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Analysis of Interference between 5G Mobile Communications and
Satellite Communications
Po-Chun Wang
Wen-Tzu Chen
Institute of Telecommunications Management
National Cheng Kung University
SUMMARY

Advent of the fifth-generation mobile communication, the demand for spectrum
resources is increasing. The interference between 5G mobile communications and
satellite communications in the C-band is an issue that has been discussed around the
world. In this study, an experimental platform for testing interference is implemented
through software-defined radio technology. In this platform the RF equipment USRP
is used to transmit and receive signals. This experiment takes DVB-S2 as the victim
of radio communication. On the other hand, we have an interference source that
complies with the 5G NR standard. While the interference signal is received, the
DVB-S2 video file is demodulated at the same time. For co-channel interference, we
set five different distances between the interference source and the victim. We also fix
the center frequency of the interference source and adjust its eight different radiation
power. The purpose is to test the effect of different distances and different radiation
power of interference on DVB-S2 films. In the experiment, we use the 8PSK
constellation diagram and the picture of the video to observe the degree of
interference of the victim. We also use VLC media player to observe the DVB-S2
demodulated program video. Finally, the number of audio loss, video loss, and the
number of discards are employed to determine the degree of interference of the
program video. From the results, we can find that the stronger the signal strength of
the interference source, the greater impact on the quality of the program video. And
the farther the distance, the less the impact on the quality of the video. This research
realized an experimental platform that can test interference by designing modules on
GNU Radio, which not only saves a lot of costs, but also reflects the flexibility of
SDR in its application.

Key Words: Software Defined Radio, 5G, GNU Radio, DVB-S2, co-channel
interference




INTRODUCTION

Advancement of the mobile communication generation and the arrival of the fifth-
generation mobile communication, the demand for mobile networks around the world is
increasing. With the increasing applications of 5G mobile communication, the demand for
spectrum is gradually expanding. In the planning of 5G spectrum, FR1 (frequency range
0.41GHz-7.125GHz) is more mature in circuit design and has advantages in radio wave
propagation. Hence FR1 has become the most popular frequency band in the fifth-
generation mobile communication in the world. However, there are many fixed satellite
communication users in the C-band. Therefore, in addition to the development of 5G
mobile communication, the size of guard band between incumbent and 5G network is an

important issue around the world.

MATERIALS AND METHODS

In this thesis, GNU Radio, a software-defined radio development platform under the
Linux operating system, is selected as the software platform for this study. In this platform,
we adopt USRP B210 and USRP B200 as the radio frequency (RF) front-end hardware, as
shown in Figure 1. In this study, an experimental platform for testing interference is
implemented through software-defined radio technology. In this platform, we use the RF
equipment USRP to transmit and receive signals. This experiment takes DVB-S2 as the
victim of radio communication. On the other hand, the interference signal is received and
the DVB-S2 video file is demodulated at the same time. In order to confirm the power
intensity of the interference signal transmitted by the USRP, we connect the spectrum
analyzer with a physical cable to measure the relation between gain on the SDR software
and the power of the real signal. In the co-channel interference section, five different

distances between the interference source and the victim is set, fixing the center frequency



of the interference source and adjusting its eight different radiation power levels. The

purpose is to test the effect of different distances and different radiation power of

interference on DVB-S2 films.

5G communication transmitter (interferer) DVB-S2 receiver (victim)

USRP B200/B210 '
2

ﬁ jamming signal  receive signal

B i BRI

Co-channel : Constellation Spectrogram
adjust the gain value

Figure 1. Experimental architecture diagram

RESULTS AND DISCUSSION

VLC Media Player

This study determines whether DVB-S2 is interfered by observing the constellation

diagram and the video quality. From the results of the constellation diagram, 8 aggregated

points can be seen when the intensity of the interference signal is low. Also, theses points

will be broken up when an interference source exists. In the experiment, we use the VLC

media player to watch the video after DVB-S2 demodulation. We also use the 8PSK

constellation diagram and the picture of the video to observe the degree of interference of

the victim. It can be found from the experimental results that the greater the signal strength

of the interference source, the greater the impact on the quality of the video; the farther the

distance is, the less the quality of the video can be affected.



CONCLUSION

According to the experiment, we can find that in the 5G NR system, the computer
platform of this research can be connected to the USRP hardware to transmit an OFDM
signal with a maximum bandwidth of 10MHz. The radio bandwidth has positive
relationship with the sample rate. The computation power of CPU can not be able to
perform when sample rate is too large. Therefore, an experimental platform is executable
when the software-defined radio transmission bandwidth of 5G NR is less than 10MHz.

From the experimental results of co-channel interference, we can observe that the
larger the power of the interference source signal, the greater the damage to the picture
quality of the program video. The weaker it is, the less the signal will be damaged by
interference when it is received, demodulated and decoded.

In this thesis we measure the signal power emitted by the interference source on the
spectrum analyzer via physical cable connection. Under the distance of 100 cm, when the
gain value of the transmitter of the interference source is 60dB, the USRP is connected to
the spectrum analyzer through the physical cable. The signal power measured on the
spectrum analyzer is -13.5 dBm. However, if the radio power is transmitted to the air
through the antenna, the signal power measured on the spectrum analyzer is -61.9dBm.
Hence, we can observe that in the wireless transmission environment, the signal power

from the interference source should be decreased to protect the incumbent systems.
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( Satellite News Gathering, SNG) % f#F4 i A % £ #f(#h i B PRI% - P @ Fh
Eiahotrh A B4R L S BIRTE - (Fh FRU GRBERVRET G

P ] -



% 1~ ST-2 PR7%378 p g2 it

PRF238 P PEIE

Fh AR |k C (4-8GHz) /Ku (12-18GHz) 4 B4 #F 7 4R &
AR PR TR P FAE S EERT RREY -

R c BRFREZFLARG D Y 2 T
RigE R ¥ MR
CBRE S RE - 2R RS

= - RBZ RPN ELE R
© PR R
© R AR O B

c RBE AL F RER

.%%ﬁQ;QQ&ﬁ

a-

Wihdh | EARPA Wb g d Ein FERAEHZFE

Rl - LELP R E L

AEAG | - ApdazEd 2 BB G AU E R
s BTERERL D s TALS P BT

SRR &3

222015 & & R+ § (WRC-15) /£ 5G #HE &

B %% &8 E (International Telecommunication Union, ITU) # 2015 &+
FasmTiEdnx ¢ (World Radiocommunication Conference 2015, WRC-15)
+ o 5 5G A R 4 7 3.4-42GHz s A R o @ 3.4-4.2GHz M X

FE R FVE Y B 0 R A &7 56 LR A - 2 b
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A e * 3EAEY > 5G F - B R A ﬁﬁ{;‘zaﬁﬂ;{fﬂ E_iFh i PR GR
(FSS) * &3 1T {74ap eyl 3§ o [2] F] 2t 4 0 w\ﬁu_—,r_%ﬁ,,&a% s B &
B R TReii— % o

2.3 % R SGHE# B 1 48
2.3.1 % R 3.5GHz #1141

m=rig % f ¢ (Federal Communications Commission, FCC) ** 2020 #
7 % 23 p 4 35GHz 4 £ (3550-3650MHz ) 22,631 3 if 2L £ B~ R
(Priority Access Licenses, PALs) > 12 %#k (county) = H = > 3|4 5 3,233 B %

BFR O T BWEATIRE ST A T PALME » 55 PALHET & * 45 5

3 10MHz sid 3§ » 4] 6 557 » B - ¢ G & 5 7455 438 PAL3UR « [3]

550 MMz 3650 MHz 3700 MHz
/ |
| |
| \
\ 1. Incumbent Access 1. Incumbent Uses \
\ \
\ Federal 4. P¥ierity Access 2. General Authorized FSS \
N ri
\ 3 anml Auth? zed Access ) Access |
\| ! 10 10 | o 0 10 10 10 1 0
| [ MMz | Mz | MG | M | M | e Mrz “-_-i MKz /
/
Each PAL is a 10 MMz channel in the 3550-3650 MKz band
No more than seven PALs will be issued in any county.
A licensee can aggregate up to four PALs channels in one co

unty.

B 6~ % B 3.5GHz #8 & £.4[3]

A #e P~k st (Spectrum Access System, SAS) #-5 S RIF G F #5 f6 A fe
Wi o PALJUBFE S X7 204§ 16 & f SAS 4 fiedh UL £ HE > & SAS &
F BT SASTE Ay g R b T g H —‘ﬁ (Incumbent Access User) m 4 fie %4
PAL 34 P& 3+ 7 -*ﬁ?» feidif o Tj & —*ﬂz ¢ 7z 3550-3700MHz z_ B =R 324 @
* —*Ff ~ 3600-3650MHz #F 2. Fl T @ PR (S 28+ wm ) ¥ 53> U2

3650-3700MHz #g F< 2. @ %3¢ & 5§48 ( Grandfathered Wireless Broadband ) #
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PG Emi R EWAL PAL A RHEF G § & - 32 dRr (General
Authorized Access) S R#FF F S F4f o &7 FengeRIp 0 SAS BT 4 e
- PALSUBRAFF 135 F chid YA 1 & B L RFnfprdfgd o 12
"o pel - PALRREFG Fordr G 0l B PRBESZBIFFC -
R SAS v ¥ s WP E A e B Y] PAL 2 2R i ig 0 MWL TG ¥ dﬂzsgf'r
£ oW T T o

3550 3600 3650 3700
1 1

US Military Radars (on-ground, ship-borne) Tier 1 (Incumbents)
* Primarily in coastal

| areas, some inland
Fixed Satellite Stations « Wireless ISPs to
transition to Tier 2/3

Tier 2 (PAL)

* Up to seven 10MHz channels
Priority Access License (PAL) [« 3-year term by census tract

| Tier 3 (GAA)
* At least 80MHz of
commercial use

General Authorized Access (GAA)

I L I|

NI RSP E - AK]

