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Short Abstract

In the fifth generation of mobile networks (5G), managing the high traffic volume of applications and the needs of active objects in this network
requires a strong, isolated, and secure platform. This is achieved by using the new concept of network slicing. DBNS (a distributed approach based on
blockchain) is a method of allocating resources in terms of network slices. Unfortunately, this method faces a security issue caused by the non-
observance of data transparency. A smart As a result of the allocation of resources between providers, this article utilizes the smart contract feature of
the blockchain to create data transparency, as well as a secure communication platform, in the context of network slicing and among different service
providers (SPs), creating a service and even reducing the delay imposed on the network. In this paper, we present a smart DBNS approach that uses
smart contracts and blockchains to make interactions between SPs more secure and smart. The simulation results of the proposed method show that on
average, the service delivery delay is reduced by 18% and 5%, respectively, in the two parts of the uRLLC and mMTC networks, and it promotes a
new approach in the integration of these two technologies.
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Ilshort Introduction (4-5 lines)

One of the most important concepts presented in 5G networks is network slicing. In order to optimize the management and orchestration of shared
resources among NFV nodes operating on a common physical platform, researchers have developed a variety of approaches. The security weaknesses
that exist in the communication platforms between the slice providers have not been taken into account in many of the studies that have been
conducted. In [8] the researchers developed a comprehensive blockchain-based network slicing platform called DBNS. At DBNS, a private
blockchain (Quorum) provides the infrastructure for SP’s to share and manage core network resources. In [10] researchers proposed a blockchain-
based network slice architecture called NetChain. The researchers provided the slice orchestration architecture with multi-domains, increasing the
fairness and privacy of the slicing users. In [11] Researchers have used blockchain structure and smart contracts to manage Service level agreements
(SLAs) between customers and service providers. However, many proposals do not consider the following two issues: first, Multi-domain network
security of traffic flows between SPs. And second slice resources overflow when resource allocation requests in the core network increase. The
blockchain is one of the methods that can be used to solve the problems that have been discussed above.

- roposed Work and Methodology

The DBNS platform provides a platform for service providers to communicate with each other in a segmented network environment using the block
chain structure. In this platform, service providers are connected to each other using the block chain and use this structure to hold a kind of tender
process. When a service provider cannot provide service to its corresponding users due to the completion of its resource capacity, it can employ
another service provider to provide services to the user by using DBNS. The main difference between smart DBNS and normal DBNS [8] is the use
of smart contract in the bidding process. The proposed method uses a smart contract to conduct an auction between domains’ SPs. When a SP
requests a new resource, it registers the transaction request to start the bidding process. By using the smart DBNS, data transfer is transparent between
nodes, which means SPs cannot monopolize the selection process. By using smart contract and block chain, we present a smart DBNS approach,
based on which interactions between SPs become smart and their security increases. The simulation results of the proposed method show that on
average, the service delivery delay is reduced by 18% and 7%, respectively, in the two parts of the uURLLC and mMTC services, and it promotes a
new approach in the integration of these two technologies.

Ilconclusion

The smart DBNS approach has two general goals. The first objective, by using the concept of smart contract, is to try to create a kind of data
transparency as a security parameter among the offers provided by service providers, in the network segmentation environment, with the aim of
allocating newer and more resources for users. The second goal is to reduce the additional overhead imposed on the network by repeated
encryption/decryptions. DBNS architecture based on smart contract also helped the entire network structure to automatically and transparently handle
the change of service provider and compensate the lack of resources for user services. By using smart contract and selecting three different types of
network components, we were able to reduce the average delay for providing service and improve the design for URLLC and MMTC network
components.
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Algorithm 1 Smart Contract-based Secure Resource Allocation

Input: T;, Q;, P, L, Ci
Output: Winner SP

1: fori=1to D do

2: if D; == Full then

3: setRFP (PKspd )

4: begin Timer

5: SP4 Submit the RFP

6: setRTP(Ti, Qi, Pi, Li, C; )

7: All SPs submit their bids (p )

