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Introduction
[bookmark: _Ref421460494]In RAN #74, the 2nd bullet in WF [1] had been endorsed and will be part of general RAN1 self-evaluation task (probably: one extra SI for this)
· 3GPP’s IMT-2020 self-evaluations towards mMTC requirements will assess NB-IoT and/or LTE eMTC
It is expected that RAN1 will evaluate whether NB-IoT and/or eMTC fulfil the requirements of mMTC or not.
In TR 38.913 [2], the target of mMTC is specified in the following aspects. 
· The target for coverage should be 164dB.
· The target for connection density should be 1 000 000 device/km2 in urban environment.
· The target for UE battery life for mMTC should be beyond 10 years, 15 years is desirable.
· The latency shall be no worse than 10 seconds on the uplink for a 20 byte application packet (with uncompressed IP header corresponding to 105 bytes physical layer) measured at the maximum coupling loss (MaxCL) of 164dB.
In this paper, we analysis the battery life of NB-IOT for infrequency small packets to see if it fulfills the requirement of NR mMTC. 

Evaluation methodology
0. Battery life requirement in mMTC
In TR 38.913, it indicates that 
UE battery life can be evaluated by the battery life of the UE without recharge. For mMTC, UE battery life in extreme coverage shall be based on the activity of mobile originated data transfer consisting of 200bytes UL per day followed by 20bytes DL from MaxCL of 164dB, assuming a stored energy capacity of 5Wh.
The target for UE battery life for mMTC should be beyond 10 years, 15 years is desirable.
Analytical evaluation is used as the evaluation methodology.
The energy consumption evaluation methodology specified in TR 45.820 [3] is generic and clear. We follow the evaluation methodology with the NB-IoT Control Plane and User Plane CIoT EPS Optimizations procedures for the battery life analysis. 
0. Battery life requirement in mMTC
In Table 1 and Table 2, we show the transmission, reception and idle time per report for NB-IoT CP/UP CIoT EPS optimizations, respectively. We assume a UE wakes up from the most energy efficient state, transmits and receives the required UL (200 bytes) /DL (20 bytes) data and re-enters the most energy efficient state. To finish a report, the whole procedures from synchronization, SI acquisition, RACH, RRC connection/RRC resume, UL data transmission, DL data reception and RRC release/RRC suspend are all considered. In addition, similar to TR 45.820, we consider 1000msec scheduling delay and 20sec ready time for the NPDCCH monitoring for the DL data. 
Table 1 Transmission, Reception and Idle time per report for NB-IoT CP CIoT EPS Optimization
	
	MaxCL 144 dB
	MaxCL 164 dB

	Tx (50 bytes)
	61.68 (ms)
	2298.67 (ms)

	Tx (200 bytes)
	146.13 (ms)
	6298.67 (ms)

	Rx
	152.72 (ms)
	1003.34 (ms)

	Idle
	21111.40 (ms)
	21327.08 (ms)



Table 2 Transmission, Reception and Idle time per report for NB-IoT UP CIoT EPS Optimization
	
	MaxCL 144 dB
	MaxCL 164 dB

	Tx (50 bytes)
	57.17 (ms)
	2109.33 (ms)

	Tx (200 bytes)
	141.63 (ms)
	6109.33 (ms)

	Rx
	153.02 (ms)
	984.27 (ms)

	Idle
	21121.40 (ms)
	21337.08 (ms)



[bookmark: _Ref419730228]We use the power consumption values proposed in [4] for each state, which was commonly used for the NB-IoT battery life evaluation. For some different physical layer parameters between NB-IoT and mMTC which may impact the power values, the power consumption values need to be re-visited and declared for the future evaluation.     
Table 3 Power consumption assumptions for energy consumption analysis
	Operation
	Specification
	Power (mW)

	Transmission (Tx)
	Transmitter active at 23 dBm, assuming 44% PA efficiency and 90 mW for other analog and baseband circuitry.
	545

	Reception (Rx)
	Rx with Baseband processing
	90

	Idle
	Frame and frequency synchronization maintained
	3

	Deep sleep 
	Common assumption
	0.015



According to the setup mentioned above, Table 4 and 5 show the estimated battery life for NB-IoT CP and UP CIoT EPS Optimization, respectively. For a device under normal coverage (i.e. MaxCL 144 dB), there is no problem to fulfill a 10-year battery life requirement. At extreme coverage (i.e. MaxCL 164dB), the performance is very close to the minimal requirement. Since higher noise figures are assumed in [2], longer repetitions for each are expected. Therefore, further enhancements should be needed to meet 10 years battery life or ensure more margins and may make 15-year battery life reachable.
Table 4 Estimated battery lifetime in years for NB-IoT CP CIoT EPS Optimization
	Packet size, reporting interval
	 MaxCL 144 dB
	MaxCL 164 dB

	50 bytes, 1 day
	35.07 (years)
	18.25 (years)

	200 bytes, 1 day
	33.95 (years)
	10.10 (years)



Table 5 Estimated battery lifetime in years for NB-IoT UP CIoT EPS Optimization
	Packet size, reporting interval
	MaxCL 144 dB
	MaxCL 164 dB

	50 bytes, 1 day
	35.13 (years)
	18.98 (years)

	200 bytes, 1 day
	34.01 (years)
	10.32 (years)



Observation: For a NB-IoT device, there is no problem to fulfill a 10-year battery life requirement at normal coverage (i.e., MaxCL 144dB); at extreme coverage (i.e. MaxCL 164dB), the performance is very close to the minimal requirement. 
Proposal: Further NB-IoT enhancements may be considered to extend the battery life under the extreme coverage scenarios.  
Conclusions
In this paper, we analysis the battery life of NB-IOT for infrequency small packets to see if it fulfills the requirement of NR mMTC. The observation and proposal are made as follows. 
Observation: For a NB-IoT device, there is no problem to fulfill a 10-year battery life requirement at normal coverage (i.e., MaxCL 144dB); at extreme coverage (i.e. MaxCL 164dB), the performance is very close to the minimal requirement. 
Proposal: Further NB-IoT enhancements may be considered to extend the battery life under the extreme coverage scenarios.  
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