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RECEIVED

VIA HAND DELIVERY

FEB 12 2001
Magalie Roman Salas, Secretary I.m.‘ COMMSIVN
Federal Communications Commission WM;‘:

The Portals, 445 12th Street, S.W., Room TW-B204
Counter TW-A325
Washington, D.C. 20554

Re:  Ex Parte Presentation — In the Matter of Applications of BroadwaveUSA, PDC
Broadband Corporation, and Satellite Receivers, Ltd., to Provide a Fixed Service
in the 12.2-12.7 GHz Band. ET Docket No. 98-206{ RM-9147, RM-9245

Dear Ms. Salas:

Pursuant to 47 C.F.R. Section 1.1206, Northpoint Technology, Ltd. and Broadwave USA,
submits this letter to report a February 9, 2001 email transmittal from Mr. Robert Combs of Northpoint
to Mr. Jim Marshall of The MITRE Corporation. Attached to the email and provided herewith are
Northpoint’s “Answers to the Second Set of Questions for the MVDDS Industry from the MITRE

Corporation.”
Respectfully submitted,
éﬁ “/cf//a % / &‘/ K
Antoinette Cook Bush
Executive Vice President
Northpoint Technology, Ltd.
Broadwave USA
Attachments
cc: Julius Knapp 'N:o. of Copies r ”'d_QiQ:_
Thomas Stanley LUstABCDE
Thomas Derenge
Rebecca Dorch
Michael Marcus
Mark Oakey

Paul Locke
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Bob Combs

From: Bob Combs <bobcombs@sso.org>

To: Jim Marshall <jmarshal@mitre.org>

Cc: <txTV@aol.com>; Sophia Collier <sophia@efund.com>; Antoinette C. Bush <abush@sso.org>
Sent: Friday, February 09, 2001 4.07 PM

Attach: MITREpackage.ZIP; ResponseMitreQuestions.doc
Subject: Re: 2nd set of questions

Dear Jim,

We are pleased to provide you with our answers to the second set of
questions concerning the potential impact of Northpoint interference
into DBS receivers.

Additionally, 1 am providing the ITU circular letter 116 cited in our
response, which provides an example calculation of G/T, along with a
supplemental spreadsheet which may be used to compute various parameters
of DBS systems from information submitted to the ITU.

If there are any questions or comments, please contact me directly.
Regards.

Bob Combs

Dir. System Development
Broadwave USA
202-737-5711
202-737-8030 (fax)
bobcombs@sso.org

400 North Capitol, St. N.W.
Suite 368

Washington DC 20001

cc: FCC (Magalie Roman Salas) w/copy of spreadsheet.

----- Original Message -----

From: Jim Marshall <jmarshal@mitre.org>

To: txtv <txtv(@aol.com>; bobcombs <bobcombs@sso.org>; rggould
<rggould@mindspring.com>; dcharles <dcharles@gbonline.com>; dapatillo
<dapatillo@directv.com>; ed.petruzzelli <ed.petruzzelli@echostar.com>
Cc: <mmarcus@fcc.gov>

Sent: Tuesday, February 06, 2001 3:06 PM

Subject: 2nd set of questions

> Please find attached a second set of questions related to the
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potential

> impact of MVDDS interference into DBS receivers. Two documents are
> attached. One document has questions for the MVDDS industry and one
1s

> for the DBS industry. Please provide answers to these questions as
soon

> as possible. Answers can be provided by return e-mail or to the

> addresses given in the attached documents.

>

> Note that this e-mail is being sent only to the designated POC for
each

> company.

>

> Thanks for your assistance.

> -

> Jim Marshall

> Principal Staff

> Network and Communications Engineering

> The MITRE Corporation

> (703) 883-5488 voice

> (703) 883-7142 fax
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Answers to the Second Set of Questions for the MVDDS Industry
from the MITRE Corporation

1. To determine the rain margin an important calculation is the decrease of the receive
antenna G/T as a result of rain losses. In order to calculate G/T in rain we need
some antenna parameters. Please describe your methodology for computing G/T and
provide the LNB noise figure, feed loss, antenna efficiency loss, and other losses used
Jor this calculation in your analyses of the DBS receive antenna.

We recommend accounting for the decrease of antenna G/T by calculating the
increase in the noise due to rain, and subtracting it from the rain margin, which is the
method that we have used. We assume that DBS system has a clear sky noise
temperature of 120°K, including the contribution of the LNB noise, the feed loss and
antenna efficiency losses.'

To determine G (gain of the antenna), we have test results indicating gain of 33.8
to 34 dBi or greater, which is the gain assumed. The antenna efficiency for the 45 cm
antenna is generally assumed to be above 70%. The result is an overall clear sky G/T is
thus better than 13 dB/°K. While the actual G/T achieved in the field is generally better
than 13 dB/°K, we have used this figure as a minimum in calculating reliability and
availability.

The increase in noise due to rain along a path to a satellite can be calculated from
the following equation:

dRx_Temp=10*LOG((Rx_Temp+290*(1-10*(-(A_Gaz_dw + Ap_dw)/10)))/Rx_Temp)

where:

Rx_Temp = Clear sky receive system noise temperature at antenna output (120°K),
A_Gaz_dw = Atmospheric absorption (generally assumed to be 0.2 dB?),

Ap_dw = Rain attenuation for availability percentage of time, in dB,

dRx_Temp = Noise increase due to rain for availability percentage of time.

For your convenience, [ have attached the ITU Circular Letter 116 annex 5, which
provides the above method in spreadsheet format, and was used in the ITU study groups
for calculating this parameter. (See also the answer to your question 2 below.)

Having said that, we understand that the LNB noise figure is between 0.9 and 1.1 dB, with feed
coupling loss of about 0.5 dB. Assuming a sky temperature of less than 100°K, the resulting system
temperature at the antenna output is then less than120°K.

This is a worst-case figure. The actual atmospheric absorption is usually less than 0.2 dB in the
Continental U.S.
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2. What link reliability do you currently expect for DBS receivers? Identify several
cities and provide reliability values. In your view, how much degradation to these
values would be acceptable if MVDDS interference were present?

What link reliability do you currently expect for DBS receivers? Identify several cities
and provide reliability values.

For the purposes of establishing link reliability or link availability one must define
several system characteristics, including the point at which the link becomes unavailable.
We propose to use the “loss of synchronization” point. Others have proposed to use the
so-called operational threshold, typically set more than 1.5 dB above the loss of sync
point.

