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Why are we talking about this?

1. Th er e ’s  an  ever - g r ow i ng  dem and fo r  r e si l ie nt  a nd l oca l l y  

co nt r o l l ed  w ir e l es s in f ra str uc t u r e .

2. LTE/ 5G  ar e  ma tu re , se cur e , har den ed,  an d e conom ica l 

w ir e l es s s ta ndar ds. T hey  ar e  pe r fe ct  fo r  s er v ing  us er s  

a nd d ev i ce s i n  t he  r u ra l  b ro ad ban d,  m ed ica l  io t ,  m i l i t ar y,  

ut i l i t y  cont ex t  a nd  m or e .

3 . Tr ad it io na ll y, de p loym ent  o f  th ese  ne tw or ks has  r eq u ir e d  

su bst an ti a l  ce l l u la r  ex per t i se ,  co mpl ica te d/exp ensi ve 

so ft war e , and har d - t o-ge t dom ain  k now l edge  f o r  bas ic  

de p loym ent .

4. Dep loyme nt o f  the  p acket  co r e  has h i s to r i ca l l y  been  on e 

o f  the  m o st  co m pl icat e d  p ar t s  o f  an  LT E/5 G  de p loym ent .   



Why not just deploy wi-fi?

L T E  /  5G  D e l i v e rs  B e n e f i t s  L i k e

1 . C ove r age  range

2 . D ev ice  den s i t y

3 . Mob i l i ty  &  handoff

4 . L i cen sed  s pec tr um (C BRS )

5 . S I M-ba sed  s e cu r i ty  a nd  con t ro l

E v e ry  T o o l  I n  T h e  T o o l b o x

I n  a rea s  al ready  se r ved  by  ce l lu l a r  LTE  c ove rage,  h ig h-

capac i t y  f i xed wi re l e ss  depl oymen t s  l ike  t h is  Mi mos a 

m ic ro c e l l  o n  M cCu l ley  H i l l  pa i red  w it h  a  WBRC  w eat he r  

cam era  rem a in  a  p ra c t i ca l  so lu t io n  fo r  den se  cu s t omer  

c l u s te r s  o r  bandw id t h- heavy  need s .  N o t  eve ry  s i te  r equ i re s  

an  LTE  co r e— th i s  i s  whe r e  Wi - F i  o r  5G Hz  FWA s t i l l  p lay s  a 

va luab le  ro le .



So what is an LTE/5G Network?

WAN  / INT ERN ETEPC / 5 GC
e N od e B  ( LT E)  /  g No d e B ( 5 G)  RAN

UE / Smar tphone

UE / Br oadband CPE

UE / IOT Devi ce

1 . EPC =  Enhanced Packe t Cor e (L ike Open5 GS!)

2 . R AN =  Ra dio A cce ss  Net work

3 . UE = Us er  Equipm ent

The se c omponents ar e inte rc hangeabl e ac ro ss b rands.  

That ’s part  of  t he LTE/5G m agic!



 Ra di o  T ran s m is s i on  –  Ma nage s  up l i nk /down l i n k 

s ign a l s ,  po we r  co nt r o l ,  and a nten na  t ec hn olog ies  ( e .g . ,  

MI MO)

