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[bookmark: _Ref409106980]Introduction
At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC)  was approved, see  [1].
In this contribution, an estimate of the battery lifetime for Narrowband LTE (NB-LTE) devices is presented.
Energy consumption evaluation
Assumptions
The battery evaluation for NB-LTE follows the methodology described in [2].  The assumed transactions during an uplink reporting event are shown in Figure 1 . Note that 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. 


[bookmark: _Ref425337423]Figure 1: Message exchange during an uplink reporting event
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 1.

 
[bookmark: _Ref419730228]Table 1 Power consumption assumptions for NB-LTE 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

	Sleep
	Frame and frequency synchronization maintained
	3

	Standby
	Common assumption
	0.015



Protocol analysis
Synch and MIB acquisition
When the terminal wakes up from deep sleep it must first obtain downlink synchronization via PSS/SSS and verify system parameters.  System information is verified by reading the Master Information Block (MIB) broadcasted on PBCH. The average reception times for PSS/SSS and PBCH  at each coverage level are presented in Table 2. The synchronization time evaluation can be found in [6], and the worst case results with longest synchronization time (non-initial cell search with two interferers) are used here. For MIB reception time,the evaluation in [4]  shows that 1/1/2 code blocks are needed for reception at 144/154/164 dB coupling loss. Each code block is transmitted in the first M-subframe of each 60 ms M-frame [3]. The average waiting time for a code block is thus 30 ms. 
[bookmark: _Ref425415788]Table 2 Average PSS/SSS and PBCH reception (Rx) times (ms)
	
	Coupling Loss = 
 144 dB
	Coupling Loss = 
154 dB
	Coupling Loss = 
164 dB

	
	Rx
	Idle
	Rx
	Idle
	Rx
	Idle

	Synch
	196
	0
	215
	0
	393
	0

	MIB
	6
	30
	6
	30
	12
	84



RACH preamble transmission
To perform the uplink transmission the terminal initiates the four-step random access procedure:
· Msg 1: UL: Random access preamble on RACH
· Msg 2: DL: Random access response (CRNTI, TA, uplink grant)
· Msg 3: UL: TLLI and buffer status report (BSR)
· Msg 4: DL: Contention resolution message with copy of TLLI
The random access preamble differs from subsequent uplink messages since it sent without uplink synchronization. The average RACH transmission time at each coverage level is shown in Table 3.
[bookmark: _Ref425429485]Table 3 Average PRACH transmission (Tx) time (ms)
	
	Coupling Loss = 
 144 dB
	Coupling Loss = 
154 dB
	Coupling Loss = 
164 dB

	
	Tx
	Idle
	Tx
	Idle
	Tx
	Idle

	Preamble
	4
	30
	24
	78
	72
	270



The numbers in Table 3 are based on PBCH and PRACH design and evaluation results [4][7]. The detailed calculation goes as follows.
· For users with 144 dB MCL, the average idle time between MIB acquisition and random access preamble transmission is 30 ms. The preamble transmission then takes 4 ms.
· For users with 154 dB MCL, the average idle time between MIB acquisition and random access preamble transmission is 30 ms. The preamble transmission takes 24 ms, spanning over two PRACH periods (PRACH period is 60 ms). Therefore, the total time is 30+60+12=102 ms, and thus the idle time is 102-24=78 ms.
· For users with 164 dB MCL, the average idle time between MIB acquisition and random access preamble transmission is 30 ms. The preamble transmission takes 72 ms, spanning over six PRACH periods (PRACH period is 60 ms). Therefore, the total time is 30+60*5+12=342 ms, and thus the idle time is 342-72=270 ms.
Uplink report
Once random access is completed the terminal waits for an uplink grant on PDCCH, transmits the IP report, and receives a HARQ ACK. The terminal continues to monitor PDCCH according to its DRX cycle (512 ms).  A while later it receives a downlink assignment and the IP Ack, which it acknowledges by sending a HARQ ACK. The UE continues to monitor PDCCH until the ready timer expires, and then returns back to deep sleep.
The size and direction of the messages exchanged between terminal and base station, including the random access procedure, are summarized in Table 4.
The IP report and IP Ack include a 16 byte overhead in addition to the packet size above SNDCP (4 bytes for SNDCP, 6 bytes for LLC, 1 byte for RLC, 2 bytes for MAC header, and 3 bytes for CRC).
Note that RLC UM is assumed for the data transmissions, i.e. there are no RLC status reports.  Furthermore, HARQ acknowledgements are transmitted on PDCCH/PUSCH instead of PHICH/PUCCH.
[bookmark: _Ref425425119]Table 4 Size and direction of messages exchanged on PDSCH/PUSCH during an uplink reporting event
	Direction
	Message
	Bytes (DL)
	Bytes (UL)

