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Introduction

This specification describes the minimum performance requirements for the Cellular Text Telephone Modem (CTM) for reliable transmission of text telephone communication via the speech channel of cellular or PSTN networks.

It applies to the CTM as described in 3GPP 26.226.

The document was prepared for T1P1, and is presented to 3GPP S4 in identical form as for T1P1, including the version number 0.0.2.

This implies that, the test material is only produced with Baudot text telephones, that are the currently dominating text telephone type in USA. The result is that the character speed is lower than what CTM can provide, the character set is limited to what these text telephones can handle, and the sound from the text telephone that is heard on the air connection before CTM is activated is always from a Baudot text telephone. 

But the tests are generic, and the text coded in internationally applicable code in the air interface. 

The corresponding files are too big to handle as a document in the meeting. They can be provided on a CD on request.

It is proposed that 3GPP S4 takes this specification as a base for a CTM minimum performance specification. S4 is suggested to allocate a document number for this test specification, and plan for handling of the accompanying test files.

It is also proposed that a new version is planned, with 3GPP references and any modification needed to make it clear that the tests are of international value.
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Foreword

This technical description has been produced by T1P1.

The present document is a description of the Cellular Text Telephone Modem solution for reliable transmission of a text telephone conversation via the speech channel of cellular or PSTN networks

The contents of the present document are subject to continuing work within T1P1 and may change following formal T1P1 approval. Should the T1P1 WG modify the contents of this TD, it will be re-released by the T1P1 WG with an identifying change of release date and an increase in version number as follows:

· Version x.y.z

· where:

x
the first digit:

1
presented to 3GPP for information;

2
presented to 3GPP for approval;

3
Indicates 3GPP approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the specification;

Scope

This Technical Standard (TS) describes the minimum performance requirements for the Cellular Text Telephone Modem (CTM) for reliable transmission of TTY text messages via the speech channel of cellular or PSTN networks.

1. Normative references

This TS incorporates by dated and undated reference, provisions from other publications. These normative references are cited at the appropriate places in the text and the publications are listed hereafter. For dated references, subsequent amendments to or revisions of any of these publications apply to this TS only when incorporated in it by amendment or revision. For undated references, the latest edition of the publication referred to applies.

[1] T1.xxx-2000, PCS 1900 Cellular Text Telephone Modem (CTM) General Description

[2] ISO/IEC 10646-1 Information technology – Universal Multiple-Octet Coded Character Set (UCS) – Part 1: Architecture and Basic Multilingual Plane

[3] T1.xxx-2000, PCS 1900 - Cellular Text Telephone Modem (CTM) Transmitter Bit Exact C‑Code,

[4] TTY Over Cellular Laboratory and Field Test Procedure, September 13, 1998

[5] TIA/EIA-IS 840, Minimum Performance Standards for Text Telephone Signal Detector and Text Telephone Signal Regenerator

Definitions and Abbreviations

For the purposes of this TS, the following abbreviations apply:

CTM
Cellular Text Telephone Modem

HCO
Hearing Carry Over, (individual may be able to hear, but cannot speak) Alternating of sending speech and text.

PCM
Pulse Code Modulation

TCER
Total Character Error Rate

TTY
Text Teletype Device

VCO
Voice Carry Over, (individual may be able to speak, but cannot hear) Alternating sending of speech and text

2. Test Vectors

The following test signals are provided for use in testing compliance to the minimum performance requirements. All signals are raw data, linear 16‑bit signed PCM coded audio data at a sampling rate of 8000 Hz. All files are coded in Big‑Endian format (most significant byte first) as it is used e.g. by SUN Microsystems SparcTM Workstations.

· baudot.pcm

· sine1400.pcm

· sine1800.pcm

· test1.pcm

· test2.pcm

· test3.pcm

· zeros4000.pcm

· tones_MR475_FR_06dB_nfh.pcm

· tones_MR475_FR_08dB_nfh.pcm

· tones_MR475_FR_10dB_nfh.pcm

· tones_MR74_FR_06dB_nfh.pcm

· tones_MR74_FR_08dB_nfh.pcm

· tones_MR74_FR_10dB_nfh.pcm

· tones_MR475_HR_08dB_ifh.pcm

· tones_MR475_HR_08dB_ifh.pcm

· tones_MR74_HR_8dB_ifh.pcm

· tones_MR74_HR_8dB_ifh.pcm

The first six files contain test signals with Baudot tones and are required for the test scripts test_negotiation  and test_false_detections. The files tones*.pcm  contain CTM signals containing errors equivalent to those introduced by having been transmitted via a PCS-1900 GSM AMR speech channel with a speed of 3.0 km/h of the mobile station. 3.0 km/h was selected since it is a standard worst case test condition and is similar to the environment of a stationary user (slow fading). The further parameters of the channel are indicated by the filenames:

