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Introduction
[bookmark: _Hlk525462591]Based on the email and online GTW discussions in RAN1#110bis-e meeting, the agreements and working assumption were made as shown in Appendix B.
In this contribution, we will provide our simulation results of some energy saving techniques in different domains based on the template table provided by the FL from RAN1#110bis-e meeting. And in our companion contribution, we discuss the agenda item on network energy saving techniques [1]. 
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]System-level evaluation results
The system-level simulation parameters are presented in Table 11 of Appendix A as per the latest agreements. The evaluation results are provided for the urban macro scenario, which is to be prioritized.
In the following, we provide the detailed system-level simulation results of the evaluated energy saving techniques in different domains. 
For all the results, we evaluated the BS performance in terms of ES gain (as compared to a baseline defined for each technique) and the UPT with respect to Set 1 reference configuration and using CAT2 power values.
Techniques in time domain
Technique #A-1: Adapting transmission/reception of common channels/signals
We simulated the Technique #A-1 defined in [1] by relaxing the periodicity of SIB1/SSB transmission and random-access occasion (RO) monitoring from 20 ms (as baseline) to 1280 ms, which enables the BS to enter sleep states, when it is possible.
In our simulations, we consider a single cell scenario. We assume that UEs can be initially either in RRC_IDLE or in RRC_CONNECTED state. For RRC_IDLE UEs, they need to acquire SSBs and SIB1, and perform RA procedure with RRC state switching to RRC_CONNECTED state before any data activity. All CP and UP procedures related to RRC state switching are based on the assumptions used in [2] and [3], respectively. When UEs are moved to RRC_CONNECTED state, they apply the Connected- Discontinuous Reception (DRX) settings corresponding to FTP traffic considered in the evaluation of Technique #A-1. 
For the calculation of DL-UPT, the delay relative to the DRX cycle is omitted, where the scheduling delay is only considered to emphasize the impact of the load and the RRC switching delay for UEs starting at RRC_IDLE state.
On the evaluation results provided in Figure-1, with unloaded scenario (i.e., 0% load), up to 84% ES gain is achieved as compared to the baseline, which is explained by longer BS sleeping opportunities. With SIB1/SSB/RO periodicity longer than 640ms, the gains are significantly increased because the BS may have larger chance to enter the light sleep state for better energy saving. 
For loaded scenarios, the ES gains are lower as compared to the unloaded scenario due to the DL data activity which prevents the BS from entering a deeper sleep state than micro sleep state. However, the simulation results show that the ES gain is still significant, which is around 51% for all load levels with a periodicity of 1280 ms for SSB and SIB1 transmission and RO monitoring. 
The DL-UPT is decreased for UEs initially in RRC_IDLE state due to longer periodicity of SSB/SIB1/RO impacting the initial access delay required before data reception. For RRC connected UEs, they experience a DL-UPT of 200 Mbps, 142 Mbps and 78 Mbps, at low, light and medium load, respectively.
	NW energy saving scheme
	ES gain for each configuration
	UPT
	Evaluation methodology/baseline assumption
	Note

	Relaxed periodicity of SIB1/SSB TX and RO monitoring 
		Load
	SSB/SIB1/RO periodicity [ms]
	ES gain

	0%
	Below 640
	Up to 54%

	
	1280 
	84%

	>0%
	Below 640
	Up to 48%

	
	1280 
	51%



	· UEs initially in RRC_IDLE state
	SSB/SIB1/RO periodicity (ms)
	Load
	Average DL-UPT [Mbps]

	20
	15%
	129

	
	30%
	100

	
	50%
	65

	160
	15%
	83

	
	30%
	70

	
	50%
	55



· UEs initially in RRC_CONNECTED state
	Load
	Average DL-UPT (Mbps)
(Irrespective of the SIB1/SSB/RO periodicity)

	15%
	200

	30%
	142

	50%
	80


	
	Results are provided as per Set 1-Cat 2 power values.
Baseline: Single cell with 20 ms periodicity of SSB/SIB1 Tx and RO monitoring.
Traffic: DL FTP traffic is assumed at different load levels.
UEs: initially assumed to be in RRC_IDLE state or in RRC_CONNECTED state.
	Slot-level modeling is assumed.
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[bookmark: _Ref115429789]Figure 1: ES gain and impact on DL-UPT (for UEs assumed initially in RRC_IDLE state) from relaxing periodicity of SIB1/SSB TX and RO monitoring.

