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Communications Networks Lab (CNL)

« Each LAB test system emulates 3G 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
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MAPS™ (Message Automation & Protocol Simulation)

*  Multi-protocol, Multi-technology Platform

+ Emulate any node, and any interface in

LTE SLs

network with MAPS™ (except Air interface) LTE SGs

N8
*  Supports Emulation, Conformance, and Load

IHTTPI
M Diameter
testing of a variety of protocols over IP, TDM, LTE eGTP

and Wireless networks
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3G LAB Setup

SIP IMS Core Gi
Network
Mgmt D,E GSM Core
—_— Network
Simulated
RNC (PS) Evolved
Packet Core

)
A
AA luH

nano3G

UE
(1ms1)

Gi

Simulated
RNC (CS)

Pl
L

Gr

Mgmt Mgmt

oaGL

Communications



pa—
<»
=
mmunications

3G CNL - Emulation Options

Mobile to Mobile Call Emulation
Mobile to Mobile SMS Emulation in CS Network
Mobile to Landline Call Emulation

Mobile Traffic and Web Access Emulation in PS Network



Complete 3G CNL System w/Real NodeB
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Complete 3G CNL System w/Real NodeB (Contd.)

COMPLETE 3G CNL SYSTEM

w/ Real Home NodeB
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Complete 3G CNL System w/ Simulated NodeB

COMPLETE 3G CNL SYSTEM
w/ Simulated Home NodeB
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Protocol Stack Specification
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Protocol Stack Specification (Contd.)

Supported Protocols Specification Used

SCCP Q.713, CCITT (ITU-T) Blue Book
M3UA RFC 3332
RANAP 3GPP TS 25.413 V9.1.0

GMM / SM 3GPP TS 24.008 V5.16.0 (2006-06)

3GPP TS 03.40 V7.5.0 & 3GPP TS 04.11 V7.1.0 GSM 03.38

SMS version 7.2.0 Release 1998

Py
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Protocol Stack Specification (Contd.)

Supported Protocols Specification Used

SCCP Q.713, CCITT (ITU-T) Blue Book
MTP3 Q.703, ITU-T Blue Book
RANAP 3GPP TS 25.413 V9.1.0
MM/ CC 3GPP TS 24.008 V5.16.0 (2006-06)
RR 3GPP TS 04.18 v8.13.0
SMS SGP'P TS 03.40 V7.5.0 & 3GPP TS 04.11 V7.1.0 GSM 03.38
version 7.2.0 Release 1998
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UE-TO-UE (UMTS) Procedures

« Mobile Originated Call (MOC)

Channel Request

Authentication, Ciphering, Validation

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 Call (LUC)

YV V VYV V

YV V VYV V V
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UE-TO-UE (UMTS) Procedures
(Mobile Originating Call - MOC)

CM Service Request
CC Connection Confirm

CM Service Accept

Setup

Call Proceeding

Alerting

Connect

Connect Acknowledgement

Conversation

Disconnect

Release

Release Complete

lu-Release Command

lu-Release Complete

RLSD Released
RLSD Released Complete

} SCCP connection establishment

Authentication, Security Mode Control,
Identificationand TMSI Reallocation procedures

MM Connection Established
Call Control

....... RAB Assignment

} Complete Call Establishment

Call Clearing Action

} SCCP connection is released
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UE-TO-UE (UMTS) Procedures (Mobile Terminating Call -MTC)

oaGL

Communications

Paging

Paging Response

CC Connection Confirm

Alerting

Connect

_ Connect Acknowledgement

} SCCP connection establishment

MM Connection Established
Authentication, Security Mode Control,
Identification and TMSI Reallocation procedures

Call Control

-------- RAB Assignment

Complete Call Establishment

Call Complete / Conversati

:H_J

o

Disconnect

Release

Release Complete

lu-Release Command

lu-Release Complete

RLSD Released
RLSD Released Complete

>

} Call Clearing Action

} SCCP connection is released
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UE-TO-UE (UMTS) Procedures(Location Update Call - LUC)

