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Introduction
A WI on further LTE physical layer enhancements for MTC has been approved in Rel-13 [1]. One key objective is to reduce power consumption both in normal and enhanced coverage to target ultra-long battery life. In this contribution, we consider UE power consumption and possible physical layer techniques to reduce power consumption. 
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MTC UE Power Consumption

In this section, we consider the typical power consumption for MTC devices. For our analysis, we assume two AA Alkaline long life batteries with energy capacity of 2 x 2.52Wh (1.2V, 2.1A) = 2 x 9072J. The battery life can be given by the capacity divided by the energy consumption per period, which is given by the following formula –

Energyperiod = Vcc * [Ir * Tsyn + Ir * (Tpage_decode) * Ttransaction / Tpaging_cycle + Ir * (Tsetup+TDL+Trelease) + It * TUL + Ileakage *Ttransaction] 
During deep sleep mode, there is a gradual loss of energy from the charged capacitors due to leakage current. There is also a reference clock required to keep the UE alive. The minimum leakage current including the slow reference clock is assumed to be 15 μA. The battery also has a self discharge which is assumed to be 10% in 5 years or 0.16% monthly discharge. The parameter description and default values are provided in Table 1. 

Table 1. UE current and power consumption.
	Symbol
	Description
	Current Consumption
	Power Consumption at 2.4V

	I_t
	transmitting current drawn
	100mA
	240mW

	I_r
	receiving current drawn
	20mA
	48mW

	I_leakage
	leakage current
	15uA
	36uA


3
Analysis of UE Tx/Rx Time
Power consumption is naturally a function of the UE Tx/Rx time. In this section, we provide some representative Tx/Rx times for data transmission and paging. Two scenarios are considered – coupling loss of 140.7 dB corresponding to nominal cell coverage for FDD [2] and coupling loss of 155.7 dB corresponding to 15dB coverage enhancement. 
At 140.7dB, the PDSCH and PUSCH data rates are approximately 200 kbps and 40 kbps, respectively [3]. Note that the PDSCH uses 6 PRBs while the PUSCH uses 1 PRB. Synchronization can be acquired within 20ms while the MIB can be acquired within 40ms. However, although MIB acquisition time is 40ms, it requires reading only 4 copies of the PBCH every 10ms. In between PBCH transmissions, the UE can go into micro-sleep mode which can significant amount of power. To simplify our analysis, however, we will assume that the UE is actively receiving for the entire 40ms.
At 155.7dB, the PDSCH and PUSCH data rates are approximately 0.8 kbps and 0.3 kbps, respectively [3]. Synchronization can be acquired within 800ms while the MIB can also be acquired with 99% success rate within 1600ms [4]. MIB acquisition of 1600ms corresponds to reading 160 PBCH transmissions.
Uplink Data Transmission
Table 2 shows energy consumption for uplink data transmission. The data payload is 1000 bits [2]. For our analysis, we assume the UE has valid SI and therefore there is no need to acquire the SIBs. Since SI is valid for up to 3 hrs while the data model in [2] assumes regular reporting every {5min, 30min, 1hr}, this is a reasonable assumption. The signalling overhead associated with this procedure is taken from [5].
Table 2. UE energy consumption for uplink data transmission.
	Description
	Coupling Loss = 140.7 dB
	Coupling Loss = 155.7 dB

	
	Tx/Rx Time (ms)
	Energy Consumption (µJ)
	Tx/Rx Time (ms)
	Energy Consumption (µJ)

	
	Tx
	Rx
	Tx
	Rx
	Tx
	Rx
	Tx
	Rx

	Synchronization acquisition
	
	20
	
	960
	
	1000
	
	48000

	MIB acquisition
	
	40
	
	1920
	
	1600
	
	76800

	Preamble + RAR
	1
	1
	240
	48
	20
	70
	4800
	3360

	RRC Connection Setup + Security Mode Command
	9
	3
	2160
	144
	1094
	520
	262560
	24960

