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« 5G Communications Network Lab

« 5G Core Network Emulation -
MAPS™ 5G N1 N2 Interface Emulator
MAPS™ 5G N4 Interface Emulator
MAPS™ 5G N8 Interface Emulator
MAPS™ 5G N10 Interface Emulator
MAPS™ 5G N11 Interface Emulator
MAPS™ 5G N12 Interface Emulator
MAPS™ 5G N13 Interface Emulator
MAPS™ 5G N17 Interface Emulator
MAPS™ 5G N20 Interface Emulator
MAPS™ 5G N21 Interface Emulator
MAPS™ 5G N22 Interface Emulator
MAPS™ 5G N29 Interface Emulator
MAPS™ 5G N51 Interface Emulator

« Monitoring 5G Core Network

« End-to-End Voice, and Data QoS Testing
For more information, please visit 5G Core (5GC) Network Test Solution webpage.
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818 West Diamond Avenue - Third Floor, Gaithersburg, MD 20878
Phone: (301) 670-4784 Fax: (301) 670-9187 Email: info@gl.com

www.gl.com Phone: (301) 670-4784 Fax: (301) 670-9187 Email: info@gl.com


mailto:info@gl.com
https://www.gl.com/5G-NR-Core-network-test-measurement-solution.html
https://www.gl.com/images/brochures/5G-network-test-solution-architecture-brochure.jpg

5G Communications Network Lab
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GL offers an end-to-end 5G Communication Network Lab (CNL) with all components within the wireless
infrastructure to emulate 5G Core and it provides an advanced full-fledged “Live Network” at premises in any
customized package to suit test requirements. The test suite provides reliable integrated solutions to vendors and
service providers for emulation, monitoring, troubleshooting the wireless network, including, 5G, 4G, 3G and 2G. All
functionalities conform to industry standards.

MAPS™ 5GC Network emulator can emulate multiple UEs and elements such as UE+gNB, AMF, SMF, UPF, AUSF,
UDM, SMSF and EIR which forms the 5GC network. The Emulator is designed to test 5G NR base stations (gNBs) and
5G Core Network Functions (NF) according to 3GPP standards. With the help of mobile phones, and other emulated
wireless networks, the 5G Lab setup can be operated in real-time for making Voice over New Radio

(VoNR) calls and for interworking with PSTN and VolP networks. It includes ready-to-use scripts, as per IETF
specification. Test scripts include general messaging and call flow scenarios for multimedia call session setup and
control over IP networks.

GL’s MAPS™ supports emulation of 5GC network interfaces - NIN2, N4, N8, N10, N11, N12, N13, N17, N20, N21,
N22, N29, N51, and other GTP interfaces.

Supported procedures include both roaming and non-roaming, including interworking between 5G System (5G RAN
+ 5GC) and Evolved Packet System (4G RAN + EPC), mobility within 5GS, QoS, policy control and charging,
authentication and in general 5G System wide features such as SMS, Location Services, Emergency Services.
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MAPS™ 5G N1N2 Interface Emulator

GL’'s Message Automation and Protocol Simulation (MAPS™) is enhanced to test 5G N1N2 interfaces, it can emulate
gNodeB (gNB), and Access and Mobility Management Function (AMF) according to 3GPP standards.
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mobile traffic over GTP to and from 5G N1N2 interface Call Control Procedure at gNodeB Node (Call Generation)

external IP network
e Generate and process NGAP/NAS (valid and invalid) messages

e Emulates tens of thousands of 5G subscribers (Load Testing)
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MAPS™ 5G N4 Interface Emulator

GL’s MAPS™ 5G-N4 Interface Emulator

is an advanced protocol emulator for 5G Real gNB
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(CUPS) architecture.