IuCs . M§C

A
N

Location Update Request
CC Connection Confirm } SCCP connection establishment

\4

Authentication , Security Mode Control,
Identification and TMSI Reallocation procedures

_ Location Updating Accept (includes new TMSI)

lu-Release Command

lu-Release Complete

} All the associated resources released

RLSD Released

< SCCP connectionis released
RLSD Released Complete

Y
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UMTS luPS Procedures

Attach Procedures

Identity Procedures

Routing Area Procedures

PDP Context Create, Activate, Deactivate, And Delete Procedures
Web Browsing Session

Detach Procedures

17



UMTS-GPRS Mobility Management Procedure

R luPs
PR <—%d ------------------- -
C

Attach Request

>
>

CC Connection Confirm

< Authentication, Ciphering, Security Mode Procedure >

Attach Accept

<

Attach Complete

Activate PDP Context Request N

>
(PDP Type, PDP Address, Access Point}

Security Functions

Y

Create PDP Context Request
{PDP Type, PDP Address, Access Point}

_ Create PDP Context Response

Activate PDP Context Accept

_ Initiate PDP Context Activation

Request (IPv4, IPv6, APN)
Activate Secondary PDP

Context Request Initiate PDP Context Activation
>

: S

Deactivate PDP Context Request
>
>

Delete PDP Context Request

>

IDeIete PDP Context Response
<
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HD RTP and Packet Data Traffic Generation Appliances

19



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)

Communications

20



Remote RTP HD System

* The load (high density real-time traffic and
signaling) emulated 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

oaGL
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MAPS™ HD
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CORE
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CORE

RTP
CORE

RTP
CORE
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GLHD
INTERFACE

p

NIC
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PacketLoad™ 10G

Y OO OO N T Ny N Ny Ny yy vy

OGL

PacketLoad™ 10G

GL MAPS™ Server
MAPS™ Server - 5G N1N2, N4
— « UMTS IuPS, GnGp
* LTE S1, eGTP

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 Gbhits/sec Stateful TCP/HTTP Traffic

It supports massive simulation of UEs (up to 500,000) with high density (up to 4 Gbps or 40 Gbps)

mobile data traffic simulation for both UMTS, and LTE networks



Test Lab Configurations
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Testbed Setup: 3G SGSN

Config Value
=] 'SGSN Configurations
|- Adapter Index 4
= IuPS M3UA Termination Type PSP
F=] SGSN 1
L) sesh 1
I Traffic Enabled
[~ SGSNIP Address 10.10.1.26
- 5GSN Traffic IP Address for RNC 10.10.1.26
- GTP Port For Traffic 2152
- SCCPRouting Indicator Routs on GT
|- SGSNE164 Global Title Address 234674360
|- S5GSNE214 Global Tite Address 234674369
- VLR E154 Global Titie Address 234674369
| VLR E214 Global Tithe Address 234674369
[ SGSM Address Indicator National
- Mature OF SGSN Address Indicator Unknown
H=l PLMN Identifiers
Mobile Country Code 450
Mobile Network Code B0
K=l MTP Parameters
F SGSN Point Code 6.6.6
Signaling Link Selection 1
Network Indicator International
=] RNC Parameters
L5 supported RNCs 2
=l Supported RNCs 1
RMNC IP Address 10.10.1.20
RNC Point Code LL1
SG5M Port 2905
RNC Port 2905
Source SCTP Mode Server
RNC Address Indicator International
[=) Location Area Identitifiers
L) Location Area Identifier 1
L2 Location Area Identifier 1
Location Area Code D001
Service Area Code D001
Routing Area Code [}
RNC ID 01
L= Supported RNCs 2
RNC IF Address 10.10.1.25
RMC Point Code 1.2
SGSN Port 2906
DM Bork Jans

Simulated

RNC (PS)

