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Communications Networks Lab (CNL)

« Each LAB test system emulates all the 2G network elements and traffic types within the Wireless
infrastructure
* Provides a base network environment that enables the researchers to test applications, devices, and

services prior to deployment on real-time networks

oGL

Communications



2G 3G 4G Communications Networks
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2G Lab Diagram
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MAPS™ (Message Automation and Protocol Simulation)

*  Multi-protocol, Multi-technology Platform

«  Simulate any node, and any interface in

network with MAPS™ (except Air interface)

LTE SLs

»  Supports Emulation, Conformance, and 56 o

_ . IHTTPI i
Load testing of a variety of protocols over IP, M
TDM, and Wireless networks Elany f—
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2G Call Scenarios

Various GSM GPRS network procedures are supported ~ *  Mobile to simulated UE SMS (CS)

simulating the 2G elements and multi-interfaces: - Mobile Web Browsing (PS)
* Mobile-to-Mobile Voice Call (CS) . Simulated UE web browsing (PS)
» Mobile Originated Call (MOC) > Attach Procedures

» Mobile Terminated Call (MTC) > Identity Procedures
« Simulated UE to mobile voice call (CS) » PDP Context Creation
* Mobile to Simulated UE voice call (CS)

« Simulated UE to simulated UE voice call (CS)

Activation, Update Deactivation
and Deletion Procedures

» Mobile Originated SMS >

» Mobile Terminated SMS
* Simulated UE to mobile SMS (CS)

Detach Procedures
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Complete 2G and 2.5G CNL System w/ Real BTS

COMPLETE 2G 2.5G CNL SYSTEM

w/ Real BTS ISUP
- |
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I — Abis A D [ SMSC
E SysmoBTS
I1ASI
Gr
Gh Gn Gi
( Mobile-Mobile ) ( mobile-sms cs ) ( Mobile-tandline ) ("Mobile-Web Browsing ) (_ Mobile-sMs PS )
* Real BTS * Real BTS Real BTS * Real BTS * Real BTS
= SysmoBTS GSM Cell *  SysmoBTS GSM Cell = SysmoBTS GSM Cell = SysmoBTS GSM Cell = SysmoBTS GSM Cell
*  MobilePhones *  Mobile Phones *  MobilePhones = Mobile Phones = Mobile Phones
= SIMs = SIMs = SIMs = SIMs = SIMs
= Abis = Abis Abis = Gb = Gb
- PKS134 MAPS™ GSM Abis P * PKS134 MAPS™ GSM Abis|P = PKS134 MAPS™ GSM Abis|P = PKS131MAPS™ SGSN Multi-Interface = PKS131MAPS™ SGSM Multi-Interface
= ETH102 Mobile Traffic-Gw
- A - A A
= PKS137 MAPS™ GSM AP = PKS137 MAPS™ GSM AP = PKS137 MAPS™ GSM AP = GnGp = Gr, Gd
= PKSLO02RTP Core {only @ MSC]  + D, and E * PKS102RTP Core {only @ MSC) = PKS166MAPS™ Gn Gp = PKS132MAPS™ MAP P
),

GD
*  PKS132MAPS™ MAP IP

High Density Bulk Calling -
*  MAPS High Density RTP Generator

PKS132 MAPS™ MAP P

High Density Bulk Calling

IMAPS High Density RTP Generator

GD
*  PKS132MAPS™ MAP IP
Isup

= XX649 MAPS™ $$7 TDM with T1 E1 Hardware .

* PK$145 Media Gateway Conversion

Analog Simulation

= XX624 MAPS ™ FXO FXS tProbe™ T1 E1 Hardware

Oor

*  XX651MAPS ™ CAS with T1 E1 Hardware and APS

= ETH102 Mobile Traffic-Gw

Gr
*  PKS132MAPS™ MAP P

High Density Bulk Calling
* Packetload 4x10G Data Traffic
Generator

High Density Bulk Calling

= Packetload 4x106 Data Traffic
Generator



Complete 2G and 2.5G CNL System w/ Simulated BTS

COMPLETE 2G and 2.5G CNL SYSTEM
w/ Simulated BTS
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= MAPS™ High Density RTP
Generator

= MAPS™ High Density RTP
Generator

= XX649 MAPS™ $57 TDM with T1 E1 Hardware

= PK$145Media Gateway Conversion

Analog Simulation
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*  PKS132MAPS™ MAP IP

High Density Bulk Calling

* Packetload 4x10G DataTraffic
Generator

* Packetload 4x106G Data Traffic
Generator
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Protocol Stack Specification
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Protocol Stack Specification (Contd.)
|supvorted potocls | standard / specfcaton Used |

SCCP Q.713, CCITT (ITU-T) Blue Book
MTP3 ITU-T Q.704
BSSMAP / DTAP 3GPP TS 08.08 vV8.9.0

MM 3GPP TS 04.08 V7.17.0

CcC 3GPP TS 04.08 V7.17.0

RR 3GPP TS 04.18 v8.13.0

SMs 3GPP TS 03.40 V7.5.0 & .

