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GNSS €Ik DEE R %

Global Navigation Satellite System

I GNSS (global navigation satellite system) ‘@215
= GPS (Global Positioning System), =&

GLONASS T Hir

BDS/At s Ffn &%, F[E

Galileo, ExEE

IRNSS (India, in process of planning)
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GNSS T E §inigss R4
SBAS — satellite Based Augmentation Systems £ E 1858 R 4t

« WAAS — Wide Area Augmentation System (USA)
« EGNOS — European Geostationary Navigation Overlay Service (Europe)
« MSAS — Multi-Functional Satellite Augmentation System (Japan)
= QZSS — Quasi-Zenith Satellite System (Japan)
« GAGAN — GPS Alded Geo Augmented Nawgatlon (India)

\WAAS __S__I:!_C_M_‘ “dmms
EGNOS o

GAGAN !
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GNSS I E &finigra R4t
GBAS Ground-Based Augmentation Systemith £ 1858 R4t

1 Civil-aviation safety-critical
system for local augmentation
of the primary GNSS
constellation(s)

1 Airport level

I Enhanced levels for all phases
of approach, landing,
departure and surface
operations

1 Also called Local Area
Augmentation System (LAAS)

Differential Corrections,
Integrity Data and
Path Definition

Omnidirectional VHF Data
Broadcast (VDB) Signal

Source: FAA

ROHDE&SCHWARZ



Critical scenario

Global navigation satell
systems (GNSSS)

BNETE4AMIEE

ROHDE&SCHWARZ

GNSSE®% T Ig?

e

v No satellite visible
+ 1 satellite visible
v 2 satellites visible
» 3 satellites visible
v >=4 satellites visible
’ |+ Building

y A ey 50 100 150 200 250 300 350
"l |

- x[m]
Very critical scenario

400

GPS Satellites visibility (Urban)

* have restricted performance in certain environments

» critical situation for GNSS positioning
* support required (Assisted GNSS)
» alternative required (Mobile radio positioning)

» for satellite systems are bad and need to be enhanced by OTDOA and
ECID measurements




A-GNSS B D 2 E {7

1 4B 5 B o= GNSSEEUHLAY MEBE
« RABADGNSSTHHL/E ZhAtEL.
- IREGNSSRHBE, B I3E.

1 257 T e =K
- FHEBIETR w@

= Device (= User Equipment, UE)
transmits GNSS measurement
results to network server, where Cellular Network —=
position calculation takes place.

- ETFHHEK

= UE performs GNSS measurements
and position calculation, supported by:
= Data to assist these measurements, e.g.
reference time, visible satellite list etc.
= Data providing for position calculation, e.qg.
reference position, satellite ephemeris, etc.

ROHDE&SCHWARZ



OTDOA R B [8] &

« OTDOA = Observed Time Difference of Arrival
« UE positioning estimated based on:
« measuring TDOA of DL (PRS) signals received from different eNB-s
= each TDOA measurement describes a hyperbola (line of constant
difference 2a), the 2 focus points of which (F1, F2) are the two measured
eNB-s (PRS sources), and along which the UE may be located.
« UE’s position = intersection of hyperbolas for at least three pairs of eNB-s
(= 3 eNB-s)

= knowledge of the geographical coordinates of the measur(\ed e/N/Qde B/s
B (E b |

=R
b-c = const

ROHDE&SCHWARZ



eC| D 1 E-CID = Enhanced cell ID

I UE position accuracy CID is specified more accurately using
additional UE and/or eNB radio measurements:

« E-CID with Distance from serving eNB (Fig.1) - Position accuracy
a circle
= Distance calculated by measuring RSRP / TOA/ TADV (RTT)

= E-CID with Distances from 3 eNB-s (Fig.2) - Position accuracy a
point
« Distance calculated by measuring RSRP / TOA/ TADV (RTT)

= E-CID with Angels of arrival (Fig. 3) - Position accuracy a point

= AOA are measured for at least 2, better 3 eNB-s
Fig.2

;
&

)
(o)

HDE&SCHWARZ



LBS-Hybrid Sy

1 Combine LBS measurements from different sources to obtain the most accurate
positioning solution ( + OTDOA+ ECID + ..))

