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COMMUNICATIONS NETWORKS LAB (CNL)

Each LAB test system emulates all the 2G/3G/4G 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.

Simulate any node, and any interface in network with MAPS™ (except
Air interface).

Supports Emulation, Conformance, and Load testing of a variety
of protocols over IP, TDM, and Wireless networks.
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COMMUNICATIONS NETWORKS LAB (CNL)
4G LTE Diameter

«_»GL Communications Inc



4G LAB DIAGRAM
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4G CALL SCENARIOS

Various LTE network procedures are supported simulating The following SGSAP procedures are supported when

the 4G elements and multi-interfaces: associations between MME and VLR (MSC) are established:
Mobile to mobile voice call Paging for non-EPS Services
Simulated UE to mobile voice call Location Update for Non-EPS Services
Mobile to Simulated UE voice call Non-EPS Alert
Simulated UE to simulated UE voice call Explicit IMSI Detach from EPS Services
Mobile web browsing Explicit IMSI Detach from Non-EPS Services
Inter and Intra Handovers Tunneling of NAS Messages

Simulated UE web browsing
Traffic Generation: High Density packet (data sessions) traffic

Attach procedure
simulation using MAPS™ PacketLoad Server

UE context setup procedures ] :
Voice, Fax, Video

SMS, MMS, Email, FTP

Supplementary IN Services

Web browsing sessions
Detach procedures

Authentication information procedures .
Internet connectivity

‘,C}:’"GL Multiple PDP contexts .
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COMPLETE 4G CNL SYSTEM
w/ Real eNodeB

| eNodeB
. = - ¢!

LTE Access Point {AP)

IMSI: 901700000000632

Data flow
Phone: 192.168.x.xxx
Mobile-Web Browsing )
* Real eNodeB * Sea
5 Rack PC e MAPS™ SGs (PKS 146)
S11

* Real eNodeB UMTS cell

*  (x6) Phones with SIM cards
* S6a

*  MAPS™ Diameter (PKS139)
* S1 MME

e MAPS™ LTE — S1 (PKS140)

=
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MAPS ™ LTE eGTP (PKS142)
*  MAPS™ Remote Controller (PKS111)
MobileTrafficCore-GTP (ETH101)
* MobileTrafficCore-Gateway (ETH102)
High Density Bulk Call

* PacketlLoad 4x10G Data Traffic
Generator



COMPLETE 4G CNL SYSTEM
w/ Simulated eNodeB

_____________________________________

_____________________________________

Data flow

( Mobile-Web Browsing

e S1 MME
« MAPS™ LTE S1 (PKS140)
* S6a
* MAPS™ Diameter (PKS139)
e S11
« MAPS™ LTE eGTP (PKS142)
~ * MobileTrafficCore GTP (ETH101)
+ S5/s8 R
* MAPS™ LTE eGTP (PKS142)

@GL | ' : : | * MobileTrafficCore GTP (ETH101) 3




PROTOCOL STACK SPECIFICATION

NAS
GTP-
S1-AP : GTP-C
Diameter
SCTP
SCTP ubP
IP IP IP
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PROTOCOL STACK SPECIFICATION

Supported Protocols Specification Used

S1 Interface

S1 Application Protocol (S1-AP)

3GPP 36.413 9.0.0 (2009-09)

Non-Access-Stratum (NAS)

3GPP TS 24.301 Vv9.0.0 (2009-09)

S11, S5/S8 Interface

Evolved GTP (eGTP) for EPS

3GPP TS 29.274 v8.0.0 (2008-12)

Evolved GTP (eGTP) for EPS

3GPP TS 29.274 V9.2.0 (2010-03)

S6a Interface

Diameter

IETF RFC 3588
S6a - 3GPP TS 29.272 V10.3.0

1_Q}G L
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MOBILE TO MOBILE VOICE LAB

O GL Communications Inc
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PROCEDURES - CS

OGL

Mobile to mobile voice call

Simulated UE to mobile voice call
Mobile to Simulated UE voice call
Simulated UE to simulated UE voice call
Voice over LTE

Inter and Intra Handovers
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LTE and DIAMETER PROCEDURES - PS

ATTACH PROCEDURE
UE CONTEXT SETUP PROCEDURES

HTTP TRAFFIC and WEB BROWSING PROCEDURES

DETACH PROCEDURES

AUTHENTICATION INFORMATION PROCEDURE

OGL
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LTE PROCEDURES

Connection

Identity Authentication

Security Procedure

Connection Reconfiguration

-

OGL
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1 p | 1
1 RRC Connection Setup 1 1 ! :
| - 1 1 !
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i 1 1 : d
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i 1 NAS(Attach Request + PDN =~ 1 1
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1 I ! Request 1 L Authenticgtion
1 1 !lAuthentlcatlon ey
1 1
: L.S1AP: Authentication Request I Answer I 1
1 - Authentication Request M 1 1
]
1 L1 1 1
1 Authentication Response » |_S1AP: Authentication Response | :
>
1
! : S1AP: Security Mode Command 1
: o Security Mode Command I: - 1
«
]
1 Security Mode Complete ! . i !
1 I SR secuHtyiMode CDmJJ—HIEtE GTP Create Session Request : P gindi
1 1 1 L'. roxy einding
1 1 I GTP Create Session Response 1 Update/Ack
1 1 Initial Context Setup Request 1% H
1 I+ i '
1 ! ! 1
1 ! ! 1
1 ; ; ] I |nitial Context Setup Request ! 1
1 ‘Connectlon Reconfiguration + NAS I« 1 1
] ¥ ] 1
} Connection Reconfiguration Complete 1 1
1 ® | Initial Context Setup Response | !
1 T > :
1 Attach Complet 1 !
1 e >y Attach Complete =T :
»
I ! ! GTP Modify Bearer Request |
1 ! | >,
: : : ‘GTP Modify Bearer Response 1
] 1 M 1
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HSS PROCEDURES

