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1. 
Introduction

Massive machine type communication (mMTC) is a key service to be enabled by NR as identified the RAN requirements study item [1]. There are at least three key KPIs for mMTC services, extended link budget, UE battery life and device density. In this contribution, we focus on the mMTC battery life evaluation assumption and methodologies. In RAN NR design requirement 38.913 [1], battery life design goal for mMTC is 

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 MCL of 164dB, assuming a stored energy capacity of 5Wh.

The target for UE battery life should be beyond 10 years, 15 years is desirable.

To evaluate mMTC UE battery life in RAN1, analytical model can be used. In this contribution, we discuss and propose evaluation assumptions and methodology for mMTC battery life evaluation, including UE power consumption model, protocol flow (duration) assumptions and traffic model assumption. Note that, the model proposed in this contribution was modified based on the battery life evaluation assumption used in NB-IoT study [2].
2. 
UE power consumption model for mMTC 

We propose to adopt a similar, simple, UE power consumption model as the one used in NB-IoT study [2]. The UE power consumption number is divided into four different mode, active transmit, active receive, sleep and standby. The power consumption number for each mode is given in Table 1
Table 1 UE power consumption model for mMTC battery life evaluation
	Operating mode
	 
	Power (mW)
	Notes

	Transmit
	Integrated PA
	500
	+23 dBm with 45% PA efficiency for class B (including Tx/Rx switch insertion loss) plus 60 mW for other circuitry.

	
	External PA
	460
	+23 dBm with 50% PA efficiency for class B (including Tx/Rx switch insertion loss) plus 60 mW for other circuitry.

	Receive
	Synchronization 
(PSS/SSS)
	70
	Accounts for more complex digital processing during synchronization.

	
	Normal
(non-PSS/SSS)
	60
	Includes the subsequent demodulation of PHY channels excluding PSS/SS, including but not limited to PBCH/PDCCH/PDSCH etc.

	Sleep 
	 
	3
	Corresponds to maintaining accurate timing by keeping RF frequency reference active.

	Standby
	 
	0.015
	Common assumption.

	
	
	
	


Proposal 1: Adopt a simple power consumption models for mMTC battery life evaluation to capture the UE power consumption in four modes: active transmit, active receiver, sleep and standby
3. 
Protocol flow (duration) model for mMTC 

Based on different design, e.g. contention based or contention free transmission, synchronized or a-synchronized transmission, orthogonal or non-orthogonal multiple access, the detailed protocol can be different for different proposals. In this section, in order to unify and simplify the battery life evaluations, we propose the following protocol flow in Figure 1 and duration model in Table 2 including: PSS/SSS/SI reading, RACH, UL transmission, DL transmission. Note the figure is not drawn to the scale of the duration of each step.
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Figure 1 Protocol flow assumption for mMTC battery life evolutions
Proposal 2: Adopt a simple protocol flow for mMTC battery life evaluation to capture the procedure including, SYNC/SI reading, RACH, UL packet transmission and DL packet transmission.

Table 2 Protocol flow duration for mMTC battery life evaluation

	Steps
	Purpose
	UE Power 
Mode
	Durations @ MCL164dB
	Notes

	S1
	SYNC reading
	Receive
	200ms
	 

	S2
	MIB/SIB1/SIB2 reading
	Receive
	500ms
	 

	S3
	RACH
	Transmit
	500ms
	 

	S4/S5/S8
	RACH contention resolution + PDCCH UL grant
	Receive
	250ms
	 

	S6/S9
	200 Byte UL packet trans.
	Transmit
	Based on LLS 
	Both the PA back off due to waveform PAPR and the channel estimation need to be captured.

	S7/S10
	DL MAC ACK
	Receive
	64ms
	 

	S11
	PDCCH DL grant
	Receive
	280ms
	128ms for each PDCCH, 1.1 PDCCH for DL and 1.1 PDCCH for UL

	S12
	20 Byte DL application ACK trans.
	Receive
	333ms
	Assume DL 3:1 UL @~480bps 

	S13
	UL MAC ACK
	Transmit
	128ms
	 

	-
	Sleep between S1-S13
	Sleep
	500ms
	 


Proposal 3: Adopt a simple model for duration of each protocol flow step for mMTC battery life evaluation

It is important to note that, from UE power consumption Table 1, it is expected that transmission of the 200 Byte UL packet will contribute the most to the UE battery life. In order to accurately model the UE battery life, we propose to use LLS to model the durations of the 200 Byte UL packet transmission, and the model needs to consider both the PA back off due to waveform PAPR and the channel estimation error. 

Proposal 4: To compute the transmission duration of 200 Byte UL packet, LLS shall be used for calculating the duration, in which realistic channel estimate and demod performance shall be assumed

Proposal 5: To compute the transmission duration of the UL packet, assumption on UE actual transmit (radiated) power needs to take into account for the PA back off due to PAPR of the chosen waveform.
4. 
Traffic model/battery capacity for mMTC battery life evaluation 

We propose to use the RAN plenary requirement as the traffic model/battery capacity for mMTC battery life evaluation. To be more specific:

200 bytes UL per day followed by 20bytes DL from MCL of 164dB, assuming a stored energy capacity of 5Wh.

Proposal 6: Use RAN plenary requirement as traffic model/battery capacity model, i.e. 200 bytes UL per day followed by 20bytes DL from MCL of 164dB, assuming a stored energy capacity of 5Wh.

5. 
Further consideration on other UE power class

It is important to note that for the mMTC devices, different PA or PA-less operation can be used. In RAN1 #85 [3], it was agree that for SLS, 10dBm UE transmit power is also an option. We feel that it is very beneficial to consider the NR design for other PA class, such as 10dBm or even lower. We need to design mMTC service and evaluate the link budget and battery life for those devices as well.

Proposal 7: mMTC design and evaluation needs to cover other UE PA class, such as 10dBm or even lower (PA-less operation).
6.
Conclusion

In this contribution, we propose the UE battery life evaluation assumption and methodologies. Our proposal is as follows

Proposal 1: Adopt a simple power consumption model for mMTC battery life evaluation to capture the UE power consumption in four modes: active transmit, active receive, sleep and standby

Proposal 2: Adopt a simple protocol flow to capture the procedure for mMTC battery life evaluation including, SYNC/SI reading, RACH, UL packet transmission and DL packet transmission.

Proposal 3: Adopt a simple model for duration of each protocol flow step for mMTC battery life evaluation

Proposal 4: To compute the transmission duration of 200 Byte UL packet, LLS shall be used for calculating the duration, in which realistic channel estimate and demod performance shall be assumed

Proposal 5: To compute the transmission duration of the UL packet, assumption on UE actual transmit (radiated) power needs to take into account for the PA back off due to PAPR of the chosen waveform.

Proposal 6: Use RAN plenary requirement as traffic model/battery capacity model, i.e. 200 bytes UL per day followed by 20bytes DL from MCL of 164dB, assuming a stored energy capacity of 5Wh.
Proposal 7: mMTC design and evaluation needs to cover other UE PA class, such as 10dBm or even lower (PA-less operation).
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