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EN-DC with the EPC

 E-UTRAN supports MR-DC via E-UTRA-NR Dual Connectivity (EN-DC), in which a
UE is connected to one eNB that acts as a MN and one en-gNB that acts as a SN

« The eNB is connected to the EPC via the S1 interface and to the en-gNB via the

X2 interface

* The en-gNB might also be connected to the EPC via the S1-U interface and other
en-gNBs via the X2-U interface

MME/S-GW

MME/S-GW

()
| o e 4 [5

. o /
eNB

()

EN-DC Overall Architecture

> EPC

" E-UTRAN




Dual Connectivity Architecture (User Plane)




Dual Connectivity (User Plane)
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EPC+eNB1 walE
ASUS V1voM1n1 UN65HH

Ethernet Network Cards

USRP B210
eNB2 TR
CPU : 17-6700 , RAM : 32G
USRP B210
UE A5
ASUS NB M580V
USRP B210

Hub A5 .
TP-LINK WR1043ND

fx#e MME, S-GW, P-GW

- SRR IR
(PCI-E : Realtek RTL8111/8168)
- SRR IR
(USB : TP-LINK UE300)

x> srsLTE eNB
Wk s - BAY

x> srsLLTE eNB
#-#t UE

x> srsLLTE UE

A 26 e
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Xis
EPC

eNB

UE

g sl

OS:
Ubuntu

srsLTE EPC

OS:
Ubuntu

SrsLTE eNB

OS:
Ubuntu

srsLTE UE

T8 7% B — i

L S
Ubuntu 16.04
Kernel : 4.15.0-041500-lowlatatency

SrsLTE 18.06.1 470953bf9c5875646e4d5049¢c8f213d202fa84fd
Ubuntu 16.04

Kernel : 4.15.0-041500-lowlatatency
SrsLTE 18.06.1 470953bf9c5875646e4d5049c8f213d202fa84fd
Ubuntu 16.04

Kernel : 4.15.0-041500-lowlatatency
srsLTE 18.06.1 470953bf9c5875646e4d5049c8f213d202fa84fd
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172.16.0.1
EPC Dongle Internet
127.0.0.1 127.0.0.1 10.1208.123
MME
S1-C | S1-U
127.0.0.1 127.0.0.1
MeNB
USRP
192.168.128.,101 172 16.0.2
USRP [ USRP UE SeNB
192.168.128,103 192.168.128.100

HUB
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T i\ 5 % z=Kernel

* RR- B RS T2 kB
« wget -P ~/Downloads/kernel
https://kernel.ubuntu.com/~kernel-

ppa/mainline/v4.4.15/linux-headers-4.4.15-
040415 4.4.15-040415.201607111333 all.deb

» wget -P ~/Downloads/kernel
https://kernel.ubuntu.com/~kernel-
ppa/mainline/v4.4.15/linux-headers-4.4.15-040415-
lowlatency 4.4.15-040415.201607111333 _amd64.deb

» wget -P ~/Downloads/kernel
https://kernel.ubuntu.com/~kernel-
ppa/mainline/v4.4.15/linux-image-4.4.15-040415-
lowlatency 4.4.15-040415.201607111333 _amd64.deb



) asus-medium@asusmedium-UN65H: ~

asus-medium@asusmedium-UN65H: ~$ wget -P ~/Downloads/kernel https://kernel.ubuntu.com/~kernel-ppa/mainline/v4.4.15/1inux-headers-4.4.15-040415 4
.4.15-040415.201607111333 all.deb

--2019-07-12 10:23:21-- https://kernel.ubuntu.com/~kernel-ppa/mainline/v4.4.15/1inux-headers-4.4.15-040415 4.4.15-040415.201607111333 all.deb
Resolving kernel.ubuntu.com (kernel.ubuntu.com)... 91.189.94.216

Connecting to kernel.ubuntu.com (kernel.ubuntu.com)|91.189.94.216|:443... connected.

HTTP request sent, awaiting response... 200 0K

Length: 9755644 (9.3M) [application/x-debian-package]

Saving to: ‘/home/asus-medium/Downloads/kernel/linux-headers-4.4.15-040415 4.4.15-040415.201607111333 all.deb’

linux-headers-4.4.15-0 100%] >] 9.306M 1.62MB/s in 7.2s

2019-07-12 10:23:29 (1.30 MB/s) - ‘/home/asus-medium/Downloads/kernel/linux-headers-4.4.15-040415 4.4.15-040415.201607111333 all.deb’ saved [97
55644/9755644]

asus-medium@asusmedium-UN65H: ~$ wget -P ~/Downloads/kernel https://kernel.ubuntu.com/~kernel-ppa/mainline/v4.4.15/1inux-headers-4.4.15-840415-1
owlatency 4.4.15-040415.201607111333_amd64.deb

--2019-07-12 10:23:29-- https://kernel.ubuntu.com/~kernel-ppa/mainline/v4.4.15/1inux-headers-4.4.15-040415-lowlatency 4.4.15-040415.2016071113
33_amd64.deb

Resolving kernel.ubuntu.com (kernel.ubuntu.com)... 91.189.94.216

Connecting to kernel.ubuntu.com (kernel.ubuntu.com)|91.189.94.216|:443... connected.

HTTP request sent, awaiting response... 200 0K

Length: 748090 (731K) [application/x-debian-package]

Saving to: ‘/home/asus-medium/Downloads/kernel/linux-headers-4.4.15-040415-1owlatency 4.4.15-040415.201607111333 amd64.deb’

linux-headers-4.4.15-0 100%] >] 730.56K 505KB/s in 1.4s

2019-07-12 10:23:32 (505 KB/s) - ‘/home/asus-medium/Downloads/kernel/linux-headers-4.4.15-040415-1lowlatency 4.4.15-040415.201607111333 and64.de
b’ saved [748090/748690]

asus-medium@asusmedium-UN65H:~$ wget -P ~/Downloads/kernel https://kernel.ubuntu.com/~kernel-ppa/mainline/v4.4.15/1inux-1image-4.4.15-040415-1ow
latency 4.4.15-040415.201607111333_and64.deb]]
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sudo gedit /etc/default/grub

HIT AT
GRUB_HIDDEN_TIMEOUT=0
GRUB_HIDDEN_TIMEOUT_QUIET=true

BT oo
#GRUB_HIDDEN_TIMEOUT=0
#GRUB_HIDDEN_TIMEOUT_QUIET=true

Open ¥ [+

—

_h ':"";E'. TIMEOUT=5]|

':':E'.:TI OUT_QUIET=true
—

| -
II
II

(_DE E AULT="qu — t splash

Plain Text + Tab Width:8 - Ln 7, Col23

IN5
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K S R T g £
sudo update-grub?2
FFW T AL EATEE TG
sudo reboot
s B EE EH/B A £ KX lowlatency

a2

v

asus-medium@asusmedium-UN65H: ~

asus-medium@asusmedium-UNG65H:~$ sudo update-grub2

[sudo] password for asus-medium:

Generating grub configuration file ...

Found linux image: /boot/vmlinuz-4.15.0-041500-lowlatency
Found initrd image: /boot/initrd.img-4.15.0-041500-lowlatency
Found 1inux image: /boot/vmlinuz-4.15.0-041580-lowlatency
Found initrd image: /boot/initrd.img-4.15.0-041500-lowlatency
Found linux image: /boot/vmlinuz-4.15.0-47-generic

Found initrd image: /boot/initrd.img-4.15.0-47-generic

Found linux image: /boot/vmlinuz-4.15.0-46-generic

Found initrd image: /boot/initrd.img-4.15.0-46-generic

Found linux image: /boot/vmlinuz-4.15.0-30-lowlatency

Found initrd image: /boot/initrd.img-4.15.8-38-lowlatency
Adding boot menu entry for EFI firmware configuration

done

asus-medium@asusmedium-UNG65H: ~5 I

16



% & Kernelsx ~

C EATH A 1S BRI M 4 £ R A

asus-medium@asusmedium-UN65H: ~

asus-medium@asusmedium-UN65H:~$ uname -r
4.15.0-041500- lowlatency
asus-medium@asusmedium-UN65H: ~S I

17
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Install Packages

 sudo apt-get install cmake libfftw3-dev
libboost-all-dev libconfig++-dev libsctp-dev

19



Install mbed TLS

« wget https://tls.mbed.org/download/start/mbedtls-2.16.0-
apache.tgz

* tar zxvf mbedtls-2.16.0-apache.tgz

« sudo mv /path/to/mbedtls-2.16.0 /ustr/local

 cd /usr/local/mbedtls-2.16.0

« cmake .

* make

* make test

« cmake -DENABLE_TESTING=O0ff .

« cmake -DUSE_SHARED MBEDTLS LIBRARY=0n.
» sudo make install library

ref : https://tls.mbed.org/kb/compiling-and-building/how-do-i-build-compile-mbedtls

20


https://tls.mbed.org/kb/compiling-and-building/how-do-i-build-compile-mbedtls

Install UHD

sudo add-apt-repository ppa:ettusresearch/uhd
sudo apt-get update

sudo apt-get install libuhd-dev libuhd003 uhd-host
sudo ./usr/lib/uhd/utils/und_images_downloader.py

ref: http://files.ettus.com/manual/page_install.html

21


http://files.ettus.com/manual/page_install.html

Download and Build srsGUI

« sudo apt-get install libboost-system-dev libboost-test-
dev libboost-thread-dev libgwt-dev libgt4-dev

* git clone https://github.com/srsLTE/srsGUI.git
e cd srsqgui

« mkdir build

* cd build

* cmake ../

* make

* make test

ref : https://github.com/srslte/srsgui

22


https://github.com/srslte/srsgui

Download and Build srsLTE

git clone https://github.com/nukcsie2066/nukxDC.qgit
cd srsLTE

mkdir build

cd build

cmake ../

make

make test

sudo make install

23
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* e.g. epc&enbl : ~/nukxDC/epc_enbl/
* e.g. enb2 : ~/nukxDc/enb?2/
* e.g. ue : ~/nukxDC/ue/
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SmE¥ SISLTE - Step 1

 cd /path/to/srsLTE
* mkdir build

e cd build

cmake ../

asus-medium@asusmedium-UN65H: ~/Desktop/enb/build
asus-medium@asusmedium-UN65H:~5 cad Deqktnpfenbj

asus-medium@asusmedium-UNG65H:~/D b$S mkdir build
asus-medium@asusmedium-UNG65H: ~/Deskto S cd builg
asus-medium@asusmedium-UN65H:~/Desktop/enb/buildS cmake ..fl

