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5G Network Diagram
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MAPS™ 5G N51 Interface
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Main Features

Emulate Network Exposure Function (NEF) and Access and Mobility Management Function (AMF) elements
Supports Namf_EventExposure Service (Registration State, Connection State, Location Report, Presence
Update operations)

Services use REST APIs based on HTTP and JSON data format

Supports Command Line Interface (CLI) through a client-server model, enabling users to control all features via
Python APIs

Supports TLS and TCP transports

Supports scripted call generation and automated call reception

Supports customization of call flow and message templates using Script and Message Editor

Ready-to-use scripts for quick testing

Provides Call Statistics and Events Status



Protocol Stack
1SN

N51 Interface

HTTP/2 N51 Interface (NEF-AMF) TS29.518 (Release 17)
TCP TLS JavaScript Object Notation (JSON) IETF RFC 8259
HTTP/2
IP (Hypertext Transfer Protocol) [ETF RFC 7540

Ethernet TCP/TLS IETF RFC 793

IETF RFC 791 [5]
REST IPv4
IETF RFC 2460 [6]
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User Cases

« MAPS™ can emulate any one node (NEF / AMF) or both nodes
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Testbed Setup

@ Configurations  Emulater Reports  Editor

Debug Tools

MAPS NEF (N31 RELEASETY) - [Testbed Setup -TestBedDefault]

Windows Help
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HE

H=] MEF
L= NEF1
MEF IP Address
MEF Server Port
URI Scheme
MEF Client Mame
AMF
L= AMF1
AMEF P Address
F AMF Server Port
AMF EventExposure APl Version
L=l UE Simulation Parameters
Type Of UE Simulation

End User Configuration

Auto Generated Users Info
Mo Of Users To Be Simulated
Starting IMSI
MSIN
Auto Generated End User Configuration

Config Value I3

1

192.168.12.170
6666

HTTP
NEFClient1

1

192.168.12.198
6666

vl

Profiles
MEF_Profilesacml

4000
001013012041631
3012041631

AutoGeneratedUser_Profilesxcml

[# Configurations

Ernulater

Reports

Editor

MAPS AMF (N51 RELEASETT) - [Testbed Setup -TestBedDefault]

Debug Tocls  Windows

Help
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HE

Config

B AMF Configuration
H=l AMF
L=l AMF 1
AMEF IP Address
AMF Server Port
URI Scheme

MEF
L MEF 1
t NEF IP Address
MNEF Server Port
U=l UE Simulation Parameters
Type Of UE Simulation
End User Configuration
Auto Generated Users Info

AMF EventExposure AP| Version

Yalue

192.168.12.198
BBE6

HTTP

wl

1

192.168.12.170
6666

Profiles
AMF_Profiles.cml

¥ Enable

Start | Edit |

Initialisation Errors

| 2
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Profile Editor (NE

MAPS NEF (N531 RELEASE1T) - [Profile Editor -NEF_Profiles] - O X
[ Configurations  Emulator  Reports  Editor Debug Tocls  Windows  Help - 8 X
P = [ n o
LS RILE ] IEXS RIS '&|@|\-"

HR . 9
# | Profiles (Edit-F2] Config |Va|ue [V Enable
1 UEProfile0001 =) UEProfileD001
2 UEProfilennoz =l UE Identity
SUPI 001013012041631
3 UeProfile00n3 IMEI 359877068325243
4 UEProfilenoo4 PEI 1234367890123001
5 UEProfie0ns MSIN 3012041631
NEF Client Name MNEFClient1
& UEProfi0006 L Subscription Keyd SUPI Only
7 UEProfilenoo7 H= AMF Parameters
8 UEProfile0nos = AMF Notify Request Events 1
L amr Motify Request Events 1 REGISTRATIOM STATE ...
9 UEProfile0oog .
Immediate Report Flag False
10 UEProfile0010 AMF Event Trigger Type OMNE TIME
11 UEProfilenoll =| Arera List
13 UEProfienniz Location Filter List TAl
rone Presence State UNKNOWN
13 UEProfiled013 NR Cell Id 000000001
14 UEProfiledn14 TAC 001
=] PLMMN Id
15 UEProfile0015
|: MCC o001
16 UEProfile00i1s MNC o1
17 UEProfiledo17 U=l EventExposure Service Parameters
18 UEProfle00is EventExposure Service Request Subscribe Event Notify
Motify URI Type Local
19 UEProfil=0013 External NEF IP Address 192.168.12.170
20 UEProfile00zo External NEF Server Port L Add I — ==

