TRAU Emulation and Analysis

(TRAU Toolbox™, TRAU Traffic Playback, and TRAU Analysis)

Ater

GL's TRAU Analyzer

GL’s TRAU Emulator

| BTS — Base Transceiver Station

I BSC — Base Station Controller
MSC — Mobile Switching Center
TRAU - Transcoder and Rate
Adapter Unit

Overview

TRAU (Transcoder/Rate Adaptor Unit) frames at Abis or Ater interface perform compression/decompression of speech channels within
the radio cellular network. TRAU carries speech, data, O&M frames at full rate (16Kbps) or half rate (8kbps), and control information in
a GSM network. GL supports TRAU applications such as: TRAU Toolbox™, TRAU Traffic Playback, and TRAU Analyzer for emulation and
analysis of GSM network. In addition, GL’s T1 E1 Analyzer is also equipped with client server based TRAU Emulation applications, which
includes WCS TRAU Tx/Rx Test (GUI as well as Command Line based) and TRAU Record/Playback (Command Line based).

TRAU Analyzer

The TRAU Analyzer is used to view and analyze TRAU frames at the Abis interface (between the BTS (CCU) and BSC) and the A-ter
interface (between BSC to MSC links). Application can automatically detect and capture TRAU frames of half rate (HR-8 kbps) or full rate
(FR-16 kbps). TRAU frames are decoded as per the specifications GSM 08.60 V 8.2.0 Release, GSM 08.61 V 8.1.0 Release, and 3GPP TS
48.060 V5.2.0 for AMR-WB. GL Communications supports the following types of TRAU analyzers:

e Real-time TRAU Analyzer- (Pre-requisites: T1 E1 cards, USB Portable units, licenses and Windows® Operating System)
o Offline TRAU Analyzer (Pre-requisites: Windows® Operating System)

Analysis of TRAU calls, including detail statistics, wave graph, oscilloscope, spectral display for various codecs can be done using TRAU
Packet Data Analysis (PDA) feature. It also allows users to play voice files to speaker, write speech data to a file, filter calls, detect digits
and view graphs such as Active Calls, and Traffic Monitoring to identify the frames and classify traffic.

For more details, visit TRAU Emulation and Analysis webpage.
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TRAU Toolbox™

TRAU Toolbox™ is a GUI based application that can be used to create, monitor, and terminate TRAU/GSM traffic calls (termed as TRAU
sessions in this document). Once the TRAU session is created, different kinds of audio/voice/digits can be generated and analyzed on
GSM call for voice quality analysis. Various codecs such as FR, EFR, AMR, AMR-WB, HR, and Data up to 14.5kbps are used for compres-
sion/decompression of speech

TRAU Traffic Playback

The TRAU Traffic Playback application is used to playback/ transmits the recorded TRAU file(s) using TRAU Analyzer on selected/all sub-
channels of T1 E1 lines. The application allows the user to transmit a single file or multiple files on the desired sub-channels at any giv-
en time.

Main Features

e Displays Summary, Detail, Hex-Dump, and Statistics Views
e Captures and decode TRAU frames such as GSM 6.10, HR, EFR, AMR-WB, AMR, O&M, and Data
e Supports filtering and search features based on various TRAU frame direction, type, time alignment, CRC, and more

e Extracts speech data from TRAU frames, play the speech data on PC soundcard, or, record voice to a file, after decompressing
TRAU speech data to 16-bit linear PCM

e Exports Summary View information to a comma delimited file for subsequent import into a database or spreadsheet
e Capability to export detail decodes information to an ASCII file
e Remote monitoring capability using GL's Network Surveillance System

Summary, Detail, Hex dump, and Statistics Views

The analyzer displays Summary, Detail and Hex dump View in different panes. The Summary View displays Frame Number, Time,
Length, Error, CRC, RIF, Frame Sync, Time Alignment, AMR mode, AMR-WB mode, and more. User can select a frame in Summary View
to analyze and decode in the Detail View. The Hex dump View displays the frame information in HEX and ASCIl format. Various
statistics can be obtained to study the performance and trend in the TRAU network based on protocol fields and parameters.
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Summary, Detail, Hex dump, and Statistics Views
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Real-time and Offline Analysis

