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= Why plan?
- Analyse usability of existing infrastructure
- Availability of frequencies
- Coexistence with other services
- How many services/programmes are needed?
« Cost to of Network - Return on investments?
« Roll out planning in different (realistic) phases

= Clearly defined Planning Target is important — Coverage, Area, Number of
programmes, ...

= Dialogue between Broadcasters - Network Providers — and Regulators
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1. Requirements - Iterations may improve quality!

= Planning is an iterative process

- Refine requirements (Coverage, Capacity, Local/Regional subdivision.. )

= Iterate plan a few times - improves quality
- Nominal plan 1 (including frequencies/allotments, general restrictions, ..)

- Intermediate plan 2 (Refined requirements, Detailed restrictions,
Coordination with other countries, nominal site data)

- Detailed plan 3 (Implementation of plan, site data, equipment, usually
done by Broadcasters / Network Provider(s)
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2. Planning Guidelines 1(2)

= EBU Tech 3391: Guidelines for DAB Network
planning. A lot of useful information /
parameters
- DAB system
Single Frequency Networks (SFNs)
Receiver properties
Interference
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2. Planning Guidelines 2 (2)

Development of “National” Guidelines often helps

Requirements
- Service type (mobile, indoor, ...)
- National, Regional, Local coverage
- Planning targets
= Planning parameters
=  Frequency availability
= Procedures - how is the planning done?
= Methods to calculate SFN coverage
= Software tools to use
= Field strength Prediction model

A living document - Updates may be needed during
process!
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3. Planning Software — The ESRI ArcGIS Pro platform

@O ffeo ©

3. ° . ®.6
= PROGIRA plan software <: @GR YY.
- Used in about 50 countries e v
- T-DAB model - System properties v g
Functional Modules Digital System Standards Submodules ATEIEHIE LTE/5G
Submodules

Microwave link planning

ISDB-T ATSC 1.0/3.0

Analogue TV

Network verification DVB-T/T2

5G

il Broadcast

Frequency planning DTMB-A T-DAB/DAB+

TMB-A DRM+

Network planning

Mandatory Base module
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3. Planning Databases Example

Databases used in
Transmission planning

= Elevation data: Example
50 x 50m raster data

= Clutter data: Example
50 x 50m raster data

= Population data: used

to verify if coverage
target is met

PROGIRA

4 4 [/] Clutter 50 m Thailand
MW 1-Sea
W 2 - Inland water

3 - Wetland
M 4-Barren

5 - Grass agriculture
I 6- Rangeland
W 7- Woodland
B 2-Forest

9 - Village
M 10- Suburban
M 11 - Dense suburban
W 12- Uban
Il 13- Dense urban
M 14- Core Urban
I 15 - Building blocks
I 16 - Industrial
Airport



3. Road coverage — Road vector data

Example

« Highway - 99.9%
« Main Road (1 digit) - 93.4 %
« Regional Roads (2 digits) - 89.2%

Uncovered parts
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4. A few Propagation models

IRT-3D CRC- ITU-R ITU-R Deygout Longley ITU-R ITU-R Okumura Free space
Predict P.1812 P.526 Assis Rice P.1546 P.370 Hata
Freq. range 50 - 50 -2500 | 30 - 3000 100 - 100 - 20 - 50 -3000 50 - 150 -2000 No freq.
2000 MHz MHz 10000 10000 20000 MHz 3000 MHz limitation
MHz MHz MHz MHz MHz
Free-space Yes Yes Yes Yes Yes Yes Yes Yes No Yes
Reflection Yes Yes, No No No No No No No No
ground
Refraction Yes Yes Yes Yes Yes Yes Yes Yes No No
Troposperic Yes Yes Yes Yes No Yes Yes Yes No No
Scatter
Diffraction Yes Yes Yes Yes Yes Yes No No No No
Terrain based Yes Yes Yes Yes Yes Yes No No No No
Clutter Yes Yes Yes No No No No No No No
database
Static clutter No No No No No No Yes Yes Yes No
att.
Tabulated FS No No No No No No Yes Yes No No
values
Tuning of Yes Yes Yes No No No No No No No
model to fit
measurements
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4. Field strength Propagation models

= Many field strength prediction models to choose from

= ITU-R Models

- ITU-R 1546 - Area general model

AN NN

v

Field strength curves

Effective Antenna height (heff)

