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Stepl-1 ¥ % i (T 4P fickh)

2 Ubuntuf % eRaspberry Pi% % » 2EiE ™ 3V Raspberry Pi 4
£ % ehUbuntu Server 20.04 LTS 64-bi 5%

Download your
Ubuntu Pi

image . o o
g Raspberry Pi 2 Raspberry Pi 3 Raspberry Pi 4

Ubuntu 20.04 LTS \ Download 64-bit ’ | \ Download 64-bit ‘ |
RECOMMENDED
The version of Ubuntu with long ‘ Download 32-bit \ Download 32-bit ’ ’ Download 32-bit ’
term support, until April 2025.
Ubuntu 18.04 ’ Download 64-bit ’ ’ Download 64-bit ’
The previous LTS version of

‘ Download 32-bit ’ ’ Download 32-bit ’ ’ Download 32-bit ’

Ubuntu for projects without
20.04 support.

https://ubuntu.com/download/raspberry-pi
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Stepl-2 % = & & (f#/B Hgp: )

- 5 3 Linux® %o ¥ 248 ¢ 95 » xz2 -dv ubuntu-20.04-
preinstalled-server-arm64-+raspi.img.xz #-7+ 3¢ % & enp: § f2
B 4 ¥ 1) = & hUbuntu Server 20.04 LTSz SD-+ p if A
ubuntu-20.04-preinstalled-server-arm64+raspi.img

xz -dv ubuntu-20.04-preinstalled-server-armb4+rasp1.ing.xz
ubuntu-20.04-preinstalled-server-arm64+raspi.img.xz (1/1)

100 % 667.0 M1B / 3,054.4 MiB = 0,218 81 MiB/s 0:37




Stepl-3 ¥ =0 & & (&P Ah)

fRRR &= ,éﬂi%J ~ sudo dd if=ubuntu-20.04-preinstalled-server-

arm64+raspi Img of=/dev/sdx status=progress #-f#/ &g s £
PR AR T ot 0 B Y /dev/sdxp e lg Tt R R OB
g sl L Ubuntushps g ¢ 7 EEERA T o Tt B g

i S G s BB ELD "Mﬁ’r BB EARALPF 154 48

00 1f=ubuntu-20, 84-preanstallea-server-armédtraspn. ng of=/dev/sad status=progress

1023029760 bytes (1.6 68, 976 M ) coped, 285 5, 3.6 MBJJH




Step2 #= =x & *

Bk = = s i+ 4% ~ Raspberry Pi

ﬁ 232 TR
RS

You are required to change your p
Nelcome to Ubuntu 20.04 LTS (G

* Documentation:
* Management:
* Support:

31
% of 58.24GB

Memorw u

Swap usa

-

B¥ F ¥
aubuntu - & » (s F

jord

U/Linux 5.4.0-1008-raspi

1 17:2

0 updates can be 1dinstalled immediately.

0 of these updates are

Failed to connect to https

Last login:

Wed Apr
AADK TS « PR Nar

You must change your
Changing p
Current pa
vord:
Retype new pa

rasswd: Daaanord updated

pa:
for ubuntu.

lew pas:

SUCCesSsS

now and

curity updates.

hangelogs.ubuntu.com/meta-release-1ts.

—

V-

ﬁ;tj T % A

immediately (administrator enforced)

aarc

s://help.ubuntu.com
ape.canonical.com
/ubuntu.com/advantage

5 UTC

Temperafure

for eth@: 10.0.0.12

Check your Interr

from 10.0.0.254

login again!

= bt
Raspberry Pi7g 4] B

E2 —a:,sfr

net connection

;
z

or proxy settings




Step3 X z_sudo i % 75

EIR B ﬁi%l »sudo EDITOR=“vim” visudo » T #-%sudo

ALL = (ALL:ALL) ALLi% {7 #% % %sudo ALL = (ALL:ALL)

NOPASSWD ALL = 1 & % @ % sudoit (7 # ¥ 3% it pF 2
%J »~BEE TR S 3 %—%‘-ESCE’%} WY B X

# User privilege speci
oot ALL=(ALL:ALL) HLL

# Members of the admin group ma
%admin ALL=(ALL) ALL

T B - - — - — — - — N
¥ Allow member C execute anvy comp i

%sudo -LL (ALL: ALL] NDPnSEHD ."-"lLL

# See sudoers(5) for more information on

iincludedir /etc/sudoers.d

18



Step4-1 #c 48 % 2= ({ A7

.com/ubuntu-ports focal-updates/main armé4 : o 2.20.11-Oubuntu27.3 [128
.ubuntL com/ubuntu-ports focal-updates/main : 4 11 «ylv5 arm64 0.4.15-10ubuntul [46.2
.ubuntu.com/ubuntu-ports focal-updat nain 4 1: : common arm 19.12-0ubuntu
com/ubuntu-ports focal-updat nain arm64 libasound2 arm64 1.2. lubuntul [ !
.ubuntu.uomﬁubuntu—port focal-updates/main arm64 libasound2-data all 1.2.2-2.lubuntul [19.1 kB]
ports.ubuntu.com/ubuntu-ports focal-updat ain arm64 linux-firmware all 1.187.1 9.0 MB]
porfh ubuntu.com/ubuntu-ports focal-update ain : 4 software-properties-common all @. 9

.ubuntu.com/ubuntu-ports focal-updat
ports.ubuntu.com/ubuntu-ports focal-updat
porfa ubuntu.com/ubuntu-ports focal-updates/main arm64 sosreport armb4
com/ubuntu-ports focal-updates/main arm64 ubuntu-server arm64 1.450.1 [AJJ} B]
/ubuntu-ports focal-updates/main arm64 wpasupplicant armé4 2 —~lubuntu4.1 [16!
Fetched 137 (
Extracting te ate: ac s: 10
Preconfi
(Readir dat: > 5 files and directori urrently installed.)
_1%3a4. n.l lubunfuﬁ.L..@4_armb .deb ...
l lubunfuﬁ (1:4.8.1-1ubuntu5s)

- database ... 30 files and directories currently dinstalled.)
Preparing to unpack Judev A-4dubuntu3.1_arn .deb ...
Unpacking udev (245.4-4ubuntu3.1l) over (245.4-4ubuntu3)




Step4-2 # 88 % % (B3R # 48)

eI ﬂiﬂ ~ sudo apt install -y iperf3 wireshark rz & % {4
g pleninid £RFHWiperf3 2 3t & 4 47 g0

wireshark

Need to get 19.0 kB of archives.

After this operation, 119 kB of additional disk space will be used.

Get:1 http://ports.ubuntu.com/ubuntu-ports focal/universe arm64 iperf3 armé64 3.7
-3 [14.0 kB]

Get:2 http://ports.ubuntu.com/ubuntu-ports focal/universe arm64 wireshark armé64
3.2.3-1 [5088 B]

Fetched 19.0 kB in 1s (23.8 kB/s)

Selecting previously unselected package iperf3.

(Reading database ... 225325 files and directories currently installed.)
Preparing to unpack .../iperf3 _3.7-3 _arm64.deb ...

Unpacking iperf3 (3.7-3)

Selecting previously unselected package wireshark.

Preparing to unpack .../wireshark _3.2.3-1_arm64.deb ...

Unpacking wireshark (3.2.3-1)

Setting up wireshark (3.2.3-1)

Setting up iperf3 (3.7-3)

Processing triggers for man-db (2.9.1-1)

20



Step4d-3 fix ¥ % % (tasksel)

eI ﬂiﬂ ~sudo apt install -y lightdm tasksel 1«
Linuxedgm 2 L E 2 {5 4§ ¢ * 3| tasksel

Reading package lists... Done

Building dependency tree

Readin ate information... Done

The following additional packages will be dinstalled:

I

}‘\;

acl adwaita-icon-theme-full apg aptdaemon aptdaemon-data aspell aspell-en avahi-daemon avahi-ut
dbus-x11 dconf-cli dekifop—File—utilﬁ dictionaries—-common dns-root-data dnsmasg-base docbook-xm
fprintd gcr geoclue-2.0 Eirl 2-accountsservice-1. G Eirl 2-atk-1.0 Eirl.?—af:pi—?.@ girl.2-freed

eoclue-2.0 L1rl gnomebluetooth-1.0 girl.2 nomed 5 fop .0 girl.' Eraphene—l.@ girl.2

nma-1.0 girl.2 nof1fw—0.r irl.2-pango-1.¢C t1rl -polk g ; 2.0 girl

eCr

gnome-acc b111ty—themed gnome- control-center gnome- {onfrol—tenfer data gnome-control-center-
Enome—online—arrounff g ion-bin gnome-session-common gnome-settings—-daemo|
ome-user-docs treamerl.®-clutter-3.0 reamerl.

reamerl.G—x Ef —eng nea—p1xbuf hun pell en-us ibus ibus-data 1ib lk ibus-gtk3 diio-sensor-
libasound2-plugins libaspelll5 libavahi-core7 libavahi-glibl libavcl394-0 libbluetooth3 libcame
libclutter—1.8-common Llibclutter-gst-3.0-0 libclutter-gtk-1.0-0 libcogl-common libcogl-pango20
libdbusmenu-glib4 libdbusmenu-gtk3-4 1ibdv4 libebackend-1.2-10 libebook-1.2-28 libebook-contact
libedataserverui-1.2-2 libenchant-2-2 libexifl2 libfontencl libfprint-2-2 libfprint-2-todl libg

libEeorlue—ﬁ—@ libEeorode—ElibG libE ) g libalesz libgnome-autoar-0-0 libgnome-bluetoothl3
hoto2-portl2 libgraphene-1.0-0 11

libg

common Libgupnp-1.2-0 Llibgupnp-av-1.0-2

-

libhyphen libibi g cal: d C O libieeel284-3 1libimobiledevice6 libjan
11bmm—h ib® libmozjs 3 14 31: D 14 £123-0 11bmuffer 6-0 11bmwaq1¢11enle 11bndp0 119 bnmo




S
Y

Step4d-4 #ic %8 X%

%P B~ sudo tasksel s
X _Enterstix # Ubuntu desktop & i H#OK 2 = K £ 5 TR 3

| e T s B s Y e T e N e I s Y sy Y e O s B M |
E

lHhinti Rudoie decltan

Ubuntu desktop

' (- ' - . C
LRI LA UCJF‘\.LUP L= L = L B B S LGIIEUGECG

Ubuntu minimal desktop

Ubuntu minimal desktop default languages
Ubuntu MATE minimal

Ubuntu MATE desktop

Audio recording and editing suite

Ubuntu Studio desktop

Ubuntu Studio minimal DE installation
Large selection of font packages

% I 5 )

- ftaskselensd & ¢ 41 * Tab
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Step5-1 § :xRPi7 /& e jy (= %)

a s e s o~ sudo apt install -y linux-tools-raspi linux-
tools—5.4.0—1038-raspi & Linux T enCPUSE 56 33 & B 4
cpupower

Unpacking linux-tools-common (5.4.0-40.44)

Selecting previously unselected package linux-raspi-tools-5.4.0-1613.
Preparing to unpack .../3-linux-raspi-tools-5.4.0-1013_5.4.0-1013.13_arm64.deb
Unpacking linux-raspi-tools-5.4.0-1013 (5.4.0-1013.13)

Selecting previously unselected package linux-tools-5.4.0-1013-raspi.
Preparing to unpack .../4-linux-tools-5.4.0-1013-raspi_5.4.0-1013.13_arm64.deb
Unpacking linux-tools-5.4.0-1013-raspi (5.4.0-1013.13)

Selecting previously unselected package linux-tools-raspi.

