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1.  Abstract

This document describes the performance characteristics of the Cellular Text Telephone Modem (CTM) for the transmission via the AMR Wideband speech channels. The performance is measured in terms of the character error rate that has been observed for a simulated transmission of a text message via the AMR Wideband speech channels. Based of the measured character error rates, performance limits are proposed that have to be fulfilled by any implementation of a CTM receiver for a transmission via the AMR Wideband speech channels.

The simulations show that CTM allows a successful text transmission via the AMR Wideband speech codec. The intrinsic quality of all AMR WB modes is good enough to achieve 0 % character error rate in case of good radio channels. For degraded channels with a C/I of 4 dB or better, the character error rate is better than 0.1 % provided that frequency hopping is applied in combination with an appropriate selection of the AMR WB mode according to the actual radio channel quality. 

2.  Definition of the Test Conditions

This document reports on the character error rates for a transmission via a simulation of the AMR Wideband speech channel including a PCS 1900 or a GSM 900 Typical Urban channel profile without and with frequency hopping. In all cases, the speed of the mobile station has been simulated with 3.0 km/h. 

The CTM transmitter and the CTM receiver that have been used for this investigation consist of the functions that have been published in 3GPP TS 26.230 v 5.0.1. Since the C code functions in TS 26.230 support audio files that are sampled at 8 kHz, a sampling rate conversion from 8 kHz to 16 kHz has been used between the CTM transmitter and the AMR WB speech channel, and a sampling rate conversion from 16 kHz to 8 kHz has been used between the AMR WB speech channel and the CTM receiver.

The character error rates have been determined by the ctm_score program provided in TS 26.231 v 5.1.0. The transmitted text message consists of 4216 random characters. A listing of this text message is provided in TS 26.231 v 5.1.0, Section 7.2.

3.  Discussion of the Measured Character Error Rates

The simulation results in Tables 1–4 show that the Cellular Text Telephone Modem as defined in TS 26.226 v 5.0.0 and in TS 26.230 v 5.0.1 is suitable to transmit text data via the AMR Wideband speech codec. This can be concluded from the observation that for good C/I values the character error rate becomes zero. This indicates that the modulation scheme of CTM does not cause any conflicts with the encoding strategy of the AMR WB codec.

For degraded channels (i.e. for channels with lower C/I ratios), one can observe that the PCS 1900 channel provides better character error rates than the GSM 900 channel if no frequency hopping is applied (Table 1 and Table 3). The reason for this is that a 900 MHz radio network has a more wide meshed interference pattern than a 1900 MHz radio network. For this reason, the GSM 900 channel remains longer times in a “bad” state than the PCS 1900 channel, which increases the frequency of bit errors that can’t be recovered by the CTM decoder.

If a channel with frequency hopping is applied, the CTM transmission performance becomes almost independent from the radio frequency, as can be seen by a comparison of Table 2 and Table 4. Since frequency hopping removes the rigid interference pattern, the error correction of the CTM decoder outperforms better, and the character error rates become independent from the fact whether the radio frequency is 900 MHz or 1900 MHz. 

In case of frequency hopping, the character error rate is below 0.1 % even for degraded channels, if the most robust modes 6.60 kbit/s or 8.85 kbit/s are used for weak radio channels. With increasing channel quality, also the other AMR WB modes provide character error rates below 0.1 %.

Table1:  Measured Performance, PCS 1900 Full-Rate channel, No frequency hopping

	C/I
	AMR WB mode (kbit/s)

	
	6.60
	8.85
	12.65
	14.25
	15.85
	18.25
	19.85

	14 dB
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %

	12 dB
	0.00 %
	0.00 %
	0.02 %
	0.05 %
	0.02 %
	0.07 %
	0.21 %

	10 dB
	0.07 %
	0.02 %
	0.42 %
	0.51 %
	1.01 %
	2.81 %
	1.01 %

	8 dB
	0.42 %
	0.51 %
	1.05 %
	1.22 %
	2.29 %
	4.70 %
	3.09 %

	6 dB
	2.25 %
	2.62 %
	5.38 %
	7.69 %
	10.08 %
	16.16 %
	12.37 %

	4 dB
	7.41 %
	12.77 %
	20.65 %
	25.26 %
	27.10 %
	37.93 %
	32.69 %


Table 2:  Measured Performance , PCS 1900 Full-Rate channel, Ideal frequency hopping
	C/I
	AMR WB mode (kbit/s)