232 %R 3.7GHz # 1184

m=nig 3t f ¢ (Federal Communications Commission, FCC) ** 2020 #
127 8p % 2021 # 2% 17 p B4 ¢ » §:h 3.7-3.98CGHz #f £ » & 280MHz
AEH > F - 5,684 5% FF IR - dp g T 5 280MHZ AT BR-A 7 2 HHeh A
#H2 5 AB CBlock = + ® 8> T xRApAE o B K THF DA

& AF B (Partial Economic Area, PEA) w4 5% 20MHz #3 % 5. > @ 18

sk

L F G PR L RREIILE AR IR L M- B2
PELCEFREAE RV, EFRERALIETREHERENNFREEER
R o 4ol 8 %77 » A Block j& ¥ 3.7-3.8GHz #F £ » + 100MHz 4% > ¢ 3 5
20MHz + % #. @ 3700-3720MHz ( Al ) -~ 3720-3740MHz ( A2 ) ~ 3740-



3760MHz (A3) ~ 3760-3780MHz (A4) 7 % 3780-3800MHz (A5) ; B Block
i F 3.8-39GHz #gE - ¥ 100MHz #2 % > ¢ 2 5 B 20MHz &+ % . : 3800-
3820MHz ( B1 ) ~ 3820-3840MHz ( B2 ) -~ 3840-3860MHz ( B3 ) - 3860-
3880MHz (B4) 1 2 3880-3900MHz (B5) ; C Block p];& # 3.9-3.98GHz #7 £ >
£ 80MHz #8 % > ¢ 7 4 B 20MHz + % 3. @ 3900-3920MHz (C1) ~ 3920-
3940MHz ( C2) ~ 3940-3960MHz (C3) m %2 3960-3980 (C4) - @ 3980-
A000MHz 45 £ > £ 20MHz #g 5 R4k 5§ 1% 5 FE #dg £~ (guard band ) > 7 71 »

i g 2 AR o

3.7 GHz RR¥Z5RER At &I
Flexible-Use Licenses Post-Transition FSS
A1A2A3A4A5813283848501C2C304§ FSS
20 megahenz
stz T ssom 39GHz 3.98GHz 4.0 GHz 426H

W 8~ % | 3.7GHz #g & £.41[3]

Mot g g f8 0 AT BRI AL R EF O M2 BB R
* (accelerated relocation payments) % &4 & 41 (relocation expenses) > ¥
A TEFRG & —‘;—ﬁfﬁ\C HE B ® i tObE 5 g5 [ e 300MHz # 1 en & mHEH omF
B & i 2 A (Wireless Telecommunications Bureau, WTB) >+ 2020 # 6 * 1
PE® o % HrhEH e LA KERKR 3TGHZ 47 L &1 4 4 ¢ PG| ehbeid
PEAEAS 4 3.7-4.0GHZ 47 £ > 4o id 37T B e AR (T o
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233 % J 3.45GHz ## 11484

m=ril % B ¢ (Federal Communications Commission, FCC) ** 2021 #
31 17 p 2 % #-F 374 fie 3.45-355GHz #7£ > # 100MHZ # % » % 2 B )
ZEE R E g fo 7 E (4nF A ) EAxh o TaE 2 oAp BRI PR
o RYEF ARG 2 F DR L YT 345GHZ A P B R 5
R R k3% (Department of Defense, DoD ) * »t 3GHz #g ¥ & T 5 F ehF #
FIEAFFE A & FHE AR ER R PR FRARRERT
73 F = A (National Telecommunications and Information Adminisration, NTIA )
fo i B¢ #1548 (America’s Mid-Band Initiative Team, AMBIT) ¥ i 3&
3.45GHz #7 .7 4% & (¥ 3 (cooperative sharing) #:% » & % FFE I IR T 3
EfrATehE FFERRY o BT O B RFEF L O EUIEIR
VARG @ * AR o FCC » gt 18i% > & 345CGHz #pf 1 & iT X %
FIERF S - FCC #%E4p ¢ 1) 3.45-3.55GHz #7 £ » & 100MHz 47 % » 4% i
4,060 % i AL 0 L FH T L TR TR fo D0 e jp A 35GHZ fr
37GHZ #FE i 3| - Rk > 345GHz F i #-27 s el #H V274

fe s Flo 5 APJE 10 B 10MHz % B > 4o 9 #1751 o

3.45 GHz Service

Fixed and Mobile
except Aeronautical Mobile

A B|C D
\_T_J
10 megahertz
3.45 GHz blocks 3.55 GHz

WO~ %K 3.45GHz s 8 4.31[3]
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d 2% 345GHz A f i BIMFHEZ B MR PG S AR ART
PR3 ( Citizens Broadband Radio Service, CBRS) % 3.55-3.65GHz #g £ ; #f £«
THA LR A FREEINERT L LY A M 3.45GHz 4 £E T - FCC
B Rk AR R AP AR A Rt R e TV oekd H

PaFiEA S g 0 FP FCC AR M AT 3 A RE B EFER -

234 A * FIEE MR PRFIF (CBRS)

% W FCC =*v 2015 # 4= » Z B ¥ F 4 & | T R4+ ( Citizens
Broadband Radio Service, CBRS ) » &%+ 3.35-3.7GHz #f fcdx * = R A 2 4F# &
B 4o® 10 #7703 IRG & % F (Incumbents) il Bk v
TR R AV AAcAFT U o BA KT A A R R Y o o B &
gL g * 3F ¥ (Priority Access Licenses, PAL ) v i 3% ¥ ch— 4R & *
( General Authorized Access, GAA) - @ & * #F 2% 5 ~ k 3 (Spectrum Access
System, SAS) ¥+ PAL fv GAA * = a4 » o 1 & % W &3 PAL * # %
Pl 2 £ 2 PALfc GAA * = ch* 4 > @ GAA* »il § % £ 53 » 3§

LK\FI J‘NJ m}'f&?} V) ;!i _3_'"%_ }}:F'I—g_‘g. o [3]

3550 3600 3650 3700 [MF

§ Radloloaﬂon uMeo (RLS),

W Fixed Satelite Service (FSS)

= Aeronautical radionavigation

S service (ANRS)

: .0
é . é PAL Up to seven 10 MHz
b Priority Access Licenses channels for PALs
g \‘ : : : E
E / eﬂ ~R\ E
B GAA \ \ Between 80 and 150 MHz E
(%i General Authorized Access \ to bO allocated to GAA §

W10 & & CBRS- SASﬁ: 1[3]
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245G NR x 3uh %

5G NR ( New Radio) ¥ - 78 #7¢ham S4B ik > 2.4 3GPP (3rd

Generation Partnership Project) #riid» enim & ol M 5 4G &k 3is en

e

2 BG ki PHRES FAEF AU wE < REER B - 3GPP

Release-15 ¥ 125G Hge e — PP A 5 7 B H e £3%F - 56 % — B

24 3GPP Release 16 2020 # 7 " 3 p == > 1 & 73 7 5G4z %+ (74

B2 AT AMEBT A RS EFT R > rie- SR

e

¢* HHS o $ = N v 4] (3GPP) #4£2 5G NR ¥ 5 3 5G i

ARERE

FEEE R RPN 0 AE SR FR R BEA R g

i NR chfh s Sl EH L > 3 P end @ v K s DG A4
s el b

DM B H R R A RE LR AN HRE
=4

¥ G ST

T REE > hofl 11 AR R R R o @ T2 W B G

m

&

Channel Edge

B FRLzZ A3 SR 27 B+ AR TR Y O RIHEE 4ol 12 477 -

I Channel Bandwidth [MHz] |
) "l
| Transmission Bandwidth Configuration Nis [RB] |
| < > |~
| | Transmission l §
| | | Bandwidth [RB]| | 4
T L = :g r?
| g I
| |
| | Z 3
I ..... ; \ J b l f'

Ny Active Kcsourcc ----- -

|
w

Guardband, can be asymmetric

W11+ 2% NR il 3 9 B e B RaE 2 M (2 [4]
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SCS 5 10 15 20 25 30 40 50 |60MHz| 70 80 90 100
(kHz) | MHz | MHz | MHz | MHz | MHz | MHz | MHz | MHz MHz | MHz | MHz MHz

Nea | Nra | Nrs | Nrs | Nrs | Nrs | Nrs | Nrs | Nre | Nrs | Nrs | Nrs Nrs
15 25 52 79 106 133 160 216 270 N/A N/A N/A N/A N/A
30 11 24 38 51 65 78 106 133 162 189 217 245 273
60 | NA 1" 18 24 3 38 51 65 79 93 107 121 135

® 12~ FR1 7 I @58 %2 7 iR HCs. e B [4]

250FDM k3 h %

&+ 2 &4 5 1 (Orthogonal Frequency-Division Multiplexing, OFDM ) & 3t >
ViR IR TR ISR ARG P A P RET FHE Fp R
- BFPA PBBEFRRR L RARR SRS o S REAE RIS
#AFE R (Symbol Duration) 4c+ » s 508 145 £ R T eNT 3R 0 4o
T B 13 #7577 o OFDM [k SL Tl 4 378 R ? 2 *Tlsu AL R 238 » 3 8
v 22 1§ ¥ FDM (Frequency Division Multiplexing ) e 2 @& * = 8 5 #17
FPoov B35 5 B+ '-ki;ﬂia?l R B PRIEERE oA 2T UE
froobd WFPURFREL TR %{ii‘l s o XE A %&LEEA\?’%:H Koo A
u;ﬁ,_’gj:‘{_@; PEIARFHE G LETREET > T {

%
OFDM % 7 i s34t % Mishoek 2 > Bil4Sqns EREFHE > T 0 ¢

rerP P‘E‘ I"f: °

44}

#* — i OFDM Symbol z_ B 4c » i%3£ % & (Guard Interval ) > ’TA
T |

# CP (Cyclic Prefix) - v 4 - % £ OFDM Symbol s £ 3 -

94

#% 1w
&% - i Symbol FFie » - LpEFF I s TRISF R 2 FOURET T
(Inter Symbol Interference, ISI) eF35 > 4o ™ B 14 #7517 - OFDM Hjisp =0 B
SR hERE NPT A& FH P E(LTELTE-A) ~ ¥ 7 & 78 7 (56
NR Phase I/11) ~ j& % % %* 4§ (IEEE802.11a/g/n) ~ #c = F AR (DTV) ~ #ici=3

