
Ϛ
Њ ӂү
П∂

ȸᵦ„
ᵗ ȸ

Ӵ Є Џ Ṇ

Ṏ ɦ5Gᴩ ϢИ Ṏ ɧ

5Gᴩ Ầứ ᶾ Мї

:5G₣᾿ ӣ



Outline

Å ӭᾼц в

Å￼ ῀

Å

ÅStage 1: ▐

ÅStage 2: srsLTE ц ZeroMQ ׄ

ÅStage 3: srsLTE ᴩц

ÅStage 4: srsLTE ⅔Ҕ

Å ц

2



ӭᾼ

Å∂ Њ цЊ Ṇ

Å∂ UEц ứ5G ṳׄ ӣ
ѿה Џẓ

3



в
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o ᴩ Ubuntu ᾼṆ ▐ ѿ Linux 

o ᴩ Linux NAT ▐ ц Ӧ ứѿ ֥

ÅsrsLTE ц ZeroMQ ׄ

ÅsrsLTE ᴩц
o ứц srsLTE

o ᴩ Downlink ц Uplink ᾼ ICMP TCP 

ÅsrsLTE ⅔Ҕ
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oṿӣWireshark ᴩ S1-U ц SGi ṿӣ῏ӂ ᾼ⅔Ҕ
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￼ ῀ - srsLTE

ÅsrsLTEⱢϚ ᾼLTEṆ ȲҔᵶEPCȳeNBцUEᾼ ᵂ
osrsEPC ᵂᾼ аצMMEȳHSSȳS-GWцP-GW

oeNB ᵂϠֽMACȳRLCȳPDCPȳRRCȳNASȳS1APцGW
Ầứ

oeNBцUE ᾼ Ҡѿ ӣֽUSRP B210 SDRἨ╥
ZeroMQ

oeNBцUEꞋќ eMBMS

ÅӐ ṿӣsrsLTEW ⱢEPCȳeNBцUEᾼ ᴩ
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￼ ῀ - ZeroMQ

ÅZeroMQ╥Ϛ MessagingLibrary
oṿӣZeroMQMessageTransportProtocolW Ɫ Ầứ

oZMTPᾼἉ Ҡѿ╥TCPȳUDPἨ╥IPC

oќ ֵ ȲֽREQ-REPȳPUB-SUBȳPUSH-PULLה

ÅӐ ṿӣZeroMQW ⱢsrsLTEᾼ Ю

ÅsrsLTE ӣ REQ-REP ᾼה ZeroMQsocket
oREQӣὑ ᾼ RxȲ Ḗ Tx

oREPӣὑ ᾼ TxȲ ắ Rxᾼ Ḗ∟֫ ᾼ
Sample

oREPṳЛϚứ ֯ REQ∂Ӵ›∂Ӵֻ

o REQ ᾎ ẞ╓ứᾼ REPȲ⁄ REQ
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￼ ῀ ïTUN Device

ÅⱢ LinuxϯᾼϚ L3 ,ẓצIPᴯᵿȴ
oԉᴶ TUN ᾼ⅔ҔꞋҠ ֯ ϱᾼ Process ậ

o ӣ֯ VPN Ȳ Ởᾼ IP ☼ ⅔ Ϥ VPN Ầứв∟ԛ
Ю ҏҟȲֽOpenVPN

ÅsrsLTEӣTUNẃ Ẕв ᾼ Ầứ ⅔ ⱢϚ L3
Ȳṿ UEᾼ ӣ כ ẃⱢϚ Ἇ Internetᾼ

IP Gateway

ÅӐ srsLTE ӢᾼTUN ᴩṿӣ῏ӂ ᾼ
ן ȲϷ ứNATṿẔ Ю
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￼ ῀ ïSCTP

ÅStreamControlTransmissionProtocol,☼ ạ Ầứ

Å TCPȳUDPϚ Ɫ Ầứ
o ֣ᾼ Ầứ

o ẁҠ ѹצᶧᾼ

o PSTNᾼ SS7 оᴖẃ

oҠѿ ᴩ SelectiveACK

oֵ ҵ ᾼќ ṿẔ ѿ ᴩ

ÅsrsLTEᾼ S1-MME ṿӣ SCTPᵂⱢ Ầứ

ÅӐ ẞSCTPֽכ ᴶ∂Ӵц ȲϷ ẞeNBכ
цMMEֽᴶ SCTP Ь ֯׀
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￼ ῀ ïNAS

