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Abstract

Key Words : Radio Monitoring, Direction Finding, Spectrum, Mobile
Monitoring Station, Site Survey

I.  Research background

There have been strong demands for radio frequency of
telecommunication industry since the government lifted up the Martial Law in
1987. To enhance the efficiency of spectrum resources usage and maintain
radio regulations effectively, Directorate General of Telecommunications
executed the "radio detection energy plan" construction project in July 1986.

National Communications Commission (NCC) was established in 2006
and is in charge of the communications, information and communication
security and other issues. Owing to scarcity of radio frequency, demand of
radio spectrum is an issue of wireless communication industry. Some high
commercial value frequency bands have become expensive targets of radio
auction market. In order to enhance public convenience and communication
quality of modern communication technology, it is necessary to prevent from
illegal and improper usage of frequency and potential arising interference.
Therefore, NCC follows the policy of “ enforce law continuously but offer as
many communication bands for services as possible” to solve the problem of
pirate radio stations. The NCC utilizes the radio monitoring systems, which
was established by "Radio Energy Detection Project”, to achieve the goal of
radio frequency regulations.

The NCC established the radio monitoring systems in 1998 and has
monitored analogy of AM radio, FM radio, television and the private
telecommunications and other sources effectively. However, the old systems is
unable to monitoring increasing number of digital communication systems and
wireless broadband service, such as the current third-generation mobile
communication systems, digital video broadcasting, and some broadband
signals of wireless broadband access. It is critical to upgrade and enhance the
functionality of the existing radio monitoring systems to cope with new

wireless broadband service and detect the source of unexpected interference
XVI



monitoring in the future.

In addition, the existing radio spectrum monitoring system is mainly used
to upgrade and integration of sub-stage, therefore, heterogeneous devices and
equipment provided by different vendors can be integrated is critical for the
NCC. The next generation system should have the features of openness and
scalability in its architecture.

The main objectives of this study are:

1.  The analysis of the project can assist the NCC to figure out the trend
of the latest development of radio monitoring and technology of the
advanced countries.

2. The project outcome, system specifications, tender specifications and
test procedures, is the critical document to assist the procurement of
the NCC’ s the next generation radio system.

3. Through this project, Taiwan radio monitoring system is enabled to
meet the requirements of communication technology and spectrum
management and maintain the order radio regulations and enhance

radio spectrum efficiency.

Il. Research methods and processes

In this study, the research sections of the framework are divided into: data
collection, status of investigation, seminar arrangement, monitoring of system
specifications, test procedures and verification method, and developed the
tender of monitoring system specifications and etc. The analysis of the existing
radio monitoring system and clarifications of questions are examined by the
correlation between research sections, data collection, status surveys, and
seminars organization. The research has obtained objective and subjective
information of the next generation radio monitoring system and then studied
and proposed a new system specification and verification methods of testing

procedures, specifications and tender proposals.

1. Important discovery
According to the trend of radio monitoring industry, structure of the

system specifications, procurement tender, contract requirements and
XVII



specifications and other site survey results, we can summarize seven important
points as the conclusion:
1. Three-tier system architecture
The next generation radio monitoring system must meet the needs of
integration and openness and match with the market trend to enhance the
feasibility of system deployment. Therefore, the project recommends a
three-tier system architecture to be the medium between hardware and
software.
2. GPA Procurement Agreement
In the process of the study, the Public Construction Committee has
listed the NCC as one of government organizations, which are applied to
GPA Procurement Agreement. Therefore, the NCC must accept the
agreement of the GPA standard of the international public tender to allow
all member states of GPA to participate in this bidding system.
3. The most advantageous tender with Heterogeneity
The study recommends to adopt the most advantageous tender with
heterogeneity to award the tender and prevent from low bid situation
happened, because vendors have different niches and heterogeneities in the
technical specifications, maintenance contracts, function, performance and
price performance over a reasonable selection of items.
4. Inspection procedure
The important parameters of monitoring system receiver such as
IP3/1P2 can use signal generator to measure and direction finding can be
inspected by an associated testing platform which can meet the OATS
environment. The required measurement equipment includes a directional
antennas and a digital signal with capability to generate suitable signals.
Measurement system is required to measure the important parameters as
sensitivity of direction finding, accuracy and minimum signal time.
5. Maintenance plan
The awarded vendor must submit a comprehensive maintenance plan
to examine “the awarded tender’ s”  capability and timing of

maintenance.
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V.

6. Openness and scalability

This project proposes to train some radio monitoring experts and
invest certain amount of resource to deal with possible problems about
system expansion in the future. Some requirements of specifications and
relevant interface of project procurement and system installation are
necessary and stipulate that awarded vendor needs to submit the program
of relevant interface and related documents.
7. Monitoring of mobile Internet quality

Monitoring Internet quality, measured from the radiation of the
electromagnetic wave, is difficult, but if the connection between the NCC
and mobile operator’ s network management center is available, it can
easily obtain the quality of mobile internet. Therefore, the radio
monitoring system doesn’ t need to be extended to cover monitoring of

mobile Internet quality.