B #(DAB) % > 122 § AU g il Y S SES(ADSL) ~ T 4 A A

(PLO)E & 5t » 7 ngspis o 2 4 W4 FAL 5 -

17



oo == S 1 3 5 7 9
BB aEK

2 4 6 8
ZER o
e 7]
4
%2 2

iﬁpm[,a s |

¥ 13 - OFDM 2 % {3t @ #[5]

Cyclic Wf\
r

I
OFDM symbol(n) | OFDM symbol(n+1) |
L L

¥ 14 - OFDM 2 %% F § [5]

B 15 & OFDM m@@?ﬁﬁl& X B-px @@Jm Bit stream 5 iF “r ¥R 0 B
e )Tkk Mapper » & BPSK -~ QPSK ~ 16QAM & ¥_64Q0AM % % » #
&8 SIP (Serial to Parallel) g » @ FAlficdp v 7 2 S ficlp 7 ¥ T {7 1
Flen N kB BFHEEF G 2 FEE (IFFT) > ot ks 55 TRk
Ppopt ® e ko £ k5B P/S (Parallel to Serial ) ehidt > 3R & hdkdy
FAHAGER £ 4 CPo s RAFRDE 7 U5 LRET F VAT

BSgd X MEHTZF Y o Rlehina Bl sehi e B0 A5 d 2 M
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Hefe T A sy CPo £ i SIPo ¥ iF il = Faak (FFT) - £ ky

% © B (Equalizer) # - PIS 8 T 783 » B8 BB TH D %2 ;4K

2R RE
P/S » AddCp j
S/P cpP ‘

Remove

Bit stream - Mapper

v

S/P » IFFT

. 4

Demapper P/S

Equalizer | FFT

N
N
n

W 15 ~ OFDM % 557 B fxim 42§

2.6 DVB-S2 % 324 %

AR $5-Fh -% = & (Digital Video Broadcasting - Satellite - Second
Generation, DVB-S2) &~ fat- 5L cife i » 2 ik R HTRE P "
PRPEAFE 0 FLE Ti’ﬁiﬁli”ﬁ mEFES CBELTR S EFLTRSE
BE. > @ DVB-S e 458 ¢ * QPSK > 122 534§ %2 Reed-Solomon 7 -
eH e F KB ERIFETHETAE R 'ﬁ#ﬁiéh@ﬁ%] » @ 3 7 DVB-S2
gt > P Bl M 3t 8PSK 2 16QAM £ { SV EE R H @ i
EHFEB% PRy HEF ZP2AERPEEIEFPRL .

DVB-S2 £ 5 I + A M iche™
(1) ¥ s * L fafe st mﬁﬂi%] » g ﬂia?l O ST ﬁi%J » TR R A

Foenlicdy & &b iR
(2) B* M ame M4 i BENBER RS B LA (Low-density

parity-check code, LDPC) +: } ¢t 7% ( Bose—Chaudhuri-Hocquenghem codes,

19



BCH )

f%"

(3)

/jﬁi‘iiii'l@ﬁg?lﬁﬂﬁ 70
WA A 14T 9/10 %

FE I@%lg,u)i%‘cﬁ?ﬁ’fém

;—\;-,\

B G ﬁ

wAB R AT AL R AT

(4) #™ B i 5kl 3
MR B EIR RO o L EA R e RB DR R F kY

(5) v

5 IE % A IR

0.35-0.25-0.20 > 1% &5

PpE 2 g ok B Ay -

DVB-S2 % fhte™ Bl 16 “f7 » & & A4

(Mode Adaptation) -

#% (Forward Error Correction Encoding) -

R M= 5.4 ~ (Physical Layer Framing )

R e

Band Filtering and Quadrature Modulation )

B R kS ¥

IL ~

ELl

% ( Mapping

MODE ADAPTATION

m@@aj Inb

L e bt

42 L3 QPSK ~ 8PSK ~ 16APSK ~ 32APSK

5% $ ¥ (Adaptive modulation and coding, AMC) -

AL~ #c

SRS~ RS
® 3§ 1+ (Stream Adaptation) -~

ER
) -

~ R R A e 2% % (Base-

Single ATA :“""""“"“““ gigllBl[lgling SessssssssssssssEssnsEnens
- -
Input Input !an Stream :Null-packei. CRC8 © o s 2 Dotted sub-systems are 3
Stream —tyy interf . '{ ACM TSI = Encoder _{ Buflée —p E not relevant for E
: N p
('O‘\‘l‘\l‘.:.hl) i......---:if..-uuzs _] Fvgseond M k E smglc Irar_lsPUﬂ SIEEAn E
S:"g" = & broadcasting H
Multiple ssssssany lllllll.ll...ll.l.lll.’lllllll‘ 'IIIIIII‘ = . applicalions H
s‘l;lput q-'. Input 3ﬂpm:g:am:'NU“|P&ICkB§E CRC.S . . Buffer : '1 “ssssssssssssssnsssnnsnnns®
eams . isera® =
_'_‘mterfaco-lﬁync se. (2;::’; .r' Em;. .__"“";
. . H , TS)3s - H
Sennnnend Sesnnancnndiesncenesnd Pannanannt
QPSK, PL Signalling & @=0,35, 0,25,
bt Pilot inserti 0,20
rates 1/4,1/3,2/5 16APSK, ot insertion
1/2, 315, 213, 3/4, 415, 32APSK
5/6, 8/9, 9/10
.I-.l.l.l Bit
1 2
"P Aooerd] . B8 BCH LDPC Bit mapper |4 =p> 3582:‘"
i H SCRAM i Encoder = Encoder i inter- s mut)al ghensnes Quadrature [T
MoJc - BLER (I'Im,khcn) (l'lnbc.klwt:) leaver ‘;:gz“s' : Dummy . Modulation
Adaptstion ""'"'" |  PLFRAMES
ln::ff‘:ce STREAM: || oo o =.Ir.l=|=r=|g:|’
(optional) ADAPTATION FEC ENCODING MAPPING PL FRAMING MODULATION
| LP stream f to the RF
BBHEADER # v 2
BBFRAME BC modes satellite
;5;> .-‘» o

B 16 - DVB-S2 /% 1.3 #-HI[6]
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2.75G f7 %Lmﬁﬁgkaﬁlﬁwwaeﬁ

T 715 > 3.7-4.2GHZ 45 £ 0% — 1 B4
B4 AR I en @A A

m

H_¥7 3p AR e 3.55-3.7GHz #7 £«

3.7-42GHz 45 - # FCC A~ L m R EA /Y » @ p
A L 5G F R A EE e 5o B R L 3.7-42GHz S &
3.5GHz Ag £ Ap Ht 5 F] L K- ﬁé@ B pbat i i 650MHz ead AR o %
BEE MR T AR G 23k 5G S- hiEFl o FUNF R RARABEARZ SBE 2
TRE ST TE MK R R e R o

F[8l# 3] > kp 5G {FH i ¥ 3600MHz 12+ enfe k i 2 AE B Arig
S fet F A G EFRCFREMNEIPILFOT RS FRYBEFF TR
= ;% (Monte Carlo method ) ##t ~ 9 % 2R3 2 RS THRHE PIFE DN Z

28 1-2

2R B LA e 4R 0 B FRIRAREESL 2 50 ' o RIF & K

e BT g4 B (Low Noise Block, LNB) mﬂig?l >Fev & K- B 35dB gt g
p: G

FAr[9]3 ] > & 5G T (F4EpL ik R P o FSS H v L £ X Pk
5G f¥ sinf 3R A ip s AR SRR G BRI LR o g b
mod 3 CHEEAMHE S > 56 A AT s b shab 3§ 4ol 17 977 o

B3t 7 BC T TAARHE BAF SRS BRI FEE BB I (T

16 22 ) ehik ¥ 5 ehd b s+ (O0B) gl;}gﬁg—;é_%_ﬁﬁﬁjgﬁ el
SR LR
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U~

I

| Satellite downlink ‘

Interference

X

G downlink

A0

5G downlink

A

5G downlink

v #44F BG 7B i G

7 7 [10]# 71

P i+ B (Low-Noise Amplifier, LNA) &t
Fab BElEE 3 s RG] AR

ik 4 2
ik
R ELS

KR
i< vk - 2AF % (Low Noise Block, LNB) ~

PR Wk B B 5G R A o~ L 5G S HLAE &y #

EARNER ARETPIE L EE

2.8 fe AF T 3R 51 ARAE T 3R AP MR 2 %k
FIAEPAEF T RT U Flt 3 &5 6 P ERE{oih IR FFauf
HEE > A SR I TVELPER AP DT EREFE A FRER
Frdo®l 18 #7on ok iz B ehi & F 3p4ape 3 AL~ Bl B2 Al4age 83 6 4
s (BS) $#iFk & sien* Eeaps > Bl it {e B2 4ak: 8 fFh 4 5k Siid e
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¢OB24aR B R HHH G P ERERE HT 7T

G Tk ShenT AR
4AgE, o
Satellite
Countryl : Country2 i
: |
/
/
/
/ UL
2 4 1980-2010MHZ
B2

/
/ DL

/
2170-2200MH2z

\
(o4)
/

/
/
Q‘
A
l
I
@
I
|

W 18 ~ } 74T {7 F4aE W[11]

12035  PHEFHE LB RFIEME LA R Y 0 ERIFEP g
WEL2 L W4genfilg » 2 23 £ 7% 0 @ IR T FIRARIT > $30 44
i 2 P g AR o

3314 ] o Gl RN A > F R RIS B ARG B E B R
B HAR Y > @ BERR N AR o BRI TR R AR o BN
PP R g AP R D
-

7 a
,ﬁv’/—g- .