Insert

21 UEProfile0021

Delete

Clear

@ |Initialisation Errors

Properties |

| @ Error Events




Profile Editor (AMF)

[®" Configurations

Emulator

Reports  Editor

MAPS AMF (M31 RELEASE1T) - [Profile Editor -AMF_Profiles]

Debug Tools  Windows  Help

- &8 X

o

B & %

¢ & s &

5 2

HR .

| # | Profiles (EditF2)

1

2

3

4

5

&

7

8

9

n

Insert

AMFProfie0001
AMFProfile0002
AMFProfie0003
AMFProfie0004
AMFProfile0005
AMFProfile0006
AMFProfile0D07
AMFProfile000s

AMFProfilen0os

AMFProfil=nnin

Delete

Clear

B AMFProfiled0D]

=] UE Identity

SUPI

IMEI

PEI

MR Cellld

TALC

Default Registration State

Default Connection State

Default UE Presence State in Metwork
Event Motify Trigger Timer in msec
Default Event Motify Pericd in msec

Value

0001302041631
359877063325248
1234567290123001
000000001

om
DEREGISTERED
IDLE

INACTIVE

5000

30000

@ Initialisation Errors

¥ Enable

Add | Insert

Delete

Properties |

| @ Error Events

| @ Captured Errc 2
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Global Profile

MAPS MEF (M31 RELEASENT) - [Global Configuration -Globalprofile] — O >
ﬂ,’k Configurations  Emulator  Reports  Editor  Debug Tools  Windows  Help - || =

e vPpl s H:G|E L 00

Sl 9

Config Value [v Enable

B Global Configuration

=l General Timers

— Response Wait Timer in msec 65000
— Retransmission Count 0

—  5DM Auto Unsubscribe Data Change Motification Disable
—  Unsubscribe Data Change Motification Timer in rmsec 10000
—  Subscription For All UE Disable
—  5hi Connection Menitor Timer in sec 5

apply | Edit |

@ Initialisation Errors | @ Error Ever

OGL

Communications



OGL

Communications

all Generation

|§-, Configurations  Ernulator  Reports  Editor  Debug Tools  Windows  Help - 8 x

MAPS NEF (M51 RELEASEAT) - [Call Generation -CallGenDefault] — O >

o

LY LY LS

o @ 6

Bos s@uv

EACKE=)

HR . LAl

| 5N

o | Script Marne | Prafile | Call Info | Script Execution | Status | Events | Result | Total lterations | Completed Iterations

MEF_EventExp Control.als | UEProfie0n0t 00107 ! Stat | Nane |

>

Add Delete | Insert | ReFreshl Start I Start Alll Stop I'l Stop Al Ivl Abort |Ab0rt Alll

L4

Save |  Columnwidth ————— [ Show Latest

NEF AMF Find

POST http: / /122 _168.12.1958: 6666 /nanf-evts/v1/subscriptions
content-type : application/json
accept : application/problenmtison

201 CREATED

12:10:42. 253000 i

BPST /namf-evtedv]subscrptions/notifyid-301 2041631 famf_report_eve. .. "subscription": {
12:10:47 787000 “eventList®: [{

204 "immediateFlag": false,
| ’ 12:10:47 782000 "type":"REGISTRATION STATE_REPORT"
.
"eventNotifyUri": "httop: /(FLI2.168.12.170:6666,/nanf-evts,/vl/subscriptions /motifyic
"nfld": "4b741EZbE-TE0a-41b&-at73-edocEbaac8E04",
"notifyCorrelationId": "notifvyid-301Z0416321",
"options":{
"trigger":"ONE_TIME"
T,
"supi":"imsi-0010Ll301Z041631"
}
}

