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1	Introduction
[bookmark: _Hlk510705081]ITU-R reports M.2410 [1] and M.2412 define the energy efficiency requirement and evaluation guidelines in section 4.9 and 7.3.2 respectively, as follows:
4.9	Energy efficiency [1]
Network energy efficiency is the capability of a RIT/SRIT to minimize the radio access network energy consumption in relation to the traffic capacity provided. Device energy efficiency is the capability of the RIT/SRIT to minimize the power consumed by the device modem in relation to the traffic characteristics. 
Energy efficiency of the network and the device can relate to the support for the following two aspects:
a)	Efficient data transmission in a loaded case;
b)	Low energy consumption when there is no data.
Efficient data transmission in a loaded case is demonstrated by the average spectral efficiency (see § 4.5). 
Low energy consumption when there is no data can be estimated by the sleep ratio. The sleep ratio is the fraction of unoccupied time resources (for the network) or sleeping time (for the device) in a period of time corresponding to the cycle of the control signaling (for the network) or the cycle of discontinuous reception (for the device) when no user data transfer takes place. Furthermore, the sleep duration, i.e. the continuous period of time with no transmission (for network and device) and reception (for the device), should be sufficiently long. 
This requirement is defined for the purpose of evaluation in the eMBB usage scenario.
The RIT/SRIT shall have the capability to support a high sleep ratio and long sleep duration. Proponents are encouraged to describe other mechanisms of the RIT/SRIT that improve the support of energy efficient operation for both network and device.

7.3.2	Energy efficiency [2]
The energy efficiency for both network and device is verified by inspection by demonstrating that the candidate RITs/SRITs can support high sleep ratio and long sleep duration as defined in Report ITU‑R M.2410-0 when there is no data.
Inspection can also be used to describe other mechanisms of the candidate RITs/SRITs that improve energy efficient operation for both network and device.

2	Base station transmission periodicity
Assuming that a carrier is kept active and available for connections during no active data transactions, the only transmission that needs to take place is the periodic SS/PBCH block. The duration of one SS/PBCH block, the number of those, and the frequency when they are to be transmitted are all dependend on the network setup.
For the purposes of blind initial access the UE may assume that there is an SS/PBCH block once every 20 ms. If the network is configured to transmit the SS/PBCH block less frequently, that will increase the initial cell detection time, but after the connection has been established, the UE may be informed of the configured SS/PBCH block periodicity in the cell from set of {5, 10, 20, 40, 80, 160} ms. If the cell set up uses analogue beamformer component, it may provide several SS/PBCH blocks multiplexed in time-domain fashion within one SS/PBCH block period. 
Following tables have been constructed assuming 20 ms and 160 ms SS/PBCH periodicities
Table 1: On-time fraction of SS/PBCH blocks with 20 ms periodicity
	SS/PBCH block subcarrier spacing
	Duration of one SS/PBCH block
	On-time fration of one SS/PBCH block
	Minimum number of SS/PBCH blocks per period
	Maximum number of SS/PBCH blocks per period
	Minimum on-time fraction of SS/PBCH block
	Maximum on-time fraction of SS/PBCH block

	15 kHz
	0.29 ms
	1.4%
	1
	8
	1.4%
	11%

	30 kHz
	0.14 ms
	0.71%
	1
	8
	0.71%
	5.7%

	120 kHz
	0.036 ms
	0.18%
	1
	64
	0.18%
	11%

	240 kHz
	0.018 ms
	0.089%
	1
	64
	0.089%
	5.7%



Table 2: On-time fraction of SS/PBCH blocks with 160 ms periodicity
	SS/PBCH block subcarrier spacing
	Duration of one SS/PBCH block
	On-time fration of one SS/PBCH block
	Minimum number of SS/PBCH blocks per period
	Maximum number of SS/PBCH blocks per period
	Minimum on-time fraction of SS/PBCH block
	Maximum on-time fraction of SS/PBCH block

