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What is Location Service (LCS) ?

1 N\
B2 L & aﬁié‘?% Police
w-::;. - “J 2 W Fire Department
_ . I Hospital
Entering =
the Zone E
\ /

:_- A55|stance Data " T

Position
Information

Public Safety Emergency Center

oaL

Communications



Application of LCS

Public Safety Services

> Emergency Services, e.g. fire, police, ambulance, etc.

> Emergency Alert Services

Tracking Services

> Stolen phones, computers, other devices

> Vehicle tracking

Location Based Information Services

Navigation

City Sightseeing

Finding nearest service, e.g. restaurant, bank, food store, etc.

Mobile Yellow Pages
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Location Sensitive Internet
Up to date information

> Temperature, traffic services, etc.

e
i Y
.

Communications



LCS Network Architecture

A MSC

2G
GERAN

BSC
m 6o SGSN

UTRAN

//(‘é\\‘
(o IuPS SGSN
3G | lupc

RNC
NodeB luCS MSC
"(( ")
4G >l MME
E-UTRAN . SLs

oGL

Communications

GSM Lb Interface
MAP Lg, Lh Interfaces
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HSS 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
E-SMLC - Enhanced - Serving Mobile Location Center



LCS Functional Entities

GMLC - Gateway Mobile Location Centre

»  Central point of LCS architecture
»  First node an external LCS client accesses in a GSM or UMTS network
»  Request routing information from the HLR (Home Location register) or HSS (Home Subscriber
Server)
»  Receives final location estimates from the MSC, SGSN, or MME
SMLC/E-SMLC/SAS - Serving Mobile Location Server

» Server used for the locations calculation. It can calculate with information from LMU (where it is

available), or measures of the network itself, such as TA (Timing Advance)

LMU — Location Measuring Unit
» Equipment required in each cell to enable the calculation of the OTDOA (based on the network

location)
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Standard Positioning Methods

* Cell- ID and TA Method

e Signal Strength Method

* Angle of Arrival Method (A0A)

* Time of Arrival Method (ToA)

* Time Difference of Arrival Method (TDoA)

* Enhanced Observed Time Difference (E-OTD)

* Assisted GPS Method (A-GPS)

o GL
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Positioning Methods

Cell- ID and TA Method - Network Based

* An area in which a MS moves freely without updating the

Cell ID

location registration, can be estimated using the
identification codes assigned to each active
(communicating) MS

* The identification codes are Cell Global Identity (CGl),
such as Mobile Country Code (MCC), Mobile Network
Code (MNC), Location Area Code (LAC) and Cell Identity
(CI)

* Positioning error can be reduced by using Timing
Advance (TA) which is a measure of the distance

between the MS and the BTS

o GL
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Positioning Methods (Contd.)

Received Signal Strength (RSS) Method — Network Based

* Distance from each BTS and the MS is

approximated using the signal strength received by

the MS

Radius Radius

* MSis located at the intersection point of three
circles centered by three BTSs

* Computed knowing the radius of the circles

Radius
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Positioning Methods (Contd.)

Angle of Arrival (AoA) Method — Network Based

* Uses the angle of the signals arriving to the MS

((())
from two BTSs
* Reduces the number of required assisting BTSs

« Aslight error in measuring the angle, will cause a Angle?
Angle

((())

big error in MS positioning
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Positioning Methods (Contd.)

Time of Arrival Method (ToA) — Network Based

« Triangulation is used in the Time of Arrival
(ToA) method to measure the propagation

delay of transmitting to multiple BTSs

 ToAs are measured using an additional
hardware called Location Measurement Unit
(LMU) installed in BTSs

« All LMUs and the MS must share a common
clock reference, i.e., strict synchronization is

required

oGL
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Positioning Methods (Contd.)

Time Difference of Arrival Method (TDoA) — Network Based

Following timing parameters are calculated to

compute the final accurate position ()

* Real Time Difference (RTD): the BTS; (X1, Y1)

synchronization difference between the BTSs

BTS,
* Geometric Time Difference (GTD): the (x2, y2)
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propagation time difference between the BTSs l

22y 0TD3 :

\ 4

* Observed Time Difference (OTD): Time

difference measured by the mobile between BTS; (x3,Y3)
the receptions of bursts transmitted from

BTSs

oGL
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Positioning Methods (Contd.)

