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Introduction
In RAN#95 e-meeting, network energy saving Study Item was agreed [1]. 
· 1. Definition of a network energy consumption model [RAN1]
· Adapt the framework of the power consumption modelling and evaluation methodology of TR38.840 to the network side, including relative energy consumption for DL and UL (considering factors like PA efficiency, number of TxRU, network load, etc), sleep states and the associated transition times, and one or more reference parameters/configurations.
· 2. Definition of an evaluation methodology and KPIs [RAN1]
· The evaluation methodology should target for evaluating system-level network energy consumption and energy savings gains, as well as assessing/balancing impact to network and user performance (e.g. spectral efficiency, capacity, UPT, latency), energy efficiency, and UE power consumption/complexity. The evaluation methodology should not focus on a single KPI, and should reuse existing KPIs whenever applicable; where existing KPIs are found to be insufficient new KPIs may be developed as needed.
· 3. Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception [RAN1, RAN2, RAN3, [RAN4]]
Note: Other techniques are not precluded

The study should prioritize idle/empty and low/medium load scenarios (the exact definition of such loads is left to the study), and different loads among carriers and neighbor cells are allowed. 

The following example scenarios (mapping between scenarios and network loads is left to the study) including single-carrier and multi-carrier deployments are used as the starting point for discussion on prioritized scenarios for the study. 

The following example scenarios are listed in no particular order.
· Urban micro in FR1, including TDD massive MIMO (note: this scenario can also model small cells)
· FR2 beam-based scenarios (note: this scenario can also model small cells)
· Urban/Rural macro in FR1 with/without DSS (no impact to LTE expected in case of DSS)
· EN-DC/NR-DC macro with FDD PCell and TDD/Massive MIMO on higher FR1/FR2 frequency

Note 1: legacy UEs should be able to continue accessing a network implementing Rel-18 network energy savings techniques, with the possible exception of techniques developed specifically for greenfield deployments.

Note 2: the study of energy savings specifically for IAB is not part of the scope.

In this contribution, the evaluation methodology, system configuration and power model are proposed with details in [2].    Some network energy saving schemes are introduced and discussed in section 2. The evaluation results are showed in the section 3. 
Evaluation Assumptions
The evaluation methodology of network energy saving includes simulation methodology, the deployment simulation scenario, simulation assumption of system configuration, traffic model and general network operation procedure. System-level simulation should be considered for the network energy saving performance evaluation of to evaluate network energy consumption and energy saving gains. The evaluation methodology should target for the evaluation of network energy consumption and energy saving gains of network energy saving techniques comparing to the baseline network configuration and operation. The simulation assumptions are included in Table 1. The evaluation methodology and KPI are discussed with details in [2].
Table 1:  Simulation assumptions for network energy saving schemes 
	Parameter
	Configuration

	Deployment 
	Urban macro cell with 46dBm Tx power.

	Numerology
	30 kHz

	Carrier frequency
	3.5GHz

	Duplex mode
	FDD

	System Bandwidth
	Single Carrier (SC)  with 100 MHz

	gNB antenna configuration
	Option 1: 64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8)
 (dH, dV) = (0.5λ, 0.5λ)

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

	Channel estimation
	Non-ideal

	Transmission scheme
	MU-MIMO

	Traffic model
	FTP3, 0.5Mbytes per packet

	System Load
	Zero system load: RU<5%;
Light system load: RU <20%
Medium system load: RU <50%
high system load: RU >50%



Furthermore, the proposed network energy saving schemes are described in Table 2.

Table 2:  Evaluation cases of network energy saving schemes
	Network power saving schemes
	Explanation

	Baseline
(No power saving scheme, micro sleep is the only sleep state)
	· Network sleeping state: Only SSB transmission for UE detection and network access 

	
	· Network active state: DL broadcast and control channels, and CSI-RS transmission.

	
Case1: SSB/RMSI transmission reduction
	SSB with longer cycle,
e.g.{20,40,80,160,320,640}ms
SSB with less number of beam
L=2,4,8,16,32,64

	Case2: gNB DTX scheme
	gNB transmits PDCCH/PDSCH and reference signal, e.g. SSB, CSI-RS during DTX-ON; gNB go to sleep during DTX-OFF [3]



Evaluation Results 
We have proposed somenetwork energy saving schemes with preliminary results for initial evaluation of network energy study, which includes SSB/RMSI transmission reduction and gNB DTX scheme.   
3.1 Evaluation Baseline 
We could classify the network energy consumption into two categories, which are network sleeping state and network active state as shown in Figures 1 and 2.  Only SSB and RMSI are transmitted in the same period e.g. 20ms. SSB is transmitted for UE detection and network access, RMSI is transmitted for delivering the essential system information.


Figure 1:  Network in sleeping state 
The normal network operation is when network in active state to transmit reference signals, control and data channels.   SSB and RMSI would be transmitted for UE detection and network access. CSI-RS is configured for CSI measurements and report for link adaptation.  SSB and CSI-RS are assumed to be transmitted with the same period, e.g. 20ms. PDCCH and PDSCH are transmitted when the data is scheduled to transmit.



Figure 2:  Network in Active state
The detailed gNB energy consumption model are shown in [2]. The procedure of network in sleeping and active state  are considered as the baseline to evaluate the power saving gain of network energy saving schemes in the followed section 3.2~3.3.  The KPI of UPT and latency are also considered to evaluate the impact to user performance.

