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Abstract

The mission of telecommunications operators is to ensure continuous provision
of communication services under any circumstances, including disasters and acci-
dents. While mobile systems serve as fundamental infrastructure that continuously
accommodates tens of millions of devices, large-scale failures triggered by physi-
cal malfunctions, equipment damage, or operational errors have been increasing
in recent years. In mobile systems, client-server-style control operates through
the architecture, where the CN acquires and processes subscriber information to
generate the necessary contextual data for authentication/authorization, mobility
management, and circuit management, with each network function (NF) managing
this data in local storage. For communication service continuity, these contexts
must remain mutually consistent and accessible. However, disruptions, congestion,
or NF failures can cause inconsistencies and require context recreation, potentially
triggering increased control communications between NFs that could cascade into
service disruptions. Particularly notable failure scenarios include: (a) failure to
complete context generation due to signaling storms caused by simultaneous de-
vice connections, (b) inability to access contexts due to RAN — CN disconnections,
and (c) loss of contexts resulting from NF/RAN downtime.

Particularly, when signaling storms caused by mass device connections pre-
vent context generation completion (a), when RAN — CN disconnections make
context access impossible (b), or when NF/RAN failures cause context loss (c),
these represent typical failure modes. The Autonomous Distributed Mobile Sys-
tem (ADM) has been proposed as a highly resilient architecture enabling service
continuity even under regional disruptions. However, since subscriber information
required for AAA operations is typically centralized in databases, distributing in-
formation at scale across a wide area would be impractical from both operational
and cost perspectives. Therefore, this study first proposes inserting a Replication
Layer between UDR and ADM to enhance subscriber information availability. The
Replication Layer transparently intercepts requests from ADM destined for UDR,
handling both forwarding to UDR and returning responses. Furthermore, it main-
tains cached copies of subscriber information returned from UDR, allowing the
Replication Layer to respond without querying the central UDR when the same
information is requested again. This approach minimizes implementation changes
on the ADM side while reducing dependence on central systems during disrup-
tions and congestion, thereby improving continuity of AAA-related information
retrieval.

Additionally, the traditional ADM architecture’s centralized storage of all UE



contexts in each node’s local storage (e.g., Redis) presents challenges in terms of
scalability and load concentration during failures. Therefore, this study proposes
a distributed management approach to improve context availability in ADM envi-
ronments, based on the requirements of: localized control processing, loss-tolerant
context management, secure normalization after recovery, and minimal modifica-
tion of existing signaling protocols. The proposed method horizontally distributes
contexts across a DHT, with each node maintaining only a portion of the key
space while enabling context node discovery through internal DHT routing. This
ensures continuous context reference even during mobility or disruptions. More-
over, by eliminating context transfer during handovers, it simplifies and reduces
control signaling while ensuring scalability to accommodate hundreds of thousands
to millions of UEs through additional node additions. This paper presents the
design principles and implementation of the above approach and evaluates its ef-
fectiveness in terms of service continuity under various failure conditions including
disruptions, congestion, and system failures.
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Figure 4.2.3-1: 5G System architecture
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D F M LD F — IDAEBZTOBRTH L, ZHUTEID. UEZtDay s
FZ MEIDHT VY v 7 EO—E iV E AT 545, Context Share &, &
H X7 % —ID 12X LT Chord @ find_successor (keyID) ZHEITL. Hi%¥—
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4.3.4 RFAEICFMEL7-DHT ORES X714
Crescendo
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Cluster D A —>%— /7 — R ID) & 1F 5 %, ERAIZIZ. Core Cluster IZXf LT,
RDESkur—xEHefEe UTRRET %,

{
core_node_id: // MR Regional Cluster D A —,%—/ — K ID

¥

ZD¥ = DHT / — FiZ Regional Node ID ¥ Core Node ID Dfi /5 % 035553
HY. Core ETHRINT core_node_id 2% L TIL—T 4 27§52 T.
TR Regional Cluster D A —,8—  — RAZZEA[REE 72 B, DIRE, SRR —8—
J—=FRiFAYV—=Ya YO DHT 2L, UEaYy 7 XX NRRZEIET %, T4
bbb, AHFREUTDO BRI —F 4 > 202 & ) il &5 0 R 2 FEHRT 3,
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1. Core DHT 12X L T Key ZHWE D, MR Regional Cluster DX —,8—/ —
F (Br—%&) ZRT 5,