3GPP TS 04.11 V7.1.0 GSM 03.38 version 7.2.0 Release 1998

MAPR4 3GPP TS 29.002 V4.18.0 (2007-09)
TCAP ANSI T1.114-1996
sccp Q.713, CCITT (ITU-T) Blue Book
MTP3 ITU-T Q.782
M2PA RFC 4165
M3UA RFC 3332
SCTP RFC 4960
‘Q' GL GTP TS 29.060 V9.2.0 (2010-03)
Communications




Protocol Stack Specification (Contd.)
| supported protocols | Standard / specification Used |

BSSGP 3GPP TS 08.18 V8.10.0 (2002-05)
LLC 3GPP TS 04.64 V8.7.0 (2001-12)
NS (Network Service) GSM 8.16 (ETSI TS 101 299 v8.0.0)
GMM 3GPP 24.008

SMG (GPRS Session Mgmt) | 3GPP TS 24.008 V5.16.0 (2006-06) (Release 5)

SNDCP 3GPP TS 04.64 V8.7.0 (2001-12)
SCCP Q.713, CCITT (ITU-T) Blue Book
SCTP RFC 4960
TCP RFC 793
M3UA RFC 3332
BSSMAP/DTAP 3GPP TS 08.08 V8.9.0, 3GPP TS 48.008 V10.0.0 (2011-01)
MM / CC 3GPP TS 04.08 V7.17.0
RR 3GPP TS 04.18 V8.13.0
SMS 3GPP TS 03.40 V7.5.0 & 3GPP TS 04.11 V7.1.0 GSM 03.38
‘Q' GL version 7.2.0 Release 1998

Communications



MOBILE-TO-MOBILE VOICE LAB
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Procedures

Mobile Originated Call (MOC)

» CHANNEL REQUEST

» AUTHENTICATION, CIPHERING, VALDATION

» CALL SETUP REQUEST

» ALLOCATING DEDICATED VOICE CHANNEL OVER AIR INTERFACE
Mobile Terminated Call (MTC)

» PAGING

» IDENTITY & AUTHENTICATION, CIPHERING

» LOCATION UPDATE

» CALL SETUP REQUEST

» ALLOCATING DEDICATED VOICE CHANNEL OVER AIR INTERFACE
Location Update (LU) Call

13



Signaling
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Procedures

Communications

Mobile Originating (MOC) Call Flow

CHANNEL REQUEST

CHANNEL REQUIRED

CHANNEL ACTIVATION

CHANNEL ACTIVATION ACK
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< RLSD
RF CHANNEL REL ACK
» RLC COMPLETE

Traffic
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Mobile Terminating (MTC) Call Flow

VI
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< CIPHER MODE CMD RELEASE INDICATION
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ocation Update (LU) Call Flow
E i Pty W _____ A W

_ BTS
CHANNEL REQUEST
CHANNEL REQUIRED
signaling  CHANNEL ACTIVATION
Channel CHANNEL ACTIVATION ACK
Assign P
Procedures IMMEDIATE ASSIGN CMD
IMMEDIATE ASSIGNMEN
LOCATION Update Request| N N
CC CONECTION CONFIRM
IDENTIITY REQUEST
Authenticate IDENTIITY RESPONSE
Procedures

AUTH REQUEST

AUTH RESPONSE

CIPHER MODE CMD
CIPHER MODE COMPLETE
Location Update Accept
CHANNEL RELEASE CHANNEL RELEASE CLEAR CMD
DISCONNECCT < DEACT SACCH
< RELEASE INDICATION _
"|  CLEAR COMPLETE
| RF CHANNEL RELEASE
M RLSD

RF CHANNEL REL ACK

- RLCCOMPLETE
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Mobile-To-Mobile SMS Lab

Mobile-To-Mobile (GSM-GSM) Procedures

Mobile Terminated SMS

Mobile Originated SMS

17



MO and MT SMS Call Flow

Mobile Originating Part Mobile Terminating Part

Originating Subscriber Recipient Subscriber

mo-forwardSMArg-

SMS-SUBMIT

mo-forwardSMRes-

SMS-SUBMIT-Report

mt-forwardSMArg-SMS-DELIVER

mt-forwardSMRes-SMS-DELIVER-Report

SMS-STATUS-REPORT

SMS-ACK

oaGL
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Mobile-To-Landline Lab
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Mobile-To-Landline (MOC) Call Flow
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CIPHER MODE CMD CHANNEL RELEASE |, CHANNEL RELEASE | CLEARCMD
- DEACT SACCH
CIPHER MODE COMPLETE . DISCONNECCT 1 RELIND
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Signaling
Channel
Assign
Procedures

Mobile-To-Landline (MTC) Call Flow
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AUTH REQUEST

AUTH RESPONSE
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RF CHANNEL REL ACK
—————— RLC COMPLETE
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Mobile-To-Landline (GSM-PSTN) Procedures

