Table 2.2-2: Crane Rain Analysis - Rain Zone D3 (Memphis, TN)

Memphis, TN Frequency
Rain Ansouadion (dB) MGH: | 42GH: | 44.5GHz | 49.5GH:
Blevation 20.0° 42.60 69.06 73.40 81.43
Angle 30.0° 31.90 51.34 54.51 60.33
40.0° 25.59 41.12 43.65 48.29
32kmIMDS | 13.4dB 2.3 dB
Csil
Earth Station Latitude = 35.0°
Heéight Above Sea Level = 0.06 km
Avgilability = 99.9%
Polarization Tilt Angle = 0°
Table 2.2-3: Crane Rain Analysis - Rain Zone B (Miami, FL)
M*_’mi, FL Frequency
Rain Ancauation (dB) 29 GHz 42 GHz 4M4.5GHz | 49.5 GHx
| Bevation 20.0° 67.65 106.51 112.65 123.92
Angle 30.0° 53.43 83.20 87.84 96.28
40.0° 44.44 68.89 72.69 79.55
20kmIMDS | 13.5dB 21.5dB
Cell

Earth Station Latitude = 25.9°

Height Above Sea Level = 0.0 km

Availability = 99.9%
Poiarization Tilt Angle = 0°



3.0 LMDS System Feasibility Above 40 GHz

The following information addresses the suigability of 40.5-42.5 GHz for future LMDS
opemtion ::dg examines the technical and ﬁgmw feasibility for such operation. NASA has
examined the propagation eaviroament, frequency dependent equipment comiponents,
equipment availability and cast impact of providing LMDS ssrvices at 41 OHz vis-a-vis 28‘
GHz. The following shows that future LMDS service requirements can be accommodated in a
cost effective and timely manner,

3.1 41 GHz Propagstion Eavironment

Several factors must be considered when examining the propagation eavironment that would
effoct LMDS system operations at sny frequency. Thess include aenuation dus to rin,
gaBeOUS attenuation caused by oxygen molecules and water vapor in the air, foliage
attenuation, and reflactive and diffractive properties of buildings, eic. in the path of radio
signals. Each of these are discussed below with comperison made between 28 GHz and 41
GHz.

3.1.1 Rain Effects

For comparative evalustion purposes, the characteristics of the CellularVision system as given
during the LMDS/FSS 28 GHz NRMC will be used in the calculations that follow. For
sarvice in rain zone D2, 3 4.8 km cell radius was proposed. A 13 dB rain margin is needed to
achicve 99.9% availability. For the 4.8 km radins cell, 13 dB margin translates to 2.7 dB/km
(13 dB/4.8 km = 2.7 dB/km). Using eq | from CCIR Report 721-2:

V= kR? ()

Where:
- V3 Ausnuation
R Rain Rate (mm/hr)
k,a  Regression coefficients used in estimating specific attenuation

they fail through the atmosphere. Regression cosfficients, k and a, can then: be interpolated

Horizontally polarized signals represent the warst case due to flattening of the rain droplets as



using Table 6.3-3 (see attached) from the NASA Propagation Handbook.*

Using eq 1 with the regrestion coefficieots shown in the table above for 28.5 GHz, we find
that an attenuation of 2.7 km/hr corresponds to & rain mte of 14.5 mm/hr. Thea from Table
6.3-1 (see artached) of the NASA Propagation Handbook, for rain zone D2, & point rain rate
of'14.5 mm/hr corresponds to 99.9% availability.

At 41.5 GHz the rain margin can be increased by 3 dB, to 16 dB, due to a 3 dB increase in
hub antenna gain over 28.5 GHz. (Appendix A demonstrates how LMDS hub antennas at 41
GHz can provide 3 dB gain over 28 GHz hub anteanas and provide satisfactory coverage to the
same gize cell as 28 GHz LMDS hubs.) For the same 4.8 km cell radius, 16 dB rain margin
carresponds to 3.33 dB/km available margin. Again using eq 1 and the regression coefficients
for 41.5 GHz, 3.33 dB/km attenuation occurs for a rain rate of 10.5 mm/br.

from Table 6.3-1, in rain zone D2, a rain rate of 10.5 mm/hr results in 99.84 % availability.

It 55 therefore shown that in spite of increased attenuation due to rain when going from 28 GHz
to 41 GHz, nearly identical availability can be achieved over the exact same size LMDS cell,
Similar results can be shown when examining operation in other rain zones exhibiting higher
point rain rates than rain zone D2.