Preparing to unpack .../5-linux-tools-raspi_5.4.0.1013.13_arm64.deb

Unpacking linux-tools-raspi (5.4.0.1013.13)

Setting up libdwl:armé64 (0.176-1.1buildl)

Setting up libunwind8:arm64 (1.2.1-9buildl)

Setting up linux-tools-common (5.4.0-40.44)

Setting up linux-raspi-tools-5.4.0-1013 (5.4.0-1013.

Setting up linux-tools-5.4.0-1013-raspi (5.4.0-1013.

Setting up linux-tools-raspi (5.4.0.1013.13)

Processing triggers for man-db (2.9.1-1)

Processing t rs for libc-bin (2.31-Oubuntu9)

ubuntu@ubuntu:~3%




Step5-2 § <RPi T /& 2 ik (% 2)

IR ﬂi%l ~ sudo vim /etc/default/cpufrequtils & ﬂi%] * e
TR N B B~ % 14T ESCH § - wq T Ab X AR
EZ: AT #f#i »~ sudo reboot #-Raspberry Pi € &7/ 1

ENABLE="true"
GOVORNERz"performanceI

"Jetc/default/cpufrequtils” 2L, 37C

24



Step5-3 { :ZRPIiZ /R ® ik (¥ &)

LR ET f PIRIRIE KDL 6 TR 0 B R B
T i N sudo cpupower frequency |nfo'zﬁ;ﬁ? AN AT
= FE % { 0 #current policy = performance = i = 4

S sudo cpupower frequency-info

analyzing CPU ©:
driver: BCM2835 CPUFreq
CPUs which run at the same hardware frequency: 6 1 2 3
CPUs which need to have their frequency coordinated by software: 6 1 2 3
maximum transition latency: 355 us
hardware limits: 600 MHz - 1.50 GHz
available frequency steps: 600 MHz, 1.50 GHz
available cpufreq governors: conservative ondemand userspace powersave performance schedutil
current policy: frequency should bhe within 600 MHz and 1.50 GHz.
The governor "performance" may decide which speed to use
within this range.
current CPU freg : 1.50 GHz (asserted by call to hardware)

25



Stage 1 Check List

HETENTS

Raspberry Pip% 4%

A i

kb B

Raspberry Pi& k&

k2]
2

L"-
AL

FEOPE g © it ie i+ T 7 U
Gt EFTRS

iz » iperf3 --version 2 wireshark --version

FErd B eRRIR R AT R0 BAE K

a.mubuntu -desktop® T % K £ R
f6 ¥ 1§ Fds

ﬁ;ﬁ * sudo cpupower frequency info £g3%
#-7 Uk Ry 3K E_5 performance
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Stepl % %= Dependency

I A ﬂi%] ~ sudo apt install -y libfftw3-dev
libmbedtls-dev libboost-program-options-dev libconfig++-dev
libsctp-dev Iibczmq-dev cmake build-essential git gtbase5-dev
libgwt-qt5-dev 12 & 218 F 973 & 975 4p R ARV B

Setting libstdc++-7T-dev:iarmé4 (7.5.0-6ubuntu2)

Setting libczmgd4:armé4 (4.2.0-2) .
libfftw3-bin (3.3.8-2ubuntul)
libboostl.71-dev:armb4 (1.71.08-6ubuntu6)
uuid-dev:arm64 34-0. lubuntu9)
comerr—-dev:armg4 (2.1-1.45.5-2ubuntul)

g libsctp-dev:arm64 (1.0.18+d 1)
Setting libconfig++-dev:arm64 (1.5-0.4buildl)
Setting libfftw3-dev:arm64 (3.3.8-2Zubuntul)
Setting krb5-multidev:arm64 (1.17-6ubuntu4)

Setting libboost-program-optionsl.71l-dev:armé4 (1.71.0-6ubuntué)
Setting libkrb5-dev:armé4 (1.17-6ubuntu4d)
Setting libboost-program-options-dev:armg4 (1.71.0.0ubuntu2)
Setting libzmg3-dev:arm64 (4.3. zubuntulj
libczmg-dev:iarm6d (4.2.0-2) ...
g tri rs for libe-bin .31-0ubuntu9)
g triggers for man-db {2._. lj

Progress: [ 99% | MEEEEEEEEEREEREEEEEREEEREEREERE SRR EREEREEEEEEEEEEEEREERE RS R R R R R R 2




Step2 % = UHD

eI ﬁi;f] »~sudo apt install -y libuhd-dev libuhd3.15.0
uhd-hostr2 % 7z USRP Hardware driver(UHD)

ubuntu@pidepc:~$ sudo apt install -y libuhd-dev 1libuhd3.15.8@ uhd-host

Reading package lists... Done

Building dependency tree

Reading state information... Done

The following additional packages will be installed:
adwaita-icon-theme at-spi2-core blt fontconfig fontconfig-config fonts-dejavu-core
fonts-lyx freeglut3 gnuradio gnuradio-dev gtk-update-icon-cache hicolor-icon-theme
humanity-icon-theme icu-devtools javascript-common libasyncns® libatk-bridge2.8-0
libatkl.0-@ libatkl.@-data libatspi2.0-0 libavahi-client3 libavahi-common-data
libavahi-common3 libblas3 libboost-atomicl.7l1-dev libboost-atomicl.71.0

libboost-chronol.71-dev libboost-chronel.71.0 libboost-date-time-dev

libboost-date-timel.71l-dev libboost-date-timel.71.0 libboost-filesystem-dev
libboost-filesysteml.71-dev libboost-filesysteml.71.0 libboost-regex-dev
libboost-regexl.71l-dev libboost-regex1.71.0 libboost-serializationl.71l-dev
libboost-serializationl.71.0 libboost-system-dev libboost-systeml.71-dev
libboost-systeml.71.0 libboost-test-dev libboost-testl.71-dev libboost-testl.71.0
libboost-thread-dev libboost-threadl.7l-dev libboost-threadl.71.0 libcaca®
libcairo-gobject2 libcairo2 libcanberra-gtk-module libcanberra-gtk® libcanberra-gtk3-0
libcanberra-gtk3-module libcodec2-0.9 libcolord2 libcppunit-1.15-0 libcppunit-dev libcups2

libdatriel libdouble-conversion3 libdrm-amdgpul libdrm-nouveau? libdrm-radeonl libegl-mesa@
libegll libepoxy® libevdev2 libexpatl-dev libflac8 libfontconfigl libfreetype6




Step3 ™ 3*Image

% % = UHD & & & = 4 ¢4 » sudo /usr/lib/uhd
/utils/uhd_images_downloader.py -T2 §*USRP SDR*¥ #7
2 * FPGAP: t#

5 sudo fusr/lib/uhd/utils/uhd_images_downloader.py -T
[INFO] Imah.ﬂ destination: /Jusr/share/uhd/images
[INFO] No 1n\en+oru ile found at /fusr bhare;uhdfimage inventory.json. Creating an empty one.
(3% '49 Tip

tha defaulf—
default-gfde2ad”

_b206@_fpga_default-gfde2a94e
_bZ@@mini_fpga_default—gfdeiaﬁ4e
b216_fpga_default-gfde2
_b205mini_fpga_default- hfdeL
_common_fw_default-g2 9
usrp2_usrp2_fw_default- Ebbe
usrp2_usrp2_fpga_default
usrp2_n200_fpga_default
usrp2_n200_fw_default-
usrp2_n210_fpga_ defaul :
/ 00009 kB (100%) usrp2_n2l0_fw_default-gbbeal3d.z




Stepd-1 441 (A5 3 RUSB# %)

ﬂi%l ~ dmesg --follow T #-USRP B2104#& » RPi_} #USB3.04&
TRk ame ® F I Kermnel R3] 5 ; %frmUSBﬁ“‘“ ’
FE- |dVendor£ idProduct 14 & 18 S @ * o NH
Vendor % 2500 - idProduct = 0020

new high-speed USB device number 8 using xhci_hcd

: New USB device found, idVendor=2500, idProduct=0020, bcdDevice= 1.00
: New USB device strings: Mfr=1, Product=2, SerialNumber=3

Product: WestBridge

: Manufacturer: Cypress

: SerialNumber: 000Q0000004BE

: USB disconnect, device number 8
new high-speed USB device number 9 using xhci hcd

: New USB device found,| idVendor=2500, idProduct=0020, bcdDevice= 1.00
: New USB device stringsT Mir-1, Proauct-2, SEFTETNUMDer=3

Product: WestBridge

: Manufacturer: Cypress

: SerialNumber: 000Q0000004BE

Q_\'?:QPL

[ I I R e e e

e T T T T T S T S T
|
| T T N S S SR SN S S SR S

94 ]
._.-:l
]
]
]
]
29|
03]
35]
]
]
]
95 ]



Stepd-2 4= 451t (4 4 #TUSB# & )

i ~sudo Isusbrr & 5 P =k su@ GOUSBXE » ¥ U g

J%:'J i B ] e sk B 2500:0020 » gt R T 5 AP R KR
USRP B210 > & & %] + F FPGA®R A 4= 41t » Flpt ¢
a2 USB2.0 Hub » pt 5 & % B %

ubuntu@pidue:~$ sudo lsusb
Bus 002 Device 001: ID 1d6b:0003 Linux Foundation 3.0 root hub
Bus 001 Device 009: ID 2500:0020 USB2.0 Hub

Bus 001 Device 002: ID 2109:3431 VIA Labs, Inc. Hub
Bus 001 Device 001: ID 1d6b:0002 Linux Foundation 2.0 root hub




Step4-3 #= 45 i+ (uhd_usrp _probe)

#i ~ sudo uhd usrp probeu & FUSRPeFE 48 1 R » o B 42
S R kAP T ot USBEE R 474 1 #F USRP
AR > 7 1% 3 RIKI% S SUSRP B210¢ i I Ak 18R] T o
”‘Bé;‘ ’L }#Q—?J/‘/,‘%Im USRP B210_} mm/})%lifﬂ/ T E @;E} e
el 1 At ‘1 J

ubuntu@pidepc:~$ sudo uhd_usrp_probe

[INFO] f”HD] linux: GNU C++ version 9.2.1 20200228; Boost_107100; UHD_3.15.0.0-2build5
[INFO] [B Detected Device: B210

[INFO] Operating over USB 3.