2. fRIR U7z v o — X 1EH % W TR Regional Cluster NE|# L. Regional
DHT 7% UE a2 ¥ 7 % X  RIKEZHUF T %,

COMEIZE D, UE 2 Y7 %X PAKITHE IS EHSNICECE S A, i Baiis
TORELEY 7 A Z2HEHTZ 5, X512, Core Cluster Z41T L7z 1 7 — X fEIR
W ED. iS5 DMK AIRETH %, U LK D AFEDELN: (a) EiETES X
O (b) JRpE - (KBIEZ W23 % 3%aT & LT, Regional & Core Cluster & DHT %
TRHT %,
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DHT Node

Core cluster{super-node)

| Rotuing |
locator data
......................... Tnnu successon(core_node_Id)
------- ﬂnger table -:‘ _1 table search |

Thash{:m node_id)

i
]
successor/predecessor «€--------------- |

table DHT TCP Socket |
Regional cluster \
| Rotuing |
Context Data Local Store r
\ find_successor(keyiD)
------- fingertable | | table serch |
: IMSIhash(key)
: Node info Update
SUCCESSONPredecessor g-------------- i

\ table N DHT TCP Socket ])

Request/Response

Core Network [
CN-CP

4.8: Regional & Core Cluster & DHT @ > R 7 L AKX

28




4.3.7 N2 Based Inter AD-RAN Handover ICH T3 Context
Share D ENE

4.9, 7EKD N2 Handover ZXtR E LT, 853 % Context Share % fH#A
ANATEGE DY — 7 Y A% RS, A —5 > A%, Region-A (Source) 75
Region-B (Target) "D NY RA—NZHELTED, §lH7 L — 213 AD-
RAN B CHOAZ L CEIET 2 —/5. 22— 7L — Y E[F— UPF ZfkHiAHT %
MR TH %,

Region #A (Source) Core Cluster Region #B (Target) [UPF |
UE# oNB#A CN-CFA cluster#A Core#A Core#B cluster#B1| | gNB#B CN-C#B UPF
Handover Prepar

1 UL/DL via Source gNB

2 Measurement Report
L £ Yeasurement 9ROt

3 Handover Required
S rancover Hequree .

4 UpdateSMContext
5 (libctx)StoreContext(core_node_id, key)
>

PUT value {"core_node_id":"Region-A Core Node ID"} "
6 PUT(core_node_id, key)

7 CN UE Handover Request
(gRPC)

GET (UEContext, ke
9 (fail) ( Y

10 Response (UEContext, key)
11 GET (UEContext,
key)

GET value {"core_node_id":"Region-A Core Node ID"} ™
12 Response (UEContext, key)
13 FGET (core_node_id key)

14 RPC:proxy_get(key)

15 GET(UEContex, key)
e TR Y
16 Response UEContext

Context Update
17 @rPC)

18 Update response

19 CN UE Context Handover

20 Handover Request
2illiandoverHegiiestAc S

UE# ‘ gNB#A ‘ CN-C#A cluster#A ‘ Core#A ‘ ‘ Core#B ‘ cluster#B1 gNB#B CN-C#B ‘ UPF \

4.9: N2 Based Inter AD-RAN Handover I8} % Context Share DEIfES — &
VS

4.3.8 Handover Preparation 7 T —XICHIT2 AV TF X M
4

Handover Preparation @ F#EEF R TlE, UE & Source gNB %41 L T Uplink/-
Downlink 85 Z##t L TW2d (K 1,2), 2D, gNB A UE BT 2HIEL
R—FEEEL B). N2E2NLZVasr—2a YOEGHRESINS 1),

N R A= NI, Source flld CN-C (CN-C#A) & SMF (2% LT PDU
Session IZBH ST 2 HFERZIEFET 2 (5)o HWT Source D CN-C iZ, N> K
TN EZ UER#Ea Y 7% X M 2INET S (6).