Table 6.3-1 shows that for 99.9% availability in rain zone D3 (Memphis TN), the rxin rate, R,
is 22 mm/hr. Using R = 22 mm/hr in eq | and the regression coefficients in the tablie above,
the attenuation is calculated to be 4.05 dB/km. A 13 dB rain margin at 28 GHz would result
in a cell radius of 3.2 km (13/4.05) for 99.9% availability in rin zone D3, Assuming the
same 3.2 km- cell size at 41 GHz with an available rain margin of 16 dB as before, results in
5.0 dB/km aftenuation. Again using eq 1 to now solve for R, at 41 GHz the corresponding

rain rate is:
3765(R)"™ = § dB/km; R = 16.22 mm/hr

Tuble 6.3-1 can then be used to calculate the resultant availability of 99.84%. It canbe
similarly shown that in rain zone B (Mismi, FL), 99.9% availability corresponds to a rain rate
of 35 mm/hr resulting in a 2.0 km cell mdius for 13 dB wargin at 28 GHz. For this same cell

‘ Propagation Pffects Handbook for Satellite Systems Design, NASA Reference
Publication 1082 (04) Rebruary, 1989,
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Figure §.3-2. Rain Rate Climate Regions for the Continental U.S. and Southern Canada
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Table 6.1-1.

Rain Rate is Exceeded

Point Rain Rate Distribution Values (mm/hr) Versus Percent of Year

PAIN CLIMATE REGION .
Percent inutes] Hours
per per
of Year ALl 8 Bol ¢ By [P0y Dy t Fl 6 H | Year | Year
0.001 28.5 45 157.% ny m 9¢ | 10B| 126 ] 165 ] 66 | 185 253 | 5.26 j0.09
0.002 21 34 a4 54 | 62 72 891 106 | 144 | SI 157 j220.5 | 10.5 |0.18
0.005 13.5) 221285 35| 41| sS0i6a.5 (805 1181 34 h2o.s| 1728} 26.3 ln.ae
0.01 10.0 §15.5 119.5 |23.% | 28 {35.5 49 6] s 23 94 147 | 52.6 pﬂ.Bﬂ
0.02 72.0111.0 }13.% 16 | 18 24 L) a8 | s ¥4 119 105 [1.75
0.0% .0} 6.4} HO| 9.9 H [14.8 2? 32 52 |8.3 47 | 86.5 263 PQ.]R
0.1 2.5] 4.21 5.2 6.1}172.2] 9.8 |14.5 2? 35 §5.2 32 64 526 1B.77
0.2 1.5 28] 3.4 | 4.0|4.8] 6.4 9.5]14.5 2] 3.1 {21.8 ] 43.5 | 1052 7.5
0.5 0.7] t.5] L9} 2.3 2.7 | 3.6] 5.2]1 7.8|10.6 |1.4 }12.2| 22.5] 2630 la3.8
1.0 0.4 1.0 1.3 1.5}1.8)2.213.0] 4.7]|6.0[0.7] 8.0 12.01 5260 l87.7
2.0 01| 0510708 (1.1}]1.2)1.5]1.9]29]0.2} 5.0 5.2 10520 | 175
5.0 0.0 021 0.3} 0.3j0.sj00)}o0.0}j00}0.5{00f 1.8 1.2 26298 | 438




Table €.3-3.

Regression Coafficients for Eatimating
Specific Attenuation in Step 4 of Figure 6.3~6

| Frequency
| (GHz) kH kv ay a,

1 0.0000387 0.0000352 0.912 0.880
2 0.000154 0,000138 D.963 0.923
a 0.000650 0.0005%1 1.12 1,07
é 0.00175 0.00188 1.31 1.27
8 0.00484 0.0039% 1.33 1.3
10 0.0101 0.00887 1.28 1.26
12 0.0188 0.0188 1.22 1,20
15 0.0367 0.0347 1.15 1.13
20 0.0751 0.0691 1.10 1.07
25 0.124 0.113 1.06 1.03
¢ 0.187 D.167 1.02 1.00
35 0.263 0.233 0.97% 0.982
40 0.350 0.310 0.939 0.92¢
1 0.442 0.393 0.903 0.897
§0. 0,538 0.479 0.873 0,868
80 0.707 0.642 0.826 0.824
70 0,851 0.788 0.793 0.793
80 0.975 0,906 0.769 0.769
50 1.06 0.999 D.753 0.754

100 1.12 1.06 0.743 0,744

120 1,18 1.13 0.731 0.732

150 1,31 1.27 0.710 0.711

200 1.45 1.42 0.689 0.690

300 1.36 1.3§ 0.688 0,689

400 1.32 1.31 0.683 0.684

" Values for k and o at other frequencies can be obtained by {nterpolation

using a logarithmic scala for k and frequency and a linasr scale for a
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size at 41 GHz, the attenuation of 16/2 = 8 dB/km would result from a rain rate of 26.92
mm/hr leading to an availability of 99.86%.