Observation-1: Adapting the transmission periodicity of SSB/SIB1 and/or uplink random access opportunities brings significant ES gains of 84% for 0% load and up to 51% for loaded scenarios at the expense of DL-UPT only for UEs initially in RRC_IDLE state (whereas the network can ensure that there is no impact on UPT for RRC Connected UEs). 

Technique #A-3: Wake up of gNB triggered by UE wake up signal (WUS)
For the evaluation of Technique #A-3 defined in [1], we consider that the BS is capable of transmitting Discovery Reference Signal (DRS) i.e. PSS+SSS, with a certain periodicity to announce its presence. It helps UEs to acquire synchronization before sending a wake-up signal (WUS) request in case of UL data arriving, which triggers the SSB/SIB1 transmission by the BS. 
For DRS, we assumed a simplified SSB occupying only 2-symbols, and consisting of PSS and SSS, whereas for WUS, the legacy PRACH signal is assumed.  
In our evaluation on a single cell, the SSB/SIB1 are transmitted on demand, only when WUS is received from a UE requesting full SSB/SIB1 transmission before its UL data transmission (as per IM traffic model defined as per RAN1 agreements).
The results are shown in Figure 2 and in the table below. By reducing the time spent in active DL state for transmitting SSB/SIB1, the unloaded BS can achieve up to 84% ES gain with a DRS/WUS period of 1280ms. This gain is slightly decreased when the UL traffic load is increased, where 67% ES gain is obtained for 15% UL traffic load with the same DRS/WUS period. This is explained by the reduced time in sleep state (e.g. light sleep state in the case where DRS/WUS period is higher than 640 ms) as compared to the unloaded scenario, in which the BS can enter and remain in light sleep until the next DRS/WUS period.
With longer DRS/WUS periodicity from 20 to 160ms, the UL-UPT is decreased from 13 Mbps to 6 Mbps. This comes with a longer random-access delay perceived by RRC_IDLE UEs that intend to wake up a dormant cell for acquiring full SSB/SIB1, and for UL data transmission.
	NW energy saving scheme
	ES gain for each configuration
	UPT
	Evaluation methodology/baseline assumption
	Note

	DRS + On-demand SSB/SIB1 (triggered by WUS)
		Load
	DRS/WUS periodicity [ms]
	ES gain

	0%
	20
	50%

	
	Below 640
	Up to 55%

	
	1280 
	84%

	15%
	20
	46%

	
	Below 640
	Up to 53%

	
	1280 
	67%



		Load
	DRS/WUS periodicity [ms]
	Average UL-UPT [Mbps] 

	15%
	20
	13 

	
	160
	6 















	Results are provided as per Set 1-Cat 2 power values.
Baseline: Single cell with 20 ms periodicity of SSB/SIB1 Tx and RO monitoring.
Traffic: UL IM traffic is assumed at 15% load level.
UEs: are assumed to be initially in RRC_IDLE state.
	Slot-level modeling is assumed.
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[bookmark: _Ref115429844]Figure 2: ES gain and impact on UL-UPT from enabling DRS/WUS-triggering SSB/SIB1 transmission.

Observation-2: Enabling on-demand SSB/SIB1 transmission triggered by the UE’s WUS (instead of legacy SSB/SIB1 transmission and RO monitoring) enables the BS to achieve significant ES gain by reducing the time spent in Active DL. However, on the other hands, it comes with a longer random-access delay perceived by RRC_IDLE UEs that intend to wake up a dormant cell for acquiring the SSB/SIB1 before the UL data transmission. 

