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Discussion and Decision
1
Introduction
A WI on further LTE physical layer enhancements for MTC has been approved in Rel-13 [1]. Key detailed objectives include –

· Specify a new Rel-13 low complexity UE category/type for MTC operation.
· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications.
· Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage, to target ultra-long battery life
In this contribution, we consider UE power consumption and possible reduction techniques. 
2
MTC UE Power Consumption
A key goal for MTC is to provide ultra-long battery life. This is especially important for devices that may not be connected to the power supply. As part of Rel-13 WI, UE power consumption reduction is being considered. In this section, we consider the typical battery life 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] 
The parameter description and default values are provided in Table 1. 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.
Figure 1 illustrates battery life for different transaction and paging cycles. A transaction cycle refers to the time periodicity at which the UE will transmit data to the network. The analysis is done for a device at the cell edge with downlink SINR of -7dB. The following observations may be drawn –

· For MTC devices with infrequent data transmission (e.g. once per hour or longer), battery life is limited by the paging cycle. For paging cycle of 2.56 seconds, the battery life is approximately 13 months. If an extended paging cycle of 10.24 seconds is used, then the battery life can be extended to approximately 40 months. If there is no network paging, it is seen that battery life of up to 140 months is possible. In this case, the limiting factor is the leakage current.
· For MTC devices with frequent data transmission (e.g. once per minute), battery life is limited by data transmission. The paging cycle has a small overall effect on the battery life in this case. For data transmission period of once per minute, the battery life is approximately 5-7 months depending on the paging cycle.
Note that the analysis is for cell-edge devices. For devices with good SINRs, battery life will be similar under infrequent data transmission since it is limited by the paging cycle. For frequent data transmission, battery life will be better for devices with good SINRs.
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Figure 1. Battery life for MTC device with different paging cycles.
Note that in Rel.12, UE power saving mode (PSM) to improve battery life has been introduced. In this case, UE performs periodic tracking area update (TAU) after which it stays reachable for paging during a configurable Active timer. Otherwise the UE stays in a power-off like mode, not reachable, but still registered. This technique was not considered in our battery life analysis but the curve with no network paging can serve as a proxy for potential improvement from PSM.
3
Power Consumption Reduction Techniques
The following power reduction techniques may be considered –

· Higher-layer methods to reduce active time – including, for instance, longer paging cycle or UE-initiated access. In UE-initiated access, the UE initiates access to the network periodically and goes to M2M state (no paging) after the connection release. Any network-originated data is held until next UE initiated access occasion. Periodic keep-alive messages are transmitted by the devices. Periodicity configured by the network and UE could provide the preference. Generally, these methods try to reduce the active time of the device as much as possible to minimize power usage. Dynamic schemes that adapts to battery power or life can also be considered here. These methods, however, are not within the scope of RAN1.
· Overhead reduction – both higher-layer and physical layer overhead reduction may be considered. At the higher layer, signaling overhead reduction using optimized RRC procedures can be used to save battery life. Some of these methods, e.g. RRC message combining, RRC connection without U-plan radio bearer establishment, small data fast path, connectionless data transmission, etc., have been studied in Rel-12 but have not been standardized [4]. Physical layer overhead reduction (e.g. compact DCI) can also be used to minimize the time it takes for the UE to receive data. The gain from PHY overhead reduction, however, is expected to be modest compared to the gain from higher-layer overhead reduction.
· Reducing system acquisition time – including synchronization acquisition time and MIB/SIB acquisition time. The system acquisition time can be significant, especially with coverage enhancement. For example, it was determined that the acquisition time for synchronization may be as high as up to 2 seconds for each center carrier frequency. Similarly, system acquisition time can be extremely long due to infrequent SIB transmission and extended repetition. New design for the PSS/SSS and MIB/SIB transmission may substantially reduce the system acquisition time. 
· Half-duplex operation – half-duplex operation can also reduce power consumption as the UE is either transmitting or receiving and the removal of the duplexer. The default mode of operation can be for the UE to continuously listen to the downlink channel unless configured or scheduled for uplink transmission. Thus, power consumption can be reduced by optimizing the solutions for half-duplex operation as indicated in [1].
· 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.
· Relaxing performance requirements – for some channels (e.g. PRACH), relaxing the performance requirement can lower the transmission time by the UE.

· Semi-persistent or higher-layer scheduling – semi-persistent scheduling would require only few EPDCCH transmissions for activation/deactivation. Additionally, other scheduling methods may be considered which can save the EPDCCH transmission. This would be most beneficial for coverage enhancement mode where the EPDCCH must be transmit ahead of the PDSCH due to the need for extensive repetition.

Naturally, power saving and complexity analysis must be performed prior to adopting any power consumption technique. UE power consumption method such as those described in Section 2 can be used to quantify the power saving amount.
4
Conclusion
In this contribution, we consider UE power consumption and possible power saving techniques. From our analysis, it is seen that both higher-layer and physical-layer techniques can be used to extend battery life. Potential power reduction techniques have also been presented.
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Table 1. Parameters used for UE power consumption calculation.
	Symbol
	Description
	Value (default)

	I_t
	transmitting current drawn
	80mA

	I_r
	receiving current drawn
	20mA

	I_leakage
	leakage current
	15uA

	T_syn
	synchronization
	320ms

	T_paging_cycle
	Paging cycle
	2.56s

	T_page_decode
	time to decode paging including wakeup time
	25ms

	T_setup
	Connection setup including paging
	200ms

	T_release
	Connection release
	66ms

	T_dl
	receiving downlink data
	10 ms

	T_ul
	transmitting uplink data
	100 ms

	T_transaction
	M2M update cycle
	variable