Some further discussion on the difference between the ‘quasi-error free,” ‘freeze
frame,” *operational threshold,” and ‘loss of sync’ conditions would be illustrative. We
define these conditions as follows:

o Loss of synchronization occurs when the digital signal is distorted to the extent
that the QPSK demodulator fails to maintain synchronization with the bit stream,
and occurs at a BER of approximately 107,

e The quasi-error free condition occurs when the errors in the bit stream detected
and uncorrected by the Reed-Solomon and Viterbi decoders are below the level of
107,

e The operational threshold is set at an arbitrary value in the lower end of the quasi-
error free range, approximately 1 to 1.5 dB above the typical freeze frame
condition.

e The freeze frame condition occurs when the MPEG decoder ceases to provide full
pictures. This occurs when the errors in the MPEG packets exceed a rate of 107

to 107,

It is important to note that the last two conditions are somewhat independent. For
example, the Reed-Solomon and Viterbi decoders may indicate that the bit stream is
operating in a ‘quasi-error free’ condition, while the underlying MPEG packet stream has
an inherent error rate of 10”, which may occur due to faulty MPEG encoding prior to RS
and Viterbi encoding. Moreover, even if the MPEG packet stream is error free,
instructions therein may cause the IRD to display a “freeze frame.”

With respect to satellite EIRP and other link budget information required to
perform the reliability calculation for locations within the United States, the U.S. DBS
industry provided information to the ITU describing its link parameters. We have not
verified this information, but we have used it to develop the attached spreadsheet
supplemental analysis, according to the guidelines of ITU CR 116. Based upon this data,
the analysis shows the DBS reliability for a selection of U.S. locations, according to the
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ITU method for calculating availability. We are providing the supplemental analysis for
both the “freeze frame™ and “‘operational threshold” outage conditions, because the C/N
values for parameters were provided to the ITU.

However, we cannot vouch for the system assumptions provided to the ITU. In
fact, we have found that the margin for error in the assumptions in this spreadsheet is far
greater than the amount of protection that the DBS has requested they be afforded.® For
example, we note that the choice of “operational threshold™ over “freeze frame” as the
outage condition results in an “increase in unavailability” of an average of 90%, as
demonstrated in the supplemental spreadsheet.

The only city for which for we have sufficient field data to make a reliability
prediction is the city of Washington D.C. We performed an analysis of the data taken
during our test operations in 1999, which included data taken during Hurricane Floyd.
This analysis showed the DBS availability/reliability to be between about 99.9% and
99.95% in the Washington D.C. area.’

In your view, how much degradation to these values would be acceptable if MVDDS
interference were present?

To understand what would constitute an acceptable level of degradation, one must
bear in mind that the Northpoint signal strength falls off rapidly as you move away from
the transmitter, so that in 99.5% of the Northpoint service area the increase in outage is
not measurable.” Even within the nearest 0.5% of the Northpoint service area, we have
determined that most DBS customers will be naturally shielded from the Northpoint
transmitter, or will be protected because the DBS antenna will provide sufficient isolation
from the Northpoint signal. As a result, we believe the number of affected DBS
customers to be far below 0.5%

Based on the small number of affected customers, we propose a 20% increase in
outage be accepted. This would be equivalent to an increase of about 1.5 hours per year
of additional outage. or a C/I ratio of about 19 dB. As a basis of comparison, this C/I
ratio causes about 0.4 dB of link degradation. which is less than the “antenna pointing
error” customarily used by DBS.® Thus, we feel that a 20% increase in outage should be
considered acceptable for the few affected customers. The remainder (> 99.5%) of DBS
customers will not have a measurable outage.

w

See also: “Technical Annex to Reply Comments of Northpoint™ pages 10-12.
See “Northpoint-DBS Compatibility Tests,” October 1999, page 19.

There is a small area within a radius of about 2 kilometers of the transmitter where some measurable
interference might be found. The shape area is dependent upon the look angle of the satellite receiver
and the orientation of the Northpoint transmitter.

>

[

We believe that 0.4 dB of link degradation is within the margin of error for computing the DBS
availability.
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For substantiation of this level, we turn to the recent agreement made between
DBS and another entrant to the band (non-geostationary satellite systems) as a point of
reference. In that case, DBS readily agreed to accept a 10% increase in outage
(unavailability) for every DBS customer.” Thus, clearly, a 10% increase in outage for
every DBS customer is one acceptable standard. We also note that DBS proposed in
1994 to allot up to 20% increase in outage to terrestrial systems in the 1994 DBS report.
Thus, we feel that a 20% increase in outage should be considered acceptable.

DBS also designs their system to an availability of 99.7%.® Certainly from that
logic. a C/1 of 16 dB would be acceptable in all of the cases in the attached spreadsheet.’

Unavailability = 100% - Availability.
¥ See also: “Technical Annex to Reply Comments of Northpoint” pages 10-12.

See spreadsheet “C I Rqd (FF)” in the attachment.
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Explanation of Sheets

This document contains three spreadsheets:

1. "Freeze frame Point"

This sheet provides the DBS system description, with the availability as described by
the "freeze frame" outage condition.

2. "Operational Threshold Point"

The purpose of this spreadsheet is to show the "Percentage increase in
unavailability" when using the "Operational Threshold" as the outage condition, as
opposed to the "freeze frame" threshold.

3 "C_I Rqd (FF)"

This sheet may be used to determine the C/I due to Northpoint to cause a given
"increase in unavailability” for the Freeze Frame outage condition.

To use the spreadsheets

1. "Freeze frame Point"
2. "Operational Threshold Point"

These sheets are intended to present and verify information only.

3. "C_I Rqd (FF)"

Note:

Macros and formulas

In this sheet, change the cells in Blue (cell B12 hours, or B13 percent) and the
spreadsheet calculates the C/l required in line 21

Several user defined formulas are contained in the attached Visual Basic module.

Function distance(el, rad)

'Returns distance to a satellite as function of elevation angle (degrees),
‘and satellite radius (km)

