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1. Introduction
The recently agreed WID on “Further LTE Physical Layer Enhancements for MTC” [1] includes the objective of reducing the complexity of the UE through the techniques of support of reduced UE bandwidth, reduced maximum transmit power, reduced support for downlink transmission modes etc. These techniques are expected to significantly reduce the complexity of MTC devices relative to the Category 0 UE defined in Release 12 and to make LTE a viable technology for a variety of MTC applications.

A machine can be either a physical machine (e.g. a sensor, vending machine etc.) or a software machine. In terms of communication, what categorizes an object as a machine is that the machine communicates without human intervention. Hence the term “machine” covers a variety of objects from industrial machinery, through to environmental and health sensors, through to software applications running on a wearable or handheld device. Many of these machines can potentially benefit from the Release-13 LTE specifications for MTC.  

When reducing the complexity of the LTE MTC device, it is important that the reduced complexity device meets the requirements of the target MTC applications, in terms of features such as cost, battery lifetime, latency, form factor, throughput, coverage etc. Beyond the applications supported by Release-12 MTC devices, our 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
This document identifies the complexity reduction and functionality targets for these two types of device and makes the following proposal:
Proposal: The Release-13 LTE specifications should be designed to specifically enable the support of both consumer electronics (CE-LTE) and smart meter (SM-MTC) types of device. 
The consequence of this proposal is that Release-13 will need to support at least an additional two categories of device.

This document also provides an overview of how a reduced bandwidth UE can be supported in the wider bandwidth of a legacy LTE carrier.

2. Consumer Electronics and Smart Meter Devices
While there is a general understanding of the characteristics of the “smart meter” term, in the LTE context, the term “consumer electronics device” requires some clarification. In this section, some example consumer electronics devices are identified and those that would benefit from LTE-MTC support are identified.
Table 1 identifies some communicating consumer electronics devices and identifies those that could benefit from the Release 13 LTE MTC specifications. The identified types of consumer electronics device would benefit from a Release-13 CE-LTE device category.
Table 1 – Example Consumer Electronics Devices

	Consumer electronics device
	Characteristics
	Potential LTE device

	Portable Gaming console
	Low latency, high data rate
	Category 1-10 device

	Portable high definition TV
	Very high data rate
	Category 1-10 device

	Smart watch
	Medium latency, medium data rate
	Rel-13 CE-LTE device

	Fitness tracker
	Medium latency, low data rate
	Rel-13 CE-LTE device

	Health monitor
	Medium latency, low data rate
	Rel-13 CE-LTE device

	Baby monitor
	Medium latency, low data rate
	Rel-13 CE-LTE device

	Panic alarm
	Low UL latency, low data rate
	Rel-13 CE-LTE device

	Pet tracker
	Medium latency, low date rate
	Rel-13 CE-LTE device

	Digital camera
	High data rate
	Category 1-10 device

	Digital reader
	Medium latency, medium data rate
	Category 1-10 device

	Headphones
	Medium data rate
	Rel-13 CE-LTE device

	Toy car
	Low latency, low data rate
	Rel-13 CE-LTE device

	Robot lawnmower
	Low latency, low data rate
	Rel-13 CE-LTE device


Note that Table 1 identifies that there are also “high specification” consumer electronic devices that are well served by the traditional LTE categories. Since these types of device are already served by the LTE specifications, they are beyond the scope of this document.

In contrast, Table 2 identifies some smart meter types of device that have different characteristics and could also benefit from the Release 13 LTE MTC specifications. Some of these identified types of smart meter device would benefit from a Release-13 SM-LTE device category.
Table 2 – Example Smart Meter Devices

	Smart meter device
	Characteristics
	Potential LTE device

	Gas meter
	High latency, very low data rate
	Rel-13 SM-LTE device

	Water meter
	High latency, very low data rate
	Rel-13 SM-LTE device

	Electricity smart meter
	High latency, very low data rate
	Rel-13 SM-LTE device

	Smart grid meter
	Low latency, low data rate
	Rel-12 Category 0

	Soil monitoring
	High latency, very low data rate
	Rel-13 SM-LTE device

	Pollution monitoring
	High latency, very low data rate
	Rel-13 SM-LTE device


Table 3 compares some of the general high level requirements of the CE-LTE and SM-LTE category devices. The Release-13 LTE MTC specifications should cater for both of these types of device. This will probably lead to the need to support at least two Release-13 MTC categories. Technologies that are specified in the Release-13 LTE MTC specifications should not be optimized for only one of these specific device types: it should be possible to parameterize aspects of the technologies in order to support both device types.  
Table 3 – High Level Requirements 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