ÅNon-access stratum, ‍ Ϥ
oUEếMME ᾼ ạ

ÅӐ ẞᾼNASכ ғ
oUE

oUEṝи

oUE

oׄԓẦ ạ

oEMM 

oUE
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￼ ῀ ïS1AP

ÅS1 Application Protocol, S1ӣẦứ
oS1ᾼ ạ Ầứ

ÅӐ ẞᾼS1APғכ
oeNBếMME ᾼ‒҆

oS1Ю ᾼ∂Ӵ

o NASᾼ‒҆

oUE Contextᾼ∂Ӵц
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￼ ῀ ïGTP-U

ÅGTP-User Data Tunneling, GPRS Ầứ-ṿӣ῏

oⱢeNBếS-GW ѿцS-GWếP-GW ᾼṿӣ῏ӂ

o ⅔ ẃ כ ἤ

ÅӐ ẞS1-UἬכ ᾼṿӣ῏ӂ ⅔ҔṿӣGTP-U
⅔ Ȳṳ֯P-GW GTP-Uᾼ ֝ כ Ở
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֤ ӭᾼ

EPC+

eNB

₤ :

ASUSVivoMini 

UN65H

1 MME,HSS,S-

GW,P-GW,eNB

ϛы қ 2 eNB ZeroMQ 

UE

UE ₤ :

ASUSNB M580V

1 UE

ϛы қ 1 UE ZeroMQ 

eNB
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֤ ᾪӐ

EPC+

eNB

OS : Ubuntu Ubuntu 20.04

srsLTE srsLTE20.04.1
c892ae56be5302eaee5ca00e270efc7a5ce6fbb2

UE OS : Ubuntu Ubuntu 20.04

srsLTE srsLTE 20.04.1
c892ae56be5302eaee5ca00e270efc7a5ce6fbb2
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oStep1: Ubuntu ׄ
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ÅStage 2: srsLTE ц ZeroMQ ׄ

ÅStage 3: srsLTE ᴩц

ÅStage 4: srsLTE ⅔Ҕ

Å ц
17



Step1-1 Ubuntu ׄ (ϯ ╣ )

ᴟ https://releases.ubuntu.com/20.04/ 64-bit PC (AMD64) 
desktop imageϯ Ubuntu 20.04Desktop ╣
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https://releases.ubuntu.com/20.04/


Step1-2 Ubuntu ׄ ( ṕ )

ṿӣ╣ ∟֯ ṕ ñEnglishò
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Step1-3 Ubuntu ׄ ( )

֯ ñInstall Ubuntuò
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Step1-4 Ubuntu ׄ ( ṕ )

֯Ṇ ṕ ñEnglishò∟ ñContinueò
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1

2



Step1-5 Ubuntu ׄ ( )

֯ ñEnglish(US)ò∟ ñContinueò
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1

3

2



Step1-6 Ubuntu ׄ ( Ԉ )

֯ Ԉ ñMinimal InstallationòцñDownload updates 
while installing Ubuntuò∟ ñContinueò

23

1

3

2



Step2-1 Ubuntu ứ( и )

֯ и ñErase disk and install Ubuntuò∟
ñInstall Nowò
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1

2



Step2-2 Ubuntu ứ( и )

ὑ ҏᾼ ӱ М ñContinueò
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Step2-3 Ubuntu ứ( ứ)

֯ М ñTaipeiò∟ ñContinueò

26

1
2



Step2-4 Ubuntu ứ(ṿӣ῏ ứ)

֯ṿӣ῏ ứῶ М Ϥ Мᾼ ∟ ñContinueò

* :Ӑ Ẃᾼ Ɫ123456

27
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Step3-1 Ubuntu ῴװṿӣ( )

∕ׄ ᶙ ∟ ñRestart Nowòṳ ׄ
ЮȲӦ ȴ
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Step3-2 Ubuntu ῴװṿӣ(Ю )

ᶙ∟ ᴞ ϤȲ Ϥ∟ ñSkipò
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Step3-3 Ubuntu ῴװṿӣ( )

ҿϯṔᾼ ӱ
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Step3-4 Ubuntu ῴװṿӣ( )

ϤñTerminalòП∟ ᾼ ӱ
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Step4-1 ׄ (Ḇ Ṇ )

Ϥsudo apt-get update && sudo apt-get upgradeṳ Ϥ Ȳ
צ Ḇ Ҡׄ Ϥñyòׄ
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Step4-2 ׄ (ׄ Ӈ )

