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LCS Architecture

LCS - Location Services

SMLC - Serving Mobile Location Center
LMU - Location Measurement Unit
GMLC - Gateway Mobile Location Center
HLR — Home Location Register

MSC - Mobile Serving Center

SGSN - Serving GPRS Support Node

SAS - Stand Alone SMLC

SGSN E-SMLC - Enhanced - Serving Mobile Location Center
Lg HLR
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GUL’s LCS Test Suite

E-SMLC (MAPS™ Emulator)
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(Location Service)




Main Features

« Useful tool to emulate Location services procedures over SLs interface

« Emulator can be configured as MME, E-SMLC nodes and study the call flow and exchange
of signaling messages between any of these nodes

« User-friendly GUI for generating hundreds of UE signaling (Load Testing) over SCTP
transport

* Ready scripts for LCS-AP procedures —
»  Location Service Request
»  Location Information Exchange
= Connection Oriented Information Transfer
= Connectionless Information Transfer
»  Location Abort procedure
»  Reset procedure
* Provides protocol trace with full message decoding of the LCS-AP messages
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Protocol Stack and Standards

LPP/
Supported ...
LPPa
Wliv/ Protocols Standard / Specification Used
NAS
LCS-AP [----------f-mmmmmoo LCS-AP
S1-AP LPP 3GPP TS 36.355- Release 14
SCTP SCTP |1 SCTP Location Services
Application Part 3GPP TS 29.112)V14.0.0 (2016-
IP P e P (LCS-AP)
SCTP RFC 4960

SLs
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Call Emulation Procedures

Location Service Request Procedure Connectionless Information Transfer

MME E-SMLC Endpoint A Endpoint B

LOCATION REQUEST CONNECTIONLESS INFORMATION

Successful
operation

LOCATION RESPONSE CONNECTIONLESS INFORMATION

Connection Oriented Information Transfer

] Endpoint A Endpoint B
Location Abort

CONNECTION ORIENTED INFORMATION Reset Procedure

MME E-SMLC
MME E-SMLC

LOCATION ABORT REQUEST
RESET REQUEST

Normal

operation LOCATION RESPONSE oo RESET ACKNOWLEDGE
operation
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Testbed Configuration

L

ﬁ' Configurations  Emulator Reports  Editer Debug Tools  Windows Help !En
LAY ENT I EXS PN

Config Value
=] MMEConfiguration MMEIPAddress
L5 MME 1 Fnter IP Address
L2 MME! : 192 .168 . 1 . 26
| | MMEIP Address
H=1 PLMM Id
Mobile Country Code 404
Mobile Metwork Code 10
Macro eMEId 00M
Cell Id 1
U=] Connected E SMLCs
L=l esmic 1
L5 EsmLc

E SMLC IP Address 192.168.1.26
E SMLC Port 6082
ESMLC Id

MME Port 9033
MME SCTP Mode Client
End User Configuration UE_Profiles.xml

Start || Edit |

@ Initialisation Errors
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Profile Configuration

ﬂ Configurations  Emulator  Reports  Editor  Debug Tools  Windows  Help - |[&] =

FrEEYXYYI XY FTYEEN

HB .

% Profies [EditF2) ~ | Config [value B
1 UEProfile0001 (= UEProfiled100 IMEL
2 UEProfisD0z =] Mobile Identity Parameters Fnter (2=
3 UEPiofle0003 = B
4 UEProfile0004 H=) Current Location
5 UEPIcfie0005 [ Mcc 3
F MNC 420
B UEPofile0008 L cend 1 _
7 UEPofile0nn? L ESMLCld 1 .
& UEProfie000s [=] LCS Parameters
o UEPufienns dinates Input Method
ore GILEN V File Name ordinates.csv
10 UEProfile0010 B Lo n Ectimate Parameters
11 UEPiofile0nt1 ~ Typeof Shape Point with Uncertainty Cirlce
12 UEProfis0n2  Degrees of Latitude 56.00
ore | Degrees of Longitude 25.00
13 UEPicfile013 Uncertainty Semi Major in meters 530
14 UEProfleD4 | Uncertainty Semi Minor in meters 10.90
15 UEProfisnnis Orientation of Major Axis 80
 Confidence 4
16 UEProfile0016 | Altitude in meters 3600
17 UEProfile0017  Direction Of Altitude Altitude Expresses Height
S — |- Uncertainty Altitude in meters 240
InnerRadius 64
19 UEPiofilsl013 I Uncertainty Radius 15
20 UEPofiz0oz0 - Offset Angle 12
 Included Angle &
21 UEPiofis0021 L=] Polygon Shape Parameters
22 UEPiofiled0z2 = L3 Polyogn 5
23 UEPiofile0n2) [& Polyogn )
Degrees of Latitude 40.00
24 UEPiofile024 Degrees of Lengitude 30.00
25 UEProfile0025 H=l Polyogn2
36 UEProfilennze Degrees of Latitude 25.00
Degrees of Langitude 22,00
27 UEPofiled0z? F= Polyogn 3
28 UEPicfilednzs I: Degrees of Latitude 32.00
23 UEPiofie0023 Degrees of Longitude -123.00
] H=l Polyogn4
30 UEPiofie0n30 I: Degrees of Latitude 51.00
31 UEPmwfie003 Degrees of Longitude 53.00
32 UEPiefieni2 == Polyogn 5 B
Degrees of Latitude 70.00
33 UEProfieliz3 Degrees of Longitude 23.00
34 UEProfile0034 |{=: Positioning Data Parameters
35 UEProfislnis Usage Successful
S Positioning Method Timing Advance
o L Request Error response for Connection Info Yes
37 UEProfil00s? N - Accuracy Fulfilment Indicator Requested Accuracy Fulfilled
- Payload Type for Connection Oriented Message  LPP
It H Delete ” Clear v

