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Battery life analysis for NB M2M
Introduction
At GERAN#62, a new SI [1] was approved to study cellular support for ultra-low complexity and low throughput IoT. One of the objectives of the study is to achieve 10 year battery life from a 5 Wh capacity battery based on the traffic models defined in [2]. In this contribution, the battery life that can be achieved using the NB M2M proposal is presented. 
Power consumption assumptions
The instantaneous power consumption assumptions for the major operating modes of the NB M2M MS are shown in Table 1.
[bookmark: _Ref412100491]Table 1: Power consumption assumptions for NB M2M battery life analysis
	Operating mode
	
	Power (mW)
	Notes

	Transmit
(+23 dBm)
	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)
	90
	Accounts for more complex digital processing during synchronization.

	
	Normal
(non-PSS/SSS)
	80
	Includes digital mixing/decimation to single 15 kHz sub-channel, and subsequent demodulation of this sub-channel.

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

	Standby
	
	0.015
	As defined in [2].



The assumptions shown in Table 1 are considered to be realistic for a 65nm MS design based on an optimized implementation for NB M2M. Some further explanation is as follows:
· The power consumption estimates for transmit and receive take account of the phase noise performance that is required to meet the GSM adjacent channel protection and adjacent channel rejection specifications.
· Class B uplink modulation is assumed, which is constant envelope (GMSK).
· Two values for transmit power consumption are shown corresponding to the use of an integrated PA or an external PA. The external PA provides slightly higher efficiency due to the use of optimized semiconductor technology, but at the expense of added cost. 
· Two values for receive power consumption are shown corresponding to synchronization processing (PSS/SSS/FIIS) and normal operation. The synchronization power consumption is slightly higher to account for increased digital activity associated with correlation processing. 
· The assumed receiver digital processing corresponds to digital decimation of the received signal to a single sub-channel, followed by demodulation of a single sub-channel (15 kHz). This substantially reduces the processing load compared with solutions that require reception of the entire 200 kHz GSM channel because most of the processing can be performed at a very low sampling rate.   
Protocol assumptions
The NB M2M protocol flow that is assumed for the battery life analysis is illustrated in Figure 1. 
[image: ][bookmark: _Ref412294948]Figure 1: Protocol flow assumptions for NB M2M battery life analysis

Some further explanation is as follows:
· The assumed DCI intervals are 160 ms for normal coverage (144 dB coupling loss), 640 ms for extended coverage (154 dB coupling loss), and 2560 ms for extreme coverage (164 dB coupling loss).
· The number of DCIs that must be monitored during the 1 second latency required for the application layer ACK to be received from the server depends on the coverage class. For the case of 20 dB coverage extension, no additional DCIs need to be monitored because the DCI interval is much larger than the server latency.
· The DCI following the RACH carries scheduling information for both the random access response and the subsequent uplink report (using the C-RNTI to address the MS in the latter case, which requires buffering the DCI contents – a few tens of bytes – until the C-RNTI allocation is received in the random access response).
· A total of four DCIs are monitored during the 20 second ready timer. Note that each DCI can schedule resource for multiple MS. Between monitoring DCIs, it is assumed that the MS uses the standby power saving state, though the light sleep state could alternatively be used with only a small impact on battery life.
Synchronization and system information assumptions
The time taken for network synchronization and for system information reading is shown in Table 2, based on the simulation results in [3]. The following assumptions have been made:
· The MS has not moved to a different cell sector.
· All timing information has been lost due to clock drift since the previous reception. 
· [bookmark: _GoBack]Frequency error accuracy based on the RF frequency reference (TCXO or equivalent) is within ±2 ppm relative to the previous reception (see [3]).
· The number of frames required for synchronization is based on two interferers and 90% confidence of timing accuracy to ±1/8 Tb and CFO accuracy to ±45 Hz [3] (neither of which are hard limits for subsequent decoding, so the 90% threshold is a conservative lower limit on successful reception of subsequent bursts).
· Only SI1 needs to be read (so SI2 to SI4 are assumed to be unchanged since the previous reception).
· The receive active times for SSS, FIIS and SI1 take account of the time division of PSS, SSS, FIIS and SI1 on PBSCH (given that accurate timing is obtained from PSS).
· The number of frames required for SI1 decoding at 144 dB coupling loss exploits the ability to decode SI1 at high SNR without all coded symbols having been received (same principle as receiving a punctured code).
· No PSD boosting is assumed for PBSCH. This is consistent with the common assumption in [2], but it is possible that deployments could benefit significantly from PSD boosting of PBSCH.
[bookmark: _Ref412186314]Table 2: Receiver active time for synchronization and SI reading
	