Scripts :}\Message Sequent:E/( Event Canfig >\ Script Flow /

@ Initialisation Errors | @ Error Bwvents | @ Captured Errors | @ Link Status Up=0T /|
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all Recep

tion

MAPS AMF (51 RELEASETT) - [Call Reception] - O x
4 Configurations Emulatar  Reports  Editar  Debug Tools  Windows  Help - 8 x
- = ) : | S S 1] 'y
QEF HLes s BN v & m@mi’a‘@‘u
SrMo | Soript Mame | Prafile | Call Info | Script Execution | Status | Events | Results

1 AMF_HTTPZ2_Connection_Manitor.gls AMF Server Clients : — Connect Server | Unknown

Mamf_E ventExp_Contr

i 11 1631
3 Marmf_EventExp_Control.gls

imz-007107301 2041631

Completed |
Completed |

Maone

ul Sub | nt
Mamf EE Motify Response Received Mone |

Pass

Stop I Stop Al | Abort I Abort Al | v Show Records [ Select Active Call [ auto Trash Trash |

Save | Colmn'width ——F——— [ Show Latest

MNEF AMF

Find

Status:

tpath :

sauthor
content

content

{

12:10:42.243000 sscheme

accept

1

tmethod - POST

Ffnamf-evts/vl/subscriptions
http

ity @ 192.168.1Z.128:6666
—type : application/json
application/problentjson
—length - 361

"subscription":{

"eventList": [{

"immediateFlag": false,
"type":"REGISTRATION S=TATE REPOLRT"
.

"nfld":"4b741ZhE-760a-41lkhE-a673-edobbaat 204",
"notifyCorrelationId": "notifyid-3012041631",
"options":{

"crigger":

te

"OME_TIME"

<

> £

"eventNotifyUri": "http: F /192 168 12 _170: 6666 manf-evts /vl fsubscriptic

Scripts 3, Message Sequence,( Ewent Config >\ Script Flaw /

Initialisation Errors

| @ Error Bvents

| @ Captured Errors

| @ 4
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MAPS™ 5G N51 Interface Procedures

« Namf_EventExposure Services

» Event Notification Subscription Procedure

> Unsubscribe Event Notification Procedure

» Event Notification Procedure — includes the below event types:

OGL

Communications

Registration State Change Event
Connection State Change Event
Location Report Event

Presence In Area of Interest Event

13



MAPS™ 5G N51 Interface Procedures

Event Notification Subscription Procedure

- 5GC Network '

1. POST../subscriptions (AmfCreateEventSubscription) ———

Cmmm———— 2a. 201 Created (AmfCreatedEventSubscription
(with optional event report))

Cmmmm 2b. 4xx/5xx (ProblemDetails) or 3xx =~ =============

OGL
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MAPS™ 5G N51 Interface Procedures (Contd.)

Unsubscribe Event Notification Procedure

- 5GC Network ’

— 1. DELETE../subscriptions/{subscriptionid}) _—

O S 2a.204 No Content ~  s===m———————————

Emmmmm 2b. 4xx/5xx (ProblemDetails) or 3xx ~ =============




MAPS™ 5G N51 Interface Procedures (Contd.)

Event Notification Procedure

5GC Network ’

1. POST {eventNotificationUrl}{AmfEventNotification) — ——

G ——————————— 2a.204 No Content = reeccccccccccaaa

Cmmmmmm 2b. 4xx/5xx (ProblemDetails) ~  =========—==-




MAPS™ 5G N51 Interface Procedures (Contd.)

Registration State Change Event

- 5GC Network '

POST /namf-evts/v1/subscriptions
>
201 Created
) POST /namf-evts/v1/subscriptions/notifyid-imsi/amf_report_event_notify
204
>

OGL

Communications
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MAPS™ API Architecture

MAPS™
7 Server 1

s MAPS™

MAPSTM Server 2
S yinon B _— Network
Client Under Test
S =i MAPS™ L /

Server 3

N4

MAPS™
Server n

* API wraps our proprietary scripting language in standard languages familiar to the user:
> Python
* Clients and Servers support a “Many-to-Many” relationship, making it very easy for users to develop complex
test cases involving multiple signaling protocols

18
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Python Client and MAPS™ CLI Server

|.& Pythaon 3,7.5 Shell - m] ®
Eile Edit Shell

F FEP T
{"subscription’:{"eventList": [{"immediateFlag™:false, "type": "REGISTRATION STATE
REPCRT"}:], "eventMNotifyUri™: "http:// 192,168, 12.170: 6666/ nawf -eves/v1/subscription
s/notifyid-301204163 1/'amf_repnrt_even:_nﬂt1fy", "nfld": "957c9hb2-87hd-4of6-5494-8
77298521154, "notifyCorrelationId": "nocifyid-3012041631", "options™: { "criggec™: "0
NE_TIME"™}, "supi™:"iwmsi-001013012041631"}, "subscriptionld™: "subid-notifyid-301204
16317}

Message decode...