25



Smi¥E SISLTE - Step 2

O S @ asus-medium@asusmedium-UN65H: ~/Desktop/enb/build

-- CMAKE_CXX_FLAGS is -march=native -Wall -Wno-comment -Wno-reorder -Wno-unused-but-set-variable -Wno-unused-variable -Wformat -Wmissing-field-initiali
zers -Wtype-limits -std=c++83 -mfpmath=sse -mavx2 -DLV_HAVE AVX2 -DLV_HAVE AVX -DLV_HAVE SSE -03 -DBUILD_ TYPE_RELEASE
-- Using install prefix: [usr/local
Building for wversion: 18.6.1
SRSGUI LIBRARIES SRSGUI_LIBRARIES-NOTFOUND
SRSGUI INCLUDE DIRS SRSGUI_INCLUDE_DIRS-NOTFOUND
Could NOT find SRSGUI (missing: SRSGUI_LIBRARIES SRSGUI_INCLUDE_DIRS)
SRSGUI LIBRARIES SRSGUI_LIBRARIES-NOTFOUND
SRSGUI INCLUDE DIRS SRSGUI_INCLUDE_DIRS-NOTFOUND
Could NOT find SRSGUT (missing: SRSGUI_LIBRARIES SRSGUI_TINCLUDE_DIRS)
examples will be installed.
Mo post-build command defined
Building with srsUE
Mo post-build-UE command defined
Mo post-build command defined
Building with srsENB
Found LibConfig++: fusr/lib/x86_64-linux-gnu/libconfig++.so
static LibConfig++ path: fusr/lib/x86_64-1linux-gnu/libconfig++.a
Found LibConfig: fusr/lib/x86_64-1linux-gnu/libconfig.so
static LibConfig path: fusr/lib/x86_64-1inux-gnu/libconfig.a
Checking for module 'sctp'
No package 'sctp' found
SCTP LIBRARIES: /usr/lib/x86_64-1inux-gnu/libsctp.so
SCTP INCLUDE DIRS: fusr/include
Found SCTP: fusr/lib/x86_64-1linux-gnu/libsctp.so
Mo post-build-ENMB command defined
Building with srsEPC
Found LibConfig++: fusr/lib/x86_64-1linux-gnu/libconfig++.so
static LibConfig++ path: fusr/lib/x86_64-1inux-gnu/libconfig++.a
Found LibConfig: fusr/lib/x86_64-1linux-gnu/libconfig.so
static LibConfig path: fusr/lib/x86_64-1inux-gnu/libconfig.a
Checking for module 'sctp'
No package 'sctp' found
SCTP LIBRARIES: Jusr/lib/x86_64-1inux-gnu/libsctp.so
SCTP INCLUDE DIRS: fusr/include
Mo post-build-EPC command defined
Configuring done
Generating done
-- Build files have been written to: /home/asus-medium/Desktop/enb/build
asus-medium@asusmedium-UN65H:~/Desktop/enb/build$ make‘

26



LTE - Step 3

* make test

O S @ asus-medium@asusmedium-UN65H: ~/Desktop/enb/build

[ 94%] Built target cell_search
Scanning dependencies of target usrp_capture_sync
[ 95%]
[ 95%] Linking C executable usrp_capture
95%] Linking C executable usrp_capture_sync
[ 95%] Built target usrp_capture
Scanning dependencies of target srsue
[ 95%]
[ 95%] Built target usrp_capture_sync
Scanning dependencies of target mac_test
[ 95%]
96%] Linking CXX executable mac_test
[ 97%] Linking CXX executable srsmbms
[ 97%] Built target mac_test
Scanning dependencies of target srsenb
97%] Built target srsmbms
97%]
97%]
97%] Linking CXX executable srsepc
97%] Built target srsepc
Scanning dependencies of target ip_test_enb
[ 97%]
[ 98%]
[ 99%] Linking CXX executable ip_test_enb
[ 99%] Built target ip_test_enb
Scanning dependencies of target benchmark_radio
[ 99%]
99%] Linking CXX executable benchmark_radio
99%] Built target benchmark_radio
99%]
99%]
99%]
[100%]
[100%] Linking CXX executable srsue
[100%]
[100%] Built target srsue
[100%]
[100%] Linking CXX executable srsenb
[100%] Built target srsenb
asus-medium@asusmedium-UN65H:~/Desktop/enb/build$ make test]]




- SIsLTE - Step 4

* sudo make install

asus-medium@asusmedium-UNG65H: ~/Desktop/enb/build

Test #439: logger Eesk ... ... snansnsssssssssssssssassss Passed
Start 440: msg_queue_test

Test #440: msg_queue_test Passed
Start 441: test_eeal

Test #441: test_eeal Passed
Start 442: test_eea2

=53 (YFE 359 326F) 5050000000000000900000000000000000000000000000  REEEER
Start 443: test_f12345

UEsis (358 E351 (PlEEY)S sooooooo00000000000000000000000000000000000 Passed
Sstart 444: phy_dl_test

Test #444: phy_dl_test Passed
Start 445: rlc_am_data_test

Test #445: rlc_am_data_test Passed
Start 446: rlc_am_control_test

Test #446: rlc_am_control_test ......cuiiiiinnniiinniranniannnnnns Passed
Start 447: rlc_am_test

=S 3208 FE Fr {8558 soooooo000000000000000000000000000000000000 Passed
Start 448: rlc_am_stress_test

Test #448: rlc_am_stress_test Passed
Start 449: rlc_um_stress_test

Test #449: rlc_um_stress_test Passed
Start 450: rlc_tm_stress_test

Test #450: rlc_tm_ stress_test .....cviiiiiiinnni e raniiannnnnns Passed
Start 451: rlc_um_data_test

Test #451: rlc um data test ..uuviviinnnnrinnnnsnnronnnsnnsnnnnnnns Passed
Start 452: rlc_um_test

UESis 795748 FIE Tr ({2518 sccoooo0000000000000000000000000000000000000 Passed
Start 453: metrics_test

Test #453: metrics_test Passed
Start 454: usim_test

Test #4541 USIM_teST . uv i i iinnnnnnsnsnnsnssnsnnsnssnnnnnnns Passed
Start 455: rrc_reconfig_test

Test #455: rrc_reconfig test ... ... cccciiincnnnccnnnnnntsnnnnnnnns Passed
Start 456: nas_test

Test #4562 Nas_LteSE tuirinrinrunrinsnnsnnrossnsnssnsnnssssnsnnnnns Passed

100% tests passed, 8 tests failed out of 456

Total Test time (real) = 98.16 sec
asus-medium@asusmedium-UN65H:~/Desktop/enb/build$ sudo make installl}




3% SIsLTE - Step 5

* sudo Idconfig

e

ue@ue-X580VD: ~/Desktop/srsLTE/build

ue@ue-X580VD: $ sudo ldconfig

29



Smi¥ SISLTE - Step 6

asus-medium@asusmedium-UNG5H: ~/Desktopfenb/build

Up-to-date: Jfusr/local/include/srslte/common/trace.h
Installing: /usr/local/lib/libsrslte_asnl.a
Installing: /usr/local/lib/libsrslte_common.a
Installing: fusr/local/lib/libsrslte_phy.a
Installing: fusr/local/lib/libsrslte_rf.so
Set runtime path of "/usr/local/lib/libsrslte rf.so" to ""
Installing: /fusr/local/lib/libsrslte_radio.a
Installing: /usr/local/lib/1libsrslte_upper.a
Installing: Jusr/local/include/srslte/version.h
Up-to-date: fusr/local/share/srslte/ue.conf.example
Installing: fusr/local/bin/srsue
Set runtime path of "/usr/local/bin/srsue" to ""
Up-to-date: fusr/local/bin/srsue
Installing: fusr/local/lib/libsrsue_phy.a
Installing: Jusr/flocal/lib/libsrsue_mac.a
Installing: /usr/local/lib/libsrsue_upper.a
Up-to-date: fusr/local/share/srslte/enb.conf.example
Up-to-date: fusr/local/share/srslte/drb.conf.example
Up-to-date: fusr/local/share/srslte/rr.conf.example
Up-to-date: Jfusr/local/share/srslte/sib.conf.example
Installing: /usr/flocal/bin/srsenb
Set runtime path of "/usr/local/bin/srsenb” to ""
Up-to-date: fusr/local/bin/srsenb
Installing: fusr/local/lib/libsrsenb_phy.a
Installing: /usr/local/lib/libsrsenb_mac.a
Installing: /usr/local/lib/libsrsenb_upper.a
Up-to-date: Jfusr/local/share/srslte/epc.conf.example
Up-to-date: fusr/localfshare/srslte/mbms.conf.example
Up-to-date: fusr/local/share/srslte/user_db.csv.example
Up-to-date: fusr/local/bin/srsepc_if_masq.sh
Installing: fusrflocal/bin/srsepc
Set runtime path of "/usr/local/bin/srsepc" to ""
Installing: /Jusr/local/bin/srsmbms
Set runtime path of "/usr/local/bin/srsmbms” to ""
Up-to-date: fusr/local/bin/srsepc
Installing: /usr/local/lib/libsrsepc_mme.a
Installing: fusr/local/lib/libsrsepc_hss.a
Installing: /usr/local/lib/libsrsepc_sgw.a
-- Installing: /usr/local/lib/libsrsepc_mbms_gw.a
asus-medium@asusmedium-UNG65H:~/D top/enb/builds i
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12tz EPC conf #3

* gedit /path/to/srsepc/epc.conf

=

asus-medium@asusmedium-UN65H: ~

asus-medium@asusmedium-UN65H:~5 gedit Desktop/enb/srsepc/epc.confl}
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mme bind addr

mme_bind addr
127.0.0. 1
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bind addr

gtpu_
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12 2z eNB conf #3

L i thn ah n et o el el e S o S e s s 2kt A an i o i o = o = STE = TIPS ED B

{Baddr #f3% 2 127
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x2_bind addr
*™AB TN EELE

x2_senb_addr
% A B —1EeNB/X 4964 49 1k

37



Sm¥E lwaap_entity.h % %

 gedit /path/to/srsLTE/lib/include/srslte/upper/lwaap _entity.h

WLAN_IF % 5 eNB p &
# o

UE_MAC #3% 5UE p %
.+ Mac_addr
|

38
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SmiE lwaap.h 4 %

* gedit /path/to/srsue/hdr/upper/lwaap.h

WLAN_IF % 5 UE p %
g

ENB MAC %k 5 eNB1 p %
e+ MAC addr

40



> & il

°%Jﬁ%$@ﬁﬁﬁ%§ﬂﬁ®%%Tﬂﬁ€
e cd /path/to/srsLTE/build/

* make

* sudo make install

* sudo Idconfig

asus-medium@asusmedium-UN65H: ~/Desktop/srsLTE/build
asus-medium@asusmedium-UN65H:~S cd Desktop/srsLTE/build/

asus-medium@asusmedium-UN65H:~/Desktop/srsLTE/buildS make
sudo make install ; sudo 1dcmnfigl

41
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AR 3o 3 (T

« 8 E I epc>enbl>enb2>ue

« EPC + eNB1

* cd srsLTE/srsepc

 sudo srsepc_if masq.sh Aefrer = g e+ 7
i

sudo srsepc epc.conf

sudo ifconfig srs_spgw_sgi mtu 1460

cd srsLTE/srsenb

sudo srsenb enbl.conf #enbl



EPC+eNBl1 - Step 1

 cd /path/to/srsLTE/srsepc
* sudo srsepc_if_masq.sh dongle #grex= 7k e+ 24
* sudo srsepc epc.conf

Q€ asus-medium@asusmedium-UN65H: ~/Desktop/enb/srsepc
asus-medium@asusmedium-UN65H:~/Desktop/enb/srsepc$ sudo srsepc_if_masq.sh dongle
[sudo] password for asus-medium:

Masquerading Interface dongle

asus-medium@asusmedium-UN65H:~/Desktop/enb/srsepc$ sudo srsepc epc.conf

--- Software Radio Systems EPC ---

Reading configuration file epc.conf...
HSS Initialized.

