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ABSTRACT

Software modem, which implements whole wireless communicaiton system by software, is currently focused
on. To realize this software modem, it is needed to improve efficiency of algorithm computation by software,
as well as to design the software architecture of the corresponding protocol which can flexibly operate the
algorithms. Especially the protocol needs to be flexible in order to deal various scenarios and to make itself to
be maintained easily. In this circumstance, this research focuses on designing a flexible software architecture
for 5G cell search. Cell search is an important factor in view of the performance of 5G mobile terminals and
requires to cover various scenarios with a flexible architecture. In this research, we utilize the concept of
Finite State Machine (FSM) to design the protocol, and perform performance evaluation by implementing it in

a real-time operating system and comparing with OpenAirlnterface.
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o]zjof gl

919} 22 RRCO| ks wejaix] 17 99} 722
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7| Z RRC7} 74 = &8 fradstA =13 <+ 3l
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HEES 7ule g AA=Erh Cell search A oflA]
RRC+ serving cello] 3 2alj5k= AH8HS 13}
] serving cell®] ¢ 7AFol= AEHLE cell

searchs A|=E3}] serving celle] @ 4 & cell>
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Fig. 9. RRC Process FSM
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RF on (channel)

while(program on)

Searcher on(cell search)

if (cell search success)

report result

tracking = true
else

RF off

RF on (channel++)

if (tracking == true)

Searcher on(cell tracking)
sleep while tracking..

if (cell search failure)

tracking = false

32l 10. OAl Z=9] E7]3} 34
Fig. 10. OAI synchronization process

thread E-=2}ol] P2 cell search¥}A-S- AHZE 43
3= gelZ Fa=e] 9k dHe] while loop WM
S %3 A" = RF channelel] o3l cell search”} &+
W eafEn] o] while loop HHE-S- E3) o]
RF channel®l] T3t =34 cell search® 3§38 <=
sick o] I A cello] WHdslA s cellel] sl
A4A9]l F715 f*(tracking) 3= handler F =%
Joizdel 2] cell search 2 tracking A=) Aloll=
RF 59| %7]3}9} 37 t}2 RF channel & #|#]}o]
cell searchs A A|=3HA %ot

$19] = FxdM= FHH FEEe] 3 IZ= o
(whilet®)ol] iz o2 Fax|o] gk o]ad 7
ZolME BA Z= A 5l F2e] 7s
Hejo| B2 7lEAde] "ol st A ella] =9
S Pl B2 AZES &2REH gk sk
ol# F= Fxo AZEE- cell search A=) 25 24
3l AS 7€ FeE L3P 7 AR =
=5 ks duE FiEe] 2evt o Aa v|s
£l eyt @ shsAe] Ak 7[EAHSR cell
search®] ¢2]& 2 7 AF 22 eFS Ry

42
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e

Z 2 o] o]Fo ol x| 33+ FX] Sl
A wlAlslcl a2y @A) OALS] A = 1
= a%x| ¢t} 718 0Al o4 PHY A 34
FeoA AUe]e &E<) w2} RF channel 2 AFA1%]
o7 A FE 9lon) o= EF A=
RRC AlZ2] sto|t}. o|8] FFolA+= RF channel
< Adlsls AV E skl 4 T3] o

ool Hlall & A5 Fll 7k FSM 714k A
o] e ad 113} 22 F2E 7RIch A8 AS
oll4] cell searchel] Th3t service primitives HE
PHY = WAJA|E scheduler queuedl] ¥-2 ¥, 3}
©F cell searchE =3J%}. Scheduler= A7
FSMel| E3F5state 2 eventoll w2} 2|A] %l action2-
F3Ysl= HElZ cell search IS F33lc} o]
action> 7 state Ao]ell w2} handler 3 e =
#3}L state o] 3ol =} 243t handler &=
mapping®] F|o] FEEEE T3] Schedulerell
4] A4 FSM-2 RRCZH-E19] service primitive
2 AAe] =v, IDLE =-2 RF_sync stateoll4] A=+
sto] i ] state® FHEokerdA 13] cell
search A3 *]2] o] kg =lr) E# FSM-2 A
g event7} WA w7 AA stateE A3,
event Aol we} 1o g thE state s AHE3)
a7, state Zo]ell Z= handler 375 3=3ht}
I8 12+ 0] Z= =25 7kes A 7"
scheduler} FSM FE=o|t} State Holo] B
handler 35 71B]7]= E4EQEE P ez
Aolsta &AY state} eventell wl2} A3k handler

% 2 o

NS
i

it

RRC FSM

while(search result == failure)
Cell search command()

‘l( Cell search scheduler

Event Handlers

Get Event

Handler1

| while(STATE!=IDLE or RF_sync) 1
| | Handler2

Switch(STATE) '
case 1
if(event1 triggered)

