ssssssssssssssssssssssssss

Spectrum Analysis for LTE Systems

Leonhard Korowajczuk
CEQ/CTO

CelPlan International, Inc.
www.celplan.com
webinar@-celplan.com

8/4/2014 © CelPlan International, Inc. www.celplan.com 1


http://www.celplan.com/
mailto:webinar@celplan.com

Presenter

* Leonhard Korowajczuk YA L
— CEOQO/CTO CelPlan International R cdma2000°

) ) ) Systems
— 45 years of experience in the telecom field (R&D,
manufacturing and service areas)

— Holds13 patents

— Published books

* “Designing cdma2000 Systems”

— published by Wiley in 2006- 963 pages, available in hard
cover, e-book and Kindle

e “LTE, WiIMAX and WLAN Network Design, Optimization
and Performance Analysis ”

— published by Wiley in June 2011- 750 pages, available in hard
cover, e-book and Kindle

— Books in Preparation:

e LTE, WiMAX and WLAN Network Design,
Optimization and Performance Analysis

LTE, WiMAX =8
and WLAN

Network Design,
Optimization and
| Performance Analysis

BWILEY

LEONHARD KOROWAJCZUK

Network

LTE, WiMAX {08
and WLAN

Network Design,
Optimization and
| Performance Analysis

HWIL

EY
2"d edition

— second edition (2014) LTE-A and WiMAX 2.1(1,000+ Wireless
pages) Networks Radio
. . . ign
* Network Video: Private and Public Safety e T L% The Desig
Applications (2014) i SR I > Voice sl

* Backhaul Network Design (2015)
* Multi-Technology Networks: from GSM to LTE (2015)
* Smart Grids Network Design (2016)
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CelPlan International P CelPlan

Employee owned enterprise
with international presence

— Headquarters in USA
— 450 plus employees
— Twenty (20) years in business

Subsidiaries in 6 countries
with worldwide operation

Vendor Independent

Network Design Software
(CelPlanner
Suite/CellDesigner)

Network Design Services

Network Optimization
Services

Network Performance
Evaluation

Services are provided to
equipment vendors, operators
and consultants

High Level Consulting

— RFP preparation

— Vendor interface

— Technical Audit

— Business Plan Preparation

— Specialized (Smart Grids,
Aeronautical, Windmill, ...)

Network Managed Services
2G, 3G, 4G, 5G Technologies

Multi-technology / Multi-band
Networks

Backhaul, Small cells, Indoor,
HetNet, Wi-Fi offloading
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CelPlan Webinar Series seLan

How to Dimension user Traffic in 4 G networks

«  May 7t 2014

How to Consider Overhead in LTE Dimensioning and what is the
impact

* June 4t 2014

How to Take into Account Customer Experience when Designing a
Wireless Network

* July9th 2014

LTE Measurements what they mean and how they are used?

* August 62014

What LTE parameters need to be Dimensioned and Optimized? Can
reuse of one be used? What is the best LTE configuration?

* September 37 2014/ September 17t, 2014

Spectrum Analysis for LTE Systems
* October 1t 2014

MIMO: What is real, what is Wishful Thinking?
* November 5t 2014

Send suggestions and questions to: webinar@celplan.com
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Wireless Solutions & Consulting

Webinar 1 (May 2014)
How to Dimension User Traffic in 4G
Networks

Participants from 44 countries
Youtube views: 1027

8/4/2014 © CelPlan International, Inc. www.celplan.com 5



User Traffic CelPlan

How to Dimension User Traffic in 4G Networks
How to Characterize Data Traffic
Data Speed Considerations

How to calculate user traffic?
Bearers

User Applications Determination
User Distribution



Wireless Solutions & Consulting

Webinar 2 (June 2014)
How to consider overhead in LTE
dimensioning
and what is the impact



Overhead in LTE Celllan

1. Reusein LTE

2. LTE Refresher
1. Frame
2. Frame Content
3. Transmission Modes

4. Frame Organization
1. Downlink Signals
2. Uplink Signals
3. Downlink Channels
4. Uplink Channels

5. Data Scheduling and Allocation
6. Cellular Reuse

3. Dimensioning and Planning
4. Capacity Calculator



Wireless Solutions & Consulting

Webinar 3 (July 2014)
How to consider Customer Experience
when desighing a wireless network

Participants from 40 countries
Youtube views: 404

8/4/2014 © CelPlan International, Inc. www.celplan.com 9
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Customer Experience Lltan

How to evaluate Customer Experience?
What factors affect customer experience?
Parameters that affect cutomer experience
SINR availability and how to calculate it

Conclusions

. New Products



Wireless Solutions & Consulting

Webinar 4 (August 6", 2014)

LTE Measurements
What they mean?
How are they used?

Participants from 44 countries
Youtube views: 529

8/4/2014 © CelPlan International, Inc. www.celplan.com 11



LTE Measurements

Network Measurements

1. UE Measurements
* RSRP
* RSSI and its variations
* RSRQ and its variations
e RSTD
 RX-TX Time Difference

2. Cell Measurements
* Reference Signal TX Power
* Received Interference Power
* Thermal Noise Power
* RX-TX Time Difference
* Timing Advance
* Angle of Arrival

3. Measurement Reporting
* |Intra-LTE
* Inter-RAT
* Event triggered
e Periodic

2. Field Measurements

1.

1D Measurements

RF propagation model calibration
Receive Signal Strength Information
Reference Signal Received Power
Reference Signal Received Quality

Primary Synchronization Signal
power

Signal power
Noise and Interference Power
Fade Mean

2. 2D Measurements

4.

Primary Synchronization Signal
Power Delay Profile

3D measurements

Received Time Frequency Resource
Elements

Channel Frequency response
Channel Impulse Response
Transmit Antenna Correlation
Traffic Load

Measurement based predictions



Wireless Solutions & Consulting

Webinar 5 (September 3", 2014)

What LTE parameters need to be
Dimensioned and Optimized

Part 1- Downlink

Participants from 69 countries
Youtube views: 922

8/4/2014 © CelPlan International, Inc. www.celplan.com 13



Wireless Solutions & Consulting

Webinar 5 (September 16", 2014)

What LTE parameters need to be
Dimensioned and Optimized

Part 2- Uplink

Participants from 46 countries
Youtube views: 208

8/4/2014 © CelPlan International, Inc. www.celplan.com 14
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Webinar 6
Spectrum Analysis for LTE Systems

October 15t 2014
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Spectrum Analysis for LTE Systems €

LTE is an OFDM broadband
technology, with very wide channels.
Narrow band channels present similar

fading characteristics in its bandwidth,

with variations restricted only to time
dimension. Wide band channels vary
in the frequency domain also. The
designer has to have a full
understanding of this variations and
this information is not available with
traditional test gear

Until today designers had to guess
multipath and fading performance,
but the deployment of wide band
channels and MIMO techniques
require a precise understanding of
this effect geographically

— This requires 2D and 3D analysis

Decisions as where to deploy cells,
what number of antennas to use and
parameter settings, can represent
huge capital (CAPEX) savings and

reduce operational costs (OPEX)
8/4/2014

CelPlan

RF Parameter Characterization in Broadband Channels
Traditional Spectrum Analysis

LTE Performance Spectrum Analysis

Network Characterization though Drive Test

Drive Test Devices
- Software Defined Receivers
- Spectrum recording
Visualizing Measurements in Multiple Dimensions
- 1 Dimension
- 2 Dimensions
- 3 Dimensions

Measurement Interpolation and Area Prediction

Explaining LTE Measurement Content
- RX Signal Strength per RE
- Noise Filtered Channel Response for each RS
- RF Channel Response for RS carrying OFDM symbols
- RF Channel Response for all OFDM symbols
- Impulse Response for each RS Carrying OFDM symbol
- Multipath Delay Spread
- Reference Signal Received Power
- Receive Signal Strength Indicator: full OFDM symbols
- Receive Signal Strength Indicator: RS RE of OFDM symbols
- Receive Signal Strength Indicator: PBCH
- Reference Signal Received Quality: full OFDM symbols
- Reference Signal Received Quality: RS RE of OFDM symbols
- Reference Signal Received Quality: PBCH
- PSS Power Distribution Profile
- PSS Power
- Frequency Fade Mean
- Frequency Fade Variance
- Signal power
- Noise Power
- Signal to Noise and Interference Ratio
- Antenna Correlation
- LTE Frame Traffic Load

© CelPlan International, Inc. www.celplan.com
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8/4/2014

Webinar 7
MIMO
What is Real?
What is Wishful Thinking?

November 5t 2014
Registration is open

© CelPlan International, Inc. www.celplan.com
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MIMO What is Real? What is Wishful Thinking? e TR T T

Antenna Ports
Transmission Modes

MIMO

— Transmit Diversity

— Cyclic Delay Diversity

— Open Loop Spatial Multiplexing
— Closed Loop Spatial Multiplexing
— Beamforming

— Multi-user MIMO

MIMO Channel Modelling
MIMO System Performance
SU-MIMO vs MU-MIMO
Antenna Correlation

8/4/2014 © CelPlan International, Inc. www.celplan.com 18
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LTE Technology, Network Desigh &
Optimization Boot Camp

December 8 to 12, 2014
at University of West Indies (UWI)
St. Augustine, Trinidad

8/4/2014 © CelPlan International, Inc. www.celplan.com 19



LTE Technology, Network Design & CelPlan

Optimization Boot Camp

December 8 to 12, 2014

Based on the current book and updates from the soon-to-be published 2nd edition of,
"LTE, WiMAX, and WLAN: Network Design, Optimization and Performance Analysis",
by Leonhard Korowajczuk, this -day course presents students with comprehensive
information on LTE technology, projects, and deployments.

CelPlan presents a realistic view of LTE networks, explaining what are just marketing
claims and what can be achieved in real life deployments. Each module is taught by
experienced 4G RF engineers who design and optimize networks around the globe.

The materials provided are based upon this experience and by the development of
industry leading planning & optimization tools, such as the CelPlanner Software Suite,
which is also provided as a 30-day demo to each student

Module A: LTE Technology

— Signal Processing Applied to Wireless Communications

— LTE Technology Overview

— Connecting to an LTE network: an UE point of view

— How to calculate the capacity of an LTE cell and network

— Understanding scheduling algorithms

— LTE measurements and what they mean

— Understanding MIMO: Distinguishing between reality and wishful thinking
— Analyzing 3D RF broadband drive test



LTE Technology, Network Design
& Optimization Boot Camp

Module B: LTE Network Design
— Modeling the LTE Network
— Building Network Component Libraries
— Modeling user services and traffic
— Creating Traffic Layers
— RF Propagation Models and its calibration
— Signal Level Predictions
— LTE Predictions
— LTE Parameters
— LTE Resource Optimization
— LTE Traffic Simulation
— LTE Performance
— Interactive Workshop (sharing experiences)

4G Certification (Optional)
Additional information, Pricing & Registration available at www.celplan.com
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Today’s Feature Presentation

8/4/2014 © CelPlan International, Inc. www.celplan.com 22



uuuuuuuuuuuuuuuuuuuuuuuuuuuu

Today’s Webinar

Spectrum Analysis for LTE Systems

October 15t 2014

8/4/2014 © CelPlan International, Inc. www.celplan.com 23



Spectrum Analysis for LTE Systems¥ <¢/£fez

RF Parameters Characterization in LTE
Spectrum Analysis

Channel/Technology Analysis
CellSpectrum Parameters

3D Parameters

2D Parameters

1D Parameters

Calibration of Propagation Models
Comparing Predictions and Measurements
10.Generating Predictions from Measurements
11.Summary

8/4/2014 © CelPlan International, Inc. www.celplan.com 24
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Spectrum Analysis for LTE Systems A

* 3D Parameters
— Time Frequency Grid (TFG)
— Channel Estimate Raw (CERAW)
— Channel Estimate Smoothed (CESMOOTH)
— Channel Estimate TFG (TFGCE)
— Channel Corrected Received Signal (RXGRID)
2D Parameters
— Primary Synchronisation Signal (PSS PDP)
— Antenna Correlation
* 1D Parameters
— RSRP
— RSSI
— RSRQ
— PSS PowerSignal Power
— Noise Power
— Frequency Fade
— Time Fade

8/4/2014 © CelPlan International, Inc. www.celplan.com 25



Wireless Solutions & Consulting

1. RF Parameter Characterization in
Broadband Channels (LTE)



RF Parameter Characterization in CelPlan
Broadband Channels (LTE)

 Narrowband channels may be considered as having a
uniform behavior along its bandwidth, varying only over
time

— This variation is called fading and its characterization is

important to define the operating margins required for a
certain performance

— In general designers have to guess the fading distribution as it
is not an easy parameter to measure, mainly as it varies from

one location to another

 Broadband channels present a significant variation in
frequency also and this add another dimension for the RF

channel characterization

* OFDM technologies are sensitive to multipath and this is a
very difficult parameter to characterize over the entire

network




Requirements for a Broadband Field CelPlan
Spectrum and Technology Analyzer

The industry uses primarily two main types of field drive test equipment to characterize
the RF channel and network performance
— Scanners are used to detect the RF signal and detect characteristics of the received signal
— Technology protocol decoders are used to analyze message exchanges and are generally based on
regular user devices, loaded with a special software
Scanners perform measurements of a set of 1 dimensional parameters, like power,
noise or cell IDs

Several crucial parameters required for a proper network design are not analyzed due
to its complexity, as they require 2 and 3 dimensional analysis

— Athree dimensional analysis will capture information in frequency, time and energy domains

Commercial scanners capture some 1D parameters but if any additional analysis is
required it can be not done, requiring another drive test

CelPlan felt this limitation and decide to develop a product that would cover the main
shortcomings of existing tools

The specification for the new field test equipment were then specified:
— It should capture the entire spectrum under observation
— It should be able to analyze the spectrumin 3 D

— It should provide answers at least to the following questions:
*  What is the multipath delay spread in every part of the network?
*  What is the expected time and frequency fading?
*  What is the actual correlation between transmit antennas in the field?
* What is the average path loss?
* How are the best servers distributed along the network?
* How is traffic distributed in an LTE frame?




