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Introduction
A study item on network energy savings for NR was approved in RAN#94 and is planned to be finished in RAN#98 [1]. In RAN1#109-e, RAN1#110 and RAN1#110b-e meetings, the base station energy consumption model and evaluation methodology were discussed and finalized. In this contribution, we provide evaluation results for time domain and spatial domain network energy techniques. Our views on network energy saving techniques are provided in companion contributions [2].

System Level Simulation Results
In this contribution, we give our simulation results of network energy saving techniques in time domain and spatial domain, based on the agreements made by RAN1 [3]. Detailed parameters are provided in appendix.
Evaluation results for time domain network energy saving techniques
The system level simulations are performed for the following cases. In the simulations, it is assumed that the base station goes into micro sleep for the symbols on which neither transmission nor reception is performed. The performance evaluation results of energy saving gain compared with the baseline scheme are summarized in Table I.
· Case 1: Baseline scheme, where adaptation of SSB/SIB1 is not performed
· Case 2: SSB/SIB1 adaptation scheme, where SSB and SIB1 are transmitted with the periodicity larger than 20 ms
· Case 3: SSB-less scheme where simplified SSB which contains SSS and PSS is transmitted with periodicity of 160 ms
Table I. Energy saving gain for SSB/SIB1 adaptation scheme and SSB-less scheme
	Reference configuration
	System load
	SSB/SIB1 transmission periodicity
	SSB-less

	
	
	40 ms
	80 ms
	160 ms
	

	Set 1
	zero
	21.8%
	36.8%
	45.7%
	52.7%

	Set 2
	
	18.2%
	27.4%
	31.9%
	36.1%

	Set 1
	low
	13.7%
	20.6%
	24.1%
	27.0%

	Set 2
	
	12.5%
	18.8%
	22.0%
	24.6%

	Set 1
	light
	11.1%
	16.6%
	19.4%
	21.7%

	Set 2
	
	9.4%
	14.1%
	16.5%
	18.4%

	Set 1
	medium
	8.5%
	12.8%
	14.9%
	16.7%

	Set 2
	
	6.9%
	10.4%
	12.1%
	13.5%



From the evaluation results in Table I, we could observe that:
· By increasing the SSB and SIB1 transmission periodicity, 18.2% ~ 45.7% network energy saving gain can be obtained for zero system load and 6.9% ~ 24.1% for non-zero system loads
· By SSB-less scheme, 31.6% ~ 52.7% network energy saving gain can be obtained for zero system load and 13.5% ~ 27% for non-zero system loads
Observation 1. By increasing the SSB and SIB1 transmission periodicity, 18.2% ~ 45.7% network energy saving gain can be obtained for zero system load and 6.9% ~ 24.1% for non-zero system loads.
Observation 2. By SSB-less scheme, 31.6% ~ 52.7% network energy saving gain can be obtained for zero system load and 13.5% ~ 27% for non-zero system loads.

Evaluation results for spatial domain network energy saving techniques
In this section we give our simulation results of network energy saving techniques in spatial domain, based on the agreements made by RAN1 [3]. 
We simulated the following two cases and evaluated the impact on energy consumption and UPT with different levels of traffic loads. More detailed parameters were provided in appendix.
· Case 1: Baseline scheme, where adaptation of TxRU is not performed. 
· Case 2: Dynamic TxRU adaptation scheme, where gNB dynamically turns out half of the TxRUs if it finds out that all the DL data in the buffer is expected to be transmitted within 2 slots
The performance evaluation results of energy saving gain and UPT loss for dynamic TxRU adaptation are summarized in Table II. The UPT performance for reference configuration set 1 and set 2 with low, light and medium loads are shown in Figure 1 ~ Figure 6 in the appendix, respectively. From the evaluation results in Table II, we could observe that:
· By dynamic TxRU adaptation, 12.0% ~ 26.5% network energy saving gain can be obtained with UPT loss of 0.0% ~ 1.9% for 5% UPT and 0.3% ~ 5.7% for average UPT
· For the case with light system load in FDD, the reason for the improvement in 5% UPT is that the TxRU reduction also reduces interference for neighbor cells. But UPT loss can still be observed for average UPT.
Table II. Energy saving gain and UPT loss for dynamic TxRU scheme
	Reference configuration
	System load
	Resource utilization rate (RUR)
	Energy consumption gain
	5% UPT loss
	Average UPT loss

	Set 1
	low
	11.1%
	24.0%
	0.0%
	5.7%

	Set 2
	
	14.8%
	26.5%
	1.9%
	0.6%

	Set 1
	light
	24.8%
	18.6%
	0.4%
	4.1%

	Set 2
	
	28.5%
	20.0%
	-0.4%
	0.5%

	Set 1
	medium
	46.2%
	12.0%
	1.5%
	2.3%

	Set 2
	
	48.3%
	12.8%
	1.6%
	0.3%



[bookmark: _Ref228947482]Observation 3. By dynamic TxRU adaptation, 12.0% ~ 26.5% network energy saving gain can be obtained with UPT loss of 0.0% ~ 1.9% for 5% UPT and 0.3% ~ 5.7% for average UPT

