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Abbreviations

3GPP: 3rd Generation Partnership Project

BLER: Block error rate

BS: Base-station

BW: Bandwidth

CCE: Control channel element

CP: Control-plane

CSI: Channel state information 

CSI-RS: Channel state information reference signal

DU: Dense urban

DL: Downlink

DM-RS: Demodulation reference signal 

eMBB: enhanced mobile broadband

gNB: g-NodeB

GoS: Grade-of-service

HARQ: Hybrid automatic repeat request

InH: Indoor Hotspot

ITU: International Telecommunication Union

LMLC: low-mobility large-cell

MIMO: multiple-input multiple-output

mMTC: massive Machine-Type Communications

NR: New Radio

NB-IoT: Narrowband-Internet of Things

OLLA: outer loop link adaptation 

PDCCH: Physical downlink control channel, PDSCH: Physical downlink shared channel

PRB: Physical resource block 

PT-RS: Phase tracking reference signal 

PUCCH: Physical uplink control channel; PUSCH: Physical uplink shared channel 

QoS: Quality-of-service

RAN: Radio access network

RE: Resource element

RIT: Radio-interface technology

RU: Rural

SCM: Stochastic channel model
SCS: Sub-carrier spacing

SDU: Service data unit

SR: Scheduling request

SRS: Sounding reference symbol

SSB: Synchronization signal block 

TRxP: Transmission and reception point

TRS: Tracking reference signal

TTI: Transmission time interval 

UE: User equipment 

UL: Uplink

ULPC: Uplink power control

UP: User-plane

urLLC: ultra-reliable low-latency communications

1 Introduction

In this contribution we are verifying the energy efficiency requirement against the IMT-2020 3GPP submission presented in[1].

The energy efficiency requirement for IMT-2020 is defined in [2]. We are reproducing the text here for convenience:
“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.”
As for the evaluation part, the inspection method is mentioned in [3] that we reproduce here for convenience:
“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.”
In the following sections, we will verify the above requirements by inspecting the 3GPP related specifications for Rel-15 that were part of the IMT-2020 submission.
2 Discussion
Based on the 3GPP submission, for this discussion we considered the following two RITs for inspection:
1. NR.
2. LTE.
For both RITs we will analyze the “no data” scenarios, since the loaded scenario is quantified by spectrum efficiency.

2.1 NR energy efficiency
2.1.1 NR network side
Based on the definition of the sleep time for the network suggested in ITU-R M.2410 requirement, the following sleep mode ratio equations were proposed in the submission documents:
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 is the numerology (as defined in TS38.211, e.g., =0 for 15 kHz SCS, =1 for 30 kHz SCS, =3 for 120 kHz SCS, and =4 for 240 kHz SCS), L is the number of SS/PBCH blocks in one SSB set, PSSB is the SSB set periodicity, PRMSI is the RSMI periodicity, and  is the flag variable (=1 for FR1, and =0 for FR2).

We agree with proposed methodology and as a result, the NR network can achieve high sleep ratio in unloaded case. 

Table 2.1.1-1 NR network sleep ratio in slot level
	SSB configuration
	SSB set periodicity PSSB

	SCS [kHz]
	Number of SS/PBCH block per SSB set, L
	5ms
	10ms
	20ms
	40ms
	80ms
	160ms

	15kHz 
	1
	80.00%
	90.00%
	95.00%
	97.50%
	98.75%
	99.38%

	
	2
	80.00%
	90.00%
	95.00%
	97.50%
	98.75%
	99.38%

	30kHz 
	1
	95.00%
	97.50%
	98.75%
	99.38%
	99.69%
	99.84%

	
	4
	80.00%
	90.00%
	95.00%
	97.50%
	98.75%
	99.38%

	120kHz 
	8
	90.00%
	95.00%
	97.50%
	98.75%
	99.38%
	99.69%

	
	16
	80.00%
	90.00%
	95.00%
	97.50%
	98.75%
	99.38%

	240kHz 
	16
	90.00%
	95.00%
	97.50%
	98.75%
	99.38%
	99.69%

	
	32
	80.00%
	90.00%
	95.00%
	97.50%
	98.75%
	99.38%


Table 2.1.1-2 NR network sleep ratio in symbol level
	SSB configuration
	SSB set periodicity PSSB