	Coupling loss 
= 144 dB
	Coupling loss 
= 154 dB
	Coupling loss 
= 164 dB

	
	#frames
latency
	Rx active
time (ms)
	#frames
latency
	Rx active
time (ms)
	#frames
latency
	Rx active time (ms)

	PSS
	2
	160
	4
	320
	9
	720

	SSS
	1
	22
	1
	22
	1
	22

	FIIS & SI1
	5
	186
	8
	298
	16
	596


MCS and CBS assumptions
The selection of modulation type, repetitions/spreading, sub-channel bonding, and coding rate for each burst type at each coupling loss is shown in Table 3, based on the simulation results in [4]. The corresponding MCS and CBS indices, and the resulting burst durations, are shown in Table 4 based on the MCS and CBS tables that are defined in [5][6]. 
[bookmark: _Ref412193360]Table 3: Modulation and coding selection for each burst type
	
	Coupling loss = 144 dB
	Coupling loss = 154 dB
	Coupling loss = 164 dB

	Burst type
	Mod
	SF x RF
(or bond)
	FEC 
rate
	Mod
	SF x RF
(or bond)
	FEC 
rate
	Mod
	SF x RF
(or bond)
	FEC 
rate

	DL DCI
& DL RAR
	BPSK
	1x1
	1/2
	BPSK
	4x1
	1/2
	BPSK
	4x4
	1/2

	DL data
	QPSK
	1x1
	1/2
	BPSK
	2x1
	1/2
	BPSK
	4x2
	1/2

	UL random
access
	GMSK
	1x1
	1/3
	GMSK
	1x3
	1/3
	GMSK
	1x8
	1/3

	UL data
(50 bytes)
	GMSK
	x2 bond
	2/3
	GMSK
	1x1
	1/3
	GMSK
	1x3
	1/3

	UL data 
(200 bytes)
	GMSK
	x4 bond
	2/3
	GMSK
	1x1
	2/3
	GMSK
	1x2
	1/3

	UL ACK 
of DL data
	GMSK
	1x1
	1/3
	GMSK
	1x3
	1/3
	GMSK
	1x8
	1/3



Some further explanation is as follows:
· The PHY burst size values in Table 4 include all overheads up to the input of the FEC. Data bursts include a 15 byte overhead in addition to the packet size above SNDCP (4 bytes for SNDCP, 6 bytes for LLC, 2 bytes for MAC header, and 3 bytes for CRC), and the first uplink burst after RACH uses an additional 5 bytes for TLLI. 
· DCI bursts are encoded using a lower MCS index (lower data rate) than downlink data bursts because it is beneficial for the control channel information to have higher reliability (since it cannot be retransmitted).
· The DCI burst size is a typical value for a loaded system, so is assumed to carry resource information for multiple MS. The DCI payload is arranged such that, with good confidence, the MS can detect whether it is being addressed in that DCI just by receiving the fixed-length part of the DCI [2]. This ensures a lower receiver active time for the case that the MS is not addressed while it is monitoring DCIs. 
· Larger burst sizes can be supported with a higher MCS index (higher data rate) which is a consequence of increased coding gain when using larger block sizes (especially using Turbo codes on the uplink) and increased time diversity.
· The MCS values for 164 dB coupling loss are selected based on the link level simulation results in [4] for TU 1Hz. It can be seen that the reductions in processing gain for coupling losses of 154 dB and 144 dB relative to 164 dB are significantly less than the ideal (for AWGN) reductions of 10 dB and 20 dB. This compensates for reduced time diversity with shorter duration bursts.
· No PSD boosting or adaptive power allocation has been assumed on the downlink. 
[bookmark: _Ref412127054]
Table 4: MCS and CBS selection for each burst type
	