Users can capture and analyze TRAU frames using either real-time or offline analyzers. All or filtered traffic can be recorded into a
trace file. The recorded trace file can be used for offline analysis or exported to a comma-delimited file, or ASCII file. The raw data
capturing requires user to specify timeslots, bit inversion, user/network side, and hyper channels. Recorded trace file can be played
back on TRAU Traffic Playback.
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UpLink(unchecked) / DownLink(checked)
v 1

Bit Inversion (1 <> 0)
1 1

Data Transmission Rate Row (Port) Select, Clear, Paste Operations

Subchannels 8-16 kbps
8k Subchannels Select All
All
Clear &ll
None
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Filtering and Search

Users can record all or filtered traffic into a trace file. Filter and search capabilities adds a powerful feature to the TRAU Analyzer.
These features isolate required frames from captured frames in offline mode. The frames are filtered after completion of capture
based on Frame Direction, Type, Speech Frame Classification, Time Alignment, RIF, AMR mode and so on. Similarly, search capability
helps user to search for a particular frame based on specific search criteria.
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Packet Data Analysis in TRAU Analyzer
PDA - Summary View

TA Summary View displays summary of traffic in each direction including call identity, device number, channel number, start/end sub-
channel, total packets, codec type, CRC errors and bad frames. Each call displays Call Header with Call Number, Call Start Time, and Call
Duration of the call, below to which summary of two sessions (left and right) will be displayed. It includes separate statistical counts on
total packets, calls, and captured frames, etc.
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PDA Summary View

Graphs in Summary View

Packet Data Analysis provides Active Calls Graphs to view active calls over the duration of the capture and TRAU Traffic Monitoring
graph to identify the frames and classify traffic. Active Calls Graphs is a simple line graph, depicting the Number of Calls Vs Time.

Play Audio and Write to File

The Play Audio extracts speech bits of each frame from the selected call and plays it to the PC speaker in Mix, Stereo, or Separate
mode.

Write to File writes the speech data to a file and uses the files with voice quality analysis software to investigate more about the
quality of voice in the network.

Save call

The Save Call feature enables the user to save a particular call as a separate HDL file. This is especially useful to get data from real-time
traffic locations for detailed analysis of a flawed call. By using this option, user can save the call that needs to be analyzed as a HDL file
and transport it using temporary media to the lab for detailed analysis.

Triggers and Action Settings

Triggers and Action Settings allow users to filter calls based on the criteria set for the completed calls for later analysis. The calls can be
saved in *.hdl or in *.wav format (in Stereo or Mix mode) by checking “Save Call to HDL” and / or “Audio Recording” respectively.

© GL Communications Inc.
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PDA - Detail View

TA Detail View allows the user to have a detailed look at the two (or one) TRAU sessions that are part of a single call. The view is
divided into two parts a left and a right pane to accommodate the two sessions. The data is updated in real-time, i.e., as and when
new packets pertaining to the calls are received they are processed and added to the table(s).
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PDA Detail View

Statistics

The user can get the complete details of a single selected call. Details like Total TRAU packets, Codec Type, CRC Error Frame Count,
and Bad Frames count are displayed.

Inband Events

It displays Inband DTMF and MF digits as they are received with details such as Timestamp, Type, Event, On-Time, Power, Freql /
Powerl, Freq2 / Power2.
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00:00:02 5681 UMSPEC.. | Undefined... 4 2418 0/00  |E

00:00:02 565  IDLE 117 000 =

{ | i FI T ! 2

Statistics and Inband Events

Graphs in Detail View

Wave Graph: The amplitude of the incoming signal in a selected call is displayed in real-time graphic form as a function of time. X-axis
scale is set according to the selected time base and the user can have a comprehensive view on the wave graph.