	SCS [kHz]
	Number of SS/PBCH block per SSB set, L
	5ms
	10ms
	20ms
	40ms
	80ms
	160ms

	15kHz 
	1
	93.57%
	96.43%
	97.86%
	98.93%
	99.46%
	99.73%

	
	2
	87.14%
	92.86%
	95.71%
	97.86%
	98.93%
	99.46%

	30kHz 
	1
	96.79%
	98.21%
	98.93%
	99.46%
	99.73%
	99.87%

	
	4
	87.14%
	92.86%
	95.71%
	97.86%
	98.93%
	99.46%

	120kHz 
	8
	94.29%
	97.14%
	98.57%
	99.29%
	99.64%
	99.82%

	
	16
	88.57%
	94.29%
	97.14%
	98.57%
	99.29%
	99.64%

	240kHz 
	16
	94.29%
	97.14%
	98.57%
	99.29%
	99.64%
	99.82%

	
	32
	88.57%
	94.29%
	97.14%
	98.57%
	99.29%
	99.64%


In terms of milliseconds, the following sleep time can be achieved by NR network on different SSB periodicities:

Based on the above mechanisms, evaluation results of sleep duration are provided in Table 3. It is observed that with SSB set period of 160ms, more than 150ms sleep duration can be obtained by NR network. Therefore, NR network can achieve long sleep duration in unloaded case. 
Therefore, NR meets network side energy efficiency requirement.

Table 2.1.1-3 NR network sleep duration (ms) in slot level
	SSB configuration
	SSB set periodicity PSSB

	SCS [kHz]
	Number of SS/PBCH block per SSB set, L
	5ms
	10ms
	20ms
	40ms
	80ms
	160ms

	15kHz 
	1
	4.00 
	9.00 
	19.00 
	39.00 
	79.00 
	159.00 

	
	2
	4.00 
	9.00 
	19.00 
	39.00 
	79.00 
	159.00 

	30kHz 
	1
	4.50 
	9.50 
	19.50 
	39.50 
	79.50 
	159.50 

	
	4
	4.00 
	9.00 
	19.00 
	39.00 
	79.00 
	159.00 

	120kHz 
	8
	4.50 
	9.72 
	18.92 
	39.03 
	78.97 
	158.99 

	
	16
	4.00 
	9.88 
	18.77 
	39.05 
	78.96 
	158.99 

	240kHz 
	16
	4.50 
	9.86 
	18.90 
	39.04 
	78.97 
	158.99 

	
	32
	4.00 
	9.94 
	18.76 
	39.06 
	78.96 
	158.99 


2.1.2 NR UE side
The sleep ratio and sleep duration for NR UEs under unloaded case are evaluated.

For NR, DRX is supported for UEs in idle, inactive and connected states.

The DRX cycle for idle state / inactive state UE consists of an “On Duration” during which the UE should perform SSB monitoring, paging monitoring and RRM measurement, and an “Off Duration” during which the UE can skip reception of downlink channels to save energy. 

During the On Duration of a DRX cycle, the UE is assumed to perform the folling tasks:
- Synchronization on one SSB burst (short paging cycle)

- Paging monitoring- this can consist on multiple slots. The Paging Frame is no longer than a one SSB bursts.

- RRM measurement which is based on SS/PBCH and it is assumed to be 3.5ms.