BF R

e AR
F R IL o A H 3 BMHZ BF € B AR B
B3 1nR
BRSSP GRS

FTHRARRAR R F LR AR T
?jigﬁdrﬁ3MHz#%J7%§ﬁ$P

g o
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L4135 > @ RE A 5 MR ST K T 0 3F SRR A e b
PR - BB A ER AT B TR o A R RENRE
B A EAET L F AR o

291 %

GEFAL R B0 RARG F SRR 5] 56 L end

a

AR CTEE EE RN RS 12 Ak T EE SRR N cEr N
HER R L CHER S Bt o i 8 5G AR A aneE § i F IR

e CHEELenR * X WfFEh i bt Boo Fpt & RS 7 A0 M s
rb

7 4% 5G Fh il G h ﬁﬂ@ﬁﬂﬁﬁaéﬁﬁﬁﬁﬁﬁﬁ’@ﬁﬁéﬁ%ﬁ

BBy fFEh B ohabdie st LNB & LNA S A 54 & ~ "8 X 5G 2 55 enii o)

HEEEF o e AEORER Y LFRERFERE S/ AT
DL E pT P ARER Y e RBIE R F A AP AT AT RE A -
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LS ok ) 2
AFEBAG AT LR R R A MR 0 BRI Rz
ARLSGZEL S S-WAAFTHERE BB D
CBRS ez A s\ E s & F il » BHE PGS ko
» " Incumbents & PAL > & % - BAp§ kil o %
SRS EC AR M ERS S R RMHR YT LR o oA AR
WAk FAu AR EEaT F U2 FAETEOT % 1 GNU Radio #
RPN SR P E 2 W RO R L PP St 42z 0 £ 2 USRP B200/B210
FESCAEMT AN T TFHR - ML M EFHRHEE " D PHMKA
BRK o Fr AN B HEMIAERTSEF T S5 GNU Radio» ¢ 7 # it

PMIAEZRTH R R L anF ()42 o

RN i 3
Gl h - RO R ARS 2 R R 0 PR AR P AT 5 R 5G (7
el 2 Bt R AR o & 3 > - B E R R
Mo 2HRT L4 Y £ R CBRS ehitj# » %% ik 1 3 97 BLEF BRI 2

phd e PR PR T BEER - RELSC ABEYTIEE AN L5

e
-
\\\?{r
ol

CIEFAGUELT TG Y 22 i 0 TR £ B CBRS 4E L 3

_‘_8-

lH

Bt §it:ia Kk REFS- K2 %K ¥ Incumbents &2 PAL -

A E - %ﬁg%%&iﬂ&ﬁﬁééiﬁﬁﬁh’%:@ | % 5G Al ¥
%0 deB] 19 1o 0 FORMEHER Y L G RF o N H - Ry - kPR G4

fp@ﬁag\)é’,\i}—;’,";,» H AT R o
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4200 MHz

Tier-2 PAL

W 19 ~ 3 A 5 % H B

32 HEH
A% 5C FREAHFLZ TATMEFTFH - RIERE S 357-
42GHz 2 4Ff. » #5383 - SDR#E K k&7 > A Wik Eg sty (FHF)

Blesh (3 F) hdd o £F 5@ % 4R 3570-4200MHz s T 4t

|2 Fe 5 @ peAF 2 BG (TH A M AT SRl o F IR G

~

)u > _1:}%_«!2&,3&\

I T 3 o
Bl 20 & AF7 3 F BRI ’]‘? B = @304 02 i & USRP B200/B210 #-

# 5G @A R BfELIF L F iR - % E GNU Radio $ 883k T 5-dc k3 &

ARTAME > BL A P2 Haidk & USRP B200/B210 s 5 & k4 ek
R fchrE 2 T BLIT L e PR S X T E o RS (2

ﬂ)+ﬁGNUme@Wﬁﬁ 2 far%ts 0 € A4 FFTHEZER ~ & 2Bl

o VLC M B s p B0 > X885 B W - FFT AR - 25 ¥
R T RS SR EY T R L0

!
B2 THEAMTRER > LR A BRARIAAREFERY 7 R

“ o RGRE 56 UL A H i

BEBEHz ER e
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5GEMA 4 (T4 fir i@ bon (R EH)

USRP B200/B210

)

ﬁ FRE B s s

. VLCH% B
[ TR I } Ll RHEH

B 20 ~ F 2 7% - W

321 FHE+ 3

fr 47+ # (Co-Channel Interference, CCl) &.4p 3 B & 5 @ 1} g Wil
AKA LG P ARUBLER D # YR BT NG RART DI
A0 Flpt - BRERFEG - BAMTARE w BEFH B S BARAL
WK E R * A THEE 0 Aok e BAERE K E DIER R 0 TAES B
=13

SET e Rl Knbmffm.éwﬁpg T Lok ins B R MK % EEH T

-

Bt A RAF ARG I PF T wofl 21 917 0 S RS
W ks * Apfedgag X dwlg oL FLo 2 pEdgir o Tl A TR B a5
SRR T AR R BEE s R I A R
T o R Ty 3 e (guard space) o F R € 'F Qﬁﬂm i B
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F1

Channel X

BE

¥ 21 kA>3 LW

AP MFEEE R LTI ATLE R X T H o F TR g
F % 15GHz > & ri 51 B ikt 5G Fdal Sk & & M en@ S 5L 1E 5 + ik >

2 FERE S SHESF G 15CGHz ) ¥ A FF R IRE S L0 o #

L3

R LT HRIEER F F AT P A S LT R f f A R

RE|UTD Gt A S g R R WAL AE 4 TR o

33AWT A%

AR BB R R AT UL B2 BT TR 35 SR AT RS

(Radio Frequency, RF) # % % %3 GNU Radio #it#8 » Az

\4

A5

BRERIAGEYGLS 6 0 TR A F e gL 0 A g Sag et

PRIEAD ST RART DT DL AR AL o £ SRR kg &t
FEL o
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3.3.1USRP & B3

USRP (Universal Software Radio Peripheral ) % i * $ic#8 & 807 1% i#3%
% > @ AAT7 i * Ettus Research 2 @ #4)] i+ ¢ USRP B200/B210[15] [16] > #
A AFAIcE 2977 o USRP B200/B210 # Z & *tEZ T h Kk ERT » 1 & FiF:
BT USRP3.0 v kieq » T B EHcdp 2 ALl il e R g AT 0T
= GNU Radio } & @3 8Leid® » ¥ e PR 5 h % & S5 B F7 i
HE e TOMHz ¥ 8 4 ¢ 6GHz » B it I B3 54 (Tx) fodzfc (RX) F# o &
¥ivr 3L & GNU Radio #c#8 + ™45 £ % %X USRP 4 UHD (Ultra High
Definition) fici > ,]%sb B4 % USRP 15 il 2 & & M7 chm 3y HF 5 %
r & 2% USRP R LT ERAEF S 7 UFE 55 BRSNS R
BHF > A - PR R PIREZ A - NEFRFUE LA E

DA TR Y KR o

% 2 ~ USRP B200/B210 #.#

S e R 4 ) 70MHz~6GHz
N Up to 56MHz
TR T USB3.0
Box PR X 61.44MSample/second (MS/s)
B4 1247 & (ADC/DAC) 12 bits
LB 1 TX & 1 RX, Half or Full Duplex /2
TX & 2 RX, Half or Full Duplex
g ¥ $ 30,600.00 / $ 49,900.00TWD
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USRP B200/B210 4 %8 ¢} g4 B] 22 #7517 > p R4 3 4o 23 %771 > @ B A
PN G Ao R 24 7 0 R P BPIEw A S TR REV ARG
{E R £ 5] (Field Programmable Gate Array, FPGA) #% &3\ 2 Hc iz 5 enig
B gL M ELER S FApAs £ (inphase, 1) ¥ 1 2 &~ § (quagrature
components, Q) ek #E 5L o F* USRP B200/B210 #jx 5447 o 24 17 1/Q 3 55
#yp i %18 GNU Radio i {738 3§ 275 % 234 ¥ 5L o

® 22 ~ USRP B200/B210[17]

B 23 ~ USRP B200/B210 p 284 F HI[17]
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Spartan FPGA AD 9364
RFIC
RF
DQC 1
4—— Decim 4—— >< — 0 > ey ~~—— RX2
. use3.0 Control, Streami o
USB3.0— > = o 5 wo | o s L~ o TRX
— Interp —p .>< L
CTRL
l B Sample
Clock
JTAG | GPIO 7 e
o | Synthesis
TCXO =

REF IN
¥ 24 ~ USRP B200/B210 p ¥%#C3. ff38 BI[17]

3.3.2 T " AR

4 %> USRP 3% # & /457 -

Fluh DfRm F

ST G FMBLASE » PR LR g F R

FEAEFAF A ENS o EN R TR
RARB BRI DPN > FIPL T2 TN R AP E % IR e 1] TP IR
B e EE o T et o oL AT BN B - R R A AT

.:-ppF

TR P 2P ek & 34 o

%3~ R%H2L T RRE

voo e E Intel® Core™ i7-9750H CPU @ 2.60GHz x 12
iR 16GB
P 1.5TB
USB USB3.0
13 SRR N Ubuntu 20.04.2 LTS
GNU Radio % # 3.8.2.0
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AFMT S 4 %