· AMR mode:  MR475 = 4.75 kbit/s;  MR74 = 7.4 kbit/s

· Chan type:  FR = full rate;  HR = half rate        

· C/I  xxdB specifies Carrier‑to‑Interference ratio in dB (specified in the range of 6db-12db)

· Frequency hopping: nfh = no frequency hopping;  ifh = ideal frequency hopping

Furthermore, a file zeros4000.pcm is provided that contains a zero‑valued signal. This file is required for all test scripts as a test leader/trailer.

3. Test Scripts

For the testing whether the minimum performance requirements are fulfilled, the following test scripts are provided:

· test_negotiation

· test_amr_performance

· test_false_detections

All test scripts assume that the tested CTM modules have interfaces as defined in [3] (e.g., the procedure calls, syntax, parameters).. All test scripts have been tested using a C-shell (csh) command interpreter on a SUN Microsystems SolarisTM platform.

4. Description of the Test

6.1. Test of the Negotiation between Two CTM Adaptation Modules

The test script  test_negotiation performs a test of the negotiation between two CTM devices using the following structure: 

                -----------   ctm_forward    -----------

 baudot.pcm --->|         | ---------------->|         |---> baudot_out.pcm

                | adapt#1 |                  | adapt#2 |

  /dev/null <---|         | <----------------|         |<--- /dev/zero

                -----------   ctm_backward   -----------

First, the adaptation module #1 is executed. At this first run, the signal ctm_backward is not known. Therefore, the negotiation does not get a positive acknowledge, so that the transmission falls back to Baudot Tones.

Then signal adaptation module #2 is executed for the first time.

After that, adaptation module #1 is executed for the second time. With this second run, the signal ctm_backward is valid. Therefore, the negotiation receives a valid acknowledge, so that CTM signals are transmitted.

At last, adaptation module #2 is executed for the second time. With this run, adaptation module #2 receives a valid CTM signal so that the baudot_out.pcm signal can be generated.

After executing each of the modules twice, the signal baudot_out.pcm is analyzed. This analysis is also performed by the program adaptation_switch. First, the Baudot detector of adaptation_switch is used for this analysis in order to examine whether the regenerated Baudot signal can be decoded correctly. In a second step it is examined whether the regenerated signal still contains any CTM preambles. This investigation is performed by means of the CTM detector that is integrated in adaptation_switch. This last test fails if the CTM detector is able to detect any CTM preamble in the regenerated signal.

During the execution of the script test_negotiation the following text output shall be generated:

=====================================================

Execute adaptation module #1 (first pass)             

=====================================================

******************************************************************************

  Adaptation between Baudot Signals and Cellular Text Telephone Modem (CTM)

  signals with automatic switching between voice and data transmission

  supporting Voice Carry Over / Hearing Carry Over (VCO/HCO)

  Copyright (c) Ericsson Eurolab Deutschland GmbH, 1999, 2000  

  (use option -h for help)

******************************************************************************

number of samples to process: 100000

>>> Enquiry Burst generated! <<<

SUP>>> Enquiry Burst generated! <<<

PORT>>> Enquiry Burst generated! <<<

 FOR

=====================================================

Execute adaptation module #2 (first pass)             

=====================================================

******************************************************************************

  Adaptation between Baudot Signals and Cellular Text Telephone Modem (CTM)

  signals with automatic switching between voice and data transmission

  supporting Voice Carry Over / Hearing Carry Over (VCO/HCO)

  Copyright (c) Ericsson Eurolab Deutschland GmbH, 1999, 2000  

  (use option -h for help)

******************************************************************************

>>> CTM from far-end detected! <<<

>>> Enquiry From Far End Detected! <<<

SUP>>> Enquiry From Far End Detected! <<<

PORT>>> Enquiry From Far End Detected! <<<

 FOR

=====================================================

Execute adaptation module #1 (second pass)            

=====================================================

******************************************************************************

  Adaptation between Baudot Signals and Cellular Text Telephone Modem (CTM)

  signals with automatic switching between voice and data transmission

  supporting Voice Carry Over / Hearing Carry Over (VCO/HCO)

  Copyright (c) Ericsson Eurolab Deutschland GmbH, 1999, 2000  

  (use option -h for help)

******************************************************************************

>>> Enquiry Burst generated! <<<

SUP>>> CTM from far-end detected! <<<

PORT FOR DEAF OR HARD OF HEARING PERSONS VIA THE

MOBILE COMMUNICATION NETWORKS RECEIVED RECENTLY HIGH

ATTENTION IN THE US. ERICSSON WELCOMES ALL ATTEMPTS TO

IMPROVE THE SITUATION FOR THESE PERSONS.