The transition time for switching ON/OFF UE internal components is assumed to be 10ms

Based on these assumptions, the UE can be in sleep mode more than 90% in for any DRX cycle in idle/inactive state:
Table 2.1.2-1 NR device sleep ratio in slot level (for idle / inactive mode)

	　
	Paging cycle NPC_RF *10 (ms)
	SCS(kHz)
	SSB L
	SSB reception time(ms)
	SSB cycle (ms)
	Number of SSB burst set
	RRM measurement time per DRX (ms)
	Transition time(ms)
	Sleep ratio

	RRC-Idle/Inactive
	320
	240
	32
	1
	-- 
	1
	3.5
	10
	95.5%

	
	2560
	15
	2
	1
	 --
	1
	3
	10
	99.5%

	
	2560
	15
	2
	1
	160
	2
	3
	10
	93.2%


For RRC-Connected Mode, with no data transmissions, we get more than 84% sleep mode, assuming the ON Duration” and the other similar parameters:
	Table 2.1.2-2 NR device sleep ratio in slot level (for connected mode) 

　
	DRX cycle TSC_ms * MSC (ms)
	Number of SSB burst set
	DRX-onDurationTimer(ms)
	RRM measurement time per DRX (ms)
	Transition time(ms)
	Sleep ratio

	RRC-Connected
	320
	1
	2 
	3.5
	10
	95.2%

	
	320
	1
	10
	3
	10
	92.8%

	
	2560
	1
	100
	3
	10
	95.6%

	
	10240
	1
	1600
	3
	10
	84.2%


2.2 LTE energy efficiency
2.2.1 LTE network side

For LTE, the FeMBMS/Unicast-mixed cell and MBMS-dedicated cell are employed in LTE network evaluation.

For FeMBMS/Unicast-mixed cell, 

· Sub-frame 0 and 5 are always used as non-MBSFN sub-frame for synchronization and SI acquisition. 
· Sub-frame 4 and 9 are assumed to be configured as MBSFN sub-frames.
· MBSFN sub-frames are assumed not to contain unicast control region.
For FeMBMS/Unicast-mixed cell, 8 sub-frames are configured to be MBSFN sub-frames, and in the remaining 2 sub-frames, only PDCCH/SSS/PSSS and PBCH are transmitted.
Therefore, the sleep ratio of FeMBMS/Unicast-mixed cell is 1-2/10=80% for sub-frame level.

For MBMS-dedicated cell, one-non-MBSFN sub-frame is transmitted every 40ms, thus the sleep ratio in subframe level is 1-1/40=97.5%. Similarly, in symbol level the sleep ratio can be further improved to 1-(1+6)/14/40 = 98.75%.

In conclusion, in milliseconds, the following results were found:

Table 2.2.1-1 LTE network sleep duration (ms) in subframe level
	Cell type
	Sleep duration (ms)

	FeMBMS/Unicast-mixed cell
	4.00

	MBMS-dedicated cell
	39.00


2.2.2 LTE UE side

For LTE, DRX is supported for UE in both idle and connected modes.

When DRX is used, the UE wakes up and receives PSS/SSS for synchronization, listens to PDCCH only on specific paging occasion defined in-terms of paging frame and subframe within period of NPC_RF radio frames defined by the DRX cycle (paging cycle) of the cell and performs RRM measurement. The UE can remain in sleep mode for remaining duration within DRX cycle.
With similar assumption with NR case, using the LTE specific DRX cycles, the following results were found for idle mode:
Table 2.2.2-1 LTE device sleep ratio in subframe level (for idle mode) 

	　
	Paging cycle NPC_RF *10 (ms)
	Synchronization reception time per cycle(ms)
	Synchronization cycle(ms)
	Number of

synchronization
	RRM measurement time per DRX (ms)
	Transition time (ms)
	DL/UL subframe ratio
	Sleep ratio

	RRC-Idle
	320
	2
	10*
	1
	6
	10
	1
	93.1%

	
	320
	2
	10*
	2
	6
	10
	1
	90.0%

	
	2560
	2
	10*
	1
	6
	10
	1
	99.1%

	
	2560
	2
	10*
	2
	6
	10
	1
	98.8%


For the RRC-Connected state we have(without data transmission):

	Table 2.2-2 LTE device sleep ratio in subframe level (for connected mode) 