Function ITU_Rain(region, polarization, sta' ITU rain attenuation model

' based on Rec. ITU-R 618-5, 1998
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The purpose of this spreadsheer is 10 show the "System Availability when using the "Freesc Frame”
tireshold as the outage condition, in line 10
Linc 24 shows the C/N+1 required at the owtage condition, which n tlis case is the "Freese Frame”
The satellite system characteristics were (aken from 17 U-R Recommmendation BO. 1444, and the 1
assoctated Appendix 1. which is available at the following URL: http:/Awww.itu int//itudoc/itu-
syl 1/docs/se ) 1/) 998-00/contriby | 38¢2. himl > }
1iSA USA USA USA USA USA USA UsSA USA USA USA USA USA {81 lvqllf‘::o
f US-GSO US-GSO US-GSO US-GSO Us-Gso US-GSO US-GSO US-GS0O 118-GSO US-GSO US-GSO US-GSO US-GSO US-GSO S-GS
Units L) Dia) D2 Dita) Do{a) D) D8} DY(a) D10(a) D12(3) A3, A5 :\As - :/ts -
System Characteristics Scallle Florida New York Minn. Seattie Scattle Florida New York Minn Seattie %Hﬁ_‘_ﬂgito_n__ LosZ :1 eles | ake
o _taraclerisiies
Froquency o 2 700 13700 12 700 12,700 12 760 12,700 12.700 12.700 12.700 12.700 I‘Z 450 5;29450 1’9 9;) 12450
System Availability at freczc frame poil Yo 99.97 49.88 99.95 99.90 .98 99.97 99.88 99.95 99.90 99.98 )9.2732 |<>3(2> o ek
Outage Hours at frec/e framic point Hours per Year 275 1072 Lo v 10 1.72 175 07 Low v 0 1m 1574 : > 36 2
24 b2} 24 2] u 2 u 24 4
Rocenver noise Bandwidth MH, 2 24 b1 24 2] 4 24 u 24 ) . < : PSK. QPSK
[Modulation (vpe QPSK QPSK QPSK QPSK QPSK QPSK QPSK OPSK QPSK QPSK OQPSK QPSK 07PSI\ ({PSI\ « ):Is(:\ o:ir Q7 o )1 o
C/1 due 1o other GSO BSS networks dB 07 w7 0.7 07 07 0.7 07 207 07 07 o e " :: 5(; N 940 9.2 955 933
CtfadedyIunfaded) due to Northpomt req| dB 96,60 Y20 043 yiy 96 | 6.6 w20 943 95y 96.1 939 936 9)9 o 99': 9.0 ')91; 99,0 994
Clear sky C/1 due to Northpoint require] B 99.6 99.0 99.0 99.0 99.44 99.0 99.0 99.0 99.0 99.0 99.0 ‘:‘),Il 9. e e " o o
Clear sy feeder lnk "\ 1 B 242 242 42 10 412 242 12 242 242 232 261 2601 0.1 26 0 2 2
s S0 s st 51 s
C/N+1 reauired at the outage condition a8 35 35 35 35 35 35 38 35 35 3.:< ‘,1 71 : : s n sa ER us
Clear skv C/NY I marin above outage conl dR S 106 N3 63 6y St n6 ’1 o3 09 N .
5 - < < v7 . 5 o8 o4
C/N-1 niargin abore operatig teshold an 292 2900 T8 20 +1a 292 290 182 202 L b .58 233 Hr I ’
Space station characteri; 5 618
Longitude g 101W 101w 101w 101W W 10TW 01w I 101w l T0IW 101W ] -ux’n | 4_4:«:» r -1‘;&70 "[ L;xl)n J :x“u ‘ lgx[;» l 1(:7 i ;ﬂ —l
5 538 48,0 33.2 5 .3 5 3
Satelliic ¢.i 1 p. in the direction of the cart dBwW 18.0 5319 514 49.1 48.0 48 O 539 514 491 - - e a
Earth station characteristics Secattle Florida New York Minn Scattle Scatile Florida New York Minn Seattie Dallas Houston _ Los Angeles Salt [al:c Cily_San /j:nomo Sc;a:tlc (‘Ich:E(» D-lllas
Receive antenna diameter cm 48 43 48 43 48 43 4 15 3 + iﬁ :") f,: :“ 20 70 kD i
Recen e antenna efficrenc N 70 0 0 k) 0 7 0 0 R 0 ! !
On-axis amenna gain at recener inpu dBj W o o 340 Mo Mo HO Ho Ho Ho - s 13K i 1y 3% wy R
On-axis antenna gain at antenna output o
Clcar sky receive svstem nosc temperatu K 123 125 125 125 x 25 e 28 - * %30 85.0 830 ¥5.0 830 850 w300 830
Clear sky recene svstemt noise temperatur K i 1 ! 5 1s 3 145 145
Cleor sk (G 1 A I 10 10 150 150 NG 120 o e e " o o s i o 04 04
Tota) pountting loss aB 0s 0s 05 0s 05 0s 03 0.s 03 us o i o
< ; 2
Latude 476 279 407 450 470 176 279 407 4540 47.6 328 98 v me fv : JZ& ::72; j).o):a
Longitude 1223W 82 3W W 93 3W 122 3W 1223W R25W AW VIIW 122 3W 46 % 953 1R 2 Ao -::#7 -l(;; } A o
Altitude km 0o [Tl 0.0 0o B 0.0 0.0 0n 0.0 (X1 [{N] l;\{;l OFU IB' M~ b K’ “
. . » { M d !
Ramn climatic sone D N K K D 5] K K D A X 6.3
Elevation angle 315 515 35,4 37.6 315 315 35,4 376 315 238 238 393 3002 - zA(m i szl) ‘*)Ic U::: ~ b;ms
ﬁ - — ~ : , . iy Sa cat 4
Propagation characteristics Seatile Florida New York Minn Scattle Seatife Florida New York ,__MJL Scaltle Dallas Houslon _ Los Angcles M\ A ‘nlnmo o o —
Ntant path kon 18479 36985 18147 37960 38479 IR47Y 36985 38147 17966 38479 39180 39186 37837 38590 ix)m 80 i v
f-ree space loss 723 w02 2059 2161 261 2162 2062 MR 2061 206.1 062 206.2 206.2 54 206.1 ::“2’0' L(:WZ’U! 0 2’0 0.20
A tmaspheric absorption dis 020 0.20 020 020 020 0.20 0.20 020 420 0.20 020 0.20 11102:17 |‘»)22::L o o ook e
Rain attenuation for 99.7% of the ime B 0 840 1540 2097 157 0.840 0840 1540 2097 1x79 0 8411 3983 18 Y L 097 LT 2017 1470 1466
Noisc increase due 1o rain for 99 " of an 1483 1987 2761 158y 214 1485 3 uR? 2701 2589 214 840 4928 207 ! N ’
< 5 14 2 5.0 20 1478 S 476
Rain attcmuation for i silability percentag] B 2367 7007 1740 3131 2.866 2307 7007 4746 31t 2.866 5126 : ;;‘5' i ‘7’:3 . ’:(“‘; : 2")(7' : 2;, 1697 5,426
Nvise increase due 1o rain for availabiling di3 2.956 4.560 3.5 3408 4395 2.956 4 360 4.052 3.408 4398 3329 2. o S —
ink budget clear sky
Downlink budgel 506 134 161
C X thermal clear sky dewnlink 173 89 15.2 124 10,7 10.8 89 15.2 124 101 108 15 Z l:": ::)f :::f :;‘ s 126 146
N clear sk downtink i3 ' 141 13 v8 104 86 141 18 R 1. " m 04 100 1o 124 144
C N cdear sky total Tink o3 85 137 s 96 102 8.5 137 tes 9.6 192 0 ]39 :9 s s %3 10
Clear skv C/N downlink margin above ow dB sS4 1.7 8Y 66 73 54 17 89 6.6 73 I‘U N ]-) + 5 + B i 9 | 7.5 9.5
Clear sky C/N+1 downlink margin above dB R 0.6 8.2 63 6.9 s 0.6 83 63 (,3 le b o Yo o 73 01
y ¥ C/N+ total inargin abovc outa dB 3.0 10.2 80 [ 6.7 5.0 10.2 L1l ol 6.7 BY — -
k budget 99.7% of the time
| - - £l 915 6 89 778 8.02 843
C N thermal for 99.7% of the time, downl] 1 658 6.62 7.52 5.65 7.86 6.5% 6.62 752 365 7.86 687 6 x: ; (f,) ;:u r: 69 753 7.75 814
N for 99.7% of the time, downlnk an 642 6546 EEY 552 764 642 646 782 332 704 v } :x 2.50 405 179 208 292 i
C/N margin above outaxe condution for 9 dB 308 kR ¥ 402 215 436 3108 112 4.02 215 130 ] ?3 i by 2v>2i T 130 ‘2' “ 205 304
C/N+1 margin above outige condiion th dB 2492 2.96 382 2.02 4.4 2.92 2 96 31.82 2.02 414 1.5 5 3 B =
Downiink budget for availability percentage of time 3 5 $2
B 524 524 324 524 24
(N thermal for availabihty percentage o 158 EE] 358 358 3.58 T5% 358 358 58 1.5% 524 :ll‘ '%214 ‘;ll 3 o i1 s
C N1 for avarlabilin: percentage of time, dB 18 35 35 15 3.5 5 i " .; 0 ; :1 : ol 01 ol o i8] 0.1 0.l
C/N margin above outage condition for av dB ol ot 01 0.1 0.1 01 0.1 1 ¢ 000 1000
C/N+E margin above outage condition f 4B 0,000 1).000 0.000 0.000 0,000 0,000 0.000 0.000 1) 600 0).000 .00 1.000 0.000 0.000 LY 0.000 U]
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The purposc of this dsheet is to show the “p increase 10 unavailability™ when using the "Operational Threshold” as
the outage condition, as opposed to the "Freeze Frame” threshold