Technique #A-6 Adaptation of SSB/SIB1
For the adaptation of SSB/SIB1 transmission, the target scenario is the intra-band/collocated cells with non-CA case, consisting of a coverage cell (i.e., Macro cell, with no ES schemes applied) and a capacity cell (i.e. small/pico cell) in which we apply the following ES schemes: 
1. SSB-less cell: the capacity cell provides SIB1 and monitors for RO with a periodicity ranging from 20 ms (baseline) to 1280 ms. We assume that the UE acquires synchronization based on the coverage cell.
2. SIB1-less cell: the capacity cell provides SSB and monitors for RO with a periodicity ranging from 20 ms (baseline) to 1280 ms, its SIB1 is provided by the coverage cell, as a supplementary SIB1, occupying additional resources either in frequency or time domain.
3. SSB&SIB1-less cell: the capacity cell only monitors for RO; SIB1 is provided by the coverage cell, and we assume that the UE acquires synchronization based on the coverage cell. 
In our simulations, we assume that UEs are camping in the capacity cell, initially in RRC_IDLE, or they can be in RRC_CONNECTED state in the capacity cell. We considered DL FTP traffic generating load at different levels at the capacity cell. However, the coverage cell is maintained with a fixed load of 50%.
	NW energy saving scheme
	ES gain for each configuration
	UPT
	Evaluation methodology/baseline assumption
	Note

	SSB-less
		Load
	RO period [ms]
	ES gain

	15%
	20
	26%

	
	160
	48%

	
	1280 ms
	53%



	· UEs initially in RRC_IDLE 
	Load
	RO period [ms]
	Average DL-UPT [Mbps]

	15%
	20
	135

	
	160
	85



· UEs initially in RRC_CONNECTED
200Mbps is achieved at 15% load regardless of the RO monitoring period.
	Results are provided as per Set 1-Cat 2 power values.
Baseline consisting of:
· Coverage cell with 20 ms periodicity of SSB/SIB1 Tx and RO monitoring, loaded at 50%.
· Capacity cell with 20 ms periodicity of SSB/SIB1 Tx and RO monitoring, loaded at 15%.
Traffic: DL FTP traffic is assumed.
UEs: are camping in the capacity cell and initially assumed to be in RRC_IDLE state or in RRC_CONNECTED state.
	Slot-level modeling is assumed.

	SIB1-less
	
	Load
	SSB/RO period [ms]
	ES gain

	15%
	20
	14%

	
	160
	51%

	
	1280 ms
	54%




	· UEs initially in RRC_IDLE state
	Load
	RO period [ms]
	Average DL-UPT [Mbps]

	15%
	20
	132

	
	160
	84



· UEs initially in RRC_CONNECTED
200Mbps is experienced at 15% load regardless of the SSB/RO monitoring period.
	
	

	SSB&SIB1-less

		RO period [ms]
	Load
	ES gain

	20
	0%
	53%

	
	15%
	51%

	
	30%
	49%

	
	50%
	44%

	160
	0%
	55%

	
	15%
	53%

	
	30%
	51%

	
	50%
	47%



		RO period
[ms]
	Load
	Average DL-UPT [Mbps]

	
	
	UEs initially in RRC_IDLE 
	UEs initially in RRC_CONNECTED 

	20
	15%
	135
	202

	
	30%
	105
	142

	
	50%
	74
	90

	160
	15%
	85
	202

	
	30%
	72
	142

	
	50%
	56
	90



	
	



The evaluation results of SSB-less scheme with different periodicity of RO are provided in Figure 3. The ES gain is increased with relaxed RO monitoring occasions and achieves 53%. For the DL-UPT experienced by RRC_IDLE UEs, the observed decrease is justified by longer delays for initial access before DL data transmission.  
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[bookmark: _Ref115432472]Figure 3: ES gain and impact on DL-UPT from enabling SSB-less scheme at the capacity cell at low load.