 Re s ou rc e S c h e du l i ng  –  Dyn am ic a l ly  a l loc a tes  

t ime/ f re que nc y rad i o r es ou r ce s t o  us er s

 M o b il i t y  M an ag em e n t  –  Pe r fo rms  i n t r a - L TE  

h ando ve rs  an d c oord i na te s UE  t r ans i t i o ns  be twe en  

n eigh bor in g  c el l s

 C h an n el  S et u p  –  Con f igur e s p hys i c a l/ log i ca l  RF 

c han ne l s  f or  data  t r an s fe r

 P er f o rm an c e  M o ni t o r i n g  –  Col l ec t s s ig na l  me t ri cs ,  

de tec t s r ad io l i n k fa i l ur es ,  a nd s u ppor t s  s e l f -

op t im iza t i on

 I n t er f ace  M an ag em e n t  –  Coo rd ina te s  wi t h ot h er  

eNo deBs  v ia  X2 an d c on nec t s  t o t h e c or e n etwor k  ove r  

S1

What is RAN? 1 . RA N  =  Rad i o  A cce ss  Ne t w o rk

2 . eN o d eB  = ev o l v ed  N o de  Bas e  S t at i o n

3 . RR U/ RRH  = Rem o t e - Ra di o  U n it / Hea d

4 . BBU  =  Bas e - Ban d  U n it

eN B Exa mple  #1 ,  B aice ll s

RRU

BBU

eN B Exa mple  #2 ,  Noki a

BBU

RRU RRU RRU

T he  R A N i s  t h e  p a rt  o f  t h e  m o bi l e  ne t wo r k  

t ha t  c o n ne c t s  u s e r d e v i ce s  t o  t h e  c o re  

ne t wo r k  u s i ng  ra d i o  s i g na l s .



RAN Example #1

The BBU and RRU functions are integrated into a single 

device. No external controller. Cabinet e lectronics l im ited 

to power  and basic  networking funct ions.

LTE Small Cell

Baicells  430



RAN Example #2

I n  t h i s ex am ple,  t he  BB U a nd  RR U f u nc t i on s  ar e  s p l it .  Th e  BB U l i ve s i n  th e  

c om po u nd  at  th e  ba se  o f  th e  towe r  s it e . T h is  s pe c i fi c  s it e  ha s  t h r ee  RR U s,  

o ne  fo r  ea c h  12 0-d eg ree  s ec t io n  of  c o ve ra ge  o n  th i s  t owe r.  T his  m a kes  up  

on e c om pl et e  e NB  in  t he  ne t wo r k.  

LTE Macro Site

Nokia AZQC



 MME , Mobi l i ty  Manag em en t  E nt ity  –  H and l e s  

U E  re g i s tr a t i o n ,  au t h e n t i c at i o n ,  a nd  mo b i l i ty .  C o o rd i na t e s 

ha nd o ve r s i n  co n j u n c t i o n  w i t h  e No d e B s .  I t ’ s  th e  b r ai n  o f  

t h e  co n t r o l  pl a ne .

 S G W,  S e r v in g G a t e w ay  -  R o u t e s  and  f o rw ar d s u s e r  

d at a  be t w e e n  th e  e No d e B  a nd  t he  P a cke t  G a te w ay  

( P G W ) .  A c t s  as  t h e  an c ho r  d u r i ng  han do ve r s .

 P G W,  P ac k e t  D a ta  N e tw or k  G a t e wa y  -  C o nne c t s  u se r s  

t o  e x t e rna l  I P  n e t wo r k s  ( i n t e r ne t  o r p r i vat e ) .  Ha nd l e s  I P  

a dd r e ss  a l l o ca ti o n ,  Q o S ,  a nd  p o l i cy  e n f o r ce me n t.

 P CR F,  P ol i c y  a nd  Ch ar g i ng  R ul e s  Fu nc t io n -  A pp l i e s  

Q o S  ru l e s a nd  c ha rg i ng  po l i c i e s  b as e d  o n  th e  u se r ’ s  pl a n  

a nd  n e tw o rk  c o nd i t i o n s .

 H S S =  Ho m e  S u bs c r ib e r  Se r v e r  -  C e n t ra l  da t a ba s e  f o r  

u s e r  p r o f i l e s ,  a u t h e n t i ca t i o n ,  and  s e rv i c e  pe r m i s s i o n s ( l i k e  

S I M  ve r i f i c at i o n ) .

 I nt e r f ac e s :  S 1 ,  S 5 ,  S 1 1 ,  S G i ,  e t c .  -  T he  EP C  

co m mun i c at e s  u s i ng s t an da r di ze d  i n t e r fa ce s  t o  c o n ne c t  t h e  

R A N,  co r e ,  and  e x t e rn al  n e t wo r k s .