　
	DRX cycle TCYCLE_SF (ms)
	Synchronization reception time(ms)
	Synchronization cycle(ms)
	Number of synchronization
	PDCCH reception time(ms)
	RRM measurement time per DRX (ms)
	DL/UL subframe ratio
	Sleep ratio

	RRC-Connected
	320
	2
	--
	1
	10
	6
	1
	91.9%

	
	320
	2
	10
	2
	10
	6
	0.5
	85.6%

	
	2560
	2
	--
	1
	100
	6
	1
	95.5%

	
	2560
	2
	10
	2
	100
	6
	0.5
	91.2%

	
	10240
	2
	--
	1
	1600
	6
	1
	84.2%


In both idle and connected states, the LTE device can achieve a very high percentage of sleep mode at the sub-frame level.
3 Conclusion

Based on the above verification we can conclude that 3GPP submission can fulfill theIMT-2020 energy efficiency requirements.
A text proposal for the CEG evaluation report is proposed in the Annex of this document.
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Annex

Text proposal for CEG report on Energy Efficiency requirement
1 Conclusion: CEG concluded that energy efficiency requirements are met by the IMT-2020 3GPP submission. 
2. Verification:
Based on the 3GPP submission, for this evaluation we considered the following two RITs for inspection:

1. NR.
2. LTE.

For both RITs we will analyze the “no data” scenarios, since the loaded scenario is quantified by spectrum efficiency.

2.1 NR energy efficiency

2.1.1 NR network side

Based on the definition of the sleep time for the network suggested in ITU-R M.2410 requirement, the following sleep mode ratio equations were proposed in the submission documents:
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 is the numerology (as defined in TS38.211, e.g., =0 for 15 kHz SCS, =1 for 30 kHz SCS, =3 for 120 kHz SCS, and =4 for 240 kHz SCS), L is the number of SS/PBCH blocks in one SSB set, PSSB is the SSB set periodicity, PRMSI is the RSMI periodicity, and  is the flag variable (=1 for FR1, and =0 for FR2).

We agree with proposed methodology and as a result, the NR network can achieve high sleep ratio in unloaded case. 

Table 2.1.1-1 NR network sleep ratio in slot level
	SSB configuration
	SSB set periodicity PSSB

	SCS [kHz]
	Number of SS/PBCH block per SSB set, L
	5ms
	10ms
	20ms
	40ms
	80ms
	160ms

	15kHz 
	1
	80.00%
	90.00%
	95.00%
	97.50%
	98.75%
	99.38%

	
	2
	80.00%
	90.00%
	95.00%
	97.50%
	98.75%
	99.38%

	30kHz 
	1
	95.00%
	97.50%
	98.75%
	99.38%
	99.69%
	99.84%

	
	4
	80.00%
	90.00%
	95.00%
	97.50%
	98.75%
	99.38%

	120kHz 
	8
	90.00%
	95.00%
	97.50%
	98.75%
	99.38%
	99.69%

	
	16
	80.00%
	90.00%
	95.00%
	97.50%
	98.75%
	99.38%

	240kHz 
	16
	90.00%
	95.00%
	97.50%
	98.75%
	99.38%
	99.69%

	
	32
	80.00%
	90.00%
	95.00%
	97.50%
	98.75%
	99.38%


Table 2.1.1-2 NR network sleep ratio in symbol level
	SSB configuration
	SSB set periodicity PSSB

	SCS [kHz]
	Number of SS/PBCH block per SSB set, L
	5ms
	10ms
	20ms
	40ms
	80ms
	160ms

