CONTENTS

Page

FIGURES ... e ettt e e e e e, vii
A B LS ..o et e e e e r e —— Xi
EXECUTIVE SUMMARY oottt ettt e e e e e et e e e e e e eaaan xiii
A B S T R A C T e et ettt e e et a e 1
1. INTRODUCTION ettt e ettt ettt e e e e e e et ee e e e e e e e eee e eeeeeeeaeeeeees 1
2. MEASUREMENT SY STEM ...ttt e e e e e e e 2
3. SURVEY LOCALE, ANTENNAS AND DRIVE ROUTES......cooeeeeeeeeeae 2
3.1 Transmitter Site, Antennas and Drive ROULES..........cooov v 2
3.2 RECEIVET ANTENNGS ...ttt ettt e e e e e e et ettt e e e e e e e e et e e e e e e ee e e neeeens 4

4, DATA PROCESSING ...ttt ettt 8
4.1 BASIC TranNSIMISSION LLOSS....eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesesesessessesssessssnnssnnnnnsnnnnsnnnnnnns 8
O BT Y] o] =T (o F OSSP 9

B RE S U LT S ettt e e et et ettt e e e e e e e e ettt e e e e e e e ee e reeeaeeeerae e ——aaaaas 10
B.1 DAA OVEIVIBW ...t e et e e e e e e e e e ettt ee e e e e an e e eeeeeeeaaennes 10
5.2 BasiC TranSmMISSION LOSS......cooiieeeeeeeeeeeee e 13
5.3 Basic TransmisSion LOSS SIOPE .......cevvveieiieiiiiie et ste e 13
5.4 LOgNOIMAl STATISTICS ...c.veeeiiiiiiiieieee ettt s 18
5.5 DEIAY SEALISTICS. .. .evieieiiieiieeiesie e e e et e et e e sreesre e e s reenneens 20

B. CON CLUSION S . ..ttt e e 22
7. ACKIN OWLED GIMENTS ..ottt ettt e e e e et e e e e e e e e e ee e eaeaes 23
8. REFERENGCES ... .o ettt e e e ee e s 24
APPENDIX A: DATA FILE SUMMOARY ...cooeee ettt 25
APPENDIX B: FIGURES ...ttt et e et e e e e e e e e e e et e e e e e e e e e aeeenes 26



Vi



FIGURES

Page

Figure 1. Transmitter site looking SE along Speer Boulevard. .............ccccoevvvviieiveniennnnnn 3
Figure 2. View from the transmitter site looking east towards downtown Denver. ........... 4
Figure 3. View along Speer Boulevard south from the transmitter Site............ccceevernennen. 5
Figure 4. View of downtown Denver looking east from the transmitter site. .................... 5
Figure 5. Drive route map for radiowave propagation survey in downtown Denver,

O TSP P PP 6
Figure 6. The measurement van, ground plane and receiving antennas. ..............ccccooeveane. 6
Figure 7. Basic transmission loss (Lp) at 430 MHz all routes for downtown Denver,

L0 et bbb 11
Figure 8. Basic transmission loss (Lp) at 1350 MHz all routes for downtown Denver,

O SRR 11
Figure 9. Basic transmission loss (Lp) at 2260 MHz all routes for downtown Denver,

O SO 12
Figure 10. Basic transmission loss (L) at 5750 MHz all routes for downtown

DENVEL, CO. ettt ae e er e e 12
Figure 11. Basic transmission loss versus distance, sector 1 route 1, at 430 MHz........... 15
Figure 12. Basic transmission loss versus distance, sector 1 route 1, at 1350 MHz......... 15
Figure 13. Basic transmission loss versus distance, sector 1 route 1, at 2260 MHz......... 16
Figure 14. Basic transmission loss versus distance, sector 1 route 1, at 5750 MHz......... 16
Figure 15. Ly slope versus frequency for three urban drive routes in Denver, CO............ 17
Figure 16. Basic transmission loss distribution about the local mean plotted on

lognormal paper for the urban high-rise (S2R1) environment in downtown

Denver, CO. Data for four frequencies are plotted: (a) 5750 MHz, (b)

2260 MHz, (c) 1350 MHz, and (d) 430 MHZ. ........cccociiiiiiiiie e 19
Figure 17. Basic transmission loss distribution about the local mean plotted on

lognormal paper for an urban low-rise (S1R1) environment near

downtown Denver, CO. Data for four frequencies are plotted: (a) 5750

MHz, (b) 2260 MHz, (c) 1350 MHz, and (d) 430 MHZ. .......c..ccocevvvevrrnrsrinn, 19

vii



Figure 18. Cumulative distribution of delay spreads, sector 1 route 1, 430-5750

IVEHZ. et bbbt 20
Figure 19. Median delay spreads versus frequency for each sector and route. ................ 22
Figure B1. Measured delay spread (S) at 430 MHz all routes for downtown Denver,

O ST PRR 26
Figure B2. Measured delay spread (S) at 1350 MHz all routes for downtown

DENVEL, CO. .ttt 26
Figure B3. Measured delay spread (S) at 2260 MHz all routes for downtown

