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TTY Forum Test Results Summary

Technology: CDMA / TDMA / Analog

Contribution Date: 98.05.20

Contribution Number: 98.05.20.17

Contributing Company: Nokia

Summary: This contribution outlines some original comparisons of the Digital Air
interfaces with the Analog. Generally the CER is <1% for analog. Nokia claims no errors
in a controlled PCS1900 GSM phone test. TDMA results NGT 10% and CDMA was the
same NGT 10%.

Conclusions from this contribution were:

- The rate of the Vocoder has a major effect.
- Direct connection more robust
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CONCLUSIONS

* Based on these preliminary results: it is more likely
that the vocoder rate has a major effect

- et
N - P A " -
Rt Lo -*'L, - - < B -
PRt TR )

* Direct connection is more robust
* Possible Future Solutions:
— ITU-T V.18
— TR45.3 (TDMA): US1 Vocoder (12.4 Kbps)
— Completely bypass Vocoder?
— Can we fix rate for CDMA networks?
— TR45.5 FAX standard for CDMA WLLs —_—
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POSSIBLE CAUSES OF ERRORS
* Coupling:
- — Acoustic coupler: ambient noisesusceptability
— Non-optimal direct interface: Impedance,...
* DSP Baseband functions:
— Echo supression

— Noise Cancellation
— Equalization

* Vocoder Parameters:
— Vocoder Rate
— Vocoder Delay
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POSSIBLE CAUSES OF ERRORS (Cont’d)

e Link Conditions:
— Signal Quality
— White Noise
— Fading depth
— Co-Channel Interference
— Adjacent Channel Interference
— Others
* Network Factors:
— Network Vocoders
— Link Symmetry
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AMPS MEASUREMENTS

* Analog was tested to provide bench mark
* Connection via an existing interface box
* Actual network was used (Dalas, Texas)
* RX Signal quality was approx. -90 dBm
 Handset sent 590 characters, no errors
 Handset received 590 charcters, one error
* Asymmetrical link?

* Generally, character error rate < 1%
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PCS1900 MEASUREMENTS

* Connection via an existing interface box

* Several PCS1900 (GSM) phones were tested usmg
an internal basestation (no network effects)

* No errors were reported (except for an extra space
every once in a while) o

* Similar measurements were made with Ericsson .
last March, errors were 2-4"/2 -

 Link quality was good, approx. -60 dBm —

* Next, test under variable link conditions/fading
* Also, test in actual network

* Vocoder rate 1s 13 Kbps s
Mm_.xaxf&' s NDL&EA
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TDMA MEASUREMENTS
JSRES

Connection via an existing interface box

Several TDMA (DAMPS) phones were tested using:¥ “u.;

an actual network (Dallas, Texas)

RX Signal quality ranged from -95 to -60dBm

Handset sent 590 characters, errors > 10%

Handset received 590 charcters, errors > 10%
L S

Asymmetrical link?

Disabled DSP baseband functions: Echo
cancellation, noise, equalization: no effect
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TDMA MEASUREMENTS (Cont’'d)

g .

By

Optimize signal level into vocoder (< 5% distortion) - .-

Try to optimize interface box

Character error rate at AMPS mode < 1%

The Vocoder rate is 7.4 Kbps (EFR)

TR45.3 will mandate US1 Vocoder (12.4 Kbps)
Future Solution: Completely bypass Vocoder?
Next, improve interface box

Next, increase baud rate
»-
owu rececommumcance usll NOIKIA 2
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CDMA MEASUREMENTS

Tests were done using an acoustic coupler
Acoustic coupler was prone to ambient noise

Vocoders were evaluated by either field tests or
using simulation

All simulated results did not look good (EVRC) | * |

Field testing was more successful (< 10% errors) 0

Currently, CDMA networks use fled 13Kbps
Eventually, EVRC will be used for capacity
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CDMA MEASUREMENTS (Cont’d)

Can we fix rate for TTY?
In General, results were good up to 200 Bauds

If > 200 Bauds, errors > 10% B |

Solution: TR45.5 FAX standard for CDMA WLLS A
(CDMA Wireless Local Loops) |

Measurements were only made at 800 MHz
Next, repeat using interface box

Next, repeat at 1900 MHz
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TTY Forum Test Results Summary

Technology: TDMA

Contribution Date: 6/23/98

Contribution Number: 98.06.23.07

Contributing Company: Phillips

Summary: This contribution is the Phillips Aeon TTY Interoperability report — Release
1.0

Using the Aeon cellular phone and the Mobility TTY device in a live network, TTY
performance is reasonably good on the [S-136 ACELP digital channels — from 2% to 5%
character error rate when operating from a fixed location. Performance testing while

driving is erratic and generally not very good. The maximum CER for a mobile to
landline call while driving was 6.2% CER.