[INFO] Initialize CODEC control...

[INFO] Initialize Radio control...

[INFO] Performing register loopback test...

Register loopback test passed

Performing register loopback test...

Register loopback test passed

Setting master clock rate selection to 'automatic'.
Asking for clock rate 16.000000 MHz...

Actually got clock rate 16.000000 MHz.

[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]

I_II_II_II_II_II_II_II_II_II_II_I




Step4-4 4= 4t (£ == A F USBX &)

i :'zﬂig?l »sudo Isusb ¥ ¥ 5 2|k KAk 5 USB2.0 Hub:
2500:0020 = ‘g8 4] e 755 5 USRP sl £8 > 27 A4~ 4 1
™~ F%

ubuntu@pidue:~$ sudo lsusb
Bus 002 Device 002: ID 2500:0020 Ettus Research LLC USRP B200

Bus 002 Device 001: ID 1déb:0003 Linux Foundation 3.0 root hub
Bus 001 Device 002: ID 2109:3431 VIA Labs, Inc. Hub
Bus 001 Device 001: ID 1d6b:0002 Linux Foundation 2.0 root hub




P

Step4-5 #7421 (& A USB:& i+ ;5%

ﬁia?J »sudo Isusb -d 2500:0020 -v 14 %", 7 7Z2USBH § o77%- s
e3> FEsabedUSB 2 3.0 0 0t 557 KR P W i@ (FHC
X 5 Bg7 USRP B210p % 38 Ffsﬂ %

Bus 002 Device 002: ID 2500:0020 Ettus Research LLC USRP
Device Descriptor:
bLength 1

hNecsrrintoarTune

-

bedUSB 3.00

bUeviceClass /55 Vendor Specific Class
bDeviceSubClass 0

bDeviceProtocol 0]

bMaxPacketSizel 9

idVendor Ox2500

idProduct Ox0020

bedDevice 0.00

iManufacturer 1 Ettus Research LLC
iProduct 2 USRP B200




Stepd-1 % zsrsGUI(™ 3¢)

@z » git clone https://github.com/srsLTE/srsGUI.git &&
cd srsGUI 2 F ;‘1 srsGUIz. J 4275

:~S git clone https://github.com/srsLTE/srsGUI.git
Cloning into 'srsGUI'...
remote: Enumerating objects: 48, done.
remote: Counting objects: 100% (48/48), done.
remote: Compressing objects: 100% (37/37), done.

remote: Total 333 (delta 18), reused 17 (delta 7), pack-reused 285
Receiving objects: 100% (333/333), 91.89 KiB | 192.00 KiB/s, done.
Resolving deltas: 100% (164/164), done.
:~S$ ¢cd srsGUI/
s




Steps-2 % ZsrsGUI(cmake)

#im ~ mkdir build && cd build && cmake ../r4 i * cmake 2 2
akefile » F-Fxzacmake shiE A2 ¢ 2§ 1V IR E 0 45 R
Makefile+ Feis 2 2

$ mkdir build
$ cd build/
S cmake ../
The C compller identification is GNU 9.3.0
The CXX compiler identification is GNU 9.3.0
Check for working C compiler: /usr/bin/cc
Check for working C compiler: /usr/bin/cc -- works
Detecting C compiler ABI info
- Detecting C compiler ABI info - done
Detecting C compile features
- Detecting C compile features - done
Check for working CXX compiler: /fusr/bin/c++
Check for working CXX compiler: /usr/bin/c++ -- works
Detecting CXX compiler ABI info
Detecting CXX compiler ABI info - done
Detecting CXX compile features
Detecting CXX compile features - done

Configuring Boost C++ Libraries...
Found Boost: /usr/lib/aarch64-1linux-gnu/cmake/Boost-1.71.0/BoostConfig.cmake (found suitable version "1.71.0", minimum required is "1.37")

- Boost version: 1.71.0
Using Boost Filesystem V2
Boost include directories: /usr/include
Boost library directories: /usr/lib/aarch64-1linux-gnu
-- Boost libraries: Boost::thread;Boost::unit_test_framework;Boost::system
CMake Warning (dev) at cmake/modules/FindQwt.cmake:104 (SET):
implicitly converting 'DOC' to 'STRING' type.
Call Sstack (most recent call first):
src/CMakeLists.txt:7 (FIND_PACKAGE)
This warning is for project developers. Use -Wno-dev to suppress it.

Found Qwt: /usr/lib/libqwt-qt5.so (found version "6.1.4")

e R SR oy e e g

Configuring done
Generating done
Build files have been written to: /home/ubuntu/srsGuIl/build




Step5-3 & ZZsrsGUI(make)
A2

ﬂi%l ~ make -j4r2 i #* B
mirEAET 3 I EREFE B ﬁr%ﬁﬁ“'ﬁq[@?
rmake sz % BT 3 5 Do B AT a0 §k

100%
100%
100%

Built target complexplot test
Built target scatterplot_test
Built target waterfallplot test

[
[
[
|
[
[
[
I

]
%]
%]
%]
100%] Built target realplot test
]
]
]

Makefilei& {7 ¥:¥ > 3577 Jmid
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Step5-3 % ZZsrsGUI(make install)

ﬂi%l ~ make install vz #-k] b 3 :84F asrsGUI % 55 % ed
PR KR ARAC T Bl AT

Install configuration:

- Up-to-date: Jusr/local/include/srsqgui
Installing: /usr/local/include/srsgui/srsgui++.h

- Up-to-date: Jusr/local/include/srsgui/plot
Installing: /usr/local/include/srsgui/plot/Scatterplot.h
Installing: /Jusr/local/include/srsqui/plot/Waterfallplot.h
Installing: /usr/local/include/srsgui/plot/plot_waterfall.h
Installing: /Jusr/local/include/srsgui/plot/plot _complex.h
Installing: /Jusr/local/include/srsgui/plot/text _edit.h
Installing: /Jusr/local/include/srsgui/plot/plot real.h
Installing: /usr/local/include/srsqui/plot/plot_scatter.h
Installing: /Jusr/local/include/srsgui/plot/KeyValue.h
Installing: /Jusr/local/include/srsqui/plot/TextEdit.h
Installing: /usr/local/include/srsgui/plot/key value.h
Installing: /Jusr/local/include/srsgqui/plot/Realplot.h
Installing: /usr/local/include/srsgui/plot/Complexplot.h
Installing: /Jusr/local/include/srsgui/srsqui.h

- Up-to-date: Jusr/local/include/srsgui/common
Installing: /Jusr/local/include/srsgui/common/Lineplot.h
Installing: /usr/local/include/srsgui/common/Events.h
Installing: /usr/local/include/srsgui/common/Pointplot.h
Installing: /usr/local/include/srsgui/common/WaterfallData.h
Installing: /usr/local/include/srsgui/common/Spectrogramplot.h
Installing: /usr/local/lib/libsrsqgui.so




Stepb = #<SISLTE

&

G5t A Fislablangl B2 8 Sl x & ESSLTE » JEiL 3 &
cmakesig A2 ¢ & F = 7 4 ] TJUHD % srsGUI » = # 8 B
Flecmaked & 4o Bl AT

UHD LIBRARIES fusr/lib/aarch64-linux-gnu/libuhd.so
- UHD INCLUDE DIRS /usr/include
Found UHD: /usr/lib/aarch64-linux-gnu/libuhd.so
- Checking for module 'libbladeRF'
No package 'libbladeRF' found
libbladeRF not found.
FINDING SOAPY.
Checking for module 'SoapySDR'
No package 'SoapySDR' found
LibSOAPYSDR not found.
FINDING ZEROMQ.
Checking for module 'ZeroMQ'
No package 'ZeroMQ' found
Found LibZEROMQ: /usr/include, fusr/lib/aarch64-linux-gnu/libzmg.so
Found Boost: fusr/lib/aarch64-1inux-gnu/cmake/Boost-1.71.0/BoostConf1
SRSGUI LIBRARIES /fusr/local/lib/libsrsqui.so
SRSGUI INCLUDE DIRS Jusr/local/include
Found SRSGUI: fusr/local/lib/libsrsqui.so
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Stage 2 Check List

EETNNTY

UHD & FPGA Image  #& 3% UHD ©

USRP B210

srsGUI

SIsLTE

FPGA s 'M‘%

FEUSRP B210e ‘5 = #4 A% {8 B B

Ho7 5 USB3.0 0 %3 fw&fa‘z;@mp

#]E]ﬁ' ~3_}@=~‘§.‘1’.3

F.usrsGUI S FEA Y A

/J \“/U P\

FrEsIsGUI & & 1 rrak S8 2 = 7
RN Cmakez’v’ﬂiﬁﬁir’ 4 % 0

UHD % srsGUI

TREMKE XD 0T

< L

< L
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Outline

« Stage 3. SISLTEz%X % % & /7|
o Stepl X ZeNB
o Step2 %k = UE
o Step3 4 FEPC
o Step4 3% i7eNB
o Step5 34 7 UE T ip|3#
o Stepb i 4dr LT E BB
o Step7 Bl & Jni &
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Stepl-1 3% T_eNB(enb,gui section)