10.10,1.25
1.1,

GGSN
6.6.6 10.10.1.28

UMTS Core Network
PLMN 80170

GSM Core Network

24
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Testbed Setup: 3G

4]

omne TN

Config |value
2] 'Mss 1
| |- Enable or Disable RTP Enable
- RTP Hardware Interface Type PCNIC
Exchange Type Control
|- CIC Handing Method Even
=] MSC 1
L= msc1
- MSCIP Address 10.10.1.21
- MSC Name VIRGLO1
 MSCPoint Code 222
- SCCP Routing Indicator Route on GT
|- MSCE164 Global Title Address 234574368
|~ MSCE214 Global Title Address 234574368
[~ VLR E164 Global Title Address 234674368
[ VLR E214 Global Title Address 234674368
MSC Address Indcator National
|- Nature Of MSC Address Indicator Unknown
f=l PLMN Identifiers
I: Mobile Country Code 450
Mobie Network Code 80
=] Routing Area
=) Handover Number Range
Mn 2222223000
Max 2222223010
{=] Roaming Number Range
Mn 2222220000
Max 2222230000
=] RNC Parameters
L) Supported RNCs 2
k=) Supported RNCs 1
MSC Port to RNC 2905
IuCS M3UA Termination Type PSP
RNC IP Address 10.10.1.20
RNC Port 2905
RNC Pont Code 111
RNC Address Indicator National
Signaling Link Selection 1
Network Indicator International
=] Location Area Identifier 5
L5 Locaton Area Identifier 1
Location Area Code 0001
Service Area Code 0001
Routing Area Code 01

Mgmt

MGC
10.10.1.18
6.6.6

Evolved Packet Core

GSM Core Network

UMTS Core Network
PLMN 90170

25



oaGL

Communications

L=] HR

L= HR 1

Testbed Setup: 3G HLR

HLR IF Address

HLR Port.

HLR Point Code

S5CCP Routing Indicator

SCCP Point Code Indicator

HLR E164 Global Title Address
HLR E214 Global Title Address
HLR Address Indicator

Nature OF HLR. Address Indicator
HLR Global Title TranslationType

L=l Connected Destination Nodes
H=] Cormected Destination Nodes 1

MNode or Interface Type

Source SCTP Mode

Destination IP Address

Destination Port

Source M3UA Termination Type
Destination Point Code

Network Indicator

Signaling Link Selection

M3UA Routing Context Indicator

M3UA Routing Context

Destination SCCP Routing Indcator
Destination SCCP Point Code Indicator
Destination E164 Global Title Address
Destination E214 Gobal Title Address
Destination Address Indicator

MNature Of Destination Address Indicator
Destination Global Title Translation Type

H=) Comnected Destnation Nodes 2

MNode or Interface Type

Source SCTP Mode

Destnaton IP Address
Destination Port

Source M3UA Termination Type
Destination Point Code

Network Indicator

Signaling Link Selection

M3UA Routing Context Indicator

M3UA Routing Context
Flaebins b, £FCD B i Tz tne

Value

10.10.1.22
3305
3.3.3
Route on GT
Absent
234574358
234574358
Mational
Unkniown

0

6

MSCVLR
Server
10.10,1.21
3905

Ipse

222
Mational

Absent

1

Route on GT
Absent
234574358
234574358
Mational
Unkniown

0

SMsC
Server
10.10.1.27
4905

i=s)

4.4.4
Mational

1

Absent

1

Dmirke me T

c,

GSM Core Network

10.10.1.26
6.6.6

HLR
10.10.1.22

I— W—_ W

UMTS Core Network
PLMN 90170
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Testbed Setup: 3G GGSN