- N

[ ~
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GNSSHY & fhiz =
X ERNER

% orbit simulation 10
< MEO/GEO/IGSO 2
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obscuration S

antenna pattern @
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ser location
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trajectory simulation=\J
incl. vehicle attitude

jamming /
interference
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Boh & IKLBS -M i =

« FCC E911 NEMEENER

eCarriers must provide location, confidence and ﬂ _
uncertainty data for all emergency calls ﬁ 'I;“Lf;}c“sl’a'}f;;’"“‘e
eterminal based positioning Answering Point
* 67% of all calls must be within 50m ﬁ ~ A. Vehicle in
« 95% of all calls must be within 150m = i

enetwork based positioning
* 67% of all calls must be within 100m 2 .
+95% of all calls must be within 300m \"""“9 12

« BRM eCallfJER y -

Minimam Set of Data (VISD)

i ﬂ]iﬁ'z -e.g. routing to an address, to next ATM

L;;i-ﬁ'”“ “e  — gyl

e Mo yelp Yazioo!
%’-ﬂnﬂﬂﬂ,% *e.g. finding friends / family, vehicle tracking Etlﬂhybltﬁm ?fmmm @w

“‘z’-/sm?'rc'—‘f.. Mg

whrrl W here Ty

duniin drbeh

1§ =] HE& *e.g. City Guides, Mobile yellow pages
SRV *Future trend: augmented reality

Impt ®
R OWEL P ' walla %
/H\{'&EFH ee.g. social networking, localized advertising fﬂEEhﬂﬂk m {;- : —

ROHDE&SCHWARZ



B oh L UK LBSHY M i R
« FCC E9115& H MM i# ER @ GCF !_-m!

« GCF/ PTCRB / OMA ki <

Test w ERE

es — e . |

Requirements: ° M%LEWE@AME? y T - -Mobile
. OTA MAENHER atat ks e
. & LBS BN ER verizon

“sOMaQ

Open Mobile Alliance

ROHDE&SCHWARZ
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=5 &4 2z=SMBV100A

GNSSHRU RS

1 Y GPS,GALILEO,
GLONASS, BDS B1+B2,

—ELL::E QZSS, SBAS, GBAS
Aol | E e FRmEZ I F245 12
oos =
=8 = X _
- | BRI S I ENRE R
Eﬁ)ﬁ

Real-Time Information
Time (UTC) 20.08.2012 16.00.00.000
Rec Loc 35.68386°N 139.74506°E 45.0m
Rec At '¥:0.000° P:0.000° R:0.000°
HDOP / PDOP 065/1.72

A | XFFohins i
1 AT ANE “Z1RTE” 15
=

Legend: @ LOS
@ LOS (Ant Pat. loss)
@ LOS + Echoes
@ LOS + Echoes (Ant.Pat. loss)

@ Echoes G- GPS :
@ Obscured R - GLONASEU

@ Inactive g'_ %?ggu

ROHDE&SCHWARZ



SMBV100AA HYGNSSHE L 85

Supported GNSS _

GPS
Galileo

Glonass

Compass/BeiDou

NN X X X

Simulation of hybrid const.

Supported signals -

GPS L1 C/A + NAV

GPS L1 C/A + NAV + P-Code
GPS L2 C/A + NAV

GPS L2 C/A + NAV + P-Code
Galileo E1 CBOC

Glonass G1

Glonass G2
Compass/BeiDou B1, B2
GBAS,SBAS,QZSS

v
v
v
v
v
v
v
v
v

ROHDE&SCHWARZ

Max. velocity 599 m/s 10000 m/s
Max. acceleration 1600 m/s?
Max. jerk 400 m/s®

Enables a multitude of applications
(pedestrian, automotive, aerospace, defense, space)

Channels/Frequencies _

No. of channels 24
No. of channels per system 24
No. of supported frequencies 2
Simultaneous sim. of multiple freq. v (2 instr.)
e it b > € UpperLBand —>

T
3

£

i

[ ] epseanas [ cionasssands [l cAueoBanas [ | GAULEO 5aR Downlink

ARNS : Aviation Radio Navigation Service RNSS : Radio Navigation Satellite Service



SMBV100AXTHISERY{A B

6x GPS (K44)

6 x GLO (K94) 6x GAL (K66)

6x BDS (K107)

Doppler Shift

EEEBEE
(K101)
MR A I 4

AREZ261LEF

lonospheric Effects

Bo/EE (K103) \

BIAHFZHETS

ROHDE&SCHWARZ

12 B2 (K91)
24 HE (K96)

M GNSSi#838 (K92)



