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1. Executive Summary
This contribution reports first and preliminary results of eCall data transmission via CTM over marginal GSM radio channels, such as C/I = 7dB for GSM_FR (mandatory Codec) 
or C/I = 4dB for FR_AMR (most reliable Codec).

Key results:

The ESD (28 bates) of the MSD is successfully transmitted in 99,5% of all cases within 4.6s.

The full MSD (140 bytes) is sucessfully transmitted in 97,5% of all cases within 29s.

The Reliability of successfully received data is about 1-10^-8  (99,999998%).

Future improvements are feasible, bringing the transmisison time for the ESD down to 4.2s,

or even below, depending on the final agreement what the ESD (Essential Set of the Data) is.

2. Introduction

Preliminary simulations yield error rates for the transmission of one burst of 28 bytes payload. Starting from these results, this paper mathematically calculates error rates and transmission times for the transmission of 140 bytes (i.e. the maximum MSD size).

These 140 bytes are divided into 5 bursts of 28 bytes. The transmission is done half-duplex, i.e. each burst is sent and an acknowledgement message is received sequentially.


Half-Duplex transmission is the worst case scenario, which can not be excluded in extreme call cases (analogue lines and bad Echo Cancellers).

The latency of the transmission (round trip delay time, about 250ms for MS-to-PSTN calls) is not explicitly taken into account here, but the time for Ack / Nak is estimated quite generously.
The time for an explicit eCall Request is not considered. It would be in the order of 1.5 s.

3. Results of bit exact Simulation for one Burst of 28 Bytes

The simulations using limited radio error patterns (2 minutes each, same as for AMR Characterization in 3GPP) yielded the following preliminary results for the transmission of one burst of 28 net bytes payload (38 bytes gross, including 2 byte header, 4 byte CRC, and 8/7-recoding of net data: 28 byte -> 32 byte) :

	Channel
	C/I
	Burst Error rate

	GSM_FR
	7 dB
	0.5 %

	GSM_AMR_FR 4.75
	4 dB
	0.1 %


The transmission time for one burst of 28 bytes payload (38 byte gross) is 4.6 s (measured).
This includes the time of about 1 second for the strong CTM Preamble and the transmission 
of 38 bytes at a speed slightly higher than 10 byte per second.

The transmission time for one Ack / Nak is about 1.5 s.

First important result: 
The most important part of the MSD (the ESD) is available at the PSAP with high 
Success Probability (99,5%) and very high Reliability (99,999998%) after 4.6 seconds.

4. Calculation of Success Rates for the full MSD
Deduction for the calculation of the probability of correct transmission:
A total number of n=5 bursts are to be transmitted. The burst error rate is q, respectively the burst correct rate is p, with p = (1 – q). The following figure illustrates the calculation of the probability that r = 3 repetitions of a burst is necessary. The 5 green bursts are correct and have a likelihood of p while the red bursts are false and thus have a likelihood of q. The last burst (data #8) must be correct. Thus there are r = 3 erroneous bursts that have to be placed within n + r – 1 = 7 free places. 

[image: image1.emf]data #1 data #2 data #3 data #4 data #5 data #6 data #7 data #8

erroneous erroneous erroneous


This leads to the following probability of having r repetitions of a burst:
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The special case of r = 0 repetitions is also covered by this term because with 
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 the above formula becomes 
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. This is the probability of an error free transmission with all n bursts being correct. In order to get the probability that the transmission of n bursts has finished successfully after r repetitions, the above likelihoods have to be summed up:
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n
number of bursts

r
number of erroneous bursts (repeated bursts)

p
probability of correct burst transmission

q=(1-p)
burst error rate
z(r)
probability of correct transmission (density function)
Z(r)
probability of correct transmission (probability distribution)
5. Calculation for the Transmission Time of the full MSD

Example for the calculation of transmission times:

7 bursts transmitted: 7 x 4.6s + 6 x 1.5 s = 41.2s.