-

OGL

Initial UE Message

Attach Request

Authentication Information Request

Location
Management <
Procedures

Attach Complete

— w Authentication
Authentication Information Response Phaatt o
w
Authentication / Security
UPDATE LOCATION
;,an! cel
. Tocation
Cancel Location Ack
UPDATE LOCATION
v “Response
Insert Subscriber Data Arg 1
w
Insert Subscriber Data Res Subscriber
v
Delete Subscriber Data Arg >~ Data
- Handling
Delete Subscriber Data Res Procedures
L4
Create Session Request /Response ==
Notify Request
v Notification
. Notify Procedure
Response
Restart ed
Reset Request
- Fault
Reset Response Recovery
. Procedure
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4G LAB CONFIGURATIONS

Q GL Communications Inc
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TESTBED SETUP: 4G MME

| Config | value =
{ =) TestBedDefault |
L L3 mme 1
Lo mer
|- MME IP Address 10.10.1.31
L=l PunTd
Mobile Country Code 001
Mobile Network Code 01
|- MME Group Id 0328
[~ MME Code 52
MME Name MMEO1
=) SupportedeNss 2
=) SupportedeNBs 1
L5 eNodeB1
- eNodeB IP Address 10.10.1.30
- eNodeB Port 36412
- MME Port For eNodeS 36412
}- Source SCTP Mode Server
- eNodeB Id 197094
—  eNodeB Name enNB01
L TAC 0002
=) SupportedeNBs 2
L5 eNodeB1
—  eNodeB IP Address 10.10.1.9
- eNodeB Port 36412
t-  MME Port For eNode8 36412
- Source SCTP Mode Server
- eNodeB Id 187094
t— eNodzB Name eNB02
L TAC 0001
=) MME Diameter Configuration
=) MME Parameters
MME IPAddress For HSS 10.10,1.31 .
E MME Host MME 1@gl.com
MME Reaim gl.com
=) HSS Parameters 1
L) Hss parameters 1
HSS IP Address 10,10.1,32
HSS Port 3868
MME Port For HSS 3ees
Source SCTP Mode Clent
HSS Host HSS18gl.com e
HSS Reaim gl.com
HSS PLMN 00101
—1_MME €11 Canfios wabinn :‘

OGL

= UMTS Core Network

eNodeB
10.10.1.9
SGW
10.10.1.33
Simulated
Evolved Packet Core
eNodeB (PS) gLMN-00101

10.10.1.30 AR

17




TESTBED SETUP: 4G HSS

@: Testbed Setup - TestBedDefault

‘ Server |HSS_SBA VI

OGL

Value [
- Transport Type SCTP
- Diameter Node Type Server
H=] Interface 1
L5 Interface 1
=] HSS Parameters
|- HSSIP Address 10.10.1.32
- HSSPort 3868
- HSS Host HS51@gl.com
L HS5Realm gl.com
=] Destnation Node Parameters
- Destination Node MME
- Destination IP Address 10.10.1.31
- Destination Port 3868
|- Destination Host MME 1@gl.com
L Destination Realm gl.com
L=] UE Simulation Configuration
Type Of UE Simulation csv
Data Base Path \1192. 168. 13. 2\DataBase\450 80\DataBase.mdb
CSV FileName \\10. 10. 1. 50\csv\MS_Profiles_IMSI_2G3G4G_Real.csv
End User Configuration for Profile HSS_Profiles.xml

HSS
10.10.1.32

MME

10.10.1.31
Evolved Packet Core
PLMN 00101
18




TESTBED SETUP: 4G SGW

Config |value
=) SGW Configuration
- Adapter Index 1
- Direct Tunnel Enable
H=] SGW
- SGW IP Address 10.10.1.33
- SGW Port 2123
- SGW IP Address For S11u 10.10.1.33
- GTP Port For Traffic 2152
H=] MME Configuartion
MME IP address 10.10.1.31
MME Port 2123 MME
L=) PGW Configurations 10.10.1.31
PGW IP Address 10.10.1.34 — 10_1"5“1.34
PGW Port 2124 10.10.1.33
SGW IPAddress For PGW 10.10.1.33
SGW IPAddress for S558U 10.10.1.33
SGW Port For PGW 2124 AT H TSI
- Traffic Disable
L Traffic Type GatewayTraffic