By enabling SIB1-less scheme at the capacity cell, the coverage cell is responsible for providing supplementary SIB1 of capacity cell, where the supplementary SIB1 of capacity cell can be provided either via additional time resources of coverage cell or via additional frequency resources of coverage cell. 
The SIB1-less scheme performance is provided in Figure 4. Up to 54% ES gain is observed at the capacity cell (with 15% load). It is at the expense of an increase in the energy consumption at the coverage cell (showing a negative ES gain) if time resources are used to deliver the supplementary SIB1 (relative to the capacity cell), hence additional time spent in Active DL state instead of entering micro sleep state. However, it is expected that the impact is negligeable when the supplementary SIB1 is provided in the frequency domain with additional PRBs usage as the BS would be already in Active DL state, transmitting together with the SIB1 of coverage cell in the same time occasion. 
For the DL-UPT experienced by UEs initially in RRC_IDLE state, we see a decrease proportional to the longer time delay introduced by SSB acquisition and RO opportunity.

[image: ][image: ]
[bookmark: _Ref115433097]Figure 4: ES gain and impact on DL-UPT from enabling SIB1-less scheme at the capacity cell at low load 

In Figure 5, we evaluate the performance of SSB&SIB1-less scheme. The ES gains and DL-UPT experienced by UEs assumed initially in RRC_IDLE state is shown at different load levels at the capacity cell and with respect to the RO periodicity.
For all load levels, the SSB&SIB1-less scheme provides the higher ES gain as compared to standalone SSB-less and SIB1-less scheme due to a reduced time in Active DL state for SSB/SIB transmission. This is significantly seen at 0% load, where the achieved ES gain is 53% with RO=20ms as shown in i) of Figure-5. And when introducing low traffic with different load in the capacity cell, the ES gain decreases but remains significant achieving around 50% with SSB&SIB1-less scheme. As shown in ii) of Figure-5, when relaxing the RO monitoring occasions from 20ms to 160ms, we observe increased ES gains for all SIB1/SSB adaptation schemes justified by more time spent in micro sleep state for the BS instead of Active UL state. 
For the impact on the DL-UPT experienced by UEs initially in RRC_IDLE state, we observe almost the same performance for the three schemes at a given RO periodicity and a given load level. The DL-UPT decreases proportionally to the load level and the RO monitoring delay. However, for UEs in RRC_CONNECTED state, the DL-UPT is only affected by the load levels observed at the capacity cell.

[image: ][image: ]
i) RO periodicity=20 ms UEs initially assumed in RRC_IDLE state
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ii) RO periodicity=160 ms, UEs initially assumed in RRC_IDLE state   
[bookmark: _Ref115433874]Figure 5: ES gain and DL-UPT for the SSB&SIB1-less schemes

Observation-3: Enabling SSB and/or SIB1 less operation in capacity cell brings ~50% ES gains from reducing the opportunities for the BS to perform DL transmission. The ES gains are increased by further relaxing the RO periodicity at the cost of a decreased DL-UPT experienced by UEs initially in RRC_IDLE/INACTIVE state. 

Techniques in Spatial domain
Technique #C-1: Dynamic adaptation of spatial element
For the evaluation of Technique #C-1 as defined in [1], we consider a reduced number of Tx from 64 (as per the reference configuration) to 32. The relative power levels are derived using the agreed scaling method (assuming A=0,4 and a single value of ). 
	NW energy saving scheme
	ES gain for each configuration
	UPT
	Evaluation methodology/baseline assumption
	Note

	Reduced number of active Tx
		Load
	ES gain

	15%
	26,5%

	30%
	27,9%

	50%
	28,2%



		Load
	Average DL-UPT [Mbps]

	
	64 TRx
	32 TRx

	15%
	202,53
	163,26

	30%
	141,59
	117,64

	50%
	90,39
	75,47



	Results are provided as per Set 1-Cat 2 power values.
Baseline: Single cell operation as per SET 1.
Traffic: DL FTP traffic is assumed at different load levels.
UEs: UEs are assumed to be in RRC_CONNECTED state.
	Slot-level modeling is assumed.
Spatial domain adaptation delay=3 ms.
Micro sleep state is assumed during the spatial domain adaptation.
· A=0,4
· A single value of 
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[bookmark: _Ref118458729]Figure 6: ES gain and impact on DL-UPT from reducing the number of spatial element.
The evaluation results of dynamic adaptation of BS’s spatial elements are captured in Figure 6. At all load levels, we observe at around 27% ES gain from reducing the number of transmitters from 64 (as per the baseline for set 1) to 32 TRx. This is due to lower relative power consumed by the BS when being in Active DL state. However, it comes with a cost of around 16% reduction of the average DL-UPT, at different load levels. 
Observation-4: the adaptation of spatial elements can bring significant ES gain at the expense of a decrease in the average DL-UPT. 