23 June 1998 | Philips Aeon TTY Interoperability
Test Report — Release 0.01

& PHILIPS

,c)?

©Philips Consumer Communications 1998 P 7

ALL RIGHTS RESERVED

Philips Aeon TTY Interoperability Test Report
Testing with the Lober & Walsh Mobility TTY Device

Philips Consumer Communications
45700 Northport Loop East
Fremont, CA 94538

Tel: (510) 445-5510
Fax: (510) 445 5600

jim.deloach@pcc.philips.com

Jim DeLoach

Version 0.01
23 June, 1998
Doc No: TBD




23 June 1998

Philips Aeon TTY interoperability
Test Report — Release 0.01

PHILIPS

Issue history

Version

Status

Date

0.01

Draft

23 June 1998

Initial draft.




23 June 1998 | Philips Aeon TTY Interoperability
Test Report — Release 0.01

PHILIPS

List of contents

ISSUE HISTORY

LIST OF CONTENTS

LIST OF ABBREVIATIONS
LIST OF REFERENCES

1. INTRODUCTION

2. TEST METHODOLOGY
21 Test Setup

2.2 Required Equipment

3. TEST RESULTS

3.1 Failure Modes

311 Loss of Character Synchronization

31.2 Letters / Figures

4. CONCLUSIONS

APPENDIX A - CTIA PUBLISHED TEST SCRIPT

APPENDIX B - TEST DATA

v

v




23 June 1998 | Philips Aeon TTY Interoperability
Test Report — Release 0.01

PHILIPS

List of abbreviations , - T

BACTC Bay Area Celiular Telephone Company, the A-side cellular provider in the San
Francisco Bay Area (a.k.a Cellular One)

BER Bit Error Rate
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1.  Introduction . s

The 1996 Telecommunications Act requires that telecommunications devices provide access
to the disabled. Consequently, the Federal Communications Commission (FCC) has
implemented new regulations mandating interoperability between Teletype (TTY) Text
Telephone Devices (TTD) for the deaf, and cellular telephones. Digital cellular telephones
are required to provide this support by 1 October 1998.

TTY devices transmit data using Frequency Shift Keying (FSK) passed through a telephone’s
audio passband. Since digital cellular vocoders are optimized for voice, and tend to distort
the sinusoids found in FSK signalling, many have expressed concern that TTY transmissions
will suffer considerable errors over digital channels. Additional phenomena unique to cellular
channels may also cause errors including: noise and lost frames from Radio Frequency (RF)
fading, and interruptions in audio continuity caused by handoffs.

in an effort to characterize TTY performance over realistic 1S-136 digital cellular channels,
Philips Consumer Communications (PCC) has conducted a series of live-network tests using
the Philips Aeon 1S-136 digital cellular telephone with the Lober & Walsh Mobility TTY
device. Lober & Walsh claim to have developed an enhanced TTY modem that works better
then existing devices by pre-conditioning the transmitted FSK signalling, and by
implementing an enhanced demodulator that partially compensates for vocoder distortion for
received FSK signalling.

Live calls were made using the Bay Area Cellular Telephone Company (BACTC) Network
(a.k.a. Cellular One) in the San Francisco Bay Area. This report presents PCC's findings to
date.
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2. Test Methodology

2.1 Test Setup

Figures 2.1-1 and 2.1-2 show block diagrams of the test setup for the reverse audio path
(audio from the cellular phone to the land phone), and forward audio path (audio from the
land phone to the cellular phone). |n both cases, one TTY device is using the Aeon cellular
phone while the other is using a standard phone line.