Main recommendations

This project is fulfilled by site surveys, visiting advanced countries,

seminars arrangement and so on to collect and analyze data and expects that the

NCC may contemplate the development of radio monitoring future based on

following recommendations:

1. Feasible suggestions can be executed immediately
(1) To ponder the actual needs of radio monitoring
(2) The required financial support and personnel training
(3) To enhance the importance of mobile monitoring stations
(4) To adopt TDOA and AOA direction finding techniques for
making up each other’ s deficiencies.
2. Middle and long-term suggestions
(1) To integrate different vendors’ systems by a third party
(2) To replace some fixed radio monitoring stations by simplified

monitoring stations

XIX
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Monitoring station (manned), DF and
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Ao pE ABr Basid Y BE I MREMN AB B B B R
7 DF £ipl> = [ 45 " Lo e BRI A ER RS a5
§ T A 2N (5-12) % B H DF HFER o B e RN AR R <27 Rl T

TR L RACR 18R o B R BRI HERACR 5-13 47

o | 53Rk
A4 333k

B15-13 & § 2 £ P W

#

o

HF- D NHEAL BRI oM IMEN A BT B2 B A
#

7
~m,

WA= D RAELAL B 0 3 0246GHZ & # 5 FOR P53 2B o

Bz 1 e RRIE S S Bk O, X E RO D B
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HIw ek R RIS A O B kO e o
HET CEITRERG ERABOEHFZ 0 F I L0 mER RS

HF7 IS 2L Owrg) =(0 e O neo)” I 15~ 34 (5-12) 19 35

3=

5. RMS %4 Sy

B B EBAELS 3L O ro) =(0 O theo) T 38 (5-12) K18 58
AERMSEZ O 2 T 5 Rl AR
L Lo b BRI ER
b BERFERER ARG L AR B HER S Lo 2 B 0%
B gL AR > BRI BT

HF- ARAL BI LG PIRENAII MBI LIFALHA

B BEGUELA A B E IR R o] FR T kL o
HAEZ L R R AT AL AR
& R ORIRSKRIEE

A 335 i BT % A4 5L(Open Air Test Site; 12 T i £ OATS) » 12
A E g AR A R AR Y S 2 FERA R

1. & B X MY
Q) IP3
Q) #FpE E(s ~ ¢ B ERD)
() T b | CEIFEER
(4) T FAR

(5) o AR
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2. E A Jifﬁﬁ%])\i’%ﬁ%)\é%%fpj
(1) IP3/IP2
HETEE S
(3) EH M
@ FEEREFFAHERD)
(5) B B H ¥ ¥4

BR-516 BR-517
v RRRR-Ed B RBERE
(- ) 1IP3

GRPESREALBAL A MRS FIEFFREL 2MHZ 2 fi -
/P‘J?ﬂé‘;%%{ ’ f@*})i 'ﬁ?“iiﬁ&—i% %ﬂﬁ;fj)\:% o d %‘\?E‘%ﬂk'ﬁ_ﬁ”&é % gé.i‘htﬁ‘_jf
7‘% f3=2f1'f2‘f\'f f4=2f2-f1 1 7&@__’_‘_? ;’%%Eﬁgqh%i s 1«”‘ oI |P3 ':Li-t‘t_—l*};ﬁ"-ﬁ s €’ r$

EE LN R IR %QF"TT‘ 2 B Rl % K8 f, 4 2.397 GHz f, %
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2403GHz ~ P 5 -70dBm 2 a g 5 29dB » I H#-a @& Py 5 > T 54 (1)

¢ > ¥ &IP3 % -26dBm "1‘]’]3\5?/9: @ y-2 5-3

It

7) R RERFH T

Sk
iRl

i—%;i‘i £

g

|

v R

BB 2 AR TFEF

2 2 %,{ﬁi%] » 3

(ﬂ}

iR

wh

R

' mﬁﬁ%%iRFﬁ%%
s o s ITU-R SM.1837
w%’ﬁaﬂFﬁ»

W§W$Eﬁ’ﬁﬁﬁﬁé%ﬁﬁ%%ﬁ

WELA L BE
Vi iTee o 07 OATS Bz IP3- 8 = &

%ﬁﬁﬁ’ﬂ“’ﬁgﬁﬁﬁi
B2 3 N (7 IP3 BB o

#5-3 IP3E R EF(a HRiTFHTRD)

f; f f3 f, |Pu(Pr)| Ps Pt | Pmax a IP3
(GHz) | (GHz) | (GHz) | (GHz) | (dBm) |(dBm)|(dBm) |(dBm) (dB) | (dBm)
2.399 | 2401 | 2.397 | 2.403 -41 -70 -70 -70 29 -26
3. f3 = 2f1-f2;