Py

8: EndRTP

9: EndTimer

10: End RFP

11: setDecryptBid

12: SP4 Submit the Private key (PK )
SPy

13: All the bids decrypted

14: EndDecryptBid

15: Obtaining Bid; Func

16: setWinnerSP

17: EndsetwinnerSP

18: end if

19: SPd — new SPqy

20: end for

oo DBNS 6}L“°°L.':?..-
ol 00l plosl IS i3 98 j0 dieldign DBNS (g3Luosly
Cwds HBamodl)] Gle bli,l alus gilwesly i ol i @
NS-3 jloacs 5l oolatwl b aSlls (o lame (o
Slo)l8 anwgi g po)lsS (Soberay ilwosly ipgs i e
SlEr b Oloypa Sy sl Sl ekl 6l wisdea
Cwas HBasdil)l le ool codlad
S 3kt 9 DBNS (595 Jol (25u slwosly (omyp 2 o
NS-3 v3.26 jluacs 51 Jol (ise gilwosls Gly mslopnes bls)
a5 el Giboye Slpbe - slaslls jluans NS-3 .ol oadoslazul
Ua )8 G pss 5l o ¥ IS L @il S (o0 Jos dt whans (e
5 2K 1080P .720P slacuaS b gaug g9 ,lez liles J j0 )8 oyl
YO 5 V0 F ¥ sy 4 S 5 4 Sy bgag pl &5 el 4K
SIS oSyl b sl oY S5 slal 1 s Sl s ol
o5l Jae 51 BSA b Ua »)l5 bLS,| sly oS o0 iy yes 1) (BSp) A

C
i z C. ()

) aSs oy olul p 5 oleding (53,51 Cows &y (6l ks 50 @l
WS G sl sleiiiny @b Sbles (F) abaly oS (o0 e 25 28
;e URLLC
uRLLC :
. 2P + ) ¢
b|di :'—4Q' *
3L, +5T, +C,

dwloes (V) salal, 5loslaul b ol i slpiey MMTC aSiiss 5 (6l
{Pi Ti Li Qi ‘Ci} Mb’c.u L;Lb).uol)b 6‘){ W) JL@.{:‘ wl]o 09...4‘50
el ¥ o b aillae

_ 2R+:, W)
" BL, +4T, +C,
M) el 51 oslizad b ol i olgiin j €MBB aSeiby csly
Li Qi CF 6l sloyiallh sy ons Jlagl calyd 53,5 oo dmmibone
el ¥ Jpaz b e {P; T,
eMBB :
P +5Q W)
AL, +37, +2C,
@ 5 P) slosiall {Ci T i Qi P 6zt slayioll ol
Sy OLiylake 4z o g 005 Csllae (gogme Wigy WSS by g4 5l €6
S DIt b 55,5 A (sl 5 silio i Sl DI o il
a2 g 03 oothae (o sy 5 (Li g Ti C) slayel )l o s
Arder Sl g Poelin i Sleidan SRl Wy, p0 il e Lo lade
o et 5 0 45 Q5 P) slaiel s aits yige bih b (350

bid, =

Egorme 4 (SPi) pli Cwons oaimsdsl)l g pw &l coas ¢ by Gos
ol e Cwas GBaeodl)] gl g &l cuaS 5 ley S
olginn Gaias ;o ol Cews 4 (V) 5 (V) Luslg, 51 ooliiwl b lacaws
i sl atals g i Jlade bl g0 (pl 4z e cCwas Bamsal)|
Js 4y o 93 ol g wislys VL 5 gl ol liansls 5 039,
bidy s 5 wlez8 5 1,3 olgiiy @ S S50 9 wsllassopns ais,
b ndse Sl (i 4 5 Ci s T i) sla giely S wiy |,
S oslizal b waiies SP; o 0aimsl)] 5 5 Gtz @) Censd
el aw opl goae o ax e 00T e cavs 4 (0) 5 (F) 5 (V) Luls,
Sl gy )3 g wels 7S 5 bl S (liee Glos 4 ldl yS
OBl 9> b g Sl Cod oS Col oe JUo 5l 4 5 Sty
gy 028l L aygil g (goamodilyl alold L g ail aieS
gy a8 bl aw opl (o (nla adl (See Sl (g paS ) adsl
5 U5 05 e 13 ol @l S e 5 il wslhas - s

25,5 ac i bid;

oLy ppiily -T-Y
2 el wolpiian oyl S )5Sl (s 4 GiSu nl o
Cud oS seled lee dieden olo )l 3 Sl oolaiwl b dieiign DBNS
aSh sloaials ;3 09z se slo SP &dly jo aS ( Sob 0y (59, p ol
bl gasals gl (il «Blad 5 ool T3 S (b ol o0 it

NG| P PRV



XX 2ls ojlos

X b X o )lods XX ol o535 oS3l (3 oo almo IXX

31 5 olpiien 5 9500 didlgm oS LE daBlie Wiy, 0 cddOlpiing Cwds
Seb Gy Glp Jieglyiea b vl Gl gl sliin Gle
4 oS bids gbid; mb 5 g5l ley Ly, 5 g wales 22,3 jlaie URLLC