SMBV100A GNSSE 1

R&S"SMBWV100A option tree showing hierarchy and dependencies among GMNSS options

Binimum herdware configuration

RE&S SMEN-K110

- moving scenarios, ‘autom. multipath Body masks
RES*SMBY-KI6 multipath, HiL 3
R&S“SMBV-K103
24 satellites : —
- Hardware - GMSS standand dapendant soltware oplions GMNSS standard independent software options GMSS augmentation systems




SMBV100A dt=bi%4
SMBV-K107

HRZHE24 Fit] T E |, B1,B2IER
FEREXMEME

o SN BRI AP O E MK 27 X

‘MEO/IGSO MIGEOEMD1 FID2jH E,,

A BE XMW E TR T8

-HINREMLILERMWILLF S

TREI BB {FERE , ZHR T E KTk

SR B T B #HITah A ThREH

B8 GNSS EXRFE , &% 6 M2 (R&S®SMBV-K44 GPS,
R&S®PSMBV-K66 Galileo and/or R&S®SMBV-K94 Glonass
option)

ROHDE&SCHWARZ



SMBV100A |1zt =451 : A8 4472 TR0 1=
kITIEHIES

HIL remote
mmmmmm ds (LAN,
GPIB or USB

—1 GNSS RX |

ROHDE&SCHWARZ



SMBV100A M=l : {5 E GNSS#Z =AM iz
Putting it all together...

File generation

SCPI . . Import to GE

Request sim. data

Goegleearth

ROHDE&SCHWARZ




SMBV100AM| 2= 4 : (P EGNSSiz =

Putting it all together...

ROHDE&SCHWARZ



SMBV100AR

Frequency

110.000 000 000 mxz |
‘7_,

oatellite MNavigation
GPS..

GALILED...
GLOMASS...

~
7

YDEB Transmitters Configuration.

Set frequency between

108 MHz and 118 MHz

Beilou. ..
Avionic Standards
SBAS.

FEX

Even more GBAS-related

configuration options...

Center frequency(MHz)
999,575 999.900 999925 999950 999.575 1000.0001000.025 1000.050 1000075 1000400 1000925
ey 352 553 G54 G55 G5E GEY G55 359 G310 G
m= -4 -3 K El 1 2 3 4 5
Freguency Mumber
State | GBAS ID | SSID | Freg. Mum | Data [Drata Conf. | Mo. of Frames | Scheduling... =
WDB1 TR4| E 0 AllD 1 Conf..
WDBE2 TR3 D 1] Pattern ] 1 Canf...
YDB3 TR2| © 0 FM 3 1 Conf..
WDB4 TR1, B ] Drata List Mane 1 Conf...
WDBES = TRO| A 0| Real GBAS Data | MWsg Conf..
-
Append | Inser Delete

ROHDE&SCHWARZ

Ueyen

Plan i L,
A |t
— GPIP FPap
LTP/FTP = U —
T
|
Profile Yiew :
> N\ |
P
|
|
|

IGIide Path Angle | 0.00 | deng A
Uy ; |GF'IF' EPAP

TCH[ 00 |E|I LTR/FTP

Earth's TP heightl 0o |m'lI
surfac i i AR ST
T WGS-84
Ellipsoid

31



SMBV100A4H Bk B GBAS | iz R 4¢

1 1 & SMBV100A #&E#l GNSS
1 1 & SMBV100A &l GBAS % 5%
= Differential data must be generated before and transferred to SMBV 2 for
packaging it into the GBAS message

GNSS simulator BEiSM il
£

ROHDE&SCHWARZ



L BSHY | 3 2= 3R

Test

Requirements

ROHDE&SCHWARZ

« FCC E911 mandate

« GCF/PTCRB/OMA

* Network Operator Acceptance
« OTA Performance Testing
 R&D LBS Testing

eo‘q\cﬂlo%
§ %
k7 z
% £
T USA "
O GCF !M!
Global Certification Forum

@ -'F.-Io:ile
atat
el

“sOMaQ

Open Mobile Alliance

CIIA

The Wireless Association®
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TS-LBS - A B LBSHY & Fp Ml it 2

N/

3GPP Min Perf |
3GPP E911 (AGNSS and

overIMS o1poa/ecip)

