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1. Introduction
The recently agreed WID on “Further LTE Physical Layer Enhancements for MTC” [1] includes the objective of reducing device power consumption through techniques that may include:
· Reducing the active transmit / receive time
· Modification / redesign / addition / removal of signals and channels

· Reduction of measurement time, measurement reporting, feedback signaling, system information and synchronization acquisition etc.

The target of the WID is to enable an MTC device to be able to operate with an “ultra long battery life”. The term “ultra long battery life” depends on the application. Sony’s opinion is that Release-13 should support two broad classes of device:

· Consumer electronic type devices: CE-LTE devices

· Smart meter type devices: SM-LTE devices

For a consumer electronic type device, an ultra-long battery life would be 1 to 2 weeks with a 300mAh cell. For a smart meter type device, an ultra-long battery life might extend up to 10 years on a couple of AA cells. Although the SM-LTE and CE-LTE devices have different usage models and form factors, the degree to which LTE power consumption needs to be improved is roughly similar for both device types. Whereas the SM-LTE devices may be able to liberally trade off latency for power consumption, CE-LTE devices cannot do so and need to operate with moderate latency.
This document describes power consumption related characteristics of CE-LTE and SM-LTE type devices and provides Sony’s views on power consumption improvement techniques that should be studied in the work item.  

2. Power Consumption Related Characteristics of MTC Device Types
2.1
High Level Characteristics of CE-LTE and SM-LTE Devices

Table 1 lists the high level characteristics that affect the power consumption and battery life of CE-LTE and SM-LTE devices.
Table 1 – High Level Characteristics of CE-LTE and SM-LTE devices

	Requirement
	CE-LTE device
	SM-LTE device

	Cost
	Low cost
	Very low cost

	Data rate
	100kbps – 1Mbps range
	10 – 100bps

	Latency
	Approx. 250ms to 5 seconds
	24 hours

	Frequency of UL Data Transmissions
	Every 10 seconds to 30 minutes
	24 hours

	Coverage
	Standard LTE coverage
	Coverage extension to basements

	Form factor
	Very small
	Standard

	Battery capacity
	Up to 300 mAh = 1Wh
	Up to 7000mAh (2 AA cells) = 10Wh

	Battery lifetime
	1 to 2 weeks
	Up to 10 years

	Mobility
	Required
	Slow mobility acceptable

	Roaming
	Required
	Required


Taken into account the frequency of UL data transmissions, the coverage requirements, battery capacities and battery lifetime requirements, CE-LTE and SM-LTE devices require roughly similar improvements in terms of power consumption. 
Based on Table 1, the following proposals are made:
Proposal 1: The target battery lifetime of CE-LTE devices should be 1-2 weeks based on a battery capacity of 300mAh / 1Wh and a CE-LTE traffic model.

Proposal 2: The target battery lifetime of SM-LTE devices should be up to 10 years based on a battery capacity of 7000mAh / 10Wh and an SM-LTE traffic model.
2.2
Breakdown of Energy Consumption of Release-11 UEs
The breakdown of the energy consumption of Release-11 UEs is highly dependent on the application or usage model.
From studies that Sony have undertaken, we have come to the general conclusion that, for some CE-LTE applications, the energy consumption is approximately evenly split between energy consumed in standby mode (when the UE is passively listening for DL transmissions) and energy consumed in active mode (when the UE is actively engaged in data exchange with the eNodeB). When in the active mode, most energy is consumed in the transmit function rather than the receive function: when in the standby mode, energy is consumed in the receive function.
In general, standby mode power is expected to be reduced by extending the time that the UE is in DRX state and / or reducing the power consumption of the receive function during the “on” time of the DRX state. Enhancement of DRX operation is likely to be covered in another RAN2-related work item and DRX-type techniques. DRX enhancements are likely to increase latency (which will be detrimental for CE-LTE type devices), whereas reduction of the power consumption of the receive function during the “on” time of the DRX state may not increase latency. Hence the following proposal is made (applicable to all MTC device types):

Proposal 3: RAN1 focus on reducing power consumption by
· reducing the energy consumption of uplink transmissions while the UE is in an active state
· reducing the energy consumption of the UE receive function during the “on” time of the DRX state
3. Power Consumption Reduction Techniques for MTC devices
The following subsections give Sony’s initial opinion on potential power reduction techniques and their applicability to CE-LTE and SM-LTE type devices. 
3.1 Removal of channels and signals
Table 2 lists the channels and signals that are used to support MTC operation in Release-12 and an indication of whether support of these channels would be beneficial from a power consumption perspective. 
Table 2 - Channels used to support MTC operation in Release-12

