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=zeo OS: Ubuntu 16.04 Ex# EPC# 5:

Ubuntu linux-image-4.13.16-041316-
lowlatency

SISLTE=EPC #1: %8 & * 18.6.15%x &

SISLTE 470953bf9c5875646e4d5049¢8f213d202fa84fd
https://github.com/srsLTE/srsLTE

R At F* 2.6.060x &

PolarSSL/mbedTLS https://tls.mbed.org/

OS: Ubuntu 16.04 ExdeNB# i

Ubuntu Kernel
linux-image-4.13.16-041316-
lowlatency

SISLTE =neNB #1 48 B * 18.6.1% ~

STSLTE 470953bf9c5875646e4d5049¢8f213d202fa84fd
https://github.com/srsLTE/srsLTE

% = 2 SRdr Al F* 3.13.1.0% &~

USRP Hardware Driver http://files.ettus.com/binaries/uhd_stable/
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WiFi -
y - Internet
¥

127.0.0.1:36412 127.0.0.1:36412

' "PGW
| Switch

UE | eNB

172.16.0.2 127.0.0.1:2152 127.0.0.1:2152 172.16.0.1/192.168.50.194
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SISLTE 3 vf;

namespace srslte

T T

Nnamespace Srsepc Namespace srsenb Namespace srsue

srsepc ~ srsenb ~ srsuefg —ELFRCHE S LAY - AR HE @ B fEnamespace
srslte » &7 75 ZL {0 HAYRHiE & 0 srslte 2L (A YA =005
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namespace srslte

v Project Browser - Master_srsite.udb

BB Q@;’ # [ File Sync

@8 X

e

Getting Started x &0 maincc x [T enbcc x [& recc x\{fu pdcp_entity.cc x‘l'@ pd

5 ™ cmake
> examples

v [ include

v [0 srste
asnt
common
interfaces
phy

namespace srslte

upper

// pdcp all function Lo

[0 pdcph
[1 pdcp_entity.h
class pdcp{...}; D e
B A [1 ric_amn
[1 ric_common.h
[1 ric_entity.n
} [ ric_interface.n
[ ric_metrics.h
[1 ric_tmh
[ ric_tx_gueueh
[l rc_umh
[1 config.h
[1 srsten

K vvvevwy
[ninininiein;

<
8]

w

o

asn1

[leNB 3 UE £ * pdcps
i 0 Tt 8 Asrslte

common
phy

radio

upper

[1 gtpu.cc

[1 pdep.cc

[1 pdcp_entity.cc

[ rec.cc

K v vV
(T R A L A

>

v

#include "srslte/upper/pdcp_entity.h"
#include "srslte/common/security.h"

pdcp_entity: :pdcp entity()
:ractive(false)
. tx_count(0)

H

void pdcp_entity::init(srsue::xrlc_interface pdcp *rlc ,
srsue::rrc interface pdcp *rrc ,
srsue::gw_interface pdcp *gw_,
srslte::log *log_,
uint32 t lcid_,
srsite pdcp config t cfg_ )

[ «

// Reestablishment procedurs: 36.323 5.2
EEI void pdcp entity::reestablish() {

| void pdcp _entity::reset()

[ «

 bool pdcp entity: 1is active()

[ ¢

// RRC interface
void pdcp_entity::write sdu(bvte buffer t *sdu)
=R
log->info_hex(sdu->msg, sdu->N bytes,
"TX %s SDU, SN: %d, do_integrity = %s, do_encryption

1formation Browser

@78 X

va“*vESyncDFieSync Z

rrc—>get_rb_name(lcid) .¢_str(), tx count,
(do_integrity) ? "true" "false", (do encryption) ?

pdcp_entity.cc

ullname: F:\srsLTE-master\srsLTE-master\lib\src\upy

ocal

ilobal

lembers
icludes
xternals Used
letrics

rchitectures

—| if (cfg.is control) {

pdcp_pack control pdu(tx count, sdu);

= if(do integrity) {

integrity generate(sdu->msg,
sdu->N_bytes-4¢
&sdu->msg[sdu->N bytes-4]1);

14



eNB Interface.h

namespace srsenb

{

class pdcp_interface_ric{...};
class rlc_interface pdcp{...};

}

/leNB*7% %

-

™

// pdcp function for rlc
/I rlc function for pdcp

¢ B enb_interfaces.h

Getting Started ffu main.cc fC enb.cc x f&t-" ric.cc waf; enb_interfaces.h x.[@; pdcp_entity.cc  x fﬁ pdcp_entity.h x\]

// PDCP interface for RLC
class pdcp _interface ric
=K
public:
/* RLC calls PDCP to push a PDCP PDU. */
virtual void write pdu(uintlé_t rnti, uint32 t lcid, srslte::byte buffer t #*sdu) = 0;
— ) >

// RRC interface for RLC
class rrc_interface ric

L
o I F:\srsLTE-master\srsLTE-master\iiblinclude\srsitelinterfaces\enb_interfaces.h l

¥ Project Browser - Master_srsiteudt & & X
B B 4% # [OFriesync 2
> [0 cmake A
v [0 b
» [0 examples
v [0 include
v [ srstte
0 asnt
> [0 common
v [0 interfaces
|1 enb_interfaces.h
[1 enb_metrics_in
[1 epc_interfaces.m
[1 sched_interface.h
[1 ue_interfaces.h
> O phy
> [3 radio
v [ upper

public:
virtual void read pdu bcch dlsch(uint32 t sib_index, uint8 t *payload) = 0;
virtual void read pdu pcch(uint8 t *payload, uint32 t payload_size) = 0;
virtual void max retx attempted(uintlé_t rnti) = 0;

- ) ~

15



pdcp Init

srsenb\src\upper\pdcp.cc

void pdcp::init(rlc_interface pdcp*ric_, ..., srslte::log* pdcp_log )
{

rlc =rlc_;

rrc =rrc_;

gtpu = gtpu_;

log_h = pdcp_log_;

pool = srslte::byte buffer_pool::get_instance();
pthread_rwlock init(&rwlock, NULL);

}

llsrsenb i & i@ e8> & & srsenb\src\ » [ pFde % srsenbsnfh & G F &
i * H xa/é]mfunctlon T hA et iR E R R R 0 R R
Al B R g k2 * 82 g ofunction -

B A
H
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srsenb\src\enb.cc

namespace srsenb

{
bool enb::init(all_args_t *args )
{
pdcp_log.init("PDCP ", logger);
pdcp_log.set_level(level(args->log.pdcp_level));
pdcp_log.set_hex_limit(args->log.pdcp _hex_limit);
pdcp.init(&rlc, &rrc, &gtpu, &pdcp_log);
}
}

lIsrsenb#7t3 #2387t & 4~ 414 € srsenb\src\enb.cc# 4

17



pdcp Init

srsenb\src\upper\pdcp.cc

void pdcp::init(rlc_interface pdcp*ric_, ..., srslte::log* pdcp_log )
{

rlc =rlc_;

rrc =rrc_;

gtpu = gtpu_;

log_h =pdcp_log_;

pool = srslte::byte buffer_pool::get_instance();
pthread_rwlock init(&rwlock, NULL);

}

I+ - F epdep.init € = #¥srsenb\src\upper\pdcp.cc & & £rinit()

18



LTE Data Flow
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y y
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eNBit e ;4%

-> eNB -> [leNBz 38 UE T 34t > rick Jc 3|4t
srsenb::pdcp::write_pdu() [lrlceE e pdep e o 4= 4f @ i Tpdcp &
|-> srslte::pdcp::write_pdu() llenb=pdep i & = v srsltecopdep 7 &
|-> srslte::pdcp_entity::write_pdu() [l srsltespdep B & £ w¥ v7 & (T4 5
|-> srsenb::gtpu::write_pdu() [lpdcpf =+ v“'gtpu?} H
<- eNB <- [leNB1z 3| £ EPCY 3|4t s » gtpuky 13: I4te

srsenb::gtpu::run_thread(){ recv(); } /Igtpuk 4z F|EPC:x %k eh%
|-> srsenb::pdcp::write_sdu() [Igtpuk v¥ ipdeperif & 4= 4t e E D pdcp/é;
|-> srslte::pdcp::write_sdu()  //lenbspdcp 7 & =* ¢ srslte=rpdcp f &
|-> srslte::pdcp_entity::write_sdu() //srsltespdcp & £ »F v :&F 1747 31

|-> srsenb::rlc::write_sdu() [lpdcpf »Eriric i &
|->...

20



ue_ Interface.h

namespace srsue
{
class pdcp _interface_rrc{...}; /[ pdcp function for rrc
class ric_interface_pdcp{...};  // rlc function for pdcp
}
[IUE#*t3 «hf & € B frue_interfaces.h

v Project Browser - UE_srsite_LWAAPud@ & X |J8] Getting Started X\i o ue_interfaces.h x [‘C— Iwaap.cc x-\['@ pdcp_entity.cc x\{"f;-'z pdcp_entity.h x\fﬁ— rre.cc x-\'|
241 // PDCP interface for GW

B E (4@ # [Fiesync
class pdcp_interface gw

build )

P
<« 3
> [0 cmake =R
v [ public:
> 7 examples virtunal void write sdu(uint32 t lcid, srslte::byte buffer t *sdu) = 0
v: include virtual bool is drb emabled(uint32 t 1lcid) = 0;
v [0 srstte -}
> [0 asm
> [0 common // PDCP interface for RRC
v [0 interfaces class pdcp_interface rrc

H
public:
virtual void reestablish() = 0;

[1 enb_interfaces.h

[1 enb_metrics_interface.h
[1 epc_interfaces.h

|1 sched_interface.h

[1 ue_interfaces.h

virtual void reset() = 0;
virtual void write sdu(uint32 t lcid, srslte::byte buffer t *sdu)

21



srsue\src\ue.cc

namespace srsue

{
bool ue::init(all_args_t *args )
{
pdcp_log.init("PDCP ", logger);
pdcp_log.set_level(level(args->log.pdcp_level));
pdcp_log.set_hex_limit(args->log.pdcp _hex_limit);
pdcp.init(&rlc, &rrc, &gw, &pdcp _log, ...);
}
}

lIsrsue T3 #23% 0 ft G 4~ 414 € fsrsue\src\ue.cCcF 4y

22



srsLTE UE Data flow

[Uu
App | .
Juop/TcH | | App
P | { UDP/TCP
—— ’ ) :
gw | P
: A L
pocP |i| Poce | gTP-u | | GTP-U | aTP-U | i | GTP-U
s P P
RLC |i| RLC | uDP UDP | UDP UDP
MAC |i| MmAc P P P P
L2 L2 L2 L2 L2 L2
PHY |i| PHY
; L1 L1 L1 L1 L1 L1
* [ ? 4 4 4 4 E
TS 23.401
UE eNB S-GW P-GW Server
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UEZt @ 742

UE -> [lUE3 £ ¢ i% T|eNB
srsue::gw::run_thread() [[UEP~ 1 3t &

|-> srslte::pdcp::write_sdu() [lgwk == eipdep /it & I 4o 4F ¢ i Fpdcpk
|-> srslte::pdcp_entity::write_sdu()
|->...