Spectral Display: Spectral Display shows the power of incoming signal while the capturing is going on as a function of frequency. Also
the user has a facility to observe the spectral graph of data flowing in only one direction.

© GL Communications Inc.
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TRAU Emulation using TRAU ToolBox™ and Playback

Overview

The traffic generated by a BTS is transported to the corresponding BSC across a network is referred to as the backhaul network. TRAU
Toolbox™ can emulate TRAU node at BSC/MSC end or CCU node at BTS end including the compression/decompression of speech that
takes place at TRAU side or Mobile side.

Main Features

e Can create multiple sessions of Uplink or downlink in 8/16 Kbps

e Can be used to test the backhaul network. (traffic generated by BTS which is transported to the corresponding BSC)

e Supports all speech codec for verification of correct voice transmission which includes GSM 6.10(FR), Half Rate (HR), Enhanced
full rate (EFR), Adaptive multi Rate (AMR —Rates 4.75, 5.15, 5.90, 6.70, 7.4, 7.95, 10.2, & 12.2 kbps), Adaptive Multi Rate-Wide
Band (AMR-WB —Rates 6,60, 8,85, 12,65 kbps), and Data Codec

e Time Alighment Delay or advance can be inserted in the TRAU frames

e Can work in Tx, Rx, or Tx/Rx modes

e Phase Alignment can be applied to AMR or AMR-WB modes to change the mode to the requested modes

e RIF toggling has been implemented for AMR and AMR-WB modes

e Logical AND, OR, or XOR impairments can be applied to a TRAU frames

e Capability to apply DTX to EFR and AMR codec

o |dle speech frames can be generated in case of GSM and EFR downlink codec if there is no speech frames to transmit

e Supports Loopback and Pass Through modes

e Graphical display features include the ability to monitor TRAU stream contents using an oscilloscope and spectrum analyzer

Gl's Gl's
TRAU Toolbox™ Backhaul Network <:> TRAU Toolbox™
cou) {BSC/MSC)
_lnix]
File Wiew Monitor  Special Application  Help
- 123
B o4 a@d . @0
x|| Sl ho | ¥n Rate | Device Mo | EhanneINol Sub Channel | Direction | Type | Codec Type | Status | Prafile | Impairmentsl Actiohs |
ol 16kbp: 1 1 12 IdpLink. Tw G5M B10 Stop Tirme Alignment  mpair Terminate
2 16kbpz 2 1 12 Downbink,  Rx& Tw  GSME10 Stop Time Alignment  mpair Terminate
3 16kbpz 1 1 34 IdpLink, Tw AMR Stop Time Alignment  mpair Terminate
4 16kbps 2 1 34 Daownlink B=&Tx  AMR Stop Time Alignment  Impair Terminate
Inzert Add " Stap Al |
LM A

TRAU ToolBox™
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Applications for Traffic Generation
The following are the TRAU Toolbox™ applications that are used to transfer traffic on the specified TRAU sessions:

e Talk Using Microphone
e Playback from File
o Digit/Tone Generation

The Talk using Microphone application is used to transmit the real-time voice generated using the default audio device (microphone)
on the selected TRAU session.

Similarly, the Playback from File applications allows the user to send voice files, *. WAV, and *.PCM files.

The Digit/Tone Generation application allows the user to send standard or user-defined tone or digits on a session.

Digit/Tone Generation [Stream ID - 1] - |EI|£|

Dig | Fi | P | F2 | P2 | Pwr | Twist| Ca 1|2|3|A|
637 4301 1209 1300 4000 000 1|
637 4301 133 4301 000 000 1 4 | 3 | B | B |
637 1301 1477 4301 4000 000 11 =i il m=nlin=
B97 1301 1633 1301 1000 000 11 | | | |
I 77N A2 1R33 A2 Annn I nnn .‘I " | 0 | # | o |

r Digit Power ——————— ~Digit Cadence——————————— |_p| spl Clear Digitl
Power I"ID 3: dBm D ie I'IDD 3’ s r— Generation Pararmeters —