« Channel Request Procedure

« Signaling Channel Assign Procedures
« CM Service Request Procedures

« Authentication Procedures

« Traffic Channel Assign Procedures

* Rtp Media Procedures

» Release Procedures

22



Mobile Traffic & Web Access Lab
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o Attach Request

a Authentication

o Update GPRS Location

o Attach Accept

o Attach Complete

o Activate PDP Context

o Create PDP Context

e Respond with IP/DNS Address
o Activate PDP Context Response
@ HTTP Traffic

oaGL
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GPRS Session

IMSI

IMSI

24



GPRS Session Call Flow

BSS

LN = O =

ATTACH REQUEST

IDENTITY REQUEST
IDENTITY RESPONSE

PP AUTHENTICATION PROCEDURE _________, >

UPDATE GPRS LOCATION ARG

ATTACH ACCEPT UPDATE GPRS LOCATION RES

ATTACH COMPLETE

ROUTING AREA UPDATE REQUEST

ROUTING AREA UPDATE RESPONSE

ROUTING AREA UPDATE COMPLETE

ACTIVATE PDP CONTEXT REQUEST

CREATE PDP CONTEXT REQUEST

CREATE PDP CONTEXT RESPONSE
ACTIVATE PDP CONTEXT ACCEPT

MS assigned with
IP address

Media (Web Browsing)

DEACTIVATE PDP CONTEXT ACCEPT

DELETE PDP CONTEXT REQUEST

DELETE PDP CONTEXT RESPONSE

DEACTIVATE PDP CONTEXT ACCEPT

DETACH REQUEST

PURGE MS ARG

PURGE MS RES

DETACH ACCEPT

oaGL
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High Density Traffic Generation Appliances
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RTP HD System

« The RTP HD server network appliance supports
generation of high volume of calls with traffic for load

testing 2G/3G networks

» Specialized 1U rackmount appliance, achieve up to
20,000 endpoints per appliance (5000 simultaneous

calls with duplex traffic per port)

* Available with 4 x 1 Gbps NIC ports (SFP)

Communications
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Remote RTP HD System

« The load (high density real-time traffic and signaling)
simulated in the above lab setup across 2G/3G/4G
networks can be evenly distributed in round-robin
fashion over the 4x HD ports on the RTP HD system,
so that incoming requests may be evenly distributed
among all of them

« Each HD port is capable of 5000 simultaneous calls
with duplex traffic. Once the port limit is reached the
load is distributed across the remaining HD ports
available in the system

« 2G Setup
» BSC connected to Port 0 (PO), Port 1 (P1)
» MSC connected to Port 2 (P2), Port 3 (P3)
« 3G Setup
» MSC connected to Port 0 (PO), Port 1 (P1)
» RNC connected to Port 2 (P2), Port 3 (P3)

oaGL
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MAPS™ HD

RTP
CORE

RTP
CORE

RTP
CORE

RTP
CORE

GL HD
INTERFACE

yd

PO PL P2 P3

5

NIC
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PacketLoad™ 10G

. PacketLoad™ 4 x 10Gbps (PKS174) is a Data Traffic
Generator 2U Rack Appliance with 4 x 10Gbps NIC
interfaces: total capacity of up to 40 Gbits/sec Stateful
TCP/HTTP Traffic

* It Supports maSSIVe SImU|a‘t|on Of UES (up tO 500!000) 0 . \\I\II\IIIIIIIIIlIIIIIIIIIIIllllllllllllIIIllllllllllllllllllllllllll
with high density (up to 4 Gbps or 40 Gbps) mobile e

data traffic simulation for both UMTS, and LTE i - m"; --
networks L EE B

. The solution allows to encapsulate the generated
packet data within GTP headers and transmit through R epver + 5G N1N2, N4
the gateway points such as SGSN & GGSN, or SGW et e
& PGW. It allows simultaneous simulation of multiple
sessions per user to verify bearer allocation bandwidth
at the end points. Currently, the solution offers stateful
TCP/HTTP, and PCAP Replay traffic types

. PacketLoad™ supports HTTP traffic simulation with
the base requirements such as port number, server IP
address, and pre-canned HTTP traffic file

PacketLoad™ 10G

"] GL MAPS™ Server

oGL 29
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Test Lab Configurations
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GSM-GPRS Procedures

Attach Procedures
Identity Procedures
Routing Area Procedures

PDP Context Creation, Activation, Updation, Deactivation And

Deletion Procedures
Web Browsing Session

Detach Procedures

31



Testbed Setup: 2G BSC GW

Config

L= Bsc
L3 esc1
l-=] Abis Configuration
BSC IP Address
BSC Port
Mobile Country Code
Mobile Network Code
Location Area Code
=] BTS
L3 Brs1
BTS IP Address
F Cell Identifier
(=] TRX
L3 mx1

ARFCN
E Signaling Channel Type
(=) Timeslot
=) Timesiot 1
L Timesiot
=] Timeslot 2
L Timesiot
=) Timeslot 3
L Timesiot
H=) Tmeslot 4
L Timesiot
t-=) Timeslot 5
L Timesiot
t-=] Timeslot6
L Timeslot
F=) Tmeslot7
L Timeslot
L= Timeslot8
L Timeslot