MME GTP-C Initialized

MME Initialized.

SP-GW Initialized.
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*#% EPC izt =is > ¢ A4 - B
srs_spgw_sgi i+ Ao

o A it t&;%] Ifconfig

srs_spgw_sgi Link encap:UNSPEC HWaddr 00-00-00-00-00-00-00-00-00-00-00-00-00-00
-00-00

inet addr:172.16.0.1 P-t-P:172.16.0.1 Mask:255.255.255.0

UP POINTOPOINT RUNNING NOARP MULTICAST MTU:1500 Metric:1

RX packets:® errors:® dropped:® overruns:® frame:®

TX packets:@ errors:® dropped:® overruns:® carrier:@

collisions:® txqueuelen:500

RX bytes:® (6.0 B) TX bytes:0 (0.8 B)

asus-medium@asusmedium-UN65H: ~S$ I
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EPC+eNB1 - Step 2

o #B FxxT e terminal
» sudo ifconfig srs_spgw_sgi mtu 1460

asus-medium@asusmedium-UN65H: ~
asus-medium@asusmedium-UN65H:~5 sudo ifconfig srs_spgw _sgi mtu 1460

[sudo] password for asus-medium:
asus-medium@asusmedium-UNG65H: ~S I
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EPC+eNB1 - Step 3

o #R ExFr e terminal
e cd srsLTE/srsenb
. sudo srsenb enb.conf

asus-medium@asusmedium-UN65H: ~/Desktop/enb/srsenb

asus-medium@asusmedium-UN65H: ~/Desktop/enb/srsenb$ sudo srsenb enbil.conf
[sudo] password for asus-medium:
--- Software Radio Systems LTE eNodeB

Reading configuration file enbil.conf...

[INFO] [UHD] linux; GNU C++ version 5.4.0 20160609; Boost 105808; UHD 3.14.0.0-release
Opening USRP with args: type=b200,master clock rate=30.72e6
[INFO] [B200] Detected Device: B210

[INFO] [B20@] Operating over USB 3.

[INFO] [B20@] Initialize CODEC control...

[INFO] [B20@] Initialize Radio control...

[INFO] [B20@] Performing register loopback test...

[INFO] [B200] Register loopback test passed

[INFO] [B20@] Performing register loopback test...

[INFDO] [B200] Register loopback test passed

[INFO] [B200] Asking for clock rate 30.720000 MHz...

[INFO] [B20@] Actually got clock rate 30.720000 MHz.
Setting frequency: DL=2160.0 Mhz, UL=1970.0 MHz

[INFO] [B200] Asking for clock rate 23.040000 MHz...

[INFO] [B200] Actually got clock rate 23.840000 MHz.
Setting Sampling frequency 5.76 MHz

==== eNodeB started ===
Type <t> to view trace




eNB2

 cd /path/to/srsLTE/srsenb
 sudo srsenb enb.conf

0S5 jin@jin-D620MT-D620SF-BM3CF: ~/Desktop/enb2/srsenb
jin@jin-D6260MT-D620SF-BM3CF:~/Desktop/enb2/srsenb$ sudo srsenb enbz.conf
[sudo] password for jin:

--- Software Radio Systems LTE eNodeB

Reading configuration file enb2.conf...

[INFO] [UHD] linux; GNU C++ version 5.4.0 20160609; Boost 105800; UHD 3.14.0.0-r
elease

Opening USRP with args: type=b20@,master clock rate=30.72e6
[INFO] [B200] Detected Device: B210

[INFO] [B208] Operating over USB 3.

[INFO] [B208] Initialize CODEC control...

[INFO] [B200] Initialize Radio control...

[INFO] [B208] Performing register loopback test...

[INFO] [B200] Register loopback test passed

[INFO] [B208] Performing register loopback test...

[INFO] [B200] Register loopback test passed

[INFO] [B20@] Asking for clock rate 30.720000 MHz...

[INFO] [B200] Actually got clock rate 30.720000 MHz.
Setting frequency: DL=2685.0 Mhz, UL=2565.0 MHz

[INFO] [B200] Asking for clock rate 23.040000 MHz...

[INFO] [B208] Actually got clock rate 23.040000 MHz.
Setting Sampling frequency 5.76 MHz

==== eNodeB started ===
Type <t> to view trace




AR 3o 3 (T

 UE
* Cd SrsLTE/srsue
e sudo srsue ue.conf
o #FF FxFrenterminal
 sudo route del default

 sudo route add default gw 172.16.0.2 tun_srsue
#EPC % pe & UE 0 IP_addr



@ S E ue@ue-X580VD: ~/Desktop/ue_lwaap/srsue
ue@ue-X580VD:~ ktop/ue_lwaap/srsue$ sudo srsue ue.conf

[sudo] password for ue:
L C Reading configuration file ue.conf...
Built in Release mode using commit @a69e56 on branch develop_ue.

SISLTE/Srs |

Buffer capacity 40960
--- Software Radio Systems LTE UE ---

ue Opening RF device with 1 RX antennas...
[INFO] [UHD] linux; GNU C++ version 5.4.0 20160609; Boost_185880; UHD_3.14.8.08-r
elease
Opening USRP with args: type=b200,master_clock_rate=30.72e6
) SUdO Srsue ue Conf [INFO] [B200] Detected Device: B210
L] [INFO] [B200] Operating over USB 3.
[INFO] [B200] Initialize CODEC control...
[INFO] [B200] Initialize Radio control...
[INFO] [B200] Performing register loopback test...
[INFO] [B206] Register loopback test passed
[INFO] [B200] Performing register loopback test...
[INFO] [B206] Register loopback test passed
[INFO] [B200] Asking for clock rate 30.720000 MHz...
[INFO] [B206] Actually got clock rate 30.720000 MHz.
LWAAP MAC 10:7b:44:23:7:ba
Waiting PHY to initialize...

Attaching UE...
Searching cell in DL EARFCN=500, f _d1=2160.0 MHz, f_ul=1970.0 MHz

Found Cell: PCI=1, PRB=25, Ports=1, CFO=1.1 KHz
[INFO] [B200] Asking for clock rate 23.040000 MHz...
[INFO] [B206] Actually got clock rate 23.040000 MHz.
Found PLMN: Id=00101, TAC=7
Random Access Transmission: seq=0, ra-rnti=0x2
RRC Connected
- Yo Vs
Random Access Complete. : T ET\EEPC%@B?’&/@\

Network attach successful

Soft Radio Systems LTH
Io ware Radio Systems UEE/\j“D_addr
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UE - Step 2

o« #R fx¥Tenterminal
e sudo route del default

 sudo route add default gw 172.16.0.2 tun_srsue
#EPC 4 fe % UE 2 |P_addr

ue@ue-X580VD: ~
ue@ue-X580VD:~S sudo route del default

[sudo] password for ue:
ue@ue-X580VD:~% sudo route add default gw 172.16.0.2 tun_srsue
ue@ue-X580vD:~$ |}
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Outline

s F P NEFEPN Y
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4

Ping 15 % R[3#

« #UE 41 * USRP #:ix ICMP #f¢ % eNB1
* ping 172.16.0.1 —c 10

ue@ue-X580VD: ~

ue@ue-X580VD:~5 sudo route del default

[sudo] password for ue:

ue@ue-X580VD:~$ sudo route add default gw 172.16.0.
ue@ue-X580VD:~S ping 172.16.0.1 -c 10

PING 172.16.8.1 (172.16. EII 1) 56(84) bytes of data.

64 bytes 172.16. 1cmp seg=1 ttl=64 time=1.082

64 bytes 172.16. icmp seqg=2 ttl=64 time=0.813 ms
64 bytes 172.16. icmp _seg=3 ttl=64 time=1.83 ms
64 bytes 172.16. icmp _seqg=4 ttl=64 time=1.30 ms
64 bytes 172.16. icmp seq=5 ttl=64 time=0.858 ms
64 bytes 172.16. icmp seqg=6 ttl=64 time=0.996 ms
64 bytes 172.16. icmp _seq=7 ttl=64 time=1.084 ms
64 bytes 172.16. icmp seq=8 ttl=64 time=0.844 ms
64 bytes 172.16. icmp seq=9 ttl=64 time=0.784 ms
64 bytes 172.16. icmp _seq=10 ttl=64 time=1.45 ms

o000 000
ol ol ol ol el ol ol o

--- 172.16.0.1 ping statistics ---

10 packets transmitted, 10 received, 0% packet loss, time 9050ms
rtt min/avg/max/mdev = ﬂ.?84f1.615f1 457/0.208 ms
ue@ue-X580vD:~$ [}




UE Wireshark

WA |
Source Destination

000606000  172.16.6.2 172.16.8.1
.001022347  172.16.6.1 172.16.6.2
.000351027  172.16.0.2 172.16.0.1
.001153989  172.16.6.1 .16.0.2

.315216714  172.16.6.2
.011006249  172.16.6.2 A
.912007578  172.16.6.1 2
.012294036  172.16.6.2 1
.013571651  172.16.6.1 2
013633022  172.16.6.2 i
11 4.014479775  172.16.0.1 2
12 5.014553134  172.16.0.2 A
13 5.015537721  172.16.0.1 2
14 6.016125382  172.16.8.2 53
15 6.017142888  172.16.0.1 )
16 7.017250195  172.16.6.2 A
17 7.018082284  172.16.0.1 -2
18 8.026986024  172.16.0.2 1
19 8.027758464  172.16.6.1 2
0.2 <

20 9.050984066 172.16.