Tuwiist ID 0ff Time: I‘IDD 3: ms Sample Rate
8000 ¥ /fsec

r Fiandomize Starting
Phase Angle

AT LR —

T — Pauze Duration

5 0 +5 Short Pauze |2DDD 3: ms

. I— [~ Mixwihite Noise
Duration  |3000 (e Long Pause |5UUD 3: i
I-'IU 3: dEim

v Continuous Transmission

DTMF Digits { MF Digits % MFRZ (Fwd) Digits % MFR2 (Bkwd) Digits 3, Tones 3, MuliTones /
Status : [Sending DTMF Digits

Start I Stop |
Playback From File [Stream ;IEIEI Talk Using Microphone [SE - |E||i|
r—Audio File ’TI Stap I

ID:'\F'rogram FileshGL Communications InchUs J

_ - Cutput Codec M ame GSMET0
¥ Corfinuous Transmissicn

Input Codec Mame PCH
COutput Byte Count 360
« Output Packet Count 100
* Mone Irput Byte Count 32000

€ Limit Transmit [Biytes)

& Limit Transmit [Time] I

— Swunchronize Operation

 Master, ) Slave

Start I Stop

Output Cadec Mame GSMETD

Input Codec Mame FCM
Output Byte Count 47360
Output Packet Count 162
Input Byte Count 51840

Statistics and Inband Events
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The following are the TRAU Toolbox™ applications used to analyze received and/ or monitor TRAU frames on a session:

o Play to Speaker application will play the incoming voice directly to the system’s speaker
o Record Data to File application can record the incoming data on a session to a file
e The recorded file will be in linear PCM (16-bit linear) format
o Capture/Digits/ Tones allow the user to detect digits and tones. It provides option to view all activities or just the captured digits
s |
& Digits Only " All Activity ‘ [~ Showlatest  Clear RN oM
Input Codec Name GSMB10
TimeStamp | Type [Event [0On | Power | Freql/Powerl | Freq2/Power2 | Output Byte Count 68480
Input Byte Count 7410
10:40:32.064 DTMF 2 102 -14.96 697/-20.16 1338/-17.28 Input Packet Count 207
10:40:32.458 DIMF 6 105 16.66 771/-21.09 1479/-20.00 hoR Erior kel Coml [0
10:40:33.267 DTMF 0 30 -15.10 947/18.73 1346/-22.32
10:40:35.658 DTMF 2 102 -14.96 697/-20.16 1338/-17.28
10:40:36.052 DTMF 6 105 -16.66 7717-21.09 1479/-20.00
10:40:36.861 DTMF 0 30 -15.10 947/18.73 1346/-22.32
10:40:39.252 DTMF 2 102 -14.96 697/-20.16 1338/17.28 : =10l x|
10:40:39.643 DTMF 6 105 -16.66 771/-21.09 1479/-20.00
10:40:40.458 DTMF 0 30 -15.10 947/18.73 1346/-22.32 Format
10:40:42.843 DTMF 2 102 -14.96 697/-20.16 1338/-17.28 & PCH(1 N
10:40:43.246 DTMF 6 105 -16.66 771/-21.09 1479/-20.00
10:40:44.055 DTMF 0 30 -15.10 947/18.73 1346/-22.32 Audio File
10:40:46.446 DTMF 2 102 -14.96 697/-20.16 1338/-17.28 3] I:I
10:40:46.840 DTMF 6 105 -16.66 771/-21.09 1479/-20.00
10:40:47.643 DTMF 0 30 -15.10 947/18.73 1346/-22.32
(o
[~ Save Events il c
I CoptuedEventtofie | &5 Bl Dptor £
- J I~ Synchronize Operation
C Master €
Stop
Output Codec Name PCM
Input Codec Name AMR_WB
Output Byte Count 511360
Input Byte Count 48739
Input Packet Count 793
Input Eror Packet Count 0
Traffic Capture