	Channel
	usage
	requirement

	PDSCH
	DL data transfer
	Required

	PUSCH
	UL data transfer
	Required

	PDCCH
	Resource allocation signaling, AMC, TM mode support
	Required

Resource allocation signaling is required. Fast AMC may not be relevant to coverage limited situations where fast channel changes cannot be tracked. Decoding of PDCCH during the “on” time of the DRX state may contribute significantly to power consumption.

	PUCCH
	Feedback signaling to support DL, buffer status reporting
	Possibly not required.

Possibly not required if buffer status reporting can be signaled on PRACH. Feedback signaling that makes the DL more efficient may not have a significant effect on power consumption since most power consumption is related to uplink transmissions. 

	PHICH
	Feedback signaling to support UL
	Required.

Required in order to reduce the number of transmissions from the UE and to improve the efficiency of the UL. Transmitting feedback information via the PDCCH instead of via PHICH would be inefficient in coverage limited situations, considering that PDCCH transmission requires more physical bits than PHICH.

	PCFICH
	Signals extent of control channel region
	Possibly not required.

Not required if the control channel region size is fixed. Elimination of the PCFICH may have little impact on power consumption since the UE needs to have its DL RF switched on to receive the control channel region in any case and UE power consumption is dominated by the UL.

	PRACH
	Initial access, notification of UL data present, mobility
	Required

	PBCH
	Basic system information
	Required. 
PBCH is required to read the MIB and acquire the most basic system information.

	PSS / SSS
	Initial synchronisation
	Required.

Required at initial synchronization after which it is not required. 

	SRS
	Scheduling support for UL
	Possibly not required. 
In coverage limited situations, if large amounts of repetition are applied, the channel will have changed before the UL is re-scheduled, making the SRS information out of date. For bursty, aperiodic traffic, the transmission of a periodic channel in the UL may be of little use to the scheduler.


Whether a channel is supported or not will not depend solely on the power consumption associated with that channel itself, but on the power consumption, coverage, cost and cell spectral efficiency impact as a whole. Some channels may, in themselves, consume power but provide feedback signaling that allows the overall power consumption of the UE to be reduced.
Based on Table 2, it is not clear that reduction or elimination of channels will lead to significant power consumption reduction.

3.2 Reduction of Transmit / Receive Time When Active
The transmit / receive time while the UE is active currently accounts for approximately half of the  overall UE power consumption for CE-LTE type devices. Reduction of the active transmit / receive time may thus achieve a significant reduction in power consumption. However to achieve the goal of an ultra-long battery life, other techniques, such as enhancement of DRX mode operation (section 3.3), need to be adopted in addition to reduction of transmit / receive time in active mode. 
Table 3 lists some of the techniques that may be adopted to reduce the transmit / receive time in active mode.

Table 3 – Potential Techniques to Reduce Transmit / Receive Time in Active Mode

	Technique
	Description

	High OTA rates
	When the UL and DL data rates are maximized, buffers in the UE and eNB can be emptied more quickly, allowing the UE to return to a dormant state more quickly.

	Restriction of PDCCH decoding times
	If the UE is not required to decode PDCCH in every subframe, the UE receiver may be shut down, saving battery power. 
The power consumption reduction from this technique may be limited, given that active mode power consumption is dominated by the transmit function.

	Early termination of receptions
	The UE should be able to terminate reception of a packet once it has successfully decoded it. This functionality is supported if packets include an error detecting capability, such as a CRC.

	Early termination of transmissions
	Once the eNB has successfully received a packet, the UE must be quickly informed of this information such that the UE is able to terminate re-transmissions. In Release-12, PHICH provides some of this early termination functionality and such functionality should be carried forward for power constrained Release-13 UEs. 

	Relaxed requirements
	During active times, the UE is able to maintain accurate sychronisation with the eNB by decoding reference signals. If the requirements on UE reception and transmission are relaxed, the UE may be able to achieve acceptable synchronization by turning its receiver on for fewer subframes.
Since UE power consumption is dominated by the transmit function, this technique will not substantially reduce power consumption in the active state and may have undesirable impacts on system operation.