Ϥsudo apt-get install git build-essential vimṳ Ϥ Ȳ
∕ ӱ∟ Ϥñyòׄ
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Step4-3 ׄ (ׄ )

Ϥsudo apt-get install iperfṳ Ϥ Ȳ ∕ ӱ∟
Ϥñyòׄ
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Step5-1 ứ( ▲EPCЮ )

֯EPCϱ Ϥsudo ip link showṳ Ϥ ѿ ▲ Ю

Ӑ ẂП EPC צϡ Ю Ȳens3 Ɫ Internet ПЮ Ȳ
ens4 Ɫ UE ПЮ ȴ
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Step5-2 ứ( ứEPC IPᴯ ᵿ)

֯EPCϱ Ϥsudo ip addr add 10.0.0.1/24 dev ens4ṳ Ϥ
ѿ ứIPᴯᵿ

ứᶙ∟Ҡṿӣip addr show ▲Ἤ ᴯᵿ╥ᵡӔ
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Step5-3 ứ( ▲UEЮ )

֯UEϱ Ϥsudo ip link showṳ Ϥ ѿ ▲ Ю

Ӑ ẂП UE צϚ Ю ens3 Ɫ EPC ПЮ ȴ
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Step5-4 ứ( ứUE IPᴯ ᵿ)

֯UEϱ Ϥsudo ip addr add 10.0.0.2/24 dev ens3ṳ Ϥ
ѿ ứIPᴯᵿ

ứᶙ∟Ҡṿӣip addr show ▲Ἤ ᴯᵿ╥ᵡӔ
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Stage 1 Check List

ӭ в

Ḇ ẞ sudo apt-get update

iperfׄצ iperf --version

EPC ц UE П
Ю ֤

ip link show

Ӑ Ẃ EPC П ҵ Ю ֤ Ɫ ens3Ȳ
в UE ᾼ Ю Ɫ ens4ȴ

Ӑ Ẃ UE EPC ᾼ Ю Ɫ ens3ȴ

EPCц UE П
IP ᴯ ᵿ ứӔ

ip addr show

EPC вЮ ᾼ IPᴯᵿⱢ 10.0.0.1 ȴ
UE Ю ᾼ IPᴯᵿⱢ 10.0.0.2ȴ

EPC UE ╥ᵡ
Фד

֯ EPC ϱ:

ping 10.0.0.2 -c 10

֯ UEϱ:

ping 10.0.0.1 -c 10

ḥҏ ԉᴶ ᵛⱢכғȴ
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Step1-1 ׄ Ṽ Ԉ(ZeroMQ)

Ϥsudo apt-get install libczmq-devṳ Ϥ Ȳ ∕ ӱ
∟ Ϥñyòׄ libczmq
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Step1-2 ׄ Ṽ Ԉ(srsLTE)

Ϥsudo apt-get install cmake libfftw3-dev libmbedtls-dev 

libboost-program-options-dev libconfig++-dev libsctp-devṳ
Ϥ Ȳ ∕ ӱ∟ Ϥñyò
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Step2-1 ϯ srsLTE Ở (ϯ )

Ϥgit clone https://github.com/srsLTE/srsLTE.git ϯ
srsLTE Ở
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Step2-2 ϯ srsLTE Ở (ḂᾪӐ)

Ϥѿϯ╓҆ѿ srsLTE ᾪӐḂⱢ 20.04.1

cd srsLTE; git fetch --all --tags;

git checkout tags/release_20_04_1

44



Step3-1 srsLTE (cmake)

Ϥmkdir build; cd build; cmake ../ṳ ▲ М╥ᵡҏ

found libZEROMQ: é
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Step3-2 srsLTE (make)

Ϥmake -j8ṳ ∕ ᶙכ

46



Step4 ׄ srsLTE ᴩ

Ϥ sudo make installṳ Ϥ

47



Step5 ׄ srsLTE ứ

Ϥsudo srslte_install_configs.sh service --forceṳ Ϥ

48



Step6-1 Ḇ ld (ḆḂ ứ )

Ϥ sudovim /etc/ld.so.conf.d/locallib.confṳ Ϥ Ȳҏ
ѝֿ ∟ Ϥiṳ Ϥ/usr/local/lib∟┬ Escȳ:wq

׀ ȴ

49



Step6-2 Ḇ ld ( ᴩḆ )