CTIA & VZW "N 3GPP Protocol
| OTA LBS Conformance

Radiated (AGNSS and

TDOA/eCID)

Performance g

Operator OMA SUPL
Acceptance Protocol
Tests Conformance

TS-LBS advanced
=(TS-RRM advanced + SMBV + IQR)

ROHDE&SCHWARZ



TS-LBSH J7 Rim 2

GNSS Testing
(24 Channels)

Entry Point

TS-LBSNetOP | Ts.LBSadvanced TS-LBS advanced OTA TS8991
(CMW-PQA +SMBV) (TS-RRM advanced) (Complete 3GPP + NetOP) pPerformance
(CMW-PQA CA setup) Test System

: +SMBV
» ___ LBS OTDOA/eCID >

t LBS A-GNSS LTE/WCDMA/GSM >
t Support by means of CONTEST.... >

ROHDE&SCHWARZ



GNSS WM BN EEFIMESXNIZ=

\

Atmospheric « Signal distortion
influences - Path delays }-uﬂmmm
Evil Waveforms w0
W =
g

Doppler Shift

» Multipath

« Signal obstructions
User and diffraction

environment: « Jamming/interference

* GNSS receiver
movement

DUT

 Errors in time of arrival and signal strength

®folgfsiclo|licigleies |« Degraded location accuracy
» Degraded TTFF or degraded reacquisition time of the receiver.

ROHDE&SCHWARZ



A-GNSS Field2Labid 3 & Bl Bl i 75 2

S
&

GNSS signal

spectrum S R

Drive test box _ -
R&S® Il]R CAS1 R&S®SMBV Generator
{for hybrid operation

second R&S Signal generatar)

DUt

" R&S*IOR RES*TSMW

R&SPIQR-NAS
(/0 data [receiver) NAS Server with recorded dat
recorder) : - —
Contest;
A-GNSS
Test Cases

WCDMA/LTE
inkl.assistance data

ROHDE&SCHWARZ



FAFLBS OTAM| = BYDST200 izt /)N B =

GPS (¢- pol.) —

GPS (6 — pol.)

Comm. link

OSP130, SMU200, CMU200

AMS32
System Software

ROHDE&SCHWARZ

DL/UL <—

E WAAW

FB LR

(1)
= LA LA

DST200, DST-B160,
DST-B210, DST-B270
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0 —

SMBV100A GNSS{E={HE R
> #HGPS L1/L2B9C/ACHEP{XAD, GLONASS L1/L2. Galileo E1FIJLs}
B1+B2, iR ESEREHE
> XRHEREERARYGSBAS, 07SS; I IFPLEIERARSGBAS
2> CRRNZIR24F D ERSEPRERE, TRIEHIRTIE
2> EATIBREERSLENE, HITEESELRFUHR
2> LFRAPKE: EETELRENZRE, RESEMEREBR
2 EBEERhAR: DTWREFMASHMEERERE, 53075 &510000m/s
> A-GNSSiR 1A= : 4 ARGPS. Glonass. {MFIEE RGFIt 4B %IE
> THEAIREE (HIL) M, vISCRAIMERAn s
2 SESISEE , FMBAEHESHE, XFhXERBNA
> T FGBASEPLE RS, L FFSBASHETE R % K 0ZSS

> T EHEMHFESES (GSM, WCDMA, HSPA+, LTE, WiMAX, WLAN---)
MEMHIcLkHB{SS (DAB, XM radio, HD radio, Sirius, FM stereo)

ROHDE&SCHWARZ




R

SMBV100A GNSSiZ 4 &

R&S"SMBWV100A option tree showing hierarchy and dependencies among GMNSS options

Binimum herdware configuration

RE&S SMEN-K110

- moving scenarios, ‘autom. multipath Body masks
RES*SMBY-KI6 multipath, HiL 3
R&S“SMBV-K103
24 satellites : —
- Hardware - GMSS standand dapendant soltware oplions GMNSS standard independent software options GMSS augmentation systems
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i GNSS M

orbit simulatior;
MEO/GEO/IGSO

%
/
/
<
N,
™,
N

Doppler shift Q

jamming /
interference
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obscuration