BEE{L AN TIX. UE 23503 % IMSI 1232 < F—% W, Regional Cluster 12
ML Tay7F R MARIKD Store WHEZFEITT 2 (7). T HIT. F2 5 Regional
Cluster 205 DR ZA[HE L T 572, Core Cluster {IZFf LT key=IMSI Z A1 & L
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— >

e — R EMDOEFFE (value={core node_id}) #1795 (8), Z® Core Cluster
BHERZ, Target AL OHR 2 5 2 ZICUE a ¥ 7% X FHFEET 20 & RS
57-0DRG| & LTHAET %,

Z D%, Source il CN-C 13f5%E D N2 Handover Tt Z 12wV, UE a7 F R
PN R = NIZRE L IER % Target NGRS 2, AWIFETIE, MRS 2775V
> 7 DFEZZEER S, Context Share & FTHFLARA ML —2 & LTEMEX
THREEMAL T2,

Target AlICH T3> T+ X METUIE

Target ] (Region-B) Tl&, Handover {20872 UE IRREZ1EIT T 5 7=, Context
Share 12 & % Load LM #5173 5, ZD¥ =, Target lIFEFE UEa > 7 F X b
AIRZRK T 2 DT <, £ Core Cluster 2 L T Key=IMSI IZXTIH$ % 1
7 —&IEH (corenode id) ZHUSFT 5, BfF L7z v /s —&|EHHZH W T, MR
Regional Cluster NE|3Z L, Regional Cluster WIZITRFE N/ UE a7 F X b K
KZHITT %,

CDEEL—T 4 202 & D, UE a7 2 MNIFEHIBIC RELE X /-
F MR, D 513 Core Cluster 2/ UL TEHERAREE 725, Z4UT XD,
H—DHTIZBIT 2 v ¥ 2 7BUSER S 2 tBERYIERATE (B @ a0 2
Y7 FAMEE) B2IHI L oo, HERANY R A — NTRE Y 72 2 BRI % HEF
TZE 5%,

UE 2> 7 % 2 b OEE#%, Target il CN-C (CN-C#B) 13%4:5% UE ISR $ K
REZ1EIT L. U-Plane £ v ¥ a VIZBHE T 2 filf#GER (Hl 21X GTP b ¥ 2 #&mlE
W) 2EHT 2, Ko —r Y RZUPF EEZ DLWz, PDU Session Anchor
FHERFE L2 D3, Target gNBIZ[ANT 7 AEBE BEFT SN EL L 72 5, ZAUTHEW SMF 1
UPF 123} L T PFCP Session Modification 247\, Target il gNB 1243 % GTP
b AOVIERE RS 5, ZORR, 2—Y T L — 3T N F— N RIC Target
gNBREHTH#mEZ N 5,

Handover Execution 7 T — X & B{SHEL

4.10Handover Execution Tl&. Source ffl|2> 5 UE ~\ Handover Command %3i%
FEN, UEXX—7 v AR L 721212 Handover Confirm #3183, Z DfE,
Downlink Data DERIER T — X 7 + 7 —F 1 ¥ 7T 5, ZD1%, PathSwitch
R ASBHGE X A1, Target T Uplink Data SFHAJREE 72 D N2 R A — \DI5E
173 5%,
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N2 Based Inter AD-RAN Handover (without UPF change)
Region #A (Source) Core Cluster Region #B (Target) UPF

UE#1 gNB#A CN-C#A cluster#A Core#A Core#B cluster#B1 gNB#B CN-C#B @
{Handover Execution }
_

1 Handover Command

2 Data forwarding

3 Handover Command
e

4 Handover Confirm

{Path Switch |
5 Handover Notify
6 N2InfoNotify
7 PFCP Session ificati
8 PFCP Session Modification Response
9 UL/DL via Target gNB
10 UE Context Release Command
11 UE Context Release Complete
@ | gNB#A | [onc#a | [clustertA | Core#A | [ Core#B | cluster#B1 | | gNB#B | | oN-c#B | UPF