These calculations along with the analysis given in Appendix A show that an LMDS system
could be fickded at 41 GHz with exactly the same number of cells as would be required at 28
GHz with almost no reduction in system svailability and no change in system technical
characteristics. Properly designed 41 GHz hub smtennas will result in 3 dB gain over 28 GHz
designs with no adverse impact to coverage throughout the cell (sce Appendix A). By also
keoping the subscriber antenna aperture the same a5 at 28 GHz an additional 3 dB
improvement results which when coupled with the bub antenns gain compensates for nearly all
of the increase in ruin attenuation occurring at 41 GHz (hence the slight reduction in
svailability).

3.1.2 Gaseous Attenuation

Differences in gaseous attenuation between 28 GHz and 41 GHz resulting from oxygen
molecules and water vapor is negligible. The combined attenuation for a 4.8 km path and a
water vapor demsity of 7.5 G/m’ is 0.47 dB at 28 GHz and 0.72 dB at 41 GHz. This 0.25 dB
difference is insignificant and more than offset by higher antenna gaing at 41 GHz.

3.1.3 Folinge Attenuation

Foliage attenuation, whether at 28 GHz or 41 GHz will be a serious obstacle to LMDS on
paths obstructed by trees. Measurements at 28 GHz by several investigators’ have found
signal attenuations in the range of 12-35 for a singie troe in ieaf. This would resuit in the
LMDS signal margin of 13 dB being exceeded for as few as a single tree on the transmission
path. Attenuation at 41 GHz through & 4 m wide trec has been calculated to be only 1 dB
greater (14 dB vs. 13 dB) than at 28 GHz (less than 1 10% change).

g:ziage attenuation is therefore, no more of a impediment at 41 GHz than it would be at 28
3.1.4 Reflection and Diffraction
At least one LMDS operator plans to use reflocted signals ¢ serve subscribers in areas blocked

from line-of-sight. Analytic studies, supplemented by laboratory measurements, bave beea
performed by NASA to determine the variation in reflection properties between the 28 and 41

" Attenuation of Radio Signals by Foliage - LMDS/FS$ 28 GHz NRMC/67.2.
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' GHz frequency bands. Appendix B provides the detailed results of these activities.

The analytical and experimental results both indicate that the refloction of incident signals by
various building materials vasies greatly based upon the type of material, the thiakness of the
material, and the angle of incidence, as well as frequency. However, the interection of these
parameters arc such that cumulatively there is o significant difference in reflaction propestics
between the two frequency bands that would result in measurably superior performance of an

LMDS system at one band compared to the other.

3A.5 Propagstion Environment Summary

Upon analysis of the propagation environment at 41 GHz, including rain effects, gaseous
attenuation, foliage attenustion and reflection/diffracdon, only rain attenuation results in any
appreciable difference compared to 28 GHz. It has been shown that the increased atsoustion
dde 1o min can be effectively compensated for with minirnal impact on LMDS system
characteristics while maintaining the identical cell sizes as proposed for 28 GHz opsration in
all min zones.

32 41 GHz Equipment Parsmeters

Only a relatively small portion of the system elements that drive LMDS cost are frequency
dependent. These are the RF portion of the hub transmitter (upconverter and power
amplifier), the bub and subscriber antennas, the RF portion of the subscriber receiver (low
noise block downconverter), and for IMDS systems employing two-way communications, the
RF portions of the subscriber transmitter and hub recsiver. .

The remaining components which make up the majority of the LMDS system cost are the
same, independent of frequency. These include for the hub, the transmitter modulators and
IF's, encoders, power supplies, distribution equipment, site costs and equipraent racks, cabling
eic. At the subscriber, the demodulator and receiver IF, the decoder, user interface, power
sepply and cass all would stay the same.

The following sections shall examine the feasibility, cost and availability of the various
frequency dependent components.