UE <- [ITUE % & = F|eNBeritf ¢
|->...
|-> srslte::pdcp::write_pdu() //& & == e'pdep & - Je 4f @ iZ D|pdcp &
|-> srslte::pdcp_entity::write_pdu()//pdcp & & =& ¢ pdcpi& iT 4z 5
|-> srsue::gw:write_pdu() { write(); }/pdcp=t 'gwk 7 &

24
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T fa;\ 5 & #=Kernel

GEPCY B - BATSM RS > T 7 i

wget -P ~/Downloads/kernel http://kernel.ubuntu.com/~kernel-ppa/mainline/v4.13.16/linux-
headers-4.13.16-041316 4.13.16-041316.201711240901 all.deb

wget -P ~/Downloads/kernel http://kernel.ubuntu.com/~kernel-ppa/mainline/v4.13.16/linux-
headers-4.13.16-041316-lowlatency 4.13.16-041316.201711240901 amd64.deb

wget -P ~/Downloads/kernel http://kernel.ubuntu.com/~kernel-ppa/mainline/v4.13.16/linux-
image-4.13.16-041316-lowlatency_4.13.16-041316.201711240901_amd64.deb

sudo dpkg -i ~/Downloads/kernel/*.deb

nuk@nuk: ~
nuk@nuk:~$ wget -P ~/Downloads/kernel http://kernel.ubuntu.com/~kernel-ppa/mainline/v
4.13.16/1inux-headers-4.13.16-041316 _4.13.16-041316.201711240901_all.deb

nuk@nuk:~$ wget -P ~/Downloads/kernel http://kernel.ubuntu.com/~kernel-ppa/mainline/v
4.13.16/1inux-headers-4.13.16-041316-lowlatency 4.13.16-041316.201711240901_amd64.deb

nuk@nuk:~$ wget -P ~/Downloads/kernel http://kaneI.ubuntu.com/~kerne1-ppa/mainline/v
4.13.16/1inux-image-4.13.16-041316-lowlatency 4.13.16-041316.201711240901 amd64.deb

nuk@nuk:~$ sudo dpkg -i ~/Downloads/kernel/*.deblf}

26



B SHSER ~ T g 2

 sudo gedit /etc/default/grub

"GRUB_HIDDEN_TIMEOUT=0" #z =
"#GRUB_HIDDEN_TIMEOUT=0"

27



L ATH] A ek T

B 3 g%ﬁﬁﬁ;r] A~ 1] TE #]5 I

» sudo update-grub2

Ris ke » 1T s 0 TR

e sudo reboot

Ris B 85 H :E k|1 <X Z lowlatency kernel

28



¥ & CPUm»asy 3k 7

EATR 1S 8 gy~ o FEiiKernels &

2 S nuk@nuk: ~

nuk@nuk:~S uname -a

Linux nuk 4.13.16-041316-lowlatency #201711240901 SMP PREEMPT
Fri Nov 24 09:04:55 UIC 201/ x86_064 x86_64 x86_64 GNU/Linux
nuk@nuk:~$ i

29



ﬁ;;] N
« sudo apt-get install cmake libfftw3-dev libboost-all-dev
libconfig++-dev libsctp-dev

2 S 3 nuk@nuk: ~

nuk@nuk:~$ sudo apt-get install cmake libfftw3-dev
libboost-all-dev libconfig++-dev libsctp-dev]}

30



T i\l mbedTLS

LEPC ~ eNB2 UE i 4 i » 1217 45 4

« wget -P ~/Downloads https://tls.mbed.org/download/mbedtls-
2.6.0-apache.tgz

« tar zxvf ~/Downloads/mbedtls-2.6.0-apache.tgz

 sudo mv ~/mbedtls-2.6.0 /usr/local
e cd /usr/local/mbedtls-2.6.0

2 nuk@nuk: ~

:~$ wget -P ~/Downloads https://tls.mbed.org/download/start/mbedtls-2.6.0-apache.tgz
:~$ tar zxvf ~/Downloads/mbedtls-2.6.0-apache.tgz
:~S$ sudo mv ~/mbedtls-2.6.0 /Jusr/local

nuk@nuk:~$ cd /usr/local/mbedtls-2.6.0/

31



£mbedTLS

815 EPC ~ eNBZ UEs sh gy » 11T 4p £ &
2% TR A7 5N

e cmake

* make

« cmake -DENABLE_TESTING=0ff .
« cmake -DUSE_SHARED_MBEDTLS_LIBRARY=0n.

» sudo make install library

=@ nuk@nuk: /usr/local/mbedtls -2.6.0

0S$ cmake -DENABLE TESTING=Off .
0$ cmake -DUSE_SHARED_MBEDTLS_LIBRARY=0n .
6.0$ sudo make install library

32



& L ERD AR 5

Ris 2EPC ~ eNB% UEmf:%ﬁﬁﬁg?J aTLTE ;}]3 £
» 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/uhd_images_downloader.py

%) nuk@nuk: ~/linux_kernel/srsLTE-eNB_LWIP/build

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

:~S$sudo apt-get install libuhd-dev 1ibuhd®03 uhd-host
:~$sudo fusr/lib/uhd/utils/uhd_images_downloader.py
1~$

33



Download and Build srsLTE

e git clone
https://github.com/nukcsie2066/nukxDC.git

e cd srsLTE
 mkdir build
e cd build
e cmake ../

* make

* make test

e sudo make install




* T UE MAC

eNBehs sy gy » 117 45 4
* gedit /path/to/srsLTE/lib/include/srslte/upper/lwaap_entity.h

T B > AeNBi# 2k 2 IWA=DST MAC
3 UE5MACK eaderk ;¢

nuk@nuk:~$ ifconfig nuk@nuk:~$ gedit ~/srsLTE/lib/include/srslte/upper/lwaap_entity.h
enp4se Link encap:Ethernet HWaddr 10:7b:44:23:07:c7
inet addr:192.168.50.38 Bcast:192.168.50.255 Mask:255.255.255.0 [
UP BROADCAST RUNNING PROMISC MULTICAST MTU:1500 Metric:1
RX packets:737895 errors:0 dropped:® overruns:0® frame:0
TX packets:125965 errors:® dropped:0 overruns:0 carrier:0 - - b
EoUits tone: Bl txalielalanz 1060 Iwaap_entity.h (~/srsLTE/lib/include/srslte/upper) - gedit

RX bytes:660584848 (660.5 MB) TX bytes:10774034 (10.7 MB)

Link encap:Local Loopback

inet addr:127.0.0.1 Mask:255.0.0.0

inet6 addr: ::1/128 Scope:Host

UP LOOPBACK RUNNING MTU:65536 Metric:1 2 =
RX packets:28581091 errors:® droppe overruns:0 frame: #include
TX packets:28581091 errors:0 dropped:0 overruns:0 carrier:0

collisions:0 txqueuelen:1000 namespace srslte {
RX bytes:36108153281 (36.1 GB) TX bytes:36108153281 (36.1 GB)

<netinet/ether.h>

e anak e I R
= * Structs and Defines
* Ref: 3GPP TS 36.360 v14.0.0

B T R E T T |

of
0x1a
Ox7a
#define ETH_TYPE_WIFI 0x9e65
#define LWAAP_HEADER_LEN 1
L
C/C++/ObjCHeader ¥ Tabwidth:8 ~ Ln 58, Col 24 v INS

35



* T eNB MAC

£ Em‘*‘:,%',%;ﬁﬁ%] 1T ;}ﬁ I

 gedit /path/to/srsLTE/srsue/hdr/upper/iwaap.h

4o B 0 wUEZ 8 1F 3 T L WASDST MAC
= eNB & = 4- T Blheaderk ;*

nuk@nul

ifconfig nuk@nuk:~$ gedit ~/srsLTE/srsue/hdr/upper/lwaap.h I

Link encap:Ethernet HWaddr 10:7b:44:2

UP BROADCAST MULTICAST MTU:1500 Metric:1

RX packets:® errors:0 dropped:0 overruns:0 frame:0®

TX packets:0 errors:0 dropped:0 overruns:0 carrier:0

collisions:0 txqueuelen:1000

RX bytes:0 (0.0 B) TX bytes:0 (0.0 B)

<stdio.h>

Link encap:Local Loopback i <string.h>

inet addr:127.0.0.1 Mask:255.0.0.0 i <stdlib.h>

inet6 addr: ::1/128 Scope:Host i <sys/ioctl.h>

UP LOOPBACK RUNNING MTU:65536 Metric:1 #include <sys/socket.h>

RX packets:6654 errors:0 dropped:0 overruns:0 frame:@ #include <netinet/ether.h>

TX packets:6654 errors:0 dropped:0 overruns:® carrier:0

collisions:® txqueuelen:1600 i WIFI IF "wlp3s0"

RX bytes:464550 (464.5 KB) TX bytes:464550 (464.5 KB) " ERE) K10
b ENB_MAC1 ox7b

Link encap:Ethernet HWaddr f4:96:3 :1a:74 L i ENB MAC2 0x44

inet addr:192.168.50.49 Bcast:192.168.50.255 Mask:255.255.255.0 NP RErytyve ox23

inet6 addr: fe80::f696:34ff:fe03:1a74/64 Scope:Link | . ENB_MAC4 0x07

UP BROADCAST RUNNING PROMISC MULTICAST MTU:1560 Metric:1 lidefine ENB MACS oxc7

RX packets:111653 errors:0 dropped:® overruns:® frame:0 =

TX packets:242947 errors:0 dropped:® overrun carrier:0 i ETH TYPE WIFI 0x9e65

collisions:® txqueuelen:1000 i LWAAP HEADER LEN 1

RX bytes:156499331 (156.4 MB) TX bytes:327563605 (327.5 MB) - -

0 namespace srsue {

nuk@nuk:
class lwaap
:public lwaap_interface_pdcp
,public thread

{
public:
waap();

void stop();
C/C++/ObjCHeader ¥ Tab Width:8 ~

void init(srsue::pdcp_interface_lwaap *pdcp_, srslte:
*1lwaap_log_, srslte::srslte_lwaap_config_t);

Ln 43, Col 19

:log

INS
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2% T UE NIC Name

b UEhis sy iy » 117 4 4
 gedit /path/to/srsLTE/srsue/hdr/upper/lwaap.h

o Bl > RUEXR TLWAse+ L4

2SS nuk@nuk: ~

nuk@nuk:~$ ifconfig nuk@nuk:~$ gedit ~/srsLTE/srsue/hdr/upper/lwaap.h |
enp4so Link encap:Ethernet HWaddr 10:7b:44:23:07:55
UP BROADCAST MULTICAST MTU:1500 Metri

RX packets:0 errors:0 dropped:0 overruns:0 frame:0
TX packets:® errors:0 dropped:® overruns:0 carrier:0
collisions:0 txqueuelen:1000