Protocol Length Info

ICMP
ICMP
IcMP
IcHP
DNS

ICMP
ICMP
ICHP
IcHP
ICHP
ICHP
ICMP
IcMp
ICHP
ICHP
IcMP
IcMP
IcHp

84
84
B84
84
62
84
84
84
84
84
84
84
84
84
84
84
84

Echo (ping)

Echo (ping)
Echo (ping)
Echo (ping)

Standard query 6xfbfd4 A daisy.ubuntu.com

Echo
Echo
Echo
Echo
Echo
Echo
Echo
Echo
Echo
Echo
Echo
Echo
Echo
Echo
Echo

(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)

» Frame 1: 84 bytes on wire (672 bits), 84 bytes captured (672 bits) on interface ©

Raw packet data
» Internet Protocol Version 4, Src: 172.16.0.2, Dst: 172.16.0.1
» Internet Control Message Protocol

00 54 4a b4 40 60 40 61 97 di ac 10 00 02
00 61 68 00 66 ab 4a 56 00 01 8f 06 15 5d
00 00 €0 c6 63 00 00 0O 60 00 10 11 12 13
16 17 18 19 1a 1b 1c 1d 1e 1f 20 21 22 23
26 27 28 29 2a 2b 2c 2d 2e 2f 3@ 31 32 33
36 37

E--TI.@
i

Frame (frame), 84 bytes

@
- V-~

“request

reply
request
reply

request
reply
request
reply

request

bt
1d=6x4as6,
1d=0x4a56,
1d=6x4a56,

1d=0x4a56,
1d=0x4a56,
id=0x4as6,
1d=0x4as6,
1d=0x4a56,
1d=6x4as6,
1d=0x4as6,
1d=0x4a56,
1d=6x4a56,
1d=0x4a56,
1d=0x4a56,
1d=0x4a56,
id=0x4as6,
1d=0x4as6,
1d=0x4a56,

Packets: 23 - Displayed: 23 (100.0%)

Wireshark % 7

3 - Expression... +

6x4as6, seq:

seq=2/512,

/768,

Profile: Default

g

eNB1 Wireshark

Capturing from srs_spgw_s

A A® @l XE Q> IS ®© = o=
M| Apply a display filter ... <Ctrl-/> E3 -| Expression...  +
No. Time  Source Destination Protocol Length Info
1 8 8 62 Standard query Oxbe79 A
29.008.. 172.16.0.2 140.127.198.9 DNS 62 Standard query @xfbf4d A
314.01.. 172.16.0.2 8.8.8.8 DNS 62 Standard query @xfbf4d A
423.01..172.16.0.2 140.127.198.9 DNS 62 Standard query @xfbf4d A
5 26.70.. 172.16.0.2 172.16.6.1 ICMP 84 Echo (ping) request id=
6 26.70.. 172.16.0.1 172.16.0.2 ICcMP 84 Echo (ping) reply id=
7 27.70..172.16.0.2 172.16.6.1 ICcMP 84 Echo (ping) request id=
827.76.. 172.16.0.1 172.16.0.2 ICcMP 84 Echo (ping) reply id=
9 28.01.. 172.16.0.2 8.8.8.8 DNS 62 Standard query @xfbf4d A 1
10 28.71. 172.16.6.2 172.16.6.1 ICcMP 84 Echo (ping) request id=
11 28.71. 172.16.6.1 172.16.0.2 ICcMP 84 Echo (ping) reply id=
12 29.71. 172.16.6.2 172.16.6.1 ICcMP 84 Echo (ping) request id=
13 29.71. 172.16.6.1 172.16.0.2 ICcMP 84 Echo (ping) reply id=
14 30.71. 172.16.6.2 172.16.6.1 ICcMP 84 Echo (ping) request id=
15 30.71. 172.16.6.1 172.16.0.2 ICcMP 84 Echo (ping) reply id=
16 31.71.. 172.16.6.2 172.16.6.1 ICcMP 84 Echo (ping) request id=
17 31.71. 172.16.6.1 172.16.0.2 ICcMP 84 Echo (ping) reply id=
18 32.71.. 172.16.6.2 172.16.6.1 ICcMP 84 Echo (ping) request id=. |
19 32.71. 172.16.6.1 172.16.0.2 ICcMP 84 Echo (ping) reply id=
20 33.72. 172.16.6.2 172.16.6.1 ICcMP 84 Echo (ping) request id=
2133.72. 172.16.6.1 172.16.0.2 ICcMP 84 Echo (ping) reply id=
22 34.73. 172.16.6.2 172.16.6.1 ICcMP 84 Echo (ping) request id=
23 34.73. 172.16.6.1 172.16.0.2 ICcMP 84 Echo (ping) reply id=
24 35.75. 172.16.6.2 172.16.6.1 ICcMP 84 Echo (ping) request id=
25 35.75. 172.16.6.1 172.16.0.2 ICcMP 84 Echo (ping) reply id=
26 37.03.. 172.16.0.2 140.127.198.9 DNS 62 Standard query @xb4b4d A
27 42.03..172.16.0.2 8.8.8.8 DNS 62 Standard guery 8xb4b4d A S|

» Frame 1: 62 bytes on wire (496 bits), 62
Raw packet data

» Internet Protocol Version 4, Src: 172.16.0.2, Dst: 8.8.8.8

» User Datagram Protocol, Src Port: 44287, Dst Port: 53

» Domain Name System (query)

bytes captured (496 bits) on interface @

@ 7 srs_spgw._sgi: <live capture in progress> Packets: 31 - Displayed: 31 (100.0%)  Profile: Default
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IPerf3 /B

.

* iperf3 —s #eNB1
e iperf3 —-c 172.16.0.1 —b 100B —w 1k #UE

ue@ue-X580VD:~S iperf3 -c 172.16.0.1 -b 1060b -w 1k O S F asus-medium@asusmedium-UN65H: ~
Connecting to host 172.16.8.1, port 5281 asus-medium@asusmedium-UNG5
4] local 172.16.0.2 port 49278 connected to 172.16.0.1 port 5201
ID]
4]

Interval
0.00-1.00
1.00-2.00
2.00-3.
3.00-4.
4.00-5.
5.00-6.
6.00-7.
7.00-8.
8.00-9.
9.00-10.00

Interval
0.00-10.00
0.00-10.00

Transfer Bandwidth Retr Cwnd
KBytes 32.3 Kbits/sec
KBytes 23.0 Kbits/sec
KBytes 23.0 Kbits/sec
KBytes 23.0 Kbits/sec
KBytes 23.0 Kbits/sec
KBytes 18.4 Kbits/sec
KBytes 23.8 Kbits/sec
KBytes 23.8 Kbits/sec
KBytes 23.8 Kbits/sec
KBytes 18.4 Kbits/sec

5.62 KBytes Accepted connection from 172.16.0.2, port 49276
5.62 KBytes 5] local 172.16.0.1 port 5281 connected to 172.16.0.2 port 49278
KBytes ID] Interval Transfer Bandwidth
.25 KBytes 18.4 Kbits/sec
KBytes .81 KBytes 23.8 Kbits/sec
KBytes .81 KBytes 23.8 Kbits/sec
KBytes .81 KBytes 23.0 Klgits}’sec
.25 KBytes 18.4 Kbits/sec
KBytes .81 KBytes 23.8 Kbits/sec
KBytes KBytes 23.8 Kbits/sec
KBytes g
KBytes a

(]
o

[}

00
]
00

Lrbnbnbnbnn
)
[= =0 =

[}
(SIS S S S S N N ]

KBytes 23.0 Kbits/sec
KBytes 23.0 Kbits/sec
KBytes 18.4 Kbits/sec

121 Kbits/sec

000000000
v
.
[}

[T R Y PV

NN NN NN
NN MNMNRNMNRNNRN

v

.

[}
UL LA WNES

Transfer Bandwidth

= - . Interval Transfer Bandwidth
28.1 KBytes 23.0 Kbits/sec sender 0.80-10.04 sec 0.00 Bytes 0.08 bits/sec

27.0 KBytes 22.1 Kbits/sec receiver 0.80-10.04 sec 27.0 KBytes 22.8 Kbits/sec

UE eNB1
iperf3 iperf3

sender
receiver
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A it Bix b

e #74 eNB1 o terminal @J rry. =T enter’
H¥E = fig ~ 1 1
Hil ) id )\ X B

asus-medium@asusmedium-UN65H: ~/Desktop/enb/srsenb

[B2o6®] Initialize CODEC control...

[B2e0] Initialize Radio control...

[B200] Performing register loopback test...

[B200] Register loopback test passed

[B200] Performing register loopback test...

[B280] Register loopback test passed

[B200] Asking for clock rate 30.720000 MHz...

[B286O] rate 30.720000 MHz.
Setting frequency: DL=2160.0 Mhz, UL=1970.8 MHz
[INFO] [B288] Asking for clock rate 23.040000 MHz...
[INFO] [B200] Actually got clock rate 23.040000 MHz.
Setting Sampling frequency 5.76 MHz

eNodeB started ===
<t> to view trace

tti=6101, preamble=0, offset=0, temp_crnti=0x46
LCID 3

LWAAP TX MAC 78:24:af:4:55:3
LWAAP add user rnti=0x46
User 0x46 connected

r

Enter lwa ratio:1 1




Ping 15 % R[3#

« #UE 41 * USRP #:ix ICMP #f¢ % eNB1
* ping 172.16.0.1 —c 10

ue@ue-X580VD: ~

ue@ue-X580VD:~% ping 172.16.60.1 -c 10

PING 172.16.06.1 (172.16. E} 1) 56(84) bytes of data.

64 bytes from 172.16.0. icmp seq=1 ttl=64 time=6.51 ms
64 bytes from 172.16. : icmp _seq=2 ttl=64 time=1.76 ms
64 bytes from 172.16. : icmp _seqg=3 ttl=64 time=1.28 ms
64 bytes from 172.16. : lcmp_seqg=4 ttl=64 time=0.721 ms
64 bytes from 172.16. : lcmp_seg=5 ttl=64 time=1.73

64 bytes from 172.16. : icmp_seq=6 ttl=64 time=1.40

: icmp_seq=7 ttl=64 time=2.22

: icmp _seq=8 ttl=64 time=1.46

: lcmp _seq=9 ttl=64 time=1.76

: lcmp _seq=10 ttl=64 time=1.94 ms

64 bytes from 172.16.
64 bytes from 172.16.
64 bytes from 172.16.
64 bytes from 172.16.

L B T s s o s s o
ool ool ool ol ol ol o

--- 172.16.0.1 ping statistics ---

10 packets transmitted, 10 received, 0% packet loss, time
rtt min/avg/max/mdev = ©.721/2.081/6.518/1.529 ms
ue@ue-X580vD:~S |}