	Coverage
	Standard LTE coverage
	Coverage extension to basements

	Form factor
	Very small
	Standard

	Battery lifetime
	1 to 2 weeks
	Up to 10 years


3.
Complexity Reduction Targets for CE-LTE and SM-LTE devices

Table 4 lists the complexity reductions that Sony think would make a CE-LTE module feasible.

Table 4 – Target Complexity Reductions for CE-LTE

	Complexity reduction approach
	Target
	Drivers
	Comments

	Transport block size
	1000 bits
	Data rate
	Peak rate. Enables a responsive user experience in CE-LTE devices.

	Bandwidth
	1.4MHz
	Cost, battery lifetime, form factor
	A major component of UE cost. Reduction of RF bandwidth also reduces UE battery consumption and chipset size (form factor).

	Maximum transmit power
	17-20dBm
	Cost, form factor
	Target is to enable a single chip implementation. As well as reducing cost, this will reduce chipset size.

	DL transmission modes
	TM1, TM2
	Cost, battery lifetime, coverage
	Minimisation of UL feedback signaling will reduce battery consumption for UL transmissions. In coverage limited cases, channel state information may be stale by the time it is eventually decoded by the eNB. 

Although TM2 increases the channel estimation requirements over TM1, the performance benefit of the extra diversity is considered worthwhile. Supporting TX diversity reception at the UE is much less onerous than supporting RX diversity. 

	Simultaneous reception of multiple transmissions
	No
	Cost
	Reduces turbo decoding requirements. Other Rel-13 enhancements likely to mean that Rel-12 PCH, SIB etc. cannot be read without modification anyway.

	Modulation schemes
	QPSK, 16QAM, [64QAM]
	Data rate
	QPSK-only UEs don’t significantly reduce cost, have an impact on the maximum data rate that can be supported and prolong UL transmissions, thus increasing UE energy consumption.

	CQI modes supported
	Wideband, aperiodic CQI
	Coverage, battery consumption
	Minimisation of UL feedback signaling will reduce battery consumption for UL. Periodic CQI is not appropriate for bursty traffic and requires continuous UL-related energy consumption. The gain of sub-band reporting of CQI in a reduced RF bandwidth will be limited in channels with little frequency diversity.


Table 5 lists those complexity reductions for SM-LTE modules that differ from those for CE-LTE modules.

Table 5 – Target Complexity Reductions for SM-LTE

	Complexity reduction approach
	Target
	Drivers
	Comments

	Transport block size
	100 bits
	Cost
	An additional complexity saving could be achieved if a very low data rate is supported.

	Maximum transmit power
	24dBm
	Coverage, form factor
	Supporting a coverage extension of 15dB is a difficult enough as it is without making the coverage extension problem more difficult by reducing UE transmit power. An SM-LTE device is likely to be less form factor constrained than a CE-LTE device.

	Relaxed HARQ timeline
	Relaxation
	Cost, latency
	The small cost saving achieved might be appealing to SM-LTE device and the lax latency requirements of SM-LTE devices could tolerate the relaxed HARQ timeline.


4.
General Considerations for Complexity Reduction Through RF Bandwidth Reduction
The target complexity reductions for CE-LTE and SM-LTE devices in Table 4 and Table 5 are reasonably self-explanatory. The following subsections provides some more information on Sony’s view of how a reduced RF UE bandwidth could be supported in the carrier bandwidth of the legacy LTE carrier. More details on reduced BW UE operation in a narrowband region are provided in [2].
3.1
Downlink
Figure 1 illustrates the insertion of a reduced bandwidth narrowband region within the carrier bandwidth of a legacy LTE carrier. The narrowband region contains the same set of features as the legacy carrier, but occupies a narrower bandwidth, and some of the channels are moved in time (to avoid an impact on the legacy control channel region). 