[ Handler3
start Handler1 |

l Handler4

P
return STATE

Al B3 I sE=
. Proposed synchronization process
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while(PHYFSH_State
PHYFSH State
PHYFSH State

NewEvent = NPHY_ReadEvent (Srchon_args);
LF((PHYFSH State < sct
(NewEvent < PHY

nphy_schedr._Statehach

[PHYFSH_State] [NewEvent ]l= WULL)
" PMYFSM_State = (*nphy_schedr_StateMachine|PHYFSH_State] [NewEvent])(SrchOn_Args);
else
106_1 (P
Srch
break;

adr FEMIFalled State Machine!(state 1 % , event
1, PHYEVT_

;M) (max 2T,
state, NewEvent, st :

21 12. Cell Search Schedulere] tH3F FSM &
Fig. 12. Cell Search Scheduler FSM code

S FEIIEE tlolsl AU Lol alnkE e
2|2 Fesisick

oJ7]4 7% Z== RRCOF PHY S| ojdto] £5
gl A wEsiA el e S olew,
PHY 33 thread?] A} Felo] Folo= AL 7}
At} w3 state Aol wje} FRAOZ s Al
25 FAA 4 9lem, handler 3 7IRke] BE

3 FHo 2 glE FEY Fe IS vlx|sle] =
co] AaHa4S el 4 glek Wik ohje), AR
Al e g Agslat & o Az Avele 43
of] 2= state, event @ handler 7} A& 53l 2
Ao A Lo)gt £A ste] =)

V. AE 3 Zot B4
THE Z2eFo] F2hs Felsly| e 2 AT
oA 71 Ad 24 33 133 e} 2lEx 7|

1. Hl2EHEe] st=sgo] 1A

Table 1. H/W Specification
CPU Intel core i7-8700k CPU @ 3.70GHz x6
RAM 16G
OS Ubuntu 16.04 LTS
SDR Ettus USRP B210 70MHz-6GHz
vk pCol| & A5 F3l 7 Ay Z=E 5

skaL 3745 USRPS} odgsto] Az ESe] mglo] A
A 4 AS FAE RS slgich AA A
Zro 2 Falsh= gl 7|k PCollA RF 2 Searcher
aela Aloksl FFe] TR EF| gk AL EY
TS TEA7E FulE A3sisiv) Table 12 B
ATolx &8sk PCo dl=do] Aleks vebdrh
USRPel| 48 5G Fo ol sd== 3.5GHz
e <HuE dE3te] AA 56 7|1A=2] AsE
FAlSR= AFabollA] cell searchE G331 A&S 3}
ek

Table 2& 2 A3 343} frame con-
figuration parameterolﬂil Max error counti= ¥HH
cell search M2 FAI8153S of PHYOH/H HPF—'P:
cell search A& *2]e] Hof| &7 Sl¢E =
cell search Alsx]2] A 33] Asjshd AZ
© 2 3|t RF channel®l] W3} cell search #}AJo]
A&k Ao Adsicly B 4 9]

B ATelA Al 2= 720 84S
7] $3k] Z2F =4l cell search dyz]=28
Aol FHA7E AR AvEIeE d oo A
43l Hofrh 23 149} Zo] schedulerel] ]3] F=t
H® 2E cell search A4S ZFol| FA43}¢] thread

buReohd)

LIt

> J4.4

=
0

13}

1 0] 9]

_4

=

i New Scenario(stop search)'

OpenAirinterface +—|

E
—
3
4

a3

if (receive Srch stop command)
| { delete scheduled search();
! break/continue; }

I

3. AR AL 7 Aexe] 284wl

istart Scheduler FSH

while(gwyisn_state
PHYESH State
1 PHYFSH_State

a4
PHYFSH_State] (HewEvent]!= HULL)

nphy,_ schedr_StateMachine [ PHYFSH_State] [NewEvent ) (srchin_args);

L06_I(PHY, " [schedr FSH]Failed State Machine!(state : %4 , event : Xd)(nax X4/%d)\n",
SAChon_Angs-»State, MewEVent, Schdn JisTate-l, PHYEVT Hevent-1)

break;

Fig. 13. Comparison of Implementational Efficiency for Adding a New Scenario
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E 2. Frame 74 ¥e}vlg

Table 2. Frame Configuration Parameters

Parameters Value
Band 78
ARFCN 640586
Cell ID 923
Bandwidth 20MHz
Sampling rate 30720000
Subcarrier spacing 30kHz
FFT size 1024
Max error count 3

a2 14, "H2aEHE A
Fig. 14. Testbed configuration
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Fig. 15. Time Consumption of ‘Stop Search’ Scenario
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