Config Value
Adapter Index 2
H=] GGSN Configurations 1
L) GesN configurations 1
GGESN IP Address 10.10.1.28
GGSN Port 2123
GGSN TP Address For Traffic 10.10.1.28
GTP Port For Traffic 2152
=] Supported SGSN
SGSN IP Address 10.10.1.26
SGEN Port 2123
- Traffic Enable
|- Packetioad Management IP Address 10.10.1.6
I Traffic Type Gateway Traffic
|- Packetioad Traffic Type HTTP Traffic
(- End User Configuration MS_Profies. xml
=) APN Configuration 3
=] APN Configuration 1
I APNName defauit ~
I startr 10.10.3.1 o
L EndIP 10.10.83.254
=) APM Configuration 2
I aPN Name internat
- StartIP 10.10.101.1 GGSN
L Eendrp 10,10.200.254 10.10.1.28
=] APM Configuration 3
I APNName ims
+ StartIP 192.168.151.51 UMTS Core Network
L EndIP 192.168.253.254 FLMN 80170
H=) Protocol Configuration Options
Primary DNS Address 88838
Secondary ONS Address 8.8.4.4 lgéigfg Lo E?Méﬂf)
Subnet Mask 255.255.255.0
Gateway IP Address 10.10.1.1 ZZZ
H=) Auto Generated Users Info
Auto Generated Users Disable
No Of Users To Be Simulated 4000000000
Starting IMSI 001013014041721
Starting End User Address 192.168.165.1
Auto Generated End User Profile AutoGeneratedUser_Profie.xm
H=) UE Smulation Parameters
|: Type OF LE Simulation csv
CSV File Name 1110, 10. 1, 50'\csv\MS_Profiles_IMSI_2G3G4G_Real.CSV
L HTTP Web Server IP Address 192.1568.35.65

oGL
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System Quick Start - Start Remote Controller

Gl MAPS (Message Automation Protocol Simulation) - [Remote MAPS Server - Configuration]
[ conficurations Emulskor Reports Edice DebugTooks Windows belb e

« The MAPS™ Listener is configured torunon start- gz%ss g% - ¢ £ 2 o I

up. While running an icon should be displayed in RS r

Windows notification area. If the icon is missing, T T
et e i
invoke MAPSListener_x64 from the Desktop i e .

Connection Status | Connected

* Invoke MAPS™ Remote Controller from the 3G

Server 1P 10.10.1.26
Sarver Port ; 1029

Sarver 1P 10.10.1.36

Nade | G.MSC Spe;lo‘:ja Port ; 1024 ServarIP; 10.10.1.26
" e : 3G:5GEN :
system Desktop ey e e ot LT

Protocol Virsion : GFF
Hods : RRC
Connacton Status : Connactad

« The Controller is configured to control the following

Server IP: 10.10.1.26 :10,10.1.
MAPS™ nodes: RNCs (IuCS and IuPS), HNBGW, et e
hhde:!':“‘\sc Hoda : RNC :
HLR, SMSC, SGSN, GGSN S R

Hode : HiEGateWa

Connaction Status : Cornected

« Start All to connect to all MAPS™ server nodes

g | pelece | Edk Lisener | Edk Server | gat | sop | ctatel | swpm |
@ _Intialisation Errors @ Error Events | @ Captured Emers [ T

oaGL
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System Quick Start - Start Testbed

G1, MAPS (Message Automation Protocol Simulation)
Corfigmations Emulator Reports Edbor DebugToos Windows Help

FELESEINY ] B iEET) | ETTEAMMMN <| = Apply To AN Views

@ Testhed Setup - TestBedDefault

HHE | Server [HNBGW -
Cortfig Voee 1] Enable
L) HuBew 1
L= HMBGW 1
L H&cW P Address 10.10.1.20
L wecw part 29189
L 8 Gateway Name 1P Access
L Gawway Id 1
H=l PLMN Identifiers
|: Mabile Country Code 450
Mabile Network Code 80
H=] HMB Parameters
L5) supported HNBS 1
L=} Supported HEs 1
HNB IP Address 10.10.1.4
HNE Port 29168
Source SCTP Maode Server
=] Locabon Area Identfier
Location Area Code 0001
Service Area Code 0001
Routing Area Code 01
RNCID 01
I~ Enable or Disable CS and PS Netwark Both CS and PS
H=) M3UA Parameters
|- H0E G Boint Code LL1
- Metwork Indicator 1
Sgnaling Link Code 1
L HNBGW Address Indcator Internatonal
H=] CS Network Parameters
I 5M3UA Termination Type PSP
- MSCIP Address 10,10.1.21
|- MSCPort 2905
|- MSCPoint Code 222 e
|- MSC Address Indicator Internatonal
|- HNB GateWay CS Port 2605
L sSource SCTP Mode Clent
L= s Network Paramiers
£5M3UA Termination Type P stae | Ede | swarcan | sopal |