L-] GSMA Configuration
BSC Port
GSMA M3UA Termination Type
Source SCTP Mode

oaGL
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10.10.1.10
3003

901

0

10000

1

10.10.1.7
1

g

871

SDCCH 4

8
CCCH+SDCCH4
SDCCHS

TCHF

TCHF

TCHfF

PDCH

«>

sysmoBTS
10.10.1.7

alqabeal

MSC

10.10.1.11
2.2.1

GSM Core Network
PLMN 90170

32
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Testbed Setup: 2G MSC

Valae

=) Msc

—  Enable or Disable RTP

- RTP Hardware Interface Type
| Exchange Type

—  CIC Handling Method

Ly msc 1

MSC TP Address

MSC Name

MSC Point Code

SCCP Routing Indicator

MSC E164 Global Title Address
MSC E214 Global Title Address
VLR E164 Global Title Address
VLR E214 Global Titke Address
MSC Address Indicator

Nature OFf MSC Address Indicator

H=) PLMM Identifiers

I: Mobile Country Code
Mabile Network Code

H2) Reuting Area

=) Handover Number Range
|: Min
Max
=] Roaming Number Rangs

|:r<in
Max

Hi RNC Parameters
H= BSC Parameters

L) supported B5Cs

H=) Supported BSCs 1
Source SCTP Made
MSC Port to B5C

BSC IP Address
BSC Port
BSC Point Code
B5C Address Indicator
Signaling Link Selection
Metwork Indicator

=] Location Area Parameters

|— Location Area Code
Call Thanbiry

(GSMA M3UA Termination Type

5] Location Area Parameters 1

Enable

PC NIC

Non Control
Odd

1

10.10.1.11
VLRGLO1
.21

Route on GT
234674369
234674369
234574369
234674369
National

5555553000
5555554000

5555570000
5555580000

10,10.1,10
2905

111
National

1
International
1

10000

T ol Tdarbita:

Sinvi.2
BT
1

17

UMTS Core Network

HLR
10.10.1.12
3.3.1

SMSC
10.10.1.17
4.

4.1

GEM Core Nelwark

FLMK 80170

GSEM Core Netwark

FLMN 30170

33
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Testbed Setup: 2G HLR

Config |Va|ue
=] HLR Interfaces
L= HLR 1
L= HR 1
I HLRIP Address 10.10.1.12
— HLR Port 3908
- HLR Point Code 331
- SCCP Routing Indicator Route on GT
| SCCP Point Code Indicator Absent
I HLR E164 Global Title Address 234674363
- HLR E214 Global Title Address 234674368
- HLR Address Indicator National =
- MNature Of HLR Address Indicator Unknown
- HLR Global Title TranslationType 0
L= Connected Destination Nodes 6
H= Connected Destination Modes 1
- Mode or Interface Type MSCVLR
|- Source SCTP Mode Server
|- Destination IP Address 10,10.1,11
|- Destination Port 3906
-  Source M3UA Termination Type IPSP
|- Destination Point Code 221
- Network Indicator National
|- Signaling Link Selection 1
|- M3UA Routing Context Indicator Absent
= M3UA Routing Context 1
- Destination SCCP Routing Indicator Route on GT
- Destination SCCP Point Code Indicator ~ Absent
[~ Destination E164 Global Title Address 234674369
|- Destination E214 Global Title Address 239674369
|- Destination Address Indicator National
- Mature Of Destination Address Indicator Unknown
L Destination Global Title Translation Type 0
H=| Connected Destination Modes 2
I Mode or Interface Type SMSC
| Source SCTP Mode Server
| Destination IP Address 10.10.1.17
I Destination Port 4908
—  Source M3UA Termination Type IPSP LI

UMTS Core Network

SGSN
10.10.1.16
6.6.1

GSM Core Network
PLMN 90170

34
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Testbed Setup: 2G SMSC

=

Config Value
=) SMSC Interfaces
H=] smMsC 1
L3 smsc1
|- SMSCIP Address 10.10.1.17
- SMSCPort 4906
|- SMSC Pont Code 44.1
|- SCCP Routing Indicator Route on GT
|- SCCP Point Code Indicator Absent
|- SMSC E164 Global Title Address 234674368
|- SMSC E214 Global Title Address 234674368
|- SMSC Address Indicator National
|- Nature Of SMSC Address Indicator Unknown
[~ SMSC Global Title TranslationType 0
L=] Connected Destination Nodes 6
I-=) Connected Destination Nodes 1
|- Node or Interface Type MSCVLR
- Source SCTP Mode Server
|- Destination IP Address 10.10.1.11
- Destination Port 4906
- Source M3UA Termination Type PSP
|- Destination Point Code 221
I Network Indicator National
|- Signaling Link Selection 1
|- M3UA Routing Context Indicator Absent
- M3UA Routing Context 1
- HLRPLMN 90170
1<) HLR MSISDN Range
MSISON Min 9017000000
MSISDN Max 9017090000
|- Destination SCCP Routing Indicator Route on GT
|- Destination SCCP Point Code Indicator  Absent
|- Destination E164 Global Title Address 234674369
|- Destination E214 Global Title Address 234674369
|- Destination Address Indicator National
- Nature Of Destination Address Indicator Unknown
L. Destination Global Title Translation Type 0