CellSpectrum™ = ¥&&&=er

* Itis an RF Spectrum and Channel Analyzer based on
a universal software-defined receiver that enables
capturing, digitizing, storing and analyzing detailed
RF & technology characteristics needed for the
proper design of wireless networks

* [t digitizes and stores up to 100 MHz of spectrum at
a time, from 100 MHz to 18 GHz, extracting
parameters as:

— LTE channel response per Resource Element
— Multipath delay spread

— Average frequency fading

— Average time fading

— Noise floor

— Interference

77»7;7'!""——\_}“9
— Traffic Distribution !
— 3D visualization capability | R |

* Additionally, allocation and traffic information can
be derived, providing valuable information about
the allocation used for Inter Cell Interference
Coordination (ICIC). Framed OFDM transmitters,
like WiMAX and LTE, provide ideal platforms to

characterize the RF channel
8/4/2014 © CelPlan International, Inc. www.celplan.com 29




CS1000 ™ Hardware

CS1000 has a versatile signal analysis platform which offers the best features of super

heterodyne and direct conversion receiver architectures

Designed to provide a wide 100 MHz instantaneous bandwidth with the flexibility to

switch into an ‘offset-free’ super-heterodyne mode of operation
Frequency range: The standard units are calibrated up to 8 GHz

Dynamic range: in excess of 100 dB
Providing the ability to test baseband signals and also to interface with very wideband

(> 100 MS/s) digitizers and data recording systems
Spectrum scan rate of 200 GHz/s

Small form factor and low power consumption
— The dimensions of CS1000 are 9.5” x 6.5” x 1.2”

— DC power consumption of less than 17 W

RF In

Switchable
Block

&

810 20 GHz

CS1000

g

Filter
Bank

0.05 to 8 GHz

=

o>

IF Filter
Bank

K

0.0-1to 0.05 GHz

Direct Digitization

XK

0.0-1to 0.05 GHz

Direct Digitization




CellSpectrum™ 1000 Software Eer

e CellSpectrum ™ 1000 software collects and processes the data
produced by the CellSpectrum 1000 hardware

e CellSpectrum ™ 1000 uses a powerful multi-screen visualization
platform, with many unigue features as:
— Multiple Views
— Integrated Google Maps and Google Earth images, including Street View
— View synchronization in terms of display area
— Simultaneous mouse display in all views
— Synchronization between 2D graphs and geographic maps
— Display of 3D graphs
— Statistic Data analysis display
* CellSpectrum ™ 1000 provides access to the following features:
— A full-fledged Spectrum Analyzer
— A Technology Analyzer
— A set of assorted spectrum analyzers, scanners and radios
— A CelPlanner project that can be displayed with the measurements
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2. Spectrum Analysis

CellSpectrum ™ 1000

8/4/2014 © CelPlan International, Inc. www.celplan.com 32



Spectrum Analyzer (Stand Alone)

User can capture live data or load data from a file
User can use automatic display signal level range or define it manually
Spectrum samples can be recorded in a file with a sampling rate of approximately 1

second.

The entire displayed bandwidth is calculated, as well the power within two markers

defined by the user

Measured power can be recorded to a file
User can access the hardware remotely

FEEE

750
Frequency (MHz)

2o | s |

735

Load File |

"
%P CellSpectrumn 1000 - Spectrum Analyzer (Standalone Mode) EI@
Configuration
— IP Address:[10.1.20.51
-70
e Frequency: |751.000000 MHz
-20
-85 Freq. Span:| 31.250000 - | MHz
-50
—_ Res. Bw:| 15.258789 | KHz
£ =25
_:g -100 v # Samples: (2049
= -105
2 110 Display
2 -is Reset . V¥ Maximum Values
e -l20 Reset D v Average Values
& 15
& o [ I Current Samples
; i Reset ¥ Minimum Values
-135 _Reset|[]
-140 # Sweeps: | 13840
-123 Elapsed Time: |892 SEC.
-155 Channel Power: |-46.04 dBm
-160
-1865 [ Record Samples
SA_Signal




Spectrum Analyzer (Drive/Walk Test) ¥ R

* Mode: Defines if the measurement is indoor or outdoor. Indoor measurement points
are defined on a map when performing the walk test. Outdoor measurements use a
GPS, with an optional dead reckoning system.

e GPS: Allows the configuration of the GPS collection

* Log File: Allows the configuration and management of the file where measurements
will be logged.

* Display: Allows the management of what should be displayed
e Base Station: Allows the configuration of Base Stations
* Events: Allows the display of events during drive test

%P [View 6] [Displaying Drive Test data: 67 of <= | | = | & |[w3|
o o SN o
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Spectrum Analyzer (Drive

[Walk Test)

QP CeliSpectrum 1000 - Spectrum Analyzer (Standalone Mode)

Signal Level (dBm)

Configuration

Frequency:[751.000000 Mz
Freq. Span:[31.250000 | Mz
Res. Bw}Ez_séias v | KHz

:Sawles:[_ﬁ—

Oisplay

Reset | ] ¥ Maximum vakues

Reset D vV Average Values
Bl ¥ current Samples

Reset [:] Minimum Values

® Sneep::IWQ
Blapsed Time: lus sec.

Channel Power: |-99.84 dSm

<

[ Record Samples

e, [

740 745 750 755 760 765
r n MH.
& k| m| i
Start | se | Load File

Log Data =]
Recg uIC Time Lat Lon Speed nSat AntHeight BS_Dist Mode Ch.Pw. ManualEventId (Event DEscr:Lp‘tﬂ
160 00-00-00 13-04-3% 503 327 534883 -33_764B817 TZ_00 3 10.0 - Outdoor £ (Location Event)

181 00:00:00 13:04:40.523 32.534714 —-53.764864 T2.00 3 0.0 - Outdoor § (Location Ewvent)

182 00:00:00 13:04:41.537 32.534737 —-33.764364 7Z.00 3 10.0 - Cutdoor £ (Location Event)

183 00:00:00 13:04:4Z2.551 32.534881 —-53.765064 T2.00 3 0.0 - Outdoor § (Location Ewvent)

164 00:00:00 13:04:43.566 32.534333 -53.765131 T2.00 3 0.0 - Outdoor § (Location Ewvent)

165 00:00:00 13:04:44.580 32.534964 —-53.765200 T2.00 3 0.0 - Outdoor § (Location Ewvent)

168 00:00:00 13:04:45.55%4 32.5350864 —-53.765314 T2.00 3 0.0 - Outdoor § (Location Ewvent)

187 00:00:00 13:04:4&.808 32.535164 —-53.765414 T2.00 3 0.0 - Outdoor £ (Location Event)

188 00:00:00 13:04:46.685 32.535233 —-53.785437 T2.00 3 0.0 - Outdoor 0 (Tunnel)

189 00:00:00 12:04:47.822 32.535233 —-5332.785457 72.00 2 10.0 - Cutdoor £ (Location Event)

170 00:00:00 13:04:4B8.638 32.535283 —-53.785581 T2.00 3 0.0 - Outdoor § (Location Ewvent)

171 00:00:00 13:04:43.010 32.535347 —-33.785887 7Z.00 3 10.0 - Cutdoor 1 (Overpass)

172 00:00:00 13:04:49.850 32.535347 —-53.765887 T2.00 3 0.0 - Outdoor § (Location Ewvent)

173 00:00:00 13:04:50.684 32.535400 —-53.765750 T2.00 3 0.0 - Outdoor § (Location Ewvent)

174 00:00:00 13:04:51.878 32.535487 —-53.765817 T2.00 3 0.0 - Outdoor § (Location Ewvent)

175 00:00:00 13:04:5Z.832 32.535514 —-53.785881 T2.00 3 0.0 - Outdoor § (Location Ewvent)

17& 00:00:00 12:04:52.182 2Z.5355&87 —-5332.785547 7Z.00 2 i0.0 - Outdoor 2 (Near cell site)

177 00:00:00 13:04:53.707 32.535587 —-53.765947 T2.00 3 0.0 - Outdoor § (Location Ewvent)

178 00:00:00 13:04:54.721 3Z.535867 —-33.7668064 7Z.00 3 10.0 - Cutdoor £ (Location Event)

4 m b z‘
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* Event Recording

Spectrum Analyzer (Drive/Walk Test)

P [View 2] [Mea_5800-00_Event Description.gme: ... E =] @ Event Description =]
_{5\ Event Description - [Wiew 2]
= E = DPata from unit & i 10.5%)
Weak Sighal E = Disabling radio [ E5.3%)
1 E = Lost Connectiwity [ 15.8%)
Pazzing through a tunnel E = Passing through a tunnel { 10.5%)
E = Badio failure or reset i 10.5%)
o E = Recovered Comnnectiwvity { 15.2%)
= E = 3trong Signal { 15.8%)
* B - Weak Sigmal [ 15.e%)
"
b | 2
Recovered Connectivit . = =
. Whe I‘i'n,-'e}'{{ =3
a O
Recovered Eunnectivitﬁl—l -
Wieak Sighal
£
FUWERED EY F"a!! |! | !!!ul tu_r‘lr‘|e|
i - T
Go ’3"-— Map data @2012 Google - Ter s of Use
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3. Channel/Technology Analyzer

CellSpectrum 1000™

8/4/2014 © CelPlan International, Inc. www.celplan.com 37



Channel/ Technology Analyzer e

* Configuration
* Collection

* Post Processing
* Visualization



Equipment Configuration Celllan
e Configuration

Collect Measurements (Drive Test) =) Collect Measurements (Drive Test) . =] COHECF Measurements (Drive Test) _ _ =]
LogFile | Base Station | Display | Receiver | GPS  Mods | Events | LogFile | Base Station | Display | Fieceiver GPS |Mode | Events| LeaFile | Base Station] DiSP'i‘r‘] Receiver | GPS | Mode ] Events]
v Enable GPS cehCelPlantDriveTest
" Outdoor
o GP3 Source EOM1 |
NEoIE ) Maone Enabled Output File N ame File Opening Method
e [0 00 DOOT N Capturing Coordinates Style = 7 Automatic (* Append
Latitude: . £ walking [continuous] = g None RTSon ] f* User defined: | Specinalyzer " Ovenurite
Longitude: |000° 00" 0000 E ¥ Stationary [poirt by point) 9600 Mone
Collecting Time: |5 ZEC. [Diive Test Log File
Discard Coordinates with: | t Expart Filt A d
g Iv Enable Beep '_IS;aL:mb;D;flgzt:;t:; P v GPS Simulation Mode [ Autamatic File Spliting meer | Hper | o | PREn |
[ Anterna Height = 0 Coard. File: ||3Halyln Med m I
Partial Load
¥ 10 g
Maw. dist. per sec. >|41.7 m.| | Max. time without GPS:[5  sec.| | Check GPS [ Al Samples
= o staRT| [1] | @ [ STAHT| [=] | == I START| [=] |
Collect Measurements (Drive Test) [ =] Collect Measurements (Drive Test) =] Collect Measurements (Drive Test) =]
ase Station] Display] Receiver | GPS ] Mode | Events | "Log File] Base Station  Display |F|eceiver] GPS | Mode ] Events] LogFile  Base Station |Dis|:ula_-,I | Receiver | GPS | Mode | Events |
Directary: |c::\EIeIF'Ian\DriveTest Refresh Rate: |1 sec.
Output File Mame File Dpening Method v Enable Display Clear Graphs v iShow distance between station and curment locatiore
™ Automatic {* Append v Enable Log T Cloar Al + Automatic station coordinates
v User defined:|5Demnal}'zerDD1 " Ovenarite v Enable G.raphs L_Dg = " User defined coordinates
[ Enable Views Clear Views oo* 00t 0000t M
Drive Test Log File Graphsz Yisible Channels 000t oo oooot E g
L - Impart | Export | Filter | Append | = Al .
[ Automatic File Splitting
-
7 Eacn[50 ]
Partial Load
T 10 g [v Display measurements centered in the view
™ Al Samples
[ sTART | [=]
B b1 sTART| [&] | j=| [ s1aRT| [=] | El | |
Configure Receiver |
Receiver Configuration (for data capture)
IP Address: |10.1.20.200
Frequency: | 751000000 MHz
8/4/2014 © CelPlan International, Inc. www.celplan.com
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Collection

e )

9 [View1] [BestServer - RSRP: 470 of 470 points] [G.Earth] | o] @ |3
< i .l 4 o

During collection the
following infromation
is displayed , ,
— Number of detected ' D AT R e -
PCls (MIB was Y h
succesfully decoded)

— LatlLong

— Speed

— GPS reported height
Collection can be
done:

— Outdoor: GPS /Dead
Reckoning

— Indoor: floor plant
taps

Events can be added  [uea g
. Rect  UTC Time Lat Lon Speed nSat AntHeight BS Dist Mode Ch.Dw. MammalEventld (Event Descript)
CO”eCtlon tOOk 16 160 00:00:00 12:04:39.508 32_534683 -93.764817 72.00 3 10.0 Cutdoor # (Location Event)
161 00:00:00 13:04:40.523 32.534714  -93.764864 72.00 3 10.0 - Cutdoor # (Location Event)
H 162 00:00:00 13:04:41.537 32.534737  -93.764364 72.00 3 10.0 - Cutdoor # (Location Event)
m I n utes 183 00:00:00 13:04:42.551 32.534881 -33.765064 72.00 3 10.0 - Outdoor # (Location Event)
164 00:00:00 13:04:43.566 32.534333 -33.765131 72.00 3 10.0 - Cutdoor # (Location Event)
165 00:00:00 13:04:44.580 32.534964 -33.765200 72.00 3 10.0 - Cutdoor # (Location Event)
100 IVIHZ Of Spectrum 188 00:00:00 13:04:45.594 32.535064 -93.765314 72.00 3 10.0 - CQutdoor # (Location Event)
187 00:-00:00 13:-:04-46_808 32 _535144 -93_765414 72_00 3 10.0 - Outdoor £ (Location Event)
168 00-00-00 13:04-45 665 32 535233  -93 765497 72 00 3 10.0 - Outdoor 0 (Tunnell
We re Ca ptu red a ro u n d 169 00:00:00 12:04:47.622 32.535233  -93.765497 72.00 3 10.0 - Outdoor # (Location Event)
170 00:00:00 12:04:423.6236 32.535283  -93.765581 72.00 3 10.0 - Outdoor # (Location Event)
. 171 00:00:00 12:04:49.010 32.535347  -93.765667 72.00 3 10.0 - Outdoor 1 {Overpass)
2,5 G B |n t e Reston 172 00:00:00 13:04:49.650 32.535347  -93.765667 72.00 3 10.0 - Cutdoor # (Location Event)
173 00:00:00 13:04:50.664 32.535400 -93.765750 72.00 3 10.0 - Cutdoor # (Location Event)
VA 174 00:00:00 13:04:51.678 32.535467 -33.765817 72.00 3 10.0 - Outdoor # (Location Event)
a rea 175 00:00:00 13:04:52.632 32.535514 -33.765881 72.00 3 10.0 - Outdoor # (Location Event)
176 00:00:00 13:04:53.162 32.535567 -33.765347 72.00 3 10.0 - Cutdoor Z (Near cell site)
177 00:00:00 13:04:53.707 32.535567 -33.765347 72.00 3 10.0 - Outdoor £ (Location Event)
|17EI 00:-00:00 13:-04-54_721 32 _5358&7 -93_7e60684 72_00 3 10.0 - Outdoor £ (Location Event)
4| 1 G Z‘
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Post Processi ng

* Twenty Nine Parameters were selected to be extracted from the collected 100
MHz of spectrum

* Post processing took 30 minutes

% Parameters Selection E=S =S =R == | PostProcess
& | Available (0 items) | & Selected (29 items) | ~ ‘Files  Execute l
1 [i0] Freq. Fade Deviation
2 |[10] Freq. Fade Mean Fading Threshold: |-10  dB
- 3 [10] Moise Power
4 |[1D] PS5 Power 29 Parameters Selected (all of them)
“+ 5 |[10] RSRP [ 1] [1D] Freq. Fade Deviation *
6 | [10] RSRQ - All Sub-Carriers (WE) [ 7] [1D] Freq. Fade Mean
7 |[10] RSRQ - CRS Symbols E [ 3] [10] Moise Power
8 |[10] RSRQ - PECH (MIE) [ 4] [1D] PSS Power
= 9 |[1D] RSSI - All Sub-Carriers (WE) [ 5] [1D0] RSRP E
- 10 | [1D] RSSI - CRS Symbols [&] [10] RSRQ - All Sub-Carriers (WE)
J 11 |[iD] RSSI - PECH (MIB) [ 7] [1D] RSRQ - CRS Symbols