	
	6.60
	8.85
	12.65
	14.25
	15.85
	18.25
	19.85

	14 dB
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %

	12 dB
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %

	10 dB
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.23 %
	0.00 %

	8 dB
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.37 %
	8.65 %
	3.13 %

	6 dB
	0.00 %
	0.00 %
	0.16 %
	2.53 %
	14.36 %
	86.81 %
	43.99 %

	4 dB
	0.05 %
	0.05 %
	14.15 %
	39.57 %
	89.59 %
	100.0 %
	100.0 %


Table 3:  Measured Performance , GSM 900 Full-Rate channel, No frequency hopping

	C/I
	AMR WB mode (kbit/s)

	
	6.60
	8.85
	12.65
	14.25
	15.85
	18.25
	19.85

	14 dB
	0.02 %
	0.02 %
	0.05 %
	0.05 %
	0.12 %
	0.26 %
	0.14 %

	12 dB
	0.33 %
	0.09 %
	0.28 %
	0.37 %
	0.51 %
	1.19 %
	0.70 %

	10 dB
	0.61 %
	0.70 %
	1.10 %
	1.24 %
	1.40 %
	2.25 %
	1.99 %

	8 dB
	1.40 %
	2.22 %
	3.67 %
	4.65 %
	5.57 %
	7.53%
	6.52 %

	6 dB
	4.89 %
	4.98 %
	8.91 %
	9.64%
	11.48 %
	15.79 %
	13.31 %

	4 dB
	9.45 %
	10.57 %
	17.31 %
	20.02 %
	22.22 %
	30.87 %
	26.17 %


Table 4:  Measured Performance, GSM 900 Full-Rate channel, Ideal frequency hopping

	C/I
	AMR WB mode (kbit/s)

	
	6.60
	8.85
	12.65
	14.25
	15.85
	18.25
	19.85

	14 dB
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %

	12 dB
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %

	10 dB
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.28 %
	0.05 %

	8 dB
	0.00 %
	0.00 %
	0.00 %
	0.00 %
	0.14 %
	10.31%
	1.80 %

	6 dB
	0.00 %
	0.00 %
	0.07 %
	1.71 %
	9.73 %
	65.41 %
	26.03 %

	4 dB
	0.00 %
	0.05 %
	13.87 %
	41.53 %
	90.69 %
	100.0 %
	100.0 %


4.  Proposed Performance Limits for 3GPP TS 26.231

As a result of the measured character error rates, the following limits are proposed as an extension for the CTM Minimum Performance Specification 3GPP TS 26.231. Due to the importance of text telephony in the U.S., TS 26.231 deals only with character error rates for PCS 1900 channels. Anyhow, the performance of any implementation of the CTM receiver should be independent of the radio frequency band of the communication system as long as frequency hopping is applied.

Table 5:  Proposed Performance Limits, PCS 1900 Full-Rate channel, No frequency hopping

	C/I
	AMR WB mode (kbit/s)

	
	6.60
	8.85
	12.65
	14.25
	15.85
	18.25
	19.85

	14 dB
	0.1 %
	0.1 %
	0.1 %
	0.1 %
	0.1 %
	0.1 %
	0.1 %

	12 dB
	0.1 %
	0.1 %
	0.1 %
	0.1 %
	0.1 %
	0.5 %
	0.5 %

	10 dB
	0.5 %
	0.5 %
	1.0 %
	1.0 %
	2.0 %
	4.0 %
	4.0 %

	8 dB
	1.0 %
	1.0 %
	2.0 %
	4.0 %
	--
	--
	--


Table 6:  Proposed Performance Limits, PCS 1900 Full-Rate channel, Ideal frequency hopping

	C/I
	AMR WB mode (kbit/s)

	
	6.60
	8.85
	12.65
	14.25
	15.85
	18.25
	19.85

	12 dB
	0.1 %
	0.1 %
	0.1 %
	0.1 %
	0.1 %
	0.1 %
	0.1 %

	10 dB
	0.1 %
	0.1 %
	0.1 %
	0.1 %
	0.1 %
	1.0 %
	1.0 %

	8 dB
	0.1 %
	0.1 %
	0.1 %
	0.5 %
	1.0 %
	--
	--

	6 dB
	0.1 %
	0.1 %
	0.5 %
	4.0 %
	--
	--
	--

	4 dB
	0.2 %
	0.2 %
	--
	--
	--
	--
	--





































































