4, f4 = 2f2-f1;
S. Pmax (@gm) = Max(Pss, P1a);
6. a (dB) = P t1-Pmax;
7. IP3 (dBm) =Pgt+al2; (1)
(=) #HFmER
;I"{‘L](jb&m*ﬂ?ﬁfk )i = #Q‘L](#&’J\ % {W’H}:F = #@ F\ ’ Hh )"ﬂ*’?%»l p% %;u
Beug B > USEHEZ T T3 B F2 Pl Fand gk w o §p)°

B BRE T RIER 2 RRFRER - R
2 g LR RS 5 4 1000MHzZ » Bt S fe 4 R 5 2
* XL F 2.3GHz 3 2.5GHz» 3 steh & 2 4 5 5 2.49GHz ¥ AL L

ZORE Bt

vk Y
"=

E
B

OZf/m” Bt B pF > ear R I

B O A B 2

ZHAEF om BERIEEHET Y 3

W 2. &P FERE S 0 1B MEL2 G AR HRE 0 4ok 548 &
55%%’%%iﬂagﬁﬁﬁﬁﬁiﬂﬁmﬁﬁé%ﬁﬁ%%ﬁ»ﬂ%

R R HFRERER
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254 B E RS (3 R T RE)
To(s) | B(MHz) | Scan Speed (MHz/s) |detect
0.2 200 1000 ok
255 FmE A EREE(P FAFERD)
To(s) | B(MHz) | Scan Speed (MHz/s) | detect
0.2 200 1000 ok

(Z2) B REFYER

BEAGALE
AR B BLE O LR
Fleipah 2
#F % % 100kHz - d

RKETIHEP &

PR A B2 10ms o F R

ek BRPIEESA4ER 5-8 8 4 5-9 frop

DAE

R

ERlSERT

,'f

i

FENE 0 722 R

» 3% 0 24GHz ~ ## % 5 0dBm z P iR BE o

aY T TR E RS 2

FEALZLD
» 24GHz - ”FT’—*?‘%E?I(Span) 5 30MHz ~ j# 47
Bl BRI
FEo AP R E B % 4ok 5-6 &2 £ 57 41

B

3

i -
Fx o

BB 2 B BELAFERER N MR 1S P Rle B A L E A

3 100ms ¥ 0 B BRITUEL 0 @Bl &R § s o 2l

0. 65 BEHIFFHEEFE 250-Th | CHFFFTERES
(rﬁa f?,,;/—_/f@»f"f" /?'-ﬁj) (‘J fvig@fﬁﬁvgiﬁ'ﬁ)
Min duration time | Detection Min duration time | Detection

100 ms ok 100 ms ok

50m ok 50 ms ok

10 ms ok 10 ms ok

5ms no 5ms no

5-8B ] BEHIFFERTE 25-95 | RHFHFEFRFE

(A" T W2 (785 2 BR—516) (A" E R a? 785 p S BR—517)
Min duration time | Detection Min duration time | Detection

1s ok 1s ok

100ms ok 100 ms ok

(=) Bl EHRAR

EER e RATR BRI B AR ET ST SRR BRI
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) EEN J—ﬁds}x E U?\.,\/? . %EJ o %‘3’{»*5—f‘Tfﬁ'J"é*i?&éé’T'—“‘i‘iE'Hg
bod Rt I T e e o

1Eif‘r 8(‘\. 32)’% =2 /?J‘?‘ o ;?'Jg‘ > ¥‘7};. rms f_g_-,"_,J N 2° , E]|J pL i'?’ ,:l"i P

2.3 d o PREEERES

FIRK AL R e AR

Rle AR BRI ASEY FREERIDEFFRER s ¥ ZHL
fripl @ 2w ot PR (B A 4 B 2 % )2 260° 265.4°2 25207 -
0 395 ITU 2238 > TRl 2 8% §5cA 5 20dBuV/m (B & 5 2GHz) -
WM ABKTY e B EFERD 2 s F 5 -36dBm 2
-43dBm 2 353 EL 0 ¥ i BB A 4 Bix A 2AGHz 4E S pF o B R P ehdo)
WELA W L 12dBuV/m ~ 10dBuV/m > # & 1TU R 2.2 3% &R o Fptig
FACEER AN REHERD BRI b ML AED ITU R T2 3
BRAKR O FM 0 ARREAT R FRAER - ZREEFTEY -5

T (TE T RD 2 PR S B 5 1693479 404 5-10 &2 £ 5-11 #1o7 ¢

25-10 % Gac R BRlE % (s R At T pd)

Evaluate z_w Sensitivity (-43 dBm)

. Measured Diff
B8 Angle Angle =(Angle -MeasuredAngle)?