g

Wireshark % 7

UE Wireshark eNB1 Wireshark

Capturing from srs_spgw_s

MAE A @ RE Q¢ > F A=

A [|apply a display filter ... <Ctrl-/> B3 -| Expression...  +
& = No. Time  Source Destination Protocol Length Info
3 - Expression... + —~ 10.600.. 172.16.0.2 172.16.6.1 ICcMP 84 Echo (ping) request 1id=0x..
o Destination Protocol  Length Info o 2 0.000.. 172.16.0.1 172.16.68.2 ICMP 84 Echo (p}ng) reply }diﬂx
[ 0.000000000  172.16.6.2  172.16.6.1  ICWP B4 Echo (ping) request 56q=1/256, 31.002..172.16.0.2 172.16.0.1 IcMP 84 Echo (ping) reguest id=ex
.006510806  172.16.0.1 172.16.6.2 ICMP 84 Echo (ping) reply 5eq=1/256, 41.002.. 172.16.0.1 172.16.0.2 ICMP 84 Echo (ping) reply id=0x
-g;gg:% 1;;-:::-2 ;;;-lg-g-; :z: :: Ec:u :nm: rew;en sen=§;§l§' 52.003.. 172.16.0.2 172.16.0.1 ICMP 84 Echo (ping) request id=6x
.60331 172.16.6.1 .16.0. cho (ping) reply seq=2/512, X S
003400158  172.16.0.2 172.16.0.1 1CHP 84 Echo (ping) request seq=3/768, 62.003..172.16.0.1 172.16.6.2 Icup 84 Echo (ping) reply 1d=0x
004660939  172.16.0.1 172.16.0.2 1CMP 84 Echo (ping) reply seq=3/768, 7 3.004..172.16.0.2 172.16.0.1 IcMP 84 Echo (ping) request 1d=0x
.804741225 172.16.0.2 172.16.6.1 ICMP 84 Echo (ping) request seq=4/1024, ttl=64 (. 8 3.004.. 172.16.0.1 172.16.68.2 ICMP 84 Echo (ping) reply id=0x.
Cossmd dedl pELig = 84 :c:o {pxng; reply seng?g:;, nizsa E 94.022. 172.16.0.2 172.16.0.1 TcMp 84 Echo (ping) request id=ex
.622341768  172.16.0.2 172.16.0.1 oM 84 Echo (ping) request seq=5/1280, ttl=64 (.. - o
1024044875  172.16.0.1 172.16.0.2 TCHP 84 Echo (ping) reply seq=5/1280, ttl=64 (.. 16 4.622.. 172.16.0.1 172.16.6.2 Icup 84 Echo (ping) reply 1d=0x
024160584  172.16.0.2 172.16.0.1 1CcMP 84 Echo (ping) request 5eq=6/1536, ttl=64 ( 11 5.024.. 172.16.0.2 172.16.0.1 IcMP 84 Echo (ping) request 1d=0x
.025555250  172.16.0.1 172.16.6.2 cMP 84 Echo (ping) reply 5eq=6/1536, ttl=64 (.. 12 5.024.. 172.16.0.1 172.16.0.2 IcMP 84 Echo (ping) reply 1d=0x
.025682477  172.16.0.2 172.16.0.1 1CHP 84 Ec:o fn:"ui req:est T t:{:u E 13 6.826.. 172.16.0.2 172 .16.0.1 Tcup 84 Echo (ping) reguest id=6x
.627898089  172.16.0.1 172.16.6.2 1CHP 84 Echo (ping) reply $eq=7/1792, ttl=e4 (.. X S
027016439  172.16.6.2 172.16.6.1 ICHP 84 Echo (ping) request 5eq=8/2048, tt1=64 (.. 14 6.626..172.16.0.1 172.16.0.2 IcMp 84 Echo (p}ng) reply }‘1’“"
028465698  172.16.0.1 172.16.0.2 1cMP 84 Echo (ping) reply seq=8/2048, tt1=64 (.. 15 7.827.. 172.16.0.2 172.16.0.1 IcMp 84 Echo (ping) request id=8x
.628583339  172.16.0.2 172.16.6.1 TCHP 84 Echo (ping) request 5€q=9/2304, ttl=64 (.. 16 7.027.. 172.16.0.1 172.16.0.2 TcMp 84 Echo (ping) reply id=0x
.630332587  172.16.6.1 172.16.0.2 CHP 84 Echo (ping) reply $eq=9/2304, trl=64 (. 17 8.029.. 172.16.6.2 172.16.0.1 Tomp 84 Echo (ping) request id=ex
.630425657  172.16.0.2 172.16.0.1 ICMP 84 Echo (ping) request 1d=0x4a%e, seq=10/2566, ttl=6d .. & X o e
.032352766  172.16.6.1 172.16.0.2 TCHP 84 Echo (ping) reply  1d=0x4a90, seq=10/2560, ttl=64 . 18 8.0629.. 172.16.0.1 172.16.0.2 Icmp 84 Echo (ping) reply id=6x
= 19 9.030.. 172.16.0.2 172.16.6.1 ICMP 84 Echo (ping) request id=6x.
» Frame 1: 84 bytes on wire (672 bits), 84 bytes captured (672 bits) on interface 6 L 28 9.031. 172.16.0.1 179.16.8.2 IcMp 84 Echo (ping) reply id=ex

Raw packet data
» Internet Protocol Version 4, Src: 172.16.6.2, Dst: 172.16.0.1
» Internet Control Message Protocol

6066 54 a9 bi 48 06 01 38 d4 ac 10
0810 § 81 68 80 7c b5 96 B8 61 le 87
80920 00 3¢ 82 02 00 68 66 68 10 11
6838 17 18 19 1a 1b e 1f 28 21

8840 28 29 2a 2b 2e 2f 30 31
0850

» Frame 1: 84 bytes on wire (672 bits), 84 bytes captured (672 bits) on interface ©
Raw packet data
» Internet Protocol Version 4, Src: 172.16.0.2, Dst: 172.16.0.1
» Internet Control Message Protocol
© 7 Frame (frame), 84 bytes Packets: 20 - Displayed: 20 (100.0%) Profile: Default

O 7 srs_spgw._sgi: <live capture in progress> Packets: 20 - Displayed: 20 (100.0%)  Profile: Default
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Wireshark % 7

eNB2
Wireshark
edt e iR

Capturing from etho

AEA® GEORE Q¢ >3 b A5
Nlgtp
No. Time Source Destination Protocol

165 160.3526222. .128.101 <Ox;

167 162.3559822.. 192.168.128.101 192.168.128.160 <Ox;
170 164.3755283.. 192.168.128.101 192.168.128.100 GTP <@x:
173 166.3793961.. 192.168.128.101 192.168.128.1600 GTP <@x;
176 168.3819434.. 192.168.128.101 192.168.128.160 GTP <Bx;

BeEaE
= -| Expression.

Length | Info

807C> Unknown (B8x807C)

807e> 136 PPP Unknown (0x887e)
8080> 136 PPP Unknown (©x8080)
8082> 136 PPP Unknown (0x8082)
8084> 136 PPP Unknown (0x8884)

g

eNB2
Wireshark
e R

4.

M| eth.addr == 10:7b:44:23:07:ba

Capturing from etho

®

Source

12 4.526631389
14 6.524811177
17 8.544230927
20 10.548090329
21 11.778640171
23 12.550589248

AsustekC cb:12:fb
AsustekcC_cl
192.168.128.102

AsustekC_ch:12:fb

XE Q< » VA=<

AsustekC_23:07:
:fb  AsustekC_23:07:ba
224.0.0.251

AsustekC_23:07:ba

BE@E
EIED -] Expression...  +

Protocol Length Info
Ethernet

Ethernet

0x9e65

ba  ©x9e65 161 Ethernet II
0x9e65 101 Ethernet IT
MDNS 166 Standard query 6x0600 PTR _ftp.
8x9e65 161 Ethernet IT

» Frame 165: 136 bytes on wire (1688 bits), 136 bytes captured (1688 bits) on interface © » Frame 12: 101 bytes on wire (808 bits), 101 bytes captured (868 bits) on interface ©
» Ethernet II, Src: AsustekC_04:55:03 (78:24:af:04:55:03), Dst: AsustekC_cb:12:fb (d@:17:c2:cb:12:fb) » Ethernet II, Src: AsustekC_cb:12:fb (d@:17:c2:cb:12:fb), Dst: AsustekC_23:07:ba (10:7b:44:23:07:ba)
» Internet Protocol Version 4, Src: 192.168.128.101, Dst: 192.168.128.100 » Data (87 bytes)
» User Datagram Protocel, Src Port: 2152, Dst Port: 2152
» GPRS Tunneling Protocol
» Point-to-Point Protocol
» Data (84 bytes)
o000 @ 17 c2 cl 78 24 af ©4 55 03 08 00 00 x5 u [E] 10 7b 44 23 07 ba d® 17 c2 cbh 12 fb 9e 65 @3 8@ {D# e
00 7a fe 54 40 00 40 11 ba ©3 c® a8 80 65 co a8 z-T@-@ e 7c 45 00 00 54 14 fa 00 ©0 40 01 @d 8c ac 10 0@ |E--T e
80 64 08 68 08 68 00 66 ba 1c 30 ff 00 56 00 46 d-h-h-f 8- -V-F 01 ac 10 00 02 00 @@ 84 b5 4a 90 00 01 1e 67 15 J
00 03 80 7c 45 00 00 54 14 fa 00 €0 40 01 ed 8c JE--T [7] 5d 00 00 90 08 3c 82 02 00 00 00 00 00 16 11 12 1 <
Q@ 7 etho: <live capture in progress> Packets: 198 - Displayed: 5 (2.5%) Profile: Default © 7 etho: <live capture in progress> Packets: 45 - Displayed: 6 (13.3%) Profile: Default
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IPerf3 /B

.

* iperf3 —s #eNB1
e iperf3 —-c 172.16.0.1 —b 100B —w 1k #UE

ue@ue-X580VD:~5 iperf3 -c 172.16.0.1 -b 100b -w 1k

Connecting to host 172.16.8.1, port 5201
4] local 172.16.0.2 port 49282 connected to 172.16.0.1 port 52081 Accepted connection from 172.16.0.2, port 49280
ID] Interval Transfer Bandwidth Retr 5] local 172.16.0.1 port 5201 connected to 172.16.0.2 port 49282
4] 0.00-1.00 3.94 KBytes 32.3 Kbits/sec 0 .62 KBytes ID] Interval Transfer Bandwidth

1.00-2.00 2.81 KBytes 23.0 Kbits/sec ] 62 KBytes L00-1. &
KBytes .00-2.00 sec

.25 KBytes 18.
.81 KBytes 23.
.81 KBytes 23.
.81 KBytes 23.
.25 KBytes 18.
.81 KBytes 23.
.81 KBytes 23.
.81 KBytes 23.

Kbits/sec
Kbits/sec
Kbits/sec
Kbits/sec
Kbits/sec
Kbits/sec
Kbits/sec
Kbits/sec

2.00-3.00 s 2.81 KBytes 23.0 Kbits/sec
3.00-4.00 2.81 KBytes 23.0 Kbits/sec
4.00-5.00 2.81 KBytes 23.0 Kbits/sec
5.00-6.00 .25 KBytes 18.4 Kbits/sec
6.00-7.00 2 KBytes 23.0 Kbits/sec
7.00-8.00 s 5 KBytes 23.0 Kbits/sec
8.00-9.00 2 KBytes 23.0 Kbits/sec
9.00-10.00 s KBytes 23.0 Kbits/sec
Interval Transfer Bandwidth Interval Transfer Bandwidth
0.00-10.00 28.7 KBytes 23.5 Kbits/sec sender 0.00-10.84 s 0.00 Bytes 0.00 bits/sec sender
0.00-10.00 s 27.0 KBytes 22.1 Kbits/sec receiver 0.00-10.04 s 27.0 KBytes 22.0 Kbits/sec receiver

.00-3.00 sec
iES .00-4.00  sec
KBytes 4.80-5.00  sec
KBytes .00-6.00 sec
KBytes .00-7.00 sec
KBytes .00-8.00 sec
KBytes .00-9.00 sec KBytes 23.0 Kbits/sec
KBytes .00-10.00 KBytes 18.4 Kbits/sec

- .00-10.04 6 Bytes 118 Kbits/sec

hoOoCCchoH

MR RN R RN N RN

[N oo icoicl]

=
m
@ +
=

UE eNB1
iperf3 iperf3
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Wireshark % B

UE Wireshark

Capturing from tun_srsue

MEde @HRE Q< >34

R | Apply a display filter ... <Ctrl/>

&
@

o E

3 ~| Expression... | +
source Destination Protocol  Length Info

TCP 60 49280 — 5201 [SYN]