; Mobile Switching PC captures

PC captures Center received TTY
|

celluiar phone signais

performance

8

L]

L

008000,
10000
09000

ublic Switched

Telephone Y
T“T‘: :::: o Network 7 RS-232 data
Mobility TTY
Mobility TTY obility

Standard
Connection

Figure 2.1-1 Test Setup —- Reverse Audio Path

PC captures g Mobile Switching
cellular phone

Center

performance

and recelved T
TTY signais

. ublic Switched
Telephone TTY sends CTIA
Network test script
_ .ge
RS-23Zdata | Mobility TTY :;l.-; ;. y Mobility TTY
Connection

Figure 2.1-2 Test Setup — Forward Audio Path
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An audio path is established — either using a digital 1S-136 or analog AMPS voice channel —
and the sending TTY transmits 45.45 baud baudot TTY characters per the CTIA published
test script shown in Appendix A using a built in test command available on the Lober &
Waish Mobility TTY unit. This script contains random letters and figures characters plus
several typical E911 exchanges. The receiving TTY receives the data and transmits it to a
lap-top PC using an RS-232 data connection available on specially configured Mobility units.
The PC connected to the receive TTY unit captures the received text using the
HyperTerminal program. An external antenna (Radio Shack PN: 17-318) was used with the
Aeon cellular phone to accommodate the interface cabling available at the time of the test.

The transmitted data was sent at full rate, instead of half rate (which is when the transmitting
TTY leaves small pauses between characters). Full rate represents worse case conditions.
Future testing should consider using half rate testing as well since it will very likely result in
improved results. The Lober & Walsh Mobility TTY unit is capable of sending either full rate
or halif rate tests via its test mode.

Received text files are assessed using the “score” program provided by Lober & Waish. This
program is fed a file with the known true text (shown in Appendix A), and the received text
file. it correlates the two files and determines the error rate, as well as the number of
characters: sent, correctly received, added, missing, and changed. The error rate equals the
number missing or changed divided by the total number. The score program considers alil
characters corrupted by letters/figures shift problems to be errors.

A proprietary Philips program is used to configure the Aeon phone (for example to force it to
use either a digital or analog voice channel), and to capture performance information such as
Received Signal Strength Information (RSSI), Bit Error Rate (BER), and channel number to a
file during test calls. Later, these files are processed to characterize call performance.

22  Required Equipment o ¥
Table 2.2-1 lists the required equipment.

Quantity | Equipment

1 Aeon I1S-136 Cellular Telephone, with valid subscription on an 1S-136 capabie network
1 Aeon interface cable (includes audio in, audio out, RF, and data)

2 Lober & Waish Mobility TTY device

1 Custom interface cable for interconnecting Aeon interface cable audio in and out (BNC

connectors) with the Mobility TTY RJ-45 jack.

Lap-top PCs (one with a PCMCIA serial adaptor for a 2™ serial port)

Celiular antenna, magnetic mount, 3dBi gain, Radio Shack PN:17-318*

Standard POTs phone line

Score.exe program, available from Lober & Walsh

- el N

CTIA published test script file (text shown in Appendix A)

Tabie 2.2-1 Required Equipment
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3. Test Results

Measurements were taken in four locations or scenarios, each using the live, Bay Area
Cellular Telephone Company 1S-136 network:

e Ideal signal strength conditions, fixed location
» Moderate signal strength, fixed location (the author's home in Sunnyvale, California)

e Moderate to low signal strength, fixed location (the author’s office in Fremont,
California)

70 e While driving in the Fremont / Milpitas / North San Jose, California area

Since signal strength conditions are far from ideal in the PCC Fremont building, ideal
conditions were simulated using a directional antenna on the roof pointed at a nearby cell
site — thus achieving —60 to —70 dBm RSSI and simulating a phone relatively close to a cell
site. The cabling available at the time the collects were taken required the use of an external
antenna. It was placed indoors near the phone under test in the fixed location tests, and on

the roof of the car for the driving tests.

