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Summary and Recommendation

Support for deaf or hearing impaired persons via the mobile communication networks received recently high attention in the US. Ericsson welcomes all attempts to improve the situation for these persons. Solutions should be developed that allow the optimal usage of modern technologies to open the forthcoming communication means in flexible ways for everyone. 

This paper discusses two basic proposals that both aim at a robust transmission of TTY/TDD data via digital cellular phone systems or, more general, via any speech communication path.

One proposes a “Modification” of the Codecs to detect, transmit and regenerate the TTY/TDD tones. This solution is fully compatible to the existing TTY/TDD standard and improves the robustness for digital mobile transmission substantially. The impact on the overall network is limited: Only the transcoder units within the cellular networks and the mobile phones have to be modified. The solution can be adapted to each speech coding standard individually. The different versions need not behave identical. There are only small, negligible impacts on speech quality. 
A disadvantage is that the introduction of this solution into all standards would prevent any further development of the TTY/TDD transmission protocol.

The other proposes to introduce an “Adaptation”, both in the network and the mobile phone, that detects the TTY/TDD data, error protects and transmits them by an improved modulation technique via the existing speech communication paths and finally regenerates the TTY/TDD tones at receiver side. Also this solution is backward compatible to the existing TTY/TDD standard and has high error robustness. It is compatible with all speech transmission standards, analogue and digital. The impact on speech quality for normal calls is zero. The network infrastructure needs a minimal extension: One adaptor is automatically inserted by the mobile network by routing conventional TTY/TDD calls through a server in the network. Another adaptor is inserted into the path between a conventional TTY/TDD device and an ordinary mobile phone (“intelligent cable”). In a second step this adaptor algorithm may either be integrated into the mobile phone or the TTY/TDD device. Todays modern technologies, such as PCs, LapTop computers or mobile communicators allow the integration of TTY/TDD plus adaptor directly by pure software. In a third step the new modulation technique can be used to substantially increase the bit rates for TTY/TDD applications and thus allows to introduce new services and applications for all mobile-to-mobile calls and calls to TTY/TDD devices in the network that support the new modulation scheme. 

Recommendation: In a time, where 3G systems aim to introduce mobile multimedia services, it seems to be a must to open flexible and future proof solutions to everyone. The “Adaptor” solution allows this future upgrade and integration into the 3G world and is therefore recommended.
1. Introduction

TTY/TDD devices (TeleTYpewriter/Telecommunications Device for the Deaf)  are text-based terminals that allow deaf or hearing-impaired persons to communicate via telephone networks. A typical TTY/TDD device  consists of a keyboard, a text-oriented display and a modem, which transforms the TTY characters into simple audio signals that can be transmitted via the telephone network.

The usual transmission standard for TTY/TDD is the so-called Baudot code, which uses five information bits and 2–3 start/stop bits per character. The bits are modulated using frequency shift keying (FSK) with the frequencies 1400 Hz and 1800 Hz. Baudot code supports half-duplex transmission at a rate of 45 bit/s or 50 bit/s, which results in an effective character transmission rate of 6–7 characters per second. No error protection or any other higher-layer protocol is applied. 

This simple modem protocol has been a satisfying solution for transmitting of TTY/TDD characters via PSTN speech channels. However, due to the growing importance of mobile communications, there is also an increasing desire to communicate with TTY/TDD devices via digital cellular phones. According to this, the Federal Communications Commission (FCC) requests that digital cellular networks have to support TTY/TDD modem signals for “911” (emergency) services.

2. Problems with existing TTY/TDD devices

Due to the fact that digital cellular phone systems are optimised for speech signals and the radio transmission is subject to relative high error rates, the transmission of TTY/TDD modem signals via cellular networks is in many cases unsatisfying: i.e. received messages show an unacceptable high character error rate. One reason for this is that digital cellular phones use speech coding in order to compress the signal. Since this coding is optimised for speech-like signals, modem signals are more or less distorted. A further problem is in the transmission errors and the applied error concealment in digital cellular phone systems in case of poor channel conditions. Especially the repetition of speech frames results in character errors or even in error propagation.

The simple TTY/TDD modulation technique, designed years ago for PSTN lines, is not appropriate for these sophisticated, subjectively optimised transmission channels.