#eNB_F @5 »~ sudo vim /etc/srslte/enb.confrs SmiEsrsenb ek
A 0 #enb]d Bl ek B E e T Bl - tkeppo 3 0 H Y

nprbz - PFRF®# * % -5 BPhysical Resource Block:g f=
7k g i 0 @ tm = eNB e Transmission Mode - e P& 5 #-

[Qui] % BL. T enablezk & true ! fx#=srsGUI

[enb]

enb_id = 0x19B

mcc = 001

mnc = 01

mme addr = 127.0.1.100

gtp _bind_addr 127.6.1.1
slc _bind addr 127.0.1.1
n prb = 15

tTm =

nof ports
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Stepl-2 =k Z_eNB(rf section)

Fw - FeNBRR T o sk T[] Ak 2 iE e
SAc T BTN ® 0 B P odlearfeny 1 iEiE A £
Downlinkﬁwﬁﬁgﬁﬁﬁ » @ IX_gainZ rx_gaink %) & @ix 2 B
feen@ ML AN 5 > F AT D HidEeNB2 UE
WA Rtx_gaing £ 7 RAZ:E60dB 0 TRV o g AT

[rf]

dl _earfcn = 3400
tx_gain = 80
rx_gain = 40

device_name = UHD

# For best performance in 2x2 MIMO and >= 15 MHz use the following device args settings:
oD ¥ e r —
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Step2-1 =k = _UE(rf section)

#UE1% UE2} ﬂi%] » sudo vim /etc/srslte/ue.confri s iEUE &7
TA o B[] BB P ek TE T A Ao T BT ) F o
f' | earfcn* BeNB- & - £ % &5 A A Bm;«;,;;‘—:tah
device args:z = tx_subdev spec=A:B,rx_subdev spec=A:B

[rf]
dl_earfcn = 3400

freq_offset = ©

o ) |z gr—
tx_gain = 60 e 2, A'B T
rx_gain = 40 ¥ = - )(
g .

#No Lalfrwers = 1
nof_antennas = 1

A:B RX

=8 AARX

device name =
device_args = tx_subdev_spec=A:A,rx_subdev_spec=A:A
#time_adv_nsamples = auto

S AA T
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Step2-2 2% T_UE(usim, gui section)

B T4 0 3 #-UEL m[u3|m] p\ 75 AT
AT s @ UEZm[usm] ﬁz Boh B e F]”é» S o
¢ hf g 2 EPCY muser_db.csv— 3 o IF P R#-[gui]

T BT z’v’ﬂenable;{ = true 2 gz d= srsGUI

soft
milenage
63BFASOEE6523365FF14C1F45F88737D
00112233445566778899aabbccddeeff
001010123456780

353490069873320

#reader =

xXor

= 63BFASOEE6523365FF14C1F45F88737D
00112233445566778899aabbccddeeff
001010123456789

353490069873319

#p1

UELX T4 M 7 UE2X T45P 7




 EPC i » sudo srsepc it fx#EPC » & 54 % & f4c ™ Ml

Step3-1 34 7 EPC

——

T5T

S sudo srsepc

Built in Release mode using commit c892ae56b on branch master.

Software Radio Systems EPC

Reading configuration file /fetc/srslte/epc.conf...
HS5S Initialized.

MME S11 Initialized

MME GTP-C Initialized

MME Initialized. MCC: Oxf081, MNC: oxffe1l

SPGW GTP-U Initialized.

SPGW 511 Initialized.

SP-GW Initialized.
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Step3-2 34 {7 EPC(## 1% 3% %)

A EPCH % Labledi B2 5 % .7 Blap % ﬂig?J/\;F Lol 3k
T EPC it ¢ 32 > ¥ @& * sudo |ptables -t nat -L
POSTROUTING -v % A" X T2 R EEF /x> H P
ens2s0 = & = b ¥ EPCig & 7| *F IR it cndi o T4

Ty
"

:~S echo 1 | sudo tee /[proc/sys/net/ipv4/ip forward
1
:~$ sudo iptables -L POSTROUTING -t nat -v
Chain POSTROUTING (policy ACCEPT @ packets, 0 bytes)
pkts bytes target prot opt in out source destination
:~$ sudo iptables -A POSTROUTING -t nat -s 172.16.0.8/24 -0 enp2s0 -j MASQUERADE

:~$ sudo iptables -L POSTROUTING -t nat -v
Chain POSTROUTING (policy ACCEPT 2 packets, 119 bytes)
pkts bytes target prot opt in out source destination
e ® MASQUERADE all -- any enp2s® 172.16.0.0/24 anywhere
=5
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Step4-1 #4 7 eNB(Fx i tf if )

& eNB + 35 » /lib/uhd/examples/rx_ascii_art_dft --freq
2685e6 --rate iOeG --gain 40 --bw 3e6 --ref-lvl -20 --subdev
AAuﬁéﬁﬁwig&%ﬁﬁ{@é%ﬁA%%’ﬁﬂ

-—freq;% AP SHE S > d dl earfcnd & 7 v o F & o7 o0
AT IMNEFEIDAE-T0dBIL ™ I # @ % 545 0 BRI { ¥
eNBﬂ UE &dl_earfcn

[f-F]lreq: 2685.000 MHz [r-R]ate: 18.80 Msps [b-B]w: 3.080 MHz | [g-G]lai

[d-D]yn Range: 60 dB | Ref [l-L]evel: -2 dB | fp[s-5] : 5 | [t-T]uning step: 1.060 M

c Jaa 4 -
AN S NN AN N IBEE s |
2685MHz 2
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Step4d-2 31 7eNB(%

= eNB_} ﬂi%l »~sudo srsenbfx#-eNBis &+ 7 Tle

TRl ) F 0 B g FxdesrsGUI AR T

S sudo srsenb
Software Radio Systems LTE eNodeB

Reading configuration file /etc/srslte/enb.conf...

Built in Release mode using commit c892ae56b on branch master.

Opening 1 channels in RF device=UHD with args=default
1linux; GNU C++ version 9.2.1 26200304; Boost_1071600; UHD_3.15.0.
Fastpath logging disabled at runtime.
Opening USRP channels=1, args: type=b200,master_clock_rate=23.04e6
Detected Device: B210
Operating over USB 2.
Initialize CODEC control...
Initialize Radio control...
Performing register loopback test...
Register loopback test passed
Performing register loopback test...
Register loopback test passed
Asking for clock rate 23.040000 MHz...
Actually got clock rate 23.040000 MHz.
Setting frequency: DL=2685.0 Mhz, UL=2565.0 MHz for cc_1idx=0

==== eNodeB started ===
Type <t> to view trace
Starting plot for worker_id=0

QStandardPaths: XDG_RUNTIME_DIR not set, defaulting to '/tmp/runtime-root'

g

0-2b

Channel Response -
Magnitude

LAARA) LEAA] RARAS LAAMS Wb
0 501005@0®50
Index

Channel Response -
Argument

0 501005Q0Q@50
Angle

srsENB

Quadrature
bbb borNnuwa

Quadrature
bbb boe N W os

PUSCH - Equalized
Symbols

In-phase

PUCCH - Equalized
Symbols
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Step4d-3 31 7eNB(Fx 7 USRP# i)

R A %ﬂi ’ ~-5J’§.z\ FRX 0 % J’%.z\ "FTX




(0 1 )

E

& UELlz #_ UE2#, 7 /lib/uhd/examples/rx_ascii_art_dft --freq

»
vEI
»

/

V4

N2
\|
 —

Step5-1 #, 7 UE

(9]
(Vg

> \m =
55 =
o 2=
> ,
Q_u.w..ﬁaT
_k.t”J
o.£ 1
o_mH
= ° oo
- 0O =
Y
O f =
1
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L T ===
QP ===
W,,,.‘aﬁmﬁ
28 s
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Of
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ne_».ﬂ_ ‘ﬁ
-III I..T
Ly B
Gy;w/{T
S Ty b
ln_rumfﬂ.ﬂ
m.._nly;w;ﬂ
o
.3
xS
O D QY
R
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Step5-2 #, 7 UE X jp|3&(srsue)

2 UE1f-UE24 %] 3% {7sudo srsue » = # 34 {7 en35 s B UEIR
&g J 3k 4 + eNB 2 EPC T s — 1 srsGUI&E -+ PDSCH £
symbolk ig > = # @ F e & 4o Bl HTow

Built in Release mode using commit c892ae56b on branch HEAD.

opening 1 channels in RF device="UHD" with args=tx_subdev_spec=A:A,rx_subdev_spec=A:A
Device "UHD" not found. Switching to auto mode
1inux; GNU C++ version 9.2.1 20200228; Boost_107100; UHD_3.15.0.0-2builds
Fastpath logging disabled at runtime.

Opening USRP channels=1, args: ,,master_clock_rate=23.04e6 Software Radio Systems, Ltd
Detected Device: B21@

Operating over USB 3.
Initialize CODEC control... -
Initialize Radio control... PDSCH - qu-la"ZEd
Performing register loopback test... Symbols
Register loopback test passed
Performing register loopback test... 4
Register loopback test passed 3
Asking for clock rate 23.040000 MHz...
Actually got clock rate 23.040800 MHz. 2 2
Setting tx_subdev_spec to 'A:A' B 1
Setting rx_subdev_spec to 'A:A' m = o T
Waiting PHY to initialize ... ° E 3 = 0
-10 3 2
done! ] 5 -1
Attaching UE... ] o-2
Starting plot for worker_id=6 B C
SstandardPaths: XDG_RUNTIME DIR not set, defaulting to '/tmp/runtime-root’ -30 E - -30 -3
- -40 -~ =~ -40 -4
Found Cell: Mode=FDD, PCI=1, PRB=15, Ports=1, CF0=-1.6 KHz [ Mk b ke e ol [T T T
FOUSd PLMN: 1d=00101, TAC=7 0 20406080020 4 3 2 -1 0o 1 2 3 4
Random Access Transmission: seq=48, ra-rnti=0x2 -
Random Access Complete. c-rnti=0x46, ta=1 Index In phase
RRC Connected

RF status: 0=0, U=1, L=0

Network attach successful. IP: 172.16.6.2
Software Radio Systems LTE (sSrsLTE)



UE:i £ F eNBezn 4

= ¥ - BUE Attach F eNBp= > eNB/@;;*K g k8o — 1% User
OxXX connected =t 4, » @ & UEfreNB- ARG UTEF
¢ &2 51 Disconnecting rnti=0xXX 3t 4

1linux; GNU C++ version 9.2.1 20200304; Boost_107100; UHD_3.15.0.0-2build5
Fastpath logging chabled at runtime.
Opening USRP channels=1, args: type=b206,master_clock_rate=23.04e6
Detected Device: B210©
Operating over USB 2.
Initialize CODEC control...
Initialize Radio control...
Performing register loopback test...
Register loopback test passed
Performing register loopback test...
Register loopback test passed
Asking for clock rate 23.848000 MHz...