MAPS™ 5G-N4 can emulate and test Session Management Function (SMF) and User Plane Function (UPF) elements.
SMF in the 5G N4 interface is primarily concerned with managing the UE’s PDU sessions. Its responsibilities include
the establishment, modification, and release of the PDU sessions. UPF in the CUPS architecture is responsible for
handling user data and reporting the traffic usage data to the SMF.

e Emulates Session Management Function (SMF) and User Plane Function (UPF) elements

e Supports 5G Control plane and User plane

° SU ppOftEd p rOCGd u res Incl Ude _ MAP‘S SMF‘(N4 RELEASE15) - [Call Generation —CallGenDefaullt] = [m] X
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e Generates and process PFCP (valid T s
and invalid) messages e uer T
[ Session Establishment Reguest B 30541 384000 T BECEbayer z e
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e Automation, Remote access, and Schedulers to run tests 24/7
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MAPS™ 5G Service Based Interface Emulator

GL’s MAPS™ 5G System as a Service Based Architecture, includes a set of network functions providing services as
defined in 3GPP standards. The service-based interfaces use HTTP/2 protocol with JavaScript Object Notation (JSON)
as the application layer serialization protocol.

Main Features

e Services use REST APIs based on HTTP and JSON data format

e Supports TLS and TCP transport

e Supports scripted call generation and automated call reception

e Supports customization of call flow and message templates using Script Editor and JSON Messages
e Ready-to-use scripts for quick testing

e Provides Call Statistics and Events Status

e Emulates Multiple Subscribers using CSV Profiles

e Automation, Remote access, and Schedulers to run tests 24/7
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MAPS™ 5G N8 Interface Emulator
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MAPS™ 5G N8 can emulate Unified Data Management (UDM) and Access and Mobility Management Function (AMF)
within the 5G Core network.

The Network Function UDM is the entity in the 5G Core Network (5GC) supports Nudm_SubscriberDataManagement
Services, Nudm_UEContextManagement Services, Namf_MT Service, Namf_Location Service and
Namf_Communication services via the Nudm and Namf services-based N8 interface.

e Emulate AMF and UDM elements

MAPS AMF (N8 RELEASE15 ) - [Call Generation -Default]

= ] X
3:';. Configurations Emulator Reports Editor Debug Tools Windows Help - & x
O . = | g P < ] =
Q I R %/ 0.0 0 9 S
HR . [&a
SrN... | Script Name Profile Call Info Script Execution | Status Events | Result Total lterations | Completed Iterat...
Nudm_UECM_Contral.gls| UEProfile0001 |SUPI : imsi-00... Start [ AMF Registration is successful NGl Pass | 1 | 1 |
2 Nudm_SDM_Control.gls ~ UEProfile0001  SUPI : imsi-00. Start | default Single NSSAI's Received None | Pass 1 1
3 Nudm_UECM_Controlgls UEProfile0002 Start None | Unknown 1 0
)
add | Delete | mnsert | Refiesh | start | starta | || stop i |w| [ abort an |
Save | Column Width —_}— [~ Show Latest
AMF UDM Find
U Tims-00101301 2041631 freqistalions/amt 3app-access PUT http://192.168.1.20: 33220/ nudn-uecn/vl/insi-001013012041631/x
3:21:01.392000 content-type : application/json
200 OK accept : application/json,
l 13:21:01.414000 application/problemtjson

{

"amfInstanceld":"eaS7b649-1985-4106-a129-78e£79al2283",
"deregCallbackUri": "http://192.168.1.20:36000/nudu-uecn/vl/insi-0
" guani®: {

"amfId":"2163",

"insVoPs": "HOMOGENEOUS_SUPPORT",
> (Il €

<

; Scripts % Message Sequence Event Config >\ Script Flow /

@ |nitialisation Errors | @ Error Events @ Captured Errors @ Link Status U

5G N8 interface Call Generation at AMF Node
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MAPS™ 5G N10 Interface Emulator
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Interface Emulator

5G Core Network

MAPS™ 5G N10 can emulate UDM within the 5G Core offering services to the SMF via the Nudm service-based N10
interface respectively. The 5G network represents the service-based interface, with focus on N10 between UDM and

SMF.