O G e Ateare i1 e il
o™ l
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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:

B Link Status =] 3
Server |3G_HLR_ |

SCTP Connection | connection 1D | source 1P | sourcepart | Destination 1P |
] up [ 1000 [110.10.1.22 [] 3905 [110.10.1.27
] up ] 1001 [ ]10.10.1.22 [ ] 3905 []10.10.1.11
L] up L] 1002 [ ]10.10.1.22 ] 3905 []10.10.1.17
] up ] 1003 10,10.1.22 3905 10.10.1.16
UP 1004 10.10,1.22 3905 10.10.1.26
P 1005 10,10,1.22 Jans 10.10.1.21

oaGL
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Server |3G_5GSN |
Connection Connection ID Description
[l up N [ ] SrclP-10.10.1.26 , SrcPort-3901 , DstIP-10.10.1.22
H up B 4 SrcIP-10.10.1.26 , SrcPort-3900 , DstIP-10,10.1.12
uP 1000 SrclP-10.10.1.26 , SrcPort-2905 , DstIP-10.10.,1.20 , DstPort-2905
] ue L] 10m [ ] SrclP-10.10.1.26 , SrcPort-2906 , DstIP-10.10.1.25 , DstPort-2906

30
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System Quick Start - 3G Calls w/ Real Mobiles

. Phone v~

3014061004
Incoming call
ANSWER

Calling...

3014061003
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System Quick Start - 3G SMS w/ Real Mobiles

O 4043 ERLES S —
= B Messages - now ~
3014061003 \ VO 3014061004 &
Hello -

MARKAS READ  REPLY

vorsation with 3014067003 « Now

° Text message :"‘:

G Thanks I We $
QWERTY U I'0FP
ASDFGHJK.L

£ ZXCVBNMG®E

7123, © i Q
OaGL 32
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System Quick Start - Simulated Mobile Traffic

éwcnnfwrallms Emulator  Reports  Edibor  Debug Tools  windows  Help

RELss P %c ¢E L]0 PS RNC <] Apply To All Views |
H .=| 2 B8 sene [FsAnC -

| Prafil | calinia | Sesigt Exzcution | Status | Events I

IR51, 45080301 4040007 Activate PDP Contest Acce... UpdatePDP Conbest|
I uswwopww«tll
3 CalControl_fhach gl Start Mone
4 CallControl_AHach gs Start Hone
5 CalControl_ftach gl Start Mone
[ CallControl_AHach gs Stark Hone
7 CalControl_ftach gl Start Mone
] CallControl_AHach gs Stark Hone
9 CalControl_fttach gl Start Mone
0 CallControl_AHach s Stark Hone
1 CalControl_fttach gl Start Mone
12 CallControl_AHach gs Stark Hone
13 CalControl_fttach gl Start Mong
4 CallControl_AHach gs Stark Hone

[dd | oelete | et | Refresh| ot | matal|  stop | 2epal pe|  sbort | abortai|

Save | Coumnwidh f————— [ Showlatest

agmsnnmnnn ANDCIPHE.. [ o o oreoan gﬂ[ o

[AUTHENTICATION AND CIPHE, 16:55:09 720000

SecurbModslonmand | ¢ 503 788000

SecuModeConelete /1603 791000

g [ B ACEE 16:58,03.817000

ATTACHCOMPLETE | e

| Actiale POP Corleet Reauesyy) 4 e 3 pazonn

RAB AsparmeniRequest | c.q.04 022000

RAB hssigrmertResoonse ) 1c. 004 024000

| g Activate PDP Conlex! Accept 16,5804 051000

=

'O' GL 'Tux}\ueuagsswueme/{ Event Conlig , SerptFlow [/

Communications

@ Tnitislisation Errors | @ Eror Events @ Ceptured Error




Inter-Networking 3G with 2G and 4G Lab
(Inter-Operability)
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Inter-Network Calls

