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1 Introduction
Rel.13 WID “Further LTE Physical Layer Enhancements for MTC” has objectives to reduce complexity and increase coverage for MTC type devices while minimizing power consumption. It is also stated that reduced mobility support can be considered if this is needed to fulfil the objectives. The implications of mobility support on power consumption have not been considered so far in the work item. Sony’s opinion [2] 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

Consideration of the characteristics of these devices indicates that mobility is needed for correct operation of these devices.

We expect that MTC device will initially support different operating bands, though the number of bands supported will be limited, mainly to reduce cost. Therefore, the device should be able to perform both inter and intra-frequency measurements.
This contribution describes Sony’s view on mobility support for MTC devices.

2 Discussion
Here, we will first discuss the characteristics of MTC in the form of both CE-LTE and SM-LTE devices, followed by discussion of LTE mobility aspects in both idle mode and connected mode. We do not consider inter-RAT mobility in this document.
2.1 CE-LTE and SM-LTE Devices

Table 1 lists the high level characteristics of CE-LTE and SM-LTE devices. Considering that at least these two types of device will be supported by MTC, MTC should be able to support very different mobility aspects from static / low mobility (SM-LTE) to high mobility (CE-LTE) device.
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


Table 2 (derived from [2]) identifies some communicating consumer electronics devices that could benefit from the Release 13 LTE MTC specifications, considering the mobility aspects of these devices. It can be identified that some CE-LTE devices can require high mobility. For example, a user with a smart watch riding a car or train would be in a high mobility situation.
Table 2 – Example Consumer Electronics Devices

	Consumer electronics device
	Mobility Characteristics

	Smart watch
	High mobility (user in vehicle)

	Fitness tracker
	Medium mobility (running, cycling)

	Health monitor
	High mobility (monitored patient on transport)

	Baby monitor
	Low mobility

	Panic alarm
	High mobility (user on public transport)

	Pet tracker
	Medium mobility (pet running away from owner)

	Headphones
	High mobility (user in vehicle)

	Toy car
	Low mobility (local use)

	Robot lawnmower
	Low mobility (local use)


The usage of SM-LTE is well known. Even tough, the device can be semi-permanently placed in a location, it may still require mobility. As an example, an SM-LTE device in a parking meter can occasionally be hidden behind a bus which obstructs the radio wave propagation from its normal serving cell. In such situations, an SM-LTE device may perform cell-reselection to a neighbour cell.
2.2 Mobility in Idle Mode

Mobility in idle mode covers the cell selection and cell reselection procedures. Cell selection is performed once the UE is switched on and a PLMN has been selected, and also in case the UE is unable to find a suitable cell during cell reselection procedures for more than 10 seconds [3]. Once the UE has camped onto  a serving cell, the UE still continuously performs cell reselection to select and camp on a more suitable cell, if one appears.
The UE shall measure the RSRP and RSRQ level of the serving cell and evaluate the cell selection criterion S defined in [6] for the serving cell at least every DRX cycle. If the serving cell does not fulfil the cell selection criterion S, the UE shall initiate the measurements of all neighbour cells indicated by the serving cell [3].
In the measurement of intra frequency E-UTRAN cells, the UE shall measure RSRP and RSRQ in every Tmeasure,EUTRAN_Intra , evaluate within Tevaluate,E-UTRAN_intra, and finally should detect the cells within Tdetect,EUTRAN_Intra [3]. The UE performs the above mobility related measurements during DRX “on” time. Moreover, these timing parameters are specified as a function of the pre-defined DRX cycle length [3]. This allows power saving operation in all configured DRX cycles.
Observation(s):
· The measurement procedure occurs only at the active phase of the DRX cycle of the serving cell. In addition, the mobility related timing parameters are specified as a function of the pre-defined DRX cycle length. Hence measurements are configured to be aligned with the DRX cycle to save UE power consumption.
· Most of the measurements are performed together with other processes (e.g. PDCCH decoding) during the DRX “on” duration. Hence measurements are performed when the RF is “on” for other reasons and measurements do not contribute to additional RF power consumption.
· There is no mobility related measurement report performed during idle mode: the cell selection/reselection is controlled by the UE. Since no measurement reports are transmitted by the UE in idle mode, idle mode measurements do not contribute to transmission-related battery consumption.
Since idle mode measurements do not significantly increase UE power consumption and since most classes of MTC device require some mobility support, we make the following proposal:
Proposal 1:
MTC devices should have similar idle mode mobility support to legacy LTE UEs.