Core Introduction

Th e  Ev o l v ed  P ack e t  C o re (EP C ) is  t h e h ea rt  o f  t h e LTE  n et w o rk  —  i t  man ages  da ta  s es s ion s,  

s ub sc r ibe r mo b i l i t y ,  aut h en t i c a t ion ,  an d co nn ec t i v i t y t o t h e i n t er ne t .

E very  LT E c on ne ct io n f lo ws  t h r oug h t h e EP C ,  whi c h i nt e l l igen t ly r o utes  t r af f i c ,  en f or ce s  

po l i c ies ,  an d en s ur es  s ec ur e ,  s eam les s  s er v i ce  f or  us er s  on  t he  move .

LT E  c an  g et  c om p l i c at ed  qu i c k l y !  T hi s  d ia gram  sh ows  ex ample E PC  ar c hi t e ct u r e f or  a  mat u re  

pac k et  c ore n etwor k t h a t  f u l ly s up por t s  vo i ce  and  data f un c t ion s.  For  a  b as i c c or e  

de ploy me nt  t h ou gh,  y ou  wo n’ t  n ee d t o c us t om iz e p l umbin g or  c on fi gura t io n o f t h ese w i t h  

Ra pid5G S.



What is Open5GS?

1 . Open-source  LTE/5GC cor e  writ t en  in  C

2 . Modula r, hi gh-qua li ty  codebase

3 . Implement s a ll  ma jo r LTE/5G co r e components : MME, 

SGW, PGW, HSS, PCRF,  AMF, SMF, and mor e.

4 . Mai nta ined  and  wide ly used  i n labs, test beds, and  

p roduction

L EAR N M OR E

www.open5g s.org



What is Rapid5GS?

 B u i l t  fo r  F ixe d  W i re less  a n d P r i v at e  L T E  O p er at or s

D e si gne d  t o  he lp  sm a l l  IS P s , c o mm un i t y ne two rk s,  and  e dge  l ab  

de p lo y m en t s b r i ng  LT E/ 5 G  c o r e ne two rk s o n l i ne q u ick ly  a nd 

re l i ab ly .

 Z er o-H ass le  Ins ta l l a t i on

A  s ing le - l i ne  in st a l l  co mm and  s et s  up  a  fu l l  E P C /5 G C  c o r e —  

in cl ud in g  ne two r k in g , we b  i n t e r f ac e , a nd  l o gg in g  —  in  m inu tes .

 R u n s  o n  Co m mo d i ty  H ard w a re

Wo r ks  o u t- o f - t he -bo x  o n  a m in i  PC  w i t h  t w o  N I Cs  a nd  mi n im a l  

s ys t e m re s o urc e s . N o  s pe ci al  ha r dwa re  o r  c lo u d  s e rv ic es  nee de d .

 A u t om at i c  N et w or k  C on f ig u r at ion

Ra p id 5 G S ha nd le s  I P  a l l o cat io n , N AT ,  r ou t ing  t ab le s ,  a nd  

s ys t e m tun i ng  s o  yo u  do n ’ t  hav e  t o .

 I nst an t  C or e  N e tw o rk  w i t h  O p en5 GS

In st a l l s  an d  c o n f igu r e s Ope n 5 G S w i t h  s ens ib le  d e fa u l t s  —  r ea dy  t o  

c o nne c t  t o  yo u r  e N o deB  im m e d ia t e ly .

 I d ea l  fo r  L ab s ,  T es tb e ds , an d  R ea l-W o r ld  D ep lo ym ent s

Wh ethe r  y o u ' r e t e st i ng  i n  a  la b  o r  de l i ve r i ng  p ro du ct i o n  L TE  

s er v i c e,  R ap i d5 G S ge t s yo u  o n l i ne  f as t e r .



R apid5GS make s s et ti ng  up a cor e ne twor k 

ex tr em el y si mpl e.

Ju s t  i n s ta l l  U bun tu  24 .04  LTS  o r  D eb ian  12 ,  run  the  

one - l ine r  in s ta l l  com m and ,  a nd  you ’ re  up  and  

runn i ng .