3.2.1 RF Transmitters

At present there is a Jow rate production of 28 GHz helical TWTAs at 2 nominal 100 Watts f
r. These TWTAs are in the price range of $65K, about half the cost going to-the TWT
. The TWTs are presently about [0% efficient, rf efficiency being defined as the ratio of
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output 1f power to the product of cathode current and voltage. Thequosnon arises as to
whather these TWTs could be converted to operate at 41 GHz and retain their power

production.

NASA's recent expetience with the development of the highty successful 32.5 GHz Cassini
tube indicates that a well-cstablished helical TWT simulator, the modified Detweiler code, is a
reliable design tool. We therefore applied this program to the conversion of the 28 GHz tube
to a 42 GHz tube.

We obtained cathode current and voltage from the masufacturer and made reasonable ostimatas
of the other tube parameters based on our 32 GHz experience. These psrameters were thon
scaled to 42 GHz. We assumed an initial helix phase velocity equal to the velocity of the
elactrons in the beam (synchronous operation). Our design approach included the common
practice of decreasing the helix pitch (distance berween turns) at the end of the circuit to'
increase efficiency. Using a simple non-optimized linear pitch reduction, the code calculated
110 Watts output (3.2% rf efficiency).

We then examined the 28 GHz tube in a similar analysis and found that a linear tapering of
helix pitch (phase velocity), as described above, could result in an approximate thirty Watt
power increase to 130 Watts.

It should be noted that the above analyses are conservative and fit well with most
manufacturers’ fabrication schemes., More mdical velocity tpering schemes, such &s was used
ini the Cassini development, could result in even further efficieacy (power) gains. Moreover,
nothing in our design approach gave any indication of increased complexity or costs.

Our calculations verify information received from tube manufacturers who estimated that a
non-optimized helical tube design, producing 120 W 1f power at 28 GHz, could be used to
produce 90 W rf power at 42 GHz. The vendors estimated that in low volume production,
such 2 tube at 42 GH2 would cost approximately 20-25 % more than the 28 GHz equivalent
tube. Substantial reductions in cost, of the order 50%, could be achisved if production were
in volumes of several thousand. The proven efficiency enhancement techniques described
above could be applied to increase the rf output power to at least 110 W with minimal cost

impact.

It is important to stress that while some development time would be needed to achisve
production of 41 GHz TWTA's (approximataly 18-24 months), the current production volume
for 28 GHz TWTA's is very low and would require time to develop new manufacturing
techniques 1o achisve high volume productiop presumably needed for national LMDS
deployment. These production tschniques could be put in place during the development cycle
for the 41 GHz TWTA a0 that high volume production would be possible upon completion of
development. In this case, time to volume production of either 28 or 4] GHz TWTA's may
not be substantially different.
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For distributed amplifier hub designs, surveys of several manufacturers (TRW, Hughes, Alpha
Industries, and Comsat) bave revealed that 0.5 W SSPA's are cusrently availablo at 44 GHz
with less than a 25% cost differential over 28 GHz SSPA's. SSPA's at 41 GHz would be
readily achievable. Similarly, low power SSPA's for in the range needed for subscriber
transmitters are readily achievable at 41 GRz for 10-20% cost differential over 23 GHz.

3.2.2 Antennas

Hub anternas at 41 GHz are easily achievable providing increased gain for similar size/design
as at 28 GHz.

Por subscriber antennas, reflector technology was preferred at both 28 and 41 GHz by the
manufacturers surveyad. Planar array implementation is slightly less efficient st 41 GHz than
at 28 GHz due to higher line losses in combining MMIC arrsy paiches.

3.2.3 RF Receivers

Receiver noise figures a1 or below the levels stated by LMDS proponents are readily
schievable at 41 GHz with manufacturer estimated cost differentials of zero to 25% over 28

GHz low noise receivers. Suppliers indicated their sagemess to provide 41 GHy components.

3.2.4 Equipment Performance as it Affects Spectrum Efficiency

Spectrum efficiency is a function of antenna sideiobe and cross-polarization pesformance, both
of which are directly related to antenna manufacturing tolerances. It is estimated that for che
subscriber antennas proposed by LMDS proponents, antensa manufacturing tolsrances need to
‘be about 0.22-0.24 mm rms at 28 GHz and 0.15-0.17 mm rms at 41 GHz. Neither of thess
wlerance levels is expected to be a major technical challenge by antenna manufacturers once
foll production of the user tranaceivers is underway.