This spreadsheet shows the availability oby

ective from the spreadsheet "Frecze Frame Point® as a baseline. wn fing 10 -

The availability computed from Jhis outage condition is shown in bine 14,

SRR

Lines 12 and I3 show the delta between the two different levels of availabilily

USA USA ESA USA USA USA SA USA USA LSA [ USA USA LSA
T j US-GSO Us-GSO US-GSO US-GSO US-GSO US-GSO US-GSO US-GSO US-GSO US-GSO Us-GSO US-GSO Ui-‘(’;iﬂ us;:):zso
Units DS, DY D10(a DI2(a 4A3 4AS JA6 4A8 4A9 /
] D1 D2(s) D3(n) Do(a) Di(a) | D8 1 Do) | Diot) | Diza) - e e e
Svstem Characteristicy s;‘.-z:m Flo-r(lﬁla New York Mina. Scattle Scatile Fonda New York Mitn itle Dullaé Houston l,og\&k_s Salh Lake Calv San Antonio mau::) U;l:‘:g(;)
Frequency Glis 12700 12,700 12,7600 12.700 12,700 1270 12.700 12.760 12,700 12.700 12.450 12.450 12450 |‘3‘ Jlm I‘)Z‘)J;z() 1‘)2‘} th l’.‘) "
System availability at Freese Frame poitst % 9997 9988 9995 99.90 99,98 .97 99 8% 99.95 99.90 99.98 99.82 82 9993 :’) 7’: ’ 1550 189 763
Outage Hours at freeze frame point Houes per Year 175 10.73 s60 910 I 175 1073 160 o0 i;i I:\‘: '('\ ‘)’" ¢ 3:: oS o0 302 4as
Increase in outage hours at "operational threshotd” Hours per Year 144 R 182 1037 228 484 ATl 382 I(f ‘“ 2 3 ; M 8‘: g’y 2o, 132 ('u $0.9% 104.6% 3R 1%
Percentagc increase in unavailabihty % 176.2% 83.2% 83 0% 113.9% 132.4% 176.2% 33.2% 83.0% F13.9% 132 4% 40.2%, B o en DOk 49.750 99 886 99 862
Availability at "Operating Threshold™ point [OTR) 99 K12 99 904 9y 778 99954 99,913 99.812 99 904 99 778 99,954 94 48 99 748 9858 19 9K1 ¥9.73 880 -
5 2
2 pA) 4 2 24 4 24 24 4 2
Recerver noise Bandwidih MHy 24 REY 24 24 4 24 24 24 2 ' . ' ) . , OPSK
Modutaton type QPSK OPSK 0PSK QPSK QPSK QPsK QPsK QPSK Opsk QPSK Pk oPsk Sk o Ee b o
C/1 due 1o other GSO BSS networks d8 M7 207 20.7 0.7 2.7 207 207 207 207 207 200 iu 0 5(71(: ;(-)t «u.x oY ;(‘ !
5 4 . 77 7 2
C(faded/lunfaded) duc to Northpoint required for Percentage incred as 975 933 95.4 6.8 970 97.5 93.3 93.4 w08 b oot o o9 990 w0 ) 990
Clear sky €71 duc to Northpoint required for Percentage mercase in | 4B 990 90 940 994 9y 940 990 99.0 Yo .0 Va0 5 , 3, 61 26,1 201
Clear sky feeder link C/N=1 dB 12 242 242 B 22 242 242 212 242 42 201 21 0.1 2.1 26 2 =
3 6.1 6.1 6.1
C/N+ required at the outage condition dB 5.0 S0 S0 50 5.0 S0 5.0 sS4 S0 :': ;‘: :: :’: ‘: : 81 40 6.5
Clear sky C/N + margin above outage condition 4B 36 91 68 48 54 i 91 o8 48 -
3 3 37 03K 125 271 05y ta tas
C/N+1 margn abovc operating threshold for 99.7% of the tme dR 142 146 52 o4 142 146 232 032 264 Ba )3
5 i i
pace station characteristics 13
Longitude : 10IW 1w 101W 101w 101W 101w l W I 101W l 101w l 101w -1480 S14K0 .1;370 .::‘x“n l Ac_xix”n l .:;x[)n 1 f'“ ;
g . < 5 514 49.1 48.0 532 515 482 2 3. 3
Sateilite c.1 1 p. in the direction of the canh station 48w l 480 33.9 51.4 9.1 8.0 38 0 S3Y 3l - : - —
[Earth station characteristics Scattlc Florida New York Minn, Seattle Seattle Florida New York Minn Scatile Dallas Houslon _Los Angeles Salt Lake Citv_San Antonio ngl‘ilc Clu’c:hn
K - 5 3 s 45
Receive antenna diameter cm 45 45 45 45 45 35 45 b i :5 ::» :liy jn ju 0 R w4
Recenve antenna efficiency " T b1 T m 0 0 ‘74) ‘7u A “y ; ’
On-axis antenma gain at receiver mpui diy 40 Mo M40 Ha Ho Ho o Ho Ho e o " g iR 3K B TR
8] 38 3 3 g
Or-axis antenna gain at antenna oulput
Clear sky receive system noise [CMpCrature at receiver input K 125 125 125 123 Rl 125 125 23 125 80 . %50 850 850 PRl R30 BE.6
Clear sky receive system RO CmMperature at antenny output K y 15 ; 1 5 s 43
(Clear kv G f B K 130 e 130 130 15.0 130 10 3o 130 IS0 14§ 145 145 145 1“4; R:J InJ,
Total pointing loss a8 05 0s 0.5 us as 0s 6.3 s 05 0s 04 04 04 4
Lantude 176 279 407 450 176 476 279 0.7 450 476 28 298 40 1038 s 4’7701 4817:
Longitude 223W B2SW W 93.3W 122.3W 1223w 82.5W W 93 3W 223W 96 R 483 1182 »llll L] ~:)]8): r[”_.l A() ;
\ 0 | ) [iN} 00 on 3
Altitude km 0.4 oo 0o [ [ 0.0 o iy [ .
. ¢ : N ! L B M D K
Raun climaiic sone b x 5 v v s?s z}'\4 ‘;\( 1?5 7,;1:; z:ns 393 302 266 29.9 kERY
Elevation angle 113 s 354 376 IS 33 5].5 3 16 5 2 3 k . . - -