Full Rate CT!A Test <4— Unmeasurable — Score

ACELP, Reverse
(cell->landline)

& ACELP, Forward
(landline->cell)

AMPS, Reverse
(cell->landline)

Character Error Rate

& AMPS, Forward
(landline->cell)

Moderate Driving Moderate Ideal Conditions
Conditions (Jim's Conditions (Jim's (Lab)
Home) Office)
Test Location/Conditions

Figure 3-1 TTY Performance Summary

In each location/scenario, measurements were made channel type permutations:
80 » Digital ACELP Vocoder, Reverse Voice Channel (cellular phone -> land line)

» Digital ACELP Vocoder, Forward Voice Channel (land line -> cellular phone)
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¢ Analog (AMPS) Reverse Voice Channel (cellular phone -> land line)
e Analog (AMPS) Forward Voice Channel (land line -> cellular phone)

Figure 3-1 shows the TTY character error rate using the full CTIA Test Script data,
transmitted at Full Rate, measured for each location/scenario, for each channel type
permutation. Appendix B shows full performance details for each collect.

Figures 3-2 and 3-3 characterize the cellular channel observed during these tests in these
four locations/scenarios. Figure 3-2 shows the maximum, minimum and average RSSI
observed by the Aeon phone during each test. As expected, greatest variation in RSS! is
seen in the driving scenario, and least variation is seen in the ideal conditions scenario. The
RSSI while driving is sometimes very high, no doubt because the drive route loops around
the BACTC cell site at the comer of I-880 and Hwy-237. Interestingly, the RSS| observed on
analog voice channels is typically several dB lower then on digital channels.

0 +— —+ —t
-20
-40
E -80 Max RSSi
(] F
= I- r - '_ Min RSS! |
§ 80 I I F 2 ] =Avg RSSI
-100 i ' I |
-120 $
-140
Moderate Moderate Driving- Driving- Moderate Moderate Ideal Ideal
Conditions Conditions  Digital Analog Conditions Conditions Conditions Conditions
(Jim's (Jim's (Jim's {Jim's (Lab) - {Lab) -
Home)- Home)- Office) -  Office) - Digital Analog
Digital Analog Digital Anaiog
Test Location/Conditions

Figure 3-2 RSSI| Observed During Each Scenario

Figure 3-3 shows the percentage of time during each digital test that was spent in each Bit
Error Rate (BER) range. This chart clearly illustrates why performance suffess so much while
driving. Despite relatively good RSS| when driving, BER clearly suffers, and TTY character
error rates suffer accordingly. Also, 13 to 20 handoffs were observed in each driving test.
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Figure 3-3 BER Observed During Each Digital Scenario

e

3.1 Failure Modes

No effort was made to quantify how many errors came from each possible cause, however
several failure modes stood out.

3.1.1 Loss of Character Synchropizationssy -«

The following actual received text sample illustrates this problem:

———————————————————— II('IIIIIIIIIIIIIIIII'II(ll!’l!l!l’f’lsl

This sample is supposed to be a row of dashes. However in this example, the TTY receiver
lost alignment, failed to properly recognize the true start and end of each character, and the
error propagated for 40 characters. This problem is seen all the time, even in relatively good
conditions. Lober & Walsh advise that this problem can be considerably improved by adding
pauses between the characters, which helps the receiver stay aligned. They-€all this “Half
Rate” because every other character is a blank. This of course would halve throughput.
Future testing should evaluate if using Half Rate improves character error rate.

3.1.2 Letters/Figures WL cwee gd
TTY devices use baudot code, a 5-bit code that has two modes: “letters” and “figures”. Two

special characters are sent to transition from letters mode to figures mode, or visa versa. If
these special characters are corrupted during transition, or another character is
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120 misinterpreted, then all the following characters will be incorrectly interpreted until the next
transition character is received. The following actual received text sample illustrates this
problem:

7101 YATES AVENUE NORTH, ?499()6, 0-4(
What should have been received is:
7101 YATES AVENUE NORTH, BROOKLYN PARK

This problem occurs frequently, even in relatively good conditions. This appears to be an
inherent problem with baudot code that has no good solution.
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Conclusions

Using the Aeon cellular phone and the Mobility TTY device in a live network, TTY
performance is reasonably good on IS-136 ACELP digital channels — from 2% to 5%
character error rate -- when operating from a fixed location, and is arguably
acceptable.

Only the Mobility TTY device was tested. No statement can be made about
performance of other units, or about performance when a Mobility is used to
communicate with a different unit.

Performance while driving is erratic and generally not very good for either digital or
analog channels.