The network function UDM and SMF are the entities in 5G Core Network, which supports the following services via

the Nudm service-based N10 interface respectively.
¢ Nudm_SubscriberDataManagement Services
e Nudm_UEContextManagement Services:

MAPS SMF {N10 RELEASE15 ) - [Call Generation -CallGenDefault] = (] X
:—ﬂ; Configurations Emulator Reports Editor Debug Tools Windows Help - & %
QL3 8BR|IY 60 9 C

HR. B |[8a

| SrN... ] Script Name | Profile | Call Info

| Script Execution | Status |

Events | Result ITutal lterations ] C

Nudm_UECM_Control.gls UEProfile0001 SUPI :.imsi-001013012041631 Start

| Update the SMF Registration is successful

None | Pass 1

<

Nudm_SDM_Control.gls | UEProfile0001 | SUPI : imsi-001013012041631 Start | UE's SM Data Received el Pass | 1 ||
< >
add | Delete | msert | Refresh | start | starta |+| stop an [ [ abort an|
Save | Column Width | ——— |—— [~ Show Latest
SMF UDM Find
SET rudmeed T 0001301204163 Amdae i dnneme el o GET hetp://192.168.1.20: 33520/ nudu-sdn/v2/insi-001013012041631/5
3:15:35.513000 accept : application/json,
- AIELR ; application/problemtison
13:15:35.855000

\ Scipts ), Message Sequence { Event Confi >\ Script Flow /

@ |nitialisation Errors

@ Error Events

@ Captured Errors

@ Link Status Ug

Emulate UDM and SMF elements5G N10 interface Call Generation at SMF Node
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MAPS™ 5G N11 Interface Emulator
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MAPS™ 5G N11 5G Core Network - —

Interface Emulator

MAPS™ 5G N11 can emulate Session Management Function (SMF) within the 5G Core offering services to the Access
and Mobility Management Function (AMF) via the Nsmf service-based N11 interface. The network diagram
represents the service-based interface, with focus on N11 between AMF and SMF. Here, both AMF and SMF act as
"NF Producer".

The Network Function SMF and AMF are the entities in 5GC, which supports the following services via the Nsmf and
Namf service-based N11 interface.

e Nsmf_PDUSession: Create SM Context, Update SM Context, Release SM Context, Notify SM Context Status and
Retrieve SM Context operations

e Namf_Communication Service: NIN2 Message Transfer (UE Specific) operations based on N20 interface
e Emulate SMF and AMF elements

MAPS AMF (N11 RELEASE1S) - [Call Generation -CallGenDefault] - o X
[y, Configurations Emulator Reports Editor DebugTools Windows Help - & x
2 5 T = =
& HZeoa wEN &6 le o 0 5
HE . Bl
Script Name Profil Calllnfo Script Execution | Status Events | Result Total lterations | Completed Iterations A
Namf_Session_Control.gls MSIN3012041631 |imsi-001013012041631 Start | SM Context Released None
Namf_Session_Controlgls ~ MSIN3012041632 imsi-001013012041632 Stat | SM Context Released None | Pass 1 1
3 Namf_Session_Controlgls  MSIN3012041633 Stat | None | Unknown 1 0
1 Naraf_Gansio Comteol oo MEIN2NTNATRU (R T AT 1 n w2
< >
Delete | Insert | Refresh | Start | Startal [#| stopai v [ abort ai |
Save | ComnWidh ————— [ ShowLatest
AMF SMF ke
- POST http://192.168.1.20:6666/nsnf-pdusession/vl/sn-contexts
POST /nsmi-pdusessionsv1 7sm-contets e R e
SRR application/vnd. 3gpp.ngap,
application/problemtison
14:40:12.434000 content-type : multipart/related; boundary=5e58F3b916al0be387c
0ST /namf-comm/v1 /ue-contexts/imsi-001013012041631_2/n1-n2
14:40:12.536000 --5e53F3b916al0be387cs
200 Content-Type: application/json
14:40:12.536000
) ] « ; (
POST /nsmf pdusession/1/sm-conlests/insi001013012041631 _2imodiy ol |\ oo oo {
201 CREATED
14:40:12.595000 H
nlEnMsgt: {
POST /nsmf fon/v1/sm-conlents/insi001013012041631_2rrelease ol /oo "contentId": "Sgnas-sn"
204 NO-CONTENT SR
< >
§ Sciipts ) Message Sequence A EventConfig ), Scipt Flow /
@ _Initialisation Errors @ ErorEvents @ Captured Errors e