Actually got clock rate 23.040000 MHz.
Setting frequency: DL=2685.0 Mhz, UL=2565.0 MHz for cc_idx=60

eNodeB started ===
<t> to view trace
tti=8361, preamble=39, offset=3, temp_crnti=0x46

Disconnecting rnti=0x46.
RACH: tti=3861, preamble=27, offset=1, temp_crnti=0x47
User 8x47 connected
RACH: tti=3921, preamble=6, offset=3, temp_crnti=0x48
Disconnecting rnti=0x48.
RACH: tti=9461, preamble=33, offset=1, temp_crnti=0x49
User 0x49 connected




UE:g # + EPCFF er3n

= ¥ — BUE Attach_t EPCp* >
GTPii i enTEID 2 2 IPf:‘:izL
UE=$ #13k Z_nIMSIE_% -
+EPCeg

SPGW: Allocated Ctrl TEID 1

SPGW: Allocated User TEID 1

SPGW: Allocate UE IP 172.16.0.2

Received Create Session Response

Create Session Response -- SPGW control TEID 1

Create Session Response -- SPGW S1-U Address: 127.0.1.1608
SPGW Allocated IP 172.16.6.2 to IMSI 001010123456789
Setup Request
Sent Initial Context Setup Request. E-RAB id 5

Received Initial Context Setup Response

E-RAB Context Setup. E-RAB id 5
E-RAB Context -- eNB TEID 0x460003;
UL NAS: Received Attach Complete
Unpacked Attached Complete Message. IMSI 1018123456789

UE1

Adding attach accept to Initial Context

eNB GTP-U Address 127.06.1.1

V4
2]
[ANSN

' SPGW s § # e 4% UE— ik
i# HEPC 18 7 IMSI 2
» % - % % % UE 4 # Attach

SPGW: Allocated Ctrl TEID 2

SPGW: Allocated User TEID 2

SPGW: Allocate UE IP 172.16.8.3

Received Create Session Response

Create Session Response -- SPGW control TEID 2

Create Session Response -- SPGW S1-U Address: 127.8.1.1600

SPGHW Allocated IP 172.16.0.3 to IMSI 001010123456780

Adding attach accept to Initial Context Setup Request

Sent Initial Context Setup Request. E-RAB id 5

Received Initial Context Setup Response

E-RAB Context Setup. E-RAB id 5

E-RAB Context -- eNB TEID ©x490803; eNB GTP-U Address 127.08.1.1
UL NAS: Received Attach Complete
Unpacked Attached Complete Message.

UE2

IMSI 1016123456780
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Steps-3 34 7 UE T P32 (USRP# iy

% UE= 7 Attach_F eNB s 2 F 5. 40T Bl #77 o T B+ 2
15 & g bl hUEL > % S A AAD =] o T 3 cHUSRP
B210: UE2 » x s & A A Beniz §
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Step5-4 1 = UET: B

e ﬁ%ﬁ

+ Labl e 22
I

% Fmtr -tn 8888 i

2
3

-

e (a

X T UE1% UE2:3p 3K ﬁéﬁ

f 34e

il

T~

A SUERSE v 115 :8eNB 2 EPC:d 3] Internet

pidue2 (172.16.0.3)
Keys: Help

Host

172.16.0.1
10.0.200.254
140.127.208.254
192.168.1.254
140.127.160.193
192.192.61.154
192.192.61.21
192.192.61.185
192.192.61.198
72.14.196.229
108.170.244.33
209.85.254.233
8.8.8.8

1.
2.
3
4.
5.
6.
Te
8.

Display mode

My traceroute

[ve.93]

Restart statistics

Lossk

0.
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
.0%
. 0%
. 0%
. 0%
. 0%
. 0%

[clloBoBooBoBooBoBoolo

0%

Packets

Snt

nmmumobnmummonmobunmounnonono O

2020-07-26T12:

Order of fields

NWUBnmMoeo s OONWONOLVLWSH

Avg

23.
27.
22.
25.
25.
28.
27.
32.
30.
32.
28.
34.
31.

NABLBEOOSLBENA_BNBABUVWLAN

Pings

Bes
15.
18.
14.
15.
15.
18.
23.
19.
17.
18.
29.
19.

t

QL ONOOOWNWNNNN

iR

)

50:32+0000
quit

Wrst StDev

36.
34.
32.
35.
32.
38.
37.
40.
42.
43.
40.
40.
45.

4

H 0O LB VOO HOBEBABNN

8.

- b
QL OO0 UVUNNOSNNSNO
~N~NNoOoohsAO0OWSNOWAULE W

[
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Step6-1 i 44~ 3 id if 2% (PDSCH)

%

THB FUE! gursGUIZ & > K T 2 w LB P A F R &
ST e 2 L E TR E R E > LRI R
2 ®BSymbolenl/QT 6 o ¥ W23 P w411 640AM e
A

—\\

S
Sy JF

Software Radio Systems, Ltd I

|HOO| PDSCH - Equalized

40 40 Symbols
30 30 4
20 20 3
10 10 E x
S o 0 E;
-10 10 -
20 20 || &,
-30 30 .3
-40 -40 -4

0 2040e08M0Q20 -4 -3 -2 -1 0 1 2 3 4
Index In-phase




Step6-2 R 454 T3 i g2 (PUSCH)

T B eNBF asrsGUISRN A~ F & > R T - bk B Y3
FRIBTR T + B EARTEHN T RAEFTHE > 2
# L %gipusc:H Symbol 1/QL & 7 11 B 5| p % 22
16QAM= 3N i (733 &
Channel Response - PUSCH - Equalized
Magnitude Symbols

40
30
20
10
0
-10
-20
-30
-40

dB
=]
Quadrature

0 5010 5®@0®@50
Index




Step7 P& il &

. EPCF 34 7iperf3 -s¥ & H2 ¢ — i UE_} 34 {7 iperf3 -c
172.16.0.1 -t 60 -1 10 -b Im --bidirsy = g il & B3R
2% 4o Bl ot 0 Downlinki: i & 5 450Kbps - Upllnk‘}n‘u
ii ¥ % 657Kbps

Connecting to host 172.16.0.1, port 5201
5] local 172.16.0.16 port 51492 connected to 172.16.0.1 port 5201
7] local 172.16.0.16 port 51494 connected to 172.16.0.1 port 5201
ID][Role] Interval Transfer Bitrate Retr Cwnd
5][TX-C] 0.00-10.00 sec 795 KBytes 652 Kbits/sec 65 2.83 KBytes
7][RX-C] 0.00-10.00 sec 482 KBytes 395 Kbits/sec
5][TX-C] 10.00-20.00 sec 602 KBytes 493 Kbits/sec 60 2.83 KBytes
7][RX-C] 10.00-20.00 sec 725 KBytes 594 Kbits/sec
S][TX-C] 20.00-30.00 sec 370 KBytes 304 Kbits/sec 49 2.83 KBytes
7][RX-C] 20.00-30.00 sec 983 KBytes 805 Kbits/sec
5][TX-C] 30.00-40.00 sec 520 KBytes 426 Kbits/sec 58 1.41 KBytes
7][RX-C] 30.00-40.00 sec 853 KBytes 699 Kbits/sec

5][TX-C] 40.00-50.00 sec 525 KBytes 430 Kbits/sec 54 2.83 KBytes
7][RX-C] 40.00-50.00 sec 868 KBytes 711 Kbits/sec
5][TX-C] 50.00-60.00 sec 594 KBytes 487 Kbits/sec 59 4.24 KBytes
7][Rx C] 50.00-60.00 sec 901 KBytes 738 Kbits/sec

ID][Role] Interval Transfer Bitrate

51ITX-C1 0.00-60.00 3.33 MBvtes 465 Kbits/sec sender
5][TX-C] 0.00-60.02 3.22 MBytes 450 Kbits/sec receilver
71IRX-C1 fA._600-60_608 4 /R MButes 669 Kbits/sec 3 - sender
4

71[RX-C] 0.00-60.02 .70 MBytes 657 Kbits/sec receiver

iperf Done.
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Stage 3 Check List
EETENLY:

eNBzX Z_

UE:K <

T R SRR

eNB i

BT

UE:g ¥
e BR g i
srsGUI

DN
~

in-

il
T~

z

El\zo\.xeNBr}i ﬁ"haig; LR - R

@LWUElfr’UEZ& TEPT - K PUEL
FrUE2% =2 EPC*® user_db.csv- 3k

FEFRALR * 2 m M A fm A

4 UEsd ¢ * #7238 A 5 hAg2nE % 42 Jc5leNB
MT’% E"Tm,m 4\5!\ fz‘m %’fo

a.FMUEqurUEZ-‘"K i+ % 27eNB % EPC:z &
FEsn e UE Y 7 r2:g & 3] Internet
FESISGUI ¢ & fad I & ¥R 2

rLiprf3Fg zDownlink 2 Uplinkz_ i &

61



Outline

e Stage 4. SISLTE %~ #c3h &
o Stepl 4 #RB
o Step2 24 #PDSCH_MAX_MCS
o Step3 # H#PUSCH_MAX_MCS
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Stepl A #RB

#eNB#s » sudo vim /etc/srslte/enb.confri SmiEeNB 3k T 4%
#-[enb] % BT g0 _prbd 1522 52 6 0 § xS ek TAE AT B
ror o gt ds ¢ % { Resource Blockeh#icg i & o g -
% Suertg B d 3MHz'% 5 1.4MHz

[enb]

enb id = 0x19B

mcC 001

mMNC 01

mme addr = 127.0.1.1600

gtp bind addr 127.0.1.1
1

slc bind addr
n prb = 6

M = .

nof ports

27.0.1.1
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B

|perf3 T ATE &
Downlink ;= i@

Uplinkiid &

Connecting to host 172.16.0.1,

T Resource Block:r

5 601Kbps & R

% 42.8Kbps

port 5201

Ei )Eﬁ 'ﬁé;;ﬂll

5] local 172.16.0.17 port 41198 connected to 172.16.0.1
7] local 172.16.0.17 port 41200 connected to 172.16.0.1

i

[ ID][Role]
[ 51[TX-C]
[ 7]1[RX-C]
[ S5][TX-C]
[ 71[RX-C]
[ S5][TX-C]
[ 7]1[RX-C]
[ 5][TX-C]
[ 7]1[RX-C]
[ 5]1[TX-C]
[ 7][RX-C]
[ 5]1[TX-C]
[ 7]1[RX-C]
[ ID][Role]
[ 51ITX-C]1
[ 5]1[TX-C]
[

71[RX-C]

iperf Done.