Ϥ sudoldconfigṳ Ϥ ѿḆ ld ȴ

ᵓӣld --verbose| grepSEARCH_DIR /usr/local/lib╥ᵡ
֯ ӭ Мȴ

50



Stage 2 Check List

ӭ в

צ ẞ
ZeroMQ

֯ṿӣ cmake ӢsrsLTE ᾼmakefile 

▲╥ᵡҏ
found libZEROMQ: é.

srsepcȳsrenbц
srsueׄ ғכ

sudols /usr/local/bin | grep srs

srsepcȳsrsenb ц srsue צҏ ֯ ӭ
Мȴ

ứ ׄ ғכ sudo ls -alh /etc/srslte

ue.confȳenb.confȳsib.confȳrr.confȳ
drb.confȳepc.confȳmbms.confц
user_db.csv ֯׀ὑ/etc/srslteӭ ϯȴ

ld Ӕ ld --verbose | grep SEARCH_DIR

/usr/local/lib ֯ ld ᾼ Мȴ
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Step1-1 ӂү(EPC)

Ϥ sudo srsepc ṳ Ϥ srsepc
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Step1-2 ӂү(eNB)

ṳ Ϥ

sudosrsenb\

--rf.device_name=zmq\

--rf.device_args=ñ\

fail_on_disconnect=true,\

tx_port=tcp://* :2000, \

rx_port=tcp://10.0.0.2:2001, \

id=enb,\

base_srate=23.04e6ò\

--expert.nof_phy_threads=1

ṳ eNB╥ᵡ ϱEPC

54

#ѿrootṝи srsenb

#ṿӣZeroMQW ⱢRF

# ứZeroMQד

#֯М Ӣ

# tx port ứᴟtcp://* :2000

#╓ứrx port ᴟUE

# id ứⱢñenbò

# ứ ậ Ɫ23.04MHz

# ѿϚ ᴩ ᵂPHY



eNB Ὠ

55

eNB ∟ ᴞ ϱEPCȲEPCᾼ Ϸ ӱ
ȴ

EPC

eNB



Step1-3 ӂү(UE)

56

ṳ Ϥ

sudosrsue\

--rf.device_name=zmq\

--rf.device_args=ñ\

fail_on_disconnect=true,\

tx_port=tcp://* :2001, \

rx_port=tcp://10.0.0.1:2000, \

id=ue,\

base_srate=23.04e6ò

ṳ UE╥ᵡ ϱeNBцEPC

#ѿrootṝи srsue

#ṿӣZeroMQW ⱢRF

# ứZeroMQד

#֯М Ӣ

# tx port ứᴟtcp://* :2001

#╓ứrx port ᴟeNB

# id ứⱢñueò

# ứ ậ Ɫ23.04MHz



UE Ὠ

57

UE ∟ ᴞ ϱeNBȲṳ ӱEMM Мᾼ
SoftwareRadioSystemLTEȴ



UE Ὠ(EPC)

ϯ ⱢUEכғ ȲeNBцEPCᾼ

58
EPC

eNB



Step2-1 Ю (EPC)

’═EPCцeNB ᾼᾭ ϯ Ϯ ṳ Ϥ
sudoip link show ẞϚ֤Ɫsrs_spgw_sgiᾼTUNכ
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Step2-2 Ю (UE)

’═UE ᾼᾭ ϯ ϡ ṳ Ϥsudo ip link 

show כẞϚ֤Ɫtun_srsueᾼTUN
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Step3-1 (Downlink ICMP)

֯EPCῈ ᾼ Ϥ ping 172.16.0.2 -c 10

Downlink ICMP Л Ӕ ᵂ

61



Step3-2 (Downlink TCP)

֯ UE Ϥ sudoiperf -sṳ֯ EPCῈ ᾼ Ϥ iperf

-c 172.16.0.2 -w 100M -t 10 -i 10 -r Downlink TCP Л
Ӕ ᵂ

62



Step3-3 (Uplink ICMP)

֯UE Ϥ ping 172.16.0.1 -c 10 Uplink ICMP Л
Ӕ ᵂ

63



Step3-4 (Uplink TCP)

֯EPCῈ ᾼ Ϥ sudoiperf -sṳ֯ UE Ϥ iperf

-c 172.16.0.1 -w 100M -t 10 -i 10 -r Uplink TCP Л
Ӕ ᵂ
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Step4-1 ҵ ứ(⅔Ҕ )

֯ EPCῈ ᾼ Ϥ
echo 1 | sudo tee /proc/sys/net/ipv4/ip_forward ѿ Linux 

їᾼ⅔Ҕ ғ
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Step4-2 ҵ ứ(NAT ⁄)