B ARATHL S FIHMBET 0§ BT 2 SMTE T

SPREH R EE AT LR 0 R G R SR G

A
i
i
\a;
=
~=$
>
3

ﬁﬁﬁmﬁaﬁﬁﬂﬁﬁﬁ&’@%ﬁ@g&gd%gﬁ%i;i@%gg
Z R o F o AFETERE A Linux TE AT kTR IAR

T BT 5 GNURadio 75 A4 5 e 4T & o

3.4.1 GNU Radio

GNU Radio[18] & - B £ 7 = B iRfii® > P> LW T RARNT FH
T 5o oA ieB kT 2 & Windows ~ Linux ~ Mac OS % 7 f eni® % k5Lt i@

oo T ST ek A AR A R KA I TR EMRT A

+
VoA F S A RET S 3t mﬁ,,ﬁ;’.;z,.\ﬁiﬁgm%\ﬁ—égﬁgjﬁﬂg\
A2 A BEEHMITAERNT S DR AN LB BT S
BT EL® (T iy k-d Pl M PEE S k- Bt ks ? > GNU
Radio #4821 % /A2 BIPE A R — % F ML ad@ Bl > B4 feenid 2 3
AL A - BorAER ¢ > 51 GNU Radio Companion (GRC) %i& {7 » # »%
ZEAEL AR R e L S AR RIR S AR T L o o] 25 Ton o TRARR] Y R ehD
iﬁh{,f*’gé GNU Radio B g ¢ ¢ #1é& 7 d— & & A AIEH > (hEJpi B »
ERB-PH AR OFE BARFLMRBEFERE Y F0 70U

FR CICH+A25 3 5 R p (7 AIEHOH -
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FM_stereoRec

0616 %  FM_stereoReceiver22 %

Options
1D:FM_stercoReceiver
‘Generate Options: WX GUI

Variable »

WX GUI FFT Sink
Title: FFT Plot
Sample Rate; 1.6M
Baseband Freq:7. 1M
Y per Div: 10 46
¥Bivs: 10

UHD:USRP Source
Samp Rate (Sps): L6M

Cho: CenterEreq (H2): 102.5M
Cho: Gain Value: 20
ChO: Antennas TX/RX

Low PassFilter
Decimation: 5
Gain: 1

Sample Rate: 1 611
Cutoff Freq: 150k

Ref Level (d8):0
Ref Scale (p2p):2
FFTsize: 1,024k
Refresh Rate: 15
Notebook: mynb, 0

Decimation: 10
Gain:1
. [}| Sample Rate: 320k

WX GUI Waterfall sink
Title: Waterfall Plot
Sample Rate: 1 6
Baseband Freq:0
Dynamic Range: 100

FETSize:512
FFTRate:15

Notebook: mynb, 4
Freq SetVamame: one

EM Deemphasis

Window: Hamming
Beta:6 76

WX GUI Slider

1D:freq WBFM Receive
Label: i station frequency

CutofrFreq: 15k

e | Sample Rate: 32k
Tau:T5u

WX GUI FFT Sink
Title: FFT Plot
Sample Rate: 32k
Baseband Freq: 0

¥ perDivi 105
¥Divs:10

RefLevel (dB):-20
Ref Scale (p2p): 2
FFTSize: 1024k
RefreshRate: 15
Notebook: mynb, 2
FreqSetVamame: None

Window: Hamming
Beta:6.76

Band Pass Filter

DefauitValue:37.1M
Minimum: 88N
Maximum: 108M

Audio Decimation: 1

Converter: Float

GridPosition: 1,0, 1,

WXGUI Notebook
1D:mynb
Tab Orientation: Top

Labels: RF band., waterfall

WX GUI FFT Sink
Title: FFT Plot
Sample Rate: 320k
Baseband Freq:0

¥ perDiv: 10 48
YDivs: 10

Ref Level (dB); 20
Ref Scale (p2p):

Decimation: 1
Gain:1

Sample Rate: 320k
Low CutoffFreq: 23k

Transition Width: 2
Window: Hamming
Beta:6.76

FMDeemphasis

Bl sampicRate:s2k

Taw: T5u

signal source
Sample Rate: 320k
Waveform: Cosine
Frequency: 3k
Amplitude: 1
Offset:0

Audio Sink
Sample Rate: 32Ktz

WK GUI FFT Sink
Title: FFTPlot
Sample Rate: 32k
Baseband Freq:0
¥perDiv: 108
YDivs: 10

Low PassFilter
Decimation: 10
Gain: 1

Sample Rate: 320k
CutoffFreq: 15k
Transition Width: 2k

Ref Level (dB):-20

Ref Scale (p2p):2
FFTSize: 1.024k
RefreshRate: 15
Notebook: mynb, 3

Freq SetVamame: None

¥ Core

>

>

>

Audio

Boolean Operators
Byte Operators
Channelizers
Channel Models
Coding

Control Port
Debug Tools
Deprecated
Digital Television
Equalizers

Error Coding

FCD

File Operators
Filters

Fourier Analysis
GUI Widgets
Impairment Models
Instrumentation
Level Controllers
Math Operators
Measurement Tools
Message Tools
Misc

Medulators
Networking Tools
NoAA

OFDM

Packet Operators
Pager

Peak Detectors
Resamplers
Stream Operators
Stream Tag Tools
symbol Coding
synchronizers
Trellis Coding

FFT Size:1.024k Window: Hamming
>>>vone A » Type Converters
id value + UHD
Loading: "/fhome/wang/fm_radio/FM_stereoReceiver22.grc” Imports FL | s Variabl
ariables
»>>Done ¥ Variables |+ video L

# 25 ~ GNU Radio Companion(GRC)

3.4.25G NR + kg s o3k 3

B 26 = 5G NR *+ 4§ /g &2 e GRC /v A2 [] » # #2334 3% 3§ OFDM

AR RE o fe s 5G NR ek b Rk T ¥k Sl A RRIE - B

FAZE LOMHz » ¢ @B F i~ 32 T/ & % i ) B 8df % USRP » -3
REFWWCAFWERZEFTHR > F 95 24 &9 5G NR X 24 7 @ﬁ%l
#F % % 8MHz ~ Sampling Rate 3 7.68MHz > FFT Size 7 256 point ~ ## #cx
e Ut 5 13243 -
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Options Variable Variable Variable Variable Variable Variable Variable

Title: OFDM Tx ld:fit_len Id: samp_rate Id: length_tag_key Id: packet_len Id: header_mod Id: payload_mod Id: rolloff

Description: Examp...nsmitter Value: 256 Value: 7.68M Value: packet_len Value: 96 Value: <constellation BPSK= Value: <constellation QPSK= Value: 10

Output Language: Python

. . . Variable 5 -

Generate Options: QT GUI Variable Variable e X Variable Variable
Id: sync_wordl Id: sync_word2 Id: occupied_carriers - IIP‘ ut_zclar:e:n Id: pilot_symbols Id: header_formatter
Value: [0.,0.,0.,0., 0. Value: [0, 0,0,0,0,0, Value: [ 26, 2..24, 25, 26] L3 AN Value:(1,1,1, 1} | | Value:=packet_header_ofdm=

File Source Packet Header Generator
File: ... fofdm/ziyuhenban.trt — — Stream CRC32 Formatter Object: <p...fault=
Repeat.l\‘es PacketLength: 95 Mode: Generate CRC Length Tag Name: packet_len
Add begintag: () Lengthtag name: packet_len
Length Tag Key: packet_len
Offset:0 Packed: Yes Repack Bits
Length: 0 =

Bits per input byte: §
Bits per output byte: 2

Virtual Source
Stream ID: Header Bits

Chunksto Symbols
Symbol Table: -1, 1
mbol_table| pimension: 1

Tagged Stream Mux
Length tag names: packet_len

Virtual Sink
Stream ID: Pre-OFDM

set_symbol_table

Virtual Seurce
Stream ID: Payload Bits

Chunks to Symbols
Symbol Table:-1.4...1.41421]
|_table| pimension: 1

iset_symbol_table

'OFDM Cyclic Prefixer
Virtual Sink

OFDM Carrier Allocator FFTLength: 256 Stream ID: Time Domain
FFT length: 256 FFT CP Length: 64
Occupied Carriers: [-..., 26] FFT Size: 256 Rolloff: 10
Virtual Source Pilot Carriers: (2...7,21) . » . Forward/Reverse: Reverse Length Tag Key: packet_len
Stream ID: Pre-OFDM Pilot Symbols:(1,1,1,-1) Window:
Sync Words:[0.0,...0,0,0] Shift: Yes

QT GUI Frequency Sink
Name: FFT Plot
freq| FFTSize: 256

Length tag key: packet_len
Shift Output: Yes

Multiply Const
Constant: 50m

Num. Threads: 1

Center Frequency (Hz): 1.56
™ Bandwidth (Hz): 7.65M

Tag Gate
Propagate Tags: No
Single Key:

Virtual Source
Stream ID: Time Domain

UHD: USRP Sink
Sync: Mo Sync
Samp rate (Sps): 7.68M
ChO: Center Freq(Hz): 1.5G
Ch0: Gain Value: 10
ChO: Gain Type: Absolute (dB}
Ch0: Antenna: TX/RX

B 26 ~ 5G NR * 3 kg 55 2. GRC ik 420

[command|

as;nc msgs

File Source : % File Source #r¥. &kt~ Bk > @ 2 B X4 > &

EAF BT S byte -
Stream to Tagged Stream : :izkgjgl B efchh R AR R A 0 A5 - 2K R dhilic
SRS S NS B RS S T

Stream CRC32 : i&ﬂi%l »ehE Bl R kb ~ RIS ﬁis?l ey 5 A 5

byte -

ETI

byte -
Chunks to Symbols : #-#cyj Hob i 3 £ 14 580 » 7 9 3 BPSK 4r QPSK
Z P i ) i A

Tagged Stream Mux : #-7 g2t 55 (Header £# Payload) & & » @

% complex o

B G- BATE RBRE G KRR ERT R o BN R

complex o
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Virtual Sink
Stream ID: Header Bits

Virtual Sink
Stream ID: Payload Bits




OFDM Carrier Allocator : OFDM + & & fe fiCs. » Uik chg 3] @ 737 &
IR+ FA):S ( Occupied Carriers) ~ #5351+ EAD):S ( Pilot Carriers) ~ /& # =+ EA:S
( Virtual Carriers ) = /i &+ 4 & (DC Carrier) - ﬁ%l ey AF A S
complex o