Interval

0.00-10.

0.00-10.
10.00-20.
10.00-20.
20.00-30.
20.00-30.
30.00-40.
30.00-40.
40.00-50.
40.00-50.
50.00-60.
50.00-60.

Interval

0.00-60.
0.00-60.

00
00
00
00
00
00
00
00
00
00
00
00

00
02

O.00u-00. 0o

0.00-60.

02

sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec

Transfer
836 KBytes
52.3 KBytes
652 KBytes
91.9 KBytes
751 KBytes
12.7 KBytes
796 KBytes
48.1 KBytes
850 KBytes
32.5 KBytes
619 KBytes
76.4 KBytes
Transfer
4.40 MBvtes
4.30 MBytes
39/ KDBVLILES

314 KBytes

Bitrate

685 Kbits/sec
42.9 Kbits/sec
534 Kbits/sec
75.3 Kbits/sec
615 Kbits/sec
10.4 Kbits/sec
652 Kbits/sec
39.4 Kbits/sec
696 Kbits/sec
26.6 Kbits/sec
508 Kbits/sec
62.6 Kbits/sec
Bitrate

615 Kbits/sec
601 Kbits/sec
534 .3 KDLLS/SEC

42.8 Kbits/sec

B D

W &

7eNB % UE -
-5} &% 4T B YT o
1.3

i & 790.063 %

port 5201

port 5201

Retr Cwnd
45 7.07
35 5.66
35 .90
27 .90
31 .66

36 .24

KBytes
KBytes
KBytes
KBytes
KBytes

KBytes

sender
receiver
Senaes
receiver

N

~ 2
—

2

(e]
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Step2 3 #PDSCH_MAX_MCS

#eNB#s » sudo vim /etc/srslte/enb.confri SmiEeNB 3k T 4%
:ké—'k[schecauler] ¥ BT eopdsch max mesi3%k T 550 H 8 K T
B s 4F 22 Stage34p 0 { RS K TARACT Bl AT o ik
# #-PDSCH Modulation Coding Scheme*2 4] A QPSK

1 LA

sch_max _mcs

2

:

|
pd
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24 BPDSCH_MAX_MCS e 45

A PDSCH_MAX MCH s £ #7734 FeNB % UE » ¥ & *
|perf3€ TP -}E_ :’z il o0 HplE EF AT I’s%]'f'“rr‘r 0
Downlink ;& & 129Kbps » 5 R As i £ 10291 o

Uplink;s i@ & ,(é55|<bps 5 R A sl B 0538

./Qa

—

Connecting to host 172.16.0.1, port 5201
5] local 172.16.0.20 port 48198 connected to 172.316.0.1 nort 5201

[

[ 7] local 172.16.0.20 port 48200 connected to 172.1 i e s
[ ID]J[Role] Interval Transfer Bitrate
[ 5][TX-C] ©.00-10.00 76.4 KBytes 62.6 Kbi PDSC“"ifja“ZEd
[ 7][RX-C] ©.00-10.00 342 KBytes 280 Fo Symbols
[ S][TX-C] 10.00-20.00 42.4 KBytes 34.8 o
[ 7][RX-C] 10.00-20.00 677 KBytes 555

[ S][TX-C] 20.00-30.00 573 KBytes 469
[ 7][RX-C] 20.00-30.00 124 KBytes 102
[
[
[
[
[
[
[
r

£ 10
EO
E-10

5][TX-C] 30.00-40.00 116 KBytes 95.0
7][RX-C] 30.00-40.00 652 KBytes 534
5][TX-C] 46.00-50.00 0.00 Bytes £ a0
7][RX-C] 46.00-50.00 387 KBytes ' 0 501005@0®S0
5][TX-C] 50.00-60.00 232 KBytes ' Index
7][RX-C] 56.00-60.00 437 KBytes

E-20

Quadrature
AW AN bsorNwas

F-30

ID][Role] Interval Transfer Bitrate
E1rTx-cl A _AA-AA AR 1_ A1 _MRutec 142 Khitc/cer

S][TX-C] .00-60. 956 KBytes 129 Kbits/sec receiver

)
711X .C 1 A _AR.AR AR 2 786 MRutec RANRA _Khitcl/car candar
0

71[RX-C] .00-60. 2.56 MBQtes 355 Kbits/sec receiver

iperf Done.



Step3 2 ZPUSCH_MAX_MCS

#eNB#s » sudo vim /etc/srslte/enb.confri SmiEeNB 3k T 4%
:ké—'k[schecauler] T BT eopusch max _mesik T s 50 H o K T
B s 4F 22 Stage34p 0 { RS K TARACT Bl AT o ik
# #-PUSCH s~Modulation Coding Scheme*2 4] A QPSK

B

scheduler ]

=il
N Sy e W N
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r /

24 FPUSCH_MAX_MCS 1’ &8

B

FPUSCH_MAX MCH s £

|perf3€ TP -}E_ - X

Downlink ;x
Uplink i

Connecting to host 172.16.0.1,

./Qa

EL

—

% 243Kbps >

E 378Kbps

port 5201

>
___ﬂ:

W 5 ’—,JE—UE
_\/
=

AT

| £

7eNB %2 UE >

RUSRE:

5% 4o gy

& BAs il £ e00.567%

5] local 172.16.0.21 port 43432 connected to 172.16.0.1 port

7] local 172.16.0.21 port 43434 connected to 172.16.0.1 port

[

[

[ ID]J[Role] Interval
[ 5][TX-C] ©.00-
[ 7][RX-C] ©.00-
[ 5][Tx-C] 1e.
[ 7][RX-C] 1e.
[ S][TX-C] 2e.
[ 7][RX-C] 26.
[ S][TX-C] 3e.
[ 7]1[RX-C] 3e.
[ 5][Tx-C] 4e.
[ 7][RX-C] 4e.
[ 5][Tx-Cc] 56.
[ 7][RX C] 50.
[
.
[

ID][Role] Interval
51ITX-C1

S][TX C]

10.
10.
00-20.
00-20.
00-30.
00-30.
00-40.
00-40.
00-50.
00-50.
00-60.
00-60.

0.00-60.
0.00-60.

00
00
00
00
00
00
00
00
00
00
00
00

00
09

Rt Il - O i

[ 7][RX-C]

iperf Done.

0.00-60.

09

Transfer B
571 KBytes
221 KBytes
448 KBytes
132 KBytes
373 KBytes
332 KBytes
291 KBytes
608 KBytes

73.5 KBytes 6
850 KBytes
151 KBytes
629 KBytes

Transfer B

1.86 MBvtes

1.74 MBytes

oo o

2.71 MBytes

sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec

Ret
53

itrate

468 Kbits/sec
181 Kbits/sec
367 Kbits/sec
108 Kbits/sec
306 Kbits/sec
272 Kbits/sec
239 Kbits/sec
498 Kbits/sec
0.3 Kbits/sec
696 Kbits/sec
124 Kbits/sec
515 Kbits/sec

47

46

dB

48
33

15

itrate
261 Kbits/sec
243 Kbits/sec

LSRR RS R

Kbits/sec

Channel Response -

40

B on il & en0.54 1% o

PUSCH - Equalized
Symbols

sTSENB
Magnitude
40 45
30 3 3
20 @ 24
10 213
-NE
[ = 0
° 3
-10 © 1]
= 3
-20 o2
30 33
-40 43
| R bbb bbbl bbbl bbb |
0 5010a5@0®@S50
Index

sender
receiver

e iiriee

receiver
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Stage 4 Check List

P %

Resource Block

PDSCH MAX MCS

PUSCH MAX MCS

N

AN proT R EH R E o VR P HAREA
T RBELRIEAE R o &%

A & pdsch_max_mcs ¥ 7z :3UE3 mPDSCH
ﬁr%"i\‘”ﬁuﬁ»”ﬁ 4)% PF'FE*‘:/?J Hx 13&

A #pusch_max_mcs rz:eNBzg «7PUSCH
p%%‘% '\‘)3/)27; %‘ PV-:'B:E/FJ 'r:/n‘ ’E_
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» Stage 5. NB-loT
oStepl £ F = s
o Step2 = *¢i77:eNB
o Step3 7 * eNB 3 3
oStepd T #% % s
o Step5 NPDSCH eNB
o Step6 NPDSCH UE

Outline
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Stepl 4=+ * &

| ¥ — ZUSRP B210#=**AIAf= % F ePRXE 3% & ¥
§7OOMHz J900MHz = +- % & » {2 R ¢ @ (71
"Zﬁ 5‘5 %ﬁ’&g % oo 74




Step2 #7= *+i77eNB

A — %5,5}? USRP#7:f 22 B b L iE ~SISLTE= R 4
75 B &> T 34 {7 ./build/lib/examples/cell_search_nbiot -b 1 -
H o -b 1R L B F il > S P Ts*&NB-IoT‘1 At ».IﬁJm
#p % Bandl ~ Band3 ~ Band8% Band28 - ik fr #F &
(] *ﬂr“ o F 15 T|eNB s € B 4o T Bl o IL A,