5G N11 interface Call Generation at AMF Node

www.gl.com Phone: (301) 670-4784 Fax: (301) 670-9187 Email: info@gl.com


mailto:info@gl.com
https://www.gl.com/images/brochures/maps-5g-n11-brochure-call-generation.jpg
https://www.gl.com/images/brochures/maps-5g-n11-brochure-architecture.jpg

MAPS™ 5G N12 Interface Emulator
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MAPS™ N12 emulates Authentication Server Function (AUSF) within the 5G Core offering services to the Access and
Mobility Management Function (AMF) via the Nausf service-based N12 interfaces. The 5G network represents the
service-based interface, with focus on the AUSF and AMF. Here, AUSF act as producer.

The Network Function AUSF is the entity in the 5GC, which supports the following services via the Nausf service-
based N12 interface:

e Nausf_UEAuthentication (Authentication and Key Agreement)

e Nausf_SoRProtection (Steering of Roaming)

e Nausf_UPUProtection (UE Parameters Update)

e Emulate SMF and AMF elements

MAPS AMF (N12 RELEASETS) - [Call Generation -CallGenDefault] - ] X
[y, Configurations Emulator Reports Editor DebugTools Windows Help - [ &) %
O . & ; 1 P ==
53 BN % | o 0 o 0 s
HR . Al
SrNo | Script Name Profile Call Info Script Execution | Status Events | Result Total lteratio A
Nausf_AMF_UEAuthentication_Request.gls | UEProfile0001 |suci-0-001-01-0-0-0-3012041631 Start Authen\iv:ationSuccessful None |
2 Nausf_aMF_UEAuthentication_Request.gls Start None |Unknnwn 1
3 Nausf_AMF_UEAuthentication_Request.gls Start | None |Unkr\own 1
4 Nausf_AMF_UEAuthentication_Request.gls Start | None |Unknown 1 N
R PSR PP S TR P == i = [T .
< >
1
Add Delete | Insert I Refreshl Start I Start AI|| f | Stop all {Vl |Abovt Alll
Save | Column Width f—— T Show Latest
Find
AMF AUSF =
POST http://192.168.1.28:6666/nausf-auth/vl/ue-auth
POST naustauth/vi 0915:03.8080( ||| content-type : application/json
accept : application/3gppHal+json,
201 CREATED 091503 g250¢ | [*PPLication/problentison
PUT /nausf-auth/v1/ue-authentications/AuthCxt_001013012041631/5g-ak a-confirmatiol {
08:15:03.8290( | v s e ryingNetworkName " : " 5G: nnc001. ncc00L . 3gppnetwork.
200 0K "supiOrSuci”: "suci-0-001-01-0-0-0-3012041631"
09:15:03.8530C ||}
< >
; Scripts }» Message Sequence/< Event Config >\ Script Flow /
@ Initialisation Errors @ Error Events @ Captured Errors @ Link Statu

5G N12 interface Call Generation at AMF Node
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MAPS™ 5G N13 Interface Emulator
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MAPS™ 5G N13 Authentication Server Function (AUSF) within the 5G Core offering services to the User Data
Management (UDM) via the Nausf and Nudm service-based N13 interface respectively. The 5G network represents
the service-based interface, with focus on N13 between AUSF and UDM. Here, UDM acts as producer.

