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EC-GSM – Battery Lifetime Estimation
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 Extended Coverage-GSM, EC-GSM, devices is presented. Note that EC-GSM was earlier referred to ‘GSM Evolution’. 
Setup
The setup used to estimate the energy consumption is a Mobile Autonomous Reporting, MAR, device transmitting 50 or 200 bytes of data on top SNDCP layer plus an extra of 10 bytes for SNDCP/LLC headers. This is in accordance with the working assumption of [4].  The reports are transmitted at two different intervals, every second hour or once per 24 hours. The assumed transactions needed are shown in Figure 1.
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[bookmark: _Ref410084348]Figure 1 Illustration of message transactions with 1 HARQ

[bookmark: _GoBack]The operating current used in the battery lifetime estimation is presented in Table 1. 
[bookmark: _Ref410080595][bookmark: _Ref410116865]Table 1 Typical values of average current during different Modem operations in an MS.
	Operation
	Specification
	Operating current (µA)

	Transmission (Tx)
	Tx (GMSK) (33 dBm) (1)
	1 393 528

	Reception (Rx)
	Rx with Baseband processing
	30 000

	Power Saving States
	Light sleep
	1000

	
	Deep sleep 
	4.54



Deep Sleep and Synchronization
Prior to any mobile autonomous reporting the device will be in deep sleep and need to wake up and synch to the BCCH carrier in the cell. It is here assumed that the device will be in the same cell as when the previous report were sent and therefore knows what BCCH carrier to sync to. 
The time in deep sleep mode is taken to be the reporting interval. This is somewhat pessimistic but the extra energy added in this estimation when the device is actually in transfer mode is regarded as negligible.
Depending on Coverage Class, CC, of the device the sync process will need more or less time to find the FCCH/SCH and consequently use different amount of energy.  For a device in normal GPRS reference coverage the evaluation of average network synchronization is straight forward as the FCCH and SCH channels are mapped in pairs occurring every 10th TDMA frame on TS0.  This implies that the average number of TDMA frames needed is 5.5 or approximately 26ms.
For a device in 20 dB extended coverage the time to read the FCCH, see [6], is on average 530ms. The time to read the SCH, see [5], is 58 TDMA frames implying a total network synchronization time of 0.8 seconds.
The current used for deep sleep and reception can be found in Table 1.
Light Sleep
Between expected reception and transmission opportunities the device will use the power saving mode of light sleep to save energy.  The estimated duration of the light sleep sections according to Figure 1 can be found in Table 2. The values in Table 2 are highly estimated but the contribution from the light sleep interval merely effects the battery lifetime when measured in years.
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	Transaction mode
	Time in light sleep (ms)

	Between Synch and access request
	40

	Between last RACH burst to the start of receiving Immediate Assignment
	235

	Between assignment to the start of first transmission opportunity
	80

	Between last data transmission to the start of receiving PUAN
	4x40

	Between PUAN and HARQ retransmission
	3x40



Random Access
The access request will transmit the number of burst according to the device coverage class. In the GPRS reference case it will use one RACH burst and in the GPRS reference case + 20dB it will need to transmit 32 EC-RACH burst. The device will be in light sleep during the time slots that does not belong to the RACH.
Immediate Assignment
The energy consumption used for the Immediate Assignment will be calculated as transmitted using the EC-AGCH mapping, see [7]. This implies that in the GPRS reference case the device needs to listen to two burst and be in light sleep in between these two burst. For the GPRS reference case + 20dB it will need to listen to 64 burst over four 51 multi-frames while being in light sleep in between.  
Data Transmission with HARQ re-transmissions
The data transmissions rely on HARQ retransmissions for devices in extended coverage. For the uplink GPRS reference case + 20dB we need four HARQ retransmission with up to 16 repetitions for each transmission and will at that point have a residual BLER of less than one percent but at the expense of sending each UL data block 1.6 times, see [7] for more details.. This implies that the report of 50 bytes plus lower layer headers needs three MSC-1 blocks and with HARQ retransmission we will on average need to send 5 MCS-1 blocks, where each block is blindly transmitted 16 times. Similar for the report size of 200 bytes we will need 10 MCS-1 blocks and 16 blocks when relying on four HARQ retransmissions. In total we will use 16*16 blind transmissions in this case. For the GPRS reference case, this setup can be seen as a bit pessimistic since the normal coverage case could imply a higher order modulation and therefore less blocks to transmit. 
PACCH Signaling
For the GPRS reference case, EC-PACCH signaling is mapped as legacy PACCH. For the GPRS reference case + 20dB, EC-PACCH signaling is mapped onto four PDCHs and repeated in total 16 times.
The PUAN will be sent after each fixed allocation and will include both the ACK/NACK bitmap and the allocation bitmap in case of NACK, see [8]. 
Ready State
At the end of each transfer the device will be in ready state. It is here assumed that the non-DRX timer is set to zero and the BS_PA_MFRMS to 9 which results in approximately 10 paging opportunities during a ready state of 20 seconds and rest of the time in light sleep.
Results and Conclusions
In Table 3 the estimated lifetime in years are presented for the different packet sizes, reporting intervals and at different coverage. It can be seen that when in normal coverage and in extended coverage with less frequent report interval EC-GSM will reaches 10 years battery lifetime. For the more frequent reporting interval of every second hour EC-GSM reaches battery lifetime between 1.2 and 6 years. 
[bookmark: _Ref410140934]Table 3 Results in years
	Packet size, reporting interval
	Loss = GPRS reference MCL +0dB
	Loss = GPRS reference MCL +10 dB
	Loss = GPRS reference MCL +20 dB

	50 bytes, 2 hours
	>10
	6
	3,1

	200bytes, 2 hours
	>10
	2,5
	1,2

	50 bytes, 1 day
	>10
	>10
	>10

	200 bytes, 1 day
	>10
	>10
	>10
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