DENVEL, CO. .o 27
Figure B4. Measured delay spread (S) at 5750 MHz all routes for downtown

[T 1Y L TR 27
Figure B5. Basic transmission loss versus distance, sector 1 route 1, at 430 MHz........... 28
Figure B6. Basic transmission loss versus distance, sector 1 route 1, at 1350 MHz........ 28
Figure B7. Basic transmission loss versus distance, sector 1 route 1, at 2260 MHz......... 29
Figure B8. Basic transmission loss versus distance, sector 1 route 1, at 5750 MHz......... 29

Figure B9.  Basic transmission loss versus distance, sector 1 route 2, mixed urban
low-rise and urban high-rise, at 430 MHZz. .........cccccciiviii i, 30

Figure B10. Basic transmission loss versus distance, sector 1 route 2, mixed urban
low-rise and urban high-rise, at 1350 MHZ. ..........cccoveiiieiiieicce e, 30

Figure B11. Basic transmission loss versus distance, sector 1 route 2, mixed urban
low-rise and urban high-rise, at 2260 MHZ. ...........ccccoceviviieiieiiee e, 31

Figure B12.  Basic transmission loss versus distance, sector 1 route 2, mixed urban
low-rise and urban high-rise, at 5750 MHZ. ..........cccoiiiiniini e, 31

Figure B13. Basic transmission loss versus distance, sector 1 route 2, urban, at 430
IMTHZ. oottt e e bttt neens 32

Figure B14. Basic transmission loss versus distance, sector 1 route 2, urban, at 1350
IMTHZ. et b et bt ettt r ettt ne e 32

Figure B15. Basic transmission loss versus distance, sector 1 route 2, urban, at 2260
IMTHZ. ottt ettt ettt re e n e 33

Figure B16. Basic transmission loss versus distance, sector 1 route 2, urban, at 5750
IMIHZ. e e ae e 33

viii



Figure B17. Basic transmission loss versus distance, sector 1 route 2, urban mixed,

AL A30 IMIHZ. ..o s 34
Figure B18. Basic transmission loss versus distance, sector 1 route 2, urban mixed,

AL 1350 MHZ....ciiiiee s 34
Figure B19. Basic transmission loss versus distance, sector 1 route 2, urban mixed,

AL 2260 MHZ......ooiiiiieee s 35
Figure B20. Basic transmission loss versus distance, sector 1 route 2, urban mixed,

QL5750 MHZ.....eeece e 35
Figure B21. Basic transmission loss versus distance, sector 2 routel, urban high-

F1S€, 430 IMIHZ. ...t 36
Figure B22. Basic transmission loss versus distance, sector 2 route 1, urban high-

FIS€, 1350 MHZ. ..ot 36
Figure B23. Basic transmission loss versus distance, sector 2 routel, urban high-

FIS€, 2260 MHZ......oviiiiieii et 37
Figure B24. Basic transmission loss versus distance, sector 2 routel, urban high-

FIS€, 5750 MHZ. ... 37
Figure B25. Cumulative distribution of delay spreads, sector 1 route 2, 430-5750

MIHZ. e e e e ar e e e 38
Figure B26. Cumulative distribution of delay spreads, sector 2 route 1, 430-5750

MIHZ. e e e e ar e e e 38
Figure B27. Cumulative distribution of the maximum delay, sector 1 route 1. ............... 39
Figure B28. Cumulative distribution of the maximum delay, sector 1 route 2. ............... 39
Figure B29. Cumulative distribution of the maximum delay, sector 2 route 1. ............... 40

Figure B30. Delay spread not exceeded 90% of the time versus frequency for all
ATV TOULES. ..ot ettt sttt ettt et et sneeeas 40






TABLES

Page

Table 1. Transmitter Site Coordinates and Antenna Boresight Directions....................... 7
Table 2. Transmit Antenna SPeCIfiCatiONS. .........ccovueiiriieiiiie e 7
Table 3. Receive Antenna SPeCifiCatioNs ...........ccooveieiiiineneseeeee s 7
Table 4. The Power at Antenna Terminals and EIRP Transmitted versus Frequency ..... 7
Table 5. Ly Slopes for Three Routes in the Downtown Area of Denver, CO................. 18
Table 6. Summary of Attenuation Slopes for Three Routes in the Downtown Area

OF DENVEL, CO ..ttt ettt 18
Table 7. Ly Slopes Measured at 1850 MHz in an Urban Area of Southern England

and Predictions Made Using the Hata Model ...........c.cccoovvieiiiiiciecce e, 18
Table 8. Delay Spread Cumulative Distribution Summary at 50% and 10%

Quantiles by Drive Routes With AVEIageS.........cccovreriririeieienese s 21
Table 9. Maximum Delay Cumulative Distribution Summary at 50% and 10%

Quantiles by Drive Route With AVEIages ..........ccocereririiiieieenese s 21
Table Al. Raw Data File INfOrmation ..........c.ccoviiiiiiiiiiee e 25

Xi



	FIGURES
	TABLES