Oscilloscope and Spectral Display

e Oscilloscope Display the PCM codes (amplitude of the incoming signal) for any selected session graphically in real-time as a

function of time

e Spectral Display the data received on a specified receive timeslot can be viewed in the spectral domain (spectral amplitude Vs

frequency)
Dscilloscope Display [Stream 1D - 2] x|

Scale I 3: SEC

Oscilloscope I
5,000 3 : ; ¥ ; ; ' - ' .
4000 4------d------- il ReEE R EEEE TR R REEs 5 pectral Display [Stream 1D - 2] %]
B TN A S Sanples [1024 x| FFTWindow [Blackman ¥
' ! i i I '
‘51'000' | |i| IR I DL Tatal Power Tane Freg Taone Power Moize Power 5/M Ratio
£ S T | 5.%2 1012.00 -5.62 1313 B.37
-|—1,UUU- II “ I. .
-2,000 ! I AR AT R Spectral Display
BYg Sl S S SNSRI T Sy s S — A E— S S—
4000 - = | = | | |
0 oM 002 003 004 005 006 E ool I . DR R LS | U L]
Seconds = 0 d 0 ! ! !
[ _ED_ _________ ¥ [N 1 1 P
z : i ! i '
o 50 s oibaadb | S F— LT LY L R A S ]
= ; i .
AU qpoe=cnonagsocoaodSs Rl (=== - - = - - - (R G oo oo oo o hooSEsaghooooooosg
l : : l : : l
0 500 1,000 1 500 2000 2 500 5,000 3,500 4,000
Freguency [(HzZ)

Oscilloscope and Spectral Display
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TRAU Traffic Playback

Main Features of TRAU Traffic Playback

Recorded trace files can be transmitted on specific channels/sub-channels.
Data transmission rates supported includes 16kbps and 8 kbps.

Provides the option to inverse bits in the selected data during transmission.
Trace files can include TRAU frames types such as EFR, FR (GSM 6.10), HR, RIF, AMR-WB, AMR, O&M, Data, Data 14.5 and Idle
Speech frame types, which are stored in the recorded TRAU files, can be used for transmission

The application allows the user to transmit a single recorded trace file or multiple files on the desired sub-channels at any given time.
TRAU frames are time-aligned as per the control information stored & transmitted on the selected sub channel.

Trace files can include TRAU frame types such as GSM 6.10, HR, EFR, AMR, O&M, and Data at 16 kbps (GSM 08.60), and Data at 8kbps

(GSM 08.61).

TRAU frames can be manually generated using bin2frame application, which takes text file as input and convert it into *.hdl format.
This file can be played in real time using TRAU Traffic Playback.

Trau Traffic PlayBack

File Help

= Rl

x|

Card1 IEaru:I'I | Aidd Delete I

— Time Slats
00RO IR050607080910111213141516171819202122232425262 7282930

— Sub Channel

dE8d@s676 1E6kbpz Sub Channels

— Playback File

IE:HF’ngram Filezh Gl Communizations InchUzb E1 Analyzers TrauhCombination of FR | ... I

[Selected Stream for Transmiszion fram file: Card 1, Channel 1, SuChannel 1, Mumber of
Frames 2324]

¥ | Continuous Flay T Limited I

Tranzmit Bits Az
’7|_ |rvert Bits [ Complement]

Transmitted 1044 out of 2924 Frames ...
Sitart Abort | WENNNNERENENAE

|' Tranzmizzion On Al Selected Cards

Traffic Playback
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TRAU Emulation using Client-Server TRAU Tx/Rx Test (GUI & CLI) (XX646)

The WCS TRAU Tx/Rx Emulation (TrauTerr) module allows testing of TRAU frames and is available as a GUI based client as well as
command-line based client application, which simulate TRAU/CCU (BTS or BSC end) on GL’s T1 E1 cards.