=====================================================

Execute adaptation module #2 (second pass)            

=====================================================

******************************************************************************

  Adaptation between Baudot Signals and Cellular Text Telephone Modem (CTM)

  signals with automatic switching between voice and data transmission

  supporting Voice Carry Over / Hearing Carry Over (VCO/HCO)

  Copyright (c) Ericsson Eurolab Deutschland GmbH, 1999, 2000  

  (use option -h for help)

******************************************************************************

>>> CTM from far-end detected! <<<

>>> Enquiry From Far End Detected! <<<

SUPPORT FOR DEAF OR HARD OF HEARING PERSONS VIA THE

MOBILE COMMUNICATION NETWORKS RECEIVED RECENTLY HIGH

ATTENTION IN THE US. ERICSSON WELCOMES ALL ATTEMPTS TO

IMPROVE THE SITUATION FOR THESE PERSONS.

====================================================================

Now we try to decode the regenerated Baudot signal. The text message

shall be decoded completely now...

====================================================================

******************************************************************************

  Adaptation between Baudot Signals and Cellular Text Telephone Modem (CTM)

  signals with automatic switching between voice and data transmission

  supporting Voice Carry Over / Hearing Carry Over (VCO/HCO)

  Copyright (c) Ericsson Eurolab Deutschland GmbH, 1999, 2000  

  (use option -h for help)

******************************************************************************

SUPPORT FOR DEAF OR HARD OF HEARING PERSONS VIA THE

MOBILE COMMUNICATION NETWORKS RECEIVED RECENTLY HIGH

ATTENTION IN THE US. ERICSSON WELCOMES ALL ATTEMPTS TO

IMPROVE THE SITUATION FOR THESE PERSONS.

=====================================================================

Testing whether the regenerated Baudot signal is free of CTM headers.

No CTM burst shall be detected now...

=====================================================================

******************************************************************************

  Adaptation between Baudot Signals and Cellular Text Telephone Modem (CTM)

  signals with automatic switching between voice and data transmission

  supporting Voice Carry Over / Hearing Carry Over (VCO/HCO)

  Copyright (c) Ericsson Eurolab Deutschland GmbH, 1999, 2000  

  (use option -h for help)

******************************************************************************

6.2. Test of the CTM Receiver’s Performance for Transmission via the PCS 1900 AMR Speech Channel

For this test the test script test_amr_performance as well as the files 

· tones_MR475_FR_06dB_nfh.pcm

· tones_MR475_FR_08dB_nfh.pcm

· tones_MR475_FR_10dB_nfh.pcm

· tones_MR74_FR_06dB_nfh.pcm

· tones_MR74_FR_08dB_nfh.pcm

· tones_MR74_FR_10dB_nfh.pcm

· tones_MR475_HR_08dB_ifh.pcm

· tones_MR475_HR_08dB_ifh.pcm

· tones_MR74_HR_8dB_ifh.pcm

· tones_MR74_HR_8dB_ifh.pcm

are provided, which contain CTM signals that have been transmitted via the PCS 1900 AMR speech channel. The test script  runs the program adaptation_switch and decodes the CTM signals. The decoded text messages are written into the corresponding text files.

The original text message is as follows:
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END OF TEST FILE

Using the “score.exe” program provided by Lober&Walsh [4], the following character error rates (TCER) shall be achieved:

C/I
rate / frequency hopping
4.75 kbit/s AMR mode
7.4 kbit/s AMR mode

6 dB
full rate / no
1.5 %
1.5 %

8 dB
full rate / no
0.2 %
0.2 %

10 dB
full rate / no
0.05 %
0.05 %

8 dB
half rate / ideal
1.0 %
1.5 %

10 dB
half rate / ideal
0.2 %
0.2 %

6.3. Test of the Baudot Demodulator’s Robustness Against False Detections

For this test, the test script test_false_detections is provided. It consists of the following sub‑tests:

1. Test of the response of the adaptation module for a signal that has one valid start bit (1800 Hz) and four valid information bits (1400 Hz). The duration of the fifth bit is too short so that this sequence must not trigger the Baudot demodulator of the adaptation module. Therefore, the original audio signal must be passed to the output without muting.