4.10: a v 7 F A MEILIE D Handover Execution

5¢ T 1%, Target fll CN-C 1% N2 @A F#Hi = 2 FE1T L. End marker 3£/5 Z %
T, Target gNB #2H T Downlink Data 23X 5, HRAEMIZ Source ik UE
Context Release F#t X 2547 L. Source fllici 2% UE a > 7 F X M 2T 5,

BEFIRDOHMES: L ML DIRE 5348

AR —r 2 LD, Context Share I3ZEHED N2 Based Handover FIEHEZZH T 5
e, UEa >y 7 X b2l KVS AL L. Target HICEITS 2866 &
LTHRES 2 Z 2230025, FiZ. Core Cluster 25|l LTHWA Z 2T, UE
a7 ¥ X PARK%E Regional Cluster IZJEFIR1FE L7z % %, LR TOERER - BUS
RPEBLTWS, ZHUTED, AY REF=—NZBITZ [SIEDEHE ) & TKERE
TOIRREEIT) 2L, 22—V 7L —ViBE e Mn I T 2 EITH 5,

4.4 EENZ—2 (a—c) NDOXI

RRIZ, BRI TH 5 Context Share DFEET B RENLEE X — (a)
fE#E - 2 h—24, (b) 7MW, (o) NF/RAN XD > IZRLT, ¥D XS IHERRE
ML, Ptttz Emd 20 2BM S 2, FHCANE TR, UEaYy 73X+ %2
DHT 124458t L. Regional Cluster B, T HEEENIEZ AIRE & § % RDFHE T DH
%o IFTIE, BEFICBVWTHEE 22 E K ., Context Share 1T X 2 %R
ZEtAd %,

4.4.1 §g8E - A —LEF (a)

RS 7 F ) VA M= LR E LGS, EPRI ML —YTE 778 R
DEFE ) — RICEFT 3, ZOMRE, A ML —YBAR MLy Z e b, ZREF -
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Bk -ty a YL E WV BT X DFEIRHIELE, HE2WVERXA LTV

N3 2Z2T, BEOHMPELRTV, Tz, UHHEIEIZ X - T NF {#lofE:R
Iz 5, BT Z7F ) IRREL, EoR2EERS SRS THRAT
N—T | BECZREEEDLD 5,

Context Share Tl&, UE 2> 7 F A MDEK ) — FITOBECBE I NS 72D, FF
B — RANOEMERIEMING, X512, FEUHEONR 2% UE #H
DHT O F =22/ L CH#EN 5 Z T, 77 RIEHRIKETHEIN S, Zh
W& D, EEEERFTH o THUMMREE TR b 34, T &= 2K IR % i
FCZ R[N E X 5, MA T, EEREROZEHHIFRIMIREZNS 2
B, BENINKLPLT L, HIH7 = —XTOaMEREIHTE 2,

4.4.2 S7EREF (b)

RO Ay b7 — 27 pWhRE LGS, BPRT — X7 7 F » Tl
L— U ANOZRDPEIET, fRe U TYMRERTFi 2 21ET 2800
H5,

Context Share Tl&, UE 2> 7 F X FAR{RD Regional Cluster D DHT 12
REINTW D7D, HIBHESWFAE LRI T, YEHIBANTOEREY —
VR EMIERIBETH B, T2 B, Core Cluster ND T 7L ADRPTEETH > Th,
Regional Cluster NTEAi 3 2B TRER A > 7 F X P ZIHMGL L., BEfE UE ©
EEMRe, REMN LT UBERAgEE b, ZORBIZX D, ICore Cluster
WHAF LR WENEIE] WO WWEZEE L., WD 3 — v 242 (i P & e
TE 3, ¥/, 7MWl X 7212121, Regional Cluster I TREFERNICERT XL
72IKHE% Core INEHEIIHT 2 22T, YA72o2Ke LTEENEZMOETE 3,