.
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N
A 2,
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N

trajectory simulation Qs

multipath

antenna pattern
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>
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©
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D
=
D
—
=
(@)
©
(@)
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©
>
D
=
D

oN & yser location

incl. vehicle attitude
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A-GNSSEx /K T 8E M 1=,

Test description A-GPS FDD A-GPS FDD A-GNSS
TS 51.010-1 TS 51.010-1 TS 37.571-1 TS 37.571-1

Sensitivity 70.11.5.1. 70.16.5.1. 5.2.1. 6.2.1. 7.1.1.
Coarse time assistance
Sensitivity 70.11.5.2. 70.16.5.2. 5.2.2. 6.2.2. 7.1.2.
Fine time assistance
Nominal accuracy 70.11.6. 70.16.6. 5.3. 6.3. 7.2.
Dynamic range 70.11.7. 70.16.7. 5.4. 6.4. 7.3.
Multipath scenario / 70.11.8. 70.16.8. 5.5. 6.5. 7.4.
performance
GNSS TOD — GSM time - 70.16.9. - -
association
Moving scenario and - - 5.6. 6.6.
periodic update
performance

E-UTRA eCID TS 37.571-1 chapter 8

E-UTRA OTDOA TS 37.571-1 chapter 9

ROHDE&SCHWARZ
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T%k: www. rohde—schwarz. com

GPS, Glonass, Galileo
Receiver Testing Using a
GNSS Signal Simulator
Application Note

Products:
| RAS*SMENVIO0A

Testing glooal navigaton sateits system
(ENES) recelvers can be done easlly,
reiliaby and cost-eMcintly by using me
RES"SMEBV DDA vector signal genarater.
This GNSS SImulator can generate GRS,
Glanzss and Gallo signals for up b 24
satellies in real tme.

This application nate EXpaing how ta
perform automaied receiver tests using
the RES®SMEV1DIA. The presented tests.
Inciuce TTFF, sensittvity, and location
ACCURCY miowir

and Intererence t=sts, and many more.
Eagicl2moie contml SXampiss are
provided for the Individual 12515 to ease
programming.

This application note further INcludes a

shori guige for parsing NMEA, ata and 3
demonstration software tool.

Simulating Automatic
Obscuration and Multipath for
Realistic GNSS Receiver Testing
Application Note

Products:
| RES"SMEVIDIA

The RES"SMEV100A Is both, a versatlle
general-oumaose vector signal generator
and a powerlul GNSS signal simusator. 1t
can simuiate up to 24 saielltes In realime
far testing GNSS recabvers fexloly,
reiiably, and cost-sMcienty.

The RAS*SMEV100A supports recelver
testing under reallstic conditions by
offaring features such 35 poscuration
simuiation and automatic multpath
generation. Out of 3 mulituds of possible
test scenarios — with predefined or user-
SDECC B21Ngs — this a0pication note
pregents some exampies to give an
Impression of ihe Insirument's capabliies.

I

Hardware in the Loop (HIL)
Testing with a GNSS Simulator
Application Note

Products:
| RES®SMEVIOIA

The vecior signal generator and GNSS
simulator R&S*SMBV 100A Is ramote-
conirollanie In reaiime and can iherefore
be Implemented Info & dynamic HIL
environment. The HIL simuiaior can

the RES*SMEV100A In HIL applicalons.

© T der Sl
AME AR OE




L

4t

TS-LBS B o) K iglLBSMix R4t E.4

-

LBS Protocol
Conformance

A-GNSS
Minimum
Performance

OMA
SUPL2.0
TTCN3

LTE LPP
FDD/TDD
C-Plane

ROHDE&SCHWARZ

Network
Based
Positioning

OTDOA/eCID

LTE FDD
OTDOA
eCID

LTE TDD
OTDOA
eCID

Inter-band
OTDOA

CA
OTDOA

Operator
Acceptance

Verizon
Test Plan

AT&T
Test Plan

T-Mobile

NTT
DoCoMo

LBS Hybrid

Position
Calculation

Field2Lab

Record &
Playback

GPS,
GLONASS,

BeiDou
(COMPASS)

GALILEO,

Development
Features

Margin
Search

PEM
Mode

User def
Scenarios

OTDOA/
eCID R&D

LBS
Receiver
Testing

GPS,
GLONASS,

GALILEO,
COMPASS
(BeiDou)

Verizon
LTE GPS
AMS32-K32

CTIA3.4
LTE
A-GNSS
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