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1 Introduction

In the SA#47 meeting, it was agreed that overload control (Radio Network Congestion use case, Signalling Network Congestion use case and Core Network Congestion use case) should be prioritized for work in Release 10 timeframe [1]. It is necessary to firstly identify some congestion scenarios/applications and investigate applicable solutions to eliminate or lessen the overload. This contribution will briefly introduce the congestion appeared in fleet management application of China Mobile, and some potential solutions are analyzed. 
2 Discussion 

2.1 Fleet management application
Fleet management is becoming a popular M2M application in China. In many metropolises of China, taxis are equipped with the devices which can report their latest location information periodically or on demand. Upon receiving requests, the taxi company can schedule the nearby available taxi to serve the passengers so that the efficiency of taxi and customer satisfaction can be improved. Timely location information can also be used to track freight and stolen vehicles. Another important usage of location information is to calculate the velocity of vehicles, which can be used by the traffic management department to estimate the traffic intensity of a certain area. The higher the velocity, the less the traffic jam, and vice versa. Then the traffic status information can be distributed timely to help people to detour the congested road. 
Currently, the fleet management application has been deployed in many cities of China using GPRS/EDGE network. In Beijing, there are around 80,000 taxis now, and more than 90% of them, i.e. more than72,000 taxis, have been equipped with the fleet management devices. The most frequent location report happens with the interval of 5 seconds, and periodicity of 10-15 seconds is a typical configuration [2].

2.2 RACH Load analysis 

When a large number of vehicles deployed fleet management service gather in a cell, overload may happen since the location information report is always in the frequency of seconds. One typical RACH overload scenario that we’ve observed in our GERAN network appears in the taxi area of airport. For example, such kind of overload is observed often in Beijing Capital International Airport, since it is normally that there are hundreds of taxis (even more than 1000 during the peak time) queued for passengers. The overload caused by fleet management application is also observed in the headquarters of taxi. It is typical in China that taxi companies organize a meeting per week or two weeks, and as a result hundreds of taxis assemble in a small area periodically. 
Such kind of congestion has been observed in our GERAN network due to MTC devices. To transfer the fleet management data, following two options could be considered.
1) Keeping the device in connected mode only when transferring the location information

Due to small amount of the location information data, i.e. around 100 bytes, the data transfer could be completed in a very short time. After that, the RRC connection could be released very soon and initial access procedure could be re-performed when the new location information coming from upper layer. 
2) Keeping the device in connected mode all the time

In this case, there is no need to perform initial access every time when location information report is pending. However, it seems inefficient and difficult to keep the device uplink time aligned between location reports, since typically the transmission interval is in the order of tens of seconds (e.g. 10-15s) and the device moves with vehicle speed. Therefore, every time when the device wants to send the location information, normally the uplink synchronization has been lost and random access procedure still needs to be initiated. Additionally, extra random access has to be performed due to handover, if keeping this kind of device in connected mode. For instance, assuming the cellular radius in Beijing urban area is about 300m and the average vehicle’s velocity is 40km/h, handover happens for every 27s. Frequent handovers will possibly burden the load of random access as well.
Observation 1: No matter whether or not always keeping the fleet management device in connected mode, at least random access is needed every time the location information coming from upper layer.
For the airport scenario, a reasonable assumption is that there are 600 taxis aggregating in one cell(taxis queueing for passengers is of size 4.5m x 2m, and the distance between is 1m around) and 90% of them need to send their location information. Assuming that reporting interval is 10 seconds and reporting time across taxis is uniformly distributed, the RACH intensity (number of RACH attempts/s) generated by taxis is about 600*90%/10=54. 
As for the case of meeting at taxi company, there are also hundreds of taxis aggregating in one cell, e.g. 400. All of them are equipped with devices to report location once the company has subscribed to the service. Then the RACH intensity is about 400/10=40 attempts/s. 
Observation 2: The RACH intensity generated by taxi can be expected to be as high as 54 RACH attempts/s in the cell of Beijing Capital International Airport, and 40 RACH attempts/s in the cell where the taxi company located in.
According to [4], an estimate of the RACH collision probability is given by: 
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For a given collision probability Pc, the required number of RACH opportunities to support a certain RACH intensity is given by:
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where L is the total number of random-access opportunities per second and ( is the random-access intensity, i.e. there are, on average, ( random-access attempts per second and cell. Assume that the arrival of RACH requests is uniformly distributed over time,to support this RACH intensity for a collision probability of 1%, around 5400 RACH opportunities/s are required for airport case[4]. On the other hand, there are only around 200 RACH opportunities/s in one cell in the current GSM network which are way not enough for just access of only taxies, let alone those of normal UE traffic. Considering that more fleet management devices and other M2M applications are expected to be deployed in the future, it is necessary to investigate solutions to protect normal UE traffic from the random access attempts generated by these M2M devices. 
2.3 Potential solutions
1) Application layer optimization
The device could be programmed to adaptively adjust its report interval based on the vehicle’s speed. That is, the higher the velocity, the more frequently the location is changed, and the device should report its location more frequently. Contrarily, if the vehicle slows down, then the frequency of reporting could be reduced correspondingly. This optimization is reasonable since the location of vehicle would not change a lot in the case of low speed, and there is no need to report the location very frequently. By adaptively changing the periodicity of reporting, the load coming from application layer could be reduced when the vehicle is parking. 
However, if operators can not fully manage the MTC devices and control the data transmission procedure, the performance of application level optimization can not be guaranteed. 
Therefore, it is not preferred to solve the potential overload problem due to fleet management application only relying on application level optimization, and GERAN enhancements are also necessary to protect the radio access network. 
Conclusion: Application level optimization and GERAN enhancements could be applied in parallel to protect the network from overload caused by fleet management application. 
3 Conclusion
In this contribution, the RA load of fleet management application is analyzed, and it is proposed that application level optimization and GERAN enhancements could be applied in parallel to protect the network from overload caused by fleet management application. 
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