Wb oo drmlne o 7 ph

P P
P — 2 ; = 3
2 P,+P, % P+P, &
Qz_ Q2 ;Qa_ Q3 )
Q,+Q, Q;+Q,
L . L,
L=—="—7Lh=—"— (R))
L+ L, L+ L,
T. T
T, ==t T,=—"3—
2T, +T, % T+, an
C C
C,=—2-;C,=——3 AD)
C,+C, C,+C,

el polae (VF) 5 OF) «VV) (V) Q) Laslg, 5l oolal b

Co Jlolgieas .wigd oo Jloy SP3 g SPr cons o asdil)l solpainy

dales 1 Jlaiie ol oSe Uids Co g SPy 4 SPy (oodlel Consd o

Cwd 4 YL Ly Sl o g, ol 5l eslaiwl b 3 polie ple .aiS e

dmloe URLLC oS (b sl &5 (F) sally @ 4295 b Jl> onlioe
il oo G 4 5 7,8 4 Bids Bidy jolie cai

. 2R, +4Q
bid, =——2 "<2 Ve
>3, +5T, +C, an
bidSZM )
3L, +5T,+C,

&) slprin Kbl iy 4 a5 (V0) 5 (VF) Ly, samulxe b

L)‘};u:"’ LBUT duMiLﬂ.ﬁ 9 M&:SP3 5SP2 Cods> C)lfd.’uboc\j‘)‘ 6‘)f U290
Aadign ol )3 sl eolaiwl b ) aadle goxsy g bl 1) 55 sl
S el ogllas aniin (pl T oslgasy)bidi b wgy (e g0 o]
9y 2 0SS B o siedign ol 3 lawg sadolsal sl
f»)[d AR Cawlgs 10 Caons saimadll EYORIPIFRVLIV S SN I UE 33
GSobiw b Bllas cwyiws gaais G Gy yai l eslaiul b b 008 s
Sz oaiaddil )l b 55 gl blsyl ol co ¥ S j0 odiip jlas dswgs

W Juloxi g silwams -F-)
5 ailoy aiedigs DBNS iy, slo 29,5 o)y 4 Cwond (pl 5o
WRLLC S o dw 5o 1y gy ol W‘_,;:eo);\f 5 ),;‘b Ol
Ua 2,5 el oo Julow g aslie [A] DBNS g, L eMBB § mMTC
alises gg 9 T sliles Jl> ;0 URLLC aSits o SO 5l (65500 b
Era S bgag ol a5 cwl 4K 5 2K (1080P (720P slaceasS L

47 Throughput

& el b o5l Sag el ol Al el saeslina! ¥ Sy 5g3)
OB OlaSe DaB b gogee g (B O g0t Dle> den ;0 Solane jebe
oS 355 oo ooliiul T s 3 33T 6Lad s il Joto 51 BSA 3 .S e
oolazul ol5] glad Sy o TLOS) padiee W3 e (s5ludoe iy
Sokor; 03938 4 5l Un 9 BSa adlie 93 iy pad 5l Gy 3980
Seslaul b cwl aSlll [0 dgm g0 Cwns Baimsdl)l ple g pg)lsS
Ol bl S e L Lo Ty p5)lsS 45 TAPH )5 slaky,
ot S oo 35 SPA L 1) SPe 5 SPe Cans lEaimadil) 5 Ssho )
oxipdl)| ;o JlS g )5 Sl 0 4 295wl 0 SPa Ul pas ]
5 M Cwds caadll)] ol cwyiws dhi S U cwl p3Y (s
D510 35 A Cwns WLl adass ol 5l Wlgn U oogd e Ua )5
802.11aC sl ot o LS| 5 (APE) oo yiws abais ol (sl
802.11aC s ailiwl ;o POVHT) YU sl o, Shoe el .l oads ooliul
Oz .l 09250 55,085 O Wil o Laid o lasliul !l saiasl )|
log- alols o, Sadgme Jow 3l 55 Wi-Fi Path Loss model !,
S Mdgze oS Cewl pgoly Hlasl Jae S aS el saeslarul distance
i ok abalh b Conerp @blio b plexsle J31o 50 I, JUSs