Enhanced Observed Time Difference (E-OTD) — Handset Based

Mobile listens to bursts sent from neighbouring BTSs
Mobile records burst arrival times
Position is triangulated from:

» Coordinates of BTSs

» Arrival time of burst from each BTS

» Timing differences between BTSs

Serving BTS

12



Positioning Methods (Contd.)

Assisted GPS Method (A-GPS) — Handset Based

« Information from satellite is deployed for positioning

 GPS installed in the BTSs or the handsets

 GPS in handsets increases size and power
consumption

 A-GPS methods are expensive, but they are accurate

* Requires only one BTS to find outdoor position

« Poor performance in dense urban areas or indoors s

« Suggested to be combined with other methods

oGL
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Standard Positioning Methods used in 2G/3G/4G

« The standard positioning methods supported within GERAN are:

» Timing Advance

» Enhanced Observed Time Difference (E-OTD) positioning mechanism

» Uplink Time Difference of Arrival (U-TDOA) positioning mechanism
« The standard positioning methods supported within UTRAN are:

» Cell ID based method

» Network-assisted GPS methods (A-GPS)

» Uplink Time Difference of Arrival (U-TDOA) positioning mechanism
« The standard positioning methods supported within E-UTRAN are:

» Network-assisted GPS methods (A-GPS)

» Downlink positioning — Received Signal Strength

» Enhanced cell ID method — Hybrid Methods
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Comparison of Positioning Methods

100-1500 Network Based High
200-500 Network Based High
100-200 Network Based Good
50-200 Network Based Good
50-150 Network Based Good
50-100 Handset Based Good
5-30 Handset Based Variable

oGL
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MAPS™

MA - Message Automation
+

PS - Protocol Simulation
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Supported Protocols / Interfaces

CAS, ISDN, MLPPP, 557, IUP,
MAP, CAMEL, INAP

e
-, 1 Ly el

Message Automation

NIN2, N4, N8, N10, N11,

N12, N13, N14, N17, N20, & 5P, Megaco, MGCP, SIP-I,
N21, N22, N29, N51 Protocol Simulation SIGTRAN (]SUB ISDN)

LTE, Diameter ’ GSM (A, Abis)