The Network Function AUSF and UDM are the entities in 5GC, which supports the following services via Nudm

service-based N13 interface:

Emulate AUSF and UDM elements

e Supports Nudm_UEAuthentication Services Procedure

Nudm_UEAuthentication Services : Get and ResultConfirmation operations

MAPS AUSF (N13 RELEASE1S ) - [Call Generation -CallGenDefault]

\ﬁ, Configurations Emulator Reports Editor Debug Tools Windows Help

2RI RN

N

O g4 Pn
L 2| 0 @ ©

€

o

8 [aa

HER

Script Name Profile Call Info Script Execution | Status Events | Result Total lterations Completed Iterations A
Nudm_UEAU_AUSF_Control ls| UEProfile0001 | suci-0-001-01-0-0-0-3012041631 | - .thentication Successful L] Fass | 1 |
2 Nudm_UEAU_&USF_Control.gls Start ] None | Unknown 1 0
3 Nudm_UEAU_&USF_Control.gls Start | None | Unknown 1 1)
4 Nudm_UEAU_&USF_Control.gls Start | None | Unknown 1 1)
5 Nudm UEAU AUSF Contiolals Stat | None | Unknown 1 0 ¥
< >
]
Add Delete | Insert I Refreshl Start | Start AII| { | Stop All t'l IAbort AII'
Save | Column Width - f—— T Show Latest
Fi
AUSF UDM [ e
- — POST http://192.168.1.20:6666/mudn-ueau/vl/suci-0-001-01-0-0
POST /nudm-ueau/y1 /suci-0-001-01-0-0-0-3012041631 /security /g th-dat 1519.43.929000 |[|content-type : application/json
accept : application/json,
2000K 151950047000 ||[3PPLication/problentisen
POST /nudm-ueau/v1/imsi-001013012041631/auth-events
151350.168000 ||1n s fTnstanceId" : "33e6043b-2d99-4419-a8£c-0314b £708936" ,
201 CREATED "servingNetworkName": "§G:mnc001l.mcc00l. 3gppnetwork. org”
15:19:50.201000 |||y
< > ||«
; Scripts » Message Sequence/< Event Config )\ Script Flow /

@ |Initialisation Errors

@ Error Events @ Captured Errors @ Link

5G N13 interface Call Generation at AUSF Node
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MAPS™ 5G N17 Interface Emulator
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Interface Emulator

MAPS™ 5G N17 emulate Equipment Identity Register (EIR) within the 5G core offering services to the AMF via the

N5g-eir service based interface. The 5G network represents the service based interfaces, with focus on the EIR and
AMF.

The EIR and AMF support N5g-eir_EquipmentldentityCheck Service. In N17 interface, EIR acts as NF Service Producer
and AMF acts as NF Service Consumer .

e Emulate EIR and AMF network functions

e Supports Equipment Identity services via the N5g-eir service based N17 interface

MAPS AMF (N17 RELEASE15 ) - [Call Generation -CallGenDefault]
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< >
|
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Save | Column Width  ——— }——— T~ Show Latest
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Status: 200
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MAPS™ 5G N20 Interface Emulator
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MAPS™ 5G N20 emulates Short Message Service Function (SMSF) within the 5G core offering services to the AMF via
the Nsmsf service-based N20 interface. The 5G network represents the service-based interfaces, with focus on the

SMSF and AMF.
e Emulate SMSF and AMF network function.
e Supported procedures are -
— Nsmsf_SMService : Activate, Deactivate and UplinkSMS (MOSMS)

- Namf_Communication Service : NIN2MessageTransfer(UE Specific) operations based on N20 interface

