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1
Introduction

This document relates the tests that have been realized in June, July and August 2007  by a laboratory depending of the French ministry for transports, the CETMEF ( Centre d'Etudes Techniques Maritimes et Fluviales). They are the competence center for radio matters inside the French ministry for Transports.

The aim is to compare, in poor radio coverage conditions, two means for the transmission of eCall alerts. 

· in-band transmission, using a  GSM TCH channel

· signalling channel transmission, using a GSM SDCCH channel, with the SMS service

As the second method is presently used by many European car manufacturers (Volvo, Peugeot and Citroën, BMW, FIAT), and is implemented on more than 500 000 vehicles in Europe, it was worth making this comparative tests, considering its importance for road safety. 

The interest lies in the fact that the eCall is mainly a system for rural areas, where accidents occur without witnesses. In those areas, the GSM radio coverage, when present, is frequently of poor quality.

The measurements have not been made using a SMS transmission while the mobile is engaged in a telephone call, which means that the SMS would be sent through SACCH, because this latter occurrence will give the same result as with SDCCH in poor radio coverage.

2
Description of the study 

For the inband transmission method, 2 different solutions have been tested: 

· as a first step, the use of a widely used standardised radio protocol, BIIS 1200, 

· as a second step, the use of a protocol close to those being currently used by eCall in band solution providers.

Two series of runs have been performed for testing those solutions. They were realised in a real rural area, 80 km South of Paris, in the Fontainebleau forest, and in several places in this area, with different radio coverage, from good to very poor. 

3
Description of the tests

 Standard BIIS 1200 modem tests

The BIIS 1200 specification is based on the use of 2 frequencies, at a bit rate of 1200 b/s. The modulation of the binary samples is the following

· frequency for the 0 : 1200 Hz

· frequency for the 1 : 1800 Hz

The test frame that was sent through the modem is smaller than the eCall MSD, which is 160 bytes long. This is a wilful choice: this maximizes the probability that the test frame is correctly received, which is important in poor radio conditions.

The frame was the following:

· Synchro



16 bits


AA AA

· « sysctrl » code


16 bits


B4 33

· Fixed pay load


48 bits


61 0F DE 70 12 1F

· Checksum


16 bits


8A 7B

· Total



96 bits

The resulting useful bit rate was 600 b/s (48 useful bits over the 96 bits that were transmitted).

Use of a specific modem

A robust hypothesis was chosen for the modem transmission. 

· Bit rate : 


100 b/s

· Frequency for the 0:
 
500 Hz

· Frequency for the 1:
 
600 Hz

Low frequencies are the most suitable  for data transmission on GSM radio links.

The used frame was:

· Header



32 bits


00 00 FF FF

· Synchro



16 bits


AA AA

· Code



16 bits


B4 33

· Fixed payload


48 bits


61 0F DE 70 12 1F

· Checksum


16 bits


8A 7B

· End delimiter


32 bits


00 00 FF FF

· Total



160 bits

The resulting useful bit rate is 30 bits/s (48 useful bits compared to 160 transmitted bits). Theese slow bit rate and small payload are maximising the probability that the frame would be correctly received.

Receiver

We developed a specific receiver. A Fourier filter was first used to isolate the interesting frequencies. The following scheme shows the frequencies that were taken into account after the filter has been applied. Only the frequencies between 337 and 825 hertz were kept.
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The decoding of the bit stream was made after synchronisation on the first 32 bits. 

A frame is considered as correctly received if the 96 bits are all similar to the one that were transmitted, i.e. the received payload identical to " 61 0F DE 70 12 1F". The end delimiter, good or bad, was not taken into consideration.

Use of the SMS

The SMS that were used are class 3 binary SMS. It has been considered that the SMS was successfully transmitted through the GSM network, if the sending device receive the acknowledgement from the network operator, which means that it has successfully transmitted it to the computer used for reception.
The SMS have a different payload than the inband modem frame. This is a trick to enable simple provision of operational conditions on the ground. The SMS content is :

· date and hour

· RSSI level before sending

· GPS position

Comparing the log files on the computer used for emission and the SMS received on the reception computer enables us to know the number of lost SMS.

Operations

For the in-band modem tests, a run consists in the following operations : 

· the vehicle sets a voice circuit through GSM, arriving on a PSTN plug in the laboratory, which is 5 km south from Paris. The length of the PSTN part was quite short, being given the small distance (75 km) between the vehicle and the laboratory.
· then the vehicle transmits a group of 10 frames, each frame separated of the following by a 1 second silence time,

· then the circuit is released.

The following transmission on the same place is made after a 10 seconds silence time 

We  interleave the sending of one frame with inband modem, followed by the sending of one SMS. This way, we know the operational conditions for each run. The vehicle does not move between the sending of a frame with the modem and the sending of a SMS.