12° 260° 253.8° 38.44
60° 260° 258.3° 2.89
84° 260° 222.2° 1428.84
143° 260° 255.2° 23.04
178° 260° 231.8° 795.24
241° 260° 262° 4
270° 260° 259.9° 0.01
331° 260° 260.5° 0.25

Accuracy 16.92893233
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#0-11Ble ZRBEEPLEEF(P AT RD)

Evaluate z_# Sensitivity (-35 dBm)

BEA Angle Measure Angle ~(Angle — M[Zzg:ure Angle)?

54° 265. 4° 257° 70.56
84" 265. 4° 256° 88.36

130.7° 265. 4° 262° 11.56

166.7° 265. 4° 267. 2° 3.24

208.7° 265. 4° 265. 4° 0

255° 265. 4° 265° 0.16

330° 265. 4° 262. 7° 7.29

359° 265. 4° 263. 8° 2.56

Accuracy 4.792311551

(I) #HmER
R AR ERC N ) AR ERIEARRER s 2 2
Z R ZFRE A s R(BELAE 2 BR X R)2 2607 ~ 265.47 ~
252° 2 =& >R BB HE e Rt R h > R
gt ¥ 5 HoEr R (Accuracy) o N SEE A bR T v ¢ s M R
FEe B 2 g sreE et K 24 % -23dBm ~ -15dBm ~ -10dBm 17 % -13dBm 2
B Y EEMELA 4 B 24CGHZ 2 M F o HRBIHRAR LY 2 %
X% 2857 %X 5 400 F2 A dmE R E A w5 266313 hok 5-12
3 % 5-15 #f57 ¢

25120 R ERE R H AT RD)

Evaluate % & Accuracy (-23 dBm)
BEMSG Angle Measure Diff
12° 260° 256.5° 12.25
60° 260° 258.5° 2.25
84° 260° 254.2° 33.64
143° 260° 256.2° 14.44
178° 260° 261° 1
241° 260° 259.8° 0.04
270° 260° 259.9° 0.01
331° 260° 261.1° 1.21
Accuracy 2.846928169
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25-13K R BRI SR (P R AR T RD)

Evaluate z_» Accuracy (-15dBm)
BES Angle  |Measure Angle Diff )

54° 265.4° 264.2° 1.44

84° 265.4° 258° 54.76
130.7° 265.4° 259° 40.96
166.7° 265.4° 261° 19.36
208.7° 265.4° 265.4° 0
255° 265.4° 265.7° 0.09
330° 265.4° 264.8° 0.36
359° 265.4° 262.1° 10.89

Accuracy 3.997811902

Z5-14¥ R Rl % (3 % E P2 78 % P& BR-516)

Evaluate z_» Accuracy ( 10 dBm)

. g-%ﬁ Diff
B g4 3 | Angle | Measure Angle | (E Field) —(Angle - Measure Angle)?
(dBpV/m)
8.9° 252° 249.74° 27.3 5.1076
45.4° 252° 247.3° 294 22.09
124° 252° 254.38° 8.3 5.6644
162.5° 252° 248.74° 26.1 10.6276
194.2° 252° 251.36° 24.8 0.4096
233.6° 252° 255.4° 28.8 11.56
265.7° 252° 252.14° 25.2 0.0196
320.4° 252° 250.92° 28 1.1664
Accuracy 2.660949079

#5-15H /R £ RS % (3 % E E a2 (78 T P8 BR-51T)

Evaluate = _w Accuracy (-13 dBm)

- % (E Field Diff
2 822 = | Angle | Measure Angle ﬂzgﬁls(uV/m) ) =(Angle - Measure Angle)?

12.7° 252° 255.42° 28.6 11.6964
82° 252° 247.13° 25 23.7169
112.2° 252° 255.04° 24.3 9.2416
162.2° 252° 254.18° 30.4 4.7524
214.5° 252° 248.33° 27.8 13.4689
259.2° 252° 252.73° 27.1 0.5329
307.4° 252° 255.09° 26.6 9.5481

314.1° 252° 254.3° 28.8 5.29
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Accuracy 3.127443045

BN Y Y U et
(-) 1IP3

SRRIE D R AR A ARAL EAL AR S
F B 1-2MHz 2 £~ R RI#su s BE 1 2 cis 2 X AU~ 2 o d 0
AP OR 0 € A4S L fa=2f e fy = 2f-fi A BT B e g
PO IP3 ST 2 M ol B H E I ATE ERD E R R AT 2 R
T S F S P 2 afE » E#a@E Pyt 2 TRQ)Y -7

IP3 % > F P % F®4o4 5-16 1 £ 5-19:

#5-16 IP3E2 RIS % (s HFF TR )

fi f f3 fo |Pu(Pr)| Pm | Pu | Pra a IP3
(MHz) | (MHz) | (MHz) | (MHZz) | (dBm) |(dBm)|(dBmM)| @&m) (dB) (dBm)
1495 | 1505 | 148.5 | 1515 -5 -66 -65 -65 60 25

f3=2f,-f;;
fy = 2f,-f4;
10. Prmax (dBm) = Max(Ps3, Prs);
11. a (dB) = P 11-P o
12, IPs(dBm)=Py+ai2; (1)
Z5-17 IP3Z Rl % (P B FdE Rl 2 )

f; f, f3 f, |Pu(Pr)| Ps Pts | Pmax a 1P3
(MHz) | (MHz) | (MHz) | (MHZz) | (dBm) |(dBm)|(dBmM)| @&m) (dB) (dBm)
1495 | 1505 | 1485 | 1515 -4 -64 -70 -64 60 26
13. 3 (MHz) = 2f1-f2;

4. f4(MHz) = 2f2-f1;

15. Pmax (dBm) = max(Pf3, Pf4);
16. a (dB) = P f1- Pmax;

17. IP3 (dBm) = P fl+a/2; (1)
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#5-18 IP3E B % % (& ® & ™2 7% & Bl & BR-516)

f1 f f3 f, Pu(Pr)| P Pta | Pmax a 1P3
(MH2z) | (MHz) | (MHz) | (MH2) | (dBm) | (dBm)|(dBm)|(dBm)| (dB)| (dBm)
149.75 | 150.25 | 149.25 | 150.75 -6 -60 -62 -60 54 21
18. fy = 2f,-f,;
19. fq = 2f5-f4;
20. Pmax (@gm) = Max(Pss , P1s);
21. a (dB) = P 1-Pax;
22. IP3 (dBm) =P+ a/2;
#5-19 IP3& BlE % (A % & a2 (78 5 P& BR-517)
f1 f f3 f, |Pu(Pr)| Ps Pts Pmax a IP3
(MHz) | (MHz) | (MHz) | (MH2) | (dBm) |(dBm)|(dBm)| (@Bm) | (dB) | (dBm)
298 302 294 306 -6 -67 -67 -67 61 24.5
23. f; (MHz) = 2f,-f,;
24. f, (MHz) = 2f,-f;;
25. Pmax (@8m) = Max(Pss, Pr);
26. a (dB) =P+ - Pmax
27. IP3 (dBm) = P+ a/2;
(=) 1IP2

GRERE NS SR U LR AR S8 7 SR L

TAEF WIS 1-2MHz 2 f R > D et 2 X sk~ o

d 2Ll g
s P2 s 2 AT o o

4L
5 5

18

viEIP2E > £RlEE4cR 5-20 3 £ 5-23:
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AR F G =t fifrf,=f+6 5 fa 3 4 % gl
LR Tl FERTRE T RIY FRETZER
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#25-20 IP22 B %% (s BT d TR H)

f1 fa fy fs |Pu(Pr)| Pg Pt Prmax a IP2
(MHz) | (MHz) | (MHz) | (MHz) | (dBm) |(dBm)| (@Bm) | wem | (dB) | (dBm)
149.463|150.613| 1.15 |300.076| -14 -85 -85 -85 71 57
28. fy = fo-fy;

29. fy = f1+5,;
30. Pmax (asm) = MaxX(Pss, Pra);
31. a (dB) =P ;- Prax;
32. IP2(dBm) =Py +a; (2)
#5-21 IP22RI&E%(¢ HRiFFERD)

f; f f3 f, |Pu(Pr)| Ps Pts Pmax a 1P2
(MHz) | (MHz) | (MHZz) | (MHZz) | (dBm) |(dBm)| (dBmM) | (g8m) (dB) | (dBm)
149.525| 150.5 | 0.975 [300.025| -14 -78 -78 -78 64 50
33. fy = fo-fy;

34. fy = f1+5,;
35. Pmax (@gm) = Max(Pss, P1s);
36.  a(dB)=P - Pra
37. IP2 (dBm) = P ¢ t+a;
#5-22 IP2E B % (A % ¥ 22 (78 ¥ |2 BR-516)

fi f f3 fs |Pu(Pr)| Pg Pt Prmax a IP2
(MH2) | (MHz) | (MHzZ) | (MHz) | (dBm) | (dBm)| (dBm) | (dBm) | (dB) | (dBm)
149.85 | 150.2 0.35 | 300.05 -16 -68 -68 -68 52 36
38. f3 = fo-fy;

39. fy = f1+1,;

40. Pmax (@8m) = Max(Pss, Pr);
41. a(dB) =P+ - Pmax;

42. IP2(dBm) =P+ a;
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#5-23 IP2&

f; f, f3 fs  |Pu(Pr)| Ps Pt Pmax a IP2
(MHz) | (MHz) | (MHz) | (MHz) | (dBm) | (dBm) | (dBM) | (g8m) (dB) | (dBm)
1479 | 150.26 | 2.36 | 298.16 -21 -78 -78 -78 57 36
43, f3 = fz-fl;