MAPS AMF (N20 RELEASE1S) - [Call Generation -CallGenDefault] m} X
\&, Configurations Emulator Reports Editor Debug Tools Windows Help - & x
O 5 A s i ‘ o . ol I
ERHes B PN 7E e e 0
HE| . 8ls
I SrNo l Script Name I Profile [ Call Infa l Script Execution l Status [ Events | Result I Total Ites
™ 1 | Nemsf_AMF_SMService_Activationgls | MSIN3012041631 imsi-001013012041631 Start | SMService Activation Successful Nore (I ]
2 Nsmsf_&MF_SMService_Deactivation.gls MSIN3012041631 imsi-001013012041631 Start ] SMService Deactivation Successful None Pass 1
3 Nsmsf_&MF_Mao_SMS.gls MSIN3012041631 imsi-001013012041631 Start ] SMS Submit Report acknowledged None | Pass 1
< >
]
‘ Add | Delete | Insert | Refreshl Start | Start AII| | | Stop All 'Vl |Abort Alll
Save |  Columnwidth ~——f——— T ShowLatest
AMF SMSF I fod
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accept : application/json,
4 204 NO-CONTENT l 17-06:45.447000 application/problemtjson
{
"accessType": "3GPP_ACCESS",
"amfId": "eebcfS40-ded47-4cbe-3dad-1b500e0caded",
"ratType":"NR",
"supi":"imsi-001013012041631"
}
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MAPS™ 5G N21 emulates Unified Data Management (UDM) within the 5G Core offering services to the Short
Message Service Function (SMSF) via the Nudm service-based N21 interface respectively. The 5G network represents
the service-based interface, with focus on N21 between UDM and SMSF. Here UDM node can act as "NF Producer".

The SMSF and UDM are the entities in 5G Core Network, which supports the following services .

e Nudm_UEContextManagement Service

e Nudm_SubscriberDataManagement Service

e Emulates Short Message Service Function and Unified Data Management (UDM) elements

MAPS SMSF (M21 RELEASE15 ) - [Call Generation -CallGenDefault] - m} X
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Te
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MAPS™ N22 emulate Network Slice Selection Function (NSSF) within the 5G Core offering services to the Access and
Mobility Management Function (AMF) via the Nnssf service-based N22 interface. The above network architecture
represents the servicebased architecture, with focus on N22 between NSSF and AMF. Here, node NSSF can act as

"NF Producer".

The AMF and NSSF are the entities in 5G Core Network (5GC), which supports the following services .

e Nnssf_NSSelection
e Nnssf_NSSAlAvailability
¢ Emulates Short Message Service Function and Unified Data Management (UDM) elements
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3 ansl AMF NSSA\Aval\ablhth'ut F!equest gls UEPrafil=0001 Start | Mone | Unknawn 1 i} A
< >
[ add | Delete ‘ Insert ‘ Rafresh‘ Start | StartAII‘ | | Stop Al M |AhortAl\‘
Save | Columnwidh —— |——— [ ShowLatest
Find
MAPS DUt | -
S Qo e e ey y mer e e v T GET h:r.p //192.168.1.20:€666/nnssf-nsselection/v2/network-slice—information?
200 0k £67950d-b355-4a95-2425-5bele9331240snE-type=ANE dNssai=
4 17-1817.021000 735 5i-4a3f-a Shele sni-type srequestedissai={

"sst":l
}sslice-info-request—for-registration={
"subscribedNssai”: [
*defaultIndication™:true,
"subscribedSnssai™: {
sd":mol”,

"sst":l

1

H

1

accept : application/jsonm,

application/problemtison

; Scripts 3, Message Seq.lencex Event Corfig >\ Script Flow

@ Initialisation Errors

@ Error Events

@ Captured Errors

@ Link Status Up=01

5G N21 interface Call Generation at SMSF Node

www.gl.com

Phone: (301) 670-4784 Fax: (301) 670-9187 Email: info@gl.com


mailto:info@gl.com
https://www.gl.com/images/brochures/maps-5g-n22-interface-brochure-architecture.jpg
https://www.gl.com/images/brochures/maps-5g-n22-interface-brochure-call-generation.jpg