I_

I-=] Connected Destination Nodes 2

Node or Interface Type

HR

UMTS Core Network

HLR
10.10.1.12
3.3.1

GSM Core Network
PLMN 90170
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IuPS M3UA Termination Type

5 SGSN 1
L5 sesn 1
- SGSN IP Address 10.10.1.16
—  Traffic IP Address 10.10.1.16
=] PLMMN Identifiers
|: Mobile Country Code 901
Mabile Network Code n
=] MTP Parameters
SGSN Point Code 6.6.1 (( . ))
Signaling Link Selection 1
Network Indicator International
=) BSC Parameters
L5 Supported BsCs 1
Li=) supported BSCs 1 SySMOBTS
BSC IP Address 10.10.1.7 10.10.1.7
BSC Port 23000 -
5GSN Port For BSC 23000

[=] Location Area Identifier

L Location Area Code 10000
=] Cell Identifier 1
L= cell dentifier 1
L cel 1dentity 1 o
=] SGSM Parameters
|- sccP Routing Indicator Route on GT
|- SGSN E164 Global Title Address 234674369

UMTS Core Network

| 55N E214 Global Title Address 234674369 simulated SGSN
BSC (PS) 10.10.1.16
- VLR E164 Global Title Address 2345674369 10,10.1.17 6.6.1
- VLR E214 Global Title Address 234674369
- 5GSN Address Indicator National
L Nature Of SGSN Address Indicator Unknown GSM Core Network
=) Connected Destination Nodes 2 PLMN 80170

H=] Connected Destination Nodes 1

MNode or Interface Type HR

SGSM Port 3506

Source SCTP Mode Client

Destination IP Address 10.10.1.12 ﬂ
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Testbed Setup: 2G GGSN

Config |\|'ah.|e = H=l Auto Generated Users Info
] UMTS GnGp Auto Generated Users. Disable
""" N Adapter Index 0 1 Mo Of Users To Be Simulated 4000000000
| 5 GGSN Configurations 1 Starting IMST 001013014041741
L= GGSN Configurations 1 Starting End User Address 152.168.165.1
GGSN IP Address 10,10.1.14 Auto Generated End User Profile AutoGeneratedUser_Profile. xml
GGSN Port 2123 H=] LE Simulation Parameters
GGSN IP Address For Traffic 10.10.1.14 t Type Of UE Simulation csv
TP Port For Traffic 2152 C5V File Name 1410. 10. 1. 50\csv\MS_Profiles_IMSI_2G3G4G_Real.CSV
=] Supported SGSN L HTTP Web Server IP Address 10. 10. 100.65
SGSN IP Address 10.10.1.16
SGSN Port 2123
—  Traffic Enable
- PacketLoad Management IP Address 192.168.12.60
[ TaftcType Pacietiond Trffc
|- PacketLoad Traffic Type HTTP Traffic
|- End User Configuration M5_Profies.xml ADAPTER INDEX FOR IP TRANSPORT HANDLER =
= AN Configuration : Number OF Devices = 6
/=] APN Configuration 1 Adapter Index =0
- APNName default MAC Address = b4-96-91-26-3-ce
L st 10.10.101.1 Ip Address = 10.10.1.14
— etnaosn Ip Address = 10.10.1.19
/=] APN Configuration 2 Adapter Index = 1
| aptiName internet MAC Address = b4-96-91-26-3-cf
I startre 192.168.86.1 Ip Address = 10.10.1.13
L EndIP 192.168.150.254 Ip Address = 10.10.1.18
/=] APN Configuration 3 adapter Index = 2
[~ APNName ims MAC Address = b4-96-91-26-3-cd
- StartIP 192,168.151.51 Ip Address = 10.10.1.12
L EndP 192, 168.253. 254 Ip Address = 10.10.1.17
|-} Protocol Configuration Options Adapter Index = 3
Primary DNS Address 192.168.1.2 MAC Address = b4-96-91-26-3-cc
Secondary DNS Address 8.8.88 Ip Address = 10.10.1.11
Subnet Mask 255,255.0.0 T Ip Address = 10.10.1.16 _l_,
Gateway IP Address 10.10.10.1 ;] »
|-=) Auto Generated Users Info
Auto Generated Users Disable E
No Of Users To Be Smulated 4000000000
Starting IMS1 001013014041741 ;I
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System Quick Start - Link Status

*  Cycle through the nodes in Remote Controller and verify the Link Status of the following nodes:

Link Status for 3G connections are available if the 3G setup

Link Stacus

Server |2G_BSC 'l S|mu|ated BSC (AOIP) A MSC

SCTP Connection | Connection I | Source IP | SourcePork | Destination IF |

O ur O [J 1010113 [ 2906 [J1o.10.1.11
Link Status H=]

Server |2G_BSC_GW Yl .
, , — BSC GW (Abis + AolP) «—— MSC (10.10.1.11)

Conneckion | Conneckion ID | Description | .

