


	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
	Based on RSRP (formula as shown in Appendix 3) from port 0
The UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.

	Wrapping around method
	Geographical distance based wrapping
	Geographical distance based wrapping

	Minimum distance of TRxP and UE
	d2D_min=10m 
	d2D_min=10m 

	Polarized antenna model
	Model-2 in TR36.873
	Model-2 in TR36.873

	Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)
	 For direction of TRxP analog beam steering (in LCS):
Azimuth angle φi = [-5*pi/16, -3*pi/16, -pi/16, pi/16, 3*pi/16, 5*pi/16] 
Zenith angle θj = [5*pi/8, 7*pi/8]

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam)
	For direction of TRxP analog beam steering (in LCS):
Azimuth angle φi = [-5*pi/16, -3*pi/16, -pi/16, pi/16, 3*pi/16, 5*pi/16] 
Zenith angle θj = [5*pi/8, 7*pi/8]

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam)

	Beam set at UE
(Constraints for the range of selective analog beams for UE)
	-
	For direction of UE analog beam steering (in LCS):
Azimuth angle φi = [-3*pi/8, -pi/8, pi/8, 3*pi/8];
Zenith angle θj = [pi/4, 3*pi/4];

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam)

	Criteria for selection for serving TRxP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered 
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered

	Criteria for analog beam selection for serving TRxP
	Select the best beam pair among the limited set of DFT analog beams, based on the criteria of maximizing receive power after beamforming.
	Select the best beam pair among the limited set of DFT analog beams, based on the criteria of maximizing receive power after beamforming.

	Criteria for analog beam selection for interfering TRxP
	Random selecting the random beams for non-serving TRxP
	Random selecting the random beams for non-serving TRxP
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