Conclusions
In this contribution, we provide performance evaluation results for spatial domain network energy saving technique. Based on the evaluation results, the following observation can be drawn.
Observation 1. By increasing the SSB and SIB1 transmission periodicity, 18.2% ~ 45.7% network energy saving gain can be obtained for zero system load and 6.9% ~ 24.1% for non-zero system loads.
Observation 2. By SSB-less scheme, 31.6% ~ 52.7% network energy saving gain can be obtained for zero system load and 13.5% ~ 27% for non-zero system loads.
Observation 3. By dynamic TxRU adaptation, 12.0% ~ 26.5% network energy saving gain can be obtained with UPT loss of 0.0% ~ 1.9% for 5% UPT and 0.3% ~ 5.7% for average UPT
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Appendix
Table III. Simulation parameters for reference configuration set 1
	Parameter
	Value
	

	Scenario
	5GCM Uma, Indoor rate = 80% (v=3[km/h]), low-loss O2I penetration model

	Cell layout
	Hexagonal Grid, ISD=500m, 7*3 sector

	Carrier frequency
	4.0 GHz

	System bandwidth
	100MHz (272RB)

	Subcarrier spacing
	30kHz

	Antenna array configuration
	Cell: (M, N, P, M_g, N_g; Mp, Np)=(8, 8, 2, 1, 1; 4, 8)
User:(M, N, P, M_g, N_g)=(1, 2, 2, 1, 1)

	Antenna spacing
	(dH, dV) = (0.5, 0.8)λ

	Transmission power
	55dBm

	Traffic model
	[bookmark: _Hlk102126309]FTP model 3, packet size=0.5MB, mean inter-arrival time = 200ms

	UE dropping
	4 / 8 / 13 UE per cell for low / light / medium load

	Scheduler
	Proportional Fairness

	Number of layers
	Rank adaptation (Max rank =4)

	Number of maximum retransmit
	3

	Modulation
	QPSK, 16QAM, 64QAM, 256 QAM

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

	Codebook
	Non-PMI transmission

	DL CSI measurement
	Precoded CSI-RS based

	SRS transmission period
	40 ms

	CSI feedback period and delay
	Period = 20 ms, delay = 4 ms

	Antenna adaptation delay
	Immediate

	Receiver / Channel estimation
	MMSE-IRC / Non-ideal

	SSB periodicity
	20 ms

	SSB time resource
	2 SSB per slot, 4 symbols for each SSB, Case B for time-domain mapping

	SSB frequency resource
	20 RB

	SIB1 transmission periodicity
	20 ms, 1 SIB1 per SSB

	SIB1 time resource
	1 slot

	SIB1 frequency resource
	24 RB

	BS category
	Cat 2

	BS power consumption mode
	Baseline: , A=0.4,  



Table IV. Simulation parameters for reference configuration set 2
	Parameter
	Value
	

	Scenario
	5GCM Uma, Indoor rate = 80% (v=3[km/h]), low-loss O2I penetration model

	Cell layout
	Hexagonal Grid, ISD=500m, 7*3 sector

	Carrier frequency
	2.1 GHz

	System bandwidth
	20MHz (104RB)

	Subcarrier spacing
	15kHz

	Antenna array configuration
	Cell: (M, N, P, M_g, N_g; Mp, Np)=(8, 8, 2, 1, 1; 2, 8)
User:(M, N, P, M_g, N_g)=(1, 2, 2, 1, 1)

	Antenna spacing
	(dH, dV) = (0.5, 0.8)λ

	Transmission power
	49dBm

	Traffic model
	FTP model 3, packet size=0.5MB, mean inter-arrival time = 200ms

	UE dropping
	1 / 2 / 3 UE per cell for low / light / medium load

	Scheduler
	Proportional Fairness

	Number of layers
	Rank adaptation (Max rank =2)

	Number of maximum retransmit
	3

	Modulation
	QPSK, 16QAM, 64QAM, 256 QAM

	Codebook
	Type I codebook

	DL CSI measurement
	Non-precoded CSI-RS based

	CSI feedback period and delay
	Period = 20 ms, delay = 4 ms

	Antenna adaptation delay
	Immediate

	Receiver / Channel estimation
	MMSE-IRC / Non-ideal

	SSB periodicity
	20 ms

	SSB time resource
	2 SSB per slot, 4 symbols for each SSB, Case B for time-domain mapping

	SSB frequency resource
	20 RB

	SIB1 transmission periodicity
	20 ms, 1 SIB1 per SSB

	SIB1 time resource
	1 slot

	SIB1 frequency resource
	24 RB

	BS category
	Cat 2

	BS power consumption mode
	Baseline: , A=0.4,  
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Figure 1. Comparison of UPT of dynamic TxRU adaptation and baseline for reference configuration set 1 with low system load 
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Figure 2. Comparison of UPT of dynamic TxRU adaptation and baseline for reference configuration set 1 with light system load
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Figure 3. Comparison of UPT of dynamic TxRU adaptation and baseline for reference configuration set 1 with medium system load
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Figure 4. Comparison of UPT of dynamic TxRU adaptation and baseline for reference configuration set 2 with low system load 
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Figure 5. Comparison of UPT and power consumption of dynamic TxRU adaptation and baseline for reference configuration set 2 with light system load 
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Figure 6. Comparison of UPT of dynamic TxRU adaptation and baseline for reference configuration set 2 with medium system load 
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