	UL
	Preamble
	 
	X

	DL
	Random access response
	10
	 

	UL
	TLLI + BSR
	 
	12

	DL
	Contention resolution (TLLI)
	10
	 

	UL
	IP report (for 50/200 byte message)
	 
	66/216

	DL
	HARQ ACK
	4
	

	DL
	IP Ack
	45
	

	UL
	HARQ ACK
	
	4

	 
	Total signaling (Bytes)
	69
	82/232



The assumed downlink and uplink data rates for each coverage level have been evaluated in [5], and are here shown in Table 5. The operation point for PDSCH and PUSCH is assumed to be at 10% BLER, and the average number of transmissions of each packet is 1.1. This has been accounted for in the presented PHY layer data rates. Note that the presented data rates used support higher coupling loss than required (about 1.8 dB higher for many cases). Thus, the resulting battery life estimates are pessimistic. The corresponding data rates above SNDCP are also shown.
[bookmark: _Ref425425139]Table 5 DL and UL data rates (kbps)
	
	Coupling Loss = 
 144 dB
	Coupling Loss = 
154 dB
	Coupling Loss = 
164 dB

	
	DL
	UL
	DL
	UL
	DL
	UL

	PHY layer, excluding CRC
	121.2
	30.3
	20.2
	1.9
	3.4
	0.38

	Effective data rate
(measured above SNDCP)
	113.3
	28.3
	18.9
	1.8
	3.10
	0.35



The reception and transmission time per report is estimated by dividing the payload for the downlink and uplink transmissions from Table 4 with the achievable data rates from Table 5. 
For monitoring of M-EPDCCH, as discussed in [8], the needed receiving times are shown in Table 6.
[bookmark: _Ref426448145][bookmark: _Ref426447881]Table 6 M-EPDCCH receiving time (ms)
	
	Coupling Loss = 
 144 dB
	Coupling Loss = 
154 dB
	Coupling Loss = 
164 dB

	Single M-EPDCCH
	1
	4
	48

	Total during ready timer
	42
	168
	2016



[bookmark: _GoBack]The value in Table 6 for total time for M-EPDCCH reception and monitoring is based on as shown in Figure 1 with PDCCH being used for scheduling RACH MSG4, the PDSCH assignment for the actual report and the UL grant for the IP ACK. In addition, the PDCCH is monitored every 512 ms (the assumed DRX cycle) for 20 s (the assumed ready timer).
The combined numbers for reception and transmission times are shown in Table 7 and Table 8 for downlink and uplink, respectively.
[bookmark: _Ref425426322]Table 7 Reception (Rx) time per report (ms)
	
	Coupling Loss = 
 144 dB
	Coupling Loss = 
154 dB
	Coupling Loss = 
164 dB

	DL signaling
	47
	195
	2180



[bookmark: _Ref425427925]Table 8 Transmission (Tx) time per report (ms) 
	
	Coupling Loss = 
 144 dB
	Coupling Loss = 
154 dB
	Coupling Loss = 
164 dB

	UL signaling
(50/200 bytes)
	22/61
	346/980
	1732/4900



Furthermore, the idle time per report needs to be estimated. The main contributors to the idle time are the IP Ack waiting time (1000 ms) and the ready timer (20000 ms). The results are shown in Table 9.
[bookmark: _Ref425428992]Table 9 Idle time per report (ms)
	
	Coupling Loss = 
 144 dB
	Coupling Loss = 
154 dB
	Coupling Loss = 
164 dB

	IP Ack  + ready timer
	21000
	21000
	21000



Results
The estimated lifetime in years are presented for two different packet sizes, two reporting intervals and at different coverage. It can be seen that NB-LTE reach the battery target of 10 years for almost all evaluation points, i.e. except for GPRS reference cases + 20 dB with more frequent reporting and GPRS reference cases + 10 dB with more frequent reporting and larger packet size.
[bookmark: _Ref416647023]Table 10 Estimated battery lifetime in years
	Packet size, reporting interval
	Coupling Loss = 
 144 dB
	Coupling Loss = 
154 dB
	Coupling Loss = 
164 dB

	50 bytes, 2 hours
	19.8
	10.0
	3.0

	200 bytes, 2 hours
	17.9
	5.4
	1.3

	50 bytes, 1 day
	35.3
	30.8
	19.1

	200 bytes, 1 day
	34.8
	25.4
	11.5



As indicated in [5], there is a margin in the MCL for all three coverage levels. Hence, the actual battery lifetimes can be better than given above. 
Conclusions
In this contribution, we have estimated the battery lifetime of NB-LTE as a function of coupling loss and reporting cycle/ payloads. The main conclusions are:
· A 10 year battery life is achievable with a reporting interval of one day for both 50 bytes and 200 bytes application payloads for all coupling losses
· For reporting modes with two hours reporting interval, 10 year battery lifetime can be achieved for coupling loss 144 dB and for coupling loss of 154 dB with smaller packet sizes
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