3. Solutions for reliable TTY/TDD transmission via cellular phone systems

In order to comply with the FCC requirements, recently several proposals have been suggested to the TIA TR45 Standards Committee how to improve the TTY/ TDD transmission performance via cellular phone systems. The two major approaches are discussed further.

3.1 Proposal to Modify the Speech Codecs

Lucent Technologies has proposed for IS-95 mobile communication systems a solution that is based on a modification of the IS‑127 speech Codec: The speech encoder is equipped with a TTY/TDD detector that runs in parallel to the encoder all time. In case that a TTY/TDD signal is detected, the modified speech encoder sets the LTP gain to zero. Since this sets the long-term prediction (LTP) into idle mode, the bits normally carrying the LTP lag information can now be used for transmitting the decoded TTY/TDD characters. At receiver side this inband signalling is decoded and the TTY/TDD tones can be regenerated with high quality. See following simplified Figure 1:
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Figure 1: Proposal to Modify the Codec Algorithm

It is proposed to include this modification in all transcoder equipment in the cellular networks, to avoid the need to distinction between normal calls and TTY/TDD calls. The modification need to be included into all mobile phones or at least in the ones used together with TTY/TDD devices. The user has to buy a new mobile phone, if he wants to use the advantages of this solution.

The detection of TTY/TDD signals at the speech encoder side implies a small risk of false alarms. So every now and then a TTY/TDD tone will be falsely generated at receiving side due to that.

Since the decoded TTY/TDD bits are transmitted in-band instead of the LTP parameters, there is in addition the risk that by normal speech encoding this inband signalling is triggered and the speech decoder goes into TTY/TDD mode by mistake. So another small degradation of the speech signal is to be expected every now and then.  Since the modification is introduced in all transcoders the distortion may occur in all speech calls, at least in uplink direction.

A third effect is the so called “racing” problem: TTY/TDD tones are transmitted in two ways through the transmission path: once by the very normal speech encoding/decoding and second by the new inband signalling. The normal speech signal path has to be delayed a bit in order to allow the inband signalling to  be fast enough so that only one version of the TTY/TDD tone is regenerated.

Using the LTP parameters for transmitting TTY/TDD information is specific for the IS-127 speech Codec. The proposal has to be adapted to each other Codec standard individually. The individual solutions may behave not 100 % identical. 

The approach requires to modify the network infrastructure, i.e. all existing and future transcoders.

It also requires some implementation effort on the network operator’s side as well as on the subscriber’s side. It has to be assumed that the necessary implementations require some time and will not be available in the near future.

The solution would have quite some impact on the network infrastructure and speech coding standards. Therefore there are no easy possibilities for future developments of the TTY/TDD standard. The implementation of this solution in the networks would result de facto in a freezing of the actual TTY/TDD transmission standard without the possibility to implement e.g. faster character transmission rates or new services in future. 

Proposal to use modern Modem Technology and an Adaptor

Ericsson proposes to use a new Modem algorithm that can be used for highly reliable transmission of TTY/TDD signals via the speech channels of all digital and analogue cellular phone systems. The robustness is achieved by using a Forward Error Correction (FEC) that adds redundancy to the transmitted bit stream and interleaving, which spreads TTY/TDD characters over several adjacent speech frames. This allows the receiver to recover bits that have been lost due to fading on the radio channel. A sophisticated Modulation/Demodulation algorithm allows transmission via nonlinear analogue channels, such as provided by digital transmission schemes. see the following simplified Figure 2:
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Figure 2: Proposal to use an Adaptor

Modern technologies allow substantially improved robustness and at the same time substantially higher data rates and possibly new services, virtually at no cost. The solution is independent of any existing speech transmission scheme: no modifications need to be made or considered for future standards.

For backward compatibility to the existing TTY/TDD standard an adaptor is introduced between the conventional TTY/TDD device and the transmission path. This adaptor includes – very much like the other proposal - a TTY/TDD detector, the new Modulator/Demodulator and a TTY/TDD generator. For that reasons it has similar behaviour concerning false alarm and the racing problems. The new modulation signal is, however, of much richer nature and a misinterpretation like in the inband signalling above is very unlikely.