Analog channels out-perform digital channels, and should be used where available,
even if digital channels could be used.

Loss of character synchronization is a key failure mode that is likely to be improved
by delaying the rate at which characters are sent, such as by using “Half Rate”
transmission.

Additional tests are needed to:
- assess the improvement from “Half Rate” transmission,
- assess performance of other TTY manufacturers’ equipment,

- assess performance when operating between TTY devices of different
manufacturers.
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Appendix A — CTIA published test script

THE FOLLOWING FILE IS FOR TESTING TTY ERROR RATES.
THE NEXT 28 LINES ARE RANDOMLY GENERATED CHARACTERS:
"I"IAT (:=P MP70M'0Q)K"$9VVBJ (6L36HCW/LKB$"V=L6AI (Z1Y6T/AXU4J9J; :) SMIF9X:
Q)9ZZ:N6A:-R3;:+W1lVR(JA ':P7H/AOJQ9.WI( 38 W2'S13UHO/;WBC 9K7-RFW)(Q/62?
?R549I4EQ9"LVIRS H-3VTWE90L7G3D, 68W=EHZP:P7 ==0P;87 (B:!5Z0W(ORX'I?,/ 8"R
(GD"J-BMLJSA Q7=BH9!MD"KUZSM!!IX;DOU8SB?.F CBDILR +K404 ()ONO.EP!XY6258G, 7
3=CGOR3?.Y/VKMSP8787QYB=8,E'GSUA"I!?6;0L ORT!!7GU:3)?2:22/:0CQNP3DSOW4Y1W
09B=CXP$-$:MIRKBK+BF1/+. YO(:LT6M S5NS6LH R.28 RK?S?VHS6QD:FC+F1GY)UEY-X,
SA0 (K),E4)0'BZD:/SG2.5XVL:G2K:9"' ("YN1QI200CIVVYC.BSU7CB8Y3BP) SLLD".2RJONJ
; .3)M;+P1=9?X (FJTN?FLHJ 2FT"7J.,JNBZR AGSB!061+XDN 2QYWDESO2AY8Y.-:36)8J
4QHK5:4T7HSW! $2FS5YVIPOBXD- 6187TZ'BMX;U5/)Z2(, FE/MJI-LORR"K-$.7IN?$RB+I!.
K, $NXG;3I (!80X,JIMG;Q39 2J!/R.CBD$9YK :XYUN.WIN(I.G/$ D,="Y T$6;; 4ZBSUF
BD) L3YL/19?7ION9GUUBGPJIXIH-;C!57R (2T1+.,4SD/QZ:7+0X$QV,VTOILBGCSHT7S" !'P
{F=4GYI:;B ,0HO3+D956 +=A=SB+A/;L4P2CT7C!T3D:WMF'L BK62/2I0V6NVI-9$ GRW (U4
;2'RSP773A.9M(07+N;N=,I VR."OV+!I+ MDJN= 462H??SEI/+8'B'(R'!D=""'2WX'.PR
V) .3QJS3'QS1/CW+12E+!7+,DD4USG HI" (EKZ1/F1T:28+K) LCN++KPW8;00XD$SR9J.6B'
E9 KF'ZWILKLlECDP) 4W 3MYAB8!B!W7R';BVY/?K T""/.4KHO)1lP F"R$WM7D.331U, IG-
JI;7"H;MU!'I2X0P;BPJTIIGO4Q5V/ SBBBWQLRMIPI4B8AN/NX/X0;4YT,C:"5.4 .3:AALLS
IGDOBINPF4QLLD9J)GW2C:/.:"-9)V,DJISS9KPS$;5 (=+171Q 'HL+SLP3A;Y?! D1ZLJ8BY!
9ZN (;W(RH/ 6KVAWUKQ3S;KLH-VFUMK+:8)8A,H+T.440!PEF/"B.TW"F VZ73$IRL295JNK
, SVMSL?NG1)LQ6Y"YNM1Z,S+26,D+;XI'!'-=K/YG" SRPOW"+'ES581$4WA 1G2) 6FEL4YS$O S
?2$; (7-/24=U9HIOTY9/'SH:TOKB45IPI2J"IHS.GE, !D 62!.=7!/VQJT".HO//UH(41.7!=
MU4UCW/QNL3AP+RSHW'LHK'J=""PQZZ?P$SR0O9!DX+;I '!'O!SULN60ZOWIDXVL!AQOS5SRCKX 8
W5+"Z7)Q W'R+EQ06YFV; ;)8 , $XAZ-EWO 8P)-G+X/4MXF.ON6+40UHWSE7PBE7E34MQ5A. I
UA:FBAOQ"AQ?="1:5/IRDG1RRN2CE/4SPXQ (W (MS$SSC)V-Y/YDU3LF?57, 59V+8NR3X/'=!K
RHPWIYR, 40ZL!8L=H"UJU$X="0":2E,W LSEC F30Y$3BC;FS,7?X1RJE) 'S8BO5L/ZR8T4M
7HNHD'=DKSC'7/ A2;F7G !BBCL2P (7NQXCPVNG.ZWR,O6L=:M2-M=4?HB)M"3LD) $6VY (30
-);A27J5608416Y?34GF+F, ? (T4R"KBSF!;2?2456?2L.,C"K4W4P/ (2HZ AMUZSPZ-W3'QR=
L7ZL! W603/"UGT-JNH?!S B/))HB6ANYUR?/X; :269D1FFANYSK; ! ?' P$4BES, WOOL7/MIE
?SONDK:I720 P3!R!V)" (70$FHS$:L 0..SJ."70FR M" (:36Q=CL1PL:XD)L/6A.0 =TTG