֯ EPCῈ ᾼ Ϥ sudoiptables-A POSTROUTING

-t nat -o ens3 -s 172.16.0.0/24 -j MASQUERADE ѿ ᴩ
NAT ⁄ ứȲҠṿӣ sudo iptables -L POSTROUTING

-t natẃ ▲

66



Step4-3 ҵ ứ(UE Ӧ)

֯UEᾼ Ϥ sudoip routeadddefault via 172.16.0.1

dev tun_srsueѿ ứ defaultgatewayȲҠṿӣ sudoip route

showẃ ▲
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Step5 ᵡ ẞInternet

֯UEᾼ Ϥ ping 8.8.8.8 -c 10ѿ ṿᵡ Ӕ
ẞ Internet

68



Stage 3 Check List

ӭ в

srsepc srsepc П ḥצԉᴶ Ȳ
ѹSPGW ᵓ IP ϤП UEȴ

srsenb srsenb П ḥצԉᴶ Ȳ
ѹ ᵓ UE∂Ӵ ȴ

srsue srsue П ḥצԉᴶ Ȳ
ѹ ᵓ ϱ eNBȴ

Uplink ╥ᵡӔ UE ᵓ EPC ᴩ ping ц iperf

Downlink ╥ᵡӔ EPC ᵓ UE ᴩ ping ц iperf

UE ᵡ ϱ Internet UE ╥ᵡ ᵓ ping Internet ϱᾼѻ Ȳ
ֽ 8.8.8.8
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Step1-1 ׄ Wireshark

֯EPCᾼ Ϥ sudoadd-apt-repositoryppa:wireshark-

dev/stable&& sudo apt update&& sudo apt-get -y install

wiresharkѿׄ WiresharkȲ ҏ ѿϯ yes

71



Step1-2 Wireshark Ю Ю

֯EPCᾼ Ϥ sudowiresharkѿ WiresharkȲẔ
Ю Ю ֽ Ἤӱ

72

Ю

ậ

ӱ
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Step2 Ю ц ứ

EPC∟ ֯ Wireshark┬ ᴰ Shift lo ȳ ens3ц
srs_spgw_sgiЮ ṳ ậ ứⱢ host 127.0.1.100

or icmp∟┬ϯEnterv Ҡ Ở ậ

73



Step3-1 eNB ☼

Time ᴯѿ ᴩ ᶧ∟ԛ┬ Stage3ᾼḔ
eNB∟ ҠכẞWiresharkϱҏ ֽϯ8 ⅔ҔȴẔМS1AP

ẦứᾼS1SetupRequestцS1SetupResponseⱢӐװ
ȴ

74



Step3-2 S1SeutpRequest

S1SetupRequest⅔Ҕѿ Ẕ в Ȳѩ
macroENB-ID ᴯל ᶠ 4ᴯаᾼpadding∟╥ᵡ eNB
ứ (/etc/srslte/enb.conf)ד ֥ȴ

75



Step3-3 S1SeutpResponse

S1SetupResponse⅔Ҕѿ Ẕ в Ȳѩ MME-

Code ᴯᵡ EPC ứ (/etc/srslte/epc.conf)ד ֥ȴ

76



Step3-4 HEARTBEAT

eNB ϱEPC∟ Ҡѿ֯WiresharkכẞMMEếeNBẒ῏
ḕ ה30ּ SCTP֣ Ѡ ϚװHEARTBEATᾼ ѿ

Ṽ ȴ֯׀

77



Step4-1 UE ☼

┬ Stage3ᾼḔ UE∟ Ҡ֯Wiresharkϱ ẞֽϯᾼ⅔ҔȲӦ
ὑӐ ṳ UE ế eNB ᾼЮ Ȳ֪ױẃ ᴯᵿⱢ
127.0.1.1ѹ ẦứⱢS1AP/NAS-EPSᾼ⅔ҔᵛⱢẃᴞUEᾼ ȴ

Ҡѿ ẞUEếMME ạӂ Ἤṿӣᾼ Ầứѻ ⱢNASȲѹ
֯UE ᾼ Мѻ иⱢ Ḗȳṝи ȳ ȳׄԓ ה
Ầ ȳ ᶙכХЄḔ ȴ
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Step4-2 Ḗ

InitialUEMessage,Attach request⅔Ҕѿ Ẕ в
Ȳ ẔМᾼENB-UE-S1AP-ID ѿ―∟ ᵑ в ȴ

79