	Implementation techniques
	Power can be saved when portions of the RF and baseband receive and transmit chains are turned off as soon as they are not required, and are turned on “just in time”.


In summary, implementation techniques and the support of high OTA rates are expected to reduce UE power consumption.

3.3 DRX Enhancements

For CE-LTE devices, approximately half of the power consumption can be consumed during standby operation (while in DRX). Enhancement of DRX operation for MTC devices, while still meeting the usage requirements of CE-LTE and SM-LTE devices, can thus potentially achieve significant power consumption savings.
If enhanced DRX operation is going to be studied as a separate work item, the current RAN1 work item does not have to overly focus on enhanced DRX operation as a power consumption reduction technique. However the work in RAN1 should be undertaken bearing in mind that some of the most significant power consumption reduction savings may be achieved in a parallel work item.

As a parallel DRX-focussed work item progresses, RAN1 techniques may be required to support enhanced DRX operation, as part of that work item.  
During the “on” time of the DRX state, the UE must decode PDCCH. Reduction of the PDCCH processing load, for example by reducing the required number of PDCCH blind decodes or not requiring the UE to monitor the PDCCH in every subframe of the “on” period, will reduce power consumption in the UE.

3.4 Reduction of Measurement Time
Measurements are required for various purposes including supporting mobility. Minimising the time spent performing measurements would be expected to reduce power consumption, at the expense of latency of operations such as handover.

Mobility is required for both SM-LTE and CE-LTE devices. If SM-LTE devices maintain a connection to the network for long periods of time, for devices installed at the cell edge, the most favourable cell for a connection may vary as a function of traffic conditions, vegetation growth through the seasons, changes to network topology etc. If an SM-LTE implements an ultra-long DRX cycle, it may need to perform measurements on neighbouring cells if the cell that it previously connected to is no longer available.  While there may be relaxed measurement requirements for SM-LTE devices, these devices are still required to perform measurements at times. 
CE-LTE devices are expected to be mobile in nature and measurements will be required to support that mobility. It may be possible to relax the measurement requirements for CE-LTE devices since the latency requirements of these devices are slightly more lax than typical Release-12 devices. 
Measurements are undertaken both when the UE is in an active mode and in a standby mode (during the “on” period of DRX operation). Hence both the performance and reporting of measurements should be limited while still supporting device mobility.
3.5 Reduction of Feedback Signalling

On the face of it, reduction of feedback signaling can reduce power consumption in two ways:

· Reduction of the time that the UE is required to perform feedback related measurements.

· Reduction of the number or payload sizes of transmissions that the UE is required to make.

However feedback signaling can enable the eNodeB to make better scheduling decisions. Knowing the DL channel state information, the eNodeB can schedule the UE with higher MCS values while minimizing the number of retransmissions. Transferring a fixed amount of data at a higher MCS allows the UE receiver to be turned off earlier, minimizing the “on time” of the UE receiver, reducing power consumption. Similarly, in the UL, if the eNodeB knows the UE channel state information, the UE can be scheduled to transmit with the correct MCS, minimizing the “on time” of the UE transmitter.

Feedback signaling can only support the eNodeB’s scheduling decisions when the feedback signaling is “fresh” when it is received by the eNodeB. The freshness of the feedback signaling depends on both the channel speed and the latency of the feedback reporting. For coverage limited cases, e.g. the basement deployment scenario for SM-LTE devices, the latency of feedback signaling may be large and it may only be possible to support very low channel speeds. In such circumstances, the utility of feedback signaling is questionable. For CE-LTE devices, the latency of feedback signaling will be less, the eNodeB might be able to make more informed scheduling decisions, but the speed of the channel may be greater (as the CE-LTE device might be moving at running pace). 
Table 4 lists some of the factors that impact the utility of feedback signaling from an MTC UE power perspective. 
Table 4 – Factors impacting the utility of feedback signaling from an MTC UE power consumption perspective
	Aspect
	CE-LTE device
	SM-LTE device

	Speed of channel
	Typically < 30kmh
	Very low

	Latency of feedback signaling
	As per Release-12 when active
	100s of ms when a lot of repetition is applied in coverage limited cases

	Ability of eNodeB to schedule on the basis of feedback signaling
	Possible for low channel speeds (<30kmh), as per Release-12
	Possible. Despite the latency of feedback signaling potentially being high, the channel speed is very low

	Whether reduction of feedback signaling is beneficial to power consumption
	FFS whether power saving from improved scheduling compensates for power required to perform and feedback measurements.
	FFS whether power saving from improved scheduling compensates for power required to perform and feedback measurements.