001187893 .0.2 .16.0.1 52 49280 — 5201 [ACK]
40.001220858  172.16.0.2 172.16.0.1 TCP 89 49280 - 5201 [PSH, .
50.002179330  172.16.0.1 172.16.0.2 TCP 52 5201 — 49280 [ACK] Seq=1 Ack=38 Win=29696 Len=0 TSv..
60.002577125 172.16.0.1 172.16.0.2 TCP 53 5201 — 49280 [PSH, ACK] Seq=1 Ack=38 Win=29696 Len=..
70.002580274 172.16.0.2 172.16.0.1 TCP 52 49280 ~ 5201 [ACK] Seq=38 Ack=2 Win=29696 Len=0 TS\
80.002626162  172.16.0.2 172.16.0.1 TCP 56 49280 — 5201 [PSH, ACK] Seq=38 Ack=2 Win=29696 Len
90.046130571 172.16.0.1 172.16.0.2 TCP 52 5201 — 49280 [ACK] Seq=2 Ack=42 Win=29696 Len=0 TS\
10 0.046142609  172.16.0.2 172.16.0.1 TCP 164 49280 ~ 5201 [PSH, Win=29696 Lel
11 0.047245753  172.16.0.1 172.16.0.2 TCP 52 5201 — 49280 [ACK] Seq=2 Ack=154 Win=29696 Len=0 T:
12 0.047252769  172.16.0.1 172.16.0.2 TCP 53 5201 — 49280 [PSH, ACK] Seq=2 Ack=154 Win=29696 Le
15 0.048134616 2 1 TCP 52 49282 — 5201 [ACK] Seq=1 Ac
16 0.048188765 172.16.0.2 1 TCP 89 49282 - 5201 [PSH, ACK] Seq=1 Ack=1 Win=1152 Len=37..
17 0.048842744  172.16.0.1 o3 TCP 52 5201 — 49282 [ACK] Seq=1 Ack=38 Win=1115 Len=0 TSva..
18 0.090452241  172.16.0.2 1 TCP 52 49280 - 5201 [ACK] Seq=154 Ack=3 Win=29696 Len=0 T:
19 0.091407141  172.16.0.1 2 TCP 54 5201 — 49280 [PSH, ACK] Seq=3 Ack=154 Win=29696 Le
20 0.091412820  172.16.0.2 A TCP 52 49280 ~ 5201 [ACK] Seq=154 Ack=5 Win=29696 Len=0 T:
210.298496502  172.16.0.2 1 TCP 628 49282 ~ 5201 [PSH, ACK] Seq=38 Ack=1 Win=1152 Len
22 0.299634002  172.16.0.1 o3 TCP 52 5201 — 49282 [ACK] Seq=1 Ack=614 Win=539 Len=0 TSv:
23 0.299945633  172.16.0.1 2 TCP 52 [TCP Window Update] 5201 — 49282 [ACK] Seq=1 Ack=6
24 0.506474861 172.16.0.2 A TCP 628 49282 ~ 5201 [PSH,
25 0.508174739  172.16.0.1 2 TCP 52 5201 — 49282 [ACK]
26 0.714724939  172.16.0.2 1 TCP 628 49282 ~ 5201 [PSH,
27 0.716257164  172.16.0.1 o TCP 52 5201 — 49282 [ACK] =
28 0.922534988  172.16.0.2 . 1 TCP 628 49282 ~ 5201 [PSH, ACK] Seq=1766 Ack=1 Win=1152 Len..
29 .923251864  172.16.0.1 172.16.0.2 TCP 52 5201 — 49282 [ACK] Sea=1 Ack=2342 Win=1152 Len=0 TS.. -

» Frame 1: 60 bytes on wire (480 bits), 66 bytes captured (48 bits) on interface ©

Raw packet data
» Internet Protocol Version 4, Src: 172.16.0.2, Dst: 172.16.0.1

» Transmission Control Protocol, Src Port: 49280, Dst Port: 5201, Seq: O, Len: @

0000 45 00 00 3C 00 90 40 00 40 06 e2 08 [ECNCCNE E < @
00160 ac 10 86 @1 c0 80 14 51 3c 33 6f 8d 00 00 00 00 - Q <30
0020 a® €2 72 10 8d 63 00 00 02 04 65 b4 04 02 08 6a rc--
0030 86 5b €9 77 60 60 00 GO 61 03 03 Ga LW

© 7 Bytes 12-15: Source (ip.src) Packets: 137 - Displayed: 137 (100.0%) Profile: Default

g

eNB1 Wireshark

Capturing From srs_spgw_sgi

AEge EHRE QC >V A

B E @ E

M| Apply a display filter ... <Ctrl-/> 3 -| Expression...  +
No. Time  Source Destination Protocol Length Info
16.000.. 172.16.0.2 172.16.6.1 TCP 60 49280 — 5201 [SYN] Seq=o..

2 172.16.0.1 TCP 52 49286 - 5201

2 172.16.0.1 TCP 89 49280 - 5201

1 172.16.0.2 TCP 52 5201 ~ 49280

1 172.16.0.2 TCP 53 5201 — 49280

2 172.16.0.1 TCP 52 49286 - 5201

2 172.16.0.1 TCP 56 49280 — 5201

1 172.16.0.2 TCP 52 5201 ~ 49280

2 172.16.0.1 TCP 164 49280 — 5201

1 172.16.0.2 TCP 52 5201 ~ 49280

1 172.16.0.2 TCP 53 5201 — 49280

2 172.16.0.1 TCP 52 49282 — 5201 [ACK]

2 172.16.0.1 TCP 89 49282 - 5201 [PSH,

1 172.16.0.2 TCP 52 5201 —~ 49282 [ACK]

2 172.16.0.1 TCP 52 49280 — 5201 [ACK]

1 172.16.0.2 TCP 54 5201 —~ 49280 [PSH,

2 172.16.0.1 TCP 52 49280 — 5201 [ACK]

2 172.16.0.1 TCP 628 49282 — 5201 [PSH,

1 172.16.0.2 TCP 52 5201 ~ 49282 [ACK] "
1 172.16.0.2 TCP 52 [TCP Window Update] 5201.
2 172.16.0.1 TCP 628 49282 — 5201 [PSH, ACK] ..
1 172.16.0.2 TCP 52 5201 —~ 49282 [ACK] Seg=1.
2 172.16.0.1 TCP 628 49282 — 5201 [PSH, ACK] ..
1 172.16.0.2 TCP 52 5201 — 49282

2 172.16.0.1 TCP 628 49282 — 5201

1 172.16.0.2 TCP 52 5201 — 49282

2 172.16.0.1 TCP 628 49282 — 5201

1 172.16.0.2 TCP 52 5201 — 49282

2 172.16.0.1 TCP 628 49282 — 5201

1 172.16.0.2 TCP 52 5201 — 49282

2 172.16.0.1 TCP 628 49282 — 5201

1 172.16.0.2 TCP 52 5201 — 49282

2 172.16.0.1 TCP 628 49282 — 5201

1 172.16.0.2 TCP 52 5201 — 49282

2 172.16.0.1 TCP 628 49282 — 5201

1 172.16.0.2 TCP 52 5201 — 49282 .
2 172.16.0.1 TCP 628 49282 — 5201 [PSH. ACK1 S

» Frame 1: 60 bytes on wire (480 bits), 60 bytes captured (486 bits) on interface @
Raw packet data

» Internet Protocol Version 4, Src: 172.16.0

-

2, Dst: 172.16.0.1

@ 7 srs_spgw_sgi: <live capture in progress> Packets: 137 - Displayed: 137 (100.0%) - _Profile: Default
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Capturing from etho

4@

No. Tim

Coo®uNo oo

76 14
L 78 14

Frame 31: 104 bytes

e

.838488323
.254447287
.670459665
.086869429
.503186998
.920015382
.335646233
.751092726
.166891569
.582870889
46 9.999215686
.415837934
.830657917
.247066697
.663151544
.879068232
.495957731
.910734875
.327063160
. 742965265
.159481085
.384053106
.425420540
.426120607
.471141819
.590559802

ot

eNB2
Wireshark

Wireshark %

ERk

IR EEEEEE

Source

192

192.
192.
192.
192.
192.
192.
192.
192.

.168
.168
.168
.168
.168
.168
.168
.168
.168
.168
.168
.168
.168
168
168
.168
168
.168
168
168
168
168
168
168
168
168

on wire

.128.
.128.
.128.
.128.
.128.
.128.
.128.
.128.
.128.
.128.
.128.
.128.
.128.
.128.
.128.
.128.
.128.
.128.
.128.
.128.
.128.
.128.
.128.
.128.
.128.
.128.

(832

Ethernet II, Src: AsustekC_04:55
Internet Protocol Version 4,

GPRS Tunneling Protocol
Point-to-Point Protocol
Data (52 bytes)

do 17
00 5a
80 64
00 03
ac 10
98 fd
3d 2d

c2
a1
08
80
00
af
ca

ch
13
68
9e
01
b2
ds

12
40
08
45
ac
80
86

b
00
68
00
10
10
Sb

78
40
00
00
00
04
6

24
11
46
34
02
80
01

O 7 etho: <live capture in progress>

>
>

> src:
» User Datagram Protocol, Src Port:
>

-

>

Destination

1601 192.168.128
101 192.168.128
101 192.168.128
1601 192.168.128
161 192.168.128
101 192.168.128
101 192.168.128
101 192.168.128
101 192.168.128
161 192.168.128
101 192.168.128
101 192.168.128
101 192.168.128
101 192.168.128
161 192.168.128
101 192.168.128
101 192.168.128
101 192.168.128
101 192.168.128
161 192.168.128
101 192.168.128
101 192.168.128
101 192.168.128
101 192.168.128
101 192.168.128
161 192.168.128
bits), 164

04

as
a0
51
42

2152,

55

30
40
c0
00

03

ff
00
82
00

@8

@0
40
54
o1

bytes captured (832

@0

36
06
a9
01

.100
.100
.100
.100
.160
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100

Dst:
2152

45 00

00 46
83 00
45 49
08 Oa

Protocol

GTP <0x8096>
GTP <@xB098>
GTP <0x809a>
GTP <@x809c>
GTP <0x809e>
GTP =0x80a0>
GTP <@xB0a2>
GTP <0x80ad>
GTP <0xB0a6>
GTP <0x80a8>
GTP <@x80aa>
GTP <@x80ac>
GTP <0x80ae>
GTP <@xB0bO>
GTP <@x80b2>
GTP <@x80b4>
GTP <@x80b6>
GTP <@x80b8>
GTP <@x80ba>
GTP <@x80bc>
GTP <@x80be>
GTP <@x80cO>
GTP <@xB0C2>
GTP <0x80c4>
GTP <@x80C6>
GTP <@x80c8>

192.168.128.100

X6 U E

8 we e

(S OGS

4_@@
Qi T-ET
B

Packets: 122 - Displayed: 34 (27.9%)

Length Info
104 PPP
104 PPP
1604 PPP
104 PPP
164 PPP
104 PPP
104 PPP
1604 PPP
104 PPP
104 PPP
104 PPP
104 PPP
104 PPP
104 PPP
104 PPP
104 PPP
104 PPP
104 PPP
104 PPP
104 PPP
104 PPP
104 PPP
104 PPP
168 PPP
104 PPP

92 PPP

Unknown
Unknown
Unknown
unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
unknown
Unknown

bits) on interface
103 (78:24:af:04:55:03), Dst: AsustekC_cb:12:fb (d0:17:c2:cb:12:fb)
192.168.128.101,
Dst Port:

- | Expression.