NOW STARTS SEVERAL LINES OF PLAIN TEXT TEST EXAMPLE EMERGENCY MESSAGES:

A TYPICAL POLICE-TYPE CALL
911: POLICE AND FIRE

CALLER: I NEED THE POLICE SENT RIGHT AWAY

911: OK, FIRST OF ALL, WHAT IS YOUR ADDRESS?

CALLER: 7101 YATES AVENUE NORTH, BROOKLYN PARK

911: OK, 7101 YATES AVENUE, WHAT'S GOING ON THERE?
CALLER: I THINK I HEAR SOMEONE IN MY BASEMENT

911: IF YOU CAN LOCK YOURSELF IN A BEDROOM, DO SO NOW. I'M GOING TO
DISPATCH THE POLICE NOW, SO STAY ON THE PHONE WITH ME AND DO NOT HANG UP

PHILIPS
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200 CALLER: OK

911: POLICE ARE ON THE WAY, ARE YOU HEARING ANY NOISES NOW? DO YOU HAVE
ANY FAMILY MEMBERS THAT MAY BE DOWN THERE?

CALLER: I'M NOT HEARING ANYTHING NOW.. AND NO, I LIVE ALONE.

911: OK, I'M GOING TO KEEP YOU ON THE PHONE WITH ME UNTIL THE POLICE
ARRIVE

210 m o m oo
A TYPICAL EMS-TYPE CALL

911: POLICE AND FIRE
CALLER: I NEED AN AMBULANCE SENT RIGHT AWAY FOR MY HUSBAND
911: OK, WHAT IS YOUR ADDRESS?
CALLER: 6825 HUMBOLDT AVENUE, CHAMPLIN
220 911: OK, 6825 HUMBOLDT AVENUE, CHAMPLIN, WHAT IS WRONG WITH YOUR
HUSBAND?
CALLER: HE IS HAVING CHEST PAINS
311: DOES HE HAVE A HISTORY OF HEART PROBLEMS?

CALLER: NO

230 911: OK, HAVE HIM SIT DOWN, KEEP HIM CALM. TURN YOUR OUTSIDE LIGHT ON
SO WE CAN SPOT YOUR HOUSE FASTER. I AM SENDING AN AMBULANCE AND POLICE.

A TYPICAL FIRE-TYPE CALL
911: POLICE AND FIRE
CALLER: I WANT TO REPORT A FIRE
240 911: WHAT IS YOUR ADDRESS?
CALLER: 1901 DUPONT AVENUE, PLYMOUTH
911: OK, 1901 DUPONT AVENUE, PLYMOUTH. WHAT IS ON FIRE?
CALLER: MY GARAGE
911: IS THE GARAGE ATTACHED TO THE HOUSE?
250 CALLER: YES

811: O©OK, I NEED YOU TO HAVE EVERYONE GET QUT OF THE HOUSE AND GO ACROSS
THE STREET AND WAIT FOR FIRE AND POLICE TO ARRIVE.