Debug  Options  Window  Help
—

ZuL

14:32:268.963 <= FOST /namf-evts/vl/subscriptions/notifyi
d-301z04163 lfamf_report._event,_nat,ify
14:32:26.963 <= POST /nawf-evts/vl/subscriptions/notifyid-3012041631/ st

_report_ewvent notify
Status: 1

tmethad POST

ipath : /namf-evts/vl/subscriptions/notifyid-3012041631/amf report_event_notify

:schewe http

rquthoricy 192.1658.12.170: 6666 Chi kdapsCLIMEF (M51 RELEASETT )
content-type : ap?llcat1on.fjson 59 File Edit View

accept @ application/ json,

application/problem+ison (= >

content-length 340

W' view Latest Cammand

1 2024-1-23 14132
2024-1-23 14
2024-1-23 14
1 2024-1-23 143

i
ffnotifyCorrelacionId™: "notifvid-3012041631",
MreportList™:[{

"rmInfolist™: [{

fMrsisdn-30120416317,
'imeisv-1234567890123001",

MaccessType™: "3IGPP_ACCESS™,
"rmState™: "DEREGISTERED"

1.

"subscriptionId®:"subid-notifyid-3012041631",

faupif:Mimsi-001013012041631",

"timeltamp": "2024-01-23T14:32:26+05:30",

"type":"REGISTRATION STATE_REFORT"

¥

i

Message decode.. .
14:32:25.964
14:32:28.964 =

-

POST — /namf-evts/vl/subscriptions

1 2024-1-23 1425
2024-1-23 14
2024-1-23 14
2024-1-23 14
2024-1-23 14
2024-1-23 14
1 2024-1-23 1425

1
1
1
1
1
1
1
1
1
1
1
1
1
.

i3 2024-1-23 14:32:23,228000 ;
0.003000 :
0.109000 :
0229000 @
0.334000 ¢
0,544000 :
0,654000 ;
0.877000 :
11 2024-1-23 14:32:30,952000 :
erverLog:errCode = 0,errString = connection has been gracefully closed for ClientId =1

+ Start "TestBedDefault.ml” # *_NEF[0].AMF[0]. AMFIPAddress"="192.168.12.198"," _TypeOFLUESimulation’
: LoadProfile "MEF _Profiles. xml"

+ StartScript 1 "NEF_EventExp_Control.gls” "UEProfile0001" 1 # "IMSI"=({ binarystring J001013012041631,"EventType"="REGISTRATION _STATE_REPORT","amfEventTrigger:
1 UserEvent 1 "Request_Mamf_EE_Subscribe”;

"R
UserEvent 1 "GetCallStatus";

UserEvent 1 "GetMessagelnfo"# "Index"=3;
StopScript 1;
Skop TestBedSetup;

ML, _DefaultProfile"="MNEF _Prafiles. xml";

MUM [SCRL

FOST - /namf-evts/vl/subscriptions

{"subscription”: {"eventlList": [{"imwediateFlag":false, "type”: "REGIZTRATION _STATE_
REPORT"}], "eventNotifylUri™: "http://192.168.12.170: 6666/ nanf-evts/vl/subscription
s/nocifyid-301204163 1/‘amffreport,ﬁeven:inat,1fy", "HEIAMT: "95TcoObhZ-8Thd-40L6-5494-5
T7e9952115d", "notifyCorrelationId" : "notifyid-3012041631", "options": {"trigger™: "0
ME_TIME"},"supi™:"imsi-0010130120416317}}

Stopping Zcript... True

Stopping N51 TestBed... Stop TestBed = Stoped

True

N51 Server Disconnecting... True

FEE v

Ln: 64 Col: 41

19
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Thank you
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