O ue Ot [ srcIP-10.10.1.10, SrcPort-2905 , DstIP-10,10.1.11 BSC GW (AbIS + AO|P) «—— BTS (1 0.101 .7)
] up ] 1000 [ srclp-10.1001.10, SrcPort-3003 , Dsklp-10.10.1.7 , DstPork-42830

ELink status [_ Ol ] MSC «—— BSC (1010113)
Server [25.15c | MSC «—— BSC GW (10.10.1.10)
Elm::;ection |I£|0|;|;tzc0tion i) | Description | MSC > H LR (2G) (1 O 1 0 1 . 1 2)

[] 5rcIP-10.10.1.11 , SrePort-2906 , DstIP-10.10.1.13 , DstPort-2906

O e O 1001 [ SrcIP-10.10.1.11, SrcPort-2905 , DstIP-10.10.1,10 , DstPort-2905 ( ) ( )
] ur 0= I:lS:EIP-ID.ID.I.II:S:EPE:t-SQDﬁ:D:tIP-lD.lD.l.lZJ = MSC A SMSC 2G 10101 17

O] ue O+ [] 5rcIP-10.10.1.11, SrePort-4906 , DstIP-10.10.1.17 ( ) ( )
%UP Es ES:EIP-10.10.1.11:S:Eps:t-sgosjD:tIP-10.10.1.22 MSC — HLR 3G 10101 22
up 6 SrclP-10.10.1.11 , SrcPort-4905 , DstIP-10.10.1,27
%UP E 1002 ESEIP-ID.ID.I.II:S:EPE:t-QQDEu:D:tIP-lD.lD.l.lQ,DstPort-9906 MSC — SMSC (3G) (1 0101 27)
up 1003 SrclP-10.10.1.11 , SrcPort-6905 , DstIP-10.10.1,21 , DstPort-6005
O up T 1004 O S:EIP-ID.ID.I.II : S:Epz:t-?gosj D:tIP-lD.lD.l.Zl : D:tpz:t-?gos MSC «——> MGC (1 0 1 01 . 1 9)

MSC «— MSC (3G) (10.10.1.21) (6905)
. MSC «—GMSC(3G) (10.10.1.21) (7905) BICC
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System Quick Start — 2G Calls W/ Real Mobiles

Phone numbers are defined in the

table below

Dial the MSISDN of the desired phone

IMSI MSISDN

901701234561001 9017061001
901701234561002 9017061002
901701234561003 9017061003
901701234561004 9017061004
901701234561005 9017061005
901701234561006 9017061006

oaGL
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Calling...

© 43557

(901) 706-1006

Tennessee

D

Speaker

'\. Phone ~
(901) 706-1002
Incoming call

DECLINE ANSWER

- Hehe

“HU, SEP .6

B2 5:58.

HCME ! FRI

SIM Card I

> MO

Play Store Duo g
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System Quick Start - Simulated 2G Calls

O % B 559

* Phone numbers are defined in the table e : :} ;)70(:1002
below (901) 706-1006 W 6 e
+ Send SMS to the MSISDN of the AR B e

desired phone

Canversaticen with (901] 706-1006 « Mow e 3 2
THU, SEP.G s BB s '
IMSI MSISDN ) @ ,
' 5:59. '
901701234561001 9017061001 Sending.. i i
SIn Cand I
901701234561002 9017061002
@ Type an SMS message -
901701234561003 9017061003 sws
901701234561004 9017061004 Hi ' The &
901701234561005 9017061005 OWERTYU I 0P
901701234561006 9017061006 e @ e 0 %
ASDFGH J K L

Play Store Dun Settings Pratos Goaghk

#4 ZXCVBNM®@E

Al . @® A
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Combined 2G Network with 3G/4G Lab
Inter-operability

41



Combined 2G Network with 3G/4G Lab Inter-Operability

Inter Network Calls

» 2G USER CALLING 3G USER
» 2G USER CALLING 4G USER

Roaming Calls
» 2G USER CALLING 3G ROAMING USER
» 2G USER CALLING 4G ROAMING USER

42



Inter-Network Calls - 2G Calling 3G

When a voice call or SMS call
Is placed from UE1 to UEZ2,
MSC on 2G network receives
call from UE1 and checks for
the received MSISDN

registration using MAP table

If MAP is found, then call is
routed within same network
otherwise call is routed to 3G
MSC. MSC in the 3G network

routes the request to 3G user

Voice Call

3G
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Inter-Network Calls - 2G Calling 3G

3G MSC extracts called
MSISDN from the received
Initial Address Message and if
the user registration is verified
with the network, Paging is
initiated towards RNC