Our conclusion is that it should be studied whether reduction of feedback signaling leads to an overall reduction in UE power consumption or not.
3.6 Reduction of Higher Layer Signalling

There are higher layer signaling messages associated with user-data bearing messages. These higher layer signaling messages reduce the amount of physical resource available for user-data bearing messages and increase power consumption at the UE. 

Reduction of the higher layer signaling load is an issue for other working groups (e.g. RAN2, SA2) and does not need to be considered by RAN1 in this work item.

3.7 Other Enhancements

Complexity reduction will reduce the power consumption of an MTC module. The complexity reduction techniques are not discussed in detail in this section (see [2]). In summary, the complexity reduction techniques that lower power consumption are:
· The transmitter portion of a half duplex mode UE has a lower RF insertion loss. For any given radiated power from the device, the required electrical power is less by a factor of the insertion loss.
· A reduced RF bandwidth system naturally has a lower power consumption due to a lower sampling rate of the ADCs and DACs and a lower insertion loss in the transmit filter.

Less linear PA architectures are generally more power efficient. LTE-MTC could support these less linear PA architectures by relaxing RAN4 requirements (such as EVM requirements, possibly coupled with a limitation on the modulation formats that can be used in the UL). If such an approach were taken, careful consideration would have to be given regarding the effects of the relaxed requirements on nearby users and adjacent carrier frequencies. The effect of QPSK-only support on the “on-time” of the transmitter should also be considered. 
The power consumption of LTE devices will also naturally improve through chip manufacturing process improvements and higher levels of integration. Chip manufacturing process improvements will lead to less power consumption in the baseband processing functions (according to Moore’s Law) and less energy wastage in the RF components. Higher levels of integration of components in smaller packages will also reduce current consumption. 
In order to meet the power consumption reduction targets in the work item and to enable the creation of CE-LTE and SM-LTE devices with meaningful battery lifetimes, 3GPP should not just rely on these natural power consumption improvements, but should also proactively attempt to reduce power consumption according to the techniques outlined in other sections of this document.

3.7 Summary
From the analysis in the previous subsections, Sony’s conclusion is that the following techniques could make a noticeable impact on overall UE power consumption:
· Implementation specific techniques

· Enhanced DRX mode operation (mainly a RAN2 consideration)

· Reduction of PDCCH processing load

· Support of high OTA (over the air) transmission rates

· Restriction, but not elimination, of undertaking measurements and transmission of measurement reports

· Reduction of feedback signaling, provided this does not significantly affect the ability of the eNodeB to schedule efficiently

· Reduction of higher layer signalling

· Complexity reduction techniques, particularly support of half-duplex mode and reduced RF bandwidth

Based on those techniques that are within the scope of RAN1, the following is proposed:

Proposal 4: RAN1 prioritises the study of the following power consumption reduction techniques: (1) reduction of PDCCH processing load, (2) support of high OTA rates, (3) restriction on the undertaking and transmission of measurement reports and (4) reduction of feedback signaling while still enabling efficient eNodeB scheduling.

4. Conclusions

The Release-13 MTC specifications should support both consumer electronic (CE-LTE) and smart meter (SM-LTE) types of device. The power consumption of both types of device require similar levels of power consumption reduction.

This Tdoc makes the following proposals: 
Proposal 1: The target battery lifetime of CE-LTE devices should be 1-2 weeks based on a battery capacity of 300mAh / 1Wh and a CE-LTE traffic model.

Proposal 2: The target battery lifetime of SM-LTE devices should be up to 10 years based on a battery capacity of 7000mAh / 10Wh and an SM-LTE traffic model.
Proposal 3: RAN1 focus on reducing power consumption by

· reducing the energy consumption of uplink transmissions while the UE is in an active state
· reducing the energy consumption of the UE receive function during the “on” time of the DRX state
Proposal 4: RAN1 prioritises the study of the following power consumption reduction techniques: (1) reduction of PDCCH processing load, (2) support of high OTA rates, (3) restriction on the undertaking and transmission of measurement reports and (4) reduction of feedback signaling while still enabling efficient eNodeB scheduling.
Implementation techniques and techniques studied in other working groups may also significantly reduce UE power consumption.
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