44, f4 = f1+f2;

45, Prmax @em) = Max(Pss, Pra);
46. a(dB) =P+ - Phax;

47. IP2 (dBm) =P ¢+ a;

(=) sahk

Syt s BRI B~ SR F R F L BRI
Mo T BELA 4 Bilde2 WA TR S0Q f ot 5 R
AR BRI BR VRO EREEs REY RERD

S B A 9dB M4 E A IRT RIS featgydos u s 9dB -~ 7dB v 4

B2 BEY B LE ] 12dB 2 s P o AR FH T RE 2 Fe Ap B E R
NE IR ek 5-24 3 & 5-27 ¢
2524 Ap BRI % (8 REL AL FHERE)
Noise Figure Pout Gain | Noise Floor RBW
9dB -165 dBm/Hz | 0dB -115 dBm 100kHz
% 0-20feudp B Rl % (P % ER 2 FHETRD)
Noise Figure Pout Gain | Noise Floor RBW
9dB -165dBm/Hz | 0dB -115 dBm 100kHz
10 dB -164 dBm/Hz | 0dB -127 dBm 5kHz
% 0-265e3ndp & Rl % (# % & a2 (78 % Bl & BR-516)
Noise Figure Pout Gain | Noise Floor RBW
9dB -165 dBm/Hz | 0dB -115 dBm 100kHz

20-2Tse A dp e B RIS % (4 % E w2 78 & R 2 BR-517)

Noise Figure Pout Gain | Noise Floor RBW
7dB -167 dBm/Hz | 0dB -117 dBm 100kHz
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(z) EHPE

ERBREL NIRRT > B AR 4 o HRRIE
TR AL AL CWRLEL gy~ i T d SRS ITRE R
Pl % > 2T BRI e giE AT 60dB £ 6dB 4E B2t BT L MR
W2 EREMY  ZRBEHET 2 FEREPLEL 2507 FEHEMVLE

MRS IR EFH M EAL B S 3273160 F24cA 5-28 T £ 5-31 -

#5-28 Selectivity® Rl& % (% %) %5-29 SelectivityZ R E% (¥ &)

Afeas(MHZz)| Afeoas(MHZz)|  |Selectivity| Afsas(MHZz)| Afeogs(MHZ)

Selectivity
25 | 0.000048 | 0.00012 5 0.000048 | 0.00024
#5.30 Selectivity® Bl % %5.31 Selectivity & Bl& %
(# %BR-516) (# %BR-51T7)

Selectivity Nfeag(MHz)| Afgoas(MHz)| | Selectivity |/A\fsas(MHz)|Afeoas(MH2)

3.163265306| 0.000098 | 0.000310

3.272727273| 0.000044 | 0.000144

(1) #HpER

M HRER i S IREE D ERlE R RS~ S LB 5 e
R RER BRI Z R BRI RER 2 ERFRE
BRI EHERD BB R Fad Ry 5 F 4§ 1000MHz - & 33

‘gh’&

T3 B4 S 46 I 25 2.3GHZ I 2.5GHz » Flpt o4 sfup & 4 4 5
24gGHZ __E.] %\IL %’);L;:,E!P FE'IE f’; 02 f/lj m” f%ﬂ')% %';u ° \1 /?J ‘L%&F"T‘ ’ ‘}L 5\3 4 |;& ‘iﬁ#
Bl E A R R S 0 1R B2 F ok o 4ok 5-32 #24 5-33

SR
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2.5-324F it B B Rl % 45-334prit R £ Rl %
(F ®B TR 76 TR 2BR-516) (% % A2 76 T pl2 BR-517)
To (S) | B(MHz) Scan Speed detect| | To (s) | B(MHz) Scan Speed detect
0 (MHz/s) ° (MHz/s)
0.2 200 1000 ok 0.2 | 200 1000 ok
(=) pHBHILH
PR E A S R T R ey~ SUELS R e B HSRRIE HE S

Sl g g BAS CWas @i » R r @R 1T RInE

R R B oF #ﬁﬁx"%fﬁ%*'ﬂ: B IR B 4 F T A

oo &% Ade LR E 2 7 iparf] 4 0dBm £ -120dBm 12 % 10

dBm ¥ -110dBm z_ & » % ¥ @R ez IF ELr 5 0 £ RIS % F1ic i

5-34 3 5-37:
%5-34 AGCE Bl 5% (=2 &) %5-35 AGCE P& % (" &)
AGC I:)OdBm I:)-120dBm AGC I:)OdBm I:)-120dBm
>120dB ok ok >120dB ok ok
#5-36 AGCE B3 % #5-37 AGCE P8 %