Hisorically, tolerances bave been an issue with hardware that is manufectured in small
quantities. Tolerance requirements was one factor in the relatively high cost of Ku-basd
dquipment in the 1960's. With high volume production, such equipment now sells for 1/10
the cont of the 60's, in spite of significant inflation. There is no reason tv expect any different -
result for 28 GHz or 41 GHz equipment. '

Qscillator phase noise can degrade by as much as 3 d¥ &t 41 GHz compared to a 28 GHx
oxcillator.  For a well designed receiver system, however, oscillator phase noles can degmde
By several tens of dB's without adversely impacting spectral efficiency. For a receiver systam
@p that is only marginally functional, that is one with a bare bones oscillator exhibiting
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poor phase noise characteristics, it is conceivable that a 3 dB degradation in stability could
result in adjacent channel interference. In such instances, it is conceivable that guard bands
between LMDS video channels could require an additional cuskion. A doubling of the guard
band for the CellularVision FM video system would increase the total spectrum requirement by
only 10% should their receiver system design so warrant.

3.2.5 41 GHz Equipment Parameters Summary

The preceeding sections bave shown that 41 GHz LMDS implementation is technically
achievable and can be deployed with the same cell density as a 28 GHz system. The cost
impact is therefore limited to the reiatively few frequency dependent componants in the LMDS
system. Surveys of manufacturers of these components have revealed that performance
equivalent 41 GHz components can be made available at approximately a 20% cost differeatial
over 28 GHz. Given that these frequency dependent components make up only & small portion
of the total cost of the LMDS system, the overail cost impact to LMDS deployment at 41 GHz
would be substantially less.

From a time availability standpoint, 41 GHz TWTA dovelopment is the pacing element and
could be available in 18-24 months from initiation of development with nearly simultaneous
large volume production. All other components could be available in production quastities
within this time frame.

4.0 Conclusion

NASA has assessed the suitability of using frequency bands above 40 GHz for providing
IMDS and/or commercial sateilite communications services.

For LMDS 'it was found that there is an 8 dB penalty due to increased ruin attenuation that
must be accommodated in operating at 41 GHz versus 28 GHz. Due to the cellular nature of
the LMDS systems, and the designed ability to vary cell sizes to compensate for differing rain
zone areas in maintaining constant edge of cell service availability, the 8 dB penalty is the
same for any ruin zone. It was further shown that the 8 dB additional sitenuation can be
accommodated by taking advantage of incressed antenns gain in the bub transmitter and
subscriber antennas for the same aperture and accepting a amall degradation in availability
(99.84% at 41 GHz versus 99.9% at 28 GHz.)

LMDS frequency dependent componeats were found to comprise a small portion of the overall
LMDS system. For these components, surveys of potential manufacturers indicate that 41
GHz components are easily achievable with the necessary performance charactaristics at a cost
which is approximately 20% greater than corresponding components at 28 GHx. The gvemil
system cost differential would be substantially less. The longest lead time hardware
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component would be the hub transmitter TWTA with an 18-24 month development time line.

Ovenall it was found that an LMDS system could be fielded at 41 GHz, fully equivalent and
having the same number of cells as at 28 GHz, with modest cost and schedule impact,

Ror commercial satellite communications, it was found that although military uss of the 44
GHz band for uplink operations demonstrates the techaical feasibility of using frequency bands
above 40 GHz for satellite communicstions, the economic penalties would preciude such use
for commercial applications at the present time. DoD willing accepts the high cost of
schieving the strategic benefits of 44 GBz operation for reasons of national security.
Commercial satellite communications systems must competc on a cost basis with terrestrial
akernatives as well as foreign satellite competition and can not employ the same kind of
hasdware compensation used by the military in a manner which would provide competitive
services.
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APPENDIX A

LMDS Hub Antennas at 41 GHz Can

Provide Satisfactory Coverage to the Same
Size Cells as 28 GHz LMDS Hubs

Rodney L. Spence
NASA Lewis Research Center
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LMDS Hub Astennas st 41 GHz Can Provide Satisfactory Covarage ( the Same Size Cells s 28 GHz LMDS Hubs

] ] and bi-conical horn antennes designed
The of hub-to-subscriber antennas proposed by LMIDS propanents melude sector horn ] 3
W prm naarly omeu directionsl coverage in the azimuthal pisne and half power beamwidihs (HPBW) ranging from shout ‘i‘-li n
the elevation plane. For the case of sacwr horn antennas in Which the szonuth coverage of &n mdw:dau! horn is Jess than 160 .
(typically 60%-120%), the hub antenns would consist of an approprisic number of sector homs arranged in 8 circuler configuration suck

that the composite pattern is omai-directional in aznmuth.