TESTBED SETUP: 4G PGW

|- Traffic Adapter Index 0
H=l PGW 1
L= pew
PGW IP Address 10,10,1.34
PGW Port 2124
PGW IP Address for Traffic 10.10.1.34
PGW Port for Traffic 2152
-] SGW Configuration
t SGW IP Address 10.10.1.33
SGW Port 2124
t-| Traffic Parameters
- Traffic Enable
- TrafficType Gateway Traffic
|- Packetioad Traffic Type HTTP Traffic
L Packetioad Management IP Address 10.10.1.6
H=] Protocol Configuration Options
- Primary DNS [P Address 8.8.8.8
|- Secondary DNS IP Address 192.168.1.3 10. 11)32 34
|- Gateway IP Address 10.10,1.90
L SubnetMask 255.255.0.0
=] APN Configuration 3 10.10.1.33
= APN Configuration 1 Evolved Packet Core
L APN Name dafault PLMN 00101
|- Startp 10,30,5.1
L EndIP 10.40.7.250
=) PN Configuration 2 gmt
| AP Name intemet
| Startip 10.50.8.1
L EndIP 10.60.10.250 PacketLoad-10G
L3 PN Configuration 3 10.10.1.6 (Mgmt)
| apn Name ms
| Startip 10.10.1.150
L EndIP 10.10.1.250
[~ End User Configuration MS_Profies, xml ’
L Type Of UE Smulation csv PR N : 5 st
|- CsvFieiame \1192. 168.31. 181\csv\MS_Profiles_IMSI_2G3G4G_Real.csv S i Y =eha
L&) Auto Generated Users Info SR -
|- PCSCF IP Address 10.10.1.40 ’ 2
@ GL L TP web Server P Address 192.168.45.65 - 3,




TESTBED SETUP: 4G Simulated eNB

GL

Testbed Setup - TestBedDefault

Server |eModeB =

I Traffic Adapter Index
- Auto Generated Users

H=l eMB
L3 ens 1
- eNodeB IP Address
 eNodeB Port
 eNodeB GTP IP Address
- SCTP Mode
 GTP Port For Traffic
- eNodeB1d
- eNodeB Name
L=l PLMN Id
t Mobile Country Code
Mobile Network Code
L Tracking Area Code
i Location Area Code
~ EUTRAN Cell 1d ENBID and Cellld
L=] MME Parameters
t MME TP Address
MME Port
H=| Traffic Parameters
Traffic
Traffic Type
Packetload Traffic Type
Packetload Management IP Address
Packetl oad Traffic Mode
L-] UE Simulation Parameters
Type Of UE Simulation
End User Configuration
CSV FileName:
=l Auto Generated Users Info
No Of Users To Be Simulated
Starting IMSI
MSISDM
Auto Generated End User Configuration

Disable
1

10.10.1.30
36412
10.10.1.30
Client
2152
301E6
eNB01

001

o1

0002
65000
301E602

10.10,1.31
36412

Enable
Packetload Traffic
HTTP Traffic
10.10.1.6

GTP To GTP

(sl
UE_Profiles. xml
11192.168.31.181\csv\MS_Profiles_IMSI_2G3G4G_Real.csv

400000000

001013012041631
3012041631
AutoGeneratedUser_Profile,xml

MME
10.10.1.31

Evolved Packet Core
PLMN 00101

Simulated
eNodeB (PS)
10.10.1.30

PacketLoad-10G
10.10.1.6 (Mgmt)

*____ TR e — s o
GTP-U (Direct Tunnel)
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TESTBED SETUP: IMS P-CSCF

PCSCF Address
PCSCF Port
Address Of Record
Transport
Visited Network Id
=] PCSCF Diameter Configurations
L =] Interface
L =] Interface 1
=| PCSCF Parameters
- PCSCF Port
- PCSCF Host
L PCSCF Realm
=] Destnation Mode Parameters
|- Destination Node
|- Destination IP Address
- Destination Port
- Destination Host
L Destination Realm

-
CGL
"

10.10.1.40

5060

pescf.ims.mnc001.mcc00 1, 3gppnetwork. org
upop

ims.mnc001.mecc00 1, 3gppnetwork.org

3871
PCSCF.ims.mncd01.meoc00 1. 3gppnetwork.org
ims.mnc001.mecc00 1, 3gppnetwork.org

PCRF

192.168.13.151

3868

PCRF.ims.mnc00 1.mecc00 1, 3gppnetwork.org
ims.mnc001.mecc00 1. 3gppnetwork.org

Mw I-CSCF
| 10101
10.10.1.41
P-CSCF
Y —
Gi 10.10.1.40 )
Mw ' —
L
N

S-CSCF .~
\/ \1/1 WAZ
IMS Core

PLMN 00101

22



TESTBED SETUP: IMS S-CSCF

(- Tranport type

- Diameter Node Type

- SCSCFIP Address

- SCSCF Port

|- SCSCF Domain

- Enable or Disable Diameter Protocol

| Enable or Disable MAPIP Protocol
H=] SCSCF Diameter Configurations
L;l Interface
Lj Interface 1
[=] SCSCF Parameters
SCSCF Port
SCSCF Host
SCSCF Realm
|-] Destnation Mode Parameters
Destination Node
Destination [P Address
Destination Port
Destination Host
Destination Realm

L[=] SCSCF MAP Configuration
L= scscr
L9 scscr
SCSCF Point Code
SCCP Routing Indicator