(A % F 22 78 5 B2 BR-516) (A % E @z (78 F B # BR-51T7)

AGC | Piogem| P-110d8m AGC | Piogem| P-110dBm

>120dB ok ok >120dB ok ok
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2% RTARAITRIHZ B ITE2 0y

-8 TREBA

2R LR F MR KE RRF LA E R D
A3 INTU-RAFHZ RIEP 2 2R 5 A#H - a ARMG TR TPk sen
e i A & g TITU-R1995 EHE E Rl ¢ | 2k3 > s 2 =3
PR A ERH(EERE L) £ 35

Zgp TITU-R1995 #Ap T R0 | “73% 2 5 B T T AT RIEEH
ZEERRAA WG

1 LM FESERE

=
7S
T
e
=

TFEEA T REDRE -

2. BAtght Tl st g BE e A SR TR BEFR

CERE R AAFR

3. WRMEY EHTR AP RELr P RBEHFrPHEE A
W ERER o

4. TAZRB FF CERIRe ¥ F G S aE R KRR

F#ER > BRERE e A

A LA T BB B ARAT 0 2 TR VS A RS E D
EPFRE 0 M FFR T R ER R I E e 8o gl oh s d A
FETAEROBREABIFTY AP BEE 2 L B2 e 64 TR
shw B PRARA v B E IR~ oo b TRl B F K AY @ 2 g
LAFHFR S AMTE R ¥ BERE > ER 1099 £ i § R nE
Blrbbn He BB IR T HERE T o mAESER Y Bl

FehA L oD LARERTA R RE RIS BRI E G 0 b T
BHIEG > B har ERPIE A BhE B o
E'——%‘i‘ ’E}—}’?%'KA’\E;?J‘:\ZLTT'};‘J—'&?’ 2,»34},/”{4‘}—5 '3\'/1” ’%—

151



REHE RAE S GRS A Bl AT FL RS TRERT
R RARCBE FT RS REBEEL M iR F E A
MK o bAFREDY B (EF e M ALY R T AT

Pl

=

R RATRESE R RS PR AT SR B (R RS T
éy‘ﬁﬂﬂ‘@%ﬂhﬁéﬁﬁﬁﬂi%%%ﬁ&@ﬁﬂ,%%%4x
E R bR EF T AT I H IR (SR BHRARES B R)

®
IR (Ar Al T ) TR B (T AR )T

NCC H 2 L plsbnt KB AR - HBEBRZEHF A4k 6.1 977 o
TF OB ERRENEE BRI S TR RERRE > BB RE

Fapd AN MFR TEREP ) i o & 6-1°¢ ik
B R A 1l ROE R R FRELA KRR 29
L AuE A S o ArB 6-19 T 0 FE A I RF LIRS TAMRITE
R SRS I @ﬁiﬁfﬁs“é BB E AL 0 T T R sRE P

o AT RS Tk AR o
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26-1RAE AP Y - T2

L A ‘ B |
Tl ol e | (WGS-84) | (WGS-84) Y " EFRE|BER R R
= g la] p [&]a] # (m) (m) | (m)
1 |gsa7 |14k [121/31) 248 (254 | 51.7 |o# % L HF A7 i 10 55 12F(54) 9 63
2 |3TA |0 |121|36| 17.7 |24|57| 46.7 |FTAH ATIE B AU ® B 3 £ 337 5L % 30m 12 42
3 |FTAF X H(121(23| 3.3 |24|59| 44.3 3T P AR muw'm pr ol B 1-1EE [2F(9) 17 26
4 |FeBIB: (B R |121(12| 24.8 [24|50| 22.3 |FBFIRA3TIE 28 % 15 A B2 65 5L 3F(13.5) 12 25.5
5 |¥ W |25 |121|47| 21 |24|46| 435 |¥ WRiARIRE %fm aﬁ&x 2 £ 400 5 3F(13.5) 9 22.5
6 |F MR %L |121|47|41.67|24|37| 54 |® @RAA LR o 4 Lk 1 g 879 5L 6F(27) 12 39
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MNetwork Throughput Prober

Menu
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Mavdmum Pack3ize + 1024 Bate
Minimum Packiize = |32 Byt
Console

on 211.76.130.140: bytes=32 time=15ms TTL=243 from 211.75.130.140{31 »
20354219, 114 with 1024 byrtes of data: foom 202.584.219. 114(8ize: 10C
5. 54,219,114 with 32 bytes of data: from 203.84.219.114(81ze:32)
140123 5.5 with 1024 bytes of data: from 140,123 5. 5(8i=e: 10247
140,123, 5.5 with 32 bytes of data: from 140,123 5 5(%1=e. 32}

on 140,125 5.5: byte=32 time=ldms TIL=39 from 140.125. 5 5{Zize:32)