Mainly for coordination purposes

Useful to be able to provide same result
between countries

Clearance angle - involving terrain data

- ITU- 1812 - Terrain based

v

Clutter + elevation data
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M 2 - Inland water

-
.-
m e R . Mobile antenna @1.5 m
= MR | © /] Resolution 50 x 50 m
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4. Field strength Prediction program

Prediction Accuracy for CRC-Predict
Measurement from DAB Trial in Chiang Mai

1001
Doi Suthep-Pui
Nat Parl L
National Park L R
(S
-8 |
LA
@5 Analysis = o X ., 'J;
Dout] Resut |Removed sampkes i, Y e
2 [luzlu- 04 | B . )
Code | Desaription | count. Mean Standard deviation | Correlation coefficient. Min Max Sth percentile. 95th percentile B B
- 28330 035 01 0s0s 2637 2797 EYT) 1044 %
L iosububansom) s056 i 559 o855 s 2577 X 1044 £ -
E s Gussagnaure (50 m) 4264 02 555 0831 2309 2135 579 926 o ®
I 6 Rangeland (50 m) 4953 037 6.46 0903 -26.37 23.11 9.61 1119 2 "‘%
4 Barren (50 m) 5058 035 606 0925 2231 27.97 10.04 977 A
16 Industria (50 m) 22 1os 623 08sa 986 2281 203 814 1000, & >
9 village (50 m) 2782 224 498 0875 1295 2189 527 10.89 " = 4
2 1nland water (50 m) 301 103 563 0815 83 1968 1014 519 f g m_Trial Antenna
[ 7woodnagoom) - 75 Y TV re 1e54 jang M3} - N1 - Chiang,éf - Mae Rim._
|- 11 Dense suburban (50 m) 2 116 487 0943 785 27.86 594 976 |8 Shd
£ 15 eulding blocks (s0 m) 52 143 372 095 785 1269 .36 617 +* vy o
L tacoreuten(som) 25 077 as 07es s 120 7.9 737
Ll 12 Urban (50 m) 1999 -0.23 5.47 0.758 -16.16 221 -9.17 9.05
11 - Dense suburban (50 m) 1014
e i
> predicton emor Chiang Mai o
E 26
23] 24
2/
=] 20— =
] 8- Op Knan /- )
National Park
4[] Fs Prediction Analysis
- 5 IFF_F
¢ DIFF_FS
® --15dB
® -15- -7dB
-7- -3d8
5 e 3--1dB
5 &
V4 -1- 1dB
0 10 20 30 40 50 60 70 8 90 100 10 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 200 300 310 320 & o
K %, i r 1- 3dB
ample AN &
« \5 B *xi 3- 7dB
o F ® 7-15dB
108 W
B 15- dB

Mean error 0.3 dB, Spread 6 dB, correlation about 90% '
Potential for adjustment of clutter parameters
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4. Field strength Prediction models - "Flat terrain”

50 v Earth curvature: | 4/3

[ show dutter heights

s (depvim)

£
=

Elevatin profie

Setting

-B- Elevation
|- Cursor
[ Terrain

Height
Descriptian
-B- Position

|- Longitude
|- Latitude

-El- Distance
T~ Cursor
Rx -> Cursor

65
60
55
50|
|
| 45
40|
2 4 & ) 10 12 14 16 13 20 24 3 3 n 32 3 38 42
Distance (km)
i
Site 1 Site 2 Field strength calculation
D98E5734.301 X(E-W): 485737 Edit Mouse 098E5810.337 X(EwW): 496784 Edit Propagation model: ITU-R P,1812-3/-4/-5 Percentage time: 50
| 18N5114.298 Y(N-5): 2084670 Altitude:  349.1 18N2817.064 Y(N-S): 2042342 Altitude:  318.5 Ad a
vanced...

Transmitter: Chiang Mai -N1 - Chiang Mai - Mae Rim_Trial Antenna

Select..  Selectby Location.. Clear  Propertiesr

Antennz height (m): 118 118
Frequency (MHz): 18536 185.35

Override altitude:

I Calculation completed successfully

From Tx by Location...