SCSCF E164 Global Title Address
SCSCF E214 Global Title Address

SCSCF Address Indicator

Nature Of SCSCF Address Indicator

|=] Connected Destination Nodes

- MNode or Interface Type
- Source SCTP Mode

|- Destination IP Address
- Destination Port
 SCSCF Port

| Destination Point Code
I MNetwork Indicator

- Signaling Link Selection

 M3UA Routing Context

H=] Connected Destination Nodes 1

 Source M3UA Termination Type

[ M3UA Routing Context Indicator

Pactinatinn SCD D tins Trdiratar

SCTP

Client

10.10.1.42

5060

scscf.ims.mnc001.mecd0 1, 3gppnetwork.org
Enable

Disable

3868
scscfi@ims.mnc00 1.mec001. 3gppnetwork. org
ims,mnc00 1,mec00 1, 3gppnetwork.org

HSS

10.10.1.43

3868

HSS @ims, mnc00 1, mcc001, 3gppnetwork.org
ims,mnc00 1,mec00 1, 3gppnetwork.org

0.0.1

Route on GT
234674308
234674368
International
International Number
2

SM5C
Client
192,168.13.7
4905
5905
IPSP
4.4.4
National
1
Absent
1

Dt e T

P-CSCF
N

N
10.10.1.40 ,,

\\'—

M

I1-CSCF
—_—

10.10.1.41 [~
w
HSS

N ———
10.10.1.43
Dx / ;
|
S-CSCF

L _

10.10.1.42
. IMSCore

PLMN 00101
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TESTBED SETUP: IMS I-CSCF

Tranport type
Diameter Node Type
ICSCF Address
ICSCF Port
=] ICSCF Diameter Configurations
L5 Interface
L =] Interface 1
=] ICSCF Parameters
- ICSCF Port
- ICSCF Host
L ICSCF Realm
=] Destnation Node Parameters
- Destination Node
|- Destination IP Address
- Destination Port
- Destination Host

L. Destination Realm

OGL

SCTP
Client
10.10.1.41
5060

3868
icscf@ims.mnc001.mcc00 1. 3gppnetwork.org
ims.mnc00 1.mcc00 1. 3gppnetwork.org

HSS

10.10.1.43

3868

HSS @ims.mnc001.mcc00 1. 3gppnetwork.org
ims.mnc00 1.mcc00 1. 3gppnetwork.org

Mw *‘

lcsck
—
10.10.1.41 = g
M HSS
- ~—
Ny L 10.10.1.43
N — :

10.10.1.40 4

S-CSCF |
. 1010142
IMS Core

PLMN 00101
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TESTBED SETUP: IMS HSS (CxDx)

Config |Value
=] HSS Interfaces
— Tranport type SCTP
- Diameter Node Type Server
H=l Interface 2
H=l Interface 1
|=] HSS Parameters
- HSSIP Address 10.10.1.43
- HSSPort 3368
- HS5Host HSS@ims.mnc001.mecd01, 3gppnetwork.org
L H55Realm ims.mnc001.mec00 1. 3gppnetwork. org

Destniation Node Parameters

[

|- Destination Mode

|- Destination IP Address
- Destination Port
 Destination Host

L Destination Realm

L= Interface 2

HSS Parameters

|- HSSIP Address

- H55Port

- H55Host

L HS5Realm

Destniation Node Parameters

[

[

|- Destination Mode
|- Destination IP Address
- Destination Port
- Destination Host

L Destination Realm
L=] UE Simulation Configuration
Type Of UE Simulation
Data Base Path
CSV File Name
End User Configuration for Profile

SCSCF

10.10.1.42

3868

SCSCF @ims.mnc001.mcc00 1. 3gppnetwork.org
ims.mnc001.mec00 1. 3gppnetwork.org

10.10.1.43

3308

HSS@ims.mnc001.mecd01. 3gppnetwork.org
ims.mnc001.mec00 1. 3gppnetwork. org

ICSCF

10.10.1.41

3868

ICSCF@ims.mnc001.mec001, 3gppnetwork.org
ims.mnc001.mec00 1. 3gppnetwork.org

CsY

11192, 168, 13.2\DataBase\001 01\DataBase.mdb
11192, 168.31. 181\csviMS_Profiles_IMSI_2G3G4G_Real.csv

HSS_Profiles. xml

I-CSCF
—

10.10.1.41 ~ 1
HSS

S ——————

10.10.1.43
D ol
X

N .
S-CSCF ~

IMS Core
PLMN 00101
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SYSTEM QUICK START - START REMOTE

CONTROLLER

The MAPS™ Listener is configured to run on
start-up. While running an icon should be
displayed in Windows notification area. If the
icon is missing, invoke MAPSListener_x64 from
the Desktop.

Invoke MAPS Remote Controller from the 4G
system Desktop.