Using the above assumptions, the following table can be derived:
	Burst Error Rate
q
	Number of transmitted bursts

n + r
	Success Rate

Z(r)
(Note: Reliability is much higher!)
	Failure Rate

100% – Z(r)

	Transmission Time

	
	
	
	
	

	   0.1 %
	5
	 99.500999000 %
	4.99e-01 %
	29.0 s

	   0.1 %
	6
	 99.998503996 %
	1.50e-03 %
	35.1 s

	   0.1 %
	7
	 99.999996510 %
	3.49e-06 %
	41.2 s

	   0.1 %
	8
	 99.999999993 %
	6.98e-09 %
	47.3 s

	   0.1 %
	9
	100.000000000 %
	1.26e-11 %
	53.4 s


	Burst Error Rate
q
	Number of transmitted bursts

n + r
	Success Rate

Z(r)
(Note: Reliability is much higher!)
	Failure Rate

100% – Z(r)

	Transmission Time

	
	
	
	
	

	   0.5 %
	5
	 97.524875312 %
	2.48e+00 %
	29.0 s

	   0.5 %
	6
	 99.962997195 %
	3.70e-02 %
	35.1 s

	   0.5 %
	7
	 99.999569023 %
	4.31e-04 %
	41.2 s

	   0.5 %
	8
	 99.999995695 %
	4.31e-06 %
	47.3 s

	   0.5 %
	9
	 99.999999961 %
	3.87e-08 %
	53.4 s

	
	
	
	
	

	   1.0 %
	5
	 95.099004990 %
	4.90e+00 %
	29.0 s

	   1.0 %
	6
	 99.853955239 %
	1.46e-01 %
	35.1 s

	   1.0 %
	7
	 99.996603747 %
	3.40e-03 %
	41.2 s

	   1.0 %
	8
	 99.999932212 %
	6.78e-05 %
	47.3 s

	   1.0 %
	9
	 99.999998781 %
	1.22e-06 %
	53.4 s


Note: Read this table (example GSM_FR / 7dB C/I: 0.5%BER / 7 transmitted bursts):
 
“In 99,999% of all call cases all MSD data (140 Bytes) are successfully transmitted after 41.2s, if the GSM_FR Codec is used in ideal frequency hopping and the channel has an average C/I of 7dB  or better”.

The minimal transmission time for the full MSD is 29s with this design.
The 1% cases, listed here for completeness, have not been observed for the considered radio channels.

6. Outlook to future Improvements

The presented results are based on the unmodified CTM as standardized.

To yield the required Reliability it was extended by an ARQ protocol with 2 byte header and 4 byte CRC per burst of 28 bytes. Since CTM is per se not 100% transparent for all 256 code values per character at its digital text input, an additional remapping of the input data into 7 bit codes (ranging from 0x20h to 0x9F) has been taken into account. A 28 byte net burst is expanded by that to 32 bytes, before sent into the CTM link.

For eCall it is feasible to modify the MODEM slightly and overcome this remapping and by that save about 0.4s of transmission time. Then the ESD (28 Bytes) is successfully transmitted after 4.2 seconds in 99,5% of all call cases under marginal radio conditions (C/I of 7 dB).

If this time is still regarded as too long, then it may be investigated more closely, whether the ESD could be reduced further. Otherwise more changes to CTM are feasible, too.
If the radio channel robustness is still regarded as too low, then the burst length could be reduced, e.g. to 10 bytes, gaining success probability and faster transmission of the really essential data  (just the location), but on cost of longer transmission time for the full MSD.
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Annex: Some early Simulation Results for one 28-byte Burst via CTM plus ARQ
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Figures A1: Success Probability at C/I of 7dB  in ideal frequency hopping
Note: The GSM_FR was simulated at 0 km/h speed (not 3km/h as the others), 
but with ideal frequency hopping that does not matter.
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Figures A2: Success Probability at C/I of 4dB  in ideal frequency hopping
Note: The GSM_FR was simulated at 0 km/h speed (not 3km/h as the others), 
but with ideal frequency hopping that does not matter.
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Figures A3: Success Probability at C/I of 1dB  in ideal frequency hopping
Note: at a C/I of 1 dB the GSM control channel may terminate the call automatically.















































































































AMR(12.2)



































_1240726076.unknown

_1240752878.unknown

_1243427323.unknown

_1240725742.unknown

