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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.
This is an update of GP-150787 presented at GERAN#67. 
Note EPDCCH, PUSCH, PDSCH, etc refer to the physical channels in NB-LTE, unless indicated otherwise.
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 standalone 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.


[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 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.  It is assumed that the terminal remains in the same cell and that the previously acquired system information is still valid, aligned with common assumption in [2]. System information is verified by reading the ValueTag parameter in the Master Information Block (MIB) broadcasted on PBCH.  Note that this is a difference compared to legacy LTE where the ValueTag is contained in SIB1.
The average reception times for PSS/SSS and PBCH at each coverage level are presented in Table 2. More details of the synchronization time evaluation, and results for the 164 dB MCL, can be found in [4]. The worst case results with longest synchronization time (non-initial cell search with two interferers) are used here. The same assumptions and simulation settings have been used to derive the average synchronization time for the case of 144 dB and 154 dB coupling loss.
Note that after synchronization the terminal knows the timing within 80 ms. For MIB reception time, the evaluation in [4] shows that 1/1/4 code sub-blocks are needed for reception at 144/154/164 dB coupling loss. Each code sub-block is repeated 8 times and spread over an 80 ms interval (one repetition in each subframe 0).  To reach the start of such an 80 ms interval the terminal has to wait 80/2=40 ms on average.  After that the terminal will start to read MIB:
· For terminals with 144 and 154 dB coupling loss, a single code sub-block is sufficient to decode MIB. The reading time is 8 ms (8 repetitions, each one transmitted during 1 subframe) and the waiting time is 40+63=103 ms (the eight repetitions of PBCH is transmitted over 71 ms, and hence 63 ms will be idle). 
· For terminals with 164 dB coupling loss, four code sub-blocks are required to decode MIB.  However, since MIB is updated in every TTI (640 ms), the four code sub-blocks must be in the same TTI in order for decoding to succeed. The terminal will thus need to re-try and read additional code sub-blocks until this condition is fulfilled. On average, the terminal will have to read 0.75 extra code sub-blocks until decoding is successful. The total reading time is therefore 8x(4+0.75)=38 ms and the waiting time is 40+(4+0.75)*72+63=445 ms.
[bookmark: _Ref425415788]Table 2 Average PSS/SSS and PBCH reception (Rx) times (ms)
	
	 144 dB
	154 dB
	164 dB

	
	Rx
	Idle
	Rx
	Idle
	Rx
	Idle

	Synch
	327
	0
	341
	0
	597
	0

	MIB
	8
	103
	8
	103
	38
	445



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 (C-RNTI, TA, uplink grant)
· Msg 3: UL: “Connection request” (TLLI,  Access cause, BSR)
· Msg 4: DL: Contention resolution message (copy of TLLI) 
The TLLI transmitted in message 3 identifies the terminal and is also used for contention resolution in message 4.  In GPRS, the TLLI identifies the terminal on Gb interface and is used to route uplink and downlink data to the correct terminal. It is assumed that the base station associates the TLLI with the C-RNTI that it assigns to the terminal.  Thus, there is no need to include the TLLI with uplink data as the base station can deduce this information based on the C-RNTI.
The random access preamble differs from subsequent uplink messages as it is 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)
	