@ Initialisation Errars ‘ @ Error Events | @ Captured Errors | @ Link Status Up=0
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Incoming Call Handler Configuration

HERE

Meszzage Mame Scrpt Mame Sriptz

Location Bequest Location_FPequest E-SMLC.gls ConnectionLesslnformation_E-... (@) Sequence
Feszet Request Reset_E-SMLC.gls
Location Abort Bequest Locationdbart_E-SkMLC. gls () Random
Connectionless |nformation ConnectionLeszslnformation_E-SMLC. gls

[ ]

| Up |

D_u:uwn
| Add | Delete |
Add Delete Clear Scripts
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Loading Scripts
and
Profiles

Message Sequence

GL

Communications

. Configurations Erulator Reports  Editor Debug Tools

Call Generation

Windows Help

Active Calls

Call Status Call Events

FEETSA AL LR TR

0

HR . (W] [al

/
/

SrNo  Script Mame Profile Call Info Eveﬂi
Location_Request_MME.gls 0x0311480012041631 ssful Location Response Received None
2 Location_Request_MME gls UEProfile0002 0x0311480012041632 . Stp | SLs Location Request Initisted Send_SLs_ConnectionDriented_M... Unknown 1 0 =
3 Location_Request_MME.gls UEProfile0003 Start MNone Unknown 1 1]
4 Location_Request_MME gls UEProfile0004 Start Maone Urknown 1 0
5 Location_Request_MME.gls UEProfile000S Start MNone Unknown 1 i] v
add | | Delete || Insert | Refresh | | Start | |Startall | ciop | Stopal | | Abort | |abortal
Save ] Column'width —}=———— [¥] Show Latest
Fi
MME E-SMLC d
s=zsszsz=s== LCSAP Layer ss=s=zss=s=== = A |-
LCSAP-PDU = CHOICE
son Oriented Inf . Extensibility Marker =0 -
Connection Oriented Information e Choice Index =0 -
255:13:831000 ProcedureCode = INTEGER
Location Response Contents = 0 id-Location-Service-Reques
e Criticality = ENUMERATOR
Contents =0 rejectil)
Value = Open Type
Length = &7
Extensibilicy Marker =0
Preamble =0
ProtocolIE-Container = SEQUENCE OF
Iteration Count =3
ProtocolIlE-Container = Instance 0
ProtocolIE-ID = INTEGER
Contents = Z id-Correlation-ID
Criticality = ENUHMERATOR
Contents = 0 reject(0)
Value = Open Type
Length = 4 v
< T = _ nrmme senras s
< m > L
\ Scripts )\Musage Sequancex Ewvent Config )\ Script Flow /
@ |Initialisation Errors @ Error Events @ Captured Errors ® Link Status Up=1 Down=0 | .