Propagation characteristics Scalllc Flonda New York Minn Scattle Scatlle Florida New York Minn Scattle Datlas Houston __Los Angcles Salt Lake Ciy_San A‘nlomo 5c.:l;l(c (‘:;‘nl:?)sxo
Slant path b 38479 16985 38147 37966 18179 38479 36985 W7 17966 38479 39180 19186 17837 8590 13)1(; 18)() |’ 206.0
Frev space loxs B 206 059 2061 2001 206.2 206.2 2059 206.) 2006.1 206.2 2062 206.2 2089 206.1 -“(:nl _(; :“ 200
 \tmospheric absorption AR 020 020 20 0.20 020 020 0.20 020 020 0.20 0.200 020 020 u}z:z ;lxhﬂ g ;27 o
Rain attenuation for Y9 74 of (he time B %40 4540 2097 1x79 0840 0840 fE 2097 1879 0840 . j ‘1;}:; : ‘}):77 (: 097 170 2007 1470
Nowe mcrease due 1 rain for 99.7 "a of the e B 1483 3.987 2761 2589 bR 1483 3987 27061 2589 2141 1840 2 236 ? 2
s 5 3 3 s 49 3 244 1318 283
Raun attcmuation for availability percentage of time a8 1521 3721 3622 2.181 2,020 1521 5721 3022 2181 1(7"1)‘7’ j(;(‘, ‘:m : ;;:, i'i);l; :mz 3.024 321
Noive increase due 1o rain for avarlability percentage of time d 2.267 4311 3.641 2.824 3.707 2.267 4311 3641 2824 3 3 RAL =
bl)o k budget clear sky 3 T0.6 134
TN thermal clear ske downiink 05 89 52 T2+ o 08 79 152 123 10 g 157 o e e 0 ot 126
N ] clear sky downlink dn 86 141 118 9.8 104 8.6 4.1 118 9.4 0.4 K] 14.5 o 02 e o 1
€N clear sky total link it 83 137 s 96 102 85 137 s v 102 L vy o 15 95 45 71
Clear sky C/N downlink margin above outige condition 4B 19 102 74 5.1 58 B 10.2 4 N ;; S e 84 14 Wi 8.1 10 65
Clear sky C/N+I downlink margin above outage condition dB o 9.1 6.8 48 34 36 9.1 6.3 4' 5 ) 7 ; 8.2 4.3 39 79 349 6.3
Clear sky C/N+1 total margin above outuge condition dB 3.5 8.7 6.5 16 32 38 8.7 6.5 6 3. 8 :
Downlink budget 99.7% of fhe time - ATy T 778 703
N thermal for 99.7% of the tme, dovwnlink B 6.58 6.62 7.52 565 786 6.58 6.62 7.82 5,65 7.86 687 ("f: 3 (x)(l ; 81 (: 69 753 775
C N T for 99.7% of the time, downlink R 6.42 6.46 132 552 764 6042 0.46 732 552 764 (6,(:; ?) ;x 130 3,08 w1y 168 192
C/N margin above outage condition for 99.7% of the time. downlink dB 158 1.62 252 0.63 286 1.58 1.62 252 4] 2) i:g ) %7 oa . éi S 7'] 059 5 163
C/N+1 margin above outage condilion threshold for 29.7% of the tin dB |42 |46 2.32 .52 264 1.42 | 40 232 .52 X : B L z
of time 28
6 6.2% 6.28 6.28 6.28 6
N thermal for availabidity percentage of tine, dovwrlink B 512 512 5.12 512 512 s12 $12 ENF] 5i|)2 : '02 {:;le :,218 :s i 6. al 6.1 [
C N for avarlabiling percentage of time. downlink B 50 5.0 50 50 50 30 50 50 A . )2 )2 02 02 0.2
for availabili of thef dB 01 0.1 0.l 0.1 0.1 0.1 0.1 0.1 0.1 0.1 02 0.2 [ L 000 0,000 0.000
condition for availal _percentage dB 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0000 0.000 1001 0.000 -0.001 0 000 0.001 0 .
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USA UsA USA USA
US-GSO US-GSO US-GSO US-GSO
7 DI Di
Scattle Florida New York Minn Scatile  Max
12.700 12,700 12.700 12.700 12.700
99.98 99.89 99.95 99.91 99.98
216 9.66 3.96 7.58 139 18.32
3,50 494 314 810 1.76 10.37
162.3% 51.2% 79.3% 106.9%, 126.4% 178.2%
49,935 99 813 99.919 99821 99 964 99.99
24 24 24 24 24
QPSK QPSK QPSK QPSK QPSK
237 237 237 237 n7
100.3 959 98.1 9.6 »8
1020 020 020 020 102.0
242 242 242 242 242
7.6 T4 7.6 1.6 7.6
40 9.3 7.2 52 58
i 82 I 86 27 092 104
0w 1w 101w forw 101w
l 510 l 56.9 I 54.4 52.1 [ 50.0
Scaltle Florida New York Minn Scattic
33 45 45 45 45
™ 70 70 70 70
340 o 340 W0 340
125 125 125 123 R0
130 13.0 13.0 3.0 15.60
0% 0.5 K] 0.5 s
476 27y 40.7 45.0 476
122.3W 82.5W 7AW 9313w 1223w
0.0 0.0 0.0 0.0 0.0
D N K K D
315 31.5 35 4 37.6 31.5
Scatile Florida New York Minn. Scaitle
— EW YOI
IR 36985 38147 37966 38479
2062 2059 2006.1 206.1 2062
020 0.20 020 0.20 0.20
0840 4540 2097 1879 0840
1485 3.987 2.761 2589 213
1734 6057 3912 2423 2233
2,464 4.385 3.761 2993 3.904
1y 18.2 154 131 138
116 17.1 148 12.8 134
4 163 143 12.5 134
4.3 10.6 78 5s 6.2
40 9.5 7.2 32 58
38 8.7 6.7 49 5.5
9.58 9.62 10.52 865 10.86
9.42 9.46 1032 852 1064
1.98 202 292 108 326
1.82 136 2.72 092 3.04
77 77 7.7 7.71 71
76 76 76 76 16
0.1 0.1 0.1 0.1 0.1
0.000 .00 0,000 0000 ).00]