(0x80896)
(0x8098)
(0x809a)
(ex809c)
(6x809¢ )
(0x80a0)
(0x80a2)
(0x80a4d)
(0x80a6)
(6x80a8)
(ox80aa)
(ox80ac)
(ox80ae)
(0x88b0)
(6x86b2)
(0x86b4)
(0x80b6)
(0x86b8)
(ex8aba)
(6x86bc )
(ox86be)
(0x80c0)
(0x80c2)
(0x80c4)
(ex80c6)
(6x80c8)

Profile: Default

+

No.

» Frame 27:

Capturing from etho

a4 g e

N eth.addr == 10:7b:44:23:07:ba

Time
17 5.432443938
19 5.433865635
21 5.478515642
23 5.479469345
25 5.522671503
27 5.731258925
30 6.147568631
32 6.562598211
34 6.978676524
36 7.394637250
38 7.810644301
40 8.227027879
42 8.643343007
44 9.060173704
47 9.475798484

49 9.891272850

51 10.307076158
55 10.723024583
57 11,139432743
59 11.555990011
61 11.970816371
64 12.387220919
66 12.803328868
68 13.219222938
70 13.636108234
72 14.050885891

RE Q¢ >IeA==

eN

B2

Wireshark
#3te v

Source Destination
AsustekC_cb:12:fb  AsustekC_23:07
AsustekC_cb:12:fb  AsustekC_23:07
AsustekC_cl b AsustekC_23:07
AsustekC_cl fb  AsustekC_23:07
AsustekC_cb:12:fb  AsustekC_23:07
AsustekC_cb:12:fb  AsustekC_23:67
AsustekC_cb:12:fb  AsustekC_23:07
2:fb  AsustekC_2
2:fb  AsustekC_2
2:fb  AsustekC_23:67
2:fb  AsustekC_23:07
2:fb  AsustekC_23:07
2:fb  AsustekC_23:07
2:fb  AsustekC_23:07
2:fb  AsustekC_23:67
2:fb  AsustekC_23:07
AsustekC_cb:12:fb  AsustekC_23:07
AsustekC_cb:12:fb  AsustekC_23:07:
AsustekC_cb:12:fb  AsustekC_23:07:
2:fb  AsustekC_23:67
2:fb  AsustekC_23:07
2:fb  AsustekC_23:07
_cb:12:fb  AsustekC_23:07
AsustekC_cb:12:fb  AsustekC_23:07
AsustekC_cb:12:fb  AsustekC_23:07:
2:fb 7:

AsustekC_cl

AsustekC_2

Protocol

tha  0x9e65
tha  0x9e65
tha  0x9e65
iha  0x9e65
tha  0x9e65
tha  0x9e65
:ba  0x9e65

0x9e65
0x9e65
0x9e65
0x9e65
0x9e65
0x9e65
0x9e65
0x9e65
0x9e65
0x9e65
0x9e65
0x9e65
0x9e65
0x9e65
0x9e65
0x9e65
0x9e65
0x9e65
0x9e65

Length Info
77 Ethernet
70 Ethernet
69 Ethernet
77 Ethernet
71 Ethernet
69 Ethernet
69 Ethernet
69 Ethernet
69 Ethernet
69 Ethernet
69 Ethernet
69 Ethernet
69 Ethernet
69 Ethernet
69 Ethernet
69 Ethernet
69 Ethernet
69 Ethernet
69 Ethernet
69 Ethernet
69 Ethernet
69 Ethernet
69 Ethernet
69 Ethernet
69 Ethernet
69 Ethernet

69 bytes on wire (552 bits), 69 bytes captured (552 bits) on interface ©

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

-] Expression...  +

» Ethernet II, Src: AsustekC_cb:12:fb (de:17:c2:cb:12:fb), Dst: AsustekC_23:07:ba (10:7b:44:23:07:ba)
» Data (55 bytes)

@ @

10 7b 44

01 ac 10
32 80 10
75 86 Sb

23

00
04
ea

ba do 17
5f 92 48
14 51 c@
1a 83 00

etho: <live capture in progress>

c2 cb 12 fb 9e 65 03 80
00 40 06 83 @e ac 10 00
82 54 a9 45 49 98 fd 90
00 01 01 08 @a 3d 2d b9

Packets: 148 - Displayed: 35 (23.6%)

Profile: Default
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nukxDC(ee)k Z_% /it & Bl

« UE 3¢ % B frelwakss

* eNB7g K wififrethit & 5 1:1

+ L EPCR Feafendt =i & gi; »
Iperf3 —s

o 4 UER ExaTeni =5 ¥ ¥ 33
iperf3 —c 172.16.0.1 —M 100B
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Ipert3 Bl:d 55 %

&S E ue@ue-X580VD: ~

ue@ue-X580VD:~S iperf3 -c 172.16.06.1 -M 100B

Connecting to host 172.16.0.1, port 5281

4] local 172.16.8.2 port 58362 connected to 172.16.8.1 port 5201

ID] Interval Transfer Bandwidth Retr Cwnd

4] 0.00-1.00 1.78 MBytes 14.9 Mbits/sec 36 9.54 KBytes

4] 1.00-2.00 1.69 MBytes 14.2 i 14 14.2 KBytes

4] 2.00-3.00 5 1.50 MBytes 12. Lts 40 14.3 KBytes

4] 3.00-4.00 1.560 MBytes 12. i 36 13.8 KBytes

4] 4.00-5.00 1.50 MBytes 12.6 i 19 14.1 KBytes
5.00-6.00 S 1.50 MBytes 12.6 its 9 18.0 KBytes
6.00-7.00 1.54 MBytes 12.9 i 21 11.2 KBytes
7.00-8.00 1.47 MBytes 12.3 i 1 15.9 KBytes
§.00-9.00 1.47 MBytes 12.3 i 36 16.1 KBytes
9.00-10.00 1.50 MBytes 12.6 i 20 10.8 KBytes

Interval Transfer Bandwidth Retr

0.00-10.00 15.5 MBytes 13.0 Mbits/sec 232 sender
0.00-10.00 14.9 MBytes 12.5 Mbits/sec receiver

T o e et et ) et =t

— — —

iperf Done.

ue@ue-X580VD:~S iperf3 -c 172.16.8.1 -M 100B

Connecting to hest 172.16.0.1, port 5281

4] local 172.16.8.2 port 58366 connected to 172.16.8.1 port 5201

ID] Interval Transfer Bandwidth Retr Cwnd

G 0.00-1.00 1.76 MBytes 14.8 Mbits/sec F 9.28 KBytes
1.00-2.00 1.57 MBytes 13.2 Mbits/sec 13.1 KBytes
2.00-3.00 1.65 MBytes 13.9 Mbits/sec 12.6 KBytes
3.00-4.00 1.47 MBytes 12.3 Mbits/sec 13.8 KBytes
4.00-5.00 5 1.47 MBytes 12.3 Mbits/sec 13.1 KBytes
5.00-6.00 1.47 MBytes 12.3 Mbits/sec 9.20 KBytes
6.00-7.00 1.50 MBytes 12.6 Mbits/sec 15.1 KBytes
7.00-8.00 S 1.50 MBytes 12.6 Mbits/sec 13.7 KBytes
8.00-9.00 1.47 MBytes 12.3 Mbits/sec 13.1 KBytes
9.00-10.00 s 1.50 MBytes 12.6 Mbits/sec 14.2 KBytes

I
[++]

‘)

[
Lo Oh @00 Wn bR

MW

1 ) et o e e et e e
W oW

Interval Transfer Bandwidth Retr
0.00-10.00 15.4 MBytes 12.9 Mbits/sec 195 sender
0.00-10.00 s 14.9 MBytes 12.5 Mbits/sec receiver

— ——

iperf Done.
ue@ue-X580VD:~S ||
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*tun_srsue

AN @HRBE QK >»¥ kA5 5 0o uE

M| Apply a display filter ... <Ctrl-/> =3 -| Expression...

No. Time Source Destination Protocol Length Info
40 19.367486314 172.16.08.1 172.16.0.2 IC 84 Echo (ping) reply

» Frame 40: 84 bytes on wire (672 bits), 84 bytes captured (672 bits) on interface ©
Raw packet data
v Internet Protocol Version 4, Src: 172.16.0.1, Dst: 172.16.0.2
8100 .... = Version: 4
.... 0181 = Header Length: 20 bytes (5)
» Differentiated Services Field: Ox®0 (DSCP: CS@, ECN: Not-ECT)
Total Length: 84
Identification: @x07ed (2029)
» Flags: 0x0000
Time to live: 64

+

AmNA® @FERE QK PP kA=S 5 & =0 0 E

N | eth.type == 0x9e65 [X¥] ~ | Expression...

No. Time Source Destination Protocol Length Info
16 4.636323122 AsustekC_23:07:ba AsustekC_04:55:83 Bx9e65 101 Ethernet II

» Frame 16: 101 bytes on wire (888 bits), 181 bytes captured (808 bits) on interface ©
v Ethernet II, Src: AsustekC_23:07:ba (10:7b:44:23:087:ba), Dst: AsustekC_B4:55:83 (78:24:af:04:55:83)
» Destination: AsustekC_04:55:03 (78:24:af:04:55:83)
» Source: AsustekC_23:07:ba (10:7b:44:23:07:ba)
Type: Unknown (0x9e65)
» Data (87 bytes)

+

]
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Wireshark & - eNB1-

3t

AmN 0 BERE QC >»F kA= 5 8w E
M| Apply a display Filter ... <Ctrl-/> =3 ~| Expression... +
No. Time  Source Destination Protocol Length Info |‘

40 19.36.. 172.16.0.1 172.16.0.2 84 Echo (ping) reply

» Frame 408: 84 bytes on wire (672 bits), 84 bytes captured (672 bits) on interface @
Raw packet data

» Internet Protocol Version 4, Src: 172.16.0.1, Dst: 172.16.0.2

» Internet Control Message Protocol
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Wireshark 7 - eNB1:

a = & =8 o E
M | eth.type == 0x9e65 || gtp [X] | Expression...  +

No. Time  Source Destination Protocol Length ' Info {

101 Ethernet II

» Frame 20: 101 bytes on wire (868 bits), 101 bytes captured (808 bits) on interface ©
v Ethernet II, Src: AsustekC_23:07:ba (10:7b:44:23:07:ba), Dst: AsustekC_P4:55:03 (78:24:af:04:55:03)
» Destination: AsustekC_04:55:03 (78:24:af:04:55:03)
» Source: AsustekC_23:07:ba (10:7b:44:23:87:ba)
Type: Unknown (0x9e65)
» Data (87 bytes)

R ———
AW @ @ERE QK >V HAEF 5 oo E

M | eth.type == 0x9e65 || gtp [X] | Expression...  +
No. Time  Source Destination Protocol Length Info :
I 21 4.096.. 192.168.128.101 192.168.128.1600 GTP =@x80a6=> 136 PPP Unknown (@x80a6)