3G MSC On reception of
PAGING, RNC will respond with
Paging Response and end-to-
end call is established from 2G

user to 3G user

& wmars on Protocol jon) - [Call T36MsC]
% Configurations Emulator Reports Editor Debug Tools Windows Help

CEETENY R IR

| 3G MSC ~|  Apply To All Views

Server IIIMSI: -

| SrMa | Seipt Name | Profile | Call Info |Scr'p_| Execulion | Status | Events
1 IritisteS CHIG gis SUBSYSTEM-ALLOWED Hone
G5 b
[[stop | stopatl [ abor | sbort 4| 2 Show Racords [~ Seect active call [ ko Trash _Trash_|
Save | Coumnidh f————— [ ShowLelest
- Find
GMSC MSC ANC HE
======z===== NTP3 User A ation La
T 0002 Message Class
4 fion Transport Y 0003 Transter Message Type
4 18;32 46,755000 0004 Mazenge Lemgth
lication Transport - Protocol Data
18:3246,771000 = |locos  Tag
Tt 0004 Length
<4 o 1832 46, 775000 Originating Jeint| Code
ion Transport 000 Point Code
2 18:32.46,788000 Destinavion Point Code
. 001z Point Code
Paging. 18324, 733000 — [|oo14  service Indicator
0015 Metwork Indicator
tiaUEMcw. PAGING RES..| 0016 Message Priority
16:32.46.50500 0017 Sigmalling Link Sslection
(LT connechion confirm
1€:32:46.810000 Parameter Fadding
sendiuthenticatiorinfodig | ==z===z==z== BICC Layer ============
133:  |[0018 Call Instance Cods
- 00IC Message Type
d sendbuthentibstioniriofies 18:3; Mandatory Fixed Parsmeters
) Mature Of Cormection Indicators Pa
|Direci T ransler, AUTHENTICATI 163246305000 001D Satallite indicater
fl 001D  Continuity check indicater
yeciTrangler, AUTHENTICATIO. 0010  Echo ctrl dev.ind(Nat.Conn.Ind)
18:32.46.824000 = PR 4 FAll Tuddmarnee Pavames o
| fr 13 ‘ n
Scipts ) Message Sequem:e/{ Event Config }\ Seiipt Flow /
[ B Errors @ Error Events
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Inter-Network Calls - 2G Calling 4G

«  When a voice call is placed

2G

from UE1 to UE2, MSC on 2G D é\_ Abis e I
————— R <-->

network receives call from BTS GSM

UE1 BICC ! Core
UE1 and checks for the

. . . Voice
received MSISDN registration call ___Bicc __
using MAP table
S5/s8
 |f MAP is found, then MSC 16 o —
i 3
checks 4G CSV. If MSISDN is D'” A" sit Evolved Packet Core
eNB

available in 4G CSV, then call UE2 = [ss)

is routed to MGC
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Inter-Network Calls — 2G Calling 4G Call Flow

BSCO MSC HLR MGCF  GMSC MGC SIP
= Initial Address
OWSERWICE REQUEST T ) oo coonm0 P! 075354 052000
: Application Transport
g —Eormectoncorim_{ .o+ > a3000 <4 07:53:54.055000
sendhutenicaloniolty il e o100 Application Transpott gy 117.53.54.081000
g SustherticatoririoRes | 1 535 523000
100 Trying )
‘xumsnnwmn REQUEST | o cae aoron0 4 0
183 Session Progress J
AUTHENTICATION nssmns; 05353420000 4 o
PRACK. |
G CPHER MODE COMMAND._| - 1000 S P o
o
CIPHER MODE COMPLETE f o oo <4 e
P o
180 Ringing |
Intial Address e < o
= 200 OK
4 o
(—CALPROCEEDNG | oo o0
< 200 OK i
QL SSIONMENT REQUEST | - ot o
, off——DEDRCHEoN Tianipon 07:53:58.273000
< Applicatio Transport 075 iz
) Application Transport ;
Applicatod Transport S P 075358310000
o Address Complete :
ASSIGNMENT COMPLETE o} - . (\ 0 < RS 91600
'l o I (s < ] 07:53:58.316000
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Inter-Network Calls — 2G Calling 4G Call Flow

I-CSCF S-CSCF P-CSCF MGCF
BVIE P 01:51:27.903000
<4 ol 01:51:27.316000
e P 0151 28 004000
< Boigng 01:51:28 030000
‘ 183 Session Progress 01:51-28 219000
‘ 183 Session Progress 01:51:28.225000
4 e 01f
L2 P 01:51-28 308000
4 200 0K 01:51:28 393000
200| OK Plore
< 160 Fghg 01:51:28 403000
<4 ] 01:51:28.405000
< UPOATE i
EELRIE P 01:51:28 420000
< ol 01:51:28 517000
200| OK Blore
« R 01:51:32 037000
<« s 01.:51:32.041000
< - L 01€
Ln P 01:51 32 248000
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Roaming Calls — 2G Calling 3G Roaming UE

Voice Roaming UE

Call
| A Initial
: Address |
|
|

1
1
1
D
‘4 S " “Cancel T~ |
3G ,// Location
4 -,
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Roaming Calls — 2G Calling 3G Roaming UE