It could be integrated into every transcoder in the network as well: then no distinction between normal and TTY/TDD calls would be necessary. The implementation effort would be, however, higher than needed. Therefore it is proposed to include the adaptor only in calls where the use of (current) TTY/TDD is needed or likely. This is especially the case for all calls to the “911” (emergency) services. Other calls, between TTY/TDD users, can be identified either by a number-prefix (every modern digital cellular phone includes phone book, where these can easily be pre-stored) or by a number analysis, or other means.

In normal calls the adaptor is therefor typically not included and hence no degradation can occur.

It is obvious that in case of interaction with existing TTY/TDD no improved services are possible. However, for communication between two modern TTY/TDD devices no adaptors and no restrictions are needed. Modern PCs, LapTops or digital mobile communicators offer enough computational power and standard hardware to interface to the fixed and mobile phone network, so that pure software solutions for these new modem standard and services are feasible.

The subscriber has several possibilities to use the new modem standard:

· The first solution could be to use a special “intelligent cable” that does the adaptation between conventional and new TTY/TDD signals. In this case, the user would be able to use his existing TTY/TDD equipment together with an existing cellular phone. 

· A second option is to integrate this adaptor into new digital mobile phones. These have already DSPs integrated, which could be used for the adaptation algorithm. 
This does not work so easily for analogue mobile phones: there is typically no DSP available and the calculation is too complex for the typically simple mobile phone controller.

· The most interesting solution could be to integrate the adaptor into the subscriber’s TTY/TDD device. This  would result in a more flexible terminal that supports both modem standards: conventional Baudot code as well as the new modem signals. This would work well for all digital mobile phones, all analogue mobile phones as well as all other speech channels – worldwide (some very low bit rate satellite links may be excluded).

· Finally, this flexible “universal” TTY/TDD device might be implemented on standard hardware like a LapTop computer (for mobile usage) or PC (connected to the PSTN). This solution offers highest flexibility (since the computers can be used also for other applications and may be already available at users hands) and low implementation costs (due to pure software development using standard hardware).

The mobile network operator has to provide a server that does the adaptation between the new modem signals and conventional TTY/TDD Baudot code, in order to guarantee compatibility with existing TTY/TDD devices that are connected to PSTN telephones. This network server is required for an intermediate period, until all users are able to use the new TTY/TDD standard. The routing for such calls from a modern TTY/TDD device to a TTY/TDD device connected to the PSTN is depicted in Figure 3. REF X47738 \n Anyhow, the installation of a few servers within the network would be much easier and faster than the modification of all existing transcoder units.

For the subscriber, this solution offers in addition a much higher flexibility. It could be used virtually anywhere in the world on (nearly) any speech transmission path. 
In addition the new modem standard allows the implementation of higher transmission rates. This offers the possibility to introduce new services, such as the transmission of user profiles, graphical data, images or file transfer. The increased transmission rate also allows a more natural communication between TTY/TDD users, because TTY/TDD characters can be transmitted as fast as the users can type. This is an advantage especially for experienced users, who are no longer restricted to the slow transmission rate of conventional TTY/TDD devices of about 6–7 characters per second.

The Annex illustrates two likely architectures for enhanced TTY/TDD services.
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Figure 3:
Possible connections from the new Universal TTY/TDD standard

1.  to a conventional TTY/TDD device via a cellular network and 
    a server somewhere in the path for the adaptation
2.  to a new TTY/TDD device via a cellular network
3.  to a new TTY/TDD device via the PSTN
4.  to a conventional TTY/TDD device via the PSTN.
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Annex: Two likely architectures for enhanced TTY/TDD services

Figure 4 shows the integration of the new modulation scheme into a TTY/TDD device. This could be done possibly by SW modification only. Modern LapTops and Mobile Communicators do have the processing power for that.The old TTY/TDD Generator and Detector are of course not needed in the path (maybe for compatibility they should be in the device still).
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Figure 4: One Architecture of a new TTY/TDD device, compatible to Adaptor

Figure 5 shows the step to modern 2G or 3G Multimedia services. Iit is expected that this will soon appear. The compatibility to existing TTY/TDD must be done with an Adaptor as shown. 
The routing issue has to be addressed latest for this architecture.
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Figure 5: Another Architecture of a new TTY/TDD service
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