Min

0.29
0.41
38.8%

99.68

Average

7.47
5.02
90.1%

99.86
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availability.

The purpose of this spreadshcet 1s (o show the impact of terrestrial interference upon the sy stem

in linc 10

This spreadshect uses the availability objective from the spreadshcet "Frecze Frime Point” as a baseline.

‘The uscr imnay enter a change 1 cells BI2 or B13. which independently add an increase in outage

hour(s). and/or a percent wicrease in unavailablity.

The C/1 reguired to cause this change is computed and shown in line 21_

The new availabilits computed from this omtage condition 15

hown in line 14
USA USA USA USA USA USA USA UsA USA USA USA USA usa {51 USA USA USA USA
Units L‘§~_(;-§O US-GSO US-GSO USES() US-GSO SO US-GRO Us-GSO US-GSO L5-GSO 18-GS0O US-GSO US-GSO US-6S0 US-GSO US-GSO US-GSO US-GSO
. ’ 1 Dia D2 D, Do{a) D7(a) D3a) 9 D1v(a) Di2(w) 444 4AS 446 4A8 4AY AD2 4D3_ |
System Characteristicy Seattle Florida New York Minn Scatile Seattle Florida New York Minn Scattle Dallas Houston __1.os Angcics Salt Lake City_San Antonio Chicago Dallas
Frequency 127060 12 7600 12.700 12 700 12,700 12,700 12,700 12700 12,700 12.700 12450 12 450 12 450 12450 12450 12 450 12,450
Anaitability obyectine 99.97 Y9 /% 95 99 9y Yy K 9997 99 88 9995 vy o0 99 98 49 82 99 .82 vy 92 9 94 949.82 9991 99 90
Outage Hours 175 10.73 460 910 172 278 073 4,60 210 172 1574 15,90 046 0T (BB Y] 7.65 8.80
Enerease in outage hours 0.549 247 4919 1821 [IRERS 0549 2147 1821 0344 3148 3180 0143 3 oS 1831 m
Percentage increase in unas anlability 20.0% 200% 20.0% 20.0% 20 08 20.0%, o 20.0% 20.0% 20.0% 20.0%, 20:0% 20.0% 200%
Availubility Degradation LA -).006 B0 0010 0021 0048 0,006 -0.024 -0 010 021 - 004 -0.0% D036 0.002 NS N0l 020
Recetver noise Bandwidih MH, 4 24 24 hE) 24 24 b2 ] 24 24 24 24 24 24 24 24 24 24 P2
Modutaton type QPSK QPSK QPSK QPSK QPSK QPSK QPSK OPSK QPSK QPSK QPSK QPSK OPSK QPSK QPSK QPSK OPSK QPSK
/[ due to other GSO BSS neiworks dR 0.7 n? 207 207 n7 07 07 207 207 w0 200 2 200 00 200 200 200
C(Ridcd){ltn:nlfadcd)du_c‘loNonhpomlr dB i34 120 134 142 147 154 120 114 14.2 143 4.2 180 [E] 173 130 143
[ Clear sy C/k due 1o Northialn. oo " TV At el e y 174 £ g L TR R F bR i
Clear sky fecder link C/N+1 dn 242 12 22 242 242 242 2 261 %01 01 261 61 261
CIN+E required at the outage condition as 3.5 A5 38 38 35 38 3.8 3.8 3.8 3.5 s 81 s 51 s s st a1
Clear skv C/N+] margin above outage con, dR 43 64 Gl 1y 6 T o4 00 49 A0 2 6.3 35 I 02 43 R o4
C/N 1 margn above operating threshoid f ds 140 189 285 147 137 240 [ &y 188 147 17 088 087 130 322 nvl I3 P 2110
Spacc station characteristics
Longitude HOIW 1w 01w 101W W 101w 101W W 181w 101w -148.0 <R -H48.0 -148.0 | -148.0 —l S48 0 l B ] 61 SJ
Satellite ¢ i.r.p. w the dircction of xhcng dBW I 18.0 l 539 S04 49.1 l 150 AX 0 I 519 514 I 39.1 I 48.0 l 532 J 535 l 482 I 380 530 18.0 50.7 534
Earth station characteristics Scattlc Florida New York Minn Scattic Seattie Florida New York Minn Seattic Dallas Houston _Los Angeles Sah Lake Cins Seattlc Datlas
Receive antenna diameier i 45 45 15 18 15 45 “_7 45 i3 43 45 45 45 45 43 45
Recene amena efficiency 0 0 70 H 0 70 R} 0 0 " kil 0 70 R 70 0
On-axis antenna £a0 A1 recenver inpat dB Ui 3 RERH 340 Rt uo M0 Mo RE 1] AN
On-avxis antenna gain at antenna sutput| RRR 31K IR ARR EER IR WX R
Clear sky receive system noise emperatur IN 125 123 123 128 K0 125 125 125 125 RO
Clear sky receive svstem noise temperaturd K 850 8S0 850 851 854 850 K30 K30
Clear sky (T dn A 130 1 130 130 150 1o 130 136 130 150 1A 148 143 145 143 145 145 145
Total pointing loss dB 0s 0% us 0s 0% s ns s 03 03 04 01 04 0.4 04 04 0 04
Latitudc 176 27y 407 450 416 116 279 407 454 Vo 328 298 4o 408 295 476 ETE 3238
Longitude 1223w 82 AW W PIAW 1223w 122 3W X2 SW TIW 93IW 122 3W 406 933 -H182 BT S9R.S -i223 878 6.8
Altitude knt 1] 0o [t} 00 LX)} 0.0 4o 1K) 0o 00 (18] 0o ot t3 G2 ol 0.2 ol
Rain clumate rone D N K K 7] D N K K D M M E B M D K M
M N 315 515 354 37.6 315 315 51.% 35.4 376 ilL5 238 23R 39,3 3.2 266 29.9 348 36.3
|Propagation characteristicy Scattle Florida New York Minn, Seaitle Scatile Florida New York Minn Scatle Dallas Houston ___Los Angeles Salt Lake City San Antonio ___Seattle Chicago Dallas
Nant patti ke 38479 369Rs W7 37966 W79 38479 36983 38147 37960 18479 39180 39186 37837 8590 38916 38620 IRI98 38076
Free spuce fosy ol 2062 2059 6.1 3061 2062 2062 089 206.1 206 1 062 2062 2162 059 206 ¢ 2061 206t 260 206.0
- limospherie absorption iz 020 020 0.20 020 0.20 0.20 020 020 020 020 0.20 020 0.20 0.20 020 020 0.20 0.20
Rain attenuation for 99 7% of the time dR 0.840 4340 2097 1879 0830 0.840 4540 2097 1879 1840 3983 4184 1037 0382 3873 0827 928 3247
Noase increase duue o rau for 99 ™ % of § Jn 1485 19x7 2761 2589 7141 1483 3987 2761 2589 2141 1840 1928 2367 1097 1790 2017 470 4460
Rain attenuation for avinlabifin percentag) dB 293 6430 4381 2877 2663 2193 6.430 4381 2R77 2063 4.602 4905 1859 1,705 1593 1680 199 so32
Noise increase due 1o rain for availabiling 453 2.833 4459 3934 3,271 4.251 2,831 4459 3.934 3.271 4251 5193 5.261 3.595 3447 5159 3,422 4.352 5301
Dowalink budget clear sky
N shermal clear sky devwnling H 89 152 124 101 10§ 89 152 124 101 10.8 157 16.0 110 10.6 156 106 13 4 16.1
N clear sky downlink a1 78 99 93 84 91 7% 4y 95 R4 vl 103 14 926 95 s 9.4 (X3 L3
C N clear sky toral fink 13 77 9.7 93 K3 8.9 77 97 9.3 %3 8.9 12 12 9.5 9.4 12 93 107 1.3
Clear skv C/N downlink margin above ou dB 34 1.7 89 66 73 54 1.7 89 06 7.3 10.6 1.9 59 55 03 ss 83 o
Clear skv C/N 1 downlink margin above dB i 0.4 X 19 36 43 6.4 0.0 +9 30 6.2 63 43 44 62 43 57 6.4
Clear sky C/N+ total margin above outa dB 4.2 6.2 58 4.8 3.4 42 6.2 58 3.8 5.4 6.1 01 4.4 4.3 6.1 4.2 5.6 0.2
Downlink budget 99.7% of the time
C N thermal for 99.7% of the tinte, downi] d13 6.58 6.62 752 508 186 058 6,62 752 565 786 687 688 7.60 9.15 639 778 8.02 842
N for 99.7% of the e, downhnk 13 3490 339 .35 497 6.87 5.90 539 6.33 497 6.87 598 397 6.90 832 601 709 7.09 7.2t
C/N margin above outage condition for Y dB 308 312 4.02 215 436 .08 12 402 2158 436 1.77 178 256 108 1.79 2.68 292 33
C/N+1 margin above outage condition th dB 240 1.8y 285 t47 137 2.4 1 89 2.83 I47 337 088 087 1.80 3.22 091 1.99 |99 211
Downlink budget for avaitability of time
N thermal for avaidabilin: percentage o, 88 326 107 307 o8 E¥T] 120 107 397 ! 381 583 558 548 380 567 SRI
N for availahiin percentage of time | 35 35 35 35 38 38 15 35 s 38 s sl 51 S0 i il 51
C/N margin above outage condition for av dB3 0.4 0.8 0.6 [N 04 04 0.8 06 05 u.4 07 07 04 04 w7 0.6 03
C/N+I margin above outage condition f dB 0.000 10.000 0,000 0,000 0.000 0.000 0,000 0.000 €000 0000 0.000 0.000 0000 0,060 0.000 0.000 0.000
Decrease in link margin 030 .68 048 039 035 0,30 0,68 048 03y 033 057 039 030 IFE 056 042 OEE
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i