	15 kHz
	0.29 ms
	1.4%
	1
	8
	0.18%
	1.4%

	30 kHz
	0.14 ms
	0.71%
	1
	8
	0.089%
	0.71%

	120 kHz
	0.036 ms
	0.18%
	1
	64
	0.022%
	1.4%

	240 kHz
	0.018 ms
	0.089%
	1
	64
	0.011%
	0.7%



Figure 1 illustrates the time time arrangement the allowed maximum of 8 SS/PBCH blocks with 30 kHz subcarrier spacing. E.g. in case of 20 ms SS/PBCH block periodicity, there is 18.3 ms between the end of the last SS/PBCH block in period N and the beginning if the first SS/PBCH block in period N+1. In case of 160 ms SS/PBCH periodicity this time is 158.3 ms.
Figure 2 illustrates the time time arrangement the allowed maximum of 32 SS/PBCH blocks with 240 kHz subcarrier spacing. E.g. in case of 20 ms SS/PBCH block periodicity, there is 19.1 ms between the end of the last SS/PBCH block in period N and the beginning if the first SS/PBCH block in period N+1. In case of 160 ms SS/PBCH periodicity this time is 159.1 ms. 
Similarly using the maximum of 64 SS/PBCH blocks with 240 kHz subcarrier spacing, in case of 20 ms SS/PBCH block periodicity, there is 18.1 ms between the end of the last SS/PBCH block in period N and the beginning if the first SS/PBCH block in period N+1. In case of 160 ms SS/PBCH periodicity this time is 158.1 ms. 

[image: ]
Figure 1: Example 30 kHz SSB SCS with 8 SSB burst within 2 ms window
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Figure 2: Example 240 kHz SSB SCS with 32 SSB burst within 1 ms window

Table 3 summarizes the off-time duration calculated from the end of the last SSB in period N to the start of the first SSB in period N+1 with all supports SSB subcarrier spacings and with 20 and 160 ms SS/PBCH block transmission period with several different time-multiplexed SSBs within the period.
Table 3: Off-time fraction of SS/PBCH blocks with 20 ms and 160 ms periodiciticies
	SS/PBCH block subcarrier spacing
	
Number of SSBs per period
	Time from the beginning of the 1st SSB to end of the last SSB
	Off-time, 20 ms SSB periodicity 
	Off-time, 160 ms SSB periodicity

	
	
	
	ms
	%
	ms
	%

	15 kHz
	1
	0.29 ms
	19,71
	98,6 %
	159,71
	99,8 %

	
	2
	0.71 ms
	19,29
	96,4 %
	159,29
	99,6 %

	
	4
	1.71 ms
	18,29
	91,4 %
	158,29
	98,9 %

	30 kHz
	1
	0.14 ms
	19,86
	99,3 %
	159,86
	99,9 %

	
	4
	0.71 ms
	19,29
	96,4 %
	159,29
	99,6 %

	
	8
	1.71 ms
	18,29
	91,4 %
	158,29
	98,9 %

	120 kHz
	8
	0.43 ms
	19,57
	97,9 %
	159,57
	99,7 %

	
	16
	0.93 ms
	19,07
	95,4 %
	159,07
	99,4 %

	
	32
	1.92 ms
	18,07
	90,4 %
	158,07
	98,8 %

	240 kHz
	16
	0.43 ms
	19,57
	97,9 %
	159,57
	99,7 %

	
	32
	0.93 ms
	19,07
	95,4 %
	159,07
	99,4 %

	
	64
	1.92 ms
	18,07
	90,4 %
	158,07
	98,8 %



3	Conclusions
Given the evaluation guidance ov ITU-R Report M.2412 for network energy efficiency
“The energy efficiency for both network and device is verified by inspection by demonstrating that the candidate RITs/SRITs can support high sleep ratio and long sleep duration as defined in Report ITU‑R M.2410-0 when there is no data.”

It can be concluded that the NR can support a very high sleep ratio and long sleep duration for the 5G NR base station, and the NR specification meets the IMT-2020 network energy efficiency requirement.
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