» Frame 21: 136 bytes on wire (1088 bits), 136 bytes captured (1088 bits) on interface ©
* Ethernet II, Src: AsustekC_04:55:03 (78:24:af:04:55:03), Dst: AsustekC_cb:12:fb (d0:17:c2:cbh:12:fh)
» Destination: AsustekC_cb:12:fb (d0®:17:c2:cb:12:fb)
» Source: AsustekC_04:55:03 (78:24:af:04:55:03)
Type: IPv4 (©x0808)
» Internet Protocol Version 4, Src: 192.168.128.101, Dst: 192.168.128.100
» User Datagram Protocol, Src Port: 2152, Dst Port: 2152
» GPRS Tunneling Protocol
» Point-to-Point Protocol
» Data (84 bytes)
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Wireshark & 7 - eNB2:

TR T EEEEEE:

N eth.type == 0x9e65 B0 - Expression...  +

No. Time Source Destination Protocol Length Info
117 68.103512385 AsustekC_cb:12: AsustekC _23:87:ba  0x9e65

» Frame 117: 101 bytes on wire (868 bits), 161 bytes captured (808 bits) on interface ©
v Ethernet II, Src: AsustekC cb:12:fb (d0:17:c2:ch:12:fb), Dst: AsustekC_23:07:ba (10:7b:44:23:67:ba)
» Destination: AsustekC_23:07:ba (10:7b:44:23:07:ba)
» Source: AsustekC_cb:12:fh (d@:17:c2:ch:12:fh)
Type: Unknown (@x9e65)
» Data (87 bytes)
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* enblen
*%—V%J)\ LL %10
AR R ﬂgﬁi’ d #c? LT

elease

Opening USRP with args:

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

[INFO]
[INFO]
Setting frequency: DL=2160.0 Mhz, UL=1970.0 MHz
[INFO] [B20@] Asking for clock rate 23.840000 MHz...

Failed to bind on address 192.168.128.101,

v:hbﬁ%] >

7R

‘\\

A}

asus-medium@asusmedium-UN65H: ~/Desktop/dc_enb1/srsenb
[INFO] [UHD] linux; GNU C++ version 5.4.0 20160609; Boost_ 105800; UHD 3.14.0.0-r

[B200]
[B200]
[B200]
[B200]
[B200]
[B200]
[B206]
[B200]
[B200]
[B200]

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 30.720000 MHz...
Actually got clock rate 30.720000 MHz.

port 2152

[INFO] [B200] Actually got clock rate 23.040000 MHz.
Setting Sampling frequency 5.76 MHz

==== eNodeB started ===
<t> to view trace

lwa ratio:1 ©

type=b200,master_clock rate=30.72e6
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Iperf3 —s

o A UE B ExAT% 238 31
Iperf3 —c 172.16.0.1 —M 10 8)

‘

% P
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ue@ue-X580VD: ~

0.00-1.00
1.00-2.00
2.00-3.00
3.00-4.00
4.00-5.00
5.00-6.00
6.00-7.00
7.00-8.00
8.00-2.00
9.00-10.00

18.8
18.2
17.0
16.7
17.0
16.7
17.4
16.7
17.0
16.4

58C
s5ec
sS52ecC
52cC
s5ecC
sS52ecC
52cC
s5ecC
sS5ecCc
52cC

MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes

Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec

KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes

= = = = = P P P P

Interval
0.00-10.00
0.00-10.00

Bandwidth
17.2 Mbits/sec
16.7 Mbits/sec

Transfer
20.5 MBytes
20.0 MBytes

1)
4]
4]

sender
receiver

—r—r—

iperf Done.

ue@ue-X580VD:~% iperf3 -c 172.16.0.1 -M 1060B
Connecting to host 172.16.8.1, port 5201

4] local 172.16.8.2 port 58472 connected to 172.16.8.1 port 5201
ID] Interval Transfer Bandwidth Retr Cwnd
4] 0.00-1.00 2.20 MBytes 18.5 Mbits/sec 29 11.1

sec KBytes

4]
4]
4]
4]
4]

=1 = = = = P P P P P P

—r—r—

1.00-2.00
2.00-3.00
3.00-4.00
4.00-5.00
5.00-6.00
6.00-7.00
7.00-8.00
8.00-2.00
9.00-106.00

Interval

0.00-106.00
0.00-10.00

iperf Done.
ue@ue-X580VD:~5S JJ

2.13
1.99
1.92
1.96
1.92
1.96

MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
1.92 MBytes
1.92 MBytes
1.96 MBytes
Transfer
19.9 MBytes
19.3 MBytes

17.9
16.7
16.1

-
-
=
-
-

=

1
1
1
1
1
1
B
1
1

4
1
4
1
1
4
d
7
2

a
6
6

=
-

Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec

ndwidth

Mbits/sec
Mbits/sec

10
12
45
65
23
13
55
47

1

16.6
15.6
16.1
11.9
13.7
15.6
14.8
15.0
192.9

KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes

sender
receiver
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AE A0 @MRRE Q€ » ¥4 =
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R | Apply a display filter ... <Ctrl-/> =3 - | Expression... +
Mo. Time Source Destination Protocol Length Info -
160 64.454223970 ASUStEkC 23:087: ba ASUStEkC 84:55:83 0x9e65 38 Ethernet II

» Frame 160: 30 bytes on wire (248 blts}, 3e bytes captured (248 bits) on interface 0
Ethernet II, Src: AsustekC_23:87:ba (18:7b:44:23:87:ba), Dst: AsustekC_04:55:083 (78:24:af:04:55:03)

» Destination: AsustekC_04:55:83 (78:24:af:04:55:83)
b Source: AsustekC_23:07:ba (10:7b:44:23:07:ba)
Type: Unknown (0x9e65)
» Data (16 bytes)

R
Am 1@ @ERE QK >V HAF E o0 uE

Il

R | Apply a display Filter ... <Ctrl-/> 3 - | Expression... +
No. Time Source Destination Protocol Lenath Info = _ o -
39 19.084708821 172.16.0.2 172.16.0.1 ICMP 84 Echo (ping) request ..

40 19.085255726 172.16.0.1 172.16.0.2 IC 84 Echo (ping) reply

» Frame 40: 84 bytes on wire (672 bits), 84 bytes captured (672 bits) on interface © =
Raw packet data
¥ Internet Protocol Version 4, Src: 172.16.0.1, Dst: 172.16.8.2

72
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AW 10 @HRE QK 2V k45 5 gouE

A | Apply a display Filter ... <Ctrl-/> - | Expression... +
No. v Time  Source Destination Protocol Length Info -
I 147 24.19. 192.168.128.101 192.168.128.100 GTP =0x8096=> 136 PPP Unknown (©x8096) -

» Frame 147: 136 bytes on wire (1088 bits), 136 bytes captured (1888 bits) on interface 8

v Ethernet II, Src: AsustekC_04:55:03 (78:24:af:04:55:03), Dst: AsustekC_cb:12:fb (de:17:c2:cb:12:fh)
» Destination: AsustekC_cb:12:fb (de:17:c2:ch:12:fb)
» Source: AsustekC_84:55:83 (78:24:af:04:55:03)

Type: IPv4 (Ox0800)
Internet Protocol Version 4, Src: 192.168.128.101, Dst: 192.168.128.180

User Datagram Protocol, Src Port: 2152, Dst Port: 2152

GPRS Tunneling Protocol
Point-to-Point Protocol
Data (84 bytes)

Am i@ @BERE QC >V 45 = 8o uE

¥ ¥ ¥V VW

N | Apply a display filter ... <Ctrl-/> ~| Expression... +
No. * Time Source Destination Protocol Length Info —
146 24.19.. AsustekC_23:87:ba AsustekC_04:55:03 Bx9e65 101 Ethernet II

» Frame 146: 101 bytes on wire (808 bits), 181 bytes captured (808 bits) on interface 0
v Ethernet II, Src: AsustekC_23:07:ba (10:7b:44:23:07:ba), Dst: AsustekC_04:55:03 (78:24:af:04:55:03)
» Destination: AsustekC _04:55:03 (78:24:af:94:55:03)
» Source: AsustekC_23:07:ba (10:7b:44:23:07:ba)
Type: Unknown (0x9e65)
» Data (87 bytes)

7

w
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AN A BRERE QK P>V eE0=E = 0 @ E

M| Apply a display Filter ... <Ctrl-/> =3 -| Expression... +
No. Time  Source Destination Protocol Length Info -
40 19.08.. 172.16.0.1 172.16.6.2 -

» Frame 40: 84 bytes on wire (672 bits), 84 bytes captured (672 bits) on interface ©
Raw packet data

» Internet Protocol Version 4, Src: 172.16.0.1, Dst: 172.16.0.2

» Internet Control Message Protocol

© 7 wireshark srs_spgw ...12439 bnoJi9.pcapni Packets: 40 - Displayed: 40 (100.0%) - Dropped: 0 (0.0%)  Profile: Default
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Wireshark & 7 - eNB2:

A O REREQ()VrdS EEEUE

N eth.type == Oxde65 WED + Expression...  +

No. Time Source Destination Protocol Length Info
39 20.497977377 AsustekC_ch:12:fh  AsustekC_23:07:ba  0x9e65 101 Ethernet II

» Frame 39: 101 bytes on wire (808 bits), 101 bytes captured (808 bits) on interface @
v Ethernet II, Src: AsustekC_ch:12:fb (d:17:c2:ch:12:fh), Dst: AsustekC_23:07:ba (10:7h:44:23:07:ba)
» Destination: AsustekC 23:07:ba (10:7b:44:23:07:ba)
b Source: AsustekC_ch:12:fb (d0:17:c2:ch:12:fh)
Type: Unknown (@x9e65)
» Data (87 bytes)
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o A UEms 345 1 %J »7@” 1. 3T "Enter’
* 32 o ¢ & 1 Disable elwa.

2 S E ue@ue-X580VD: ~/Desktop/dc_ue/srsue

[INFO] [B28©] Performing register loopback test...
[INFO] [B20©] Register loopback test passed

[INFO] [B288] Asking for clock rate 30.720000 MHz...
[INFO] [B20B®] Actually got clock rate 36.720000 MHz.
LWAAP MAC T4:96:34:3:6a:a6

LWAaAP IP packet receiver thread run_enable

Waiting PHY to initialize...

Searching cell in DL EARFCN=508, T dl=2160.8 MHz, f ul=1978.8 MHz

Found Cell: PCI=1, PRB=25, Ports=1, CF0=0.7 KHz
[INFO] [B288] Asking for clock rate 23.040000 MHz...
[INFO] [B208®] Actually got clock rate 23.840000 MHz.
Found PLMN: Id=0681681, TAC=7

Random Access Transmission: seg=6, ra-rnti=0x2
Random Access Transmission: seq=42, ra-rnti=0x2

RRC Connected

Random Access Complete. c-rnti=0x47, ta=0
Metwork attach successful. IP: 172.16.0.

Software Radio Systems LTE (srsLTE)

e

Disable elwa.
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