Decode Message



Message Sequence
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#  Configurations

Emulator Reports  Editor Debug Tools

Call Reception

Windows Help

Q5% OB% J& §ale

£ 2 9

£

No Script Name Profile Call Info Script Execution  Status Ewents Results
gls UEProfile0001 0x031148001 2041631 Completed | Successful Location Responge ¢ None |
2 Location_Request_E-SMLC. gls UEProfile0002 0:0311480012041632 Completed | Successful Location Response sent None | Pass
3 Location_Request_E-SMLC. gls UEPofile0003 0:0311480012041633 S Send_SLs_ConnectionOriented_Message | U

| Stop |[ Stap All ] " Abort |[Abortul| [¥]Show Recards [ |Select Active Call [ ] Auto Trash

' Trash

Column'Width —{}———— (] Show Latest

Connection Oriented Information

E-SMLC

Location Response

:

<

Find

LCEAP-PDU
Extensibility Marker
Choice Index
ProcedureCode
Contents
Criticalicy
Contents
Value
Length
Extensibility Marker
Preaumble
ProtocolIlE-Container
Iteration Count
Proatacral TR=CAantainesy

mmmmsszamz== LCSAP Layer ====zamsm=a=

CHOICE

o

[}

INTEGER

0 id-Location-Service-Requ
ENUMERATOR
0 rejectid)
Open Type
&7

o

a

SEQUENCE OF
2

Trisrancs 1

; Scripts }Hessage Sequence /{ Event Config >\ Script Flow /

@ Initialisation Errors

@ Error Events

| @ Captured Errors

Call Results

ecode Message
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Load Generation

« Stability/Stress and Performance testing using Load

Generation

 Different types of Load patterns to distribute load
« User can load multiple patterns for selected script

« User configurable Test Duration, CPS, Maximum and
Minimum Call Rate etc.

MAPS (Message Automation Protocol Simulation) MME (LTE SLs 3GP..,

: Uniform
Fixed Ramp
Fixed Ramp Uniform
L s A A I Sttty 7| Max Call Rate

L~ I SRR o

o ] /

S so ol e #

= ]

Iy (9] 2

. ] Call s 0
Time (sec) Ramp Duration Time (sec) Min Call Rate i Max Call Rate
Normal Saw-tooth Step
Normal Sawtooth §0---=-=n-mmmemene 1 Max Call Rate
% %
&
= . Mac Call Rate % Yo B I
== N
= N\ 0 Step
- / griovgrs
) 3 4 all Rat ‘
r all R 80 = - S
Min Call Rate ™ P prax Call Rate Ramp Duration Time (sec) Time Step Time (sec)

OGL
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% Confiqurations  Eraulator  Reports  Editor  Debug Tools  Windows  Help - &
P =1 : j @ & LS S C
QERHs>D VPR ¥ 56 6 = \
H R
Total Calls To Generate | * (* indicates no limit)
Max Ackive Calls |0 [ Jurique Distributions Per Script
Multi Distributions
Distributions Descripkion Add
Unifarm MinCR=40 , MaxCR=E80, Duration=10 Remove
Fixed Call Rate=200 , Duration=10
Marmal MinCR=40 , MaxZR=80, Duration=10 Remave all
Edit
Sripks Profile [ ] Exclusive Profiles
Scripks Prafile
Location_Request_MME LEProfile0001
UEProfile000z
UEProfile0003
LEProfile0004
LEProfile0005
LEProfile0006
LEProfile0007
UEProfile0003
LEProfilz0009
LEProfile0010
Add Delete Add Delete
[] stap Time Start Time - 00:00:00,000
| | A |
D H Minuk
e L ours |0 inutes |0 End Time - 00:00:00,000 ot
@ Initialisation Errars @ Errar B
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Bulk Call Generation

Fi Configurations  Emulator Reports  Editor  Debug Tools  MWindows Help !EH

Q5 EBsd VPR FE 86 =L O
D =HB . 8 [sa)

SrMo  Script Mame Profile Call Info Script Execution Status Events E.. Result Total lterations  Completed Iterations
1 Location_Request_MME . gls LIEProfile0om Skart Maone Ik nown 10 0
2 Location_Request_MME gls LEProfile0o0z Start Mone |dnknown 10 0
3 Location_Request_MME . gls LIEProfile0on3 Skart Maone Ik nown 10 0
4 Location_Request MME . gls LIEProfile0ond Start Morne Inkrown 10 0
5 Location_Request_MME . gls UEProfile0005 Start Mone Unknowr 10 0
[ Location_Request_MME . gls LIEProfile00nes Skart Maone Ik nown 10 0
7 Location_Request_MME gls LEProfile0o07 Start Mone |dnknown 10 0
2 Location_Request_MME . glz LIEProfile0ong Skart Maone Ik nown 10 0
9 Location_Request MME . gls LIEProfile0ons Start Morne Inkrown 10 0
10 | Location Request MMEgs | UEPoiientio | ... I BETEE 1 1 | o5
€ m >
| Add | | Delete || Inserk | |Refresh | | Skark | |Start all | | Stop || Stop Al | | Abork ||P.b0rt .ﬁ.lll
[]Wiew Executing Line
Script Contents ~