1 oompanng operstion of LMDS st 28 GHz with that st 41 GHz, cenain LMDS propanenis have claimed that the 41 GFHz bub antenns
must have mn equivalent azimuth/elevation coverage and nidelobe patiam (1.c. m:ﬂmmm}u'ﬁhumhhubm:
order (o ensure coverage of subscribers both clase (o and distak from the hub tracumitter site. Ur!d'ﬂmm&hll OHz
sntenns willitherefore require different dimensions from the 28 GHz design and the directivity of tha momunuMaqud
$inos antermas having the sams power pattern have the same directivily regardions of frequancy. me.bymm&c _

fact that Taus losses and foe space josses are higher st 41 GHz. ane can wimive at the mistaken conclusion that - all other things being
aqual - the 41 Gl-lzhnbcmmwmqadityo{m(nmndbyﬂnmayadCNRnﬂnmlmnbc)htha_me
size cei} as the 28 GHz hub and therafore smaller coll sizew are required 8t 41 GHz (along with more ceils and more hub iransmitiers to
provide ssrvice to the sama overal] coverage ares). However, this conclusion in based in part on the false sscumption that the 41
GHs hub shtsuna must have the same radistion intsasity patiern - and therefore same directivity -+ as the 38 GHz antenms. This
noad not be wue, however. What »s imporiani is that whalever gsin and sidelobe characienistics the 41 GHz snienna may have, they

are sufficient {0 provide the required CNR performanse for sll subseribers within the oell (taking into sacount the higher ran fisdes).
(Note elso that at 41 GHz, the sky-oriented sidelobe suppression of the 28 GHz design would not necessarily be required. ) With

proper design. & 41 GHz hub antenna with higher gan can provide the same quality of service (o the same size osll s & 28 G-z hubd.

To illustrate, s sector har antenns wes designed using the design equations in {1 which hes & diseotivity of 17.4 dBi, gain of 15.2 dBi
(assuming s 60% antenna efficsency), HPBW in the elevation plane of 6 4° and HPBW in azimuth of sbowt 68°. Six such sector homs
avanged in.a circle would form & composite beam which is omni-directions! in azimuth. The dunensions of the horn and & plot of its
relative gain patiem in the elevation pianc s shown in Fagure | Since the wavelength at 41 GHz 18 0.73 cm, the sbsolute dimeasions of
ths hom wéuld be sbout 22 em axal length with an sperture of aboul 6.6 cm x 0 66 ¢m (note that the aperture widus is very narow in
arder (0 give the large beamwidth in azimuth). The gain of 15.2 dBi 1s sbout 3 dB higher then the 12 dBi gain of the 28 GHz desigr.
Using die 15 2 dB) sectoral horn sntenna, an analysis was conducted 1 determine the impsct of the pafiem on the CNR performance

a1 verious distances from the cell center For computation purposes. the following parameters were chosen

- oell mze is 3-rule (4.8 km) radns (same size as 28 GH1 sysiem)
- Ut hub antenna is assumed (o be spproxamately 100 foet (30 48 meters) above ground level on 10p of & building or ower

- lhema@n beam of the hub sntenns is assumed to be titted downward 1° below the horizonta]
(wsmuTung & 4.8 kim redius oell, this results in the boresight xus intersecung at & point 1750 meters from the cell conter)

- 8 apecific rain sttenustion of a = 3.33 dB/kn is assumed &t 41 $ GHz which gives 99 84% availability i rain zone D2
(tus compares with & specific rain anenuation of 2 7 dB/Am at 28 GHz for 99 9% availability)

- vheubwn'énmwnmuinG.isalsommzobeJchighauﬂ GiHz than ot 28 GHz giving s receive gain of 35 dBi

The remaining performance parameters were taken from the Cethular Vision link budget contsined in the document, “LMDS is not Visble
in the Frequendy Bands above 40 GHz* These sre histed below- l