Found 2 cells
Found CELL 2118. , EARFCN=9, PHYID=331, NPSS power=-1.4 dBm

Found CELL 2146.6 z, EARFCN=366, PHYID=313, NPSS power=-12.8 dBm

3 cells

E3 (jza CELL 1816.: Hz, EARFCN=1311, PHYID=444, NPSS power=-18.3 dBm

Eir\ CELL 1849. z, EARFCN=1640, PHYID=26, NP5S power=-15.8 dBm

CELL 1856.: Zz, EARFCN=1711, PHYID=467, NPS5 power=-7.4 dBm
2 cells

Band8 CELL 940. , EARFCN=3607, PHYID=18, NPSS power=1.4 dBm
CELL 945. , EARFCN=3653, PHYID=4586, NPSS5 power=4.0 dBm
2 cells

EBEir](jZZEg CELL 777.6 , EARFCN=9406, PHYID=470, NPSS power=15.5 dBm

CELL 783. , EARFCN=9469, PHYID=181, NP5S power=21.1 dBm

72



i‘r" SN
¢ -f 783 966 A 45}\ @ #eNB 0 Downllnkﬁp &y 7 ipo =

Step3-1 7 * eNB 3 31 (3 3%)

3T /bqu/I|b/examples/npdsch ue -f 783 9eb -

‘w ‘\*:t

783.9|\/IHZ o g A — 9? 7 ac € 45 I 25NB-loT 9eNB >

:,\' ﬁ

*”@a%% $dag Eé?%‘ I *:'L'rﬁ "J eNB - F i =

& € 4 IA4c*Found n_id_ncell ... &3 4%

Opening RF device...
linux; GNU C++ version 9.2.1 20200228; Boost_1071600; UHD_3.15.0.06-2

builds
Fastpath logging disabled at runtime.
Opening USRP channels=1, args: type=b200,master_clock_rate=23.04e6
Detected Device: B210
Operating over USB 3.
Initialize CODEC control...
Initialize Radio control...
Performing register loopback test...
Register loopback test passed
Performing register loopback test...
Register loopback test passed
Asking for clock rate 23.040000 MHz...
Actually got clock rate 23.040000 MHz.
Set RX gain: 70.0 dB
Set RX freq: 783.900000 MHz
Setting sampling rate 1.92 MHz
NSSS with peak=39.214897, cell-id: 104, partial SFN: ©
*Found n_1id _ncell: 104 DetectRatio= 0% PSR=6.13, Power=80.0 dBm
Finding PSS... Peak: 2.5, FrameCnt: 0, State: 1
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AR pE g B BSISGUIEE 7 40T chEr it 0
iz BeNBeMCC 5 466 F MNC 5 01 » & L iz 84>

PO

=

Step3-2 7 * eNB % 2 (srsG

=eNB

Cell ID: 185

NPDCCH/NPDSCH -
Equalized Symbols

Quadrature

T T
2 -15

T e
-1 05 0 05 1
In-phase

Master Information Block - NB
[

{
"BCCH-BCH-Message-NB": {
{

"systemFrameNumber-MSB-
: "0010",
hyperSFN-LSB-r13": "00",
"schedulingIinfoSIB1-r13": 5,
"systeminfoValueTag-r13": 29
"ab-Enabled-r13": false,
"operationModelnfo-r13": {
"guardband-r13”: {
"rasterOffset-r13”:
"khz-2dot5",
"spare”: "000"

}.
"additionalTransmissionSIB1- -

Software Radio Systems N T Rec
Operation Mode: Guardband

NPSS Cross-Corr abs value

3
O.E—E :08
OG—E ;06
0.4; 10.4
0.2—? :0.2

o i

System Information Block 1 - NB
r13": { =
"hyperSFN-MSB-r13":
"10101000",
"cellAccessRelatedInfo-r13": {
"plmn-ldentityList-r13": [

"mee”

s
"plmn-ldentity-r13”: {
[

"cellReservedForOperatorUs -

Hyper/System Frame Number: 674 / 184

Channel Response - Magnitude

System Information - NB

{
"BCCH-DL-SCH-Message-NB": {
"message”: {
“c1™: {
"systeminformation-r13": {
"criticalExtensions": {
"systeminformation-r13": {

"sib-TypeAndInfo-r13": [

A
"sib2-r13": {
"radioResourceConfigCommon-

ri3=: {
“"rach-ConfigCommon-r13": {
"preambleTransMax-CE-r13":
"nlo",
"powerRampingParameters-
e13%:. £
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Step3-3 7 * A 5 hFE A (MIB)

1z | MIB 2 SIB ¢ r ¥ B B UE & 14 Wireshark =
[tmp/npdsch.pcap ! L& - mF 3 > 4+ Lab2e3k B2 3 &K 7
ite R R BEEMIBTF g FlheT a0 ¥ g i

i NB-10T eNB nOperation Mode = Guard band

No. Time Source Destinatio Protocol Lengtt Info
3. LTE RR. 69 MasterInTormationBlock-NB
2 1.431870 LTE RR.. 74 SystemInformationBlockTypel-NB
3 3.848528 LTE RR.. 74 SystemInformation-NB [ SIB2 SIB3 ]

Frame 1: 69 bytes on wire (552 bits), 69 bytes captured (552 bits)
DLT: 147, Payload: mac-lte-framed (mac-lte-framed)
~ MAC-LTE BCH PDU (5@ bytes, on BCH transport)

¢ [Context]
[Transport channel: BCH (8)]

[

LTE Radio Resource Control (RRC) protocol
» BCCH-BCH-Message-NB

~ Mmessage
systemFrameNumber-MSB-ri3: 280 [bit length 4, 4 LSB pad bits, 0818 .... decimal value 2]

hyperSFEN-LSB-ri13: @0 [bit length 2, 6 LSB pad bits, @@.. . decimal value 8]
schedulingInfoSIB1-r13: 16 NPDSCH repetitions - TBS 328 bits (5)

systemInfoValueTag-ri3: 29

operationModeInfo-ri3: guardband-ri3 (2)
= Quardband-r
rasterOffset-ri13: khz-2dots (1)
spare: 88 [bit length 3, 5 LSB pad bits, 888.
+ews «..0 additionalTransmissionSIB1-ri15: False
spare: @006 [bit length 1@, & LSB pad bits, G000 0BG 0O.. .... decimal value 8]
75
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Step3-4 7 * A 5 ehF 1 (SIB)

¥ 11 %SIB2¢ 5 $INPRACH ~ NPDSCH 2 NPUSCH =74p B

¥ ﬁrNPRACH P s K BRI E S ONRS &
AELL W SR LS

~ sib-TypeAndInfo-ri3 item: sib2-ri3 (0)

~ sib2-ri3
~ radioResourceConfigCommon-ri3 -
» rach-ConfigCommon-ri3 - "pdSCH_conflgED".:nD"_ria
» bcch-Config-ri3 nrs-Power-ri3: 28dEm
» pcch-Config-ri3 - npusch-ConfigCommon-ri3
~ nprach-Config-ri3 = ack-NACK-NumRepetitions-Msgd-ri3: 3 items
nprach-CP-Length-r13: us266dot7 (1) -~ Item @
» rsrp-ThresholdsPrachInfolList-r13: 2 items . .
Nprach-ParametersList-ria: 8 items ACK-NACK-NumRepetitions-NB-ri13: ri (@)
~ Item © - ItEIﬂ 1
~ NPRACH-Parameters-NB-ri3 ACK-NACK-NumRepetitions-NB-ri13: r2 (1)
nprach-Periodicity-ri13: ms320 (4) + Item 2
nprach-StartTime-r13: ms8 (0) - - iti -NE- .
nprach-SubcarrierOffset-ri3: n36 (3) dmrs CiiﬁiHAcrﬁEHUMREPEtltlﬂnE NB-ri3: r3z2 (35)
nprach-NumSubcarriers-ri3: ni12 (@) - ) g- . i
nprach-SubcarrierMSG3-RangeStart-ri3: twoThird (2) t'}rEETD“E'CY?llcshlft'T13: B
maxNumPreambleAttemptCE-ri3: ni1@ (6) sixTone-CyclicShift-ri3: 1

numRepetitionsPerPreambleAttempt-ri3: ni (©)

erP = ul-Reference5ignalsMNPUSCH-r13
npdcch-NumRepetitions-RA-r13: r8 (3)

. .B.. groupHoppingEnabled-ri3: False
npdcch-StartSF-CSS-RA-ri13: v2 (1)
npdcch-0ffset-RA-ri13: zero (0) - grnupAss_lgnrnentr-.IPUSCH ris: @
» Item 1
» Item 2
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Stepd { 4 % 4

#USRPa = s & v &~ e7VERT2450 -

GSM= s 7~ 7 @& * GSM= &3 &

;g—»ﬁaﬁu_}éﬁ
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> eNB z. ¥ =3 # 2 » SrsLTE &
» /bU|Id/I|b/exampIes/npdsch enodeb -f 2100e6 1/ Z

Step5 NPDSCH eNB

NB-loT=eNB -

b5 o)

e St %ﬂ? R B

Setting sampling rate 1.92 MHz
Set TX gain: 70.0 dB

Set TX freq: 2100.60 MHz
NB-IoT DL DCI:

Type new MCS index and press Enter: NB-

- Format flag:

+ FormatN1 DCI:

PDCCH Order:

Scheduling delay:

Resource assignment:

+ Number of subframes:
Modulation and coding scheme index:
Repetition number:

+ Number of repetitions:

New data indicator:

HARQ-ACK resource:

DCI subframe repetition number:
grant config:

Number of subframes:

Number of repetitions:

Total number of subframes:
Starting SFN:

Starting SF index:

Modulation type:

Transport block size:

NB-IoT HFN: 2
NB-IoT HFN: 3

7&\:)

\

A

b B P& i i

|

J
e

P -f2100e6 % iR X2 F o F f;‘ag £

ownlink

1
D
0
(6]
(5]
1
el
(5]
el
0
1
(5]

IoT HFN:

1

AP HEFZFH G AT B

(® subframes)