EeyIdentifier: IMSI;
starttimer InterCallDurationTimer 10 msec;
wait;
"InterCallDurationTimerExpiry™:

if [(Profileloaded '= 1)

ErrorLoyg ("No Subscriber Profile Selected™):
exit;

endif

IsGeneration=1; o
L4 T T s I[] >

\Scripls/< Mezzage Sequence },\ Ewent Config >\ Seript Flawy /

( ! l @ Initialisation Errors @ Error Events @ Captured Errors @ Link Status Up=1 Down=0

Communications
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Events Log

=

Ewents

Y
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Dates/Time

2017-2-17 12:51:39.023000
2017-2-17 125517607000
2017-217 125522 628000
2017-2-17 12:55:41.733000
2017-2-17 12:55:46.807000
2017-2-17 12:56:55.603000
2017-2-17 12:57.00.530000
2017-2-17 12:57:00.623000
2017-217 12:57:06.603000
2017-2-17 125744750000
2017-2-17 12:57:43.770000

Captured Errars

Captured Events
SCTP Up On Cannectionld = 1000

&zsistance Data Requested far IMSI] 0x0371143001 2041631 IME] 0=03...

Successful Location Responze sent

& zzistance Data Requested for IMS] 0=031743001 2041832, IMEI 0x03...

Succeszsful Location Response sent

dzziztance Data Requested for IMS] 0x0311480071 2041631 IMEI Ox03...
& zzistance Data Requested for IMS] 0=031743001 2041832, IMEI 0x03...

Successful Location Responze sent
Successful Location Responze sent

& zzistance Data Requested for IMS] 0=031748001 2041833, IMEI 0x03...

Successful Location Responze sent

Save Events

Clear [ ] Capture Events to file

Call Trace |d

0x0317480012041631
0031148001 2041631
0x0317480012041632
0x0317480012041632
0031145001 2041631
0x0317480012041632
0=0311450012041631
0031148001 2041632
0x0317480012041633
0031148001 2041633

Script Mame Script 1d

Check_SCTP_Status.gls ProtScrptld_0_340473462-7300-6724
Location_Request_E-SMLC.glz ProtScnptld_1_340633393-7301-5724
Location_Request_E-SWLC gls ProtScriptld_1_34068933338-7301-5724
Location_Request_E-SWLC. gl ProtScriptld_3_340718106-7303-5724
Location_Request_E-SMLC.glz ProtScnptld_3_340718106-7303-5724
Location_Request_E-SWLC gls ProtScriptld_5_340731924-7308-5724
Location_Request_E-SWLC. gl ProtScriptld_7_340738306-7307-5724
Location_Request_E-SMLC gls ProtScrptld_5_340731324-7305-5724
Location_Request_E-SWLC gls ProtScriptld_7_340738906-7307-5724
Location_Request_E-SWLC. gls ProtScriptld_ 93408471 066-7309-5724
Location_Request_E-SMLC gls ProtScriptld_9_340841066-7303-5724
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Customizations - Call Flow (Scripts)

x

- Scripts are written in our proprietary *.gls scripting N AP SNATSLTE LI MR Spocston e el -
language. They represent generic state machines mrxs Bolkd . D
intended provide protocol/signaling logic for a call and ——
establish bearer traffic. |

- Start Timer 8 if (ProfileLoaded != 1)
* Each instance of a script corresponds to a single g c

+- Yariable 1z IsGeners tion=1;
- Maps CLI 13 goto "IdentifvConnec tion™;

transaction/call, i.e., if you place 500 calls in parallel you |25, 5 G i e ecasion pemesc
will have 500 script instances running at once. If you b 17 thucisce sie socacion seqasers
place 500 calls in series the same script will execute and | =1 (S et leiCrisete T s, e A1 endeofs e

- DataBase 17 "Initiate_35Ls Location Request™:
Status

. . - Exit Z2 Correlationld=§_CorrelationId++;
te rm I n ate 500 tl m es [#- Utility Functions 23 SetScriptVarisble (SLsScriptld, ConnectionID = ConnectionID,StreamId = StresmId,Cor:
. - Traffic Commands 24 (8LsScriptld) goto "Initiate 5Ls_ Location Request™:IM3I, IMEI, MCC, MNC,Cellld,LCSCLlis
25 ActivelUserEvent: "3end 5L5 Locationdbort', "Send LPP_ Abort", "Send LPP_Error® H
Z6 resume;
27

28 #include "SLs_Callbacks MHE.gls":

* Itis possible to create your own scripts, but almost 2 Fimotus "ok ifyconmErion giev
never necessary! We attempt to provide all necessary T e

| mopuina dien

scripts out of the box.