4.4.3 NF/RANAJVE (c)

FED AD-RAN R Y > L7GE. X)) BRI TWiAZ UE av 7%
A MK L., BHEGRICHEERDPDE Y 725, BEERRTIE. BIHERICZH
@ UE D —FICHEHERCHEHMN 21TS Z 8T, §ilfll 7 L — > 23R a0 B &
7. BILBENET 20NN H 5, ZOREIX TMBIHA F—241 & LTHAR,
REZDDDPHE L TH I —EANEE LIS WEK Y 125,

Context Share TlX. UE 2> 7% A b2 DHT FICEREINTWSE 20, Hi
BRI IRRE 2N GEUS L. P 2t Tx %, AT, BH7 = —
BT 2 HEEFUEZ DHT / — FEANTHLTEITTE 5720, FiE/ —F
WERMPEF LIV, ZuT kD, BIHEZRO—RIY 7z iEEE 286 L, HEig
Y- RAHEMATAREL T 5, 7. NF flloRELIRDONIZHETH UEDay T
XA NDRIFET 5728, UE 2 & R-FHE R 2T =, Ry L CEER
REfE 2 2 & 3 RJREMED D %,
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HHE FHb

5.1 FHM@EAE

ARETIX, IBEFIETH S ADMobile (Local Storage/Context Share) DERIME
%, R 5GC ML LY 2 & & THEERICHHIEY 5. RETER 'y
AT LOBEMGEE DS ) ZHNE LTED., 2RI FEER QMR
TR EERPDWDFA LR THlis 2 0 E YD 5, —/ T RS
RiFa vy 7F 2 OB WE DR Z S 720, BHEMR L L TFhi =
R > 7Y » DN T 2 AlREMED D 5, 2 2 TAETIE, (1) ‘FEROUH
F—oN—=Aw N (i) 77Wr - EE N TofksiE, (i) DHT #2352 % HEmAYs
., O3 20BR,OFHliZIT I,

5.2 FHEERIE

Ubuntu 24.04.1 LTS Intel(R) Xeon(R) Gold 6338 CPU @ 2.00GHz Memory
16GB

5.3 MG E
5.3.1 FH@EISIZ

FHEfERE Y LC. PR EsE TR ZzHWS, 2, EFMEHE» oK T %
TIE LR ZEHII L, 28 5GC Mk e iR T 5 Z & T, IBEAADEANT 2
B O EZ RN T 270 TH 5, T/, FEHF FNOBEEKEZHEZET 2
728, U-Plane D Z)b—7 v b (iperf3 12X % AV —7v M) ZMbIiEE L L
THW3%,

5.3.2 FHEIFUF
L. B R 2 3 EEOERD SRR 2,
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(i) R=RF4 Vil (FERA—N—AvF) RBREFXPEA T 2EMLED
FERWRT 270, FREIFICBII2FE 0> — v OUHIRE 2 iR 5 5, xf
FFHE 1L, A. Registration, B. PDU Session Establishment, C. /N> KA —N
(RAD. DAY FA— (R 55,

(ii) FEIRIRICH 1T D BEEMGEOFE REXAXNORENZIBNTH S [75k
PEEVPDH - THHEEMFETELEZL ) 2RI D, BN RO NY B4 =N
FEITT 5, fHEIfEIZE L LT U-Plane DEENEYINIZ W &2 2L—T v M
Bz X hiEsRs %,

(iii) FREOTE (FER/ITM 28X (Context Share) 1IZHBWT, DHT / — K
BOBEMDEE L CRZRERICES 2 2EPERETE T L LTGHET %2, 2h
VE. FEBRBREE D HIRHIA TIEEHM LI Q WAHIEM: 2] S 7= OMBFHETH %,

5.4 EERIRIE

BHESGO BRRICE T 6 RX—R 7 4 Vil X 07 WIEREICE T 2 @5 #ki Tt
DOFHfi T, M5 1R TEREREEZH VWS, aYR—% > O e LTI,
UE/gNB £ I 2L —%&—¥ LT PacketRusher[10] 2, 56GC a7 %y bV =2 L
T Free5GC[9] Z 5 %, PacketRusher[10] 1% UE/gNB OFHEZ #i & BN TR AL S
5LIa2L—X—THYH. FreesGCIIA -T2V —RAD5GCHEHETH 5, HEL
L ClX, N2 Based Handover 5 & L. UPF OUIEZIEOR VIR E 3 5,
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192.168.235.0/24