UMTS (IuH, IuCS, IuPS, GnGp)
GPRS




Common Protocol Emulation Framework

LTE Simulation

x
rfigurstions  Erulator NEIE
= g s
QFLs 348 v ¢ 0
0wl T (8] el
SiNo  Saript Name Frofie Cal Info Saipt Excoution Siatus Events Ev.. Resut Totalleralions  Completed lteralions &
1 UEFrofil 0 W s GTF-U Mo Create Contert e 1
2 LTES1CalControleNE. ol UEProfie0002 Stat Nene Urknown 1 0
3 LTES1CalControleN.gle UEProfie0003 Stat None Urknawn 1 0
4 LTES1CalControleNB gle UEProfie0004 Start None Urknown 1 o
5 LTESICaIConmrcleNE. ol UEPIofi=0005 Start Nene Urknown 1 0
6 LTES1CalControleN.gle UEProfie0006 Stat None Urknawn 1 0 v
[ add || pelte || msert || Refresh | | s [ satal | | stop || Stpal | | Abort || abortal - I H
i ————— | SS7 Simulation
e - ~ = = S1AP Layer = All
S5LA3-FDU
Eetansibiiicy Heckes MAPS (Message Automation Protocol Simulation) SSP (ISUP ITU ) - [Call Generation - CallGenDefault] - o IEd
Choice Indsx ——
T - > T
D — prosecurecode |4y, Configurations Emulator Reports Editor Windows Help [=][&]x]
= s
Cricscalicy S
QD 8B ¥ ¢ 0
25:06.154000 Value
n S
DawnlinkMASTranspor, |deriity Fequest, SRR ;uz;:“n“y . ‘ E ‘ 3 ] |—i'i_
LplinkNAST) t, Idertity B Y 8 ProtocollE-Container
plink rarsport, |dentty Response, 26:05.177000 Treration Count Script Execution Status Total lterations | Completed Iterations o)
DownlinkNAS Trarpot, Secury Mode Command, RPN T e il
e 0 NG Contents 2 Isup_Callgls ~ Card1TS02 1112222 o sep | File Recorded Teminate Call Pass 4 0
N R ST DR VT 2505197000 Erivicaliey 3 lsup_Callgls  Card1TS03 1112223 - - | File Recorded Teminate Call_...| Pass 1 0
oneenes
wawcumsxwempﬁswest, Pltach Acospt, Activale Default EPS Bearer o0 valus 4 Isup_Callgls  Card1TS04 111,2224 o sep | File Recorded Terminate Call Pass 1 1]
Lengoh §  lsupCalgls Card1TS05 1112225 o sep | File Recorded Teminate Call Pass 1 0
InKSIEo0I2: 5o pHospouess 250229000 e o e 6 lwpCalgs CadiTSOB 1112226 [NNNSIEMN|  Fie Recorded i Pass 1 0
UplickNAS Transpot, Attach Complete, Activate Defauk EPS Bearer Cor - Contents ) 7 lsup_Callgls  Card1TS07 1112227 Coses | File Recorded Pass 1 0
) FrovecelIE-Container 8 Isup_Callgls ~ Card1TS08 1112228 L sep | File Recorded Pass 1 o v
: — ' ‘ SIP Simulati
Scipts %, Message Sequence 4 Event Corfig  Sciipt Flow [ add | Delete Insert I Refresh I Start | Start All I Stop all Abort Abort Al I u a I 0 n
@ Enor Events | @ Save |  ColumnWidh ————— ——— -
= = NTP3 Layer
MAPS DUt 0000 Service Indicator g B EIES
0000 Priority Code % & B R 3 0|
0000 Sub-service fisld @ ﬁ & d 9
0001 DPC LS =}
P o loeos o2 D wEHB T &
Abswer 0004 S}gnalling Link Code SrNo  Script Name Profile Call Info Script Execution Status Events E. Resut Totallterations  Completed lteration:|
8:51:54.927000 Bighdr "SY“I‘S’;‘;“L 1 SipCalContiol gs Profied00]  GLMAPS_1_338782747-37163-73442192.168.1.143  ISipmmn| Sending Video SIP_TerminateCall Pass 1 0
i i o CalContoL 2 2 L0
File Transitted :: a-law samplesicountD.pcm 0005 Circuit Identification Code el E i D SIP_TerminatcCal | IS i
18:52:15.117000 0007 Message Type
File Recorded :: MAPS\Recv Files/Isup/Feb6_E0T01_1001.pem | Mandatory Fixed Parameters < n 2
:52:25.072000 Nature Of C tion Indicat
Ralasse 0008  Satellite indicator | agd || pelete || msert || mefresh | | start || startal | | |[ stopan | [ abort || abortal
18:52:54.910000 0008 Continuity check indicator
5 & 0008  Echo ctrl dev.ind(Nat.Conn.Ind) |_ave | Colmn'widh i
elesse Complets /52.55.485000 Forward Call Indicators Parauster INVITE sip:00028152.165.1 141 S518/2.0 ~
0003  National/international call ind MAPS DUt 2 168.1.143:5060; branch=zShG4bK_1_533572641-37155-5072
0003  End-to-end method indicator
6065° Tutsrabiking Tiaticanes [Allow: INVITE,BYE,CANCEL,ACK, INFO,ORTIONS, SUSSCRISE, NOTIFY, REFER, REGISTER
2 2 From: 0002 <sip:0002€192168.1.143>; cag=FromTag 1 _338572641-37152-5072
0009  End-to-end infor.ind(ForwardCall.Ind) 100 Twing 0200995000 To: 0002 <sip:0002152.165.1. 141>
< > |l < Call-ID: CL-MABS 1 $38672641-37154-50726192.163.1.14%
» » 180 Ringing RFIGIED cseq: 1 TNVITE o
\__Seipts ), Message Sequence { Event Config ) Scipt Flow / 0 0 Contact: 0010 <aip:onozelss.ica.1.i4s>
01006000 (Content-Length: 318
@ ErrorEvents | @ capt ALK,
02:01.014000 =0
o=315 33852338 33852538 IN IPS 192.163.1.183
Digits Transmited : 12345678804BCD 203 858000 oai poes
c=IN 1P 192.163.1.18%
Digis Detected : 123456789048.CD 2205 804000 .
m=audic 1042 RTR/AVP 117 & 18 101
a=ztpmap:117 PCMU/3000
tpmap:8 PCMA/2000
tpmap:18 G723/8000
nep:18 anne.
tpmap:101 celephone-event/3000
a=tmep:101 0-15
tpmap:13 CH/2000/1
a=prime:20 v
< [0 >
Scrpts ), Message Sequence  Evert Corfig ), Serpt Fow ), Capture Events
¢ » @ Error Events | @ CapturedErrors | @ Link Status Up=0 Down=0