RX bytes:® (0.0 B) TX bytes:0 (6.0 B) Open ~

#include <stdio.h>
Link encap:Local Loopback i <string.h>
inet addr:127.0.0.1 Mask:255.0.0.0 i <stdlib.h>
inet6 addr: ::1/128 Scope:Host i <sys/ioctl.h>
UP LOOPBACK RUNNING MTU:65536 Metric:1 i <sys/socket.h>
RX packets:6654 errors:0 dropped:0 overruns:0 frame:0 i <netinet/ether.h>
TX packets:6654 errors:@ dropped:@ overruns:0 carrier:0
collisions:0 txqueuelen:1000 : WIFI IF
RX bytes:464550 (464.5 KB) TX bytes:464550 (464.5 KB) ine ENB MACO

NB_MA
Link encap:Ethernet HWaddr f4:96:34:03:1a:74 i ENS-MAgé
inet addr:192.168.50.49 Bcast:192.168.50.255 Mask:255.255.255.0 ine ENB MAC3
inet6 addr: fe80::f696:34ff:fe03:1a74/64 Scope:Link | i ENB MAC4
UP BROADCAST RUNNING PROMISC MULTICAST MTU:1500 Metric:1 | ine ENB MACS
RX packets:111653 errors:0 dropped:0 overruns:® frame:0 L o
TX packets:242947 errors:0® dropped:0 overruns:0 carrier:0 | i ETH TYPE WIFI 0Xx9e65

collisions:0 txqueuelen:1000 ] i LWAAP HEADER LEN 1
RX bytes:156499331 (156.4 MB) TX bytes:327563605 (327.5 MB) | - -
inamespace srsue

nuk@nuk:~$ D | R (
iclass lwaap

| :public lwaap_interface_pdcp

] ,public thread

|

Epuhlic:

waap();

| void init(srsue::pdcp_interface_lwaap *pdcp_, srslte::log
i *1waap_log_, srslte::srslte_lwaap_config_t);

void stop();

C/C++/ObjCHeader ¥ Tab Width:8 ~ Ln 43, Col 19 v INS
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2k Z.eNB NIC Name

reNBa# :r%',,%;ﬁﬁ;f] a1 F ;}% I
* gedit /path/to/srsLTE/lib/include/srslte/upper/iwaap_entity.h

4o Bl > eNB#% ZLWAH g+ 2

nuk@nuk:~$ gedit ~/srsLTE/lib/include/srslte/upper/lwaap_entity.h

Link encap:Ethernet HWaddr 10:7b:44:23:07:c7

inet addr:192.168.50.38 Bcast:192.168.50.255 Mask:255.255.255.0 D
UP BROADCAST RUNNING PROMISC MULTICAST MTU:1500 Metric:1

RX packets:737895 error dropped:0 overruns:0 frame:0

TX packets:125965 errors:0 dropped:0® overruns:® carrier:0
collisions:® txqueuelen:1000

RX bytes:660584848 (660.5 MB) TX bytes:10774034 (10.7 MB)

*lwaap_entity.h (~/srsLTE/lib/include/srslte/upper) - gedit

Link encap:Local Loopback A R o
inet addr:127.0.0.1 Mask:255.0.6.0 #include <string.h>
inet6 addr: :: . #include <stdlib.h>

UP LOOPBACK RUNNING MTU:65536 Metric:1 #include <linux/if.h>

RX packets:28581091 errors:0 dropped:® overruns:® frame:® #include <netinet/ether.h>
TX packets:28581091 errors:0 dropped:0 overruns:0 carrier:0

collisions:® txqueuelen:1000 namespace srslte {

RX bytes:36108153281 (36.1 GB) TX bytes:36108153281 (36.1 GB)

s s e ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ek ok ok ok sk sk e ke ke kR ke ke kx|

* Structs and Defines
* Ref: 3GPP TS 36.360 v14.0.0

uk@nuk:~$ |:|

B R e T e e ]

#define WLAN_IF["enp4so|']
#define UE_MACO OX
#define UE_MAC1 0x96
#define UE_MAC2 0x34
#define UE_MAC3 0x03
#define UE_MAC4 0Ox1a
#define UE_MACS5 0x7a

ETH_TYPE_WIFI 0x9e65
LWAAP_HEADER_LEN 1

C/C++/ObjCHeader ¥ Tab Width:8 » Ln 58, Col 24 S INS
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¥ 3 & HsrsLTE

& EPC ~ eNB2 UE: s 4i »
e cd ~/srsLTE
 rm -rf build

¢ mkdlr bUIId > fXHome SrsLTE
. ® Recent b
 cd build S i l i
[ Desktop atiid cmake debian

[ Documents

S mkdir build
$ cd build
E/build$ cmake ../l

40



¥ % % ZsrsLTE(Cont.)

= EPC ~ eNB# UEmX:%',%%ﬁ%?] »

cmake ../

make

sudo make install

sudo ldconfig

sudo srslte_install_configs.sh

' nuk@nuk: ~/srsLTE/build

:~/srsLTE /build$ cmake ../

:~/srsLTE /build$ make

:~/srsLTE /build$ sudo make isntall

:~/srsLTE /build$ sudo ldconfig
:~/srsLTE/build$ sudo srslte_install_configs.sh
:~/srsLTE/buildS
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1%tz SISEPC % Z_

e cd /path/to/srsLTE/srsepc
* gedit epc.conf

DO~ hWNR

HAHBAAHB R H R HR EHERRRHR R R R R e
# srsePC configuration file
e e g
B g g
# MME configuration
#
# mme_code: 8-bit MME code identifies the MME within a group.
# mme_group: 16-bit MME group identifier.
# tac: 16-bit Tracking Area Code.
# mcc: Mobile Country Code
# mnc: Mobile Network Code
# apn: Set Access Point Mame (APMN)
# mme_bind_addr: IP bind addr to listen for eMB S1-MME connnection
# dns_addr: DMS server address for the UEs
#H
[mme ]
mme_code = Oxla
— 0601
tac = Ox0007 ~
mcc = 801 ﬁﬁ>< i : 7[§E| |
mnc = 81 /\eN DX
mme . ping aaar D oI Ioe
apn = srsapn

dns_addr = 8.8.8.8

(1/3)
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13 2T SISEPC 3k Z_4%(2/3)

1 AHBEHHEHHAHAE R AR R R AR R R R R R R

2 # srsEPC configuration fTile
e B R B R B B e 8 B R B BB S 8 8
1

5 HHBHHEHHAHAE AR R AR R R R R R R R R

6 # MME configuration

T #

8 # mme_code: 8-bit MME code identifies the MME within a group.
9 # mMme_group: 16-bit MME group identifier.

18 # tac: 16-bit Tracking Area Code.

11 # mcc: Mobile Country Code

12 # mnc: Mobile Network Code

13 # apn: Set Access Polnt Mame (APM)

14 # mme_bind_addr: IP bind addr to 1listen for eMB S1-MME connnection
15 # dns_addr: DMNS serwver address for the UEs

16 #

17 HERHEAHEHERA RN R R e Ea s
18 [mme ]

19 mme_code = @x1la

20 mme_group = 0x0001

21 tac = Ox0007

22 mcc = 00601

23 =_[1

24imme_bind_addr = 1922.168.16.12 @ .

25apn = srsapn T ?% /\j %

26fdns_addr = 8.8.8.8 /\eNB@ El IP DDNS

27

28 HAERHBHHBHEHBAH R AR AR AR AR A AR AR R AR RS
29 # H55 configuration

30 #

321 # algo: Authentication algerithm {(xor/milenage)

32 # db_fTile: Location of .csv file that stores UEs information.
I3 H

39 HREEEHEE R R TR TR TR R R AR R R
35 [hss]

36fauth_algo = xor - < Te fn
s7jab_fitle2 user db.csv e BT B E | 44

~
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-

13 2T SISEPC 3k Z_4%(3/3)

40 HHIHH R AR EH AR AR A R R R R AR A

41 # SP-GW configuration

42 #

43 # gtpu_bind_addr: GTP-U bind adress.

44 #

A5 HERHBARAREHEARERARAARRHERARRE AR REREN AR SRR AR R RERE AR R HERY
46

47 [spaw] _

48lgtpu bind addr=192.168.50.194 EPCY 7 TP

49 sgi_if _addr=172.16.0.1
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-

% 2z SISEPC T E

e cd /path/to/srsLTE/srsepc
 gedit user_db.csv

2# .csv to store UE's information in HSS

3# Kept in the following format: "Name,IMSI,Key,OP Type,OP,AMF,SQN,QCI"

44

S# Name: Human readable name to help distinguish UE's. Ignored by the HSS

6 # IMSI: UE's IMSI value

7T# Key: UE's key, where other keys are derived from. Stored in hexadecimal
8# OP_Type: Operator's code type, either OP or OPc

9# OP/OPc: Operator Code/Cyphered Operator Code, stored in hexadecimal

16 # AMF: Authentication management field, stored in hexadecimal
11# SQN: UE's Sequence number for freshness of the authentication
12 # QCI: QoS Class Identifier for the UE's default bearer.

13 #

14 # Note: Lines starting by '#' are ignored and will be overwritten
15 ue2,001010123456780,00112233445566778899aabbccddeeff,opc,63bfas0ee6523365ff14c1f45f88737d,8000,000000001234
16 uel PP01010123456789,00112233445566778899%9aabbccddeeff,opc,63bfa50ee65233657F14c1f45f88737d,9001,00000000148

UEFEZESIM-E &R

7 / RLC UM
"9 RLC AM
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12 2T SISENB 2k Z_% (1/3)

 cd /path/to/srsLTE/srsenb
* gedit enb.conf

1 hﬂﬁﬁ'l’f'ff'l'f'ff'ff'?fﬁ'Pf'Pf'ff'l’f'ff'ff'ff'?f'?fﬂ'Pf'Pf'ffﬁﬁﬁﬁﬁﬁﬂ'Pf'Pf'ffﬁﬁﬁﬁﬁﬁﬂ'Pf'ff'Pfﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬂﬂﬁﬁﬁﬁﬁﬁﬁﬁ
2 # srseENB configuration file

3 B ot N N N R S R A R S A A A B A A A A A R R A S S N R S B B A A A A A A A A A N A A 4
v |

5 B ot N N N R S R A R S A A A B A A A A A R R A S S N R S B B A A A A A A A A A N A A 4
6 # eMB configuration

-

8 # enb_id: 20 -bit eMNB identifier.

o9 # cell_id: 8-bit cell i1dentifier.

1@ # tac: 16-bit Tracking Area Code.