HLR performing Cancel Location with Previous Registered MSC

.
M5CYLR-1002 HLRD MSCYLR-1003
updateLocationdig h[ 16:31-07.921000
‘ insertSubscrberDatateg 153107 923000
nzatSubsciberD ataRes h‘IE:HI:EI?.EQE[lII
‘ updatelocation es 159107 936000
carcelecaliondig B 153107
‘ cancellocationRes 1531088

BSCO

MSC

GMSC

CM SERVICE REQUEST »

‘ CC connection confirm

<§UTHENTICATION REQUEST

AUTHENTICATION RESPONS$

< CIPHER MODE COMMAND

CIPHER MODE COMPLETE ’

SETUP
>

‘ CaLL PROCEEDING

‘ ASSIGNMENT REQUEST

P 06:56:25.696000

06:56:25.718000

P 06:56:25.722000

HLR
06:56:24.244000
06:56:24.246000
sendduthenticationlnfoérg ’ 06:56:24.243000
‘ sendéuthenticationinfoRes 06:56:24.261000
06:56:24.263000
06:56:24.812000
06:56:24.813000
06:56:25.041000
06:56:25.442000
Initial 4ddress
06:56:25.697000
06:56:25.703000
< Application Transport
Application Transport
‘ Application Transport
Application Transport

06:56:25.734000

P 08:56:25.737000
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Roaming Calls — 2G Calling 3G Roaming UE

GMSC i - -
Initial Address )l 06:56:27.107000
| g——opication Transport 06:56:27.117000
Application Transpot g} e, 55:27.129000
| g——2opoation Trarspont 06:56:27.133000
Application Transport 06:56:27.143000

Paging. 06:56:27.149000
| iUE Message, PAGING RESPD.. (0 oo 1oonog
CC connection confirm 06:56:27.433000
sendAuhe:I:ationlﬂcmg Pl 06:56:27.443000
< sendAuthenliLationlnfoF! es 06:56:27.456000
DirectTransfer, AUTHENTICATION P 06:56:27.453000
a'leolTransfet,AUTHENTICATION =4 06:56:27.924000
SecuiyModeCommand. ! 06:56:27.926000
| g—32custyModeComplete. 06:56:28.323000
DirectTransfer, SETUP H 06:56:28.326000
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Roaming Calls — 2G Calling 4G Roaming UE

*  When 2G user calls 4G roaming user, MSC receives Call and checks Called MSISDN registration in MSC

Voice/ = VUE Sl AA_ . BT A """""
_____ e >| 222
Call e
GSM Core
Initial
Roaming UE Address
3G Core
4G
. S1 SGi
o =1 =] E— Evolved Packet <« -- IMS Core
Core
UE eNB
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Roaming Calls — 2G Calling 4G Roaming UE

BSCO MSC HLR BSC1

CM SERVICE REQUEST ) 07 1515 561000
‘ CC connection confirm 07:15:18.564000
sendduthenticationinfaa gy} 17.15:12 570000
4 sendduthenticationlinfoRes 07-15:18.584000
‘&UTHENTID&TIDN REQUEST 07-15:18.587000
AUTHENTICATION RESPONSR] (110 20
@ ZPHER MODE COMMAND | o7 1519 305000
CIPHER MODE COMPLETE o o . .19 572000
SETUP 307:15:19.973000
—CALL PROCEEDING 07-15:19.978000
- LSSIGNMENT REQUEST | 71519 983000
ASSIGNMENT COMPLETE gy 47.15.20. 564000
< PAGING 07:15:20.573000
PAGING Pt 07:15:
PAGING RESPONSE g} 07.15:21.933000
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Performance

Flexible MAPS™ architecture to test emerging technologies including UMTS, LTE better known as 3G,
4G, IP networks (such as SIP, MGCP, MEGACO, SIGTRAN), and legacy networks (such as CAS, SS7

and ISDN)

Multi-Interface and Protocol Simulation over different transports layers - IP network (TCP, UDP, SCTP,
IPv4 and IPv6), TDM network (MTP2, and LAPD) links

Multi-Homing feature is supported in SCTP for simulating multiple nodes

Automation Features —

>
>

Execution of the multiple calls sequentially or randomly to handle incoming and outgoing calls
Automation via CLI clients (Python and Java)

Scheduler to load pre-defined test bed setups and configuration files to automate test process

at specified time.

Control multiple nodes via Remote Access and run tests

53



Performance (Contd.)

Load, Stress, and Performance, Testing to measure the capability of an entity for various traffic conditions
Load /Stress test with different statistical distribution patterns with capacity of 2000 simultaneous calls, @
500 call per second rate

Control and operate MAPS™ remotely, also gather statistics, logs and reports

Traffic Simulation to perform end-to-end testing of various traffic - mobile traffic simulation over GTP,
transmit/record real time voice traffic, DTMF and MF digits, user defined single/dual tones over established

channels

o4



Thank you
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