If] s

DBNS (g,.5 IS . b

Koighd DBNS (gl ouls (6 35Lwodly (590 bew - ¥ ISl

45ud JI DBNS (g5 pgd Gisw 9 (Sok sope) s3lwodly sl
odd oolaiwl «ewl ouls B,ae GO Quorum lgie L 45" Quorum 2.5.0

aaby Y 2 a5 ooy alize Y pas Gyl (Seboss; ol ol
Ol 5l eolaiwl b aS ol b pae 95l Wa)ﬁs polsS oyl gaseine
21y aredgn o3 L] ol plosl 1) ag)lsS slaay (sui S olgi oo
s Vol ool 5l oslitnl b olgs b cenl oud Lol 5 >k po)lsS 55,
S 5 ol G 9 9,5 bl gy pBaimsdl)l Gl (glosls
Sges ol lagy T wlslpiing e
Syge o ‘)-’)-' ‘)LQ,...M..J ul.”h.ll B IRWIRIN C)..u 65")L"‘“ Lv &Ua.a

oaipodilyl 50 g ouies CawlgE 0 Cwas saimodll)l S oads (glwosly

41 LTE eNodeB Isotropic

2 Friis Propagation Loss Model

43 Line Of Sight

44 Application Programming Interface
45 Very High Throughput

46 Quorum Wizard



XX 2bs ojlods

X b X o )lods XX ol o535 oS3l (3 oo almo IXX

DBNS b5, 4 Comd (55505 530 5| jliz @8 1080P 5 720P (s
Sl yell eMBB oSl By 50 4ol 4 az g b Lol g lo )0
9059 SP i 4 5ls g Cen £5 058, Vb b el Jlo )95 (6 5%eS gl
el 1) 5V S5 By 99 b amalie ;3 3l (eSils 4K 5 2K gy e

40
35
30
N
S 2
~
=
3 2
& 20
%
Ay
-
v
Z w0
5
0
720p 1080P 2K 4K
Requested Services
# Without DBNS @ DBNS Average Delay on mMTC
H & B3
MMTC aSoels (o 2 39 ol (uleo — & S
4
35
% 30
g
z s
2
= 20
v
o
]
s 15
P
<
10
3
0
T20p 1080P 2K 4K

Requested Services

# Without DBNS ~ WDBNS = Average Delay on eMBB

eMBB a5 by 3 p3 b ufilo— # JSb

2l b ol () p3 b (aSileo gl amglin— £ Joun

9y b awlis ;5 WRLLC by (sln soleidin By, oo 9 DBNS
S FP o8, YL L sls syxin w36 DBNS I eslanal puc
93 )3 Dgdiee (Pee Mgy (rl wead enimddill pk pgil 5 (SwleS o
Gy 30 2 5l Sl sy ln Bl Sl 2K 5 4K (sany gy o
59 Mgy ol sl oo Slay Gals (ol 5l eslaul pae 9 DBNS 3l oslaiul
el 00l 00iS gl 4 b SS

@GS 3 0ol ad S5 @ sla el g o Jlile 5 0 Jour 5o
el 00l S5 wiaiign DBNS

S w53 00 oolistwl (sla piol )y g Layl38le 55— & Jgur

NS-3 v3.26 RS I
Quorum v2.5.0 S5l 020
asb v Golwaand yloy D
80211ac Wi-Fi 5 st
VHT o> Wi-Fi &laglass
Log-dist. Propagationcdl> Wi-Fi glosls ;) caws 31 Jow
Isotropic Antenna Model LTE 051 Jow

LTS

DBNS DBNS DBNS L

RESNNIYS Aaligh RESNNIYS ool

o ot o 5

St a8 St DBNS

eMBB mMTC | uRLLC

Yy YY Yy Yo Y\ g
4l Lo | asbido | adl Lo | bl | asl Lo 720P
Y. Y- Y. Yy 4 g
aib s | asb loe | asbidos | asb o | asble | 1080P
YYI008 | YeNYE | VA/-Y Y Y.

2K g
4l do | sl b | 4l boo | asldowo | asb Lo

YYEVE | VAISA | VORAY Y. YY

4K g o
aildo | sl b | 4l Lo | asldo | asb Lo

ol (20,08 (cmyp 4 ooliion o9 )0 U Sile gy 5l o

DBNS »))54“5) 9 A;"""’ O ygods C.tLo.n ua.:.«:;u l) ‘) u‘ 9 4...’>‘é).- &5)

Average Delay (ms)