The Controller is configured to control the
following MAPS™ nodes: eNodeB, MME, HSS
(S6a and CxDx), SGW, PGW, P-CSCF, S-CSCEF, I-
CSCF

Click Start All to connect to all MAPS™ server
nodes. The MAPS™ server nodes should turn
green once connected

[ confiurations  Emulstor Reports Editor DebugTools Windows Help

85

=181

ey

sl v

EEA]

H ~|  Apply To All Views

~HE - H|2

[.! server Name : SGW

ServerP: 182.168.31.253

Server Part : 1024

MNode : ServingGateway
Connection Status : Disconnected

w Server Name : MME

ServerP:192.168.31.253

Server Part ; 1024

Node : MME

Connection Status : Disconnected

]

add | Delete

W Server Name : HSS_CxDx

ServerIP: 192,168.31.254

W Server Name : HSS_S6A

ServerIP : 192,168.31.253

Server Port : 1024

Pratocol standard : Diameter
Protocol Version : CxDx

Mode: : HSS

Cornection Status : Disconnected

W Server Name : eNodeB

ServerIP ; 192,168,31.25:

Server Port : 1094

Protocol standard : LTE 51

Protocol Version : 3GPP RELEASED

Node : elodel

ConnectionStatus : Disconnected

Edit Listener | Edit Server

Server Port : 1024

Protocal standard : Diameter

Pratocol Version : 564

Mode : HSS

Connection Status ; Disconnected

m Server Name : SCSCF

W Server Name : ICSCF

ServerIP: 192,168,31.254

ServerIP: 192,168,31.254

Server Port : 1024

Server Port : 1024

Node : SCSCF

Node : ICSCF

Connection Status : Disconnected

w Server Name : PCSCF

Server Part : 1024

ServerIP: 192.168.31.254

Modle : PCSCF

st | g |

Connection Status : Disconnected

Connection Status : Disconnected

@ Server Name : PGW

ServerIP : 192,168.31.253

Server Port : 1024

Protocol standard : LTE eGTP.

Protacal Yarsion : RELEASEG

Mode : PON Gatea

Connection Status : Disconnected

startal | sonal |

@ Initiaksation Errars

| @ ErrorEvents

| @ Coptured Errors

o

| @ Lk /




SYSTEM QUICK START - START TESTBED

Open the Testbed Setup view £ ’ 5 e [owies <] © Ay To Al Vews

Click the “Start All” button to start all
testbeds [ e, e

** When generating simulated GTP EF:&
traffic using PacketLoad, make sure %:n‘“‘“‘ =
MAPS™ PacketLoad is running prior to t"mmmc:: m
starting testbeds in Remote Controller oo

=) MME Parametens

MME [P Address 1010, 1,31
MME Port 39412
l=) Traffic Parameters
L Traffic Enable
= Traffic Type Packetioad Traffic
- Padketioad Traffic Type KT Traffic
b Fadketioad Management IF Address 10,10, L&
L Facketioad Traffic Mede GTP To GTP
L2 L amulabon Farameters
b Tyse OfLE Simuiamon o

L End User Configuraton LE_Frofiies.
V192168, 31, 18 1w, .

Mo OF Users To Be Smulated 400000000
MSISON W 1041631
s Generote nd User Conf. Autotenerstedser ... | | et | € | seoia | ol |
@ Irinalsation Ervoes \ @ EBror Events @ Cagtured Errors @ Lk Status Up=0 Down=0 3

-
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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 [_ ][]
Server IeNodeB 'l
SCTP Connection | Connection ID | Source IP | SourcePork I Destination IP |
O ur O [J10.10.1.30 [ 36412 [J10.10.1.31 eNB é% MME

Link Status

server [ | MME ¢&- eNB (10.10.1.9, real)

Conneckion | Conneckion ID | Description 1
] ue 2 [] SrcIP-10.10.1.31 , SrcPort-3363 , DstIP-10.10.1.32 MME é% eNB (1010130’ S|mu|ated)
O] up ] tooo [] srcIP-10.10.1,31 , SrcPort-36412 , DstIP-10,10,1,30 , DstPort-36412

O ue O oo [ srcIP-1001001.31 , SrcPort-36412 , DstIP-10,10,1.9 , DstPort-47402 MME é% HSS (1010132)

Link Status [_[O] =]

Server IHSS_SGA ~ l

SCTP Connection | Connection ID I Source IP | SourcePork I Destinakion IP | H SS é 9 M M E
O up [ 1000 1010132 [ 2ges 101013




SYSTEM QUICK START - LINK STATUS

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

k] Link Status [_ (Ol %]
Server IHSS_CxDx 'l
: : — HSS (CxDx) €-—> I-CSCF (10.10.1.41)
SCTP Conneckion | Connection 1D | Source IP | SourcePark | Destination IP |
O we [ 1001 [ 10.10.1.43 [] 3aee (] 10.10.1.41 HSS (CxDx) ¢-—> S-CSCF (10.10.1.42)
] up [ 1002 []10.10.1.43 [] za6a []10.10.1.42

Link Status
Server IICSCF 'I

Connection I Connection ID I Description I
O ue O [ SreIp-10.10.1.41 , SrcPort-3868 , DstIP-10.10.1.43

I-CSCF €~—> HSS (CxDx)

Link Status

SErver ISCSCF &~ I

Conneckion | Cannection I0 | Descripkion
[ ue 1 [ srcIp-10.10.1.42 , SrcPort-3368 , DstIP-10,10,1,43

r S-CSCF &> HSS (CxDx)

OGL 29



SYSTEM QUICK START -ATTACHING MOBILE

Turn on 4G mobiles (or turn off airplane mode). The
phones should automatically attempt to connect to
the 4G network

Q- O %S 4 W1:35

Verify in the MME’s Call Reception view that the UEs
have attached

Verify in P-CSCF’s Call Reception view that the UEs
have registered to the IMS network

THU SEP 6

1.:35AM

HOME / FRI
SIM Card In..