Depending on the number of MTC UEs in the cell, the legacy carrier can assign several narrowband regions, with one of the narrowband regions potentially being a primary narrowband region. The assigned narrowband regions can operate independently of one another, but the initial connection to the cell might be through a primary narrowband region, followed by the UE being “handed over” to another narrowband region. In this way, the number of MTC UEs that may be supported by the legacy carrier is not limited to the 1.4MHz reduced bandwidth.

Figure 1 shows a primary narrowband region occupying the central region of the legacy carrier and a secondary narrowband region. This mode of operation might be simplest, but the narrowband region does not necessarily have to straddle the central region of the legacy carrier: it can occupy any location within the bandwidth of the legacy carrier. 

Reduced bandwidth UEs are assumed to be able to decode the PSS / SSS / PBCH of the legacy carrier (which are naturally narrowband) and these channels do not need to be replicated in the narrowband region.

The reference symbols of the legacy carrier can be read by reduced bandwidth UEs occupying the narrowband region. 

When the narrowband region straddles the central subcarriers of the legacy carrier, no special consideration needs to be given to DC subcarrier issues. If the narrowband region is not centrally located within the legacy carrier, the reduced bandwidth MTC UE is still not required to demodulate a DC subcarrier: via a straightforward remapping of the locations of the reference symbols to the MTC UE’s DC subcarrier, the MTC UE will be able to decode a non-centrally located narrowband region.

Procedurally, the narrowband region can be operated in a similar manner to the legacy carrier.
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Figure 1 – Downlink: use of a narrowband region for MTC UEs within a legacy carrier

3.2
Uplink
Figure 2 illustrates the use of a narrowband region within the carrier bandwidth of a legacy LTE UL carrier. 

In a similar way to downlink operation, the reduced bandwidth MTC UE transmits reduced bandwidth versions of LTE physical channels. 

The narrowband region can be located anywhere within the bandwidth of the legacy carrier, provided it does not clash with the location of the legacy PUCCH. The location of the narrowband region is under the control of the eNB, but the most likely choice of location is towards one extremity of the PUSCH region of the legacy carrier. This choice of location avoids the PUSCH resource of the legacy carrier being fragmented. The uplink narrowband region is arranged as frequency-separated PUCCH regions surrounding PUSCH resource that can either be allocated to reduced bandwidth MTC UEs or legacy UEs.

Reduced bandwidth devices may either use the PRACH of the legacy carrier (after switching frequency) or may contain their own PRACH resource within the narrowband region.

As per the downlink narrowband region, procedurally the uplink narrowband region operates in a similar manner to the legacy carrier, but those procedures are mainly mapped to the narrowband region itself.
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Figure 2 - Uplink: use of a narrowband region for MTC UEs within a legacy carrier

5.
Conclusions
The Release-13 LTE MTC specifications should cover a range of MTC applications, not covered by the existing Release 12 Category 0 or Category 1 UEs.  A consumer electronics type of LTE device (CE-LTE) will have a slightly higher capability than a smart meter type of device (SM-LTE). The headline features that a CE-LTE device should support are:

· Transport block size of 1000 bits
· UE RF bandwidth of 1.4MHz

· Maximum UE transmit power sufficient to allow a single chip implementation. The maximum UE transmit power is in the range of 17 – 20dBm

· DL transmission modes TM1 and TM2
· No simultaneous reception of multiple transmissions

· QPSK and 16QAM modulation schemes

· Wideband aperiodic CQI reporting modes supported

A reduced bandwidth UE can be supported in a narrowband region of a legacy carrier, with the functionality of a legacy LTE mapped to this narrowband region.

The work item should not focus only on the extreme cost reduction of the smart meter SM-LTE device, but also support the CE-LTE devices with higher capability. This will probably require the Release-13 MTC LTE specifications to support at least two UE categories.

Proposal: The Release-13 LTE specifications should be designed to specifically enable the support of both consumer electronics (CE-LTE) and smart meter (SM-MTC) types of device. 
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