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[bookmark: _Ref421460494]At RAN#69 a new work item on narrowband IoT was agreed. In this contribution an estimate of the battery lifetime for Narrowband IoT devices is presented for the NB IoT system as described in [2] following the methodology given in in TR45.820 [1] where the connection to the core network is assumed to be Gb based, since that is what has been agreed to be assumed in the GERAN study item. The evaluation is done in the same way as for the earlier in-band case [3] and in particular the power model remains the same.
Battery lifetime evaluation
Assumptions
The battery evaluation for NB-LTE follows the methodology described in [1] and used in [3].  The assumed transactions during an uplink reporting event are shown in Figure 1. Note that in-band deployment and a Gb based architecture is assumed for the battery evaluation, since that is what has been agreed to be assumed in this GERAN study item.
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[bookmark: _Ref425337423]Figure 1: Message exchange during an uplink reporting event (no retransmission included in the figure)
As illustrated in Figure 1 there are four different operating states (Tx, Rx, Idle, Standby), each with different power requirement.  The details of these states are presented in Table 2. A battery of 5Wh is assumed per [1].

The power consumption per state used the assumption in Table 1.
[bookmark: _Ref433365526]


Table 1 Current consumption assumptions.
	 
	power 
[mW]

	Battery power during Tx
 (assuming 44% PA efficiency)
	543

	Battery power for Rx
	90

	Battery power when Idle but not in PSS
	2,4

	Battery power in Power Save State (PSS)
	0,015



The physical layer design follows the LTE based NB IoT design as documents in [2]

Table 1 shows the different activities during an uplink reporting event and the corresponding terminal state. The following assumptions have been made: 
· For network synchronization we assume initial synchronization with no interferers and PSS/SSS. The value in the Table 1 is the average synchronization time. 
· The timing estimates are based on the results in [4].
· The extra wait time comprises the IP Ack waiting time (1000 ms), the ready timer (20000 ms), and the various scheduling delays (1000 ms). The total extra wait time is therefore 22000 ms.
UE activity state and timing
Latency evaluation at 164 dB MCL for exception report (20 bytes application report, 65 bytes upper layer protocol header, and 15 bytes SNDCP/LLC/RLC/MAC/CRC overhead is assumed) transmission is shown in Table 2. 
[bookmark: _Ref431024927]Table 2. Latency evaluation for in-band operation (164dB MCL).
	Activity
	State
	ms

	Synchronization
	RX
	469

	MIB acquisition
	Rx
	192

	
	Idle
	1728

	PRACH
	Tx
	160

	
	Idle
	640

	DCI + RAR
	Rx
	288

	Msg3
	Tx
	340

	DCI + Msg4
	Rx
	288

	DCI (UL grant)
	Rx
	144

	Report (50 bytes)
	Tx
	1405

	Report (200 bytes)
	Tx
	4648

	HARQ ACK
	Rx
	144

	DCI
	Rx
	144

	IP Ack
	Rx
	1152

	HARQ ACK
	Tx
	288

	PDCCH monitoring
	Rx
	1440

	Extra wait time
	Idle
	22000



Table 2 shows the UE activity state and timing for 164dB MCL for the in-band operation.

Battery lifetime estimation
The estimated lifetime in years are presented for two different packet sizes, two reporting intervals and at different coverage.
Table 3: Estimated battery lifetime in years
	Packet size, reporting interval
	164 dB

	50 bytes, 2 hours
	2,4

	200 bytes, 2 hours
	1,2

	50 bytes, 1 day
	16,8

	200 bytes, 1 day
	10,5




Conclusions
The energy consumption evaluation shows that the 10 year battery life objective can be met or exceeded for “once per day” traffic scenarios in in-band operation.
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