2.3 Mobility in Connected Mode

When the UE is in connected mode, the connection can be handed over to a neighbour cell for the purpose of maintaining the radio link. The hand over procedure from serving cell (Source eNB) to the neighbour cell (Target eNB) is shown in Figure 1 [5]. It can be observed that the main UE activities to support mobility in connected mode are:
· Cell measurement

UE cell measurement is governed by the eNodeB. In case of intra-frequency and no DRX, the measurement period is 200 ms and the neighbour cell should be detected within 800 ms [3]. 

When the DRX is configured, Tmeasure and  Tidentify are configured as a function of the pre-defined DRX cycle length [3]. This allows power saving operation in all configured DRX cycle. These are applied to both intra and inter frequency measurement. 
· Measurement report

The UE sends a measurement report either when a hand-over related event has been detected or as a  periodic report. The periodic reporting parameters are governed by the eNodeB and signalled to the UE via RRC messages. The report interval can be from 120 ms to 60 minutes [4].

· Connection to the new cell.
Once the target eNodeB has acknowleged the handover, the UE will detach and connect to the target eNodeB.
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Figure 1: Handover procedure

Observation(s):
· In an MTC device, DRX operation is expected to save the battery life. In current releases, the eNodeB is able to control the UE measurement-related battery consumption by controlling parameters of DRX operation, and this ability should be maintained in Release-13 for MTC. 
· The eNode B can keep measurement reports from the UE to eNodeB to a minimum. The periodic reporting of measurements can be configured to have a periodicity of 60 minutes and event triggered reports are only transmitted when required. A UE that is stationary in a non-changing environment will probably not need to send any event triggered reports at all.  A UE that does send event triggered reports does so for a reason: to maintain its connection to the network, hence these reports can be seen as essential.

It is up to the policy of the network whether to keep the MTC UE in connected mode or to allow the UE to continually move between idle and connected modes, according to traffic activity. If the UE is seldom in connected mode, the power consumption overhead associated with connected mode measurements is in any case not significant.

Since connected mode measurements do not significantly increase UE power consumption, existing LTE specifications already support mechanisms to reduce measurement-related power consumption in connected mode, the network can control whether the UE is in connected mode or not and since most classes of MTC device require some mobility support, we make the following proposal:

Proposal 2:
MTC devices should have similar connected mode mobility support to legacy LTE UEs.

2.4 Band Support
For the sake of cost and power consumption reduction, a Release-13 LTE MTC UE is expected to support fewer bands (potentially in the region of 2-4 bands) than a full capability Release-12 UE. As a side effect, a reduction in the number of bands reduces the number of inter-frequency measurements that the UE has to make, further reducing power consumption. 
For complexity and cost reasons, a Release-13 LTE MTC UE may be designed with a single RAT. The single RAT nature of the Release-13 LTE MTC UE is considered to have no impact on the RAN1 aspects of the work item.

3 Conclusion
The mobility aspects in LTE cover measurements, evaluation criteria and procedures to perform cell selection/reselection and handover. These aspects have been defined to ensure good performance (i.e minimize delay and interruption) and also to allow substantial UE power savings. 

MTC can be applied to both SM-LTE and CE-LTE type devices. Some CE-LTE devices are expected to exhibit high mobility (for example wearable CE-LTE devices). Even SM-LTE devices need to support mobility: even if the device is fixed, the environment around the SM-LTE device can be mobile. Since all MTC device types require some mobility support and it has been shown that idle mode and connected mode mobility do not need to significantly increase UE power consumption, the following two proposals have been made:
Proposal 1: MTC devices should have similar idle mode mobility support to legacy LTE UEs.
Proposal 2: MTC devices should have similar connected mode mobility support to legacy LTE UEs.

It is also observed that MTC devices may support mobility over fewer bands than for legacy LTE devices, but this aspect is unlikely to have any impact on RAN1 specifications.
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