* Inter-Network Calls
» 3G user calling 2G user
» 3G user calling 4G user
» 3G user sending SMS to 2G user
» 3G user sending SMS to 4G user
 Roaming calls
» 3G user calling 2G roaming user

» 3G user calling 4G roaming user
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Inter-Network Calls- 3G calling 2G

When a voice call or SMS call is placed from
UE1 to UE2, MSC on 3G 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 2G MSC.
MSC in the 2G network routes the request to

2G user

Communications

MSC

3G P .

RNC - oo
B(_'_'_T_'__'_'_Z €------ flucs i D ‘—

— JuH :
1

UE1 HnB : 3G
:
Voice ! £
Call |
1

2G

UE2
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Communications

Inter-Network Calls- 3G calling 2G

CM SERVICE REQUEST message is
sent to 3G MSC

Authentication procedure is initiated at
the HLR Node

When Setup Message (Voice Call) is
received, MSC checks whether Called
MSISDN is registered to 3G Network. If
not, the Initial Address (BICC Call is
initiated) towards GMSC

B s 9 . - [Call Reception - 3G MSC]
% Configurations Emulator Reports Editor Debug Tools Windows Help
Q%53 4BR ¥ £ 2|0 sewse <1 @ oy rostw
Server I.':ﬁ MsC vI
51 No | Script Name | Puoiile | CallInfa | Sciipt Execution [ Status
10 Inibateh LA glz 5 ASP Actve
11

InitisteSCMG. gle

041741 CallingNu...

ISt I sUBSYSTEM-ALLOWED

Cal Connected

[_stee | Stopall | abort | AbortAll| [ show Records [ Select Active Call I Auto Trash _Trash |

Save I

CobmnWidh |————— T ShowLatest

RMNC

MSC

HLR GMSC

Find

CC cornechon confim

InibsllEMessage. CH SEFMCE.{ 18:28.08.513000

16:28:08 814000
sendéuthenticatiorinfodng o |

| g sendAuthenticationinfoRes

ﬂ ectTiansier, AUTHENTICATIO.

[DrectT ransfer, AUTHEMTICATI

T 18:28:08.828000

18:28:08. 837000

| 4 SecuityiodeCommand,

-
SecuilyModeComplete,

18:28:08 837000

grectTranster, CM SERVICE AC..
hal

18:28:08 845000

18:28:08 845000

DirectTranzter, SETUP

18:28:08.845000

reciTiansfes, CALL FROCEEDI. |

nr

1626808 249000

18:28:08.816000

18:28:08.827000

.

MTP3 Us

0000 Version

0002 Message Class

0003 Transfer Message Ty

0004 Message Langth

Protocol Data

0008  Tag

000A  Length
Originating Point
Point Code

Destination Point
Point Code

Service Indicaver

Network Indicacor

Message Prioricy

Signalling Link Ze

000E

oo1z
0014
0oL1s
0016
o017

Parameter Padding
---------- BICC Ls
0018 Call Instance Code
00LC Message Typs
Mandatory Fizsd Par
Nature Of Comnecti

ooLp Satellite indicat
ooLp Continuity check
ooLp Echo ctrl dev.ind

PO 4 FaY T

4 n

( Scipts 3 Message Sequeme/( Evenl Config >\ Script Flow /

ion Errors @




Inter-Network Calls - 3G calling 4G

Voice | GSM Core

Call

eNB

4G
Bf/f/’ﬁs >l —  Evolved Packet Core <----  IMS Core
UE

ea 38
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Inter-Network Calls - 3G calling 4G