FRT @ e Afeddehd U ol A& 2 £l > o F R 2 F $ 2 F
i ﬁi%]:". gy 5E 3] 5 complex o

OFDM Cyclic Prefixer : ¥+ OFDM # %ﬁ,;‘,’J& e 0 P oA G T F
OFDM # 5L/ @yt + 3 (ISI) > 65 11 cndiedp 5 3] 5 complex o

Multiply Const @ % j* % ficsi. > :tirﬂi%J rededp ke b - B B0 P oendlS 0k
RU LD o BB P G 30 b 4 0 OFDM s &
ErFF A BUALAERPAT UG R :’z“ﬂi;‘] rEATAELER - ) AR
1 ey #ico $s  andicdp #g 4] 5 complex e

Tag Gate : F-4 | chiB ¥ » @ % QL HH T e R B ﬂig-J:H 23} 27
#A) 5 byte -

UHD: USRP Sink @ 25525 S o oL o000 07 B R P A 02 AV 8

AR IR TE R o S L DA A (S S SR R s L S e

3.4.3 DVB-S2 % & i 4 sa3k 3+

DVB-S2 &u ’éi%’;iéi@@ﬁ%l MPEG-2 TS F## 4% = A #_> MPEG-TS %

- EER RS BRS GEEREFAARM 80 8k AL Ry

B * R 4k st o A GNU Radio F #4 {7 2 JF 1+ & DVB-S2 )k SL3E fi e

MR 2 Sk R AR P ek 0 & GNU Radio f R § <l

s.eb > B J19] Github (B RS/ &) B2 a b e > # DVB-S2 fie

WK € fe & DVB-S2 e » & B 27 5 DVB-S2 % &2 & fesh 2. GRC
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i AZM > * ¥ % ¢h DVB-S2 €11 MPEG-2 TS 1 ¥ 5 £ % % %

ez

=R
A fEA R RAER T AR ATk p 5G NR ELHTF R 0 F]pt A

i f4e;2 B (Add) # 4 » UHD USRP Source » ™ USRP B200 #: 4z 5G NR +
BN AH AN FFEEAERTE A LFL B R TRASER
7 B R T o

Options
1D: dvbs2tx_revtset
Generate Options: QT GLI

BBheader
Standard: DVE-52
FECFRAME size: Normal
Code rate:9/10
Rolloff factor: 0.20

BCHEncoder
Standard: DVE-52
FECFRAME size: Normal
Code rate: 9/10

BBscrambler
Standard: DVB-52
FECFRAME size: Normal
Code rate:9/10

File Source

File:...02/pochun/advatscts
Repeat: No
Add begintag: )

Interleaver
FECFRAME size: Normal

LDPC Encoder
Standard: DVB-52
FECFRAME size: Normal
Code rate: 9/10
Constellation: Other

Code rate:9/10
Constellation: 3PSK

QT GUI Frequency Sink

Center Frequency (Hz): 1.5G
Bandwidth (Hz): 12M

QT GUI Frequency Sink
FFT Size: 1.024k

Center Frequency (Hz): 0
Bandwidth (Hz): 12M

Yy

QT GUI Constellation Sink
Mumber of Points: 1.024k
Autoscale: No

LDPC Decoder

Variable
ID: samp_rate
Value: 124
Variable
ID: symbol_rate UHD:USRP Source
Value: 6M Device Arguments: nu...es=512
Samp Rate (Sps): 12M X
QT GUIRange |: ChO: Center Freq (Hz): 1.56 FAR
R e ChO: Gain Value: 65
Default Value: 0 ChO: Antenna: RXZ
Start:0 ChO: Bandwidth (Hz): 12M
Stop: 1.2
Step: 10m
Variable DVB-52X Modulator
1D: rolloff FECFRAME size: Normal
Value: 200m Code rate: 9/10
Constellation: BPSK
Variable 2 Interpolation: Off
ID: taps
Value: 200

e File Source : i%:F File Source fics &k & — B MPEG-2 TS 3%
S O < A ga;—l 5 i dp 5 A 5 byte -

BBheader : #-#cyg Tl w4 b — B AAF iR ER 0 * K e f“gj » Bedh
FoAL R S o g i i)

e BBscrambler : #& * % §t #ic- & = #c 7| (Pseudo Random Binary Sequence,

DVB-52
FECFRAME size: Normal
Code rate:9/10
Constellation: 8PSK
Output mode: Message
Show Corrected SNR: Off

BCH Decoder
Standard: DVE-52
FECFRAME size: Normal
Code rate:9/10
Output mode: Message

File Sink
File:...chun/0423_decoded.ts
Unbuffered: Off

Append file: Overwrite

BBdeheader
Standard: DVE-52
FECFRAME size: Normal
Code rate: 9/10

BBdescrambler
Standard: DVE-52
FECFRAME size: Normal
Code rate:9/10

Bl 27 ~ DVB-S2 % &8 3&jx 2k 2. GRC /N 421

A8

byte -

ETIS

PRBS) ‘f% & $ficiy 78 0N 8 7 43k o 5 0 enficdp s d] 5 byte -
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e BCH Encoder & LDPC Encoder : #% i+ + 75 BCH & p 75 LDPC %5
A féﬁis?]’g LRBFIT e BARIUE > B F K s i‘f]-*‘»? e
i_si;ﬂi%]ﬁﬂﬂ el ﬂiﬁﬂzﬁﬂ&%ﬁpﬁﬂ' % byte -

e |[nterleaver : 3= %75 %= & 7 BBFRAME % bit 245 > 1R > B &34 %
R ﬁi%l ey 85 A 5 byte o

e DVB-S2X Modulator : DVB-S2 14 % % - #i; 1 shicij 473 & complex -

e BCH Decoder & LDPC Decoder : % i *+ 75 BCH £ p 75 LDPC enf#s5 %€ >
B o Bchp A R R 0 B 1 iR 5 byte o

o FileSink : #2248 2 & (5 cnBcdh ¢ w5 < — BAHEE o

3.4.45G NR # SH4F % F 2k Bl 8

1294 3GPP “7 515G NR @ §i 4 445 » & % 4 w4 5 56 NR # %
# 510~ 15~ 20MHz 5 pl3# » e PF * ubuntu & 32t 50 htop 45 £ %
IR AT R kR 4oB 28 (), (b), (c), (d)#TT o AP T IF R A
CPU i * & (CPU% ) g F e 4c 5 LI v- ennBf 5 > @ T % ey dies
EREFM R O e B B R 0 A AR 5 (Mem%) R

24 % 4 e s o F 56 NR 4 %% 5426 15MHz f% > GNU Radio # 4 +

ﬁm

- g U R BAAF R Y EE NN SRZEPREFBE

IRy
T

Bl USRP - i&d i = % WBeni )8 2 > 4ol 29 o d 242 977 o 5]

P st 5G NR 2 B4 % 5 10MHz 12 T e g, o
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labao2@AsusLaptop: ~

101 3.9%1 4 [ 2.7%1 7 [l 2.0%] 10 [ 3.3%]

N 1.3%] 5 [|] 5.9%] & [|] 3.3%] 11 []] 4.6%]

3 [ 10.4%] o6 [|| a.0%] < [|] 2.7%] 12 [ 5.3%]

MemL 111111 111]] 3.68G/15.5G] Tasks: 156, 565 thr; 1 running

swp[ 0K/2.00G] Load average: 6.79 0.50 0.34

Uptime: 1 day, 21:23:52

48394 root 20 O 2206M 217M 119M S 16.6 1.4 0:05.17 fusr/bin/python3 -u fhome/lab402/project/gnurad

48375 root 20 6 2266M 217M 119M S 5.9 1.4 0:03.67 fusr/bin/python3 -u fhome/lab462/project/gnurad

48383 root 20 0 2206M 217M 119M S 4.6 1.4 0:02.64 fusr/bin/python3 -u fhome/lab462/project/gnurad

48384 root 20 0 2206M 217M 119M S 4.8 1.4 0:02.82 fusr/bin/python3 -u /fhome/lab462/project/gnurad

48382 root 20 O 2206M 217M 119M S 4.0 1.4 0:02.108 fusr/bin/python3 -u [home/lab402/project/gnurad

48386 root 20 6 2266M 217M 115M S 4.8 1.4 0:01.71 fusr/bin/python3 -u fhome/lab462/project/gnurad

48388 root 20 e 2206M 217M 119M S 4.0 1.4 0:01.77 fusr/bin/python3 -u fhome/lab462/project/gnurad

48392 root 20 ® 2206M 217M 119M S 3.3 1.4 0:02.24 fusr/bin/python3 -u fhome/lab462/project/gnurad

48390 root 20 f 2206M 217M 119M S 3.3 1.4 0:01.59 fusr/bin/python3 -u [home/lab462/project/gnurad

48387 root 20 6 2266M 217M 115M S 3.3 1.4 0:01.84 fusr/bin/python3 -u fhome/lab462/project/gnurad

48391 root 20 e 2206M 217M 119M S 3.3 1.4 0:01.73 fusr/bin/python3 -u fhome/lab462/project/gnurad

48385 root 20 ® 2206M 217M 119M § 2.6 1.4 0:01.60 fusr/bin/python3 -u fhome/lab462/project/gnurad

48389 8 2206M 2 19 S 2.6 1.4 0:081.81 /usr/bin/python3 -u /home/lab482/project/gnurad
F1HetD 1 SeEUB! > Seareh FLLERR " STrea! FS6rEby" ek =FoNLes 4F9RELL F1QULE T 1

(@)

labao2@AsusLaptop: ~

1 [l 1.4%] 4 [I] 4.6%] 7 LI 3.3%] 10 [ 6.6%]

2 L[] 6.6%] 5 [ 3.3%] g8 LIl 5.9%] 11 []]] 7.9%]

ERN R 108.5%] o6 []| 4.6%] 9 LIl 7.9%] 12 [ 6.6%]