3.2 SSB transmission reduction scheme 
The network in sleeping state can turn OFF some Units in gNB (light/deep sleep) or set in standby (micro sleep)   to reduce energy consumption. Network only transmit SSB and RMSI at the transmit cycle. In this section, the network power saving gain with different SSB periods and different number of beams for SSB beam sweeping under FR1 and FR2 are evaluated respectively.  The detailed configuration of FR1 and FR2 are shown in Table 3.
Table 3:  Configuration of SSB transmission reduction mode

	Case
	Parameters

	1-1
	SSB with period varied20ms, 40ms, 80ms, 160ms 320ms, 640ms
L=2,4,8
SCS = 30KHz

	1-2
	
SSB with period varied20ms, 40ms, 80ms, 160ms 320ms, 640ms
L=8,16,32,64
SCS = 120KHz



The power saving gain under different SSB periods and SSB beams for FR1 and FR2 are shown in Figure 1~ Figure 5.


Figure 3:  Power saving Gain under different SSB periods, L=2


Figure 4: Power saving Gain under different SSB periods, L=4



Figure 5: Power saving Gain under different SSB periods, L=8

It can be observed that:
· 2 /4/8 beams of SSB transmission with longer period can be obtained up to about 80% power saving gain.
· When the period of SSB up to 640ms, the power saving gain from the longer SSB period reach to Saturation state.

Observation 1: The longer SSB period can bring higher network Power saving gain with the SSB period up to 640ms.



Figure 6: Relative Power saving Gain with different number of SSB beams（baseline:2beams）, FR1


Figure 7: Relative Power saving Gain with different number of SSB beams（baseline:8beams）, FR2

It can be observed that:
· The larger number of SSB beams, the larger network Power saving gain can be obtained by longer SSB period. It could be up to about 4% for FR1.
· The larger number of SSB beams, the larger network Power saving gain can be obtained by longer SSB period. It could be up to about 35% for FR2.

Observation 2: The larger number of SSB beams(FR1&FR2), the more network Power saving gain can be obtained by longer SSB period, especially for FR2.

3.3 gNB DTX scheme 
Similar to DRX mechanism for  UE power saving, the  network operation in active state can also reduce energy consumption based on discontinuous transmission by allocate the SSB, CSI-RS, scheduled PDCCH/PDSCH  transmission within a range of slots and no transmission at the remaining of slots within the cycle when the system load is low.  gNB transmits PDCCH/PDSCH and reference signal, e.g. SSB, CSI-RS only during DTX-ON and go to sleep during DTX-OFF. Furthermore, the ON period of DTX of network aligns with that of the DRX of the serving UEs [3]. The network is in DTX-ON as long as one of the saving UE is under DRX-ON, the network turn to DTX-OFF only when all serving UEs are all in DRX-OFF. The detail evaluation cases of DTX are shown in Table 4.

Table 4: Evaluation cases of DTX

	Case
	Parameters

	2-1
	RU<10%
gNB is configured by DTX=(320,10) ,(100,10,10), (80,10,10)ms
FTP3:0.5Mbytes Packet，200ms inter-arrival time

	2-2
	RU<20%
gNB is configured by DTX=(160,10) ,(100,10,10), (80,10,10)ms 
FTP3: 0.5Mbytes Packet，100ms inter-arrival time



The power saving gain and the user performance for case 2-1 and case 2-2 are shown in Table 5.
Table 5: Simulation results for case 1 and case 2 under Urban Macro
	DTX config
	（320,10,80）
	（160,8,40）
	(100,10,10)
	(80,10,10)

	RU level
	7%
	15%
	14%
	7%
	15%
	9%

	Average PSG
	46.1%
	39.3%
	47.0%
	53.2%
	44.1%
	48.8%

	5% UPT loss
	0.56%
	1.8%
	1.1%
	1.1%
	2.8%
	2.1%

	50% UPT loss
	12.3%
	1.3%
	2.4%
	2.2%
	9.1%
	5.7%

	95% UPT loss
	0%
	0%
	0%
	0%
	0%
	0%

	5% Latency loss
	0%
	0%
	0%
	0%
	0%
	0%

	50% Latency loss
	13.3%
	0%
	2.4%
	2.3%
	10.0%
	5.4%

	95% Latency loss
	0.37%
	0.72%
	1.1%
	1.1%
	2.9%
	2.7%



Based on the above results, it could be observed that:
· When network with RU lower than 10%, 46.1 %, 53.2% and 48.8% network energy saving gain can be achieved under DTX configured with (320,10) ms, (100,10,10) ms and (80,10,10) ms, respectively, and the UPT loss is about 10% at most.
· [bookmark: _GoBack]When network with RU lower than 20%, 39.3 %, 47% and 44.1% network energy saving gain can be achieved under DTX configured with (160,10) ms, (100,10,10) ms and (80,10,10) ms, respectively, and the UPT loss is about 10% at most.

Observation 3: For network in Active State, time domain energy saving mechanism of gNB DTX could reduce network energy consumption.
Conclusion
In this contribution, it discussed the evaluation assumption and provided the preliminary results.  We have the following observations.
Observation 1: The longer SSB period can bring higher network Power saving gain with the SSB period up to 640ms.
Observation 2: The larger number of SSB beams(FR1&FR2), the more network Power saving gain can be obtained by longer SSB period, especially for FR2.
Observation 3: For network in Active State, time domain energy saving mechanism of gNB DTX could reduce network energy consumption.
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