When a voice call is placed from UEL to
UE2, MSC on 3G network receives call
from UE1 and checks for the received
MSISDN registration using MAP table

If MAP is not found, then MSC checks 4G
CSV. If MSISDN is available in 4G CSV,
then call is routed to MGC using Initial

Address Message

RNC D MSC HLR MGCF
InitiallJE-Message, CM SERVICE REQUEST’I 01:51:25,405000
‘ CC connection conlim 01:51:25,.408000

sendbuthenticationinfodrg ’ 01:51:26.414000
4 sendéuthenticationlnfoRes 01:51:26,426000
iirectTransfel, AUTHENTICATION REQUEST (1:51:25, 423000
DirectTransfer, AUTHENTICATION HESPCINS; (4151:25,775000
——etMoceConnend, O1:51,25.777000
SecuiModeComplce P 01:51:26.137000
DirectTranster, CM SERVICE ACCEPT

4 O1:51:26.135000
DirectTransfer, SETUP h (1151:26,288000

Initial Address b o

iectTransh PR IN
‘ DirectTransfer, CALL PROCEEDING 01:51:28 577000
RAB-AssignmentRequest,

4 Séssgmen 01:51:26.562000

‘ Application Transport o:

Apphcation Transport ’ -
HE AuomenPononet )\m-sm 835000



Inter-Network Calls - 3G SMS to 2G

RNC

MSC

HLR

SMSC

oaGL

Communications

IntialUE -Message, CM SEHVICEH

‘ CC connection confim

15:20:04.027000

15:20:04.028000

gectTmsfa,AUTHENTICATIO..

DiectTmsfet,AUTHENTICATIEb‘

‘ SecurityModeCommand,

SecuityModeComplete, ’

aiectTlansfet, CM SERVICE AC...

DirectTransfer, SMS-SUBMIT ’.

‘ sendéuthenticationinfoRes

sendéuthenticationinfodrg ’

15:20:04.040000

15:20:04.048000

15:20:04.048000

15:20:04.056000

15:20:04.056000

15:20:04.056000

15:20:04.030000

15:20:04.033000

moforugidSMArg

‘ DirectTransfer, CP-ACK

4

mcrfordeSMHes

P 15:20:04 056000

15:20:04.063000

15:20:04.068000

SMSC

MSC

BSCO

8SC1

HLA

' mt-forwardSMRes

1 07:03:20.183000

PAGING
p:j

07:03:20.189000
ING

' PAGING RESPONSE |
CC connection confirm '

07:03:21.710000

07:03:21.712000
sendéuthenticationinfolrg

P 07:03:20.191000

4

senduthenticationinfoRes

P 070

AUTHENTICATION REQUES Ty
§THENTCATION RESPONSE |
CPHER MODE COMMAND
CFHER MODE COMPLETE |

SUSDELVER
¢ CPACK |
¢ HSOELNER REFORT _|

CPACK 5

07:03:21.737000

07:03:22.743000

07.03:22.751000

07:03:23.096000

07:03:23.100000

07:03:24.347000

07:03:25.156000

07:03:25.157000

07.03
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Roaming Calls - 3G Calling 2G Roaming

When 3G user calls 2G roaming
user, MSC receives Call and
checks Called MSISDN is
registered into MSC

If registered, Paging is initiated to
RNC within 3G network to call 2G

user

Initial

v (BICC)

1
|
Address |
! ’
2G S
! ’
""""""" Y W
/ AN we I
> ““JuH=—= ——ucs—= D HLR
A Roaming UE 7 \e------BEERR == -2 DR __
Voice | AUTH >
Ca" 3G ;«;"‘:;fﬂ\“’f HnB e
\ D """""""""" >
UE
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Roaming Calls - 3G Calling 2G Roaming UE UE (Contd.)