11 # mcc: Mobile Country Code

12 # mMnNc: Mobile MNMetwork Code

13 # mme_addr = TP address of MME for S1 connnection

14 # gtp_bind_addr: Local IP address to bind for GTP connection

15 # n_prb: Mumber of Physical Resource Blocks (6,15,25,50,75,1868)
16 #

I - o e B L i e e 3 e e i e 4 et e e 4 e e 3 i 3 3 e e A 1 e A 1 3 B 1 o 4 1 3 A A 1 4 Bt e 4 1 e 3 i e 4 e 1 e s e 3 e e 1 3 i s e 4 e

18 [enb]
12 enb_id = &x19B
20 cell_id = exe1l

26 gtp:b'i_nd_addr‘ -
27 n_prb = 25

FHAEPCHEEMHE |

122 .168.18 .12




i3 2T SISENB 2% T_t% (2/3)

1 I}'F####################################################################
2 # srsgeNB configuration file

e e e e e e e e oo oo o o o o
4
B e g
6 # eNB configuration

T #

8 # enb_id: 20-bit eMB identifier.

o# cell_1id: 8-bit cell identifier.

1@ # tac: 16-bit Tracking Area Code.

11 # mcc: Mobile Country Code

12 # mnc: Mobile Metwork Code

13 # mme_addr: IP address of MME for 51 connnection

14 # gtp_bind_addr: Local IP address to bind for GTP connection

15 # n_prb: Mumber of Physical Resource Blocks (6,15,25,580,75,1600)
16 #

R o e e e e e  FE oo o
18 [enb]

19 enb_id = @0x19B

20 cell_id = exe1
21 phy_cell_id = 1
22 tac = Ox0061

23 mcc = 001
= &

mme_addr = 192.168.168.254
gtp_bind _addr = 192.168.1686.12

mme_addr MMERYIP{i7 3
gtp_bind_addr eNBEEPCIHEIAYIP{ir 1l

48



13 2T SISENB 2k Z_4% (3/3)

cd /path/to/srsLTE/srsenb
gedit sib.conf.example
gedit rr.conf.example
gedit drb.conf.example

2 // ALl times are in ms. Use -1 for infinity, where available 28 {

3 29 qci=9;
4 qci_config = ( =R 30 dcp_config =
5 E\/\\ QC' 7 RLC UM 31 P dggcard 1g:1‘_|"n=_-|‘E = -1; SRB RLC AM
6 { . 32 status_report_required = true;
7 qci=7; . 33 3}
8 pdcp_config = { 34 rlc_config = {
9 discard_timer = 100; 35 ul_am = {
10 pdcp_sn_size = 12; 36 t_poll_retx = 120;
11 3} 37 poll pdu = 64;
12 rlc_config = { 38 poll_byte = 750;
13 ul_um = { 39 max_retx_thresh = 16;
14 sn_ftield_length = 10; 40 3}:
15 hH 41 dl_am = {
16 dl_um = { 42 t_reordering = 58;
17 sn_field_length = 18; 43 t_status_prohibit = 50;
18 t_reordering = 40; 44 }:
19 3} 45 3}
20 Ti . . 46 logical_channel_config = {
g; 1ogl§a1Tihanni;7conflg = { 47 priority = 11;
priority = H 48 prioritized_bit_rate = -1;
23 prieritized_bit_rate = -1; 49 bucket_size_duration = 100;
24 bucket_size_duration = 108; 58 log_chan_group = 3;
25 log_chan_group = 2; 51 H - B
26 H 52 }



i3 2T SISUE 3k 7% (1/2)

 cd /path/to/srsLTE/srsue
 gedit ue.conf

SO6 NS NN

— o SEMRER (GBS NYI4E4E)
E1e] kW = 660 .
O T HREAIIR(ESE RIS

32

33 #nof _rx_ant = 1

34 #device name = auto
35 #device args = auto
36 #time adv nsamples = auto
37 #burst_preamble us = auto

38 #continuous tx = auto

Band Name DOW“FLndkl(MHZ),h Bandwidth Upurl';d([MHz),h Duplex spacing Geographical 3GPP
Low  Middle Hig DL/UL (MHz) Low  Miadle  Hig (MHz) area release
Earfcn Earfcn
2110 2140 2170 1920 1950 1980

L 2100 jo 300 599 | 60 18000 18300 18599 190 Global .

ERIAE ¢ http://niviuk.free.fr/lte_band.php
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12 :x SISUE 2

i (2/2)

88 #ARARHHRHHRHH SRR R B R AR R R R R R R R R

89 # USIM
90 #

91 # mode:
92 # algo:
93 # op:
94 # k:
95 # imsi:
96 # imei:
97 # pin:

configuration

USIM mode (soft/pcsc)
Authentication algorithm (xor/milenage)

128-bit Operator Variant Algorithm Configuration Field (hex)

128-bit subscriber key (hex)

15 digit International Mobile Subscriber Identity
15 digit International Mobile Station Equipment Identity

PIN in case real SIM card is used

98 # reader: Specify card reader by it's name as listed by 'pcsc_scan'. If empty, try all available readers.
B

100 [usim]
1081 mode

soft

MmEn monomomgn

xor
63BFASOEEG523365FF14C1F45F88737D
0011223344556677889%aabbccddeeff
001010123456789

19

ELEORH R R E A ‘

51



Outline

B NEFERNY
SISLTE-nukxDC%g 5 % 5

- WA EEE
— SrISLTE %% f#

SISLTE g 5% 2%

.

NUKXDC(LWA) 4§ 7

BB ETE L AR IR

Y2 % %srsLTE

% TSISLTEX Z_4%

SISLTER|#

AL DiE R
NUKxDC3K T 2 it £ iple&- @ 4550+ B
NUKXDCK Z_ 2 /i & PR -3t e £ 5
T

NUKXDC3k 2 % i £ iRl&- f 033 JF @i b

Summary

Questions

52



# 7 sSISEPC

GEPCH — [ AT o 85 ~

e cd ~/path/to/srsLTE/srsepc

* .Isrsepc_if_masq.sh enp4s0  #enp4sOE_A i * ch¥teh e+ L4
 sudo srsepc epc.conf

0¢ asus-medium@asusmedium-UN65H: ~/Desktop/lwa_enb/srsepc
asus-medium@asusmedium-UN65H:~5 cd ~/Desktop/lwa_enb/srsepc/
asus-medium@asusmedium-UN65H: ~/Desktop/lwa_enb/srsepcs ./srsepc_if masq.sh wlp3s@
[sudo] password for asus-medium:

Masquerading Interface wlp3s0

asus-medium@asusmedium-UN65H: ~/Desktopflwa_enb/srsepcs% 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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«HL 7 SISENB

2eNBfE F - B iTen =3 tk;@.]
 cd ~/path/to/srsLTE/srsenb
e sudo srsenb enb.conf

il asus-medium@asusmedium-UN65H: ~/Desktopflwa_enb/srsenb
asus-medium@asusmedium-UN65H:~$ cd ~/Desktop/lwa _enb/srsenb/
asus-medium@asusmedium-UNG65H:~ /D op/lwa_enb/srsenbS sudo srsenb enb.conf
[sudo] password for asus-medium:

--- Software Radio Systems LTE eNodeB

Reading configuration file enb.conf...

[INFO] [UHD] linux; GNU C++ version 5.4.0 28160609; Boost 185800; UHD 3.14.
B.0-release

Opening USRP with args: type=b280,master clock rate=30.72e6
[INFO] [B200] Detected Device: B210

[INFO] [B260] Operating over USB 3.

[INFO] [B200] Initialize CODEC control...

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

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

[INFO] [B200] Register loopback test passed

[INFO] [B200] Performing register loopback test...

[INFO] [B20©] Register loopback test passed

[INFO] [B20@] Asking for clock rate 20.720000 MHz...

[INFO] [B208@] Actually got clock rate 30.720000 MHz.
Setting frequency: DL=21668.0 Mhz, UL=1978.0 MHz

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

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

==== eNodeB started ===
Type <t> to view trace
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# 7 srsUE

FUERF - B aATen¥% :r%%}ﬁﬁi%] »
 cd ~/path/to/srsLTE/srsue
e sudo srsue ue.conf

0c ue@ue-X580VD: ~/Desktop/lwaap_ue/srsue
ue@ue-X580VD:~5 cd ~/Desktop/lwaap_ue/srsue/
ue@ue-X580VD:~/Desktop/lwaap_u $ sudo srsue ue.conf
[sudo] password for ue:

Reading configuration file ue.conf...

Built in Release mode using commit @a69e56 on branch develop_ue.

Buffer capacity 10240
Buffer capacity 40960
--- Software Radio Systems LTE UE ---

Opening RF device with 1 RX antennas...
[INFO] [UHD] 1linux; GNU C++ version 5.4.0 20160609; Boost_165800; UHD_3.14.0.0-r
elease
Opening USRP with args: type=b200,master_clock_rate=30.72e6
[B200] Detected Device: B218
[B200] Operating over USB 3.
[B2ze8] Initialize CODEC control...
[B206] Initialize Radio control...
[B2zee@] performing register loopback test...
[B200] Register loopback test passed
[B200] Performing register loopback test...
[B200] Register loopback test passed
[Bze@] Asking for clock rate 30.7200008 MHz...
[B208] Actually got clock rate 30.720000 MHz.
LWAAP MAC T4:96:34:3:6a:a6
LWAAP IP packet receiver thread run_enable
Waiting PHY to initialize...
Attaching UE...
searching cell in DL EARFCN=50@, f_dl1=2166.8 MHz, f_ul=1970.0 MHz

Found Cell: PCI=1, PRB=25, Ports=1, CF0=0.5 KHz
[INFO] [B280] Asking for clock rate 23.040000 MHz...
[INFO] [B288] Actually got clock rate 23.848000 MHz.
Found PLMN: 1d=00101, TAC=7

Random Access Transmission: seq=9, ra-rnti=0x2
Random Access Transmission: sei 2, ra-rnti=exz
Random Access Transmission: sel , ra-rnti=ex2

RRC Connected

Random Access Complete. c-rnti=0x48, ta=0
Network attach successful. IP: 172.16.0.2

Software Radio Systems LTE (srsLTE)
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UE Att

oy

root@NUK: /home/enb/srsLTE-eNB_LWIP/srsepc

SPGW Allocated IP 172.16.0.2 to ISMI 001010123456789
Adding attach accept to Initial Context Setup Request
Initial Context Setup Request -- eNB UE S1AP Id 1, MME UE S1AP Id
Initial Context Setup Request E-RAB id 5
Initial Context Setup Request 51-U TEID 0x1. IP 192.168.50.194
Initial Context Setup Request S1-U TEID 6x1. IP 192.168.50.194
Initial Context Setup Request -- QCI 9
Received Initial Context Setup Response
E-RAB Context Setup. E-RAB id 5
E-RAB Context -- eNB TEID 0x460083; eNB GTP-U Address 127.8.8.1
Integrity Protected UL N Received Attach Complete
Unpacked Attached Complete Message. IMSI 1010123456789
Unpacked Activate Default EPS Bearer message. EPS Bearer id 5
EMM Information
EMM Information, bytes &7

S: Sent Downlink NAS Message. DL NAS Count=2, UL NAS count=1
DL NAS: MME UE S1AP id 1
SCTP Association Shutdown. Association: 128
Deleting eNB context. eNB Id: 8x19b
Releasing UEs context
Releasing UE ECM context. UE-MME S1AP Id: 1

EPC

ach = #4

2 S & nuk@nuk: ~/srsLTE-eNB_LWIP/srsue

[INFO] [B200] Register loopback test passed

[INFO] [B200] Asking for clock rate 30.720000 MHz...
1 [INFO] [B200] Actually got clock rate 30.720000 MHz.
lwipep lib init rnti = 0x0

lwipep MAC f4:96:34:3:1a3:74

Waiting PHY to initialize...