o 20554219114 byrte=22 time=16lmz TTL=53 from 205.84.219.114(31
on 20239204 7 byte=72 time=13ms TTL=245 from 202.39 2 1(Bize:=
on 140.130.1.19: byte=32 time=dms TIL=61 from 140.130.1.19(Si=e:52)

om 211, 76.120.140; bytes=32 time=1lms TIL=242 from 211.7%. 130, 140{31 3

PPE AL N R R T L S s s dAm dmmo o Eent s

< >

[ Clear Console ] [ Intermpt and Save to File ]
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9 kbps PSTN
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IR R S . GSM
o = 64 kbps L®
16 kbps
e T P ISDN
- | . GPRS/EDGE
5 # N
128 kbps
W Frpy ~ TEEAR
A o j _ 64 kbps Frame Relay
B ~ &\ iF R UMTS
S 1 Mbps VDSL
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Microwave
1 Mbps VDSL WLAN
3 1/Q F oL ATM
TRNQ 7 | WiMAX
> 1G bps LAN
LTE
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1B omgr o 80 g 3 $ 5 g (Virtual Private Network; 2 = i #
VPN) g 78 45 » 2 LB R FOTHRF - R0 B R B s R

PSS TR N

2. FIARGFHEERE - FTERNER S EER 2 ERIERSL
s R EH VPN @3RI 2 4T RidlY w o N LSl
MRERATE DT AL 25 g T i RoT o

3. A kieFERIEAF A& 4o TP 1Q @45 - & TDOA il w
FoFadEor > p g ® 2. ISDN ~ ADSL % ¢ & AT Pk o it

BN EME DSL B8P ie > g A B R R T o
b 5 RFRBBBOT LA B NERIEEG P R 2

PF2_ 3 o
%66 ¢ FET R TRERERE, AT RESE
SRR LR e B3¢ 5 (Kbps)
L AR E R 1IM/IM FTTB | 884.02
LBl R ISDN 79.78
N N T 1IM/IM FTTB | 875.79
15 %Pk 1IM/IM FTTB | 843.6
TR LR T1(512K) 406.14
A % = e P 2 T1(512K) 453.34
B R IR 1IM/IM FTTB | 803.73
£ L P s 1IM/IM FTTB | 878.9
2 R P 1IM/IM FTTB | 913.69
+ 4 P sk 1IM/IM FTTB | 601.74
¢ Rdd ¢ (2 kd) | 2M/2M FTTB | 1955.02
R TR 1IM/IM FTTB | 1033.38
1 EF0 Rk 1IM/IM FTTB | 923.70
¢ o e IM/IM FTTB | 1041.12
B BE R 1IM/IM FTTB | 1117.55
E TR 1IM/IM FTTB | 1185.33
i & Pl =b 1IM/IM FTTB | 1037.56
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EE 4k LR 512k T1 476.4293
L% PLER TRk 512k T1 429.6506
R S L IMFTTB 1251.485
B f KT LT Rk 512k T1 b
ER CTES 512k T1 485.4321
£ & T R IMFTTB 1107.592
BT IMFTTB 1243.101
E 8 KRk 512k ADSL | 303.2172
L& £AE Rl 512k ADSL | 547.8608
B VBT Rk IMFTTB 1230.855
) T IMFTTB 1269.878
3 KR 512k ADSL | 335.9438
5T R IMFTTB 1163.29
R R IMFTTB 1105.194
3 E R IMFTTB 1118.206
3 0T Pk IMFTTB 1124.409
BT R IMFTTB 1083.847
Fa TPk IMFTTB 1159.874
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#6-8i¢ * % Az W35

, , 44 .
X 4 #E Ex X R TF|F $B Ex S i
= 7 E T+ Cable P f |
Loss
HF active 300 KHz ~
Antenna 3.3MHz
Aktive 50KHz~30MHz 15dB 2dB
Stabanten 3 MHz
ne HEO11 ~ 30 MHz
Diamond
Antenna 30 MHz
D-130J ~330MHz
Super 10MHz~1.3GHz | 17.4dB 2dB
Bandwidth 300 MHz
Discone
D-130J 1.3 GHz
800MHz~3.6G 1.0 GHz
D-250 1dB B
Hz d 0d ~3.0 GHz

W 75 R By (dBuV/m) =#:4c 2 3.3 5 5 & (dBm)+ 107+ = s 75 (dB/m)+ § &4

#(dB)

B Antenna factor (= 4 #]+)=20 log (f)- G -10 log(Z,) -12.8

2 6-0iR) 47 5 5 T S ek 2

IR AT

#53¥% ik RES BW & VBW % Z_

P
1§=)

300 KHz to 3.3 MHz 1.0 KHz

3 MHz to 30 MHz 3.0 KHz
30 MHz to 330 MHz 30.0 KHz
300 MHz to 1.3 GHz 30.0 KHz

1.0 GHz to 3.0 GHz

30.0 KHz
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