	
	Coupling loss = 144 dB
	Coupling loss = 154 dB
	Coupling loss = 164 dB

	Burst type
	PHY burst 
size
	MCS
Index
	CBS
index
	Duration
(ms)
	MCS
index
	CBS
index
	Duration
(ms)
	MCS
index
	CBS
index
	Duration
(ms)

	DL DCI
	MS addressed (48 bytes)
	5
	7
	80
	3
	7
	320
	1
	7
	1280

	
	MS not addressed (17 bytes)
	5
	7
	30
	3
	7
	120
	1
	7
	480

	DL RAR
	RAR
(9 bytes)
	5
	1
	20
	3
	1
	80
	1
	1
	320

	DL data
	App ACK
(29+15 = 
44 bytes)
	6
	3
	40
	4
	7
	160
	2
	7
	640

	UL random
access
	RACH
(5 bytes)
	5
	0
	40
	3
	0
	120
	1
	0
	320

	UL data
(50 bytes)
	Short report
(50+15+5 = 
70 bytes)
	7
	7
	160
	5
	15
	640
	3
	15
	1920

	UL data (200 bytes)
	Long report
(200+15+5 = 220 bytes)
	8
	23
	240
	6
	23
	960
	4
	47
	3840

	UL ACK 
of DL data
	MAC layer
ACK
(5 bytes)
	5
	0
	40
	3
	0
	120
	1
	0
	320



Results
The achievable battery life in years has been estimated as a function of reporting frequency and coupling loss, based on the assumptions described in the previous sections of this paper. The results for an integrated PA are summarized in Table 5 and for an external PA in Table 6. 
Further improvements in battery life, especially for the case of high coupling loss, could be obtained if the common assumption in [2] that the downlink PSD must not exceed that of legacy GPRS was either relaxed to allow PSD boosting, or defined more precisely to allow adaptive power allocation with frequency hopping.
[bookmark: _Ref412127683]Table 5: Battery life estimates with integrated PA
	
	Battery life (years)

	Packet size, reporting interval
	Coupling loss
= 144 dB
	Coupling loss
= 154 dB
	Coupling loss
= 164 dB

	50 bytes, 2 hours
	13.5
	5.3
	1.9

	200 bytes, 2 hours
	11.9
	4.4
	1.3

	50 bytes, 1 day
	33.1
	25.2
	14.8

	200 bytes, 1 day
	32.2
	23.3
	11.5



[bookmark: _Ref412127870]Table 6: Battery life estimates with external PA
	
	Battery life (years)

	Packet size, reporting interval
	Coupling loss
= 144 dB
	Coupling loss
= 154 dB
	Coupling loss
= 164 dB

	50 bytes, 2 hours
	14.0
	5.6
	2.0

	200 bytes, 2 hours
	12.4
	4.6
	1.4

	50 bytes, 1 day
	33.3
	25.6
	15.3

	200 bytes, 1 day
	32.5
	23.8
	12.0





Summary
In this paper, the achievable battery life for an MS using the NB M2M solution for Cellular IoT is estimated as a function of reporting frequency and coupling loss. The key conclusions are as follows:
· For all coupling losses (so up to 20 dB coverage extension compared with legacy GPRS), a 10 year battery life is achievable with a reporting interval of one day for both 50 bytes and 200 bytes application payloads.
· For a coupling loss of 144 dB (so equal to the MCL for legacy GPRS), a 10 year battery life is achievable with a two hour reporting interval for both 50 bytes and 200 bytes application payloads.  
· For coupling losses of 154 dB and 164 dB, a 10 year battery life is not achievable for a 2 hour reporting interval. This is essentially a consequence of the transmit energy per data bit (integrated over the number of repetitions) that is required to overcome the coupling loss and so provide an adequate SNR at the receiver. 
· Use of an integrated PA only has a small negative impact on battery life, based on the assumption of a 5% reduction in PA efficiency compared with an external PA.
Further improvements in battery life, especially for the case of high coupling loss, could be obtained if the common assumption in [2] that the downlink PSD must not exceed that of legacy GPRS was either relaxed to allow PSD boosting, or defined more precisely to allow adaptive power allocation with frequency hopping.
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