MemL 111 TIITTDI 3.72G/15.5G] Tasks: 155, 554 thr; 1 running

swp[ 0K/2.00G] Load average: 1.3@ 0.69 0.44

Uptime: 1 day, 21:26:36

48627 root 20 @ 2206M 219M 120M S 7.3 1.4 0:02.78 fusr/bin/python3 -u /home/lab402/project/gnurad

48616 root 20 6 2266M 215M 126M S 6.6 1.4 0:02.47 fusr/bin/python3 -u fhome/lab462/project/gnurad

48615 root 20 0 2206M 219M 120M S 6.6 1.4 0:01.96 fusr/bin/python3 -u fhome/lab462/project/gnurad

48617 root 20 ® 2206M 215M 120M S 5.3 1.4 0:01.60 fusr/bin/python3 -u /fhome/lab462/project/gnurad

48608 root 20 O 2206M 219M 120M S 4.6 1.4 0:01.84 fusr/bin/python3 -u fhome/lab402/project/gnurad

48621 root 20 6 2266M 215M 126M S 4.6 1.4 0:01.42 fusr/bin/python3 -u fhome/lab462/project/gnurad

48620 root 20 e 2206M 219M 120M S 4.0 1.4 0:01.59 fusr/bin/python3 -u fhome/lab462/project/gnurad

48625 root 20 ® 2206M 215M 120M S 4.8 1.4 0:01.31 fusr/bin/python3 -u fhome/lab462/project/gnurad

48614 root 20 ® 2206M 215M 120M S 4.8 1.4 0:01.14 fusr/bin/python3 -u [home/lab462/project/gnurad

48619 root 20 6 2266M 215M 126M S 3.3 1.4 0:01.33 fusr/bin/python3 -u fhome/lab462/project/gnurad

48622 root 20 9 2206M 219M 120M S 3.3 1.4 0:01.21 fusr/bin/python3 -u fhome/lab462/project/gnurad

48618 ruut 28 ® 2206M 215M 120M S 2.6 1.4 0:01.11 fusr/bin/python3 -u fhome/lab462/project/gnurad

48623 f 2206M 215M 120M S 2.6 1.4 0:01.17 fusr/bin/python3 -u /home/lab462/project/gnurad
Pl 1 SeEUB1 FSeaeh FLLERR*STrea! FoS6rEby" Hich 2FoNLes #F9RELL F1QULE T 1

(b)
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labao2@AsusLaptop: ~

1[I 6.8%1 4 T[] 8.6%] 7011 9.1%] 10 []]] 7.3%]
2 [l 5.3%] s [l 8.0%] g [ 8.6%] 1 []] 7.4%]
3 OLlI] 13.3%]1 6 [II[II1111I1180.0%] 5 [|]] 8.1%] 12 [|| 3.3%]
MemL 111 TIITTDI 3.77G/15.5G] Tasks: 156, 565 thr; 3 running

swp[ 0K/2.00G] Load average: 1.73 0.97 0.56
Uptime: 1 day, 21:28:04

48713 root 20 @ 2206M 220M 121M S 81.7 1.4 0:26.43 fusr/bin/python3 -u [home/lab402/project/gnurad
48761 root 20 6 2266M 226M 121M S 16.8 1.4 0:02.73 fusr/bin/python3 -u fhome/lab462/project/gnurad
48750 root 20 0 2206M 220M 121M S 7.3 1.4 0:02.17 fusr/bin/python3 -u fhome/lab462/project/gnurad
48739 root 20 0 2206M 220M 121M S 6.6 1.4 0:02.42 fusr/bin/python3 -u /home/lab462/project/gnurad
48749 root 20 O 2206M 220M 121M S 6.0 1.4 0:01.74 fusr/bin/python3 -u fhome/lab402/project/gnurad
48751 root 20 6 2266M 226M 121M S 4.7 1.4 0:01.49 fusr/bin/python3 -u fhome/lab462/project/gnurad
48754 root 20 0 2206M 220M 121M S 4.7 1.4 0:01.44 fusr/bin/python3 -u fhome/lab462/project/gnurad
48755 root 20 0 2206M 220M 121M S 4.7 1.4 0:01.29 fusr/bin/python3 -u fhome/lab462/project/gnurad
48759 root 20 e 2206M 226M 121M S 4.7 1.4 0:01.17 fusr/bin/python3 -u [home/lab462/project/gnurad
48714 root 20 8 95934 345M 123M S 4.8 2.2 0:01.30 fusr/bin/python3 /fusr/local/bin/gnuradio-compan
48740 root 20 0 2206M 220M 121IM S 4.0 1.4 0:01.34 fusr/bin/python3 -u fhome/lab462/project/gnurad
48756 root 20 ® 2206M 220M 121M S 4.8 1.4 0:01.13 fusr/bin/python3 -u fhome/lab462/project/gnurad
48753 root 20 e 2206M 226M 121M S 3.3 1.4 0:01.17 fusr/bin/python3 -u /home/lab462/project/gnurad
F1Hllp 1 SeEUB! FSeaeh FLLERR*STrea FoS6r ey Hich 2FoNLes #F9RELL F1QULE T 1

(©)

lab4oz@AsusLaptop: ~

1 [ 9.3%] 4 [I| 6.9%] 7 [IITI 14.1%] 10 []]] 11.2%]
2 [l 7.5%]1 5 LCIIIIITIIrIrr11ee.ex] 8 [ 7.5%] 11 []] 4.6%]
3Ll 12.8%]1 6 [||] 10.25] ° [|]] 8.8%1 12 [|1111]]]11]l100.08%]
MemL 111 TIITTDI 3.99G/15.5G] Tasks: 158, 569 thr; 3 running
swp[ 0K/2.00G] Load average: 2.62 1.64 0.92
Uptime: 1 day, 21:32:85
48243 root 20 @ 1009M 375M 125M R 181. 2.4 4:49.60 fusr/bin/python3 /fusr/local/bin/gnuradio-compan
48974 root 20 @ 2206M 218M 126M S 89.1 1.4 0:33.40 fusr/bin/python3 -u /home/lab402/project/gnurad
49026 root 20 0 2206M 218M 120M S B.6 1.4 0:03.43 fusr/bin/python3 -u fhome/lab462/project/gnurad
49000 root 20 0 2206M 218M 126M S B.8 1.4 0:02.97 fusr/bin/python3 -u /fhome/lab462/project/gnurad
49015 root 20 O 2206M 218M 120M S 7.3 1.4 0:02.75 fusr/bin/python3 -u fhome/lab402/project/gnurad
49014 root 20 6 2266M 218M 126M S 6.8 1.4 0:02.23 fusr/bin/python3 -u fhome/lab462/project/gnurad
49016 root 20 9 2206M 218M 120M S 5.3 1.4 0:01.91 fusr/bin/python3 -u fhome/lab462/project/gnurad
49019 root 20 ® 2206M 218M 120M S 4.7 1.4 0:01.89 fusr/bin/python3 -u fhome/lab462/project/gnurad
49020 root 20 ® 2206M 218M 120M S 4.7 1.4 0:01.63 fusr/bin/python3 -u [home/lab462/project/gnurad
48975 root 20 8 95%6M 345M 122M S 4.7 2.2 0:01.62 fusr/bin/python3 /fusr/local/bin/gnuradio-compan
49024 root 20 9 2206M 218M 120M S 4.7 1.4 0:01.58 fusr/bin/python3 -u fhome/lab462/project/gnurad
49023 root 20 0 2206M 218M 120M S 4.7 1.4 0:01.15 fusr/bin/python3 -u fhome/lab462/project/gnurad
49022 root 20 O 2206M 218M 1260M S 4.8 1.4 0:01.46 fusr/bin/python3 -u /home/lab462/project/gnurad
F1Help 1 8eEUB1 FSeaeh FELERR*STrea! FoS6r sy Hich =FoNLes 4F9RELL F1QUTE T 1

(d)

W 28-5G NR X A ®FHmiE* §4 (aQ)5MHz, (b)1I0MHz, (c)15MHz,
(d)20MHz.
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< dvbttx @ dvbt_tx_8k1203 & wav_tx @ dvbt_tx0423 @

xt_tx @ ofdm0517 @ dvbt_rx_8k1203 © ofdm_loop_nocrc @
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ot | | e | || | S| |t

Lengtn Tag Key: pacietlen

Chunks e Symbols

Packet Header Generstor

fauts
LengthTag Mame:pchet_len
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UUUUULUUUULULUUUULBULUULULUULUUUUUUUUUUUUUUUUUUUUUUUUUUULY
UYUUUUYLUULULUULULLULUULULUULULUULUUUULUUUUUUUUUUUUULUUUU-

VirtuaiSin
:Fayioad Bt

Imports

variables
fit_len 256
header_fori <packet_header_ofdms-
header_mor <constellation BPSK»
length tag_packet_len

packet_len 56

vi
10T Signal.