Attaching UE...

Found Cell: PCI=1, PRB=50, Ports=1, CF0=-0.8 KHz
[INFO] [B200] Asking for clock rate 11.520000 MHz...
[INFO] [B200] Actually got clock rate 11.520000 MHz.
Found PLMN: 1Id=00101, TAC=1

Random Access Transmission: seq=5, ra-rnti=0x2

RRC Connected

Random Access Complete.
lwipep rnti = 0x46
Network attach successful. IP: 172.16.0.2
Software Radio Systems LTE (srsLTE)

c-rnti=0x46, ta=18

UE

Searching cell in DL EARFCN=500, f_d1=2160.0 MHz, f_ul=1970.0 MHz
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UE Attach % px

nuk_lab@lab: ~/srsLTE/srsue

[INFO] [CORES] Performing timer loopback test...
[INFO] [CORES] Timer loopback test passed

[INFO] [CORES] Performing timer loopback test...
[INFO] [CORES] Timer loopback test passed

LWAAP MAC f4:96:34:3:66:5a

Waiting PHY to initialize...

Searching cell in DL EARFCN=508, f_dl1=2160.0 MHz, f_ul=1970.0 MHz

Found Cell: PCI=1, PRB=25, Ports=1, CF0=-1.7 KHz
[INFO] [B28@] Asking for clock rate 23.040000 MHz...
[INFO] [B208] Actually got clock rate 232.040000 MHz.
[INFO] [CORES] Performing timer loopback test...
[INFO] [CORES] Timer loopback test passed

[INFO] [CORES] Performing timer loopback test...
[TNFO1 TCOREST Timer loonback test passed

Found PLMN: 1d=00101, TAC=1 PLMN-R[E] : J85+kE]eNB

Random Access Transmission: sea=9. ra-rnti=0x2

RRC Connected 7Z7HRRC Connected : EileNBiHEESH

Random Access Complete. c-rnti=0x46. ta=0

Network attach successful. IP: 172.16.6.2 ;\ﬁﬁlp : @EPC@T&%E&

Software Radio Systems LTE (srsLTE)
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UE X <

GUER - 3705 24 Py »
 sudo route add default gw 172.16.0.2 tun_srsue
« sudo gedit /etc/resolv.conf

o B A X7 7 resolv.conf o 4o B Ao ki e > #R

nuk@nuk:~$ sudo route add default gw 172.16.0.2 tun_srsue

nuk@nuk:~$ sudo gedit /etc/resolv.conf

Open ¥ M resolv.conf

# Dynamic resolv.conf(5) file for glibc resolver(3)
generated by resolvconf(8)
= DO NOT EDIT THIS FILE BY HAND -- YOUR CHANGES WILL BE
OVERWRITTEN
nameserver [ChLin:

Plain Text ¥ Tab width:8 » Ln 3, Col 12 v INS
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Wireshark

Wireshark

A UER £rwireshark
® ';’F% E'J %fri‘:—‘g "J _ f];; ?}%&% ﬁ'L ‘:_ﬁ | 7 TewiresharkNetwarkAnalyzer

« TR R SiperfiplzE 0 T g
T& € j&tun_srsue g

{®

il

=

&3 ~| Expression...  +

] I]E

Welcome to Wireshark

=
e

Open
/home/nuk/WIFI_ONLY_DOWN?2.pcapng (360 MB)
/home/nuk/WIFI_ONLY_DOWN.pcapng (29 MB)

Capture

...using this filter: Enter a capture filter Allinterfaces shown ~

wlp3s0
any I i <

Loopback: lo &
Learn
User's Guide - Wiki - Questions and Answers - Mailing Lists
You are running Wireshark 2.6.6 (Git v2.6.6 packaged as 2.6.6-1~ubuntu16.04.0).

B

7

Ready to load or capture No Packets Profile: Default
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HEPCH - B iTand 2 4 "]?\

iperf3 -s -B 172.16.0.1

Accepted connection from 172.16.0.2, port 44411
5] local 172.16.0.1 port 5201 connected to 172.16.0.2 port 38249
ID] Interval Transfer Bitrate Total Datagrams

0.00-1.00 sec 11.9 MBytes 99.9 Mbits/sec 8759

1.00-2.00 sec 11.9 MBytes 100 Mbits/sec 8765

2.00-3.00 sec 11.9 MBytes 100 Mbits/sec 8766

3.00-4.00 sec 11.9 MBytes 100 Mbits/sec 8766

4.00-5.00 sec 11.9 MBytes 100 Mbits/sec 8766

5.00-6.00 sec 11.9 MBytes 100 Mbits/sec 8765

6.00-7.00 sec 11.9 MBytes 100 Mbits/sec 8766

A UER - 37k :%’,1‘%3%] ~
 iperf3-c172.16.0.1 -B 172.16.0.2 -u -1 1426b -t 120 -b 100m -R

nuk@nuk: ~

nuk@nuk:~$ iperf3 -c 172.16.0.1 -B 172.16.0.2 -1 1426b -t 120 -u -b 1006m -R
Connecting to host 172.16.0.1, port 5201

Reverse mode, remote host 172.16.0.1 is sending

[ 5] local 172.16.0.2 port 52864 connected to 172.16.0.1 port 5201

[ ID] Interval Transfer Bitrate Jitter Lost/Total Datagrams
0.00-1. sec 1. MBytes .3 Mbits/sec .456 ms 7042/8382 (84%)
1.00-2. sec 1 MBytes Mbits/sec 435 ms 7488/8757 (86%)
2.00-3. sec 1. MBytes Mbits/sec 484 ms 7497/8767 (86%)
3.00-4. sec 1. MBytes Mbits/sec 434 ms 7504/8774 (86%)
4 1

5
s
>
.00-5. sec MBytes 5 Mbits/sec 458 ms 7488/8757 (86%)

0.
0.
0.
0.

[
[
[
[



UE & eNB TX/RX# &

« 4 UE/eNB#sConsoleii & p ﬁi;f] ~ t1s F-Enter

—_—

enb@mMNUK: ~/srsLTE/srsenb

LwAaAaP add user rnti=0x46
User ex46 connected
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MCS

 UE #]£ PRB (Physical Resource Block)
— Eje# Ffe+ 4E 7] SINR &, & BLER &% 42 i
10%
— #RE Bk = CQ
—eNodeB ¢ 1295 CQIl &5 # & & 1§ 77 MCS

* LTE & # »xat i #MCS (Modulation and
Coding Scheme » 3 % 27 %78 F vk ) ¢ F £ %

>

el



DL MCS Table & TBS Table

< 36.213 Table 7.1.7.1-1 > Table 7.1.7.2.1-1: Transport block size table (dimension 27x110)+
MCS Index || Modulation Order | TBS Index

IMCS On ITBS 2o ‘Vl'xu *

0 2 0 - 10 [ 20 ] 30 [ 40 ] 50| 60 ] 70| 80 ]| 90 | 100
1 2 1 0o 160 | 320 | 360 | 88¢ | 120¢| 152¢| 1767 208¢| 224¢| 236¢
2 2 2 10 240 | 360 | 88¢ | 1440 1760 208e| 224¢| 256¢| 328¢| 344¢
2 g i 20 || 320 | 720 | 1844¢| 1769 | 208¢| 2569 | 296¢| 328¢| 376¢| 424¢
5 5 z 30 | 400 | 104¢| 1760 | 208¢| 256¢| 328¢| 392¢| 440¢| 504¢| 368¢
s 5 3 40 560 | 1200 | 208¢ | 2560 | 328¢| 408¢| 488 | 552¢| 632¢| 696+
7 > 7 50 720 | 144¢ | 224¢| 3280 | 4240 | 504¢| 600¢| 680¢| 776¢| 8720
8 2 8 60 || 328¢| 176¢| 256¢| 392¢| 504¢| 600¢| 712¢| 808<| 936 | 1032¢
9 2 9 7o || 104e| 2240 | 328¢| 472¢| 384¢| 712¢| 840¢| 968¢| 1096¢| 1224¢
}2 3 190 8¢ || 120 | 256¢| 392¢| 5360 | 680¢| 808¢ | 968< | 1096¢| 12567 1384¢
12 1 1 9o 136¢ | 296¢ | 456¢ | 616¢| 776¢ | 936« | 1096¢| 1256¢( 1416¢| 1344¢
5 7 5 100 | 144¢ | 3287 | 504¢| 680¢ | 872¢| 1032¢| 1224¢| 1384¢| 1344¢| 1736¢
14 2 13 110 | 1762 | 3760 | 384¢| 776¢ | 1000<| 1192¢| 1384¢| 1608¢| 1800<| 2024«
15 4 14 12¢ || 208< | 440¢| 680¢ | 904¢ | 1128<| 1352¢| 1608¢| 1800¢| 2024<| 2280¢
16 4 15 13¢ | 2240 | 488¢| 744¢ | 1000¢| 12560 1344¢| 1800¢] 2024¢| 2280¢| 2336¢
17 6 15 140 | 2560 | 552¢ | 840¢ | 1128¢| 1416¢| 1736¢| 1992¢| 2280¢| 2600¢| 2856¢
}g g ]g 15¢ | 280¢ | 600¢| 904e| 1224¢| 1544¢| 18000 2152¢| 2472¢| 2728¢] 3112¢
%0 e - 160 | 328< | 632¢| 968¢ | 1288¢| 1608<| 1928¢| 2280¢| 2600¢| 2984<| 3240¢
21 = 5 7o || 336¢| 6960 | 1064¢| 1416¢| 1800¢| 2152¢| 23536¢| 2856¢| 3240¢| 3624¢
33 5 30 18¢ || 3760 | 7760 | 1160¢| 1344e| 1992¢| 2344¢| 2792¢] 3112¢| 3624<| 4008
23 6 21 100 | 408< | 840 | 1288¢| 1736¢| 2152¢| 2600¢| 2084¢| 3496¢| 3880¢| 4264«
24 6 22 200 || 4400 | 904¢ | 1384¢| 1864¢| 2344¢| 2792¢| 3240¢| 3752¢| 4136¢| 4584¢
25 6 23 21¢ || 488 | 1000¢| 1480¢| 1992¢| 2472¢| 2984¢| 3496¢| 4008¢| 4384<| 4968
g;" g gg 22¢ || 520 | 1064¢| 1608<| 2152¢| 2664¢| 3240¢| 3752¢| 4264<| 4776¢| 3352¢
%5 : = 230 || 5520 | 11280 1736¢| 2280¢| 2836¢| 3496¢| 4008¢| 4384¢| 5160¢| 5736¢
%5 > 24¢ || 584¢ | 1192¢| 1800¢| 2408<| 2084« | 3624¢| 4264¢| 4968¢| 5344¢| 5992+
30 2 e 250 || 616 | 1256¢| 1864¢| 2336¢| 3112¢| 3752¢| 4392¢| 5160¢| 5736¢| 6200¢
31 5 260 || 712¢| 1480¢| 2216¢| 2984«<| 3752¢| 4392¢| 5160¢| 3992¢| 6712¢| 7480¢