2. Test of the response of the adaptation module for a signal that has one valid start bit (1800 Hz) and five valid information bits (1400 Hz). The duration of the stop bit is too short so that no characters should be decoded. The output signal should be muted, because the start bit and the information bits were correct, but no CTM signals shall be generated.

3. Test of the response of the adaptation module for a signal that has one valid start bit (1800 Hz), five valid information bits (1400 Hz) and one valid stop bit. In this case the adaptation module shall decode the Baudot characters (9 times the character "Q") and generate the appropriate CTM tones.

4. Test to decode the CTM signal that has ben generated in test #3. The CTM receiver shall decode the character "Q" nine times.

5. Try to feed the output signal from test #3 into a second Baudot detector. In this case the Baudot detector must not decode any character.

6. Test with a sine tone of 1400 Hz. In this case the signal adaptation module must remain passive, i.e. the original audio signal must be passed to the output without muting.

7. Test with a sine tone of 1800 Hz. In this case the signal adaptation module must remain passive, i.e. the original audio signal must be passed to the output without muting.

The following output shall be produced by this test script:

=========================================================

Performing Test #1 --> no characters shall be decoded now

=========================================================

(No printable text generated)

******************************************************************************

  Adaptation between Baudot Signals and Cellular Text Telephone Modem (CTM)

  signals with automatic switching between voice and data transmission

  supporting Voice Carry Over / Hearing Carry Over (VCO/HCO)

  Copyright (c) Ericsson Eurolab Deutschland GmbH, 1999, 2000  

  (use option -h for help)

******************************************************************************

(

=========================================================

Performing Test #2 --> no characters shall be decoded now

=========================================================

******************************************************************************

  Adaptation between Baudot Signals and Cellular Text Telephone Modem (CTM)

  signals with automatic switching between voice and data transmission

  supporting Voice Carry Over / Hearing Carry Over (VCO/HCO)

  Copyright (c) Ericsson Eurolab Deutschland GmbH, 1999, 2000  

  (use option -h for help)

******************************************************************************

============================================================

Performing Test #3 --> string QQQQQQQQQ shall be decoded now

============================================================

******************************************************************************

  Adaptation between Baudot Signals and Cellular Text Telephone Modem (CTM)

  signals with automatic switching between voice and data transmission

  supporting Voice Carry Over / Hearing Carry Over (VCO/HCO)

  Copyright (c) Ericsson Eurolab Deutschland GmbH, 1999, 2000  

  (use option -h for help)

******************************************************************************

QQQQQQQQQ

============================================================

Performing Test #4 --> string QQQQQQQQQ shall be decoded now

============================================================

******************************************************************************

  Adaptation between Baudot Signals and Cellular Text Telephone Modem (CTM)

  signals with automatic switching between voice and data transmission

  supporting Voice Carry Over / Hearing Carry Over (VCO/HCO)

  Copyright (c) Ericsson Eurolab Deutschland GmbH, 1999, 2000  

  (use option -h for help)

******************************************************************************

QQQQQQQQQ

=========================================================

Performing Test #5 --> no characters shall be decoded now

=========================================================

******************************************************************************

  Adaptation between Baudot Signals and Cellular Text Telephone Modem (CTM)

  signals with automatic switching between voice and data transmission

  supporting Voice Carry Over / Hearing Carry Over (VCO/HCO)

  Copyright (c) Ericsson Eurolab Deutschland GmbH, 1999, 2000  

  (use option -h for help)

******************************************************************************

=========================================================

Performing Test #6 --> no characters shall be decoded now

=========================================================

******************************************************************************

  Adaptation between Baudot Signals and Cellular Text Telephone Modem (CTM)

  signals with automatic switching between voice and data transmission

  supporting Voice Carry Over / Hearing Carry Over (VCO/HCO)

  Copyright (c) Ericsson Eurolab Deutschland GmbH, 1999, 2000  

  (use option -h for help)

******************************************************************************

=========================================================

Performing Test #7 --> no characters shall be decoded now

=========================================================

******************************************************************************

  Adaptation between Baudot Signals and Cellular Text Telephone Modem (CTM)

  signals with automatic switching between voice and data transmission

  supporting Voice Carry Over / Hearing Carry Over (VCO/HCO)

  Copyright (c) Ericsson Eurolab Deutschland GmbH, 1999, 2000  

  (use option -h for help)

******************************************************************************
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