QT 6UI Time Sink

Name:Scape Pt
[ tarberet P 020k

x_ofdm @

occupied_ci ([-111,-110,-109, 108, -107, -106, -105, -104, -103, 102, -101, -100, 99, -98, -97, -96, 95, -94, -93, 92, -91, -90, -89, 88,

ofdm_15M @

® 29 ~ 5G NR #g % 15MHz »2 + GNU Radio
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core
Audio
Boalean Gperators
Byte Operators
Channelizers
Channel Models.
coding
Control Port
Debug Taols
Deprecated
Digital Television
Equalizers
Error Coding
Operators
Filters
Fourier Analysis
GUIwidgets
Impairment Models
Instrumentation
IQBalance
Level Controllers.
tath Operators
Measurement Tools

Message Tools
Misc

Modulators
Metworking Toals
OFDM

Packet Operators
Peak Detectors
Resamplers
Stream Operators
Stream Tag Taols
Symbol Coding
Synchronizers
Trellis Coding
Type Converters.
UHD

Variables

video

Waveform Generators
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L
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F-®30(@) (b),(c) (d)> M5 FHFER K FIERT R FEA > 20
F0 4 353§ %@ #5 USRP B200 7 5 5G NR 2+ il bt 1 &2 £ 4 ¢
4| % %1 # USRP B210 i 5 DVB-S2 i st k421t 5G NR 2 * 3f i » @ #fcsh

v

TR FIF R SRR MenpE4 e WK R 5 100 ~ 125~ 150 ~ 175~ 200 = 4 o

125/°5F

(b)
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15057

- 200/\5F

(e)
W 30~ FHEFIER %K T FIER (2)100cm, (b)125cm, (c)150cm, (d)175cm,
(e)200cm
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4.15G =+ 3Rk S5 81 DVB-S2 # a4

[ Er
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FLEL

£

= 5
5G NR = 3 ik e384 % % tx_ofdm.gre 2 in A2 ) % 8 54 13

4o 31 %77 o @ & DVB-S2 #iczh Bl £

+ £ 5G NR

dvbs2_rx.grc 2.
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S R YT
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o

» Rl 3T R

= % ¥ DVB-S2 82 5 4h 2 F kR enk A B4 @) 32 91T e

example @ dvbs2tx ©

o

00|

Relative Gain (dB)

(]

dvbs2_tx @

e —

tx_ofdm ©

mytest_dvbszrx @ dvbszrx @

OFDM Tx

FFTPlot

PANAN

Munys

\

| L

S,

e,

45288

tx_ofdm.gre - /homelab4czfproject/gnuradio-master/gr-digitalfexamplesfofdm

tx_ofdmo407 &

dbs2tx_reveest @

dvbt_tx_sk ©

a0

Wy /\W‘ w\ 1 L,Vz\\

JinFo] (8200] sei
170 6200] o

r T
1687000 138,000

T
1489000

T
1500000 1501000

Frequency (MHz)

T
1502000 1503000

v o [5200]
470} 6200} Askingfor cock rate
70 [8200] Actually got clock rate o1,
Jugriog O pa

Jor-log INFO header_payload_demuwa
Jor-log INFO packet_headerparser_bo
olog F: header paoad demiva
Jor:og INFO: packet headerparser_bo
o0 N0 st payoad damind
Jor: log INFO: packet_headerparser_bo

440000 MH;

acke. headerparser bo-Detected an imald packetatitemo

parser returned #f
' e it
Farser retumed #

Decekadanold packet atitem 96
Parser returned #f

Detected an invalid packet atitem 194

Variables.
fielen 250
header_for: <packet_header_ofdm>
header_mo. <constellation 8PsK>
length tag_packet len

oceupled i ([-26,-25,24,-23, 22, 20,19, 18,-17,-16,-15,

packet len 95

14,13,12,11,-10,9, 8,6,

dvbt tx @

4,3,21,1,2,3,4,5,6,8,9,10,11,12,13,

core

Audic
Boolean Operators
Byte Operators
Channelizers
Channel Models
Coding

control Port
Debug Tools
Deprecated

Digital Television
Equalizers

Error Coding

File Operators
Filters

Fourier Analysis
GUI Widgets
Impairment Models
Instrumentation
1Q Balance

Level Controllers
Math Operators.
Measurement Tools
Message Tools
Misc

Modulators
Networking Tools
oFDM

Packet Operators
Peak Detectors
Resamplers
Stream Operators
Stream Tag Tools
symbolcoding
Synchranizers
Trells Coding

Type Comverters
UHD

Varisbles

Video

‘Waveform Generators

W 31~ % tx ofdm.grc i A2 2 X, 745 3 W)

. 0w
kpngx | merallx Qe L
- o v Core
5 2] | v Madulators
E i’ﬂ’w}l"\“‘ﬂ F”hu-Mﬂ FrequencyMod
G P ) I e * Synchranizers
g fug, St Iy ATt U
H 0 e | S i y APk, W 1 M PLLFreq
E-RCE Y wmr\ﬁ lf"t‘ﬂ A ke 1 Al el
j" ‘ﬂ ”1 i "”“T\Nﬁ M f'f [ f '\"‘ ‘W‘f“ "M’J im',‘”l\  Channel Models
= .00 ’1 | ! Freq, Selective IQ Correction
Frequency Selective Fading Madel
120  Digital Television
v VBT
s
T T T T T 1 Frequency Interlever
1494000 196000 188000 1500000 1502600 1504000 1506000  Channelizers
A Frequency Xiakng FFT Flter
- Frequency Xlating IR Filter
DELD  Instrumentation
15 ver
QTGUIFrequency Sink
1 " Blockstream Satellite
Feed-forward Coarse Freq R
£
]
3
o054
11
154
PE
: 15 1 95 0 05 1 15 H
In-phase
haise_power . . G i o G [RCEERERERTREEN)
T Variables
naise_pow <Open Properties>
0OOframe = 31424, 511 rolloff

00Dframe = 31456, snr
000Orame - 31488, snr = ma maxtrials =1
max trials=1

maxtrials =1

te*2

samp_rate symbol
symbal_ral 600000¢
tps 200

W 32~ % dvbs2_rx.grcinfe W2 HivH o

IR EE R X

QODOframe = 31552, sor = 1
o
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Ref: -40.0dBm

Start: 149GHz Center: 1.5GHz Stop: 1.51GHz
RBW: 300kHz Span: 20.0MHz Sw: 500.0ms

OCBW Measurement
Setup MHz
Channel BW: 80 ChPower: -62.3 dBm
Channel Space; 200
QCBW %: 90.0 QOCBW: 5.6 MHz

Copying Screen...

Ref: -40.0dBm

Start: 149GHz Center: 156Hz Stop: 1.51GHz
RBW: 300kHz Span: 20.0MHz Sw: 500.0ms

OCBW Measurement
Setup MHz
Channel BW: 80 ChPower. -417 dBm
Channel Space: 200
OCBW %: 90.0 OCBW: 4.16 MHz

Copying Screen...

Ref: 0.0dBm

Start: 149GHz Center: 1.56GHz Stop: 1.51GHz
RBW: 300kHz Span: 20.0MHz Sw: 500.0ms

OCBW Measurement
Setup MHz
Channel BW: 80 ChPower: -232 dBm
Channel Space: 200
OCBW ¢ 900 OCBW: 5.44 MHz

Copying Screen...

Amplitude

Ref. Level
-40.0dBm

Ref: -40.0dBm

Start: 1.49GHz
RBW: 300kHz

Setup
Channel BW:
Channel Space:
QCBW %:

Copying Screen...

Amplitude
Ref: -40.0dBm

Start: 149GHz
RBW: 300kHz

Setup
Channel BW:

OCBW %:

Copying Screen...

Amplitude

Ref. Level
0.0cBm

Ref: 0.0dBm

Scale
1ms5 21

Start: 1.49GHz
RBW!: 300kHz

Setup
Channel BW:

QCBW %:

Copying Screen..

47

Channel Space:

Channel Space:

Center: 15GHz Stop: 1.51GHz
Span: 20.0MHz Sw: 500.0ms
OCBW Measurement
ChPower: -537 dBm

OCBW. 5.76 MHz

Center: 15GHz Stop: 1.51GHz
Span: 20.0MHz Sw: 500.0ms

OCBW Measurement
MHz
80 ChPower. -326 dBm
200
90.0 OCBW: 4.24 MHz

(d)

Center: 1.5GHz Stop: 151GHz
Span: 20.0MHz Sw: 500.0ms

OCBW Measurement
MHz
80 ChPower: =135 dBm
200
90.0 0CBW: 4.32 MHz

(f)

Amplitude

Ref. Level
-40.0dBm

Amplitude

Ref. Level
-40.0dBm

Amplitude

Ref. Level
0.0dBm

Scale
10621




Amplitude

Ref: 0.0dBm Ref. Level
- i

Start: 149GHz Center: 15GHz Stop: 1.51GHz
RBW: 300kHz Span: 20.0MHz Sw: 500.0ms

Amplitude

Ref: 0.0dBm Ref. Level
- =

Start: 149GHz Center: 1.5GHz Stop: 1.51GHz
RBW: 300kHz Span: 20.0MHz Sw: 500.0ms

QCBW Measurement OCBW Measurement

Setup
Channel BW: . ChPower: 60 dBm
Channel Space: 1
QCBW %: 1 OCBW: 4.32 MHz

Setup
Channel BW: 1 ChPower: -34 dBm
Channel Space: 1
OCBW %: 1 QCBW: 4.24 MHz

Copying Screen... Copying Screen...

(9)

Amplitude

Ref: 0.0dBm Ref. Level
0.0dBm

Amplitude

Ref: 0.0dBm
Scale
10521

Start: 149GHz Center: 1.5GHz Stop: 1.51GHz
RBW: 300kHz Span: 20.0MHz Sw: 500.0ms

Start: 1.49GHz Center: 15GHz Stop: 1.51GHz
RBW: 300kHz Span: 20.0MHz Sw: 500.0ms

OCBW Measurement OCBW Measurement

Setup
Channel BW: .| ChPower. 128 dBm
Channel Space:

OCBW %: OCBW: 4.24 MHz

Setup
Channel BW: 1 ChPower. 127 dBm
Channel Space: 1
OCBW %: 1 OCBW: 4.24 MHz

Copying Screen...

Copying Screen...

W 36 FEAAER F EIH AT R 2 HBELEH F (2)10dB, (b)20dB,
(c)30dB, (d)40dB, (e)50dB, (f)60dB, (g)70dB, (h)80dB, (i)90dB, (j)100dB

A4 BT FHRBRE
AT S EERIEA %2 f255 MPEG-2 TS 415 e’ ¥ & 24740+ 3 sl
S 15 g o KR IR RE

)
BT F AR ETAL PRERR SES DY F 152 E
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SRR EPRIBBBORET IR ERXEHED R e
Bs &4k > B 373 B 414 B 5 tpEdrF 3 & 100 ~ 125 ~ 150 ~ 175 ~ 200
DA E Ao B OSHET AL BT B A F - B
PSS ISR mE G o 1 R HETE P B YA T P RUR DN .
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e
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