	15kHz 
	1
	93.57%
	96.43%
	97.86%
	98.93%
	99.46%
	99.73%

	
	2
	87.14%
	92.86%
	95.71%
	97.86%
	98.93%
	99.46%

	30kHz 
	1
	96.79%
	98.21%
	98.93%
	99.46%
	99.73%
	99.87%

	
	4
	87.14%
	92.86%
	95.71%
	97.86%
	98.93%
	99.46%

	120kHz 
	8
	94.29%
	97.14%
	98.57%
	99.29%
	99.64%
	99.82%

	
	16
	88.57%
	94.29%
	97.14%
	98.57%
	99.29%
	99.64%

	240kHz 
	16
	94.29%
	97.14%
	98.57%
	99.29%
	99.64%
	99.82%

	
	32
	88.57%
	94.29%
	97.14%
	98.57%
	99.29%
	99.64%


In terms of milliseconds, the following sleep time can be achieved by NR network on different SSB periodicities:

Based on the above mechanisms, evaluation results of sleep duration are provided in Table 3. It is observed that with SSB set period of 160ms, more than 150ms sleep duration can be obtained by NR network. Therefore, NR network can achieve long sleep duration in unloaded case. 
Therefore, NR meets network side energy efficiency requirement.

Table 2.1.1-3 NR network sleep duration (ms) in slot level
	SSB configuration
	SSB set periodicity PSSB

	SCS [kHz]
	Number of SS/PBCH block per SSB set, L
	5ms
	10ms
	20ms
	40ms
	80ms
	160ms

	15kHz 
	1
	4.00 
	9.00 
	19.00 
	39.00 
	79.00 
	159.00 

	
	2
	4.00 
	9.00 
	19.00 
	39.00 
	79.00 
	159.00 

	30kHz 
	1
	4.50 
	9.50 
	19.50 
	39.50 
	79.50 
	159.50 

	
	4
	4.00 
	9.00 
	19.00 
	39.00 
	79.00 
	159.00 

	120kHz 
	8
	4.50 
	9.72 
	18.92 
	39.03 
	78.97 
	158.99 

	
	16
	4.00 
	9.88 
	18.77 
	39.05 
	78.96 
	158.99 

	240kHz 
	16
	4.50 
	9.86 
	18.90 
	39.04 
	78.97 
	158.99 

	
	32
	4.00 
	9.94 
	18.76 
	39.06 
	78.96 
	158.99 


2.1.2 NR UE side

The sleep ratio and sleep duration for NR UEs under unloaded case are evaluated.

For NR, DRX is supported for UEs in idle, inactive and connected states.

The DRX cycle for idle state / inactive state UE consists of an “On Duration” during which the UE should perform SSB monitoring, paging monitoring and RRM measurement, and an “Off Duration” during which the UE can skip reception of downlink channels to save energy. 

During the On Duration of a DRX cycle, the UE is assumed to perform the folling tasks:

- Synchronization on one SSB burst (short paging cycle)

- Paging monitoring- this can consist on multiple slots. The Paging Frame is no longer than a one SSB bursts.

- RRM measurement which is based on SS/PBCH and it is assumed to be 3.5ms.

The transition time for switching ON/OFF UE internal components is assumed to be 10ms

Based on these assumptions, the UE can be in sleep mode more than 90% in for any DRX cycle in idle/inactive state:
	Table 2.1.2-1 NR device sleep ratio in slot level (for idle / inactive mode)

　
	Paging cycle NPC_RF *10 (ms)
	SCS(kHz)
	SSB L
	SSB reception time(ms)
	SSB cycle (ms)
	Number of SSB burst set
	RRM measurement time per DRX (ms)
	Transition time(ms)
	Sleep ratio

	RRC-Idle/Inactive
	320
	240
	32
	1
	-- 
	1
	3.5
	10
	95.5%

	
	2560
	15
	2
	1
	 --
	1
	3
	10
	99.5%


	
	2560
	15
	2
	1
	160
	2
	3
	10
	93.2%


For RRC-Connected Mode, with no data transmissions, we get more than 84% sleep mode, assuming the ON Duration” and the other similar parameters:

	Table 2.1.2-2 NR device sleep ratio in slot level (for connected mode) 

　
	DRX cycle TSC_ms * MSC (ms)
	Number of SSB burst set
	DRX-onDurationTimer(ms)
	RRM measurement time per DRX (ms)
	Transition time(ms)
	Sleep ratio

	RRC-Connected
	320
	1
	2 
	3.5
	10
	95.2%

	
	320
	1
	10
	3
	10
	92.8%

	
	2560
	1
	100
	3
	10
	95.6%

	
	10240
	1
	1600
	3
	10
	84.2%


2.2 LTE energy efficiency

2.2.1 LTE network side

For LTE, the FeMBMS/Unicast-mixed cell and MBMS-dedicated cell are employed in LTE network evaluation.