Techniques in Power domain
Technique #D-1: Adaptation of transmission power of signals and channels
For the evaluation of Technique #D-1 as defined in [1], we consider different transmission power of signals and channels ranging from 49 dBm (as per Set 2 reference configuration) to 46 dBm, 43 dBm and 40 dBm.
The evaluation results are provided in Figure 7, a significant ES gain is achieved from reducing the total DL transmit power by 3 dBm and further by 6 dBm. The ES gain is increased proportionally to the load levels (i.e., longer time occupied by the BS in Active DL state and hence higher opportunities to apply reduced DL transmit power). At 40 dBm (corresponding to 9 dBm reduction), the ES gain are slightly smaller for the low and light load levels due to degraded DL-UPT, and hence longer time needed by the BS to serve UEs. 
 
	NW energy saving scheme
	ES gain for each configuration
	UPT
	Evaluation methodology/baseline assumption
	Note

	Reduced DL transmit power
		Load
	ES gain vs. 49dBm 

	
	46 dBm 
	43 dBm 
	40 dBm

	15%
	8%
	10,9%
	9,4%

	30%
	13,6%
	18,2%
	17,3%

	50%
	16,8%
	23,6%
	25%



		Load
	Average DL-UPT [Mbps]

	
	49 dBm
	46 dBm
	43 dBm
	40 dBm

	15%
	154
	144
	134
	119

	30%
	110
	104
	97
	88

	50%
	79
	76
	70
	63



	Results are provided as per Set 2-Cat 2 power values.
Baseline: Single cell operation with maximum transmit power of 49 dBm.
Traffic: DL FTP traffic is assumed at different load levels.
UEs: UEs are assumed in RRC_CONNECTED state.
	Slot-level modelling is assumed.
· A=0,4
· A single value of 
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[bookmark: _Ref118712681]Figure 7: ES gain and impact on DL-UPT from reducing the total DL transmit power.

Observation-5: The adaptation of DL transmit power can bring significant ES gain at the expense of a degradation in the average DL-UPT caused by longer transmission times, which can be mitigated by scheduling more PRBs to a UE, whenever possible. 
Conclusions
In this contribution, we provided our simulation results of some energy saving techniques in different domains, and we have the following observations and proposals:
Observation-1: Adapting the transmission periodicity of SSB/SIB1 and/or uplink random access opportunities brings significant ES gains of 84% for 0% load and up to 51% for loaded scenarios at the expense of DL-UPT only for UEs initially in RRC_IDLE state (whereas the network can ensure that there is no impact on UPT for RRC Connected UEs). 
Observation-2: Enabling on-demand SSB/SIB1 transmission triggered by the UE’s WUS (instead of legacy SSB/SIB1 transmission and RO monitoring) enables the BS to achieve significant ES gain by reducing the time spent in Active DL. However, on the other hands, it comes with a longer random-access delay perceived by RRC_IDLE UEs that intend to wake up a dormant cell for acquiring the SSB/SIB1 before the UL data transmission. 
Observation-3: Enabling SSB and/or SIB1 less operation in capacity cell brings ~50% ES gains from reducing the opportunities for the BS to perform DL transmission. The ES gains are increased by further relaxing the RO periodicity at the cost of a decreased DL-UPT experienced by UEs initially in RRC_IDLE/INACTIVE state. 
Observation-4: the adaptation of spatial elements can bring significant ES gain at the expense of a decrease in the average DL-UPT. 
Observation-5: The adaptation of DL transmit power can bring significant ES gain at the expense of a degradation in the average DL-UPT caused by longer transmission times, which can be mitigated by scheduling more PRBs to a UE, whenever possible. 
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Appendix A – System-level simulation assumptions 
Table: System-level simulation parameters and assumptions
	Parameters
	Set 1 FR1 
	Set 2 FR1 