Communications



Common Features

« Multi-protocol, Multi-interface Simulation

« Script based and protocol independent software architecture

« Auto generate and respond to signaling messages

« Traffic Handling Capabilities (requires additional license)

« Automated Bulk Call Generation / Stress Testing

« Easy script builder for quick testing to advance testing

« Customization of test configuration profiles

« Unlimited ability to customize the protocol fields and call control scenarios

—
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High Density (HD) Traffic Simulation

« |P variants of MAPS can be run on any modern

Windows server

« Atypical i7 platform will be able to handle ~2000

concurrent RTP sessions through a conventional

server-grade NIC

« We also offer an HD (High Density) appliance

which

« can deliver up to 20,000 concurrent RTP sessions

per U of rack space

oGL
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Remote MAPS Controller

Multi-node and multi-interface simulation from a

single GUI
» Suitable for testing any core network, access
. . . Client System Server System
network, and inter-operability functions
1 1 1 1 1 Rei[e Client Admin Listoter ¢
» Single Licensing Server controlling server and client Server
— SIP CAS LTE IMS l_1 '? 1 Start Listener.
I' f /—/j‘ ASI:: :\ — : g .ir:ii:l?ll?)zlrei:);::Reg\s[er
icenses (no. of users) StanTestoe = 12 @ che Users
. . . Remote Client- User-1 : :
«  Unlimited number of remote client user can be SR | =B P
R —— . . O Enable Protocols 7
defined at the server e = u|0 B, ) Add Delere.and Register
Remote Client- User-2 E ;
« Admin privileges to control Testbed and access to :
p g ’f..’f.l: ...... -I: = L5 Q? = g zmrt;IL\;t-ener: |
configuration files for each remote client user 31 = @ O Add, Delee, and Regier

 Remote Client users has privileges to perform all
other functions - call simulation, edit scripts/profiles,
and view statistics

« Simultaneous traffic generation/reception at 100% on
all servers

oGL
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MAPS APIs

~ MAPS™
_ Server1l

:, . MAPS™

. Server 2

Network )
Under Test ,

R

MAPS™ IP Network '

Client <~ / -
N MAPS
Server 3

MAPS™
Server n

L
T
47

« API wraps our proprietary scripting language in standard languages familiar to the user:
» Python

> Java

* Clients and Servers support a “Many-to-Many” relationship, making it very easy for users to develop

complex test cases involving multiple signaling protocols

oGL
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Statistics and Reporting

User Defined Statistics
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Supported Interfaces

* Lb Interface
» MAPS™ supports Location Service (LCS) based GSM Lb interface
> Between the BSC <-> SMLC is Lb interface
 Lg, Lh Interfaces
» MAPS™ MAP IP supports Location Service (LCS) based Lh and Lg interfaces
> Between the GMLC <-> HLR is Lh interface and between GMLC <->MSC/SGSN is Lg
interface
« SLs Interface
» MAPS™ supports Location Service (LCS) based LTE SLs interface
» Between the MME <-> SMLC is SLs interface
« SLh, SLg Interfaces
» MAPS™ Diameter supports Location Service (LCS) based SLh and SLg interfaces
» Between the GMLC <-> HSS is SLh interface and between GMLC <->MME is SLg interface
oaL
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Location Service Simulation

« MAPS™ supports simulation of different Positioning

methods and Position Estimation of a Mobile Stations

CSV - Location Estimate Parameters

(MS) in universal coordinates

« Location estimate parameters such as Type of Shape

I ’
’

T1

\(l,vl) //
®
dah .

and coordinates can be input through conventional -

user profiles or can be fetched from a CSV file

« Co-ordinates indicate different position of MS at

(2y2)
different intervals of time
Client

» Report is sent either periodically at specified time

duration or at once when requested

OGL 26
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LCS in 2G Architecture

Lp
SMLC

Ls

LMU

Le External

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

Other PLMN

MAPS™ MAPIP Emulator (Lg, and Lh)
MAPS™ Lb Emulator

oaGL
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2G - Procedures

(4)

HL

Lh (2)

l%

(1)

(1)
(2)
(3)
(4)
(5)
(6)
(7)

(11)