OGL
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Customizations - Protocol Messages

When the script actually sends a message it does so by
loading a text file template from disk
(“LocationRequest.hdl” in the right hand screenshot).

These message templates provide the actual structure
of the message, the script simply populates it with
values contained in its variables.

These messages are customizable by the user, header
fields can be altered and removed. Text-based protocol
messages can be edited in any text editor. Binary-based
messages must be edited in our provided message
editor.

oGL

Communications

Bs Message Editor - LocationRequest
Eile View Direction Tools Help
i = H ? X
Frame . = LCSAP -
1 = LCSAPFOU d-Lecation-Semvice-Request =0 -
= IndiatingMezzage []
ProcedureCod wh-Connechon-Omerteddrlomaton: Transher = 1
Criicaliy E-Enrmtb-:-rku-lrfutmdm-honsfef =2
-Location-&hort = 3
= ProtocollE-Contaner - Feel = 4
= Protocoll E-Field
FrotocollE 1D
Ciilicabty
Coarelation-D
= PratocollE Field
ProtocollE D w
EmmmEm == LCS5AP Laysr ===s==z== -
LCSAP=-PLU = CHOICE
Excansibilicy Markey = @
Choice Index = 0 B
ProcaduraCoda = INTECER
Contents = 0 id=Location=Service=Request
Criticality = ENUMERATOR
Contents = 0 reject{ld)
Value = Open Type
Length = &7
Exeensibility Marker = O
Praaskla = 0
FrotocolIE=-Container = SEQUENCE OF
Icaracion Count = 3
FrotocollE-Container = Instance 0
PrococollE-ID = INTECER
Contents = 2 id=Correlation-ID
Cricicalicy = ENUHERATOR
Contents = 0 reject(d)
Valus = Dpen Type
Langth = 4
Correlation=ID = OCTET STRING
Concants = ROOZZASED
ProtocolIE=-Container = Instance 1
ProvocellE-ID = INTEGER W
L9 L[] b
Ready MUK

16



MOS, R-Factor
Packet Loss

Packets
Discarded

Duplicate Packets

Out-Of-Sequence
Packets

Jitter Statistics

oGaL
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Customizations - Statistics and Reports

Active RTP Sessions
Completed RTP Sessions
Sessions With Zero Receive Traffic

MOS Score Stats

Sessions with Mos ( 5.0 - 4.0)
Sessions with Mos (4.0 -3.0)
Sessions with Mos (3.0-2.0)
Sessions with Mos ( <2.0)

Total RTP Packet Sent
Total RTP Packet Received

Packet-Loss Stats

Total PacketLoss

Sessions with Zero Packet-Loss
Sessions with Packet-Loss(<1%)
Sessions with Packet-Loss(1% - 5%)
Sessions with Packet-Loss(S% - 10%)
Sessions with Packet-Loss(>10%)

Packet-Discarded Stats

Total PacketDiscarded

Sessions with Zero Packet-Discard
Sessions with Packet-Discard(<1%)
Sessions with Packet-Discard(1% - 5%)
Sessions with Packet-Discard(S% - 10%)
Sessions with Packet-Discard(>10%)

Packet-Duplicate Stats

Total Duplicate Packet

Sessions with Zero Duplicate Packets
Sessions with Duplicate Packets(<1%)
Sessions with Duplicate Packets(1% - 5%)
Sessions with Duplicate Packets(S% - 10%)
Sessions with Duplicate Packets(>10%)

<

Insert || Add Delete Edit

612618 [39%)
852971  [S5%)

73446 [4%)
9058  [0%)
0
4485008797
4481760883
0

o

0

4072 [0%)
1534967  [99%)
13126 [0%]

cooo0oo0o0o
—
2
=

3738934 [0%)
1464299  [94%]
41479 [2%)
37232 [2%)
4843 [0%)

240 [0%]

Add Tab | | Delete Tab

Call Stats Message Sktats :I

Statistic Mame Total Calls Active Calls Completed Calls Passed Calls Failed Calls CallsjSec
Default ]
Qukgoing and Incoming. .. _m
Registration 0
Call Success Ratio | Call graph |
[+|Refresh |1 Sec -
Calls/Sec Simultaneous Calls
20,000 PP PR Ao
300
15,000 ~
£ 200 0
& 10,000
100+ 5,000
u T T T T T D T T T T T
0 50 100 150 200 250 i S0 ] 150 200 250
Time (Sec) Time (Sec)

Call Stats provide a running tabular log of system level
stats, tracked stats include Total Calls, Active Calls,
Completed Calls, Passed Calls, Failed Calls,
Instantaneous Calls/Sec.
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