20
15
10
S
0

720p 1080P

2K 4K

Requested Services

= Without DBNS ~ wDBNS Average Delay on uRLLC

URLLC a5 by 30 pus b orufilon— ¥ S

29 & MMTC aSd o sl b 5l (29,3 0 USS 50
Cor 5 GBI F ez @ azgi b 5 i onl 5o el ol euptS
Gr S oo SN okt b g (Sl g sl
Jds 4 1080P 5 720P (sl s es ;5 URLLC iy b alice 35 MMTC
SYL DBNS i oolitul poe & G by, w35 cplie e Larass
Seighy sly elein oy 3 bomgre rl 0 S Ll s
Soges .l Lo 1y (6508 736 . 55Le DBNS 5l oslaiwl s, 3l MMTC
Shoslinal (g, Sl S5,y (o Jloged wssleriny g, Sl 5, )5
Zowl DBNS i oolaiwl pae (g, bl S5 ju log05 g DBNS
2525 4 EMBB &Li iy lp o3l (nSle (255 F S8 0
Sy a2l Josed wsoleitan Gogy Sl 5 )5 logal can 00k onptS
poe gy Sble S5, s Jloges 5 DBNS jl oslaul (g, Sbles
eSles EMBB a5 5y (sl (ool g,y 45 sl DBNS 5l ooliciu
=5 ol 5l eslitul pac v 5 DBNS 5l oslitul 8,505, 4 Cod 50
2 3B Ole Foml Cagdsl S @ 5 gadse (nl 5 el oud i
5 el 00,53 Vs 4 Ly el ,S30LL el iy olgainy bl
S Sz Sl peiesly b aSol Jds 4 s MMTC 5 URLLC (gt
93 5 S o5 DBNS ookl (3, b avalie o oSl lowloes




XX 2ls ojlos

X b X o )lods XX ol o535 oS3l (3 oo almo IXX

2925 4 MMTC (3 )3 1) (ealeiion B9) (89,35 A o)t IS5
sed 03yinS gl o Slbls )l pgane 45 by ol el oS
€MBB 5 URLLC i 5o iy 90 b awslie o sl Lal ol
sloaius ;5 6 50ml Suglsl Gl QS el F o)led Jsoz b illae
g 99 53 el iy plie &l 5 (0l Cux b SP gkt
e 50 4 golie arass LUls SP o LE by alive 1080P 5 720P
sy AL gy Cel plp 805, d o (sl (00,35 £ 5 g anils |,
s 2l 5 i gl 15 Mbfs il sligs 4 MMTC iy 0 2K ceiaS L
V ISk Billae 2K mgrw slp (29,5 (529,35 DBNS 5,555, )3 0l
Coglgl ogr mb @ azgi b ol bg, 4o .l 15 Mbis Ll
#2)35 F o)led Jgax b Bilhe (QOS) mgyre &l CudS el
P9y > el TALMBIS bl 5 ool oy 2K gy 53 (2955
el 055 223 MBIS b ply s 23,35 AK urgpe 5 goleiinn
Faz SP il d9zs b eoleiig gy 50 (0,38 S8l s
Sl G2l SP oLl AT 8 50 gy ] Sk bl Gl sl
el oo )5 gy 5L 3590 S E5 Sy Sl el oS

mMTC Throughput

Throughput ( Mb/s)

0
B
10
, Hm (] |
2K 4K

7200 1080
Requested Service

= Without DBNS = DBNS

MMTC (55 5 30 (olauion 09 (29,35 — A JSCh

Throughput on mMTC

0935 pga & [, 6MBB [y ;5 (oleiian (g, (29,35 A o)led S
4 a5 CwVl g edgazme b (Johe Slbls)l 4l i cnl el
Gir 30 B p iy Gl )3 s s 0308 w3 2
1, Caddsl oVl (QOS) upsp 4l)) CasiS j2elb MMTC 5 URLLC
Iy 51 oy oo cdiadbgn olsyl 8 lawgs SPObesl ol g jo g ansls
Sy 4 SP o L8 5y 90 b Gillas 1080P 5 720P ugyw 98 50 .0,ke
Ll oy dlds @l 5 0y9e Cun 25 (arads Culss ) o
Lol sl ools &l leas Hlai 0550 )5 4 JSiie (ygs 5 00,5 Coloxinl
Gl g SP 09290 mlis Cudgaze Lo 4 (e gl panass 050,
Ao g 0dd gp dg) JSie byl som e anads culss s
SP i b 55 DBNS 3,535, el o0ls @yl 1, 8 MDIS 25,5 0,i8
s S 0550 S 25 @ g waar mle (Rl b ol ally
£ ) S L e 5 il Cns S gy szl 5 i il 2K
YU Caslyl azgi b ooloiin by, o bl wiSy cod |, 15 Mb/S <y
oy Foojled Joux b @l «(Q0S) gy ) coiS el
0313 &} prtiler SP oy 2K g slp 6 500m Sam 55 soleing
) Dol ol 51 atadisn 318 45 el gl 505 pol ol Ul
1, Q0S 1y VL a5 wiS o il ) golgiiogy o SP o Lasgs gy pos
29,085 eMBB iy 9 2K g 50 ol cpds e &1 IS ol
oloiin Lbay A St b llae abl e 17.3 MDIS byl ¢ atily ssmge
28.7 o gy b sl atailg 5L syl L SP 3Kl L AK gy 5o
s Calsl o9 Jol 0 455 b Ay ity ) @ 1) sl 1, M