RNC MSC HLR
InitialJE -Message, CM SERVICE FIEQUES‘I

07:18:38.612000

‘ CC connection confirm 07-18:38.614000
sendAuthenticationlnfobig P 07:18:38.617000
‘ sendéuthenticationinfoRes 07-18:38.628000

Qrecthansfer, AUTHENTICATION REQU...

07:18:38.630000

DirectTransfer, AUTHENTICATION F!ESP% 07:18:39.148000
< SecurityModeCommand, 07:18:39.150000
SecurityModeComplete. P 07:18:39.596000

‘ DirectTransfer, CM SERVICE ACCEPT 07-18:39.598000
DirectTransfer, SETUP ’. 07:18:39.856000

< DirectTransfer, CALL PROCEEDING 07:18:39.853000
< RAB-AssignmentRequest, 07:18:39.868000
RAB AssignmentResponse. ) (17.18:41.133000

< Paging, 07:18:41.138000

Q’ GL [ InitialUE-Message, PAGING RESPONSE, 07-18:41.728000

Communications



Roaming Calls - 3G Calling 4G Roaming UE

* 4G User when roaming into 3G Network Y S p— 3G user calling 4G roaming user
registers to 3G MSC, i.e. Location update /D>
is performed and MSC has MSISDN vs Voice T RNC TMsE A —
i PP Ss Do ea
IMSI MAP stored N7 <X i I e el 36 core
,,,,,,,,,,,,,,,,,,,,,, g :
When 3G user calls 4G roaming user, Roaming UE BICC EB'CC
Initia IA__r_e; —— GSM Core
MSC receives Call and checks Called e |
MSISDN is registered into MSC. If . /

FP\—51— Evolved Packet Core €----

registered, Paging in initiated to RNC B
within 3G network to call 4G user UE eNB

Communications



Performance

Load, Stress Performance, and 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



MAPS™ Remote Controller

*  Remotely control multiple
MAPS™ Servers running on
different PCs from a single

remote client application

* Allows multiple users to use
MAPS™ products installed on

a single MAPS™ server

oaGL

Communications

s

Configurations Emulator Reports  Editor Debug Tools  Windows  Help

=] B3

- =i

e = &

& Remote MAPS Server - Configuration

HRIZ

sl «l: 5 Lol

=1l = apply Tio All Views

ServerIP :127.0.0.1

Server Port | 1024

Mode : MME

Connection Status : Disconnected

Server IP : 192, 16 1.11

ServerlP  192.168.31.11

Server IP : 127.0.0.1

Server Port | 1024

Server Port : 1024

Protocol standard : Diameter
Protocol Wersion @ CxDix

Protocol standard : LTE eGTP
Protocol Wersion : RELEASED

Mode : HSS

Mode | PDMN Gate'a

Connection Status : Disconnected

Connection Status : Disconnected

Server 1P : 127 0.0.1
Server Port | 1024
Protocol standard : LTE S1

Server Port | 1024

Protocol Wersion : 3GPP RELEASES

MNocle : ICSCE

Mocle : eMoceB

Connection Status : Disconnected

Connection Status : Disconnected

| ServerIP :192.168.31.11 | | ServerIP :127.0.0.1 |

| Dpelets |

Edit Listerer | Edit Server |

start | stop | start all || Stepai |

# Initizlisation Errors

| & Error Events

ServerIP : 192.168.31.11

Server Port @ 1054

Mode : SCSCF

Connection Status : Disconnected

| # cCaptured Errors
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MAPS™ Remote Controller (Contd.)

Remote PC

Client PC

@ Client connects directly to Server
& Starts Protocol Emulation

@ Connect

@ Lists all licensed MAPS™ for protocols

@ Selects protocol options to start MAPS™ server

@ Provides IP and port address of MAPS™ server

«  Communicates with the multiple MAPS™ Server via Listener over TCP/IP

oGL

Communications

46



Flexible MAPS™ architecture to test emerging technologies including UMTS, LTE better known as 3G,

Performance

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 emulating multiple nodes

Automation features:

>
>

{ »
ommuni ns

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

47



Thank you
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