Py~ 20dBW (100 W) peak » hub transmutter power
- Lyg ® 7 4B = TWT backoff for lineanty
-L,,"WdB-powermduempowwshmngmgsochumdsﬁe s mngle TW1 15 usad for all 50 20.MHz channels)
- Lige ™ | B = ranamut fine loss
- Ny = 1254 dBW = recever thermsi noise level s 18 6 MHZ channel bandwidth assuming 6 dB receiver LNA noise figure
- Required CNR of 16 dB
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The equation for the received CNR (per channel) at & given subscriber location 13 then given by.
CNR®P - Ly~ Lo~ Liine+ (8 - Ly - Lin+ Gr- Ny (sll quantities expressed in dBs)

where in addition 10 the parameters defined above,

Gy(®) is the gain of the hub antenns in the direction of the subscriber and 0 is the off-axis angle of the subscriber from the main beam
axis of the bub antcana (main beam of hud is assumed 10 be tihed }* below the horizontal)

Ly, is the free-space loss = 12(ds9#Z)? where 1 is the Wavelength (in metcrs) and Z is the range (oxpressed in meters)

Lypi0 i8 the rain loss = 2% where 2 i the range (in kom) between subscriber and hub antenna and a is the specific rain attenuation

Using this equation, the received CNR a8 a function of distance from the cell center was computed. The reaults of the analysis are
shown in the fgures below. Figure 2(a) shows the received CNR va distance from the cell center taking into acacunt the sidelobe
patiern of the hub sector horn antenna, the variation in free-space Joss, and the variation in rain loss as one moves sway from the
center. [t can be seen that the CNR requirement of 16 dB is me? of) the wav out to the edge of the cell. The CNR &t the very edge of the.
cell is 16. 15 dB.

Figure 2(b) shows the associsted hub antenna gain. The peak gain occurs st 1 distance of about 1750 meters, but beyond that point
the gain is very nearly flat all the way out to the adge of the cell This 1n becsuse the off-axis angle of those points remains closs 10 zero
as shown 1 Figare 2(c). Subscribers close in (o the center experience litie gain from the hub antenne, bur their CNR is still well sbove
40 dB since their range losses and rain losses are very small compared to those farther out as shown i Figure 2(d).

Hence, by proper design and placement of the hub antenug, the required CNR performance can be mat or excanded throughout
the sutire LM DS cell whon operating at 41 GHz and there i1 00 need to go to & smalier cell size. (Blockage due to buildings, ‘
trees, cic. Will of course prevent reception st every point just as it will at 28 GHz )

' Anignoa Theory Anatysis sng Design. Constantine A, Balunis, Chapier 12.
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Figure | Plot of Sectoral Homn Antenns Patwrn in the Elevaton Plane

The dimensions of the horn arc’ Thcninmdbummdchcharmeimcwft)whomw
py-~ wxial length of horn = 303 8y, = HPBW in the elevation plane = 6.4°

by = length along apertwe = 9 0, HPBW m the azumuth plane = 68°

& = width of eperture = 0 51 D = Direcuwity > 17.4 dBi

V= flare angle = 17° G = Gain = | 5 7 dBi (60% efficiency)

(a8 G, 1w 0.73 cm)
Sinoe the azimuth HPBW iubumw‘,mwmbmmmuﬂhmlmgivcmﬂymw“asinm‘mu:h.
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(Note: the radisl direction represants relstive gom (dB down from peak) with the radial gnd fines ot 5 4B incremwmnia)
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Figtre 2(c). Off-axis Angle of Subscriber from Hub Antenng Mawnbeam Axss vs Subseniber Distance from Cell Center
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Figure 2(d) Froe-Space Losa and Ram Loss vs Distance from Cell Center
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APPENDIX B

Reflection Properties at 28 and 41 Ghz

Robert Kerczewski
NASA Lewis Research Center
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LMDS - Reflettion Properties st 28 and 41 GH2

Anaiyticar studies, supplemented by iaboratory measurements, have Been performed at
NASA Lewis 10 determine the variation in reflaction properties between the 28 and 41 Gz

frequency bends.

The snalyticsl and exparimental results both indicste that the reflsction of incident signais
by various building materials varies grestly bessd upon the typs of material, the thickness of
the material, and the angle of incidence, as well 88 frequency. Howaever, the intersotion of
these paramatars are such that cumulatively thare is no significant difference in refisction
properties between the two frequency bands that would result in 3 messurebly superior
petformance of an LMDS system st ons band comparad to the other.

The results of the sneiysis and messursments sre summasrized by the following tables and
plots.

CALCLL ATED RESULTS

Figuras 2 through 3 are plots of the ceiculated refiection coefficiants for glass and plywood
of saversl thicknesses.

Figure 2 plots the reflection coefficiant for 0.125 inch thick giass at 28.5 and 41.5 GHaz.
Sslow 45°, tha rafiaction costficient is higher at 28.5 GHz, while sbove 45° the reflaction
coafficient is highsr at 41.5 GHz.