The application is capable of generating and receiving TRAU traffic (with or without impairments) based on the codec type, and time
alignment (if specified). The frames are transmitted through the 16 or 8 kbps channels. Traffic source can be sequence number, HDL
files (containing packets/frames), flat binary file, and user-defined frames (ASCIlI HEX string/file).

For more details, visit Multi-Channel TRAU Tx/Rx Emulation and Analysis webpage.

loix]
File Action Help

@ ¢ 0

Slno Xn Rate Device No Channel No Sub Channel Direction Codec T Status

Add | Delete | Stat | Stop |
Action | TimeAl | Impairment | TsRx Verification |
~ TX params ~ RX params
Source Type |SEQNUM ~ Sink Type  [SEQNUM ~
i~ Source P r~ Sink P.

Oder [MSB | Length [¢ > Order [Mse | Lengh [¢ =]

Task 2: Session Status=true, true, Task State=0x02, TxRx State=0x80, 0x00, Session Name=

. . 1:1:1..2, Verification Stats=905, 0, 0, 0, 0, 0, Session Name=2:1:1..2, Verification Stats=0, 998,
TRAU Emulation using GUI 998,0,0,2

OK

Stat [0 Increment |1 Stat [0 Increment 1 - Untitled - GLClient (=1
File Edit View Connect Script Log User Help
[F Duration Spec [ Durafion Spec=——"———""—"—"— DD”H]%rﬁﬂ\é}]ﬂfﬁ\lﬁﬁﬂ]ﬂlm?ﬁﬂalﬁﬁ—\?l
B e & Continuous Reception T T — rereres rrooT—r =
€ Limited frames IT‘:"J € Limited frames 100 inform task 2 "START TX #1:1:1..2 FRAMES 1000 SEQNUM MSB1";
€ EOF € EOF OK
inform task 2 "START TX #1:1:1..2 FRAMES 1000 SEQNUM MSB1";
OK
Start Tx Start Rx | inform task 2 "ERROR REP 10 SKIP 1 #1:1:1..2 FRAME";
OK
query task 2;

run task " TRAUTerrT1:help Tx/Rx";
run task' TrauTerrT1:TxRX'"

inform task 2 "'SC #1:1:1..2 RATE 16K DIRECTION UPLINK CODEC EFR";
inform task 2 "'SC #2:1:1..2 RATE 16K DIRECTION DOWNLINK CODEC EFR';
inform task 2 "START RX #2:1:1..2 FRAMES 1000 SEQNUM MSB1";

inform task 2 "START TX #1:1:1..2 FRAMES 1000 SEQNUM MSB1";

inform task 2 "ERROR REP 10 SKIP 1 #1:1:1..2 FRAME";

query task 2;]

TRAU Traffic Tx Rx using Client-Server

Supported Protocols Standards and Specifications

Supported Protocols Specification Used

TRAU GSM 08.60 V 8.2.0 Release and GSM 08.61 V 8.1.0
3GPP TS 48.060 V5.2.0 for AMR-WB

© GL Communications Inc.
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Buyer’s Guide

Item No Product Description

XX153 T1 E1 TRAU Protocol Analyzer, Playback, and Toolbox™
0OLVv153 Offline TRAU Protocol Analyzer

XX646 Multi-Channel TRAU Tx/Rx Emulation and Analysis
Item No Related Hardware

PTEOO1 tProbe™ Dual T1 E1 Laptop Analyzer (Require Basic Software)
FTEOO1 QuadXpress T1 E1 Main Board (Quad Port)

ETEO01 OctalXpress T1 E1 Daughter boards (Octal Port)
XTEOO1 Dual Express (PCle) T1 E1 Boards

Item No Related Software

XX150 GSM Protocol Analyzer

XX155 GPRS Protocol Analyzer

XX165 T1 or E1 UMTS Protocol Analyzer

XX142 T1 or E1 CDMA Protocol Analyzer

Note: PCs which include GL hardware/software require Intel or AMD processors for compliance.

For more details, visit TRAU Emulation and Analysis webpage.
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