Gl MAPS (Message Autnmeation Probocol Simulation) - [Call fteception - POSCF]

SrMy [ Gorp:Nams
FLSCTCa 4:1;1

[EETET— o

14l
Sop | Sk | Ao | bctA [ showRececs | Sesctadional [ jumTah  Trsh

Save | Cumnidy — ———— [ Ghos Lateet

I FLS0F [Lr=r g =
FERISTER WM 33406 2000
REEISTER 3348 3700 *
P a0 ak. 33467 TR
¢ A Uk 33447 DD

Play Store Settings Photos Google

Btk S B rwEais B ol Erues

- . . . “ 8
[ O .G ! ', ol ), Mestage Sequence | Cvert Corlg 5, Sciot T b CaphreCverts [
L — oSl o




SYSTEM QUICK START - VoLTE Calls w/ Real Mobiles

O 40137 & Plcia
Phone numbers are defined in the (301) 2061001 e
table below o Seee
- DECLINE ANSWER

Dial the MSISDN of the desired phone ey

While placing call, observe that the (301) 206-1003

mobiles stay on 4G network during Maryland

call

N

IMSI MSISDN A

001011234560031 3012061001
001011234560032 3012061002
001011234560033 3012061003
001011234560034 3012061004
001011234560035 3012061005
001011234560036 3012061006

CC}»GL



SYSTEM QUICK START - Simulated VoLTE Calls

GL MAPS {Message Automation Protocol Simulation) - [Call Generation - eNodef |

n,Conﬁmd:ions Emulstor Reports  Edbor  Debug Toals Windows  Help

Below script is the eNB’s Call N ETLT L e T
ion vi EFCIF $E sl 3
Generation view for VoLTE calls: e el S -

1 515essorContiol_Incoming gis 451,007 01 307 2055003 Stop o_LTECal Connected SIP_TeminsteCal

515 esmonCanirol Dutgong 40G.ds IM51:.001 01 301 2057503 Stog: Yo LTE Cal Connected SIP_Tesminabelal I

3 515essonConirol Dulgeing_36 g Stal More

S1SessionControl_Outgoing 4G.gls .  — -

The ‘4G’ call script places a simulated ] e | | e | - | 5t v o] st 7] _soon [ o]

b Save | Cobmmwidh ———— ¥ Shom Latest
VOLTE call to another simulated 4G UE TR e —
MpSrkNASTiupe, Aach Complare, Activaie Delabl |, oo o
UplrkM&S Tranepart, PDM Connecivity Aleguest, 14:46:12 814000
iBsetipRequest Actvate Defaul EFS Besrer Canld e > oo
ESIAD Jedupeiesincs) 14:46:12.907000
UBIPKNAS Tansgon, Activale Defeull EFS Beser Corl oo oo
REGIETER 14:4617.933000
.- 401 Unguthorized T4:46:18. 213000
REGIETER 14:4E:18.213000
< 200] DK 144618377000
INYTE 144651 SE7000
< 100 Jwing 14:46:52 005000
160 Ringing 14:46:52 134000
< 200) 0K 144653 202000
ALK 144653 204000
-]
- ™ : I LI»
OGL
p ! - 3 2



OGL

SYSTEM QUICK START - VoLTE Calls w/ Real Mobiles

Each instance of S1SessionControl_Incoming.gls preps one simulated UE to be ready to receive incoming
VoLTE call. Immediately after starting the eNodeB testbed, the first script instance reads the UE in CSV
row 55,027. The second script instance reads the UE in row 55,028, and so on.

55,027 to 56,526 are reserved for incoming VoLTE calls from 4G UEs

This means the VoLTE UE instance would not be configured to receive 3G calls until 1000 instances of the
script have been invoked, and it would not be configured to receive 2G calls until 1500 instances of the
script have been invoked.

To minimize the effort needed, another script - VoLTEIncoming.gls - was created to automatically invoke
all 2,500 receiving scripts. This readies all 2500 UEs to receive calls, regardless of the source. Note that ~5
minutes are needed to invoke all 2,500 script instances. Invoked scripts are displayed in the Call Reception
window.

Once all ‘Incoming’ UEs are registered, place an outgoing call using S1SessionControl_Outgoing_4G.gls

Use the “Global Configurations” setting to modify the iterations of calls to place.
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SYSTEM QUICK START - Simulated VOLTE Calls

Each outgoing call script places N iteration of calls as
defined by the eNodeB Global Configuration

Set Automate VoLTE Call to “Yes” to enable VoLTE
calls for multiple iteration.

When lteration Count is greater than 1, the script will
perform the following tasks:

Attach UE and Register to IMS network

Place SIP call and keep call active for “Session
Duration”

Disconnect call, wait for Inter Session Duration,
and place another SIP call.