UL MCS Table & TBS Table

< 36.213 Table 8.6.1-1 >

Table 7.1.7.2.1-1: Transport block size table (dimension 27x110)«

MCS Index | Modulation Order | TBS IndeX | Redundancy Version

I MCS Qm I TBS MVidx I o ‘Vrku ¢

0 2 0 0 o 16 2a 30 40 50 60 76 8e 90 100
1 2 1 0 0o 16¢ | 320 36 88¢ | 1200 152¢] 1764 208¢ | 224¢] 256¢
g g g g 1o | 240 | 560 | 880 | 144¢| 1760 | 2087 | 224¢| 2569 | 328¢| 3440
: z - 0 20 | 320 | 720 | 144¢| 1760 | 208¢| 2560 | 296¢| 328¢| 376¢| 424¢
5 5 5 ) 30 | 400 | 104¢| 1769 | 208¢| 256¢| 328¢| 392¢| 440¢| 504¢ | 3568¢
3 > 3 0 40 || 360 | 1200 | 208¢| 2560 | 328¢| 408¢ | 488¢| 552¢| 632¢| 696¢
7 2 7 0 50 || 720 | 144¢| 224¢| 328¢| 424¢| 504¢| 600¢| 680¢| 776¢| 872¢
8 2 8 0 60 | 3287 176¢| 256¢| 392¢| 504¢| 600¢| 712¢| 808¢| 936¢| 1032¢
9 2 9 0 7o || 104¢ | 2240 | 328¢| 472¢| 584¢| 712¢| 840¢| 968< | 1096¢| 1224¢
:‘1’ i }g g 80 || 1200 | 2560 | 3920 5367 | 680<| 8087 | 968< | 1096¢| 1236¢| 13840
5 3 =~ o 90 | 1360 | 296¢| 456¢| 6160 | 776¢| 936+ | 1096¢| 1256¢| 1416¢| 1344¢
B 4 5 D 100 || 144¢ | 3287 | 504¢| 680¢| 872¢| 1032¢| 1224¢| 1384¢| 1544¢| 1736¢
14 2 13 0 110 | 176¢| 3760 | 584¢| 7760 | 1000¢| 1192¢| 1384¢| 1608¢| 1800¢| 2024¢
15 2 14 0 12¢ || 208¢ | 4400 | 680¢| 904¢ | 1128¢| 1352¢| 1608¢| 1800¢| 2024¢| 2280¢
16 4 15 0 13¢ || 224¢ | 488¢| 744¢| 1000¢| 1256¢| 1544¢| 1800 2024¢| 2280¢| 2336¢
17 4 16 0 140 || 256¢ | 552¢| 840¢| 1128¢| 1416¢| 1736¢| 1992¢| 2280¢| 2600¢| 2856¢
}g 3 :g g 15¢ || 280¢ | 600< | 904¢ | 1224¢| 1544¢| 1800¢| 2152¢| 2472¢| 2728¢| 3112¢
= ; i < 160 | 328¢| 632¢| 968 | 1288¢] 1608¢| 1928¢| 2280¢| 2600¢| 2984¢| 32400
51 5 15 5 70 | 336¢ | 696¢ | 1064¢| 1416¢| 1800¢| 2152¢| 2536¢| 2856¢| 3240¢| 3624«
22 3 20 0 18¢ || 376¢ | 7760 | 1160¢| 1544¢| 1992¢| 2344¢| 2792¢| 3112¢| 3624¢| 4008¢
23 6 21 0 190 || 408< | 840 | 1288¢] 1736¢| 2152¢| 2600¢| 2084¢| 3496¢| 3880¢| 4264¢
24 6 22 0 200 || 440¢ | 904¢ | 1384¢| 1864¢| 2344¢| 2792¢| 3240¢| 3752¢| 4136¢| 4384¢
25 6 23 0 210 || 488¢ | 1000<| 1480¢| 19920 2472¢| 2984¢| 34960 4008¢| 4584¢( 4968¢
gg g gg g 220 | 5200 | 1064¢| 1608¢| 2152¢| 2664¢| 3240¢| 3752¢| 4264¢| 4776¢| 5352¢
58 5 = 3 230 | 352¢| 1128¢] 1736¢| 2280¢| 2856¢| 3496¢| 4008¢| 4584¢| 5160¢| 5736¢
=5 3 240 || 584¢ | 1192¢| 1800¢| 2408¢| 2984¢| 3624¢| 4264¢| 4968¢| 5344¢| 3992¢
0 — 2 250 | 6169 | 1256¢| 1864¢| 2536¢| 3112¢| 3752¢| 4392¢| 5160¢| 5736¢| 6200¢
31 3 260 | 7120 | 1480¢| 2216¢| 2984¢| 3752¢| 4392¢| 5160¢| 5992¢| 6712¢| 7480¢
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 RE = Symbol * (PRB * Subcarries)

* CR =(TBS * CRC) / (RE * Bits per RE)
- TBS % 3gpp
— CRC = Cyclic Redundancy Check
— Bits per RE = Modulation scheme

* Throughput = TBS * CR
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* TLTE WLAN ¢+

4 eNB g% :%%ﬁﬁﬁ;f] ~

7]

 gedit /path/to/srsLTE/lib/src/upper/pdcp _entity.cc

 set_|lwa_ratio(x, y)
— LTE:WLAN = xy

nuk@nuk: ~
nuk@nuk:~$ gedit ~/srsLTE/lib/src/upper/pdcp entity.cc [}

} eiEé {

SN_MOD = SHORT_SN_MOD;

}

log->console("Data LCID %d\n",

// Temporary
1f (& =="lcid) {

lcid);

clock_gettime(CLOCK_MONOTONIC, &report_time[1]);

set lwa ratio(1, 2);

,

last_hrw = 0;

// Default alpha is 1/2
alpha_part =18
alpha_whole =ik

ema_part b
ema_whole =243

t_report = 1000; // 1s

}

C++ v TabWwidth:8 »

Ln 104, Col 31 A INS
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& 374282 % 4EsrsLTE

—

4 eNB 4% :%ﬁﬁﬂi;f] ~
« cmake ../

* make

« sudo make install

 sudo ldconfig

°' nuk@nuk: ~/srsLTE/build

:~/srsLTE /build$ cmake ../

:~/srsLTE /build$ make

:~/srsLTE /buildS sudo make isntall
nuk@nuk:~/srsLTE /build$ sudo ldconfig
nuk@nuk:~/srsLTE /build$ [
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# 7 sSISEPC

GEPCH — [ AT o 85 ~

e cd ~/path/to/srsLTE/srsepc

* .Isrsepc_if_masq.sh enp4s0  #enp4sOE_& | i * ch¥teh e+ L4
 sudo srsepc epc.conf

.

asus-medium@asusmedium-UN65H: ~/Desktop/lwa_enb/srsepc

asus-medium@asusmedium-UNG65H:~5 cd ~/Desktop/lwa_enb/srsepc/
asus-medium@asusmedium-UN65H:~/Desktop/lwa_enb/srsepcs ./srsepc_if_masq.sh wlp3se
[sudo] password for asus-medium:

Masquerading Interface wlp3s@
asus-medium@asusmedium-UN65H:~/Desktop/lwa_enb/srsepcSs 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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¥ {7 SISENB

#eNBE F - B z7e% 23 %,ﬁﬁi;.]
* cd ~/path/to/srsLTE/srsenb
» sudo srsenb enb.conf

il asus-medium@asusmedium-UN65H: ~/Desktopflwa_enb/srsenb
asus-medium@asusmedium-UN65H:~$ cd ~/Desktop/lwa _enb/srsenb/
asus-medium@asusmedium-UNG65H:~ /D op/lwa_enb/srsenbS sudo srsenb enb.conf
[sudo] password for asus-medium:

--- Software Radio Systems LTE eNodeB

Reading configuration file enb.conf...

[INFO] [UHD] linux; GNU C++ version 5.4.0 28160609; Boost 185800; UHD 3.14.
B.0-release

Opening USRP with args: type=b280,master clock rate=30.72e6
[INFO] [B200] Detected Device: B210

[INFO] [B260] Operating over USB 3.

[INFO] [B200] Initialize CODEC control...

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

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

[INFO] [B200] Register loopback test passed

[INFO] [B200] Performing register loopback test...

[INFO] [B20©] Register loopback test passed

[INFO] [B20@] Asking for clock rate 20.720000 MHz...

[INFO] [B208@] Actually got clock rate 30.720000 MHz.
Setting frequency: DL=21668.0 Mhz, UL=1978.0 MHz

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

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

==== eNodeB started ===
Type <t> to view trace
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# 7 srsUE

FUERF - B aATen¥% :r%%}ﬁﬁi%] »
 cd ~/path/to/srsLTE/srsue
e sudo srsue ue.conf

0c ue@ue-X580VD: ~/Desktop/lwaap_ue/srsue
ue@ue-X580VD:~5 cd ~/Desktop/lwaap_ue/srsue/
ue@ue-X580VD:~/Desktop/lwaap_u $ sudo srsue ue.conf
[sudo] password for ue:

Reading configuration file ue.conf...

Built in Release mode using commit @a69e56 on branch develop_ue.