Figurs 3 plots tha reflection coefficient for 0.628 ineh thick plywcod st 28.5 snd 41.5 GHz.
T? reflection coefficient is higher at 28.5 GHz for reflection angles of between 20° and
A8, and obovc 868°. At all other reflection sngles. the reflection coefficient is higher st 41.5

GM:

The ditference batween reflection cosfficiants for the above cases is plotted in Figure 4.

Figurs 5 plots the reflection coafficiant as a funciion af frequency for three differsnt
thicknesses .of glass and plywood. The plots indicate considarable veriability ss a function
of dfrequency. materisl, and materisl thickness.

Figurs 1 shaws the laboratary test setup for a set of reflection messurements performed on
four meterial: metal (sluminum sheetl, concrete brick, wood(compoaite of 0.5 inch plywoeed
and 1 inch by 2 inch cross pieces), and mirror (0.128 inch silversd giass)). The reflection
coefficiant was maasured for incident angies of 10°, 30°, 45°, snd 60°,

Tha test resuits sre summarized in Tables | and Il. In table {, the messurad reflection
caefficiants sre given, where the reflection coefficient is caiculated for the brick, wood, snd

mirror by comparison to the results for matsl. The maetsl. approximating s perfect
canductor, i3 uted as » system calibration. The results are given for fraquencies of 28.6

ond 39.0 GMz (due to instrumentation limitl(lﬁ\l. resuits at 41.5 GHz could not be
obtsined.)



in table Il, the differance batwasn the measured resuits cbtained st 26.5 and 38.0 GI:#:

is listed. A positive number indicatea a higher reflaction cosfficient st 28.8 GHz, \yh:h Y
negative number indicates g higher refection coatficient at 38.0 GHz. The results indicste
the variation in raflection properties betwesn the two fraquencies resulting from dim(ont
materisis and reflection angies, Of the 12 casss presented, the reflection coemcicn! ]
higher st 28.5 GHz2 in 6 instances. The aversge for the 12 cases is <0.68 dB, or s siightly
higher sversge reflection st 38.0 GHz.

Limitations in laboratory instrumentation snd available materisis for testing, as wall as for
time to complete the messuremants make 8 direct comparison betwesn the measured and
esiculatad results difficuit.

Figures 6 through 14 give a compatison of the uncorrected measured results, plotted as »
tunction af frequency, with the calculsted resuits. Plssse nots diffarences in the horizontal
{frequency) scale betwaen the messured and calculated deta. Figures 8 - 8 show messured
data for mirror and wood and cafcuiated dats for gisss and piywoad, 8t an ingident angle of
10°. Figures 8 - 11 show measursd dats for mirror and wood and calcuisted dats for glass
snd plywood, st an incident sngie of 30°. Figures 12 - 14 show measured dats for mirror
snd wood and caiculated dats for gisss snd plywood, st en incident angle of 60°. Taking
inte account the differance in conditions betwsan messured and calculated casas. the plots
in figuras € - 14 show genara! agrasmant between the measured snd caiculated results in
terms of the varistion of refiaction coefficient with frequency.
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Figure 1 - Laboratory Test Configumation
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TABLE |

Measured Reflaction Coetficient at 28.5 and 38.0 Gz

REFLECTION
COEFFICIENT
{=] )]
e

for Several Building Materiels

REPLECTION
COEBFFICIENT
(o] ]
w000

REFLECTION
COBFFICIENT
s
MWRROR

28.5GHz { 39.0GHz | 20.5GMz | 39.0GHz | 28.5 GHz
1.5 -15.8 -14.8 11,4 3.1
-10.3 7.7 <12.8 -12.2 0.5
-13.8 -5.2 -18.1 -17.3
-4.3 -4.4 -13.9 -14.%

TABLE }}
Difference betwesn received reflacted power
at 28.5 GHz and 38.0 GM2

INCIDENT REFLECTED REFLECTED REFLECTED
ANGLE POWER POWER POWER
DELTA (dB) DELTA (dB) DELTA (d8)
BRICK wO0oD ad

10 Deagrees
30 Degrees
485 Dugress

The deits shown in the chart is derived by subtracting the calibratad recsived powsr st 36.0
BHz from the celibrated received power st 28.8 GMx. A positive valus indicates & higher
received power st 28.5 GHz; s nagative value indicstes a highsr received power at 30 QMz.
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