	General parameters

	BS type
	Macro
	Macro

	Network layout and inter-site distance 
	21 cells Wraparound (ISD=500)
	21 cells Wraparound (ISD=500)

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

	Link direction
	Downlink
	Downlink

	Frequency range
	4GHz or 2.6 Ghz
	2100 MHz

	Duplex 
	TDD
	FDD

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

	Subcarrier spacing
	30 kHz
	15 kHz

	Simulation bandwidth
	100 MHz
	20 MHz
(Equal split of 10 MHz for UL and DL)

	Number of carriers
	1 CC
	1 CC

	Slot size
	14 OFDM symbols
	14 OFDM symbols

	BS parameters

	BS antenna configuration 
	64 Tx
(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 4, 8), 
(dH, dV) = (0.5λ, 0.8λ)
	32 Tx
(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 2, 8), 
(dH, dV)=(0.5, 0.8)λ 

	Total Tx power 
	55dBm 
	49 dBm

	BS height [7]
	25m
	25m

	BS noise figure
	FR1: 5 dB
	FR1: 5 dB

	BS antenna element gain
	8 dBi
	8 dBi

	UE parameters

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

	UE max transmit power [7]
	23 dBm 
	23 dBm 

	UE BWP
	100 Mhz
	10 Mhz

	UE height
	1.5m
	1.5m

	UE noise figure
	FR1: 9 dB
	FR1: 9 dB

	UE antenna element gain
	0 dBi
	0 dBi

	UE receiver
	MMSE-IRC
	MMSE-IRC

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

	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h


	Traffic model and C-DRx configuration
	Follow previous RAN1 agreements
	Follow previous RAN1 agreements

	UE density/NW Load
	Follow previous RAN1 agreements
	Follow previous RAN1 agreements

	Transmission parameters

	Maximum supported Modulation and coding scheme
	Up to 256QAM 
	Up to 256QAM

	Transmission scheme
	SU-MIMO
	SU-MIMO

	SU dimension
	For 4Rx: Up to 4 layers
	For 4Rx: Up to 4 layers

	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)

	Channel estimation
	Non-Ideal
	Non-Ideal

	DL CSI measurement
	Precoded CSI-RS
	Precoded CSI-RS

	DL codebook
	Type I codebook
	Type I codebook


	CSI feedback
	Subband CQI, 2 RBs per CQI, 2ms period
	Subband CQI, 2 RBs per CQI, 2ms period


	HARQ scheme
	Ideal
	Ideal

	Max HARQ retransmission
	3
	3

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

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

	Scheduling algorithm
	PF
	PF

	Cell selection algorithm
	RSRP Slow Fading 
	RSRP Slow Fading 

	CSI acquisition
	Periodic, CQI on 2 ms period
	Periodic, CQI on 2 ms period

	Common Reference Signal (RS) configuration

	SSB periodicity
	20 ms
	20 ms

	SS blocks per SSB burst
	Up to 8
	Up to 4

	SSB time resource
	4 symbols for each SSB

	SSB frequency resource
	20 RBs
	20 RBs

	SIB1 transmission repetition periodicity
	20 ms,
multiplexing pattern 1 with SSB
	20 ms,
multiplexing pattern 1 with SSB

	SIB1 time resource
	1 slot
	1 slot

	SIB1 frequency resource
	24 RBs for 20 ms periodicity
	24 RBs for 20 ms periodicity




Appendix B - Agreements from RAN1#110bis-e
	[bookmark: _Ref100656502]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 
	Up to 4 

	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
	7.8% (64 RB for 120kHz SCS and 100 MHz bandwidth) 

	Slot size
	14 OFDM symbols
	Channel estimation
	Ideal

	BS antenna configuration
	2 TxRU: 
Baseline:
[(M, N, P, Mg, Ng; Mp, Np) = (4,4,2,1,1;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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