	RRC Connection Reconfiguration
	3
	3
	720
	144
	320
	610
	76800
	29280

	Payload Transmission (1000 bits)
	26
	
	6240
	
	3414
	
	819360
	

	RRC Connection Release
	1
	1
	240
	48
	80
	130
	19200
	6240

	Total
	40
	68
	9600
	3264
	4928
	3930
	1182720
	188640


Table 2 shows that energy consumption is dominated by the Tx time, especially in coverage-limited scenario. Furthermore, this table also illustrates the high amount of signalling overhead that is required to send the payload.
Paging
Table 3 shows energy consumption for paging. For paging, it is clear that PSS/SSS and PBCH acquisition times have major impact on energy consumption. However, if we consider the current maximum paging cycle of 2.56 secs, it is seen that at coupling loss of 155.7dB, battery life (assuming paging only) is only around 4 days. At 140.7dB, it is 184 days. Thus, even if the acquisition times can be significantly reduced, this will not lead to ultra-long battery life.
Table 3. UE energy consumption for paging.
	Description
	Coupling Loss = 140.7 dB
	Coupling Loss = 155.7 dB

	
	Tx/Rx Time (ms)
	Energy Consumption (µJ)
	Tx/Rx Time (ms)
	Energy Consumption (µJ)

	
	Tx
	Rx
	Tx
	Rx
	Tx
	Rx
	Tx
	Rx

	Synchronization acquisition
	
	20
	
	960
	
	1000
	
	48000

	MIB acquisition
	
	40
	
	192
	
	1600
	
	7680

	Paging
	
	1
	
	48
	
	70
	
	3360

	Total
	
	67
	
	2928
	
	3930
	
	128160


4
Discussion
In the physical layer, the following techniques may be considered for reducing UE power consumption –

Reducing system acquisition time 

The system acquisition time can be significant, especially with coverage enhancement. However, results shown in Table 2 - Table 3 show that reducing the acquisition time may not be necessary. For UE that is using power saving mode (i.e. no paging), battery life of up to 10 years is possible if the transaction period is sufficiently far apart (e.g. once or twice a day). However, battery life cannot be significantly improved by optimizing the PSS/SSS and PBCH acquisition times. At coupling loss of 155.7 dB, the Tx energy consumption is approximately 14% of the total energy consumption. Of this amount, 66% is spent on synchronization and MIB acquisition. If PSS/SSS and PBCH can be redesigned to reduce the acquisition times by half, this would improve energy consumption by only 5%. However, to reduce the PSS/SSS and PBCH acquisition times by half would require significant additional overhead. For UE that requires paging, if PSS/SSS and PBCH can be redesigned to reduce the acquisition times by half, this would improve energy consumption by 50%. However, this will increase the battery life to around 8 days at 150.7dB MCL and at a significant overhead increase. A more efficient approach would be to increase the length of the paging cycle (e.g. from 2.56 secs to 10.24 secs or even longer).

Reducing measurements and measurement reports 

For devices with limited mobility, only infrequent RRM measurements are needed. UEs in coverage enhancement mode may also be configured to perform measurements and report results infrequently or to skip measurements related to handover procedure and idle mode mobility. This can limit the active time of the UE and reduce power consumption.

Configurable coverage enhancement
Coverage enhancement will be scalable and configurable, with the aim to minimize the amount of reception and transmission time for each level. Access mechanism (e.g. PRACH) may be designed such that the UE does not unnecessarily transmit more than needed. A mechanism to identify coverage range may be studied such that UEs that are out of coverage range will not waste power trying to connect to the system.

Based on the above discussion, it is proposed that the following physical layer techniques be considered for power consumption reduction –
· Reducing measurements and measurement reports
· Configurable coverage enhancement
5
Conclusion
In this contribution, we consider UE power consumption and possible power saving techniques. From our analysis, it is seen that reducing system acquisition time may not be necessary and may increase overhead substantially. It is suggested to focus on the following physical layer techniques for power consumption reduction –
· Reducing measurements and measurement reports
· Configurable coverage enhancement
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