P g5 b of Ypane 45 (03,08 (a5ls oS o Julos 5 2glic
L Jase (a8l p cw) oloy axly (o a8 cul olacey slaws iz oo
o5 ke 3 aiedge DBNS (giluads (son)li j0 005 o0 (o
SLiedS b payg (A g ez Sl ool oslital sy iy
W3S S 4 aSed 83,35 Gy swyp slp 4K 5 2K 1080P 720P
4 2Mbls oy a Blas Con F5 4 g e ol 1SS e el oo
I 5L USie a0y i3y 5 2l sy 25 Mbs o 15 Mb/s Mbs
4 1080P § 720P jusgyw 90 0 mbio arass oddsilwand s lw jo
wlis el Sl (SP) a5 8,90 Caans oaimodil)) 5 ooy owe &9
DBNS 5l s pSoye b orizman )00 1) Jlai 3,50 2)5 & gy 1)) sl
5 oad JB nls eMBB 5 MMTC WRLLC i, 4w ole sieiss
5 weiS shls Gip ol 4 arg b SP Lug casmsdl)) sle el
s (Jolie Cuglsl

@ URLLC 5y )0 (oleriay (hsy (20,35 25+ o)led S350
oS conl ol g sl ceslio URLLC (5 .l ool 000 lS jygead
ped Saglol shlo by cnl ;0 QOS Ll ks (sl jlew 36 4 5L
59 50 Zawlyls SPislpin &b o 1, 4X o o 5 009 ol )l i b o
30 20,88 Fy mbe e arass s 4 T20P 4 1080P g
g 5l gt parass glacwslySyo Gl L sl Rl s S0 (sales
2l o Glagmg e szl Gly oY Co g5 @) 5l (e SPglp)8
5 oy iy e F 15 MDIS 4 2K CoaS L giaug Al g ol
e l0ses LY JSE 0 a5 SP g e Ganass (o ol 5L 1]
el a jh 5 wnilii 1) bl Larass oUlsh SP ] sid Lasie K,
5,555, S5 aalS IS & Cens &S]l CoinS I B Canl SP i 5 a
S yeals 1, 15 MBS ca ¢ lg5 oo SP i b 2K eug 0,0 DBNS
Febl YL Coglgl 4 4z b SP 5 cuslie o b eoleidn b,
&5 a ool anils F o)led Jsor b sllae (Q0S) leas ) coinS
a5k el s iy sl 4K Gegye ol Coss 16.8 MbIS 23,35
5 URLLC 5y o (oolpiin (hg, )0 25 Mb/s oy 75 L (20,35
axlp 0 QoS el ol Cuglsl (o9 Vb 4 azgi b AK gy
E5 b (25,38 el andls (F ojlad Jouz b gillae) optils SP sl
I slacalss s Sl &g o b ans @) 4 gy 1, 27.3 Mbls
g SLI S 5 009 sl Wilgis S jiin gl (arass sl
ASS bl S ey

uRLLC Throughput

Throughput ( Mb/s)

0
2K 4K

720 10809

Requested Service

= Without DBNS ~ wDBNS Throughput on uRLLC

URLLC (31 59 golesniiny (09 (20,05 — ¥ JSb

48 Bit Rate



XX 2ls ojlos

X b X o )lods XX ol o535 oS3l (3 oo almo IXX

ams Gial3l ) 4 oyt polie @) Cod b

Oy £ dw Sl g diedigr Slo )13 5 Seb oy s 3l eolaal b
3l MMTC ¢ URLLC glasiiss slo oy (glp puinsly calie aSis

e il s OLES |y b 39t 5 4l gy L)) 6 3l (Sl
Sy olgin Sl glaalle Wigy (g9, p losle cudlad slul b lojen
obed pfyde 0l Fy Al By lae (o Cwas Baieedll ol o

ol ok loaSes p3 (Soh 0y 6554 g plisl la Sz
34 g (el sleojem )3 4z Slold las )l g bl sl p ity
Shotics; Wlgoo g asls Jobo sloaSid ;5 sgzge (bLS,I slaojs>
55 oal Ghagly 59 095 pele 5 Sl (g 5 S Slesdse 5 Eolie
S5k ot oSl 655,84 Gk ol wreler Jole 0938 b ol o
Omizead Ol Gl el gy baxe 3l Cweas samodll)l STps yile

Sg 55 ) Ol)lS a mg e Sl 205l i glo el ) p b

&=y

-Afolabi, l., Taleb, T., Samdanis, K., Ksentini, A., & Flinck, H.
(2018). Network slicing and softwarization: "A survey on
principles, enabling technologies, and solutions." IEEE
Communications Surveys & Tutorials, 20(3), 2429-2453.

