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[bookmark: _Ref298777854]Introduction
Complexity reduction and coverage enhancement are the main objectives of Rel.13 WID “Further LTE Physical Layer Enhancements for MTC” [1]. It is also stated that reduced mobility support can be considered if this is needed to fulfil the objectives. 
In WG1 #79 Meeting in San Francisco, there have been some discussions related to the MTC mobility support. The outcome so far is that RAN1 recommends RAN2 to consider limiting support of mobility for Rel-13 low complexity UEs to reduce SIB size at least in enhanced coverage [2].
Sony’s opinion [3] is that MTC Release-13 should support two broad classes of device:
· Smart meter type devices: SM-LTE devices
· Consumer electronic type devices: CE-LTE devices
MTC should not be limited to a smart meter or stationary device. But, it should also support non-stationary devices which may require more mobility consideration. In our previous contribution [4], it has been shown that the intra RAT mobility functionalities of radio resource management (e.g. idle mode and connected mode) only introduce negligible UE power consumption. 
This contribution describes Sony’s view on reduced mobility support for MTC devices.
Discussion
SM-LTE and CE-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.
[bookmark: _Ref398822633]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 [3]) 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.
[bookmark: _Ref398818638]Table 2 – Example Consumer Electronics Devices
	Consumer electronics device
	Mobility Classifications

	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 lawn mower
	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. Another example, SM-LTE device in the train vending machine also obviously requires mobility support.
Reduced Mobility Support for MTC devices
The reduced mobility support as written in the WI proposal [1] has not been clearly defined. Based on the latest discussion from NTT Docomo contribution [5], the SIB seems to be the limiting factor of mobility support for MTC devices. It also states one possible approach to make the new SIB be efficient is to focus on very low mobility scenario. If a support for mobility is limited, design for SIB can be simplified from viewpoint of both physical and higher layers. More specifically, if mobility support for the UE in the idle mode, i.e., cell reselection, is limited, SIB3 -SIB8 would be simplified [5].
A legacy LTE UE has a broad range of mobility support. For examples: roaming across countries/operators, hand-over to other cells, hand-over to other radio access technology (e.g. GSM, WCDMA, CDMA), or even the speed of UE physical movement. In this document, we discuss some potential mobility supports for MTC that can be removed, so that it can fulfil WI proposal objectives (i.e complexity reduction and coverage enhancement).
For complexity and cost reasons, a Release-13 LTE MTC UE may be designed with a single RAT. Single RAT operation will reduces the mobility support as the device is no longer required to perform inter-RAT mobility. Single-RAT operation will have the following impact:
· UE measurements related to other RATs are no longer needed.
· MTC UE is no longer required to decode the broadcast SIB information that related to other RATs (i.e. SIB6-8).
Proposal 1: Reduced complexity MTC device only needs to support intra-RAT mobility.
For the cost and power consumption reduction consideration, 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. A reduction in the number of bands reduces the number of inter-frequency measurements required at the UE. Consequently, less number of measurements brings benefit that MTC UE consumes less power than a legacy LTE UE.
Considering the supported bands are limited and there is on-going discussion to reduce the SIB size, one possibility is to reduce the number of instances of inter-frequency neighbour frequencies, cells and blacklisted cells. We can also consider reducing the number of instances of intra-frequency neighbour cells and blacklisted cells.
The current specification specifies the number of instances of inter-frequency neighbour cells is up to 8 cells on up to 8 frequencies, and intra-frequency neighbour cells is up to 16 cells. The number of instances can be reduced in an MTC SIB so that the total transport block size is less than 1000 bits. 
Proposal 2: Considering the supported bands are limited and we need to reduce the SIB size, we can consider SIB with reduced size of intra-frequency and inter-frequency neighbour lists.

Our analysis indicates no evidence that we need to specifically constrain the MTC mobility in terms of velocity (e.g. MTC device for low mobility) as pointed out in [5]. This also applies to the UE in enhanced coverage but may depend on the level of coverage enhancement provided/needed. In an extreme case (i.e. 15 dB coverage enhancement) where a large number of SIB repetitions are required, we expect the target device is located in a basement (i.e. a stationary device) and no mobility support is needed for such a device. However, a device such as a smartwatch which may need coverage enhancement in order to compensate for a reduction in performance due to complexity reductions will require mobility support, for example to support coverage enhancement of 3dB.
Proposal 3: The number of SIB repetitions is configurable by the eNB depending on the intended coverage enhancement level.

In addition, it is beneficial to allow the UE to access the cell using different levels of coverage enhancement. Of course, it is better for a UE that is able to access the cell without using repetitions to use normal coverage mode – hence we believe it is also beneficial for a UE to access the cell using e.g. 3dB coverage enhancement (less repetition – potentially more features supported such as inter-frequency mobility) even if it supports up to 20dB coverage enhancement. This can result in a UE supporting a high level of coverage enhancement being able to use mobility when it is only just out of normal coverage, and then disabling mobility in favour of obtaining some level of service when a high level of coverage enhancement is needed. It means that not all SIBs (e.g. SIB5) need to be transmitted using the maximum amount of repetition in order to always provide the maximum level of coverage enhancement and it allows for the different use-cases which we provided above to be supported. The level of coverage enhancement can be selected simply by providing a threshold (Qrxlevmin) for each level of coverage enhancement provided, and the UE selects the level necessary based on the measured downlink Srxlev.
Proposal 4: The eNB may configure multiple levels of coverage enhancement and the UE selects the level of coverage enhancement based on the downlink Srxlev/Squal measurement.

This also allows for different device types to be implemented. For example a smart watch type device may need only to support 3dB coverage enhancement due to less well performing antenna in order to reach the same level of mobility performance as a smartphone, while a smart meter in a basement doesn’t need to support mobility, but would need to support the maximum level of coverage enhancement.
Proposal 5: A UE may support one of a number of maximum coverage enhancement levels.



Conclusion
In this contribution, we have elaborated the definition of reduced mobility for MTC in order to meet MTC rel.13 objectives. MTC should not be limited to a smart meter or stationary device. It should also support non-stationary devices which may require more mobility consideration. This creates more use-cases for MTC devices.
Our proposals are summarized as follows:
Proposal 1: Reduced complexity MTC device only needs to support intra-RAT mobility.
Proposal 2: Considering the supported bands are limited and we need to reduce the SIB size, we can consider SIB with reduced size of intra-frequency and inter-frequency neighbour lists.
Proposal 3: The number of SIB repetitions is configurable by the eNB depending on the intended coverage enhancement level.
Proposal 4: The eNB may configure multiple levels of coverage enhancement and the UE selects the level of coverage enhancement based on the downlink Srxlev/Squal measurement.
Proposal 5: A UE may support one of a number of maximum coverage enhancement levels.
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