[ 8] [1D] RSRQ - PBCH (MIB)

12 [9] [1D] RSSI - All Sub-Carriers (WE)

13 [[1D] Time Fade Deviation [10] [1D] RSSI - CRS Symbols

14 [[1D] Time Fade Mean [11] [1D] RSSI - FECH (MIE)

15 | [20] Antenna Correlation [17] [1C] Signal Power

16 |[20] PS5 POP [13] [1D] Time Fade Deviation

17 | [30] Adjusted TFG [14] [1D] Time Fade Mean

18  [[3D] CE Raw [15] [2D] Antenna Correlation -

19 [[3D] CE Smooth
20 |[30] CETFG

Select Parameters |
21 [[3D] CE Time Offset Comp. -

Ok Cancel Execute Post-Processing |
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Visualization/ Analysis et st

* CelView power visualization engine is used to
visualize geographically the measurements

* CellSearch algorithm is used to detect the cells
PCls at each measured point

e CellVisualize algorithm is used to display the
different parameters in 1D, 2D and 3D



1 P CelPl
CelView ™ P CelPlan

 Multiple Views can be open
* Views and pointer are synchronized

* Google Maps and Google Earth can be used as background
— Street View can be displayed from within the tool
 Measurements can be displayed and exported to be used by CelPlanner Suite

9 [View1] [BestServer - RSRP: 470 of 470 points] [G.Hybrid]

lo] @ ==

=)

>y ’ CellSpectrum - Google Street View [1]
Py ”
-~ v 11307 Sunset Hills Rd, Reston, Virginia /
S ximate 2

Address is appro:
& 2>
v

o

Coodhe ooty
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CellSearch ™ CelPlan

CellSearch scans the spectrum looking for the three PSS (Primary Synchronization
Symbol) values in the 62 central LTE sub-carriers. It identifies the largest peaks and
decodes the PSS value for each one. Each peak is then processed by:

— Detecting its center in time domain

— Detecting its center in frequency domain

— Obtaining symbol, slot and subframe synchronization

The two occurrences of the 168 SSS (Secondary Synchronization Signal) codes are
detected, defining:

— Cell PCI (0 to 503)

— Cyclic Prefix (0, 1)

— Start of Frame

— PCI Multipath location

Next the PBCH is detected over the 72 central subcarriers, slot 0, Symbols 3 to 6,
defining:
— Cell Bandwidth (1.4, 3.0, 5.0, 10.0, 15.0, 20.0 MHz)
— PHICH Configuration (duration and scaling factor)
H-ARQ position (normal=0, extended=1)
H-ARQ scaling factor (1/6, 1/2, 1, 2)
— System Frame Number (SFN): The 8MSBs are explicit in the MIB the 2 LSB are obtained by analyzing
the MIB repletion frames. The first repetition happens in a frame with 00 as its least significant bits.
Number of antennas: A 16 bit CRC (Cyclic Redundancy Check) is applied on the MIB
information bits. The CRC is then scrambled by three patterns each related to the
number of physical antennas used (1, 2 or 4). The tree combinations have to be tried
(blind detection) to find out the number of antennas used.




CellSearch ™ Celllan
* Eleven PCls were detected during the drive test

— PClI 428 had the largest ocurrence (268 points)
e All PCls used:

— Normal Cyclic Prefix
— Two antennas

Cell Pararneters Visualization - CellSpectrurn 1000 - LTE Receiver [E]
10 IVI H . Configure  Visualize l
— z bandwidth channel
Parameter: |l Fs] [10] RSRP | R L M
N | P H I C H d . r ﬁsuallzeﬁddmni%t - Total Paints: | 680
O r m a u ra t I O n Cell PCI |'\_I\Iumber| Cyclic | Number of Bandwidth| Phich | Phich
of Prefix | Antennas (MHz) |Duration | Resource
1 428 268 MNormal 2 10 MNormal 1
— PHICH Resou rces :1 2 | as3 113 Normal 2 10 Normal 1
3 427 90 MNormal 2 10 MNormal 1
4 454 85 MNormal 2 10 MNormal 1
5 383 61 MNormal 2 10 MNormal 1
] 455 42 MNormal 2 10 MNormal 1
7 382 10 MNormal 2 10 MNormal 1
] 426 6 MNormal 2 10 MNormal 1
9 381 2 MNormal 2 10 MNormal 1
10 408 2 MNormal 2 10 MNormal 1
11 489 1 MNormal 2 10 MNormal 1
Visualize




CellVisualize™

 Measurements can be configured to

e CellVisualize can be configured disol
) isplay
to display: e .
— Measurement value in power, time or
— Best Server frequency
f — Measurement value using 3GPP notation
— Number of Servers oC|
— Each of top N servers — Time
— Individual PCI — SFN
Cell Parameters Visualization - CellSpectrurm 1000 - LTE Receiver [E] Cell Parameters Visualization - CellSpectrurm 1000 - LTE Receiver [=]|
I Configure Visualize l I Configure Visualize l
Parameter: |. [ 5] [1D] RSRP ﬂ ™ 36PP | el ’—11 Parameter: |. [ 5] [1D] RSRP ﬂ ™ 36PP | el ’—11
[ Wisuslize Additional Plot o [v Wisuslize Additional Plot o
(v - " Total Points: [ {+ BestServer { #Servers ( Top M Servers Total Points: [
Cell PCI | “ Number| Cyclic | Number of Bandwidth| Phich Phich Cell PCI | “ Number| Cyclic | Number of Bandwidth| Phich Phich
of Prefic | Antennas (MHz) |Duration | Resource of Prefic | Antennas (MHz) |Duration | Resource
1 428 268 Maormal 2 10 Marmal 1 1 428 268 Maormal 2 10 Marmal 1
2 453 113 Marmal 2 10 Marmal 1 2 453 113 Marmal 2 10 Marmal 1
3 427 a0 Marmal 2 10 Marmal 1 3 427 a0 Maormal 2 10 Marmal 1
4 454 85 Maormal 2 10 Maormal 1 4 454 85 Maormal 2 10 Maormal 1
5 383 61 Mormal 2 10 Maormal 1 5 383 61 Mormal 2 10 Mormal 1
[ 455 42 Mormal 2 10 Maormal 1 [ 455 42 Mormal 2 10 Mormal 1
7 382 10 Mormal 2 10 Mormal 1 7 332 10 Mormal 2 10 Mormal 1
] 426 ] Maormal 2 10 Maormal 1 ] 426 & Maormal 2 10 Maormal 1
9 381 2 Marmal 2 10 Marmal 1 9 381 2 Marmal 2 10 Marmal 1
10 408 2 Marmal 2 10 Marmal 1 10 408 2 Marmal 2 10 Marmal 1
11 439 1 Marmal 2 10 Marmal 1 11 439 1 Marmal 2 10 Marmal 1
Visualize % Ll_l_-l Visualize Total Selected: 11
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CellVisualize ™

Cell Parameters Visualization - CellSpectrum 1000 - LT

* CellVisualize displays: cordore Vo |

— A window with the drive
test route view

— The window legend 1

— A view presentation a
dialogue that allows the 2
configuration of how and s
what parameter -
characteristic is displayed

— A window with the
representation of the
measured value by
sampling sequence (only
for 1D parameters)

PCI

439
403
381
426
332
435
383
454
427
4533
423

E Receiver

Parameter: |. [ 5] [10] RSRP

| I 3cep

B [ 1] [1D] Freq, Fade Deviation
B [ 2] [1D] Freq. Fade Mean
B [ 3] [1D] Moise Power
Il [ 4] [1D] PS5 Power
[ 5] [1D] RSRP
B [ 5] [1D] RSRQ - All Sub-Carriers (WE)
B [ 71 [1D] RSRQ - CRS Symbols
B [ 3] [10] RSRQ - PECH (MIE)
B [ 5] [1D] RSSI - All Sub-Carriers (WE)
Il [10] [10] RSSI - CRS Symbals
Il [11] [10] RSSI - FECH (MIB)
B [12] [10] Signal Power
[l [13] [10] Time Fade Deviation
Il [14] [10] Time Fade Mean
[ [15] [1D-ALL] Combined 1D Parameters
[l [15] [20] Antenna Correlation
Il [17] [20] PSS POP
Il [15] [30] Adjusted TFG
Il [19] [30] CE Raw
[l [20] [30] CE Smooth
B [21] [30] CETFG
[l [22] [30] CE Time Offset Comp.
[l [23] [30] CE Time Offset Drift Comp.
[l [24] [30] Channel Freq. Response
[l [25] [30] Channel Impulse Response
[l [25] [30] Rx Grid
W [27] [30] TFG (Time Freq. Grid)
[l (23] [30] TFG Freg. Offset Comp,
[l [29] [30] TFG Time Offset Comp,
[l [30] [30] TFG Time Offset Drift Comp,
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Total Cells: i1
Total Points: | 680
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Wireless Solutions & Consulting

4. CellSpectrum™ Parameters
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CellSpectrum 3D Matrixes

e Several matrixes are obtained from the digitized data

Time Frequency Grid SUBCARRIERS | 599
TFG SYMBOLS 853
vy
Raw Channel Estimate SUBCARRIERS | 99
CERAW SYMBOLS | 243
vy
Time Offset Drift Estimate SUBCARRIERS | 99 SUBCARRIERS | 599
CETODC SYMBOLS 243 TFG-TODC SYMBOLS 853
vy
Time Offset Estimate SUBCARRIERS | 99 SUBCARRIERS | 599
CETOC SYMBOLS | 243 TFG-TOC symBoLs | 853
vy
Frequency Offset Compensation | SUBCARRIERS | 99 SUBCARRIERS | 599
CECOMP SYMBOLS | 243 TFG-FOC symBoLs | 853 *
SUBCARRIERS | 599
] RX-GRID symBoLs | 853
Smoothed Channel Estimate | SUBCARRIERs | 99 Channel Estimate for entire TFG | SUBCARRIERS | 599 *
CESMOOTH SYMBOLS | 243 TFGCE symBoLs | 853
Interpolated Channel Estimate | SUBCARRIERS | 600 FADE
CEINTERP symoLs | 121
RSRP
RSSI
RSRQ
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CellSpectrum 3 D Matrixes sl

TFG: Represents tha actual received power for each Resource
Element (RE) of 6.1 frames

CERAW: Represents the Channel response Estimate (CE) fro
REs containing Reference Signals (RS)

CETODC: Corrects for Time Offset Drift in the Channel Estimate
(CE)

CETOC: Corrects the overall time shift (phase shift in frequency
domain) in the Channel Estimate

CECOMP: Corrects the frequency shift betweent ransmitter
and receiver

CESMOOTH: Averages Reference Signals with its neighbor
Reference Signals to reduce fading effects

TFGCE: Interpolates the CE between Reference Signals
calculating the CE for the remaining REs

— It represents the vlaues of TFG corrected by the channel estimates
RXGRID: Estimates data values based on the previous matrixes



uuuuuuuuuuuuuuuuuuuuuuuuuuuu

5. 3D Parameters

CellSpectrum™
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2

e LOS signal

WP [View 1] [PCI=428 - TFG: 268 of 268 points] [G.Hybric

- T

I [View 1] TFG (Time Freq. Grid)

] Poer

-36dBm { 0.3%)
-40dBm { 1.7%)
-44 dBm { 1&6.9%)
-47 dBm { 38_6%)
=51 dBm { 19.4%)
-55dBm { 5.3%)
-58dBm{ 3.3%)
-62dBm { 2.0%)
-66dBm { 1.0%)
-69dBm ( 1.5%)
-73dBm { 1.9%)
=77 dBm |
-80 dBm {
-84 dBm |
-88 dBm |
-51 dBm |
-55 dBm |
-85 dBm (
=102 dBm |
-10& dBm |
—105 dBm |
=112 dBm |
-117 4dBm |
=120 dBm |
=124 dBm |
=128 dBm |
=121 dBm |
-135dBm {
=125 dBm |
-142 dBm |
-14% dBm |
=150 dBm |

E <
B <
B <
L <
P <
L=
P <
E <
E =
B <
L <
P <
L=
B <
B <
E =
P <
L=
P <
E <
B <
B <
L <
P <
L=
P <
E <
E =
B <
L <
P <
L=
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= E)

* 3 Dview

— 600 subcarriers

— 863 symbols
e 2Dview T Mum

— Subcarrier 300 | = (i [IREREIE
e 2D view i M\“MM“‘I‘\]”

— Symbol 0

[View 1] CellSpectrum 1000 - TFG (Time Freq. Grid) - Symbol # x Power (dBm) . [View 1] CellSpectrum 1000 - TF - b =l
|
EEEEE] B e 2 =8E= =l
—Statistic: I Statistic:
-40 Murmber of Paints: 254 Mumber of F'olnts:l E00
_45 _——————
-50 Spmbol # -50 Sub-Carrier #
E -55 Average 425, 500 uEJ -60 Average 299,500
2 & [ | ! Std. Dev.| 245.673 I = Std. Dev.|  173.343
g o5 Min. Value|  0.000 5 70 Min.Value|  0.000
& _;: Max. Value| &53.000 e -80 Max. Value| 599.000
=L | Poweer [dBm] -20 Power [dBm]
-85
—ag Average -55.994 -100 Average -60.786
_g5 Std. Dev. 12.351 Std. Dev. 12.653
Min. Value -97.700 110 Min. Value| -111,300
0 100 200 300 400 500 600 700 200 Mo vaiec E 0 50 100 150 200 250 300 350 400 450 500 550 600 || |mMax value| -33.800
Symbol 2 Sub-Carrier #
| Sub-Camier # = 300 [configured valus] Symbal # = 0 [configured value)

8/4/2014

0

850
300
750
700
650
600
550
500
450
400
350
300
250
200
150
100
50

0
100 200 300 400 500 600

Sub-Carrier

# [oquiis

Power (dBm) -149..-37
Sub-Carrier # 0.. 599
Symbol # 0. 853

Perspective | 2D Charts Legend | ¢ »

Colors:l[ﬁ] Custom vl
Total Item5:|32 vl

¥ Connect Charts and Legend
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2

TF
NLOS Signal

- - » ’

e s

[View 1] TFG (Time Freq. Grid) &l

@ Fower |

—56dBm { 0_1%)
-53dBm ( 0.8%)
—62dBm { 0_86%)
—65dBm { 1.2%)
-G8 dBm { 4.7%)
—71dBm { 5_4%)
—-74dBm { &.0%)
—77dBm { &_7%)
—79dBm { 13_7%)
—82 dBm { 13.8%)
—B5dBm { 13_2%)
—B8dBm { 12.0%)
=51 dBm { 35.1%)
—34dBm { 5_8%)
37 dBm [ 3.3%)
100 dBm { 1_B8%)
—103dBm { 0.9%)
—106dBm { 0.5%)
—-103dBm { 0O_Z%)
—11Z2dBm { 0O.1%)
=115dBm { 0.0%)
—117dBm { 0_0%)
—120dBm { 0.0%)
-123dBm { 0_0%)
—-126dBm { 0.0%)
—123dBm { 0.0%)
—-13Z2dBm { 0_0%)
—135dBm { 0.0%)
—138dBm { 0O_0%)
—141 dBm { 0_0%)
—1l44 dBm { 0.0%)
—147dBm { 0_0%)