{54 USA USA USA USA USA {51 TSA USA USA L8] USA USA USA USA USA
VS-GSO | US-GSO | U8-GSO | 15-G50 | US-GSO | US-GSO | US-GSO | US-GSO | US-GSO US-GS0 S L 65-GSO | US-GSO US-GS0 15-GSO | S5-GSO | US-GSO
D8 4D9 18 4B 4 4B6 $B8 489 4810 4¢3 4CS €6 ACH 49 1 D2A(b) Dih Db}
Houstont _ Salt Lake Citv_San Antonio  Chicaj Dallas Houston  Los Angeles Salt Lake City San Antonio Seattle Dallas Houston _Los Angeles Salt Lake City_San Antonio Seattle Sealtle New York Minn Scattle
12 450 12.450 12450 12 450 12.450 12450 12,450 12,430 12.450 12.450 [ 12,450 12450 12,450 12.450 12 706 12,700 12 700 12 700
99 83 Y998 Y9K3 9991 99 90 Y983 9% 93 166 00 9984 99.96 99.80 w92 10000 99.79 99.98 99 95 9991 9998
14.93 177 15.09 197 %R0 1876 47 030 1415 V42 17.94 6.69 18.32 2.16 3 n 139
2085 0353 2017 1594 1,772 2952 0.948 005 2831 0703 2 1589 1337 1665 0432 0.792 0.279
20.10% 0.0 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 0% 0% 20.0% 20.0% 20.0% 20.0%

997 . e N swansifose 5 ; i 1 W i bt o b gau Soovmv bste
03 0,004 D03 NOIR -0 020 D03 001 -0.001 0.032 -0 008 0018 023 03] 015 Fn 0.042 -0.008 009 -0.003 0,005
4 H 4 b2 24 2 2 24 24 24 4 b 24 4 24 u 21 H 24 24 24 24
QPSK QPSK QPSK OPSK QPSK OPSK QPSK QPSK QPSK OPSK QPSK QPSK QPSK QPSK QPSK QPSK QPSK QPSK QPSK QPSK QPSK QPSK
wa iTH 200 00 20,0 00 200 1.4 200 200 0.0 0.0 200 W 200 237 237 27 7 37
4.8 17.8 148 149 171 174 15.2 17.3 17.8 58 16.7 17.2 17.8

o A L R = - SRR e ] TR &y B Ok W 5.k T 0%
0. 01 262 262 26.2 2.2 262 242 242 242 242 242
st s s1 51 s1 .1 51 s st 1 st S1 a1 s st st 6.1 6.1 6.1 61 6.1 6.t
so 32 Ho 57 63 X s 16 39 4 R3S 61 57 2 16 Sh AR 4.0 63 02 52 3R i6
wus 2.68 092 195 203 0.ys 211 30 Lo 230 1 8% 17 052 167 368 048 1.75 273 17 34 180 To8 273