MAPS™ 5G N29 Interface Emulator

Real gNB NSSF ‘ AUSF N13 ubm ‘
|
N21
r N22  Ni12 N8
\'/ —— SMSF -
N20 '
- —T] SMF
NIN2— AMF o)
— | N29
N17 NEF
| N4
EIR |
-------------------- e L i B
MAPS™ 5G N29 5G Core Network
Interface Emulator

MAPS™ 5G N29 Interface emulate Network Exposure Function (NEF) within the 5G Core offering services to the
Session Management Function (SMF) via the Nsmf service-based N29 interface. The above network architecture

represents the servicebased architecture, with focus on N29 between NEF and SMF. Here, node NEF can act as "NF
Producer".

The NEF and SMF are the entities in 5G Core Network (5GC), which supports the following services
o UE Subscription for notification for one time event detection
- PDU session release Event
- QFl allocation Event

- UE IP address/prefix change Event

MAPS NEF (M29 RELEASETS ) - [Call Generation -CallGenDefault]
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15:18:53.630000 ||| *evenc™: "PDU_SES_EST"
1.
"gpsi”:msisdn-3012041€31",
"notifId":"pdu_statusTd-3012041631-6",
*notifMethod”: "ONE_TIME",
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MAPS™ 5G N51 emulate Network Exposure Function (NEF) within the 5G Core offering services to the Access and
Mobility Management Function (AMF) via the Namf service-based N51 interface. The above network architecture
represents the servicebased architecture, with focus on N51 between NEF and AMF. Here, node NEF can act as "NF
Producer".
The NEF and AMF are the entities in 5G Core Network (5GC), which supports the following services
o UE Subscription for notification for one time event detection

- Registration State Change Event

- Connection State Change Event

- Location Report Event

- Presence In Area of Interest Event
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4 NEF_EventExp_Controlgls Start None | Unknown 1 0
5 NEF_EventExp_Controlgls Start None | Unknown 1 0
6  NEF_EventEsp_Controlgls Start None | Unknown 1 0
7 NEF_EventExp_Controlgls Start None | Unknown 1 0
8 NEF_EventExp_Controlgls Start None | Unknown 1 0 v
< >
Delete | Insert | Refresh | start | startal [7| stopai v | Abort |
Save |  ColumnWidth —— T ShowLatest
NEF AMF Find
— T hoop://192.168.1.31: 6665/ namE-eves/vl/ subscriprions
POST Jnamt-evis/v1/subscriptions [N (o.cerc—cvpe : applicacio
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JG Gore Network Monitoring & Diagnosis
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5G Network Call Capture

GL's PacketScan™ - an All-IP Network Monitoring software offers powerful features to capture and monitor live

signaling and traffic over IP. PacketScan™ with Voice, Data, and Video QoS capability addresses customers long felt

need of call quality analysis in IP networks.

e Capable of capture, decode and perform various test measurements between any two nodes across various

interfaces of the 5G network

e Support for wide-range of codecs, including AMR and AMR WB — visit Voice Codec webpage for more details.

e Supports QoS parameters such as E-model (G.107) based MOS/R-Factor scores, Media Delivery Index (Delay
Factor: Media Loss Rate) for video calls, Jitter, Delay, and Gap for Audio and Video traffic

e Segregates, captures, and collects statistics on VolP and Wireless calls

e Live monitoring of traffic statistics - digits, tones, voice, video, and T.38 fax over IPv4 and IPv6 (version 4 and

version 6) networks

e Monitors QoS (quality of service) on voice and video calls

e Supports both real-time and offline analysis

e Trace files for analysis can be loaded through simple command-line arguments

e Decode and analyze N1N2 and N4 protocol stack

e Test gNodeB or UE over N1, N2, N4, N8, N10, N11, N12, N13, N17, N20, and N21 interfaces of 5G network
e The protocols supported for decoding across all these interfaces are NAS, NGAP, GTP-U, SCTP, UDP, TCP, and IP