These steps are performed until the Iteration Count
is satisfied

-

©GL

L’fzi! ‘ Server IeNodeB Yl

Config | Value

=] Global Configuration

H=] UE Siganling Configuration
|: LUE Signalling Stream ID 0
Non UE Signaling Stream ID 0
H=| Session Parameters
Session Duration in msec 60000
Call Answer Time in msec 1000
User Inactivity Timer in msec 10000000
Inter Session Duration in msec 100
Send 180 Ringing 1
-] Randomization Parameters
Enable Randomization in msec Disable
Distribution Type Uniform Distribution
Minimum CallDuration in msec 30000
Maximum CallDuration in msec 60000
Minimum InterCallDuration in msec 1000
Maximum InterCallDuration in msec 3000
H=| SIP Timers
T1Time Out in msec 50000
T2 Time Qut in msec 32000
Progress Time Out in msec 56000
Rip Create Session Enable
Calculate RTP Statistics Disable
I Automate VolTE Call Mo
- VoLTE Call Iteration Count 1
H=| VolLTE Parametres
Call Type AudioCall
IP Sec Mode Enable or Disable Disable
IP Sec Transport Type uoP
Expiry Time in sec 360000
Transport uDpP
=] SDP Parameters
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SYSTEM QUICK START - Simulated Mobile Traffic

Simulated GTP mobile traffic is achieved

through the GL PacketLoad appliance. Ensure

the MAPS™ PacketLoad application is running " Cotorsin i e i gt e

prior to starting MAPS™ eNodeB and MAPS™ ol L S

SiNo [ Sciipt Name [ Profie [ callinfo [ Seipt Execution Status [ Events Events Frofie [ Resutt I
P G W t e St b e d S 515essionCortiol_Incoming gls IMS1: 00101 301 2055003 Statt UE-Deregistered Mone Pass
.

§15essionContiol Outgoing_4G.dls IMSI: 0013012057503 Start UE-Deregistered Hone Pass

L MAPS (Message Automation Protocal Simulation,

515essianContiol_Mutgoing_36.gls Start None Urknawn
§1SessionControl_Outooing_26 als Start Mone Urknown
/oL TEIncoming gls Start None Urknown
515, tolgls [ [ Msoo 2 Stop UE-REGISTERED Create Corte:t | [N |

The S1SessionControl.gls script is designed to
perform simulated mobile traffic. Each script o] o L | a1 | sona] oo ] s ] oot [

Save | Column Width = f———— W Show Latest

instance represents one UE. Place calls from

Call Generation or Load Generation P

UplinkNAS Transport, ication Response, |
»

15:41:32.3159000

15:41:33.492000

15:41:33.493000
Rk STiansgot, Secunty Mods Commvand, | 1o cqng

UE traffic rate is defined in the eNodeB Global

| g DovnlinkNAS Transport, ESM Information Request,
. . &
C O n fl g u ra t I o n S UplinkMAS Transpart, ESM Information Respanse,

WI\a\CDnIexIS etupRequest, Attach Accept, Activate D.

15.41:33.551000

15:41:33.552000

15:41:33.685000

OGL

—  AFTN3ME InErneT |DtaIEON 4 SCh PR Spons=y 15:41:33 533000
—:I T T Lonhguamns UplinkNAS Transport, Attach Complate. Activate Defaul 15:41:33.588000
Traffic Rate Fixed Bandwidth
Bandwidth Per User 15.00
Graph Enable
=] For Random Bandwidth
Minimum Bandwidth .00
Masdmum Bandwidth 15.00
L HTTP Web Server IPAddress 192, 168.45.65
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4G Inter-Networking with 2G and 3G (LAB)
(Inter-Operability)

Q GL Communications Inc
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INTER-NETWORK CALLS

Inter network calls

4G user calling 2G user
4G user calling 3G user
4G user sending SMS to 2G user
4G user sending SMS to 3G user
4G user calling 3G user via CSFB

Roaming calls

4G user calling 3G roaming user

4G user calling 2G roaming user

OGL
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INTER-NETWORK CALLS - 4G Calling 2G

UE2 placing call to UE1 while both users
reside in their home network.

The user is registered to IMS services so .
the Invite will reach the IMS network . If G
IMS confirms that called MSISDN does not o
belong to 4G, the call will be routed to
MGC. y
Voice
Call

MGC, on Reception of Invite Message,
routes call to 2G MSC or 3G MSC based on
MSISDN Range configured in Testbed by
sending IAM.

When MSC receives call from MGC, if PE2 i EHHRE
received MSISDN is registered, Paging is
initiated to connected BSC'’s

©GL | 38




OGL

INTER-NETWORK CALLS - 4G Calling 2G Call Flow

P-CSCF SLSCF MGCF
NVUE N 06:17:53 643000
< 10 Toing 06:17:53 650000
INVITE P o517
< 100 Trying 617
< 183 Session Progress 06518
‘ 183 Sesson Progress 06:18:01.207000
e P 05.18.01 297000
PRACK %98
4 SR 06:18.01 314000
UPDATE W i R
UFDATE P s
< 200 OK ®i
<4 SR 06:18:01.557000
< 180 Ringng 618
<4 Ll 06:18:04.723000
< 200 OK, i
4 2008 06:18.07 428000
& P 06:18:07 437000
ACK

prosie

SIP MGC GMSC
INVITE )I 06:17:53.371000
< 100 Trying 06:17:53.376000
N e
< Application Transport 06:13
Application Transport P 05:17
< Application Transport 06:17
< 183 Session Progress 06:17:54.630000
PRACK P 06:17:54.796000
< 200 OK 06:17:54.798000
UPDATE P 06:17:55.036000
< 200 OK 06:17:55.038000
Aepicaton laot sl o 1z
‘ Address Complete 06:17
< 180 Ringing 06:17:58.207000
< Answer 06:1¢
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INTER-NETWORK CALLS - 4G Calling 3G

UE1 placing call to UE2 while both users
reside in their home network.