L= - - = B =B - =T = B = =L - - - = B - - = I = =L = == = - - B - I - B = B =R = = =}
AA A A A A A A A A A A A A A A A AAAAAAAAAAAAAAA
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TEG CelPlan

% [View 1] [Sample=80, PCI=428] CellSpectrum 1000 - TFG (Time Freq. Grid) =R
I :&
L4 Power (dBm) -146..-56
* 3 Dview o | |subcamers 0.5
H 300 Symbol # 0..853
— 600 subcarriers 50| e D0 |Lwd| 4 12]

700

H rSymbol # x Power———————————]
: :22 Sub-Carrier #:ISUU ﬁ%
i 200 rSub-Carrier #xPower———— ]
500 Symbal #: IU ﬁ%
450
400
350
300
250
200
150
b= 100
= 50
et . e

0 100 200 300 400 500 600

Sub-Carrier #

— 863 symbols
e 2Dview

— Subcarrier 300
e 2D view

— Symbol 0

# |oquiis

Porwrar (aEm )y

[View 1] CeliSpectrum 1000 - TFG (Time Freq, Grid) - Symbol # x Power (@Bmll. [l | | view 1] CellSpectrum 10 e u =)
EEEE 3| (gl 2l =Bk 3|
 Statishic: [ Statistic:
65 Power (dBrn) -57.2 Murnber of F'olnts:l 54 ::: Mumber of F'olnts:l E0D
70 | i Gypmbol o Bilbtam® |
E -75 [ ‘ M Average| 425.500 E 75 Average| 293.500
= 80 Std. Dev.| 245.673 S .ao Std. Dev.| 173.343
§ -85 | | Min. Value 0.000 § -85 Min. Value| 0,000
s 90 Max. Value|  853.000 2 g Max. Value|  553.000

-95
-100
-105
Salalfi]

Fower [dBm]

Average -86.375
Std. Dewv. 9.522

Min. Value| -114.700
a 100 200 300 400 500 &a00 70O 800 Max. Value 51,000
Symbaol 2

[Power [dBm]

Average -79.198
Std. Dev. 8.403

Min. Value| -112.800
0 50 100 150 200 250 300 350 400 450 500 550 600 || |Max Value| -59.100
Sub-Carrier #

| Symbaol # = 0 [configured value]

| Sub-Carrier # = 300 [configured value]
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* LOS Signal
iven 1 poi-s28 - cEew Bt 26 o 25E gl Lot A = eA

m——, . » .

[View 1] CE Raw

- Power

-6l dBm { 0O.1%)
-63dBm{ O0.1%)
-65dBm { 0.3%)
-67dBm { 0.6%)
-63dBm ( 1.1%)
=71dBm { 1.1%)
-73dBm { 1.4%)
-75dBm { 3.7%)
=77 dBm { 10.0%)
-75dBm { 16.0%)
-81dBm { B.7%)
-8Z2dBm { 16.2%)
-84 dBm { 12.8%)
-B&6dBm { 9.3%)
-8B dBm { 6.68%)
-90 dBm { 4.3%)
-92 dBm { 2Z.3%)
-394 dBm { 1.8%)
-96dBm{ 1.1%)
-98dBm { 0.7%)
-100dBm { 0.4%)
-102dBm { 0.3%)
-104dBm { 0.2%)
-106dBm { 0.1%)
-108dBm { 0.1%)
-110dBm { 0.0%)
-112dBm { 0.0%)
=114 dBm { 0.0%)
-115dBm { 0.0%)
-117dBm { 0.0%)
-119dBm { 0.0%)
-121dBm { 0.0%)

=N = = = = e I e = I I e I I I I I I e e O e e e e O =
AA A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A
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CelPl
CERAW CelPlan

==
99 [View 1] CellSpectrum 1000 - CE Raw - Ant=0

o
o 3 D VieW l. 2| — | 4 A Power (dBm) -62..-47

| 240 Sub-Carrier # 0..59

100 subcarriers L:' r | oer | | E[E[E]
243 symbols

Symbol # 0.. 243

220
Perspective | 2D Charts  Legend l ][0

Colors: | [6] Custom
180
Total Items: |32 -

160

1

. " |

[ ] 2 D VIeW IE . 140 §_ ¥ Connect Charts and Legend :

Subcarrier 50 |} g | T |

e 2D view - 5 l
Il -l 40

Sym bol 0 b = 20 |

2
4 L 0 20 40 B0 80 100

Sua'ca*rig}ﬁ %0 “ sub-Carrier £

" [View 1] CellSpectrum 1000 - CE Raw - Ant=0 - Symbol # x Power (dBm) [ — [&]| | view 1] CellSpectrum 1000 - CE Raw - Ant=0 - Sub-Carrier # x Power (dEm)_ L. =
Bl 2 ©=EEE B & E EE= B
o Statistics 45.5 Statistics
! P "'u’ n i' | umber of Poinis: 2 | Nurber of Points: 100
-49 TR B
H _J\J,}.W'"l | MI W, ‘ N 1|)‘ Symbol # s65]) ” Sub-Carier &
g ==l JL'wl \ I | “l- Average| 121.500 E ‘;? | Average| 49.500 |
g 51 ‘ | \'l,ll Std.Dev.|  70.581 = || | Std. Dev.| 29.011 |
5 52 i | l | 1Illl T Min. Value|  0.000 5 = ToE \/\‘ ‘ || | Min. Value|  0.000
S -s53 | W | \q fH Max. Value|  243.000 2 -48 e h. | r\,/\‘ \ Max. Value| 99.000 |
54 M -48.5 | N /\/ Vo
s N Power [dBm] Lz ol I]I”\) | ‘ I| M'MII | 1 r/'\\_q Power [dBm)
] | i Average| -50.523 ')I /\ / ’ Ul \ Average| -48.549
-56 1 Std.Dev.|  2.043 w495 / kM'u’ Std. Dev.| 0771 I
-57 Min. Value| -57.000 -50 P ! v Min. Value| -50.100
0 20 40 60 80 100S Il_nzbnol im 160 180 200 220 240 Max. Value| -47.800 a 10 20 30 40 S50 60 70 80 90 100 |||Max Value| -45.500 I
Y ) Sub-Carrier #
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CERAW
* NLOS signal

9 [View 1] [PCI=428 - CE Raw - Ant=0; 268 of 268 points] [G.Hybrid
. o S —— B —

weUHINE Fg) |l

[View 1] CE Raw

= Power I >
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* 3Dview

— 100 subcarriers
— 243 symbols

e 2Dview
— Subcarrier 50

e 2D view

— Symbol 0

CERAW
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| [View 1] CellSpectrum 1000 - CE Raw - Ant=0 - Symbol # x Power (dBm)

Bl E EEE|

m

Sub-Carrier #

240

220
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© 160

# [oquids

Power (dBm) -129.. 61
Sub-Carrier# 0. .99
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Perspective I 2D Charts  Legend | ﬂ_’

Colors:l[ﬁ] Custom vl
Total Items:l&?. vl

|v Connect Charts and Legend

-75

-80

-85

-50

Power (dBm)

-85

-100

-105

0 20 40 &0

80 100 120 140 160 180 200 220 240
Symbal #

Statistic:

Murnber of Points:l 244
IS ybol 3

Average

Std. Dev.

Min. Value

Max. Value

121.500
70.581
0.000

243,000

IPower [dBm)

Average

Std. Dev.

Min. Value

Max. Value

-83.982
4.848
-105.900
-73.900

| Sub-Camier # = 99.00 [closest value)

-74
-76
-78
-80
-82
-84
-86
-88
-90
-92
-G4
-96

Power (dBm)

Bl E EE= El

rStatistic:
Mumber of Paints: 100

ISub-Eanier #

Average 49,500

Std. Dev.| 29.011
Min. Value 0.000
Max. Value| 99.000

IPower [dBr)

Average| -84.354
Std. Dev. 5.460
Min. Value| -96.400

i 10 20

30

40 50 60
Sub-Carrier #

70

80 100 | Max.Value| -71.900

| Symbol # = 0 [configured value)

8/4/2014

© CelPlan International, Inc. www.celplan.com

59



CelPlan

Wireless Solutions & Consulting

'I§

CESMOOTH

LOS signal
 View 1] [PCI=428 - CE TODC - Ant=0: 268 of 268 points] [G.Hybrid] e

[View 1] CE Smooth

] Power

—68 dBm |
=T70dBm { 0_4%)
=72dBm { 2Z.2%)
—-74dBm { 8.0%)
—76dBm [ 14_&%)
—78dBm { 16.5%)
—B0dBm { 39.0%)
—81dBm { 16_1%)
—B83dBm ( 11.3%)
—85dBm { 7.7%)
—87dBm [ 5.4%)
—B%dBm ([ 3_5%)
=91dBm { 2.2%)
—53dBm [ 1.4%)
-95dBm ( 0_8%)
=57 dBm ( 0.2%)
0.3%)
0.1%)
0.1%)
0.1%)
0.0%)
0.0%)
0.0%)
0.0%)
0_0%)
0.0%)
0.0%)
0_0%)
0.0%)
0.0%)
0_0%)
0.0%)

L= == B R e o I o R I R O eI I I I = = I O O I = I = o
A A A A A A A A A A A A A A A A A AR AAAAAAAAAAAAA

8/4/2014 © CelPlan International, Inc. www.celplan.com 60



CESMOOTH

CelPlan

Wireless Solutions & Consulting

% [View 1] CellSpectrum 1000 - CE Smooth - Ant=0 = ===
. .
= A A Power (dBm) -66..-46
. | == ] [ T Sub-Carrier# 0..99
* 3 Dview =~ — =
. . S E=A L 220 -
Default Top Side X Side Y Move | Perspective 2D Charts |Le; 4
M 200
— 100 subcarriers S £x8oner
180 Sub-Carrier #:|0 v =
- 243 Syl n bo I S 160 | | Sub-Carrier # x Power N
~ 140 3 Symbol £:[50 = =
L) E o g’
2D g o
vView 5 -
L
[} 100
i :
— Subcarrier 50 s .
. 60
e 2D
view 40
Symbol 0 N
—_— 0 ez
y 0 n 133 0
5 quJ £ 0 20 40 60 a0 100
ua-ca"riﬁrg.ge N . a” Sub-Carrier #
[View 1] [Sample=141, PCI=428] CellSpectrum 1000 - CE Smooth - Ant=0 - Symbol # x Power (dBm) =] [View 1] [Sample=141, PCI=428] CellSpectrum 1000 - CE Smooth - Ant=0 - Sub-Carrier # x Power (dBm) =)
HE=EE ®| | EE EH= ®
Statistics = — Statistics
Ill‘LII_‘,I'L\v Mumber of Paints: 244 ) ,u’f “\,\ Mumber of Points: 100
-50 | \
J\\I’Hﬂn“! I'I'\\_r l'f\,l Symbal # =2 / \\ P Sub-Carrier #
E -514M U\\A A Average| 121.500 E 504 ,—"“I : “\\ 7= \"\ | Average BTN
2 5 _ e s WY Std.Dev.|  70.581 = | L/ / Std.Dev.| 29.011
'g \ wl\ 1A /‘ [ "%1\‘]#' Min. Value| 0,000 g =t k\\ ;’“"{ \‘-. I.f \\_ / \\ Min. Value|  0.000
z = T L«I"'.\ fn'-" Max. Value| 243.000 2 52 - ! LW \ ;z" Max. Value| 99,000
-54 bt |J .\\ f
IIJi ljl "-'.1;'\ Pawer [dBm] -53 'II I,I'l Pavuer [dBm)
53 Lﬂ'l fl 'I/ Average| -52.033 54 | /) Average| -G0.763
56 \ Std.Dev.|  1.658 '\/ Std.Dev.| 1692
U Min. Value|  -56.500 = Min. Value|  -55.100
0 20 40 &0 80 100 120 140 160 180 200 220 240 Max. Value| -49.100 10 20 30 40 50 &0 70 80 90 100 || Max value -47.900
Symbaol # — Sub-Carrier # —
Sub-Carrier # = 39,00 [closest valueg] Sembol # = 0 [configured value]

8/4/2014

© CelPlan International, Inc. www.celplan.com

61



CelPlan

Wireless Solutions & Consulting

CESMOOTH

° I\[ % [View 1] [PCI=428 - CE Smooth - Ant=0: 268 of 268 points] [G.Hybrid] <] o] @ |3

eUHills H;J':\: ; (edl
4 -
[View 1] CE Smooth =
- Power

-6BdBm { 0.0%)
-70dBm { 0.4%)
-72dBm | 2.2%)
-74dBm ( B.0%)
-76dBm { 14._8%)
—78dBm | 18.5%)
-80dBm { 35.0%)
-81dBm { 16.1%)
—83dBm | 11.3%)
-85dBm { 7.7%)
-87dBm [ 5.4%)
—-83dBm { 3.5%)
-31dBm { 2.2%)
-33dBm [ 1.4%)
-55dBm { 0.8%)
-37dBm { 0.2%)
-38dBm { 0.3%)
-100dBm { 0O.1%)
-l0Z2dBm [ 0.1%)
-104dBm ( 0O.1%)
-l06dBm { 0.0%)
-10BdBm { 0.0%)
-110dBm { 0.0%)
-11Z2dBm { 0.0%)
-1ll14dBm { 0.0%)
-115dBm { 0.0%)
-117dBm { 0.0%)
-115dBm { 0.0%)
-1Z21dBm { 0.0%)
-123dBm { 0.0%)
-125dBm ( 0.0%)
-127dBm [ 0.0%)

L= =T = - = = - = = - = = - I = = = = = - = - - = - - = - I = = I = = =
AA A A A A A A A A A A A A A A A A A A KA A A A A A A A A A A

Google Maps Trms

8/4/2014 © CelPlan International, Inc. www.celplan.com 62



3 D view

— 100 subcarriers
— 243 symbols

2 D view

CESMOOTH

— Subcarrier 50

2D view
— Symbol 0

CelPlan

Wireless Solutions & Consulting

P [View1] [Sample=80, PCI=428] CellSpectrum 1000 - CE Smooth - Ant=0

oo s

Powear (dBm

40

60 an
Sub-Carrier £

# |oquiis

Power (dBm) -126.. 69
Sub-Carrier# 0..99
Symbol# | 0., 243

Perspective 2D Charts |Legend| ﬂL

Symbol # x PoweriAI
Sub-Carrier #: |300 K4 =

Sub-Carrier # x Power

Symbaol #: IO ﬁ =

[View 1] [Sample=80, PCI=428] CellSpectrum 1000 - CE Smooth - Ant=0 - Symbol # x Power (dBm)

El E

74
-76
-78
-80 f
-82
-84 |
-86
-88
-90 {
-92
94
-96

Power [dBm)

=112

100

izo0

140

Symbol #

160

180

S tatistic
Mumber of Paints: 244
Symbol #
Average 121.500
Std. Dev. 70.581
| Min. Value 0.000
Max. Value| 243.000
Power [dEm]
Average -81.067
Std. Dev. 4,349
Min. Value| -96.700
AL el Max. Value|  -73.300

| Sub-Carrier # = 99.00 [clozest valug]

[View 1] [Sample=80, PCI=428] CellSpectrum 1000 - CE Smooth - Ant=0 - Sub-Carrier # x Power (dBrm)
EHEN-EE @
—Statistic
-76 Humber of F‘oints:l 100
-78 ISub-Earrier #
E -80 Average 43,500
2 Std.Dev.| 29.011
T Min. Value 0.000
& Max. Value| 99.000
-86
-88 | Pawer [dBm)
-ag Average| -30.095
52 Std. Dev.|  3.540
Min. Value| -92.800
0 10 20 30 40 50 60 70 80 90 100 |Max Value| -74.900
Sub-Carrier #

| Syrabol # = 0 [configured value)

8/4/2014

© CelPlan International, Inc. www.celplan.com

63




TEGCE & CelPlan
e LOS Signal

0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
=102 dBm { 0.0%)
=104 dBm { 0.0%)
=107 dBm { 0.0%)
=110dBm { 0.0%)
=112 dBm { 0.0%)
=115dBm { 0.0%)
=117dBm { 0.0%)
=1Z0dBm { 0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
=141 dBm { 0.0%)
=143 dBm { 0.0%)
=l46dBm { 0.0%)
=148 dBm({ O )
=151 dBm({ O.