Buffer capacity 10240
Buffer capacity 40960
--- Software Radio Systems LTE UE ---

Opening RF device with 1 RX antennas...
[INFO] [UHD] 1linux; GNU C++ version 5.4.0 20160609; Boost_165800; UHD_3.14.0.0-r
elease
Opening USRP with args: type=b200,master_clock_rate=30.72e6
[B200] Detected Device: B218
[B200] Operating over USB 3.
[B2ze8] Initialize CODEC control...
[B206] Initialize Radio control...
[B2zee@] performing register loopback test...
[B200] Register loopback test passed
[B200] Performing register loopback test...
[B200] Register loopback test passed
[Bze@] Asking for clock rate 30.7200008 MHz...
[B208] Actually got clock rate 30.720000 MHz.
LWAAP MAC T4:96:34:3:6a:a6
LWAAP IP packet receiver thread run_enable
Waiting PHY to initialize...
Attaching UE...
searching cell in DL EARFCN=50@, f_dl1=2166.8 MHz, f_ul=1970.0 MHz

Found Cell: PCI=1, PRB=25, Ports=1, CF0=0.5 KHz
[INFO] [B280] Asking for clock rate 23.040000 MHz...
[INFO] [B288] Actually got clock rate 23.848000 MHz.
Found PLMN: 1d=00101, TAC=7

Random Access Transmission: seq=9, ra-rnti=0x2
Random Access Transmission: sei 2, ra-rnti=exz
Random Access Transmission: sel , ra-rnti=ex2

RRC Connected

Random Access Complete. c-rnti=0x48, ta=0
Network attach successful. IP: 172.16.0.2

Software Radio Systems LTE (srsLTE)
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2 EPCR - B 374 *‘z%ﬁﬁﬁa?] ~

Accepted connection from 172.16.0.2, port 44411

5] local 172.16.0.1 port 5201 connected to 172.16.0.2 port 38249

ID] Interval Transfer Bitrate Total Datagrams
0.00-1.00 sec 11.9 MBytes 99.9 Mbits/sec 8759

1.00-2.00 sec 11.9 MBytes 100 Mbits/sec 8765

2.00-3.00 sec 11.9 MBytes 100 Mbits/sec 8766

3.00-4.00 sec 11.9 MBytes 100 Mbits/sec 8766

4.00-5.00 sec 11.9 MBytes 100 Mbits/sec 8766

5.00-6.00 sec 11.9 MBytes 100 Mbits/sec 8765

6.00-7.00 sec 11.9 MBytes 100 Mbits/sec 8766

[
[
[
[
[
[
[
[
[

b UER — i RTeni 2 48 0 »
+ iperf3 -c 172.16.0.1 -B 172.16.0.2 -u -| 1426b -t 120 -b 100m -R

S S ® nuk@nuk: ~

nuk@nuk:~$ iperf3 -c 172.16.0.1 -B 172.16.0.2 -1 1426b -t 120 -u -b 1006m -R
Connecting to host 172.16.6.1, port 5201

Reverse mode, remote host 172.16.0.1 is sending

[ 5] local 172.16.0.2 port 59703 connected to 172.16.0.1 port 5201

[ ID] Interval Transfer Bitrate Jitter Lost/Total Datagrams

.00-1. sec .1 MBytes .1 Mbits/sec .219 ms 1743/9206 (19%)

5}

1.00-2. sec S MBytes 1 Mbits/sec .333 ms 1652/8765 (19%)
2.00-3. sec : MBytes .1 Mbits/sec .073 ms 1653/8766 (19%)
3.00-4. sec 4 MBytes .2 Mbits/sec .649 ms 1652/8766 (19%)
4.00-5. sec s MBytes 1

5.00-6. sec . MBytes 1

Mbits/sec .812 ms 1654/8766 (19%)
Mbits/sec .955 ms 1651/8764 (19%)
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K TLTE WLAN £t 5 =

A UE e =2 4 ﬁ;f]
gedit /path/to/srsLTE/Iib/src/upper/pdcp_entity.cc

nuk@nuk:~$ gedit ~/srsLTE/lib/src/upper/pdcp_entity.cc |:|

pdcp_entity.cc (~/srsLTE/lib/src/upper) - gedit

Open ¥ [

H —_ d tity::pd tit
cfg_reordering = true T e
—_— ,tx_count (@)
/*,timer_thread(&reordering_timer)*/

»2 5 ’ 2 > )—}( K= {
}?‘_ﬂré" LWA mé_ fET i’—: - Ié Rb pool = byte_buffer_pool::get_instance();
log = NULL;
rlc = NULL;
lwaap = NULL;
rrc = NULL;
gw = NULL;

reordering_timer = NULL;

cfg_t_reordering = 100 Febrdart . taseTd = W

sn_len_bytes = 0;
, N P do_1integrity = false;
4 2 . E ):\, EA ] do_encryption = false;
fr{é? LWAf‘i_‘, T_RT — /I m-?;‘ T\i g E‘& cfg_lwa = true;
cfg elwa = true

cf reorderln = true

Crg_discara se;
cfg dupllcate = false
00

Cf 100

c1pher algo = CIPHERING_ALGORITHM_ID_EEAO;
integ_algo = INTEGRITY_ ALGORITHM ID EIAO

pthread_mutex_1init(&mutex, NULL);
C++ v Tabwidth:8 » Ln 35, Col 27 v INS
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« cmake ../

* make

« sudo make install
 sudo ldconfig

=) nuk@nuk: ~/srsLTE/build

:~/srsLTE /build$ cmake ../
:~/srsLTE /build$ make

:~/srsLTE /buildS sudo make isntall
:~/srsLTE /build$ sudo ldconfig
:~/srsLTE /buildS
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GEPCH — [ AT o 85 ~

e cd ~/path/to/srsLTE/srsepc

* .Isrsepc_if_masq.sh enp4s0  #enp4sOE_& | i * ch¥teh e+ L4
 sudo srsepc epc.conf

.

asus-medium@asusmedium-UN65H: ~/Desktop/lwa_enb/srsepc

asus-medium@asusmedium-UNG65H:~5 cd ~/Desktop/lwa_enb/srsepc/
asus-medium@asusmedium-UN65H:~/Desktop/lwa_enb/srsepcs ./srsepc_if_masq.sh wlp3se
[sudo] password for asus-medium:

Masquerading Interface wlp3s@
asus-medium@asusmedium-UN65H:~/Desktop/lwa_enb/srsepcSs 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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#eNBE F - B z7e% 23 %,ﬁﬁi;.]
* cd ~/path/to/srsLTE/srsenb
» sudo srsenb enb.conf

il asus-medium@asusmedium-UN65H: ~/Desktopflwa_enb/srsenb
asus-medium@asusmedium-UN65H:~$ cd ~/Desktop/lwa _enb/srsenb/
asus-medium@asusmedium-UNG65H:~ /D op/lwa_enb/srsenbS sudo srsenb enb.conf
[sudo] password for asus-medium:

--- Software Radio Systems LTE eNodeB

Reading configuration file enb.conf...

[INFO] [UHD] linux; GNU C++ version 5.4.0 28160609; Boost 185800; UHD 3.14.
B.0-release

Opening USRP with args: type=b280,master clock rate=30.72e6
[INFO] [B200] Detected Device: B210

[INFO] [B260] Operating over USB 3.

[INFO] [B200] Initialize CODEC control...

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

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

[INFO] [B200] Register loopback test passed

[INFO] [B200] Performing register loopback test...

[INFO] [B20©] Register loopback test passed

[INFO] [B20@] Asking for clock rate 20.720000 MHz...

[INFO] [B208@] Actually got clock rate 30.720000 MHz.
Setting frequency: DL=21668.0 Mhz, UL=1978.0 MHz

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

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

==== eNodeB started ===
Type <t> to view trace
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# 7 srsUE

FUERF - B aATen¥% :r%%}ﬁﬁi%] »
 cd ~/path/to/srsLTE/srsue
e sudo srsue ue.conf

0c ue@ue-X580VD: ~/Desktop/lwaap_ue/srsue
ue@ue-X580VD:~5 cd ~/Desktop/lwaap_ue/srsue/
ue@ue-X580VD:~/Desktop/lwaap_u $ sudo srsue ue.conf
[sudo] password for ue:

Reading configuration file ue.conf...

Built in Release mode using commit @a69e56 on branch develop_ue.

Buffer capacity 10240
Buffer capacity 40960
--- Software Radio Systems LTE UE ---

Opening RF device with 1 RX antennas...
[INFO] [UHD] 1linux; GNU C++ version 5.4.0 20160609; Boost_165800; UHD_3.14.0.0-r
elease
Opening USRP with args: type=b200,master_clock_rate=30.72e6
[B200] Detected Device: B218
[B200] Operating over USB 3.
[B2ze8] Initialize CODEC control...
[B206] Initialize Radio control...
[B2zee@] performing register loopback test...
[B200] Register loopback test passed
[B200] Performing register loopback test...
[B200] Register loopback test passed
[Bze@] Asking for clock rate 30.7200008 MHz...
[B208] Actually got clock rate 30.720000 MHz.
LWAAP MAC T4:96:34:3:6a:a6
LWAAP IP packet receiver thread run_enable
Waiting PHY to initialize...
Attaching UE...
searching cell in DL EARFCN=50@, f_dl1=2166.8 MHz, f_ul=1970.0 MHz

Found Cell: PCI=1, PRB=25, Ports=1, CF0=0.5 KHz
[INFO] [B280] Asking for clock rate 23.040000 MHz...
[INFO] [B288] Actually got clock rate 23.848000 MHz.
Found PLMN: 1d=00101, TAC=7

Random Access Transmission: seq=9, ra-rnti=0x2
Random Access Transmission: sei 2, ra-rnti=exz
Random Access Transmission: sel , ra-rnti=ex2

RRC Connected

Random Access Complete. c-rnti=0x48, ta=0
Network attach successful. IP: 172.16.0.2

Software Radio Systems LTE (srsLTE)
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Accepted connection from 172.16.0.2, port 44411

5] local 172.16.0.1 port 5201 connected to 172.16.0.2 port 38249

ID] Interval Transfer Bitrate Total Datagrams
0.00-1.00 sec 11.9 MBytes 99.9 Mbits/sec 8759

1.00-2.00 sec 11.9 MBytes 100 Mbits/sec 8765

2.00-3.00 sec 11.9 MBytes 100 Mbits/sec 8766

3.00-4.00 sec 11.9 MBytes 100 Mbits/sec 8766

4.00-5.00 sec 11.9 MBytes 100 Mbits/sec 8766

5.00-6.00 sec 11.9 MBytes 100 Mbits/sec 8765

6.00-7.00 sec 11.9 MBytes 100 Mbits/sec 8766

[
[
[
[
[
[
[
[
[

b UER — i RTeni 2 48 0 »
+ iperf3 -c 172.16.0.1 -B 172.16.0.2 -u -| 1426b -t 120 -b 100m -R

nuk@nuk: ~

nuk@nuk:~$ iperf3 -c 172.16.0.1 -B 172.16.0.2 -1 1426b -t 120 -u -b 100m -R
Connecting to host 172.16.06.1, port 5201

Reverse mode, remote host 172.16.0.1 is sending

[ 5] local 172.16.0.2 port 40566 connected to 172.16.0.1 port 5201

[ ID] Interval Transfer Bitrate Jitter Lost/Total Datagrams
.00-1. sec 8.85 MBytes .3 Mbits/sec 0.440 ms 1370/7880 (17%)

[ .00-2. sec 9.67 MBytes 1 Mbits/sec 0.568 ms 1653/8766 (19%)
[ .00-3. sec 9.68 MBytes .2 Mbits/sec 0.946 ms 1653/8772 (19%)
[ .00-4. sec 9.66 MBytes .0 Mbits/sec 0.502 ms 1665/8769 (19%)
[ 0