	 144 dB
	154 dB
	164 dB

	
	Tx
	Idle
	Tx
	Idle
	Tx
	Idle

	Preamble
	4
	120
	24
	348
	240
	942



The numbers in Table 3 are based on PBCH and PRACH design and evaluation results [3][4]. The detailed calculation goes as follows.
· For terminals with 144 dB coupling loss, the average idle time between MIB acquisition and random access preamble transmission is 120 ms (Format 0 PRACH period is 240 ms). The preamble transmission then takes 4 ms.
· For terminals with 154 dB coupling loss, the average idle time between MIB acquisition and random access preamble transmission is 120 ms (Format 1 PRACH period is 240 ms). The preamble transmission takes 24 ms, spanning over two PRACH periods. Therefore, the total time is 120+240+12=372 ms, and thus the idle time is 372-24=348 ms.
· For terminals with 164 dB coupling loss, the average idle time between MIB acquisition and random access preamble transmission is 30 ms (Format 2 PRACH period is 60 ms). The preamble transmission takes 240 ms, spanning over twenty PRACH periods. Therefore, the total time is 30+60*19+12=1182 ms, and thus the idle time is 1182-240=942 ms.
Uplink report
Once random access is completed the terminal waits for an uplink grant on EPDCCH, transmits the IP report, and receives a HARQ ACK. The terminal continues to monitor EPDCCH according to its DRX cycle (512 ms).  Shortly thereafter, it receives a downlink assignment and the IP Ack, which it acknowledges by sending a HARQ ACK. The UE continues to monitor EPDCCH until the ready timer expires, and then returns back to deep sleep.
The size and transmission times of the messages exchanged between terminal and base station, including message 2-4 of the random access procedure, are summarized in Table 4. The assumed downlink and uplink data rates for each coverage level have been evaluated in [5].
The IP report and IP Ack include a 15 byte overhead in addition to the packet size above SNDCP (4 bytes for SNDCP, 6 bytes for LLC, 1 byte for RLC, 1 byte for MAC header, and 3 bytes for CRC).
It is assumed that RLC UM is sufficient for data transmissions, i.e. there are no RLC status reports.  Furthermore, since CIoT applications operate at very low data rates it is possible to use short sequence numbers. Thus, the RLC overhead per LLC PDU is 1 byte.
Similarly to LTE, HARQ retransmissions are used to compensate for link adaptation errors and to dynamically adapt the repetition factor. However, some modifications are required to the HARQ feedback mechanism as PHICH and PUCCH are not supported in NB-LTE:
· HARQ feedback for UL data is transmitted on EPDCCH. A PUSCH transmission is considered positively acknowledged unless a re-transmission is requested for that HARQ process (“new data indicator” (NDI) not toggled compared to previously received grant). Unlike in legacy LTE there are no non-adaptive re-transmissions. 
· HARQ feedback for DL data is transmitted on PUSCH. This feature is supported also in LTE where HARQ feedback is multiplexed with data if the terminal has a valid uplink grant in a subframe. The difference here is that HARQ feedback can be transmitted even though the terminal has no simultaneous data.
[bookmark: _Ref427240535]Table 4 Size, direction and transmission times of messages exchanged on EPDCCH/PDSCH/PUSCH during an uplink reporting event
	
	
	
	Duration (ms)

	Message
	State
	Bytes (L1)
	144 dB
	154 dB
	164 dB

	DL assignment
	Rx
	8
	1
	4
	40

	RA msg2: RAR
	Rx
	10
	1
	4
	40

	RA msg3: TLLI+Access cause+BSR
	Tx
	11
	12
	36
	300

	DL assignment
	Rx
	8
	1
	4
	40

	RA msg4: Cont. res.
	Rx
	8
	1
	4
	40

	UL grant
	Rx
	8
	1
	4
	44

	IP report (50B)
	Tx
	65
	26
	238
	1426

	IP report (200B)
	Tx
	215
	58
	909
	4541

	HARQ ACK
	Rx
	8
	1
	4
	44

	DL assignment + PDCCH monitoring
	Rx
	8
	1
	4
	44

	IP Ack (65B)
	Rx
	80
	7
	31
	185

	HARQ ACK
	Tx
	3
	7
	13
	224

	PDCCH monitoring
	Rx
	8
	39
	156
	1560



The operation point for PDSCH and PUSCH is at/or lower than 10% BLER [5], and the average number of transmissions of each packet is 1.1, according to common agreement in [2]. This has been accounted for in the presented PHY layer data rates.
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). In practice the idle time will be shorter since the UE is monitoring EPDCCH during this time. For completeness, the scheduling delay is also taken into account even though it does not contribute significantly to the total idle time.  The scheduling delay includes the waiting time between e.g.   PRACH and EPDCCH and EPDCCH and PDSCH/PUSCH, and is estimated pessimistically as 1000 ms.  The results are shown in Table 5.  
[bookmark: _Ref427240629]Table 5 Idle time per report (ms)
	
	 144 dB
	154 dB
	164 dB

	Waiting for IP Ack
	20000
	20000
	20000

	Ready timer
	1000
	1000
	1000

	Scheduling delay
	1000
	1000
	1000



Results
The overall reception, transmission and idle times per report at different coverage are shown in Table 6.
[bookmark: _Ref429410577]Table 6 Transmission, Reception and Idle time per report (ms)
	
	 144 dB
	154 dB
	164 dB

	Tx (50 bytes)
	49
	311
	2190

	Tx (200 bytes)
	81
	983
	5305

	Rx
	388
	565
	2672

	Idle
	22223
	22451
	23387



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 and +10 dB.
[bookmark: _Ref416647023]Table 7 Estimated battery lifetime in years
	Packet size, reporting interval
	 144 dB
	154 dB
	164 dB

	50 bytes, 2 hours
	17,4
	10,4
	2,5

	200 bytes, 2 hours
	16,2
	5,4
	1,2

	50 bytes, 1 day
	34,6
	31,1
	17,6

	200 bytes, 1 day
	34,2
	25,3
	11,0



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 a coupling loss of 144 dB with 200 bytes application payload, and for 144 dB and 154 dB with 50 bytes application payload
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