Blzhang, H., Liu, N., Chu, X., Long, K., Aghvami, A. H., & Leung,
V. C. (2017). Network slicing based 5G and future mobile
networks: "mobility, resource management, and challenges." IEEE
communications magazine, 55(8), 138-145.

Il <, Qiang, and Weihua Zhuang. "Intelligent Resource Management
for Network Slicing in 5G and Beyond."

ElRommer, S., Hedman, P., Olsson, M., Frid, L., Sultana, S., &
Mulligan, C. (2019). "5G Core Networks: Powering Digitalization.
Academic Press."

Hlls. Haber and W. S. Stornetta, "How to time-stamp a digital
document,” in Conference on the Theory and Application of
Cryptography, 1990, pp. 437-455.

ls. Nakamoto, "Bitcoin: A peer-to-peer electronic cash system,”
Manubot, 2019.

IlFoukas, X., Patounas, G., EImokashfi, A., & Marina, M. K. (2017).
"Network slicing in 5G: Survey and challenges." I|EEE
Communications Magazine, 55(5), 94-100.

Bl Togou, M. A, Bi, T., Dev, K., McDonnell, K., Milenovic, A.,
Tewari, H., & Muntean, G. M. (2020). DBNS: "A Distributed
Blockchain-Enabled Network  Slicing Framework for 5G
Networks." IEEE Communications Magazine, 58(11), 90-96.

-Morgan, J. P. (2016). "Quorum whitepaper.” New York: JP Morgan
Chase.

-, Guobiao, Wei Su, Shuai Gao, Ningchun Liu, and Sajal K. Das.
"NetChain: A Blockchain-Enabled Privacy-Preserving Multi-
Domain Network Slice Orchestration Architecture." IEEE
Transactions on Network and Service Management 19, no. 1
(2021): 188-202.

Il ssengonzi, C., Kogeda, O. P., & Olwal, T. O. (2022). A survey of
deep reinforcement learning application in 5G and beyond network
slicing and virtualization. Array, 100142.

V. R. Sama, X. An, Q. Wei, and S. Beker, "Reshaping the mobile
core network via function decomposition and network slicing for
the 5G Era," in Proc. IEEE Wireless Commun. Netw. Conf., pp. 1-
7, Apr. 2016.

Ilcunha, V. A, da Silva, E., de Carvalho, M. B., Corujo, D., Barraca,
J. P., Gomes, D., ... & Aguiar, R. L. (2019). "Network slicing
security:  Challenges and directions." Internet  Technology
Letters, 2(5), e125.

L SP caiedsgn olo,l,3 @MBB ip j0 ouiil- SPobssl a1 s o QoS
w28 1y GGl cpl e ol S oo Sl 1) QOS gaolpiiny o SYL
949y B arass GlacaslsS s (L aS Lol 4l a5 aas e
Sl ceaS g eoly Ful 1y G5 legainils Wlsiy el o

WS S sl ) 4 Sless

eMBB Throughput

Throughput ( Mb/s)