For FeMBMS/Unicast-mixed cell, 

· Sub-frame 0 and 5 are always used as non-MBSFN sub-frame for synchronization and SI acquisition. 
· Sub-frame 4 and 9 are assumed to be configured as MBSFN sub-frames.
· MBSFN sub-frames are assumed not to contain unicast control region.
For FeMBMS/Unicast-mixed cell, 8 sub-frames are configured to be MBSFN sub-frames, and in the remaining 2 sub-frames, only PDCCH/SSS/PSSS and PBCH are transmitted.

Therefore, the sleep ratio of FeMBMS/Unicast-mixed cell is 1-2/10=80% for sub-frame level.

For MBMS-dedicated cell, one-non-MBSFN sub-frame is transmitted every 40ms, thus the sleep ratio in subframe level is 1-1/40=97.5%. Similarly, in symbol level the sleep ratio can be further improved to 1-(1+6)/14/40 = 98.75%.

In conclusion, in milliseconds, the following results were found:

Table 2.2.1-1 LTE network sleep duration (ms) in subframe level
	Cell type
	Sleep duration (ms)

	FeMBMS/Unicast-mixed cell
	4.00

	MBMS-dedicated cell
	39.00


Therefore, LTE RIT meets network side energy efficiency requirement.

2.2.2 LTE UE side

For LTE, DRX is supported for UE in both idle and connected modes.

When DRX is used, the UE wakes up and receives PSS/SSS for synchronization, listens to PDCCH only on specific paging occasion defined in-terms of paging frame and subframe within period of NPC_RF radio frames defined by the DRX cycle (paging cycle) of the cell and performs RRM measurement. The UE can remain in sleep mode for remaining duration within DRX cycle.
With similar assumption with NR case, using the LTE specific DRX cycles, the following results were found for idle mode:

	Table 2.2.2-1 LTE device sleep ratio in subframe level (for idle mode) 

　
	Paging cycle NPC_RF *10 (ms)
	Synchronization reception time per cycle(ms)
	Synchronization cycle(ms)
	Number of

synchronization
	RRM measurement time per DRX (ms)
	Transition time (ms)
	DL/UL subframe ratio
	Sleep ratio

	RRC-Idle
	320
	2
	10*
	1
	6
	10
	1
	93.1%

	
	320
	2
	10*
	2
	6
	10
	1
	90.0%

	
	2560
	2
	10*
	1
	6
	10
	1
	99.1%

	
	2560
	2
	10*
	2
	6
	10
	1
	98.8%


For the RRC-Connected state we have(without data transmission):

Table 2.2-2 LTE device sleep ratio in subframe level (for connected mode) 

	　
	DRX cycle TCYCLE_SF (ms)
	Synchronization reception time(ms)
	Synchronization cycle(ms)
	Number of synchronization
	PDCCH reception time(ms)
	RRM measurement time per DRX (ms)
	DL/UL subframe ratio
	Sleep ratio

	RRC-Connected
	320
	2
	--
	1
	10
	6
	1
	91.9%

	
	320
	2
	10
	2
	10
	6
	0.5
	85.6%

	
	2560
	2
	--
	1
	100
	6
	1
	95.5%

	
	2560
	2
	10
	2
	100
	6
	0.5
	91.2%

	
	10240
	2
	--
	1
	1600
	6
	1
	84.2%


In both idle and connected states, the LTE device can achieve a very high percentage of sleep mode at the sub-frame level.
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