A-2



23 June 1998

Philips Aeqn TTY Interoperability
Test Report — Release 0.01

PHILIPS

END OF TEST SCRIPT
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Appendix B - Test Data

Characters RSS! (dBm BER Histogram
Date  |No. |Description Error |Total |Correct|Added |Missing [Changed |Max |Min |Avg |Std [No. |[<.01%|0.01%-0.1%- [0.5%- |1%- |2%- |4%-
Rate Chan. 0.1% [05% |1% [2% 4% [8%
6/18/88]  1[landline->Aecn, office, ACELP | 1.80%| 4272] 4185 3 8 69] -80| -114| -89.7] 46 1| 1514 48| 38] 18] 12| 1 1
6/18/88] 2| Aeon->landline, office, ACELP | 232%| 4272| 4173 2 27 72| -718| -97| -842| 25 1| 996 5 5
6/18/88] _ 3|Aeon->landiine, office, AMPS | 0.09%| 4272| 4268 0 3 1] 80| -120| -988] 49 2
6/19/88| _ 1|iandline->Aeon, offica, AMPS | 342%| 4272| 4126 18 97 47
6/20/88) _1|iandiine->Aeon, home, ACELP | 296%| 8544 8291 142 163 90| 87| -104] -778 4 1] 1972 24 15 5] 2] 1
6/20/88| 2| Ason->iandline home, ACELP | 4.75%| 8544] 8138 94 118 288| 68] -88) -74.5| 25 1| 2261 2 1
6/20/88] _3|Ason->landiine, home, AMPS | 0.00%| 8544| 8544 0 0 0| -74| -124| -820| 47 1
mm;[ 4jlandiine->Aeon,_home, AMPS | 0.03%| 21360] 21354 0 3 3| 70l -115] -78.9] 31 3
6/22!98| 1)iandline->Ason, Lab, ACELP 178%| 8544/ 83g2| 132 28 124] 62| 69| 649] 14 1| 1875 6 4
6122/98{ 2|iandline->Aeon, Lab, AMPS 0.42%| 4272] 4254 1 9 ol -70| -77[ -728] 11 1
6/22/98| 3|Aeon->landline, Lab_ AMPS 0.19%)] 4272| 4272 0 4 4| 69| -84f -738] 26 2
erzzlsaT 4] Aeon->landiine, Lab, ACELP 2.39%| 8544] 8340 32 47 157] 82| -70| 857 17 2] 2194 2 1
6/22198[ 5| Aeon->landline, Driving ACELP| 3.98%| 4272] 4102 41 83 87| -35]-108] 61.7] 12| 13| 466] 121] 210} 56} 23| 20| 7
efzzlsal 6| Aeon->landline, Dlr!iing, AMPS | 6.20%| 4272| 4007| 123 214 51
6/22/98| _7|landline->Aeon, Driving, AMPS m -14] -110| -68] 155 20
mmel 8]landline->Aeon, Driving, ACELP|20.21%| 8544] 6817] 403 983 744| -28| -100| -626] 120] 19| 957| 356 313] 99 94| 87 22




TTY Forum Test Results Summary

Technology: TDMA (IS-136)
Contribution Date: 7/21/98
Contribution Number: 98.07.21.08

Contributing Company: Cellular Products Technologies, LLC

Summary: This contribution is the test results for TTY/TDD over live digital cellular
networks, performed by the CPT,LLC.

The cellular network where the tests took place was in San Luis Obispo, CA. Using a
TDMA (IS-136) network. This network supports ACELP Vocoder only. The digital
cellular phones used were the Philips Consumer Communications — Aeon, the NEC of
America — Digital Talk 2000, and the Motorola M70A.

The tests performed were both driving and stationary. There were also tests conducted
using both full and half rates (This refers to transmitting the 4164 characters with no
delays versus transmitting with a 167mS delay between characters).

Conclusions for this series of tests were that the results were good regardless of phone
manufacturer. In a stationary position the results for full rate averaged 2.84% CER. The
results for the driving tests averaged 3.31% CER.