The user is registered to IMS services so i il
the Invite will reach the IMS network . If E i
IMS confirms that called MSISDN does UE
not belong to 4G, the call will be routed
to MGC. Voice
call
MGC, on reception of Invite Message,
routes call to 2G MSC or 3G MSC based 4G
on MSISDN Range configured in Testbed
by sending IAM. B

UE

When MSC Receives Call from MGC, If
received MSISDN is registered, Paging is
initiated to connected BSC'’s

OGL 40



@G L — P 01.48.26,005000

INTER-NETWORK CALLS - 4G Calling 3G Call Flow

PLSCF S-CSCF MGCF
INVITE P 01:48:16.532000
SIP MGC GMSC
¢ LG 01:4816,502000 —
INVITE Mo P 06:17:52.371000
INVITE 100 Trying
P ot < 06:17:53.376000
‘ 100 Tryng o1 :
‘ 183 Session Progiess o: ‘ Application Transport 0613
. L
Pl 183 Session Progress 01-48:17.514000 Application Transport P o613
PRACK. S
P o148 17_553300PRACK ‘ Application Transport 0613
o | 2 ‘ 183 Session Progress 06-17-54.690000
4
SR EHAER P 06:17:54.796000
4 01:48:17.743000 200 0K
UPDATE < 06:17:54.738000
P 01:48:17.245000 EATE
UPDATE > Pt 06:17:55.036000
< 200 OK < 20070k 06:17:55.038000
Application Transport i
< SN 01:48:17.801000 P 06:13
< 180 Ringrg i ‘ Address Complete 0613
<« 180 Ringing A < 180 Ringing 06:17:56.207000
200 OK
¢ o: ‘ Answer 061¢
> S8k 01:48:27,347000
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»GL

INTER-NETWORK CALLS - 4G Calling 3G Call Flow

MGCF MSC RNC O RNC 1 i
Initial Adehess P 01:48:15.838000
‘ Application Transport 01:48:-16.905000
Application Transport ’ 01-48-16.9871000
4 Application Tranzport 01-42 16985000
Application Tranzport b 01:45:17 505000
Paging. P 01:45:17.512000
Paging, P 01:45:17.513000
‘WtiaIUE-Message, PAGING RES... - 45:1% 992000
CC connection confirm b 01:45:18.994000
sendbuthenticationlnfodg ’ 01: 4%
" sendfuthentication nfoRes o145
DilectTransfel,.&UTHENTIE&TIEb 01-48-19.01 2000
%ectTransfer,AUTHENTICATID... 01-48-19. 367000
SecuritybodeCaonmmand, ’ 01:48:19.369000
‘ Securnityid odeComplete, - 4519.639000
DirectTransfer, SETUP ’ 01-48-19.699000
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INTER-NETWORK CALLS - 4G Calling 3G (CS Fallback)

Circuit-switched fallback requires both 3G
and 4G networks to be on the same
PLMN. To accomplish this we’ll set the 4G
PLMN to 45080 (same as 3G) and use
45080 mobiles on both 3G and 4G

networks .
3G Core

Enable the CSFB service in eNodeB, :
follow the Real eNodeB Configuration SGs

slide CSFB

UE | Evolved Packet Core

{_Q » G L
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MAPS™ Remote Controller

«_»GL Communications Inc
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MAPS™ Remote Controller

2 Remotely control multiple MAPS™
Servers running on different PCs from
a single remote client application

2 Allows multiple users to use MAPS™
products installed on a single MAPS™

server

OGL

i CL MAPS (Message Automation Protocol Simulation) - [Ren

_.wmmwmmrwmw

IFEENY T EXIER

ote MAPS Ser

9

ver - 4GLab]

.-lﬂ.J

H'ﬁ I Apply To All Views ‘

CHE W2

Server [P 192.166.31.253
_zmm-

Server IP: 192.168.31.253

Server[P: 102.168.31.253
Server Port : 1024

Protocol standard : LTE 51

ServerIP: 192.168.31.254

Server Port ; 1024

|




MAPS™ Remote Controller

0 Communicates with the

Client PC

@ Client connects directly to Server
& Starts Protocol Emulation

multiple MAPS™ Server

via Listener over TCP/IP.

@ Lists all licensed MAPS™ for protocols

v

@ Selects protocol options to start MAPS™ server

@ Provides IP and port address of MAPS™ server

v

OGL

Remote PC

Starts
MAPS™ Server




Packet Data Traffic Generation Appliance
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 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.

PacketLoad 10G

GL MAPS™Server
* UMTS IuPS, GnGp
* LTE S1, eGTP

OGL



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 (TCL, Python, ...)

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

QGL 48



PERFORMANCE...

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

QGL 49
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THANK YOU
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