From Tx.. [ Update antenna height

Antenna height (m): 15
Azimuth (2):
Radius (km):

Set Position

Calculate

[ Clearprevious [ ] Auto recalculate

Fs profies
Description | Fs (dun. || Fs, Sit. ||
CRC-Predict 733 £0.0
ITU-R P.1596-5/-6 635 395
933 83.0
ITU-R P.1812-3. 838 765
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« Earthaurvature: | 473

« [ show dutter heights

B,

100| v

Fs (dbtfm)
T N I I

ST

15 16 17 18 13 20 21 2 21 24 25 26 27 28 23 0 ExS
Distance (km)

Site 1
098E5734.301
18N5114.299

Site 2 Field strength calculation
099E1232.654

19M005S5. 212

X(EW):
Y(N-S)

495737 Edit
2084670

Mouse X (EW):

Y(N-S)

522003 Edit
2102537

Propagation model: ITUR P.1812-3/=4/-5 Percentage time: 50 ~

Altitude:  349.1 Altitude:

643.7

Advanced...

Transmitter: Chiang Mai - N1 - Chiang Mai - Mae Rim_Trial Antenna From Tx by Location... | From Tx.. [ ] Update antenna height

Select.. | Selectby Location.. Clear  Propertiesr Antenna height (m): 15

Antenna height (m): 118 118 Azimuth (7):

Radius (km):

Frequency (MHz): 18536 185.36

override altitude: Set Position

Colour: Calculate

(] Clearprevious [] Auto recalculate

[ Calculation completed successfully

Elevation profile

Setting
B Elevation
[ cursor

I Terrain

| Height

L Description
B~ Fosition

[ Longitude
| Latitude
X (E-W)
Ly(n-s)
- Distance

T > Cursor
Rx-> Cursor

Fs profies

| Description | s (@... |[Fs, sit... |||
CRC-Predict 773 59.2
ITU-R P.1546-5/-6 68.1 353
96.0 86.0
ITU-R P.1812-3/... B85.8 55.5
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4. Field strength at street level (use of clutter data)

PROGIRA
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4. Comparison between 2D and 3D model

Mobile Measurements in Hong Kong, dense urban area - 480 MHz
Standard deviation Error - reduced from 7.2 dB (CRC) = 4.6 dB (IRT3D)
Mean error improved -5.8 dB (CRC) to -1.5 dB (IRT3D)

oIRT3D (Predicted-measured)

H H | *¢CRC (Predicted-measured)

‘ H \ I \J
| I\ I || : .
\J’\ M i I L WM ( Resolution:5 meters Building data

|
|

B ] 50 100 150 200 250 300 350 400 500
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4. Spherical Earth (Tropospheric propagation)

Large difference between

* 1 % of time

And

* 50% of time propagation
« Change of Earth curvature
OR

« Measurement based

« Needed in SFNs

PROGIRA
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4. T-DAB SFN 50% vs 1% of time

T-DAB
SFN Self
Interference

50% of time
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4. T-DAB SFN 50% vs 1% of time

4.

Covered
- Interference limited

B Moise limited mainky

B Power/Field strength limited
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4. Properties of Prediction Model for T-DAB @ Band III

Prediction model “"Requirements”:
= Calculate at 1.5 m receiving antenna height

= Mechanism for different time percentages (e.g. 50%, 10, 5 and 1%) to access
Interference and SFN self-interference

= Use of clutter data (Urban and Suburban areas important)

= Use Model which can be adjusted/tuned using measurement data
= Database Resolution 100m, 50m, 20m @VHF frequencies

= T-DAB SFN model: Coverage Probability — SFN Delay optimization

But

= Choice of the field strength prediction model may be “national” decision!

= Any model will allow evaluation of difference between network options

= 3D prediction is often an “overkill” at VHF (cost of 3D building data may be high)

PROGIRA 22



5. Coverage Planning summary

Clearly defined targets is essential - Coverage, Area, Number of programmes...

Involvement from Broadcasters and Network providers - important

Iterative planning process — Nominal = Detailed planning — a few iterations

SFN size vs. Effective frequency reuse + DAB Self-interference and program flexibility
AND
= Plan before buying equipment! One “unnecessary” site will save the cost of the

planning!

Define Requirements as detailed as possible and be prepared to reconsider...
If you know what you want, you have a chance to getting it...
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Thank you for listening!

Mats Ek

mats.ek@progira.com

@ PROGIRA | manager @ PROGIRA | pian
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