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  	Introduction
It is envisioned that NR will support a massive number of machine-type communications (mMTC) devices that stay operational for years on a single battery. These mMTC devices are expected to stay in a sleep mode most of the time to conserve energy, and periodically wake up to transmit a small payload every few hours or days. To maximize device lifetime, it is important to minimize the energy consumption of the access procedure when a device wakes up to connect to the network. In this contribution, we break down the power consumption of the legacy LTE access procedure when applied to mMTC devices to identify potential areas of power savings.
Legacy Access Procedures and Energy Consumption
[bookmark: _Ref378529477]Figure 1 shows the legacy access and uplink data transmission procedures, which comprise of
1. Devices synchronize with PSS/SSS (procedure A in Figure 1)
2. Devices acquire MIB and SIB 1&2 information (procedures B and C)
3. 4-step random access (procedure D including MSG1 MSG2 MSG3 and MSG4)
4. After NW attachment, devices start data transmissions (procedures F)
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Figure 1. Legacy access procedures in LTE.
Power Consumption Analysis
Modelling Methodology and Assumptions
The power consumption model used for mMTC evaluation is based on a proposal submitted to RAN1#86 [2]. To recap, Table I summarizes the key parameters for this contribution (some of which are selected from a list of options):
	Operating mode
	 
	Value
	Notes

	Transmit
	Loss from PA to radiated power
	FD-FDD: 3dB
	Accounts for switches, duplexers, insertion loss

	
	PA efficiency
	External PA: 50%
	

	
	
	60mW
	Other RF and baseband circuitry

	Receive
	
	60mW
	RF and baseband circuitry

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

	Standby
(Hibernate)
	 
	0.015mW
	Common assumption.


Table I. Power consumption of different operating modes.
A discharge-unconstrained battery is assumed here. After self-discharge, the battery is considered to have a nominal energy capacity of 5Wh at 3.6V.
Traffic Characteristics
For traffic characteristics, mobile-originated (MO) data is evaluated. For simplicity, impact of page monitoring operation is assumed to be negligible. This simplification could be interpreted as page monitoring’s periodicity is aligned to MO data periodicity, so the increment energy to perform page monitoring is very small.
The following scenarios based on [2] are evaluated:
1) 200bytes, every 2 hours, PL = 144dB, Average RRC connection time = 300ms
2) 200bytes, every 2 hours, PL = 144dB, Average RRC connection time = 100ms
3) 200bytes, every 2 hours, PL = 135dB, Average RRC connection time = 300ms
4) 200bytes, every 2 hours, PL = 135dB, Average RRC connection time = 100ms

Cases 3) & 4) are extended based on Cases 1) & 2) with a more benign path loss scenario, which could be more representative of nominal usage scenarios.
Results
For comparative analysis, Figures 2-5 show the breakdown of the energy consumption for the four scenarios in Section 3.2. Specifically, ‘Data Tx’ refers to uplink data transmission, ‘RRC Connect’ refers to the 4-step random access in procedure D in Figure 1, and ‘Others’ refers to the sum energy consumption of PSS/SSS sync, MIB/SIB acquisition, Hibernate-to-Wake, Wake-to-Hibernate, and Sleep.
From the pie charts, it is evident that RRC connect consumes a significant portion of the energy. The RRC connection setup duration depends on various factors, such as NW loading, RACH collision, DL channel condition, etc. If we assume a pessimistic case of 300ms connection, RRC connection consumes 19% to 50% of the total energy, depending on different path losses. Similarly, if we assume 100ms connection, RRC connection consumes12% to 33% of the total energy. 
Clearly, reducing the RRC connection can help reducing the UE power consumption, e.g., via grant-free transmissions. Grant-free transmission has the benefit of potentially reduce the duration of RACH procedure, by eliminating the RACH procedure partially or even completely. Even though, details of how much duration can be saved from grant-free transmission depends on the design, it is beneficial to study grant-free transmission.
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Figure 2. Power breakdown for Case 1 (200bytes every 2hours, PL144dB, average RRC Connect 300ms).
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Figure 3. Power breakdown for Case 2 (200bytes every 2hours, PL144dB, average RRC Connect 100ms).
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Figure 4. Power breakdown for Case 3 (200bytes every 2hours, PL135dB, average RRC Connect 300ms).
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Figure 5. Power breakdown for Case 4 (200bytes every 2hours, PL135dB, average RRC Connect 100ms).
Conclusions
In this contribution, we look at the procedures UE needs to follow for data transmission. Below are our observations and proposal.
Observation 1: RRC connection for grant-based transmission can incur noticeable to larger power consumption overhead especially for small packet transmission.
[bookmark: _GoBack]Among different solutions, grant-free transmission has the potential to reduce power overhead.
Proposal 1: Grant-free transmissions should be studied for mMTC devices to minimize energy consumption.
[bookmark: _Ref430766234]References
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