L=T =R - = - = - - == = - = == =T - == I == === == === I = -
A A A A A A A A A A A A A A A A A A A A A A A AANMAAAANMA

8/4/2014 © CelPlan International, Inc. www.celplan.com




TFGCE antenna 0O

* 3 Dview
— 600 subcarriers
— 853 symbols
e 2Dview
— Subcarrier 300
e 2D view
— Symbol 0

[View 1] CellSpectrum 1000 - CE TFG - Ant=|

Tlm |

Default Top Side X Side ¥

Penaear (dBm ]

clEg

200

CelPlan

Wireless Solutions & Consulting

~

(| ) S

400

Sub-Carrier

8/4/2014

© CelPlan International, Inc.

| [View 1] CellSpectrum 1000 - CE TFG - Ant=0 - Sub-Carrier # x Power (dB =]
El E EEk- B
Statistics
-46 r/’-\-\ Mumber of Points: 600
-47 s f" \\ Sub-Carrier #
= ey / \
5 _a8 + \ P*/-Nf\\n."'\ Average| 299.500
2 4 ), Y / \ Std. Dev.| 173.349
5 \ \ fi \ Min. Value|  0.000
S \ / \‘\ a4 h\\ Max. Value| 539.000
-51 \\ t \ - /f" Y
{ v
== | \v\.l H.\ Power [dBm]
I Average -49.355
-53 f \. | Std. Dev.|
UI \ Std. Dev. 2.045
54 Min. Value|  -54.000
0 50 100 150 200 250 300 350 400 450 500 550 600 ||| Max Value| -45.500
sub-Carrier #
Symbol # = 49 [configured valug] |

120

110
100

# |0quIis

[ [View 1] CellSpectrum 1000 - CE TEG - Ant=0 - Sub-Carrier # x Power (dB

A

Power (dBm) -57..-48
Sub-Carrier # 0., 599
Symbol#  0..853

Perspecﬁve] I Charts  Legend l ol L

Colors: | [6] Custom =
Total Ttems: 32 « }

[~ Connect Charts and Legend

Ll

&l

E gl EEE 2
Shatistics
/\ Mumber of Points: E00
-47 7 \ =
! ‘ K Sub-Carrier #
RS BOIrAY AN T
E b / \ Wi Average| 299.500
: \ J A (=
z 4 \ { 1 ] \ Std.Dev.| 173.349
5 5o 1| f LN / \ Min. Value|  0.000
2 1 / { Max. Value| 599,000
51 { { 1 y
! /
52 \\ /J‘ \/ Power [dEm]
53 ' i Average| -49.179
\Jf std.Dev.| 1951
= Min. Value|  -54.100
0 50 100 150 200 250 300 350 400 450 500 550 600 | ||Max Value 46100
Sub-Carrier #
Symbol # = 0 [configured value) |

www.celplan.com

65



TFGCE antenna 1

* 3 Dview
— 600 subcarriers
— 854 symbols

e 2Dview
— Subcarrier 300

2D view
— Symbol 0

B [View 1] CellSpectrum 1000 - C

E TFG - Ant=1

|

|

=)

Default

Top Side X Side

Perarar (d8m ]

)

ezt

0

100 200 300 400 500 €00
Sub-Carrier #

| Sub-Carrier # = 300 [configured value)

8/4/2014

© CelPlan International, Inc.

[View 1] CellSpectrum 1000 - CE TFG - Ant=1 - Symbol # x Power (dBm) h
el g =EF- B
Statisticy
-43 L fh'"ﬂ‘ Mumber of Points: 254
by
T b N\ Symbal #
— \ il
E = "'\ Iy \ Average| 425.500
= \ {¥) W Std. Dev.| 246.673
§ 51 ¥ W e I Min. Value|  0.000
= | i | jl —
- \-\l f Y i Max. Value| 853.000
UL }: \ n |} \.\.A_/
-53 W A “J' Pawer [dErm]
54 7\ 5” Average| -50.359
' 11 Std.Dev. 1713
-55 = Min. Value| -55.000
0 100 200 300 400 500 600 700 800 Max. Value|  -47.600
Symbol #

H

# |oquiis

CelPlan

Wireless Solutions & Consulting

-Zlﬂ

Power (dBm) -65..-48
Sub-Carrier# 0.. 539
Symbol #  0..853

Move | Perspective 2D Charts lLegﬂﬂ

Symhal # x Power A
Sub-Carrier #: (300 ﬂ@

Sub-Carrier # x Power

Symbol #:|0 ﬁ@

www.celplan.com

66

' [View 1] CellSpectrum 1000 - CE TFG - Ant=1 - Sub-Carrier # x Power (dB =
2 =EE= B
Statistice
{/—%'\ﬂl Mumber of Paints: E00
-49
f:’ \,-\ ! Sub-Carter #
— 5 .
E |/ \ ;} Y Average| 299.500
z -5 i \\ £ \ Std. Dev.| 173.343
- N / - ———
- }ﬂ \lf\ / \ Min. Value|  0.000
z L ~ (N L§ M| Max. Value| 599,000
534t 8 F
1
54 ) \M_/fI \\ )/ Power [dBm]
- \ Average| -51.500
i \ ! Std. Dev.|  1.903
L Min. Value| -55.900
0 50 100 150 200 250 300 350 400 450 500 550 600 |Max value| -4%.100
Sub-Carrier #
Symbal # = 0 [configured value] |




CelPlan

Wireless Solutions & Consulting

2

[ View 1] CETFG

il

] Powser

—71 dBm
=72 dBm
—76 dBm
=78 dBm
-81 dBm
—E84 dBm
-8& dBm
—B85 dBm
-51 dBEm
—54 dBm
=57 dBm
-55 dBm
—10Z dBm
=104 dBm
—107 dBm
=110 dBEm
-112Z dBm
—115 dBm
=117 dBm
—120 dBm
=123 dBm
—125 dBm
=128 dBm
=120 dBm
—133 dBm
=125 dBm
—138 dBm
=141 dBm
—143 dBm
-14& dBm
-148 dBm
—151 dBm

100._0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)

mmomomoooDooonoooon oD ooooDonooDmnommmmm
A A A A A A A A A A A A A A A A A A A A A A A A A AAAAAAA

{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{

8/4/2014 © CelPlan International, Inc. www.celplan.com 67



* 3Dview

TFGCE antenna O

— 600 subcarriers
— 853 symbols

e 2Dview

— Subcarrier 300

e 2D view

— Symbol 0

P [View 1] CellSpectrum 1000 - CE TFG - Ant=0

CelPlan

Wireless Solutions & Consulting

EEE

l [View 1] CellSpectrum 1000 - CE TFG - Ant=0 - Symbol # x Power (dBm)

Sub-Carrier #

350

|
Power (dBm) -151..-71
Sub-Carrier # 0.. 599
Symbol # 0..853
Mave | Perspective 20 Charts |LegﬂL
Symbol # x Power
F'y
Sub-Carrier #: ISUU j ﬁ
Sub-Carrier # x Power
3 Symbol #:(0 Jﬂgg
ol #:
: m Ly ] %]
®

8/4/2014

© CelPlan International, Inc. www.celplan.com

B2 EEE
Statistic - rSiatistic
80 Mumber of F'oints:l 854 Number of Points:l £00
5 Symbal # -85 [SubeCarier #
5 Average| 426.500 E Average| 299.500
= -100 Std. Dev.| 246.673 g Std.Dev.| 173.348
] Min. Value 0.000 T Min. Value 0.000
= -110 x -95
2 Max. Value| 853.000 2 Max. Value|  599.000
-120 -100
IPower [dBm) IPower [dBrm)
=L Average| 95,551 105 Average| -89.93
140 Std. Dev. 7.130 Std. Dev.. 5.260
Min. Value| -143.300 Min. Value| -109.800
0 100 200 200 400 500 600 700 800 Max. Value|  -75.000 0 50 100 150 200 250 300 350 400 450 500 550 600 || |Max Valuel -79.600
Symbol # Sub-Carrier #
Sub-Carrier # = 300 [configured value) | Symbal # =0 [configured value]

68



TFGCE antenna 1 Cellian

"8 [View 1] CellSpectrum 1000 - CE TFG - Ant=1. == "
X power (dBm) 154.. 72
. Sub-Carrier# 0..599
P Symbol#  0..853
3 D VIeW Mave IPerspecﬁve 2D Charts |Le g '-
— 600 subcarriers e Alg]
—_ i ub-Carrier #x Power |
854 symbols g [ — i
e 2Dview -

— Subcarrier 300

e 2D view _ . L R = v )
— Symbol 0 E TR || R

Sub-Carrier #

l [View 1] CellSpectrum 1000 - CE TFG - Ant=1 - Symbal # x Power (dBm) [View 1] Cell§, m —

EE EEE= EEl EEE= B
r Statistic rStatistic:
-80 Number of F'oints:l 854 -80 Number of Points:l £00
-85 ISymboI # -85 [SubCarier #
:E; -90 Average| 426.500 E Average| 299,500
T . Std.Dev.| 246.673 g R Std.Dev.| 173.349
g Min.Value|  0.000 S s Min. Value|  0.000
3 -100 | Max. Value| 853.000 2 Max. Value| 599,000
-105 -100 r
-110 IPUWE' (dEm] 105 Power [dBm)
iz Average| -93.311 Average| -87.613
Std.Dev.| 6.523 110 Std.Dev.| 4553
-120 Min. Value| -120.000 Min. Value| -111.500
a j00 200 300 400 500 600 700 800 Macvaic e 0 50 100 150 200 250 300 350 400 450 500 550 600 || |Max Value -78.200
Symbal # Sub-Carrier
| Sub-Carrier # = 300 (configured value) | Symbol # = 0 [configuied value]

8/4/2014 © CelPlan International, Inc. www.celplan.com 69



CelPl
RXGRID CelPlan

%P [View 1] [PCI=428 - Rx Grid: 268 of 268 points] [G.Hybrid]

8/4/2014 © CelPlan International, Inc. www.celplan.com




CelPI
RXGRID Celean

P r—1 L
[View 1] CellSpectrum 1000 - Rx Grid R PEREER -

3D view | e
— 600 subcarriers — L ' pergectve | ers | =wod |ISIE
— 854 symbols - | .',H—_,'—"

e 2Dview "
— Subcarrier 300

e 2D view

— Symbol 0

v Connect Charts and Legend

H| 8|

# |oqUIAS

100 200 300 400 S00 600
Sub-Carrier #

[View 1] CellSpectrum 1000 - Rx Grid - Symbaol # x Power (dBm)
El E EEw
l w0 a0 Statistic
o Humber of F'oints:l 00
50 | f Symbal # fl -50 ISub-Eanier #
E 55 I Average| 426.500 E 60 Average| 299,500
= 80 | Std. Dev.| 248.673 = Std. Dev.| 173.349
5 65 Min. Value|  0.000 5 U Min.Value|  0.000
70, x
o e Max. Value| 853.000 z -0 Max. Value| 599.000
-:g [Power (dBm) -90 [Pawer (dBm]
i Average| -55.994 -100 Average| -50.736
95 f_ntd. Dev. 12,351 110 Std. Dev. 12.653
Min. Value| -97.700 - Min. Value| -111.300
0 100 200 300 400 500 coo 700 800 Max. Value| -33.800 0 50 100 150 200 250 300 350 400 450 500 550 600 || Max Value| -38.300
Symbol £ Sub-Carrier £
I-| Sub-Carrier # = 300 [configured value) | Symbal # = 0 [configured value)

8/4/2014 © CelPlan International, Inc. www.celplan.com 71



CelPI
RXGRID Celllan

NLOS

5 » 7
3 = ’

zle Maps Terms

8/4/2014 © CelPlan International, Inc. www.celplan.com 72



CelPI
RXGRID Celean

" [View 1] CellSpectrum 1000 - Rx Grid e

- Power (dBm) -146.. -56

. - e Sub-Carrier # 0..599
¢ 3 D VIeW W = ipmen ol e e Symbol #  0..853
Defauit : Perspective | 20 Charts Legend | 4|

— 600 subcarriers | = | = —

— 854 symbols b r'_"
e 2Dview '

— Subcarrier 300
e 2D view il - |

— Symbol 0 | e | el

0 100 200 300 400 500 w©0O0
Sub-Carrier #

# |oquids

El e =2E=
- —Statistic:
-85 o5 Mumber of F'oints:l 00
-70 | Symbal # 70 Sub-Carrier # f
uEJ 75 Average| 426,500 E -75 Average| 299,500
= 80 Std. Dev.| 246.673 = std. Dev.| 173.349
§ -85 Min. Value|  0.000 § &5 Min. Value|  0.000
2 90 Max. Value| 853.000 2 m Max. Value| 599.000
o Pawer (D 2 [Fower 8
I 'ower [dBm] o 'ower [dBm]
Average 105 Average| -79.193
Std. Dev. 110 Std. Dev. 3.403
Min. Value Min. Value| -112.800
100 200 300 400 500 600 700 Max. Value 0 50 100 150 200 250 300 350 400 450 500 550 600 |||Max Value| -59.100
Symbal # Sub-Carrier #
| Sub-Carrier # = 300 [configured walue) | | Sumbol # = 0 [configured value]

8/4/2014 © CelPlan International, Inc. www.celplan.com 73



uuuuuuuuuuuuuuuuuuuuuuuuuuuu

6. 2D Parameters

CellSpectrum™

8/4/2014 © CelPlan International, Inc. www.celplan.com 74



CelPI
PSS PDP CelPlan

Primary Synchronization Signal Power Distribution
Profile can be used to characterize mutlipath in the
environment

PSS sequence is orthogonal to its shifts

Detecting PSS sequence ocurrences allows the
detection fo multipaths

PSS PDP can be used to define the cell Cyclic Prefix
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Antenna Correlation CelPlan

Variance is a measure of the variability or spread in a set of data.

