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Introduction
At GERAN#62 a new SI was agreed[footnoteRef:1] to study Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things communications.  Initially the requirements for this were seen to be dominated by communication with fixed devices such as utility meters, but more recently some proposals have been made for performance requirements with mobile devices, such as for asset tracking applications.  One suggestion is as follows[footnoteRef:2]. [1:  GP-140421, “New Study Item on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”, VODAFONE Group Plc., GERAN#62]  [2:  Rapporteur email discussion: Cellular IoT: Mobility Scenario Definition; Vodafone, 16 Jan 2015.] 

· 3.1: Cellular IoT is expected to be designed and optimised for the low mobility scenario (up to 30 km/h).
· Performance at speeds of higher than 30 km/h and up to 130 km/h needs to be evaluated by using link level simulations and analysis of the cell reselection performance at speeds higher than 30 km/h.  No system level simulation or coverage beyond legacy GPRS is required. It is FFS how the link level simulation will be defined.
It is certainly true that there are mobile use cases where the main CIoT system characteristics would be useful.  For example, consumer tracking devices for children  and animals today generally use a combination of GPS and GSM.  They have to be rather small and light to be easy to wear which limits the size of battery.  Current products generally have secondary batteries and need daily recharging which obviously limits their utility.  A device that could operate for several days or even weeks on a small battery, and could benefit from enhanced coverage, would be very attractive.  Thus low cost tracking is an interesting use case for Cellular IoT.
Thus we are interested in the movement properties of M2M devices in Internet of Things applications, in order to devise appropriate connectivity solutions.
u-blox provides connectivity and positioning modules for M2M applications, and operates a service to support its devices in the field with positioning.  The service, called CellLocate [1], provides GNSS assistance in the form of satellite information and a position estimate, which can help the GNSS perform a position fix.  The position estimate can also be used when GNSS reception is limited and so a GNSS fix is not practical. 
This note reports insights into the movement of devices in M2M applications, as a result of the interaction seen by u-blox devices with the CellLocate service.
Movement statistics
Experiment
A sample was taken from interactions by u-blox modules with the CellLocate service over a 24 hour period.  The devices were sold products, operating worldwide, typically in M2M applications, with the units being a combination of a u-blox GPS receiver (for which assistance is sought) and a u-blox cellular modem.  The connectivity was principally by means of GSM, though sometimes by 3G.
To investigate the movement of devices, the sample was built up of pairs of interactions between the server and the same device, where the time interval was at least ten minutes.  The distance between the estimated positions associated with each of these interactions was noted, and the average speed of movement over the interval calculated.
The threshold of the ten minute interval is helpful to focus towards devices in the intended M2M usage models, to reduce excessive skewing of the statistics by a few high-usage devices, and to reduce errors arising as a result of uncertainty in the estimation of position.  The threshold is not, however, particularly critical.
Results
The sample resulted in 17,991 intervals between the interactions with the M2M devices.
The average speed over these intervals was as shown below in Figure 1, the probability distribution, and Figure 2 for the cumulative probability distribution.
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Figure 1 Probability density function of the average speed over the interval between server interactions by devices
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Figure 2 Cumulative probability density function of the average speed over the interval between server interactions by devices
78.3% of intervals had a speed of between zero and 5km/hour, which includes those devices which are stationary, or nearly so.
Then 2.9% had a speed ≥5 and <10km/hour, with the number generally decreasing as the band of the speed window increases.
The cumulative total is 99.7%, the remaining 0.3% probably being attributable to uncertainties in the position estimate for the location of the device. 


Discussion
The results show that for a range of M2M applications, nearly 80% of interactions are associated with an average device speed of 10 km/hr or less.  There is clearly a "long tail" of interactions with higher speeds, but nearly 90% are below 30 km/hr.  
It is undoubtedly true that a tracking application in which the location of an object is needed when it is moving quickly will require a normal cellular communication solution designed at both the physical layer and higher layers to support high speed mobility.  But these results suggest that a system able to only support speeds up to 10 km/hr would still catch 80% of interactions.  It should also be noted that even terrestrial devices moving at high speeds usually stop eventually and the location can be much more easily reported when it comes to a standstill.
It is therefore suggested that assessment of system performance for mobile devices should be focused more on speeds lower than 30 km/hr, and 10 km/hr may be a more appropriate target.
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