I 1S I 618 J 615 -119.0 1190 NI 190 19,0 -H19.0 -9 -0 BT 3100 1100 TN -110.0 1100 LOIW 10EW l 101w l 01w 1 W l uqu
519 480 NE) I 50.9\1 320 I 514 l 48.0 l 48.0 [ SE2 I 48.0 I S04 l 319 I 50.6 I 47.5 ] 430 l 503 r 174 510 | 36.9 S4.4 521 510 310

Houston  Salt Lake City San Antonio Chicago Dallas Houston Los ALIESIC& Salt Lake Oy San Antonio Scaltle (‘hica!o Dallas Houston 108 An&:lcs Sall Lake Citn San Anfomo Seartle Seattle Floridi New York Minn Seattlc Scattlc
48 45 15 45 43 15 15 15 15 43 45 43 45 15 15 45 45 45 15 43 43 13 45
0 kil k1 0 70 0 L) n 0 m il 0 k) 0 ] ki) 70 70 70 0 k1 10 0

0 0 W Ha o 340
R AER AR} KER Y 338 EE 1 ERR .3 RRE 3 R 3 1R EAR ERE ] LRE.] WK R RR% ¢ ER% ]
125 125 125 128 R0 125
850 850 ¥s.0 850 830 850 K5.0 85.0 85.0 830 850 8BS0 R34 850 850 850 830
5 s 4.5 145 135 145 145 145 PR 145 145 145 148 145 145 145 145 30 130 130 130 150 130
04 03 04 0 031 01 o4 04 04 04 0.4 64 04 04 04 04 04 0s 03 05 [ 0s [T
08 .5 1.8 18 298 40 R 295 176 418 328 M8 40 108 295 476 476 279 407 350 476 470
- IR 985 K78 068 Y53 -118.2 1Y 98 s 1223 HTR 96 8 933 1182 B 98 S BVAR] 122.3W 82.53W AW 93 3W 122 3W 1223W
00 13 02 02 (i8] 0o i+ i3 02 R} 02 01 0.0 00 1.3 02 ol 0o (31 00 o 0.0 a0
M B M K M M £ B M D K M M E B M [3] D N [N K D D
w4 20.7 37 | 322 44.9 6.6 50,5 423 48.9 352 366 492 51.7 9.5 128 333 340 31.8 5.5 35.4 37.0 31.5 315
Houstoit__ Sait Lake Cityv San Antonic  Chicago Dallas Houston __Los Angeles Sall Lake City_San Antonio Seattlc Chicago Dallas Houston __ Los Angeles Salt Lake City_San Anmonio Seattle Scattle Florida New York Minn. Scattle Scatile
37827 482 36008 38417 37416 17208 | 1049 ] 37608 ] 7148 38162 38047 37027 ] 36973 37109 37567 36875 38263 8479 36985 8147 37966 IR4TY W79
2059 206 3 2089 206.0 208 R 208K 2057 2059 087 2060 206,41 205.7 20587 2087 2088 2057 W60 206.2 205.9 206.1 2061 206.2 206.2
020 0.20 020 020 020 020 0.20 0.20 0.20 020 020 020 0.20 20 020 020 0.20 0.20 0200 020 0,20 0.20 020
336 0516 3310 2,021 2947 1093 0900 0.299 2945 0738 1.870 2.841 2982 090y 0296 1857 0.756 0.840 4540 2097 1 879 0.840 0840
4303 1393 4502 3559 4283 4374 2144 0888 4281 1855 341 1213 4305 2.159 0.881 4224 1884 1.485 3987 2.761 2,589 2141 1485
+008 Lo0 ] 3980 3291 1,569 1,759 1.835 1820 3.653 1.733 3027 4128 3293 1 604 1 830 3123 1439 2426 6.759 4677 3132 2897 21420
4938 3341 1926 1.601 5151 4.830 3391 3.564 4.781 3475 3,460 1.986 4.602 3344 3.568 1.509 3.168 2.995 4.519 1031 3.408 4416 2995
14.7 10.4 147 136 154 143 110 109 H.2 10.7 132 149 13.6 108 (0K} 133 10.1 1.9 182 154 121 138 1K}
11 93 1 108 114 1o 9.6 9.7 Ho 95 07 112 10.8 93 9.7 07 9.0 10.7 126 123 13 3K} 07
It 9.2 1o 07 112 0y 9.5 9.6 108 9.4 106 11 10.6 9.2 9.6 10.5 9.0 105 123 120 1Ll tL7 10.5
9.6 53 %6 8.5 104 92 s9 58 9.1 56 8.1 98 85 54 Sy 8.2 50 S8 121 93 70 77 bR
6.0 12 6.0 57 63 59 4.5 46 59 13 5.6 6.1 57 42 +6 36 39 16 6.5 62 52 38 46
59 3.1 59 56 6.1 5.8 44 4.5 5.7 43 5.3 6.0 5.5 i1 45 5.4 3.9 44 62 3.9 5.0 56 44
6.88 .53 685 799 %27 6,86 794 967 693 K13 787 781 631 740 968 624 740 958 902 10.52 863 10.80 9.3
603 178 6.02 708 713 6035 721 8.77 6.12 740 6.98 681 5.62 6.77 8.78 558 6.83 883 %27 9.24 790 9.78 483
178 343 175 289 7 1.76 2384 457 1.83 303 2.77 27 121 230 458 114 2.36 348 152 442 233 476 148
0.93 2.68 0.92 195 203 0.95 2.1 3.67 1.02 2.30 .88 1.71 0.52 1.67 3.68 0.48 1.75 273 217 314 1.80 3.68 2.73
576 549 578 568 S8 574 5.54 536 573 5,52 5.66 575 B¥ 5.52 546 5.69 5,50 6.49 6.87 667 6 58 653 6.49
S 5t 5.1 sl 51 5.1 51 51 51 5.1 sl 5.1 5.1 51 5.1 51 Rl 6.1 6.1 6.1 6.1 6.1 6.l
07 0.4 [ 0.6 07 06 0.4 04 0.6 0.4 06 07 06 0.4 0.4 0.6 04 [OF) 0% 0.6 0.5 0.4 0.4
1000 0.000 0.000 0.000 0.000 0.000 0.000 V000 0.000 0.000 0.000 0.000 01.000 0.000 0.000 000K 0.000 0.000 11000 0.000 (000 0.000 0.000
0.51 [FH 051 043 0.53 [T 429 022 048 028 041 0.51 .46 028 0.22 0,45 0.26 031 70 430 4 036 ]
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