2
x.
— Var (X) = X (X; —X)?/N = 3N, l/N
* Nis the number of scores in a set of scores

X is the mean of the N scores.
X, is the jith raw score in the set of scores
x; is the ith deviation score in the set of scores
Var(X) is the variance of all the scores in the set

Covariance is a measure of the extent to which corresponding elements from two sets
of ordered data move in the same direction

— Var (X) = X, (Xi—=X)(Y; = Y)/N = TIL,"/y
* Nis the number of scores in each set of data
X is the mean of the N scores in the first data set
X, is the ithe raw score in the first set of scores
x; is the jth deviation score in the first set of scores
Y is the mean of the N scores in the second data set
Y; is the ithe raw score in the second set of scores
y; is the ith deviation score in the second set of scores
Cov(X, Y) is the covariance of corresponding scores in the two sets of data

Variance and covariance are often displayed together in a variance-covariance matrix,
(aka, a covariance matrix). Variances appear along the diagonal and covariance appears
in the off-diagonal elements, as shown below.

§V=0 xiz/N Z]iv=o x;¥i/N
?,:0 yix/N Zliv=0 YiZ/N

* Visacxcvariance-covariance matrix
N is the number of scores in each of the ¢ data sets
X, is a deviation score from the ith data set
2 x2 / N is the variance of elements from the ith data set
2 X X / N is the covariance for elements from the ith and jth data sets

_V:



Antenna Correlation ¢ Celllan

e Covariance

g

73

'ﬁ [View1] [PCI=428 - Ant.Corr: 268 of 268 points] [G.Hybrid] l L= | | = |’WIE! ‘l&l

aet Hils '1.’]‘0 o

| CellSpectrum 1000 - Ant.C... [E] Fhlaes
Pair = [1 = 0] - [Wiew 1]

0.50 ( 42_0%)
0_40 { 16_0%)
0.20( 13.8%)
0_20 { 7_8%)
.10 { &.7%)
0.00 { 11._6%)

A ">

Google Maps Terms
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Antenna Correlation

* Values above 0.5 have little chance of benefiting from MIMO
Values close to zero can benefit from MIMO

8/4/2014

=[1x0]

Pair

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

[View 1] CellSpectrum 1000 - Ant.Corr - Pair = [1 x 0]

2 2l 2B|=  sadet] 5 Tme[183813 value: 0.35

1 14 30 47 63 79 96 115 137 158 179 201 222 243 264

Sample Number

Statistics

]
=

Humber of Paints: 2E8

|Pair = [1 % 0]

Average
Std. Dew.
Min. Value

Max. Value

0.466
0.259
0.006
0.960

[

[View 1] Antenna Correlation Matrix [2 x 2]
0 1 | Statistics
0 0529 : 0,701 Average 0.733
1| o0.701 1.000 Std. Dev. 0.196

Min. Value 0.529
Max. Value 1.000

© CelPlan International, Inc. www.celplan.com
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7. 1D Parameters

CellSpectrum™
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Reference Signal Received Power (RSRP)

This signal is measured by averaging the power of Resource Elements that carry
Reference Signals

The 3GPP is not specific about how many symbols should be considered
CellSpectrum averages all the CRS in each capture

This averaging is done by multiplying the measured patterns by the expected pattern,
filtering some of the noise and interference
The maximum reportable RSRP considers:
— Maximum level that an UE can receive: -25 dBm
— Bandwidth of 1.4 MHz bandwidth: 72 REs
* log(72)=-44 dBm
The minimum reportable RSRP considers:
— Maximum path loss of 152 dB
— Transmit power of 43 dBm
— Bandwidth of 20 MHz: 1200 REs
43-152-10l0g(1200)=-139.72
* This value is below the noise floor, which is -132.3 dBm)
The absolute RSRP measurement accuracy specified by 3GPP is: + 8 dB
— Between two intra-frequency measurements is + 3 dB
— Between two inter-frequency measurements is + 6 dB
RSRP measurements are mapped onto integer values for reporting purposes.
RSRP parameter represents a strong indication of the received signal strength, as the
influence of interference is minimized. Higher the reported value, stronger is the
signal.
It can be used additionally to:
— Calibrate the propagation model
— Analyze the precision of the signal coverage predictions
— Locate areas with low received signal strength
— Analyze the best server and its transition along the route

8/4/2014 © CelPlan International, Inc. www.celplan.com
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YWalue

Reported Actual (dBm)
o RSRP=-140
1 -140= R5RP=-139
2 -139=R5RP=-138
3 -138 = R5RP=-137
4 -137 = R5RP=-136
r n-139=R5RP = n-140
a7 -54 = R5RP = -53
88 -53=R5RP=-52
a9 -52=R5RP=-51
a0 -51 ZRSRP = -50
a1 -50 = RSRP = -49
= -49 = R5RP= -48
83 -48 = RSRP = -47
g4 -47 = R5RP = -46
a5 -46 = RSRAP = -45
86 -45ZR5RP = -44
a7 -44 = RSRP
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CelPl
RSRP CelPlan

The first set of screens shows the best server signal (in dBm) along the
drive test route geographically (map) and in sampling order (graph).

The second set shows the 3GPP RSRP value.

The third set shows the best server PCI (Physical Cell Identity).

The fourth set shows the SFN (System Frame Number).

The fifth set shows the measurement timing.

The sixth set shows the Number of Servers. (Why the high numbers?)

The seventh set shows the First Server at each point and the respective
PCl (Why it is different from the best server?)

The eight set shows the second server at each point and the respective
PCI.

The ninth set shows the third server at each point and the respective
PCI.

The tenth set of screens shows RSRP parameter for PCl 428



Best Server Signal Level (dBm)

o] & ==
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’ [View 1] [BestServer - RSRP: 470 of 470 points] [G.Hybrid]

>

Google Maps Terms

[View 1] CellSpectrum 1000 - RSRP - RSRP - Best Server (dBm)

el Fle 2EBm| swet| %7 Tme[18568 vale: 6389

-50
-55
-60
-65
-70
-75

RSRP - Best Server (dBm)

-80
-85

-90

B
Statistics
Mumber of Points: 470

RSRP - Best Server [dBm)

Average -68.063

Std. Dev. 9.669

Min. Value 81142

Max. Value| -46.208

1 23 51 80 112 150 187 224 261 298 335 373 410 447
Sample Number
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Best Server signal level using 3GPP units

] (o] & sz
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P [View1] [BestServer - RSRP 3GPP: 470 of 470 points] [G.Hybrid]

[View 1] Cell5pectrurn 1000 - RSRP 3GPP - Best Server

J Ele 2B sk i Vel

RSRF 3GFF - Best Server

S0
85
80
75
70
65
60
55
50

1 23 51 79 111 148 185 221 258 285 332 368 405 442
Sample Number

Google Maps Terms
&l
Statistics
Mumber of Paints: 470
RSRP 3GPF - Best Server
Average 72,447
Std. Dev. 9.677
Min. Value|  49.000
Max. Value| 94.000

© CelPlan International, Inc. www.celplan.com
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Best Server PCI

99 [View 1] [BestServer - RSRP 3GPP: 470 of 470 points] [G.Hybrid]

s,

Google Maps Terms

[View 1] CellSpectrum 1000 - PCI

El Bl 2B saets] 428 Tne[185325 vaue| 45400

PCI

450

440

430

420

410

400

390

i

E

Statistics
Mumber of Points: 470
PCl

Average 434,217

Std. Dev. 18.737

Min. Value| 331.000

Max. Value| 455.000

1 23 51 380 113 150 188 225 262 300 337 374 412 449

Sample Number
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Best Server SFN

[View 1] Cellspectrum 1000 - SFMN
@ @’g E@ Sample #; Tirne: Walue:

1,000
S00
800
700
600 | | I | i1
500 | At | Il
400 il
300
200
100

SFN

1 23 53 82 116 154 193 231 269 308 3456 384 423 461
Sample Number

&l
Statistics
Mumber of Points: 470
SFH

Average 507.672

Std. Dev.| 293312

Min. Value 0.000

Max. Value| 1021.000
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Best Server Measurement Time
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E EE %E aple #:

-50

RSRP (dBm)

-55
-60
-65

=70

<
]

18:38:04 18:39:03 13:40:06 18:41:40 18:48:42 18:49:45
Time

(] (o] & =]

50 e
Google Maps Terms
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Number of Servers

P [View 1] [nServers -120..-50 - RSRP: 454 of 454 points] [G.Hy

Google Maps Terms

[View 1] CellSpectrurmn 1000 - RSRP - R5RP - nServers =)
= s 28 Sample #:] 433 Time[125407  Value: 1.00 =
- 20 Statigtics
Humber of Paints: 454
18
BSRP - nServers
w 16
o Average 1.465
g = Std. Dev. 1.479
L4 - .
£ iz Min.Value| 1000
& g Max. Value 20,000
w
x 8
=}
4
: 1Lv|.|_v\_n_m_rLr|.|.L|_]‘”fL|lJ

1 22 49 76 107 143 178 214 249 285 320 356 391 427
Sample Number
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First Server Signal Level

9P [View 1] [Top 5 Servers -120..-50 - RSRP 3GPP: 389 of 404 points] [G.Hybrid] o] @ |[=34)

|

[View 1] CellSpectrum 1000 - RSRP 3GPP - B5: Value =
=l Els B = Sample #: Tirne: Walue: @
. a0 Statistics
MNumber of Paints: 383

E 85 RSAP 3GPP - BS: Yalue
L]
= &0 Average| 71.553
& 75 Std. Dev.|  8.928
o Min. Value| 49.000
g 70 Max. Value| 90,000
[}
oGS
1]
= &0

55

50

1 19 42 65 89 115 146 176 207 237 267 298 328 359 389
Sample Number

8/4/2014 © CelPlan International, Inc. www.celplan.com 90



First Server PCI @ Leltian

9P [View 1] [Top 5 Servers -120..-50 - RSRP 3GPP: 389 of 404 points] [G.Hybrid] o B[]

Hills 5

; Google MapsTerms

[View 1] CellSpectrum 1000 - RSRP 3GPP - BS: PCI =)
=| Els =B Sample #: Tirne: W alug: I
- Statistics
450 Humber of Paints: 389
= RSHAP 3GFFP - BS: PCI
& 440
n Average 435.111
D:—" 430 Std. Dew. 17.347
a Min. Value 331.000
2 w2 Max. Value| 455.000
= 410
w
o
400
350 J |
1 19 43 66 90 117 143 179 210 241 272 303 334 365
Sample Number
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Second Server Signal Level
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Google Maps Terms

[View 1] CellSpectrum 1000 - RSRP 3GPP - Sv1: Value

RSRP 3GPP - Svl: Walue

80

75

70

65

60

55

50

]
Statistics
Mumber of Points: 145

RSRF 3GPF - 5+1: Yalue

Average 62.614

Std. Dev. 7.624

Min. Value 47.000

Max. Value| 82,000

&l Ele 2Bl swves] 12 Tne[ig5238 vaue 71.00
16 13 22 31 40 49 58 67 76 85 94 104 115 127 139

Sample Number
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Second Server PCI

%P [View1] [Top 5 Servers -120..-50 - RSRP 3GPP: 145 of 404 points] [G.Hybrid]

y o

' Google Maps Terms

RSRP 3GPP - Syl: PCI

470
460
450

430
420
410
400
350

[View 1] CellSpectrurmn 1000 - RSRP 3GPP - Sv1: PCI

@ E’g @% Sample #; 144 Time|18:5352

I L

&l
Value: 454,00 ]
Statistics
Mumber of Points: 145

RSRF 3GFP - 5v1: PCI

Average 430,303
Std. Dev. 24.022
Min. Value| 382.000
Max. Value| 489.000

16 13 22 31 40 49 58 67 76 B8 94
Sample Number

105 117 129 141
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Third Server Signal Level

9P [View1] [Top 5 Servers -120..-50 - RSRP 3GPP: 9 of 404 points] [G.Hybrid]

<] o] @ )

Google Maps Terms

[View 1] CellSpectrurmn 1000 - RSRP 3GPP - 5v2: Value =]
=| =l =38 S ample #: 7 Time 184443 vale: 56.00 1
[ 63 Statigtics
iz Mumber of Points: g
% = FSRE 3GFF - Sw2 Yalue
= 61.5 Average| 59.111
E = Std. Dew. 2.088
- 60.5 Min. Value 57.000
] e0 Max. Value|  63.000
o 59.5
= 59
= 535
58
57.5
57
1 7 3 4 5 & 7 3 5
Sample Number
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Third Server PCI

9P [View1] [Top 5 Servers -120..-50 - RSRP 3GPP: 9 of 404 points] [G.Hybrid]

>

Google Maps Terms

[View 1] CellSpectrum 1000 - RSRP 3GPP - Sv2: PCI =]

= Ele E@ S ample # 7 Time[124443  Value 38200 e
' Statistics

450 Mumber of Points: 9
440 RSRF 3GPP - 5wz PCI

435 Average| 395,111
Std. Dev. 26.433

420 Min. Value| 332.000
415 Max. Value| 453.000

RSRP 3GPP - Sw2: PCI

1 2 3 4 = =] 7 8 9
Sample Number
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RSRP Signal Strength (dBm) for PCi 428

’ [View 1] [PCI= 428 RSRP 268 of 268 points] [G Hybnd] —

ﬁ Els =Bz sswpes] 108 Time[TB4878  vale]

Statistics

-50 MHumber of Points: 268

-55 RSRP [dBm]

-60 Average
_E5 Std. Dev.
Min. Value

Max. Value

RSRP (dBm)

1 14 30 47 63 80 96 115 136 157 179 200 222 243 264
Sample Number
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Received Signal Strength Indicator (RSSI) @ <¢/blan

 OFDM systems are made of many subcarriers which are combined into a single
temporal signal.

 The transmitted power is adjusted to provide a pre-defined power level for the CRS
(Cell Reference Signal)

* This pre-defined level is called EPRE-RS (Energy Per Resource Element for the Reference
Signal) and is broadcasted in SIB2 (System Information Block 2)

* An additional parameter Power Boost (P;) is specified in SIB2, which gives the ratio
between the PDSCH and CRS

— This parameter range varies between 0 and 3 dB.