N o m anual  con f ig  f i l e s .  N o  ip t ab l e s  r u le s .  N o  

advanced  L i n ux  k now ledge  requ i red .  Rapi d5GS is  

o ne  o f  the  c lo s e s t  th i ngs  to  p lug-and-p lay  fo r  

dep loy i ng  a  d is t r i b u ted  LTE/5GN SA  co r e  ne tw ork .

 Bu i l t  p r im a r i ly  in  Ba s h ,  Rap i d5GS u se s  na t ive  

sy s tem  u t i l i t i e s  t o  a vo id  unnece ssa r y  dependenc ie s  

a nd  m in i mi ze  po i n t s  o f  f ai lu r e .

One-Liner Install



install.sh – Your Gateway To LTE/5G



control.sh – Your LTE/5G Core Control Panel



control.sh – EPC Throughput Monitor



control.sh – EPC Throughput Monitor



control.sh

UE Status Screen

1. See IMSI of at tached UE.

2. Is UE attached/detached.

3. When did dev ice first  a ttach (IN A HUMAN 

FRIENDLY TIMESTAMP! )

4. See IP assigned to APN that  UE requested.  

Can sometimes be more than one as seen 

here!



Open5GS HSS Web Control



Open5GS HSS Web Control



You can traffi c shape your UE limit ing  

avai lable bandwidth to the subscriber IMSI.

Open5GS also allows you to set  numerous 

APNs to your IMSI with  different traffi c 

profiles on each one.

Open5GS HSS Web Control



Connecting your first RAN device to 

Open5GS



Planned For V2

1.)  Su ppo r t  for  c us t om  I P  po ols  def ined dur i ng  the 

ins ta l lati on  pro cess .  Ri gh t now, ever y th ing i s FULL  

NAT on the gateway it se lf.  Th is  wi l l  e l im inate doub le -

NAT and a l low  dir ect  ass ignment o f pub li cs  to  end  

user  dev ices .

2.)  We b UI  t o in terac t w ith the EPC/5GC outs ide o f  the 

t ermina l .

3.)  C l oud  cont r o l le r  for synchron iz i ng  mu lt ip le  

Rapid5GS i ns tances  to a p r ivate c loud  fo r si ng le -

en tr y o f subscr iber in fo rmatio n.

4 .)  I m pr ove d C LI  func t iona li ty  fo r add ing /remov ing  

APNs , IP  poo ls ,  e t c a f t er in it ia l EPC  insta l la t io n.

5.)  Pi ng in g  at t ac he d UE s  t o moni to r connec ti on  hea l th  in  

rea l  t ime.

6.)  E m ai l  s er v er  i nt eg ra t ion  for  not if icat ion  when  the 

core network  has  en tered  an unhealthy  s tate.  



What hardware do you need for a barebones LTE deployment 

with Rapid5GS?

Gl obal Tel ecom Ti t an 

5 00 0

( U E )

Lenovo

Thi nkCent re  M7 15q

( E P C / 5 G C )

B aice ll s

NOVA4 36Q

( R A N )

KP Per forma nce

6 5 Degr ee Se ct or

( A N T E N N A )

T hese  are t he  ma in t h i n gs  you  ne ed f or  a  la b dep l oymen t .  T her e ’ s  ot he r  sma l ler  ac ce s so r ies  l i k e j u mper s ,  powe r 

s up p l ies ,  a n ex t ra  LAN  ada pter  f or  t he  EP C/ 5GC ,  et c  t h a t  s hou ld  be  pur c ha se d .  Do r ese ar ch  or  as k a  co ns ul t ant  

be fo r e bu yin g  a  bu nc h o f s t u f f!  : )



Why Owning the Core Matters

1.  Lower latency, t ighter control , and bet ter 

performance.

2.  Operates independent ly —  no need for “the 

cloud” or in ternet access.

3.  A local core enables a true zero-t rust  

environment — the most secure model .



Q /A & Resources

Let’s Build Something Together

joshlambert.xyz/rapid5gs

rapid5gs.com

alabamalightwave.com

JOSH@LAMBERTMAIL.XYZ

• Software  Aut omati on

• Ne twork Planni ng & De ployment

• Ma rketi ng  Suppor t
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