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Power consumption analysis for “clean-slate” physical layer for IoT
Introduction
At GERAN#62, a new SI [1] was approved to study cellular support for ultra-low complexity and low throughput IoT. In [2], Neul has provided an outline proposal for a Cellular IoT physical layer to support the requirements defined in [1]. In this contribution, the power consumption resulting from the proposal in [2] is analyzed. 
Power consumption analysis
The achievable battery life for a UE using the physical layer proposed in [2] is estimated as a function of reporting frequency and maximum coupling loss (MCL). The results are summarized in Table 1. 
Note that this is currently a fairly simple analysis, and will need to be repeated in future work with an accurate model of the MAC and higher layer protocols.
	
	Battery life for 5 Wh capacity
Report = Uplink: 20 user bytes + 10 bytes overhead
                Downlink: 200 bytes control (including sync to BCCH)

	Maximum coupling loss (MCL)
	4 reports/hour
	1 report/hour
	1 report/6 hours

	141 dB
	> 10 years
	> 10 years
	> 10 years

	151 dB
	3 years
	> 10 years
	> 10 years

	161 dB
	0.4 years
	1.5 years
	8 years
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The current consumption assumptions underlying this analysis are summarized in Table 2. These values assume that GMSK modulation is used on the uplink.
	Assumptions

	Voltage (V)
	Tx (23 dBm)
(mA)
	Rx
(mA)
	Idle/sleep
(mA)

	3.0
	200
	40
	0.005
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Key points regarding this analysis are as follows:
· A 5 Wh battery capacity has been assumed, and battery leakage has not been included since this depends on battery technology.
· A fairly conservative UE power amplifier efficiency of 40% has been assumed (for GMSK modulation), which translates to 33% overall transmitter efficiency at +23 dBm due to the contribution of other circuitry. 
· Each “report” is modelled as a total of 200 bytes downlink (to account for downlink BCCH reception and control traffic, plus an acknowledgement) and 30 bytes uplink (20 bytes of user data plus 10 bytes of protocol overheads such as headers and CRC). So this assumes an efficient MAC and higher layers which do not impose high per-packet overheads and do not require multiple packets to be exchanged to complete a transaction.
· The modelling of loss of timing accuracy over long sleep periods is limited in this analysis. However, some allowance is made for re-synchronizing to the downlink BCCH channel to recover frame timing, which may be necessary depending on the accuracy of the UE frequency reference when in sleep mode.
Some preliminary conclusions are as follows:
· As expected, the achievable battery life is a strong function of coverage enhancement and reporting interval.
· Increased coverage enhancement reduces battery life because the higher coupling loss has to be mitigated by longer transmissions. For higher coverage enhancement, the energy consumption of the UE power amplifier tends to dominate the resulting battery life.
· Increased reporting frequency degrades battery life, as expected, though it is a non-linear effect due to the additive overhead of the idle/sleep power consumption.
· Achieving 10 year battery life may not be feasible with very high coverage enhancement unless the reporting frequency is chosen appropriately.
· The UE solution must be designed for ultra-low idle/sleep power consumption, otherwise the idle/sleep current will limit the battery life even for UEs requiring lower coverage enhancement. 
· [bookmark: _GoBack]The MAC design and the higher layer protocols should not impose substantial per-packet overheads, or require many packets to be exchanged to complete a transaction, otherwise the battery life will be greatly reduced. In many scenarios, the uplink transmit power consumption is the dominating factor, due to the high PA current consumption, so uplink overheads are particularly important.
Summary
In this paper, the achievable battery life for a UE using the Cellular IoT physical layer proposed in [2] is estimated as a function of reporting frequency and maximum coupling loss (MCL). As expected, the results indicate that the battery life is a strong function of both reporting frequency and MCL.  
The results also highlight the importance of minimizing overheads in the MAC layer and higher layers; the current analysis is based on quite aggressive assumptions with regards to overheads, and the addition of large overheads will significantly degrade the estimated battery life.
Further work is required to refine the power consumption model in order to reflect the detailed MAC / high layer protocols and to make more rigorous allowance for loss of timing accuracy over long sleep periods. 
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