I

T T
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Stepo NPDSCH UE

¥ UE 2. % = ¥ 2 ~ SISLTE ¢ B 45 75 P 4% (5 ﬁi;r]
» ./build/lib/examples/npdsch_ue -f 2100e6 12 fxd> NB-loT 1
UE - # ¢ -f 2100e6 & rd&dcz S » 8= - H I M
Fva & AHHF2ZrsGUIE & 4o B 1T

Soft: Radio Systems NB-loT Receiver

Cell ID: 0 Operation Mode: Standalone Hyper/System Frame Number: 23 /792

NPDCCH/NPDSCH - Equalized Symbols NPSS Cross-Corr abs value Channel Response - Magnitude

Quadrature
& o b
Loissadoiisliiialiois

0 10
In-phase Index
Master Information Block - NB System Information Block 1 - NB System Information - NB
[ = 3
{ {
“BCCH-BCH-Message-NB": { "BCCH-DL-SCH-Message-NB": {
"message”: { “message": {
"systemFrameNumber-MSB-r13": "1001", 7\ 3
"hyperSFN-LSB-r13": "11", "systeminformationBlockTypel-r13": {
"schedulingInfoSIB1-r13": 0, "hyperSFN-MSB-r13": "00000000",
"systeminfoValueTag-r13": 0, “cellAccessRelatedInfo-r13": {
"ab-Enabled-r13": false, "pimn-IdentityList-r13": [
"operationModelnfo-r13": { {
“standalone-r13": { “pimn-ldentity-r13®: {
“spare": "00000" e |
} 2,
} 4,
"additionalTransmissionSIB1-r15": false, 4

"spare”: "0000000011" I8
} “mnc": [
}
} - 1 v



Stage 5 Check List
N

= 7= * eNB

T * eNB

= = NB-l1oT eNB

@i p 2 7eNB

H_F B HE 3% * 5eNB
E_F i "EJ)£F * eNBB~ ¥ 2 MIB#2SIB

Frwanpdsch_enodeb sy (702 3 E @ 45 3%

¥ e UE=h s~ 47k &5 AT e $leNB
SeF-i e

FEEunpdsch ue ¥ % v i & 3] p

eNB ' "5 B~ MIB % SIB
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Outline

e Stage 6. MMTC & *

o Stepl % ZnukxScan server
o Step2 % #nukxScan client
o Step3 #4 {7 nukxScan server
o Step4 #, = nukxScan client

81



Stepl % X nukxScan server

SrEPCenit :ﬁ%%ﬁﬂﬁ] »

git clone http://github.com/Nukicslab/nukxScan.git
cd nukxScan/server

sudo apt install -y nodejs npm mongodb

sudo npm install
T ¥ % nukxScan i PR g

: $ sudo npm install
npm EEEE core-js@2.6.11: core-js@<3 is no longer maintained and not recommended for usage ¢{
ue to the number of issues. Please, upgrade your dependencies to the actual version of core-js@3.

> core-js@2.6.11 postinstall /home/user/nukxScan/server/node modules/core-js
> node -e "try{require('./postinstall')}catch(e){}"

Thank you fi
- J 3 |

82


http://github.com/Nukicslab/nukxScan.git

Step2 % zZnukxScan client

e S UEeni zﬁ*f,ﬁ&ﬁ% ~
git clone http://github.com/Nukicslab/nukxScan.git

cd nukxScan/rpi_client
sudo apt install -y python-is-python3 python3-pip
sudo pip3 install -r requirements.txt

= nukxScan f F 4w 2 E 2 sen® K

Requirement already satisfied: pywifi==1.1.12 in /home/ubuntu/.local/lib/python3
.8/site-packages (from -r requirements.txt (line 1)) (1.1.12)
Collecting requests==2.24.0

Downloading requests-2.24.0-py2.py3-none-any.whl (61 kB)
I | o <o 125 kb/<

Requirement already satisfied: chardet<4,>=3.0.2 in Jusr/lib/python3/dist-packag

es (from requests==2.24.0->-r requirements.txt (line 2)) (3.0.4)

Requirement already satisfied: idna<3,>=2.5 in Jusr/lib/python3/dist-packages (f

rom requests==2.24.0->-r requirements.txt (line 2)) (2.8)

Requirement already satisfied: certifi>=2017.4.17 in /usr/lib/python3/dist-packa

ges (from requests==2.24.0->-r requirements.txt (line 2)) (2019.11.28)
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Step3 Ex @ nukxScan server

*EPCZ & = 48 4
sudo systemctl status mongodb

™ xﬁizVukbrT]()r]gJ()(jt)‘7773‘_ IIT‘Fi"T/ ’ 7E; j% fﬁ;‘ﬁ%:_ﬁtﬂ-j: [—] v _;f
FET R IF Aserversnp T @‘J

npm start
% Ex#nukxScanz. @ PR Fj K p UE#Tyc & enF s

mongodb.service - An object/document-oriented database
Loaded: loaded (/lib/systemd/system/mongodb.service; enabled; vendor preset: enabled)
Active: since Thu 20260-07-30 15:24:48 CST; 4min 17s ago
Docs: man:mongod(1)

Main PID: 4068 (mongod)
Tasks: 23 (limit: 9311)
Memory: 43.8M
CGroup: [system.slice/mongodb.service
L4068 Jusr/bin/mongod --unixSocketPrefix=/run/mongodb --config /etc/mongodb.conf
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Stepd Ex#=nukxScan client

A 5 UEnS 4895 ~
sudo python rpi_client.py

Mg EenukxScanze E 2 Hy 0 E 2 s B i g P o kA
'"’L'r’ﬁ E s+ g EE o E Fwlan0 1 ’% * RPi4p 3%
g Rt o T iﬁ}\f‘%g#‘ F & it AP F
F%I_ v @I FIRS % 104

S sudo python3 rpi client.py

@ p2p-dev-wlanod
1 wlané

Please select the interface number:1
Sselected interface wlan®

iﬂﬂ:Sﬁ:El] Begin scanning...
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Client® 4545 5 "iTAPT {8 ¢ M-H g7 =5+ 7
1 r ¢ % ;0 “Uploading
result was completed” 5 &

0 p2p-dev-wlan®
1 wlano
Please select the interface number:1
Selected interface wlan®
[09:15:24] Begin scanning...
Scanning was completed. Result as follow.
{'ssid': 'icslab', 'bssid': '18:31:bf:5c:a6:bc', 'akm': ['WPA2_PSK'], 'freq': 5180, 'rssi': -46}
{'ssid': 'nuk_lab203', 'bssid': '50:64:2b:32:24:e6', 'akm': ['WPA_PSK', 'WPA2 PSK'], 'freq': 2447, 'rssi': -56}
{'ssid': 'ASUS_10_2G', 'bssid': '4c:ed:fb:89:63:10', 'akm': ['WPA2_PSK'], 'freq': 2412, 'rssi': -35}
{'ssid': 'icslab', 'bssid': '18:31:bf:5c:a6:b8', 'akm': ['WPA2 PSK'], 'freq': 2412, 'rssi': -33}
{'ssid': 'thewlan', 'bssid': '34:97:f6:23:ba:e0', 'akm': ['WPA2_PSK'], 'freq': 2412, 'rssi': -41}
{'ssid': 'incosyslab', 'bssid': '30:5a:3a:a2:ef:10', 'akm': ['WPA2_PSK'], 'freq': 2452, 'rssi': -52}
{'ssid': 'incosyslab2', 'bssid': '30:5a:3a:a2:ef:11', 'akm': ['WPA2_PSK'], 'freq': 2452, 'rssi': -52}
{'ssid': 'Lab206-2', 'bssid': '40:9b:cd:a0:45:10', 'akm': ['WPA_PSK', 'WPA2 PSK'], 'freq': 2417, 'rssi': -63}
[lecid!: 'lulalahanal 'bssid': '18:31:bf:db:10:8¢', 'akm': ['WPA2_PSK'], 'freq': 2432, 'rssi': -55}
Uploading result was completed.

86



Server&g -t 5 &

*EPC R il B & i » http://127.0.0.1:3000/ T & A
IR IEE P AT B et g APE

127.0.0.1:3000/ X

<« c @

127.0.0.1:3000

Scanner pidue2
Time Thu Jul 30 2020 17:15:35 GMT+8800 (Taipei Standard Time)
Result

(7]

ID icslab
ID 18:31:bf:5c:a6:bc

(2]

SSID ASUS_16_2G
BSSID 4c:ed:fb:89:63:10

SSID icslab
BSSID 18:31:bf:5c:a6:b8

SID nuk_lab263

ID 508:64:2b:32:24:e6

Frequency 5180 MHz Frequency 2447 MHz Frequency 2412 MHz Frequency 2412 MHz
RSSI -46 dBm RSSI -56 dBm RSSI -35 dBm RSSI -33 dBm
AKM AKM AKM AKM

WPA2_PSK WPA_PSK WPA2_PSK WPA2_PSK WPA2_PSK
SSID thewlan SSID incosyslab SSID incosyslab2 SSID Lab206-2

SID 34:97:f6:23:ba:e@ BSSID 3@:5a:3a:a2:ef:18 BSSID 3@:5a:3a:a2:ef:11 BSSID 40:9b:cd:af:45:18
Frequency 2412 MHz Frequency 2452 MHz Frequency 2452 MHz Frequency 2417 MHz
RSSI -41 dBm RSSI -52 dBm RSSI -52 dBm RSSI -63 dBm
AKM AKM AKM AKM

WPA2_PSK WPA2_PSK WPA2_PSK WPA_PSK WPA2_PSK

SSID 1lulalabana

BSSID 18:31:bf:db:18:8¢c
Frequency 2432 MHz
RSSI -55 dBm

: |

WPA2_PSK
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Stage 6 Check List
EETELY:

nukxScan Server % % FEzuServer®r 3 & en¥rj 4p ik F #gre X
i
nukxScan Client % % sz:aClient*t3 & o753 4pie & & e &K
= &
MongoDB FasaServersh ciMongoDB % % = 74 ® g |
N
nukxScan Server & i ﬁwnukacan Server ¥ & ¥ 4z 3|Clients

I FEBEoT iR v

-—_\

nukxScan Client i& it szzunukxScan Client® 1 i # 4 & 54317 AP

sHF T -H i@ T Server
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