5.1: fEHE 5GC I BT B FHMiER IR DM AKX

RIZ ADM BEiTlE. Local Storage #i & U T 5.2 1T~ T HRIREEZ W5,
BRUESGC &R K. UE/gNB L3I 2L —&—& LT PacketRusher 2, 27 % v
7 — 28897 % ProcbGC ICE XA MK TH 5, Z DEEREID ADMobile D
HEAMERR 705, #® _ET ADMobile 12381} % Handover T % N2 Based Inter
AD-RAN Handover % 73 %,
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5.2: ADM 12 BT % Bl ER I DAL X

Context Share DHL Y L TX 5.4 1Z7RT DHT OfEREZFEE L/ —F 1HD
Wl zHW5, UE/gNBTLI 21 —%&—t LT PacketRusher Z, 27 % v bV —
7 #0857 % ADMobile ICE XX 72 TH 5, ZAUIKVS A7 & LToODHT
J— FOMREZRFMET %2 FT18 2 LTW3, N2 Based Inter AD-RAN Handover
Z g 5,

10.123.123.0/24

nnnnnn

5.3: ADM + Regional Cluster(/ — F—&) BT % dHHEBRE O RN
A U < Context Share DAy LT 5.41Z7R3 DHT ORREZR FEIEL -/ — F 4
B O Z W5, Regional Cluster & U CHE L7z T N2 Based Inter AD-RAN
Handover % #Hffi 5 %,

36



.....

5.4: ADM + Regional Cluster(/ — F 4 5) I2351) % FHHBREE D AKX

ARG R SFHEF 2 2 7 e LT 5.5 127" 3 Regional Cluster fE®D / — K
¥ Regional Cluster & Core Cluster & U THRES %2 X —-8—/ — FDit 8 B DMK
ZHW%, DHT @ Node ID Z2fi] & L Tl&. RegionA & RegionB Tz L7z ID 2%
% $i5. Core Cluster [ IFjHIIRD 2 —o8— 7 — R TS L5, R HandOver
%185 L 7= T N2 Based Inter AD-RAN Handover % #ifi$ 3
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5.5: ADM + Regional Cluster + Core Cluster #HffiBRIE DAL X]

5.4.1 FHMET7—FTIF ¥

N—R 74 Vi, £70WERTEICE T 2 @EMIEORMITIX. UFD 31
B LS %,

o 124 5GC: MAEERB L VBRI NF ZHOICER IS,

e ADMobile(local-storage): 2> 7 ¥ X FZr—H/L R kL —IIZAHRL
L. [Fl— AD-RAN WTHUFATRE L § %,

o (IREFE)ADMobile (Context Share) : 22> 7 ¥ X % DHT IZHEBML
L. 7HIRECHIEY ) — FREBTHUSRIEE L 3 5,

5.5 N—XXTA Vil FRERA—/N—AYFK
5.5.1 BH

ARFHID HANZ, RRATROBADPTEFHEICEGEZ 2UWH I —N—~vy F &
L2 2 TH B, FieeRis XUHIEESEOHEEEZHAE L, EEAH L
FFAFREZLHIPH T H 2 2 MRS %o
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5.5.2 FiE

R=2F7 A4 Y DFHli T D> I 7 —F 7 7 F * 2fefE & U TH#
T5, ¥/ 7FV 7 LT, Registration, PDU Session i, N KA —
(B, BB =R LTOANAY A= (BRE) 222N FEIT L, FHEe
TR Z &7 2,

5.5.3 ~N—X5A1 >OFHEFER

REITIE, FFHZITBIT 2R OEHHRER 2R U, IR D £ % L
T 5, k7. BEN— LEOBEFITFHI o — X BB 2R L. 77— R A DIHEUEE 5GC,
s —Z B % ADMobile (Local Storage). % — & C %% ADMobile (DHT., N=1).
4 — 2 D 7' ADMobile (Context Share, N=4) T»H 3,