.00-5. sec 9.66 MBytes Mbits/sec 0.495 ms 1666/8766 (19%)
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EeNBa % =8 1 @‘J
gedit /path/to/srsLTE/lib/src/upper/pdcp_entity.cc

nuk@nuk:~$ gedit ~/srsLTE/lib/src/upper/pdcp_entity.cc D

*pdcp_entity.cc (~/srsLTE/lib/src/upper) - gedit

pdcp_entity::init(srsue::rlc_interface_pdcp 2y
lsrsue::lwaap_interface_pdcp *1lwaap_,
srsue::rrc_interface_pdcp 2OFC
srsue::gw_1interface_pdcp *gw_,
srslte::log *log_,
uint32_t lcid ,
srslte_pdcp_config_t cfg )
{
rlc =L LE_3
lwaap = lwaap_;
rrc =iFRC_
gw = gw_;
log = log_;
lcid =>ledd s
cfg = cfg. ;3
active = true;
tx_count =95
rx_count = 03
lte_tx_bytes = 0;
wifi_tx_bytes = 0;
wifi_tx_count = 0;
do_integrity = false;
= do_encryption = false;
ffi.f’% LWA ﬁ’j - ﬁ%?‘% a;j‘, 5= o timestamp = fal
v = - E] — F = Bb do autoconfig = false:
do_packet_inspection = false;
R do_random_route = false;
do_autoconfig = true ke
_— C++ v Tabwidth:8 ~ Ln 56, Col 24 > INS
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gedit /path/to/srsLTE/Iib/src/upper/pdcp_entity.cc

nuk@nuk:~$ gedit ~/srsLTE/lib/src/upper/pdcp_entity.cc []

pdcp_entity.cc (~/srsLTE/lib/src/upper) - gedit

Open ¥ 1

pdcp_entity::pdcp_entity()
:active(false)
,tx_count(0)

/*,timer_thread(&reordering_timer)*/

{
pool = byte_buffer_pool::get_instance();
log = NULL;
rlc = NULL;
lwaap = NULL;
rrc = NULL;
gw = NULL;

reordering_timer = NULL;

F?é% LWA‘—}" Et];' ‘?‘Pé‘ ﬁ)/é’;l,l\l ‘/‘E‘ :F% )5‘; }glgd:r?ég:timer_id =

sn_len_bytes = 0;
do_integrity = false;
Cf re Ort —_ true do_encryption = false;
g p - cfg_lwa = true;
- cfg elwa = true:
I cfg report = true; |
ctg_reordering = true;
cfg_discard = false;
ECF duplicate = false;
o .
= reordering =

)p. 'LLWA‘—% -E‘»’l; Pg- ;I,L L ]:T;‘;‘ i ox Conbi=l

cipher_algo = CIPHERING_ALGORITHM_ID_EEA®;
integ_algo = INTEGRITY_ALGORITHM_ID_EIAO;

Cfg_t_report - 5000 pthread_mutex_init(&mutex, NULL);

C++ v Tabwidth:8 ~ Ln 35, Col 27 v INS
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 gedit /path/to/srsLTE/lib/src/upper/pdcp_entity.cc

nuk@nuk:~$ gedit ~/srsLTE/lib/src/upper/pdcp_entity.cc D

pdcp_entity.cc (~/srsLTE/lib/src/upper) - gedit

Open ¥ ~

pdcp_entity::pdcp_entity()
:active(false)
,tx_count(0)

/*,timer_thread(&reordering_timer)*/

pool = byte_buffer_pool::get_instance();

cfg_report true;
g i B2

log = NULL;

rlc = NULL;

lwaap = NULL;

rrc = NULL;

gw = NULL;
reordering_timer = NULL;
lcid = 0;
reordering_timer_1id = 0;
sn_len_bytes =9
do_integrity = false;
do_encryption = false;
cfg_lwa = true;
cfg_elwa = true;

cfg_discard = true

crg_duplicate = ftalse;
cfg_t_report = 1000;

,2 ﬁ’ 2 - . 2 e cfg_t_reordering = 100;
F‘_"I_, LWA m—i :HJ‘ ‘Qi _: _-;]Eﬂ" G—J Ié Rt r>_(_count =13
cipher_algo = CIPHERING_ALGORITHM_ID_EEAO;
integ_algo = INTEGRITY_ALGORITHM_ID_EIAO;

pthread_mutex_init(&mutex, NULL);
C++ v Tabwidth:8 = Ln 35, Col 27 v INS
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#SISLTE

= EPC ~ eNB# UEm*‘:’%%}ﬁﬁ?‘J »

« cmake ../

* make

« sudo make install
 sudo ldconfig

=) nuk@nuk: ~/srsLTE/build

:~/srsLTE /build$ cmake ../
:~/srsLTE /build$ make

:~/srsLTE /buildS sudo make isntall
:~/srsLTE /build$ sudo ldconfig
:~/srsLTE /buildS
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# 7 sSISEPC

GEPCH — [ AT o 85 ~

e cd ~/path/to/srsLTE/srsepc

* .Isrsepc_if_masq.sh enp4s0  #enp4sOE_& | i * ch¥teh e+ L4
 sudo srsepc epc.conf

.

asus-medium@asusmedium-UN65H: ~/Desktop/lwa_enb/srsepc

asus-medium@asusmedium-UNG65H:~5 cd ~/Desktop/lwa_enb/srsepc/
asus-medium@asusmedium-UN65H:~/Desktop/lwa_enb/srsepcs ./srsepc_if_masq.sh wlp3se
[sudo] password for asus-medium:

Masquerading Interface wlp3s@
asus-medium@asusmedium-UN65H:~/Desktop/lwa_enb/srsepcSs 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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* cd ~/path/to/srsLTE/srsenb
» sudo srsenb enb.conf

il asus-medium@asusmedium-UN65H: ~/Desktopflwa_enb/srsenb
asus-medium@asusmedium-UN65H:~$ cd ~/Desktop/lwa _enb/srsenb/
asus-medium@asusmedium-UNG65H:~ /D op/lwa_enb/srsenbS sudo srsenb enb.conf
[sudo] password for asus-medium:

--- Software Radio Systems LTE eNodeB

Reading configuration file enb.conf...

[INFO] [UHD] linux; GNU C++ version 5.4.0 28160609; Boost 185800; UHD 3.14.
B.0-release

Opening USRP with args: type=b280,master clock rate=30.72e6
[INFO] [B200] Detected Device: B210

[INFO] [B260] Operating over USB 3.

[INFO] [B200] Initialize CODEC control...

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

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

[INFO] [B200] Register loopback test passed

[INFO] [B200] Performing register loopback test...

[INFO] [B20©] Register loopback test passed

[INFO] [B20@] Asking for clock rate 20.720000 MHz...

[INFO] [B208@] Actually got clock rate 30.720000 MHz.
Setting frequency: DL=21668.0 Mhz, UL=1978.0 MHz

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

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

==== eNodeB started ===
Type <t> to view trace
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FUERF - B aATen¥% :r%%}ﬁﬁi%] »
 cd ~/path/to/srsLTE/srsue
e sudo srsue ue.conf

0c ue@ue-X580VD: ~/Desktop/lwaap_ue/srsue
ue@ue-X580VD:~5 cd ~/Desktop/lwaap_ue/srsue/
ue@ue-X580VD:~/Desktop/lwaap_u $ sudo srsue ue.conf
[sudo] password for ue:

Reading configuration file ue.conf...

Built in Release mode using commit @a69e56 on branch develop_ue.

Buffer capacity 10240
Buffer capacity 40960
--- Software Radio Systems LTE UE ---

Opening RF device with 1 RX antennas...
[INFO] [UHD] 1linux; GNU C++ version 5.4.0 20160609; Boost_165800; UHD_3.14.0.0-r
elease
Opening USRP with args: type=b200,master_clock_rate=30.72e6
[B200] Detected Device: B218
[B200] Operating over USB 3.
[B2ze8] Initialize CODEC control...
[B206] Initialize Radio control...
[B2zee@] performing register loopback test...
[B200] Register loopback test passed
[B200] Performing register loopback test...
[B200] Register loopback test passed
[Bze@] Asking for clock rate 30.7200008 MHz...
[B208] Actually got clock rate 30.720000 MHz.
LWAAP MAC T4:96:34:3:6a:a6
LWAAP IP packet receiver thread run_enable
Waiting PHY to initialize...
Attaching UE...
searching cell in DL EARFCN=50@, f_dl1=2166.8 MHz, f_ul=1970.0 MHz

Found Cell: PCI=1, PRB=25, Ports=1, CF0=0.5 KHz
[INFO] [B280] Asking for clock rate 23.040000 MHz...
[INFO] [B288] Actually got clock rate 23.848000 MHz.
Found PLMN: 1d=00101, TAC=7

Random Access Transmission: seq=9, ra-rnti=0x2
Random Access Transmission: sei 2, ra-rnti=exz
Random Access Transmission: sel , ra-rnti=ex2

RRC Connected

Random Access Complete. c-rnti=0x48, ta=0
Network attach successful. IP: 172.16.0.2

Software Radio Systems LTE (srsLTE)
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Accepted connection from 172.16.0.2, port 44411

5] local 172.16.0.1 port 5201 connected to 172.16.0.2 port 38249

ID] Interval Transfer Bitrate Total Datagrams
0.00-1.00 sec 11.9 MBytes 99.9 Mbits/sec 8759

1.00-2.00 sec 11.9 MBytes 100 Mbits/sec 8765

2.00-3.00 sec 11.9 MBytes 100 Mbits/sec 8766

3.00-4.00 sec 11.9 MBytes 100 Mbits/sec 8766

4.00-5.00 sec 11.9 MBytes 100 Mbits/sec 8766

5.00-6.00 sec 11.9 MBytes 100 Mbits/sec 8765

6.00-7.00 sec 11.9 MBytes 100 Mbits/sec 8766

GUER - 1 AT a3 g »
 iperf3-c172.16.0.1 -B 172.16.0.2 -u -1 1426b -t 120 -b 100m -R

[
[
[
[
[
[
[
[
[

nuk@nuk:~$ iperf3 -c 172.16.0.1 -B 172.16.0.2 -1 1426b -t 120 -u -b 106m -R
Connecting to host 172.16.0.1, port 5201

Reverse mode, remote host 172.16.0.1 is sending

[ 5] local 172.16.0.2 port 38249 connected to 172.16.0.1 port 5201

[ ID] Interval Transfer Bitrate Jitter Lost/Total Datagrams
0.00-1. sec 9.69 MBytes 81.2 Mbits/sec .170 ms 1829/8951 (20%)
1.00-2. sec 9.31 MBytes 78.1 Mbits/sec .185 ms 1916/8763 (22%)
2.00-3. sec 9.33 MBytes 78.3 Mbits/sec .153 ms 1916/8776 (22%)
3.00-4. sec 12.0 MBytes 101 Mbits/sec .048 ms 947/9784 (9.7%)
4.00-5. sec 11.9 MBytes 100 Mbits/sec .042 ms 0/8766 (0%)
5.00-6. sec 11.9 MBytes 100 Mbits/sec .060 ms 0/8765 (0%)

[
[
[
[
[
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