* RSSlis a measurement of the total power received and that is how it is specified by
3GPP

— In OFDM the power is adjusted based on the CRS and the Power Boost figure. The power amplifier
has to accommodate all sub-carriers.
 The table below calculates the EPRE for different bandwidth, targeting a power of 10 W
at 10 MHz, assuming a Power Boost of 0 dB

— Theresulting EPRE is 12 dBm

e This power is the average power value and the Power Amplifier should be dimensioned
to accommodate PAPR (Peak to Average Power Ratio) peaks

— Generally a margin of about 10 dB is required

—l--“-mm
6 15 25 50 100

72 180 300 600 900 1200
12 12 12 12 12 12
30.6 34.6 36.8 39.8 415 42.8
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Received Signal Strength Indicator (RSSI) e

* The received signal will be attenuated by the path loss, and this will be the RSSI
value
* The above calculated EPRE allows for power to all sub-carriers

— In an OFDM system subcarriers use is traffic dependent and some subcarriers will
not be transmitting power

— So the RSSI value will vary with traffic

e According to 3GPP RSSI should be measured over all subcarriers of OFDM
symbols carrying CRS at port 0, and averaged by the number of OFDM symbols

measured
* The 3GPP specification implies that the RSSI measurement varies with traffic

— The RSSI ratio with and without traffic for a single antenna system is 10.8 dB and
for a two antenna system is 7.8 dB

 The 3GPP measurement is represented in CellSpectrum as a wide band
measurement

— Two other measurements are done, which are independent of traffic

— One is measured only on RE containing RS. The difference with the RSRP
measurement is that the data is not filtered by the RS pattern, so interference is
also measured

— The other measurement is done on the MIB area, as the information is always
present and uses QPSK modulation
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RSSI WB

’ [View1] [BstServer RSS[WB. 470 of 470 points] [G.! Hybud]

Google Maps Terms

[View 1] CellSpectrum 1000 - WE - - All Sub-Carriers (WE) - Best Server (dBm)

e =2Ble  cawes] #0 Tme[185451 vae| 4137

-20

-25

-30

-35

-40

-45

-50

-55

RSSI - All Sub-Carriars (WB) - Best Server [ @

1 23 51 380 112 150 187 224 261 293 335 373 410 447
Sample Number

=]
Statistics
Mumber of Points: 470

RSSI - All Sub-Carriers [WE] -

Average -40, 503
Std. Dev. 8.774
Min. Value| -58.287
Max. Value| -19.253
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RSSI CRS

’ [View 1] [BestServer - RSSI CRS: 470 of 470 points] [G. Hybnd] o o @ [

CellSpectrum 1000 - CRS
= RSS5| - CRS Symbols - Best Server - [¥iew B]

-31dBm ( 4.5%)
-36dBm ( 10.2%)
—41dBm ( 13.6%)
—46dBm { 1Z.1%)
-51dBm { 13.1%)
-56dBm { 27.7%)
-6l dBm ( 9.4%)

3_4%)

‘ Google Maps Terms

[View 1] CellSpectrurn 1000 - CRS - - CRS Symbols - Best Server (dBm) E
= =l =2 B3 Sample #] 431 Time[18:5329  Value: -51.76 I
l :E Statistics

3;‘ Mumber of Paints: 470

a -30

Z |RSSI - CRS Symbols - Best 5

= =2 Average| -46.830

o -40 Std. Dev. 8.834

= Min. Value| -55.040

.Z -45 Max. Value| -26.153

= -50

4

B2 .55

W -80

uw

=4

-65
1 23 51 80 112 150 187 224 261 298 335 373 410 447
Sample Number
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RSSI PBCH (MIB)

’ [View1] [BstServer - RSSI MIB: 470 of 470 points] [G.Hybrid]

Cellspectrurm 1000 - MIB
= R5S| - PECH [MIB] - Best Server - [Wiew 6]

= —3Z dBm | 3.4%)
>= —37 dBm ( B8.5%)
= —4Z dBm { 13_8%)
= —47dBm { 14.0%)
>= —-52dBm { 17.4%)
= —-57dBm { Z3_8%)
= —6Z2dBm { 15.1%)
= { =2.8%)

Google MapsTerms

[View 1] CelEpectrum 1000 - MIEB - - PBCH (MIB) - Best Server (dBrm) ]
E= Sample #:l T|me:| \-"alue:| @
Statistics
-30 Mumber of Points: 470
.35 RS5SI - PECH [MIE] - Best Sel
Average -48.975
-40

Std. Dev. 8.786
_45 Min. Value -66.274
Max. Value -27.849

-50

-35

-60

RSSI - PBCH (MIB) - BestSeruer[dBm:Iﬂ

-65

1 23 51 80 112 150 187 224 261 298 335 373 410 447
Sample Number
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Reference Signal Received Quality (RSRQ)

This is a 3GPP specified parameter
— RSRQ = Number of RB * RSRP/RSSI

The most common interpretation of the standard is to use wideband
RSSI, although RSSI-CRS would make more sense to express RSRQ
The maximum reportable RSRQ considers for two antennas:

— No Traffic being transferred, only RS

— RSRQ = N +*RSRP/2 N * RSRP = 0.5 = —3dB
The minimum reportable RSRQ considers:

— All symbols carrying traffic

— An SNIR (Signal to Noise and Interference Ratio) of -9 dB

— RSRQ = N =« RSRP/N * 12 « RSRP/8 = 1/96 = —19.82 dB
The absolute RSRQ measurement accuracy specified by 3GPP for intra
frequency is: £ 3.5 dB

The absolute RSRQ measurement accuracy specified by 3GPP for
measurements between intra and inter frequency is: + 4 dB

RSRP measurements are mapped onto integer values for reporting
purposes. Higher the reported RSRQ value better is the signal

UE vendors may use any different criteria to show better performance
of its units

CellSpectrum calculates three values of RSRQ, one for each type RSSI
measurement

8/4/2014 © CelPlan International, Inc. www.celplan.com
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RSRO s-15.3

-18.5=ZRSRO=-15

-19sRERO=-1B.5

-1E.5=RSRO=-1E

-1E=RERO=-17.5

-17.52R5RO=-17

-17=RERO =-16.5

-16. 5= R5ROs-16

-16 s RSRO =-15.5

A
<
lUW'-ILﬂ'ﬂhWNHQE:
m

-15.3=2R5RQs-15

10

-1SsRERO=-145

11

-14. 5= RERO = -14

12

-14 £ RERO=-13.5

13

-13.55RERO = -13

-132RsRO=-12.5

15

-12. 5= RSRO=-12

16

-1ZsRSRO=S-115

-11. S=ZRSRO=-11

1B

-112RSRO=-10.5

19

-10.5=RSRO =-1D

t

20

-10 = RERO 5-9.5

21

S.5sREROQs-D

22

-8=RERO=-E.5

-

23

-B.5SRERO=-E

-BEsRERO =-7.5

23

-T.3SRERO=-7

26

-7SRERO =S -6.5

27

“f.5sRERQs-6

2B

SsRERO=-5.5

29

-3.5=2REROQ=-5

30

-SEREROQ =4S

31

~1.5=ZRERO =4

32

-1£RERO=-3.5

33

-3.5sRERO s-3

34

-3 S RERO

102




CelPlan

Wireless Solutions & Consulting

RSRQ WB

%P [View 1] [PCI=428 - RSRQ WB: 268 of 268 points] [G.Hybrid]

Hills! R S, - a 5 -t . 3 ‘ -
Vo CEE e 54§ CellSpectrum 1000 - RSRQ WE
§ vilotiet ) aa = RSRO - All Sub-Carriers [WE] - [Wiew B]

-3 dB { 2ZB.0%)
-11dB { 23_1%)
=13dB { 18.7%)
-14dB { 3.7%)
-ladB { 4_.5%)

7.5%)
11._6%)

D53 .
Google Maps Terms
[View 1] CellSpectrum 1000 - RSRQ WB - RSRQ - All Sub-Carriers (WB) (dB) =]
2 E2lg 2Bl=  sawes| 28 Tine[18562 vae 1089 3
- Statistics

-8 Mumnber of Points: 268
|F|SF|Q - &l Sub-Carmiers [wE]
Average -11.998
-12 Std. Dev. 3.940

Min. Value -21.954
Max. Value -7.045

=10

-14

-16

-18

RSRQ - all Sub-Carriars (WB) (dB)

-20

1 14 30 47 63 80 96 115 136 157 179 200 222 243 264
Sample Number
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RSRQ WB 3GPP

CellSpectrum 1000
= R5R0O 3GPP - All Sub-Carriers [wWE] - [Wiew B]

8.0%)
7-2%)
7-5%)
B.6%)
6.0%)
3.
7.
1

B
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[N T T N

0%)
8%)
9%)

IR RRE AR

e

Google Maps Terms

[View 1] CellSpectrum 1000 - RSRQ 3GPP - All Sub-Carriers (WE) =
ﬁ % ,% E% Sample #: Time:| Yalue: 1%
. = Statistics
= 24 Number of Paints: 268
g 2 [RSRR 3GPP - All Sub-Carier
2 0
T 13 Average|  15.560
[
—— Std. Dev.|  7.755
B 14 Min.Value| 0,000
= 12 Max. Value 25.000
a 10
2 8
g 6
uoo4
2
a
1 13 29 45 61 77 93 112 133 154 175 196 217 238 259
Sample Number
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RSRQ CRS

p

9P [View 6] [PCI=428 - RSRQ o B |3 |

CellSpectrum 1000 - RSRQ CRS =]
= RSAO - CRS Symbaols - [View 6]

CRS: 268 of 268 points] [G.Hybrid]

e
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= -7dB{ &.0%)

>= -8dB( 3_4%)
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{

11.2%)

—
&l Goozle Maps Terms

[View 6] CellSpectrum 1000 - RSRQ CRS - RSRQ - CRS Symbols (dB) &l
El 2l 2Bl cowes] 18 Tme[iB548 Ve CEE 15
. Statistics
. ﬂ Murnber of Paints: 268
= 4
g |R$RE - CRS Symbals [dE)
E = Average -5.302
E ¢ Std. Dev.|  2.924
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!
o
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o
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'|§

RSRQ MIB

% [View6] [PCI=428 - RSRQ MIB: 268 of 268 points] [G.Hybrid]

P

(<=2 [ B (3]

| CellSpectrum 1000 - RSRQ MIB (&
= RSR - PECH (MIB] - [View 6]

N-shore Dr {11.2%)
\ o [ 10.1%)
{ 41.8%)
{ 15.3%)
{ 9.7%)
{ 9.3%)
{ 1.3%)
[ 0.7%)

Google Maps Terms

[View 6] CellSpectrum 1000 - RSRQ MIB - RSRQ - PBCH (MIB) (dB) [
=| 2l =8 Sample # 221 Time 185310 Value: 513 =
. Statistics
2 Mumber of Points:; 268
g o | [RSRE - PBCH [MIE] [dB)
E -2 Average -3.428
= " Std. Dev.|  3.498
G Min. Value| -15.039
ol -
o B I Max. Value 2.976
o -8
o
=i
i
-14
1 14 30 47 63 80 96 115 136 157 175 200 222 243 264
Sample Number
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Comparing RSRP, RSSI and RSRQ & Cellblan

* The next table compares the results for the best servers of the drive test route
* RSRP and RSSI values are normalized for an average EPRE (Energy Per Resource

Element)
—-m-mmm
(RSRP | -68.1 72.5 -68.1
(RSSIWB | -40.5 8.7 15.56 7.75 600 -68.3
-46.9 8.8 100 -66.9
[RssSiMIB | -48.9 8.7 72 -67.5

 Comparing RSRP and RSSI CRS we get a deterioration of 1.2 dB. This means
that there is an average noise rise due to interference of 1.2 dB.

e RSSI MIB shows a noise rise of 0.6 dB, indicating less interference on the MIB.

e RSSI WB has lower EPRE, as some subcarriers were not transmitting traffic, so
it is a measurement of low value.

 RSRQ values vary much depending on the RSSI criteria. The most consistent
criteria is to use RSRQ CRS or RSRQ MIB. The table below shows the average
values over the drive test route for the best server.

RSRQ WB -12.0 15.6

RSRQ CRS -5.3 28.8
RSRQ MiIB -3.4 3.5 30.6 5.1

 The above analysis can be done on a cell by cell basis
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PSS Power

This measurement indicated the peak of the PSS power
This signal is measured over the PSS 62 symbols

’ [View1] [BestServer - PSS Power: 470 of 470 points] [G. Hybnd]

P ""(( ((((??r

»= -37dBm (
3= -43dBm (
>= -43dBm (
»= -54dBm (
>= —-50dBm (
>= -&6dBm |
»= -72dBm |(
»= -78dBm (

o] & =

CellSpectrum 1000 - PSS Power ]
= PSS Pawer - Best Server - [View B]

3.4%)
10.0%)
15.7%)
14.0%)
20.6%)
25_1%)

5.1%)

1.9%)

------

Google Maps Terms

[View 1] Cell5pectrum 1000 - PS5 Power - P55 Power - Best Server (dBm)

PSS Power - Best Server (dBm)

-35
-40
-45
-50
-55
-60
-65
-70
75

@ EE %@ Sample #: Time|

[X]
Value:| @
Statistics
Mumber of Paints: 470
[P5S Fower - Best Server (dBi
Average| -54.7565
Std. Dev. 9,700
Min. Value| -77.183
Max. Value| -31.690

1 23 51 80 112 150 187 224 261 298 335 373 410 447

Sample Number
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Signal Power & CelPlan

* Signal power is measured over Reference Signals, averaged by their neighbors
(Channel Estimate Smooth- CESMOOTH)

e A measurement is made for each antenna

. Slgnal power IS glven per EPRE
ol Powe 26 of 268 pon] G e

9 CellSpectrum 1000 - Signal ... E3
L ] Ant=0 - [View B]

>= -54dBm ( 4.1%) l

»= —60dBm { 3.4%)
»= —65dBm { 17.9%)
»>= -71dBm { 38.8%)
= -77dBm { 13.1%)
»= -B3dBm ( 13.8%)
y= —-B3dBm { 7.1%)
= -35dBm { 1.3%)

T e S—
%9 [View 1] [PCI=428 - Signal Power: 268 of 268 points] [G.Hybri

CellSpectrum 1000 - Signal ... ]
[ Ant=0 - [Miew B]

-54dBm ( 4.1%)
-60dBm { 3.4%)
-85dBm { 17.9%)
-71dBm ( 38.8%)
-77dBm { 13.1%)
-83dBm ( 13.8%)
-89dBm ( 7.1%)
-95dBm { 1.9%)

R

[View 1] CellSpectrum 1000 - Signal Power - Ant=0 (dBm) =] [View 1] CellSpectrum 1000 - Signal Power - Ant=1 (dBm) B

= BElks =2 = Sample ﬂ:| Time:| Walue: @ E EE g@ Sample # Time: Walue @
[ Statistics Statistics
-50 Mumber of Points: 268 -50 Humber of Points: 268
55 nt=0 [dBm] = k=1 (dBm)
z -60 Average| -70.447 7 -60 Average| -70.753
@ g5 Std.Dev.|  8.647 T g5 Std.Dev.| 8.534
=l o
= -3 Min. Value| -94.088 = = Min. Value| -93.623
4 Max.Value| -48.546 L Max. Value| -48.772
< 75 < -7
-80 -80
-85 -85
-a0 -50
1 14 30 47 63 80 96 115 136 157 179 200 222 243 264 1 14 30 47 63 80 96 115 136 157 179 200 222 243 264
Sample Number Sample Number
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Noise Power
* Noise Power is calculated over CE Comp

* Noise power is given per EPRE

, __
%P [View 1] [PCI=428 - Noise Power: 268 of 268 points] [G.Hybﬁ“ & [

", " s

r’ [View 1] [PCI=428 - N

B = o 3

= CellSpectrum 1000 - Noise ...
¥ = Ant=0 - [Wiew B]

-55dBm { 1
—60dBm { 11
-65dBm { 3.
=70dBm { 13.
—75dBm { 18.
—B81dBm { 27.
—B6dBm { 20

CellSpectrum 1000 - Moise ...
TE] Ant=0- [View 5]

-55dBm ( 1
-60dBm ( 11.
-65dBm ( 3.
~70dBm ( 13.
~75dBm ( 18
-B1dBm { 27_
-86dBm ( 20.

4.