Registration & PDU Session Setup Time (1UE)

Segments
Regi: Reg start - AuthResp
Regi: AuthResp - SecModeCmd
700 A D BN Regi: SecModeCmd - RegAccept
PDU: PDU start - PDU Accept

800 -

600 €
B
500 [ cases:
o A: std_5GS
£E B: ADM local storage
o C: ADM DHT (N=1)
£ 400 b D: ADM DHT (N=4)
= E: ADM DHT inter Ho
702 690 —
300 A 599
532
200 A 75 }
c
B
1001 | g E E L= ]
79
a2 44
0 — T
Regi PDU

5.6: Registration/PDU Session MEIIZIED X—ZX T 4 VEHH|DFER

Registration DFER

5.6 1%, Registration (Regi). PDU & v & a YN, (PDU) B DOHERICE T %
Fhot AR 2 A LIFTRLE DD TH 5, EN—13Fhi & O—HONHZ1E
BIXENZTEIL ., EXEOFREREZEA LIF7fEE L TEHLTW5, Registration
Fhe =B L T, BEERRK (7 — X A) 3R TR TI0ms FRE e 2 D | hoik & Lt
L THRODREZWEZ R L, WERZ R 2% &, ISecModeCmd 3X{52° & RegAccept
ZE%T) OXMEHH 475 ms & XA TH D, Registration KD IELED T K &
Ko TWb, 2RMNHEMBICBWTIENF BIcoay 7% 2 MEM R
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WZiThbh b7z, HTTP/2 @ECHNELE OB IFMREE L LTV I L2
LTW3EeEZOLNE, TOXBDA— Ay RIZOWTIEEEMICKEL, &
(RENCALFRREREI 2SI L T\ 5,

—7 . ADMobile #{ TlX. Local Storage (7 —Z B) 3 & f Context Share %
w7k (77— C, D) IZBW T, Registration OULEERFE AR & < e S 41,
2R Y L TH 130~370ms DEIFICINE > TW3, Ziudk, IBEMICE D UE o
YT X A osEyRbE . SRR X 2B REIR iz e &
RIELTW3,

¥7:. DHT / — OB EH T 5 ¢, DHT (N=1, 7 —& (C) & DHT (N=4,
7 —ZD) DT, Registration Fft =R O KIFZIEINIBR S N8 o7z T
DGR S, DHT DE A D Registration Fijt X OEIEZ FUEMNELIER VW
EWRIPB, T L. F—=AD TIE—HRXEIIBEWTT — R C & D b ALK
LT D, DHT / — FEDOBEIMAE: S BHERREELHITE X v & — DB o
B, —HONHX N EE 52 TV A AREED D 5,

%7z, DHT ®/ — FEDEWIZEHT % &, DHT (N=1, 5/ —ZC) & DHT
(N=4, 7/ —Z D) DT Registration O KMEZEIMIBR X3, DHT OEA
73 Registration DF5t = R 2 RERNCEL SRV e 30D 5,

PDU t v 3 i (PDU) OfFER

PDU -t v > a UFEVFHE X L Cld, BHEMR (5 —X A) 28702 ms & i
HRERMEEZR LTz ZAUIXT L. ADMobile (Local Storage, 7~ — & B) T4y
532ms WA i, DHT ZH WK (5 —X C, D) IZBWVWTH, Zhzhiy
599 ms B & X 690 ms FEETH - 7=,

COFERMS, PDU LY & a VEEIZBWT S, 1ERRERNIIAEER R » Lhg L
TR 2 M CX 2 Z e YRR CX 5, —/4 T, DHT (N=1, ¥—X(C) &
DHT (N=4, ¥ —2Z D) ZH# 32 . N=4 Of D UBEREARREM L T\ 3,

72720, WO DHT #ICEB W T S, BHERR » HEiE L 72358123 kR e L
THVWRETFHREZIT T LTED., #RMROARIFHREATVwE VR 5,
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N REA—/\ (Ho) OFER