On the reception side, each run is recorded in a log file. The communication is registered as a .wav file for further analysis if needed .

Analysis of the results

For the reception of the in-band frames and in order to obtain a single referrer, a voice call was regarded as  successful if at least 60% of the frames were correctly received. This corresponds to a probability of 94% of reception of the unit of the frames sent with 3 tests maximum.

Limitation of the experimentation

· RSSI level used to characterize network status GSM is measured before the call or the sending of the Short Message Server.

· No acknowledgement from the receiver was used, for the in-band modem tests. So the tests did only check one way of the transmission, from a vehicle toward the PSAP, and the return channel was not tested. In a real situation, with acknowledgements sent by the PSAP, the error rates on the acknowledgements would add to the errors on the primary sending from the vehicle.

· In poor radio conditions, the power adaptation devices of the GSM terminal can influence the correlation between RSSI level measured before the transmission and the real level during the communication. To characterize this effect, a series of measurements were realised with a radio attenuator, which one can compare to bad conditions after an accident (torn off antenna or conveys turned over) in order to force the transmitter to function with its maximum power.

4
The measures

Two series of measurements were carried out:

· Between the 18/06/2007 and 3/07/2007 for frames BIIS 1200

· Between the 13/07/2007 and 29/08/2007 for the frames “in-band”

The following table gives the number of tests that were performed, for each category:

	
	Without attenuator
	With attenuator

	Short Message Server
	3824
	118

	Frames BIIS 1200
	496
	118

	Frames “in-band”
	1346
	330
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The following table gives the number of tests for each RSSI level
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More tests were realised in the interesting areas (-77 to -91 dBm, and -99 to -107 dBm)

5
Analysis of the results

5-1 Measurements without use of the attenuator

Reception of the SMS

The percentage of reception of the SMS is always 100% when the RSSI level is better than -93 dBm. Below -93 dBm, the percentage declines slowly, but remains higher than 80% up to -109 dBm.

Reception of frames BIIS 1200

The quality of reception of frames BIIS 1200 is very variable. The median value of the percentage of reception is around 60% when the radio level is better than  -91 dBm. Under this value of –91 dBm, the percentage falls quickly.

The low quality of reception as its great variability shows clearly that BIIS 1200 modems are not adapted to the use on vocal channel GSM in poor radio conditions.

Reception of the frames from the specific in-band modem

When the radio level is better than -91 dBm,  the percentage of reception is close to 100% . Below –91 dBm, this percentage falls sharply, with only 60 % success rate at -95dBm, and comes down to less than 50% at -104 dbm.

We noted a significant variation in the percentage of reception, which indicates that RSSI level is not the only factor influencing quality. Other parameters (network load, adaptation of power of the modem…), not taken into account in this study, may have a significant effect. But this will be also the case in real conditions. The important result is that under –93 dBm, the success rate never reaches 70%.
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5-2 Measurements with use of the attenuator

The use of an attenuator forcing the modem to function permanently with full force of issuance, the correlation between apparent level RSSI for the modem and the quality of reception is much clearer.

Reception of the SMS

The percentage of reception of the SMS is better than 80% when the RRSI level is above -105 dBm. In lower part of this value, it falls quickly, to become almost null in lower part of -107 dBm.

Reception of frames BIIS 1200

The quality of reception of frames BIIS 1200 is around 80% at the top of -95 dBm to fall quickly around less than  40% around -96dBm.

Reception of the frames “in-band”

The behaviour of the frames transmitted with the specific modem is quite similar to the reception of frames with the BIIS 1200. 
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6
Conclusions

The specific in-band modem makes a clear improvement of performances compared to the classical modem used on the traditional  radio telecommunications networks (BIIS 1200), but to the detriment of the transmission speed.

We have made some very robust and favourable choices: small packets, slow bit rate (so very large samples), low frequencies, no influence of the errors on acknowledgement packets. Such a system thus makes it possible to reach the limits of the possibilities of transfer of information through the voice channel, which seems to be around -93 dBm. If the return path was used, the results would be slower.
Nevertheless, the transmission using SMS, which uses the SDCCH channel designed for the transfer of information, makes it possible to obtain a good quality of reception in the areas of low level of radio coverage. This difference is very important since the GSM networks are, in France, designed to ensure a minimum level RSSI of -102 dBm and, at such levels, SMS success rate on the radio path is always higher than 80% whereas such a success rate can be guaranteed for the in-band modem only if the RSSI level is better than -93 dBm.

From those tests, we may consider that the difference between the two technologies is around 10 dBm. Also, the in band modem technology is efficient only if it goes at a slow bit rate, in order to have large samples.

Therefore, for a dedicated in band modem, the bit rate allowing an acceptable success rate in rural areas is weak, even very low, what implies long transfer times ( up to more than one minute for a message of 160 characters).
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