i
.
G - ] | ! u
2K 4K

720P 10809

Requested Service

® Without DBENS ~ ®DBNS Throughput on eMBB

eMBB (b 50 olduion (g (B335 — 4 S5

sxniign 08NS 5,

Codlad ool ol Baw ol JLis ol Bas g0 caieiise DBNS 8
ol e 5l i dlerin Sl lamilie Wi, le o (gleols
aYole 5 cpol (60 ol 0 aSll g daxe 10 Cwns Basmoal)|
ozt Ban b 1) 0g3 Slolpiin ailen cwas ool (o] jo a5
S el 0ad g)hg; plie 09neS JSio b &S 08 ln e
S W)l ekl b SP 5 S5, ol o el diaiigs DBNS (gla g5
5 Sokory 5l edlitul b a5 5y sliiey QL glaalle &y,
ailis oy Sl 5 48,55 S g i )T S wiadgn ooyl
5 Sy 2 Ot patia £ Jgaz o o8 ssbiles ol Blas SLels
L Lo gom g 4w g 039 DBNS 5,50 5l oslaial )5 a2 5e allia
9% )”L Oele 95800 onmlive a5 jsbiles anl oleing s,
55 ol & (mogul bl 4eh ez Cawl Cols 1080P o 720P ey s
arass a5 4K 5 2K gla g 5o Lol o)l o &jgoas 1) s
S5y S (ohyy @ wpdy plxl (e Ojsed Gl N sl
9300 V0 (liee 4 2K upgps g URLLC S (3 50 ops]s
28 by el ot 2l (Silee w3 Ve i 4 4K g e
@ 4K g 0 g 20y T Glie 4 2K g 5 @MBB oSt 5y
EMBB aSci iy 40 o atuls aSed 3 b Sl 5l weye Ve lie
Gy el Bl Gl (gl ;5B eSils £ gz b Bllas 5
@ K gy )3 9 20y B Glie 4 2K gy ;0 5 EMBB ast
Gl 4 5 aKile ( Jyons DBNS b (b 50 00y0 V0 (e
Sed Gip 2 3B el Soml Sodsl s el ol Jds 08 g
el 5 lgion bl o1 0 eMBB

Slaghy o 1) (23,38 25 b col aulys olering By, Geizen
3y o, es 4K g 2K yusg s 90 50 g 00l> dg.gs URLLC 4 eMBB
Ohgy M Sud e (e (anast g DBNS 0805, b uld 50 055
0509, b el 50 4K 5 2K g 90 5 URLLC 2y 50 (s3liinn
Cews IS 55 8,90 Can Fp5 el 40 e, A g V) S9ugs 4 DBNS
99 9 8MBB iy )0 a5 aes o lis (gilwand gl dores .ol asdly
S see (29,85 5 el atulys solerig hg) 4K 9 2K gy
g 0ols gy DBNS 0,0s, L (wbd ;0 a0 VWV e a4 1) o8



XX 2ls ojlos

X b X o )lods XX ol o535 oS3l (3 oo almo IXX

IllHewa, Tharaka Mawanane, Ivana Kovacevic, Pawani Porambage,
Nisita Weerasinghe, Madhusanka Liyanage, Erkki Harjula, and
Mika Ylianttila. “Blockchain-based Network Slice Broker to
Facilitate Factory-as-a-Service." IEEE Transactions on Industrial
Informatics (2022).

HElHe, Yunhua, Cui Zhang, Bin Wu, Yigang Yang, Ke Xiao, and
Hong Li. "Cross-chain Trusted Service Quality Computing Scheme
For Multi-chain Model-based 5G Network Slicing SLA." IEEE
Internet of Things Journal (2021).

535339 Slapiems 5 o5l Sl apaz @iy ory pms el sl Lo [
AN esN e Y YR 00 5 5 oKl 5y owdige Alee IS g S

25 45 sl slats s ALl Gyl el ol jailsd Lo e 0 Lo, [
AYRALY 00 5505 ol8ils 3y swiige alze Mozt Juud 5Kesl pes o sloaSS
AVD-aY

BlZcinali, V., & Khaleghi Bizaki, H. (2016). Shared secret key
generation protocol in wireless networks based on the phase of
MIMO fading channels. Wireless Personal Communications, 89,
1315-1334.

l\our, B., Ksentini, A., Herbaut, N., Frangoudis, P. A., & Moungla,
H. (2019). "A blockchain-based network slice broker for 5G
services. " IEEE Networking Letters, 1(3), 99-102.

IlBackman, J., Yrjola, S., Valtanen, K., & Mimmela, O. (2017,
November). "Blockchain network slice broker in 5G: Slice leasing
in factory of the future use case. " In 2017 Internet of Things
Business Models, Users, and Networks (pp. 1-8). IEEE.

IlP:pageorgiou, A., Fernandez-Fernandez, A., Siddiqui, S., &
Carrozzo, G. (2020). "On 5G network slice modelling: Service-,
resource-, or deployment-driven?." Computer Communications,
149, 232-240.

Il:isal, Tooba, Mischa Dohler, Simone Mangiante, and Diego R.
Lopez. "BEAT: Blockchain-Enabled Accountable and Transparent
Network Sharing in 6G." IEEE Communications Magazine 60, no.
4 (2022): 52-56.

llssengonzi, C., Kogeda, O. P., & Olwal, T. O. (2022). A survey of
deep reinforcement learning application in 5G and beyond network
slicing and virtualization. Array, 100142.