IREERARE]
TRRRRTYy

_.ﬂ"'
oogle Maps Terms|
= =——a

[View 1] CellSpectrum 1000 - Moise Power - Ant=0 (dBm) =] [View 1] CellSpectrum 1000 - Noise Power - Ant=1 (dBm) =]
= 2k 2B Sample #] 268 Time[TB5451  Value: 7103 =) E Ele 2Bl sawes] B TmefiE5s v 7418 15
" o Statistics
Statistics
Mumber of Paints: 268 Mumber of Paints: 268
-55
= |Ant=0 (dBim] dint=1 (dEim)]
= 60 Average| -74.050 T 60 Average| -73.734
é -65 | Std. Dev.|  8.949 5 65 f_-tat Dev.| 8797
Py Min. Value| -90.562 PR Min. Value| -90.526
g =t Max. Value| -50.029 = Max. Value| -50.003
* s s
a0 -80
-85 -85 |
_ap -30
1 14 30 47 63 80 96 115 136 157 179 200 222 243 264 1 14 30 47 63 80 96 115 136 157 179 200 222 243 264
Sample Number Sample Number
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Frequency Fade

e This parameter indicates what the frequency fading characteristics along the cell area are

? [View 6] [PCI=428 - Freq Fade Mean: 268 of 268 points] [G.Hybrid]

@ [View 6] [PCI-428 Freq Fade Mean: 268 of 268 points] [G.Hybrid]

CellSpectrum 1000 - Freq Fa..[E]
Ant=0 - [iew B]

CellSpectrum 1000 - Freq Fa..[5]
- Ant=0 - Wiew B]
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»=
»=

ulles ACC"&S Rd

Google Maps Terms Google Maps Terms
[View 6] CellSpectrum 1000 - Freq Fade Mean - Ant=0 (KHz) & [View 6] CellSpectrum 1000 - Freq Fade Mean - Ant=1 (KHz) =]
El Bl 2Bz okt 128 Tne[ig4msn vaue 16,96 1 El Ele 2B sowes T Vale =
I Statistics [ co Statistics
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w450 | Average| 137.442 5 =L | Average| 113729
a0 |_Std.Dev.| 137.382 g 400 Std.Dev.| 112,225
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£ 300 Max. Value| 639.574 £ 300 Max. Value| 603932
T e E— < 250 E—
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Time Fade

* This parameter indicates what the time fading characteristics along the cell
area are

2P [View 6] [PCI-428 Time Fade Mean: 268 of 268 points] [G.Hybrid]

= =S o R [View 6] [PCI=428 - Time Fade Mean: 268 of 268 points] [G.Hybrid] = ==

CellSpectrum 1000 - Time ..[B]
- Ant=0 - [View B]

- Ant=0 - [View B]

>= BS54ua { 0_.4%)

= T3Zus { 0.4%) »>= BS4us { 0.4%)
¥= @l0us [ Z_Z%) >= T32us { 0.4%)
= 4BBus { 3.7%) >= §l0ua { 2_2%)
>= 366us { €.0%) »>= 4BBua { 3.7%)
= Z44us { 16.8%) »>= 366us ( ©.0%)
>= 12Zua { 23.5%) »>= Z44us ( 16.8%)
= { »= 1ZZus { 23.5%)

= {

n|National
Google Maps Terms
[View 6] CellSpectrum 1000 - Time Fade Mean - Ant=0 (us) =] [View 6] CellSpectrum 1000 - Time Fade Mean - Ant=1 (us) =]
2 e =28l sawes] 28 Tme[185451 vaue] 1m0 3 &l Ele 2B=  sowes] 58 Tme[85830 vaue] 14377 =)
[ Statistics I Statistics
900 Mumber of Paints: 268 L MNumber of Paints: 268
—— 800 —
800 Ant=0 [usg] Ant=T [uz)
—~ 700 Average 189.553 — i Average 179.292
2 o0 Std. Dev.| 164.771 2 600 Std. Dev.| 152,115
T 500 Min. Value 0.000 T soo0 Min. Value 0.000
= Max. Value| 975.809 E 400 Max. Value| 908.373
400
300 I Ei
200 200
100 100
a a
1 14 31 47 64 81 97 116 138 159 181 203 224 246 268 1 14 31 47 64 81 97 116 138 159 181 203 224 246 268
Sample Number Sample Number
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Combine all 1 D Parameters CelPlan

A summary of all 1D parameters can be displayed or exported to a table

| [Cellspectrum Multi-Data Measurementsvi.0-00) | | [ | | | | [ |
236 Presentation [View 6]

Freq. Freq. . q 1
feq rade  Feafade L RN Nose Mo Lapers  Overlay | BTS/Cell | Db/Gid | Colors |
. L Deviation - Power - Power - RSRP RSRP
Time Lat Long Deviation - Ant=1 Mean - Mean - Ant=0 Ant=1 Power (dBm) 3GPP
Ant=0 (KHz) - Ant=0 Ant=1 ~ ~ (dBm) beazurement | Hegign I ‘Yectar I
(KHz) T i (dBm) (dBm)
T 185247 38.944887 -77.339473 58.6 81.2 61.2 84.4 -79.4 -81.4 -69.4 -81.2 59 General I Single Data Mulki D ata |
A 1852150 38.944913 -77.339645 50.4 60.1 57.2 67.7 -81.1 815 75.4 -85.9 55
Pl 185245 38.944939 -77.339321 71.4 70 71.4 70.7 -82.7 -82.5 -70 -83 58
P 1852552 38.944962 -77.33984 46.4 46.9 52.9 53.6 -84.9 -85.4 743 -87.8 53 IV show D ata
P 185254 38.945017 -77.340068 233 235 30.6 295 871 -87 79.3 93.8 a7 —
D 185243 38.945058 77.33921 45.2 101.3 29.9 79.4 776 776 64.6 783 62 Columr: | [2] Freq. Fade Deviation -, « I
18:52:56 38.945071 -77.340327 22 43 48.8 52 849 836 -78.8 90.7 50 O[T
P 1852158 38.945119 -77.340607 238 26 29.9 29.7 -84.9 853 -76 93.1 47 (1] Time ; ) i
T 185302 38.945192 -77.340992 62.3 57.5 72.6 65.1 83.1 834 -74.3 -88.6 52 Freq. Fade Deviation - fint=
T 18:52:41 38.945216 -77.339102 % 97.4 89 78.6 743 -74.6 -62.2 728 68 o @ [3] Freq. Fade Deviation - Ant=
18:40:42 38.945281 -77.34527 130.2 176.7 1183 162.3 752 76.4 66.7 781 62 W Ju]
IV 5hol o (4] Freq, Fade Mean - &nt=0

W U@ [5] Freq Fade Mear - Ant=1

RSRQ - ::{e] RSRQ RSRQ RSSI - =g Signal Signal Time Time A

All Sub- 3GPP - - o All Sub- - Power Power Fade Fade p Sho . [E] Moize Power - Ant=0

C?‘:\:l:)rs :I::t:; symbols e C?x:)rs Symbols An;_o An;_l Dex:‘att_lgn Dex:tt_lin . [?] Moaoize Pawer - Ank=1

(dB) Symbols (dBm) = = = = 3 [8] P55 Power
(dB) (WB) (dBm) (dBm) | (dBm) (us) (us) @ [9] R5RF

[ 122 [T 5.5 28 5.8 28 52 58.6 58.4 84.1 79.5 72.9 103.5 1066 1268 428 619 File: F M [10] RSRF 3GFP
12 6.5 27 5.1 29 553 62.4 -63.7 -87.3 -84.7 60.2 815 1007 1102 428 828 .
13 5.9 28 5.1 29 525 60.1 -60.8 827 -83.2 82.5 93.7 1129 1152 428 415 & [11] RSRO - All Sub-Carriers [+
8 76 24 6.3 27 55.1 63.2 646 876 -88 50.4 61.3 94.8 985 428 13 W [12] R5RQ 3GPP - All Sub-Car| |
[ 20 ) 113 17 -1 18 -56.9 -65.6 659 941  -936 328 30.8 83.4 827 428 216 ———[ [13] R5RA-CRS Symbal: =
13 6.2 27 45 30 -48 55.1 -56.8 782 -78.4 45.7 128.6 88.7 129 428 210 B [14] RSRQ 3GPP - CAS Symb
5 8.2 23 9 21 565 65.6 64.7 91.2 -90.3 491 49.2 93 9.2 428 438 ¥
1 4113 17 4117 16 -57.1 64.9 -64.4 935 928 324 35 83.6 84.6 428 648 O [15] RSRA - PECH [MIE]
10 74 25 6.5 27 56.9 64.5 -65.2 -88.2 -89.1 79.3 76.2 117.1 113 48 38 M [16] R5R0 3GPF - PECH [MI
14 4.7 30 2.4 34 -43.2 51.1 -53.4 73.1 -72.5 104.8 81.6 130.3 1104 428 4 & [17] RS51 - Al Sub-Carriers [

@ 18] R551 - CRS Symbols

3 [19] RSSI- PBCH [MIB)

3 [20] Signal Power - Ant=0

O [21] Signal Fower - Ant=1

O [22] Time Fade Deviation - Ak
[ [23] Time Fade Deviation - Ak
3 [24] Time Fade Mean - Ant=0
O [25] Time Fade Mean - Ant=1
M [25] PCI

M [27] 5FM
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Combine all 1 D Parameters CelPlan

54.7 9.7 726
70.4 8.6 -70.4
70.7 8.6 70.7
74.0 8.9 74.0
73.7 8.7 73.7
- ] Average (Hz) std. (Ha)

137.0 137.0

113.7 112.2

137.0 128.0

108.0 109.0

- ] Average (is) Std. (s

189.0 164.0

179.0 162.0

222.0 239.0

183.0 209.0
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8. Calibrating Propagation Model



Topography Data Base CelPlan

* The topography data base used had a resolution of 30 m
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Propagation Model Calibration

 The Propagation
Model used was
the Korowajczuk
3D (K3D)

e The calibrated
parameters are
shown in the table

* A better terrain
date base will
render better
results

CelPlan

s Solutions & Consulting

»
9 CelPlan - Prediction Parameters

S

Model: |'\)'I - Karowajczuk K.3d

-

[l

Initial Diztance [m];

Fath Breakpaoint Distance 1 [m):
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Propagation Model Calibration & ~—==
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9. Comparing Predictions and
Measurements



CelPlanner Predictions e

We decided to model in CelPlanner the cell with PCI
428

The site characteristics were not known

The site characteristics were then based on
information gathered using Street View inside
CelPlanner and the most common parameters used
In our projects

— Location, Antenna height, Antenna Azimuth, Antenna
Gain/Pattern and Transmit Power were assumed

The propagation model was calibrated using the K3D
model

The predictions and overlayed measurements are
shown next
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10. Generating Predictions from
Measurements



RSRP Measurements ¢ Celllan

L »= -70dBm { 51.3%)
L »>= -20dBm ( 23.&8%)
L >= -304dBm { B&_3%)
|L >=-100dBm ( 0.2%)
L >»=-110dBm ¢ r_'l_rjlsju
|L >=—120dBm ( 0.0%)
L >=-1320dBm | __rjllsn
L >=-3004dBm { 0.0%)

‘0
Reston Natonal
Goll Course
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RSRP Measurements extracted & =5—4%

[View 1] [BT5-1: 470

Signal Level - [view 3]
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3 D Interpoalated Measurements x RSRP A e

Measurement

signal Lewvel - [Yiew 3]

L >= -70dBm { 51.
L >= -50dBm ( 3%.&%)
L >= -50dBm { 5.3%]

[ |z >=-100dBm{ o.
L >=-110dBm { 0.
[ ]z >=-1z204Bm( o.
L >=-130dBm { 0.
L >=-300dBm { 0.

8/4/2014 © CelPlan International, Inc. www.celplan.com



S YYEYYVY o
o
R

F
R R
o« o e

s
¢
@
>
<
ke

8/4/2014 © CelPlan International, Inc. www.celplan.com



3 D Interpoalated Measurements ¢~
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Wireless Solutions & Consulting

11. Summary
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* A broadband channelis very complex and requires an
extensive analysis

 An LTE network requires an in depth understanding of the
RF channel behavior to be properly configured
— Multipath spread
— Time fading
— Frequency fading
— Antenna Correlation
— Intereference
— Noise Rise
* Significant CAPEX and OPEX savings can be obtained by
understanding the channel behavior
— Deploy multiple antennas only it makes sense

— Reduce “chasing its own tail” by understanding the cause of
the issues and not relying just on the simptoms
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12. CelPlan New Products

CellSpectrum
CellDesigner
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CellDesigner

A new Generation of Planning Tools
A collaborative work with operators

Your input is valuable

© CelPlan International, Inc. www.celplan.com
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CellDesigner P CelPlan

* CellDesigner is the new generation of Planning and
Optimization tools

* Wireless networks became so complex that it
requires a new generation of tools, capable of:
— Documenting the physical deployments
— Documenting network parameters for each technology
— Flexible data traffic modelling (new services, new UE
types)
— Traffic allocation to different technologies
— Fractional Resouce Planning
— Performance evaluation
— Integrated backhaul
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CellDesigner™ & CelPlan

Simultaneous Multi-Technology Support

* Supports all wireless technology
standards:

— LTE-A (TDD and FDD), WiMAX, WI-FI,
WCDMA (UMTS), HSPA, HSPA+, 1S2000
(1xRTT, EVDO), GSM (including Frequency
Hoping), GPRS, EDGE, EDGE-E, CDMA One,
PMR/LMR (Tetra and P25), MMDS/LMDS,
DVB-T/H, and Wireless Backhaul
* Full network representation

— Site, Tower, Antenna Housing, Antenna
System, Sector, Cell, Radio

— Full network parameter integration
— KPl integration

* Full implementation of the Korowajczuk
3D model, capable of performing
simultaneously outdoor and indoor
multi-floor predictions

* Multi-technology dynamic traffic
simulation

]
Tin rndes)

All information contained in this document is property of CelPlan Technologies. Unauthorized copies are prohibited.
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Automatic Resource Planning (ARP)

* Enables the dramatic increase of network capacity
and performance

 Handover, Frequency and Code Optimization

* Automatically and efficiently optimizes handoff
thresholds, neighbor lists, and frequency plans

* Patent-pending methodology capable of significantly
increasing cell capacity (SON & ICIC)

Automatic Cell Planning (ACP)
* Footprint and interference enhancement

* Allows optimization of radiated power, antenna type,
tilt, azimuth, and height

Performance Predictions

* Overall performance prediction per service class
(bearer)

All ibddii28tldn contained in this document is property of CelPlan Technologies. Unauthorized copies are prohibité




CellDesigner™

Google Earth Integration
* Capable of presenting predictions and —

measurements live in Google Earth’s 3D = P
environment ~

Network Master Plan (NMP) | e

* Patent-pending methodology that
simplifies SON and ICIC

Integration of Field Measurement Data ——

* Collection of data from virtually any type of | ;M Al
measurement equipment and any format A

* Automatic extraction of propagation £
parameters

Integration of KPlIs

 Comparison reports between reported and
calculated KPIS

All ibddii28tldn contained in this document is property of CelPlan Technologies. Unauthorized copies are prohibited.



CellDesigner™

GIS Database Editor

* Allows the editing and processing of
geographical databases

Backhaul Planning

* Calculates network interconnections,
interference analysis & reporting for point-to-
point, microwave transmission links

* Can display obstruction in Fresnel zones as well 5
as the path loss

e Calculates attenuation caused by diffraction.

e (Calculates rain attenuation for each link

* Provides link performance and compares
against the requirements established by ITU-R

Al ifvfopiiativh ¢ehtained in this document is property of CelPlan Technologies. Unauthorized copies are prohibited.
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Thank You!

Leonhard Korowajczuk

webinar@celplan.com

www.celplan.com

Questions?
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