High-Density Packet Monitoring Tool (PacketScan™ HD): PacketScan™ HD is an high density multi-protocol VolP

monitoring, reporting and diagnostic network monitoring appliance. It can capture and process high volumes of
communication protocols over IP and Wireless at 1GigE (PKV120) and 10GigE (PKV122) data rates. Visit PacketScan™

for Wireless Networks webpage for more details.
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NetSurveyorWeb™ - Centralized System

GL's NetSurveyorWeb™ (PKV170) is a centralized web-based client that facilitates display of call data records and call
summary using a web interface based on a scalable and flexible architecture. It is used in conjunction with GL's LTE
Protocol Analyzer and IMS Protocol Analyzer probes to non-intrusively monitor the entire network from a central
remote testing location.

GL's 5G Protocol Analyzers have unlimited ability to capture, decode, and measure KPlIs. The analyzers support
decoding of all 5G protocols. GL's 5G protocol analysis probes feed data to centralized database (Oracle) in real-time
for further analysis. The probes provide instant visibility into the performance with extensive KPls, and also the
operation of nodes in 5G networks.

For more information, refer to NetSurveyorWeb™ - Centralized System webpage.

NetSurveyorWeb™ Lite - Distributed Probe Level System

NetSurveyorWeb™ Lite (PKV169) is an integrated and a cost-effective monitoring system that works at the probe-
level as an addon tool with all real-time Protocol Analyzers. It is a web-based client that allows to view historical and
real-time call data records. It enhances the capabilities of protocol analyzer to process large volumes of calls, filter
for specific calls, build custom statistics and KPls, automation and graphical features to analyze the call detail records
(CDRs).

For more information on Lite version, refer to NetSurveyorWeb™ Lite System webpage.
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Using GL's VQuad™ with the Dual UTA HD, or all-in-one VQuad™ Probe HD, along with centralized analytical tools,
voice as well as data quality can be tested simultaneously on a wireless or wired network.

Since the GL's VQuad™ solution is network independent, all Voice and Data networks are supported including 3G,

WiMax, 4G LTE, Advanced LTE and the 5G.

GL’s VQuad™ NetTest solution provides automated data testing on Mobile Devices (Android and Apple) as well as PC
based internet connections. The Data Testing includes TCP, UDP, HTTP, FTP, DNS, VolP, SMS, and Email tests.

GL’s Voice Quality Testing (VQT) supports automated voice quality between any two nodes within the network using
latest ITU based algorithms including Perceptual Objective Listening Quality - POLQA (ITU-P.863) and PESQ (ITU-
P.862). The POLQA algorithm is specifically used for testing Wideband voice networks.

Visit Complete Voice and Data Quality webpage for more details.

5G Network Voice, & Data Quality Testing

VQuad™ Probe HD

Supports NB, WB
GPS

Dual UTA HD unit

www.gl.com

VQuad™ Probe HD is a self-contained unit used to objectively evaluate
Signal Strength, Voice, & Data Quality on Cellular networks (5G, 4G
VoLTE, 3G, 2G), Land Mobile Radios, and Wired networks.

It includes VQuad™ software, Dual Universal Telephone Adapter (Dual
UTA HD), and NUC in a portable platform. VQuad™ Probe HD can connect
to practically any end-point, wired or wireless devices, independent of
underlying network type.

Various associated analytical applications (Voice Quality, Data tests, Echo
and Delay tests, Fax tests, Voice Band Analysis) work with the base
VQuad™ software to provide "end-to-end assessment" of the network
performance.

GL’s Voice Quality Testing (VQT) supports automated voice quality
between using - POLQA (ITU-P.863) and PESQ (ITU-P.862). The POLQA
algorithm is specifically used for testing Wideband 5G networks.

GL’s VQuad™ NetTest solution supports egress/ingress Data analysis
along with Voice Quality Testing and GPS.
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