— Location Service Request

- Identify Subscriber

- Route to Identified Subscriber
- Forward to BSC

- Forward to SMLC

- Request to Calculate

- Request forwarded to MS/LMU

A4

Le

Lg GMLC

A4

(8) — Positioning Parameters are sent to BSC
(9) — Request to Calculate

(10) — Subscriber Location Report to BSC
(11) - Forward Report to MSC

(12) - Forward Report to GMLC

(13) — Forward Report to Client

(13)

A4

External
LCS Client
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2G - Typical Gall Flow

GMLC HL
CIient a. - MSC SMLC
>
LCS Service Request MAP Send Routing
Info for LCS -
MAP Send Routing
Info for LCS Ack
>
MAP Provide Subscriber Location >
LCS Location Notification
o [ [
< T T
LCS Location Notification Return Result
| .
T »
BSSAP Perform Location Request
<
BSSMAP-LE Perform Location Request
>
BSSMAP-LE Connection Oriented Info
(BSSLAP MS Command —RRLP message)
.
RRC LCS DL Info
(RRLP message)
<
RRC LCS UL Info
< {(RRLP message)
BSSMAP-LE Connection Oriented Info
{(BSSLAP MS Response — RRLP message)
(]
21
BSSMAP-LE Perform Location Response
< |
o Y
~ ) ) . BSSAP Perform Location Response
LCS Service Response MAP Provide Subscriber Location Ack
|

—
oGaL
e
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LCS in 3G Architecture

LCS - Location Services

SAS — Stand Alone SMLC

(SMLC - Serving Mobile Location Center)
GMLC - Gateway Mobile Location Center
HLR — Home Location Register

MSC — Mobile Serving Center

SGSN - Serving GPRS Support Node

RNC - Radio Network Controller

Other PLMN

External
LCS Client

MAPS™ MAPIP Emulator (Lg, and Lh)
MAPS™ lupc Emulator

oGL
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3G - Procedures

(10)

(9)

(4)

%

(3) (1)

& S &
. — .

Lg GMLC Le

(1)
(2)
(3)
(4)
(5)
(6)
(7)

— Location Service Request

- Identify Subscriber

- Route to Identified Subscriber
- Forward to RNC

- Forward to SAS

- Response from SAS

- Request forwarded to MS

(11)

Vv

(12) (13)

>

(8) — Positioning Parameters are sent to RNC
(9) — Request to Calculate

(10) — Subscriber Location Report to RNC
(11) — Forward Report to MSC

(12) - Forward Report to GMLC

(13) — Forward Report to Client

External
LCS Client

31



LCS in 4G Architecture

LCS — Location Services

E - SMLC — Enhanced Serving Mobile Location Center
GMLC - Gateway Mobile Location Center

HSS - Home Subscriber Server

MME- Mobility Management Entity

SGSN - Serving GPRS Support Node

PDN GW - Packet Data Network Gateway

SLh SGW - Signaling Gateway

SLs

External
LCS Client

eNB

E-UTRAN |

- ] SGi
| -

INTE

S3

l— SGSN ’ G

Gi

MAPS™ Diameter Emulator (SLg, and SLh)
MAPS™ LTE SLs Emulator

n

oGL
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4G - Procedures

(1)
(2)
(3)
(4)
(5)
(6)

— Location Service Request

- Identify Subscriber

- Route to Identified Subscriber

- Forward to E-SMLC

- Response from E-SMLC

- Request to Calculate

SLh (2)
(3) (1)
— <
SLg GMLC Le External
S S LCS Client
(10) (11)

(7) - Positioning Parameters are sent to MME
(8) — Request to Calculate

(9) — Subscriber Location Report to MME

(10) - Forward Report to GMLC

(11) - Forward Report to Client

33
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LCS Service Request

4G - Typical Call Flow

GML
-

MME
LCS Routing Info
Request
LCS Routing Info
Response
} Y
Provide Subscriber Location Request )
LCS Location Notification
&£ 1
- T
LCS Location Netification Return Result
h
ol
Location Request
< Positioning Request
(LPP PDU)
.
Va
S1AP Downlink NAS Transport (LPP PDU) -
RRC DL Info Transfer (LPP PDU)
I
Positioning
Measurements
< |
- 1
< RRC UL Info Transfer (LPP PDU)

S1AP Uplink NAS Transport (LPP PDU)
Positioning Response,

(LPP PDU)

V.l

pra
«
LCS Service Response

A

Provide Subscriber Location Ack

Location Response
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Thank you
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