Handover Processing Time (1UE)

600 1 Segments

Ho: HO start - HO Cmd
I Ho: HO Notify —» Ctx Release

500

B
C
1 A
200
100 4 216
136
113
70
0 :
Ho

5.7: Handover IZf£ 5 RX— 2 F A VEHHIDFER

N
o
S

Time [ms]
w
o
o

5.71%. Handover (Ho) 1ZM LT, EEBOMBUTIIT 5 Fhi = LMK % F5
HETFTRLESDTH B, NV FA—NRIEONFEREENX, 7 — 2 ADPS T —
ZDIZBWTE & Z 320~450 ms O#HFHTHE L TW\W5,

F—2ADBIURT—RAETlE, #irEXBEITH 3 HO start 225 HO Command 52
EFCTOMNMERAEMLTWS, FHZr — R ETlE. BNy RA—"2HEE
LT Core Cluster 2/t L72UE 2> 7% A VIUSB L QEEENHRET 2720, &
ROILFEREE 2 510 ms FRE FTHEML TW5, Z O, Inter-Region @13
WHE S EBIESS Core cluster NDOHIHLIE DM E L TWE EZ 6N,

7272 L —RABIZBVWTHANAY FA—NFREEILE LT T LTED, Context
Share 2SR NS R A — D & 5 RS NITBWT S EHR R UK 2 i © =
5 Z EDERTE 7,

5.6 DHERRIBICE|TZBERGEDOEHE : Holc k58
SRR
5.6.1 HH

RBEXTROARENHZIHNTH 2 [MrPEEND > CHHEEMETESZ ) %
RS 720, BAL BEIDANY RA—NEETT 2, FHlEEYE LT E ORI=R
WZHIZ T, U-Plane D@ENRTIN LW &2 2L—F v MERBIZ X DIERT 3,
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5.6.2 Fix

AREITIE. TWrREENFEA LRI FIBWTSH UE OEEI#EAIRETH
%%, Ho Zffifl L7z U-Plane Z)L—7 v MERBICX DEET 2., K 5813,
iperf3 ICXDEHHAIL7zE Y P L — FDIRERINIZELZR LD DTH D, HBGR L
LU THRE 5GC (std 5GC) WA T, ##ERTNTH % ADMobile D 3 #L (Local
Storage. Regional Cluster, Regional + Core Cluster) & TW5,

Handover Throughput Comparisen(1UE)

400
N
|
350 A 2

300 4

N
o
=]

200 4

Bitrate (Mbits/sec)

=
o
=1

=
1=}
=3

— std_5gc

i ADM + local-storage
—— ADM + Region cluster
—— ADM + Region + Core cluster

T T T T T
] 10 20 30 40 50 60
Time (sec)

w
=]

o

X 5.8: iperf3 12 &k 3 ZL—F v HERE D LG

Ho OR4XE

WIS B 2L OBS T, By FL— FBETRLTW 2 XHDEE
Wiz R, KT, BEHEBICBWT 50— 55 AL TR 0Mbit /sec L%
NMER T 2XBDHERTZ 5, ZHUL AV FE =N BRUIBORE R K
L CTW\W3,

LL, ZOHROXBTAL—Ty MIBERELTED., SHIIE55- 60
WAHETE Yy PL— @R o TW5, KT, ADM + Regional cluster 3 & TF
ADM + Region + Core cluster (PRI EERETRE> TE ., @EFHEHEL
ENTVWEZEDMERTE S, ZOMRIF, BEECHEPIRELTH, avTF
A ML L THE L 2 THEHMPFRETH 2 Z e 2B L TV 5,
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5.7 RIROSEFM : IBR/TETIL
5.7.1 BB

LR 5 (Context Share) Tk, DHT ZHHWT UE a2 Y7 X X M2 oiEH
T3, 2O &, DHT /— FEOEIMI 1 / — FH7=h oE4EHFHZ NS
T2DEMTHICHFS T 5 — /7T, HREREESCIREIEDEM U, RkEED
ZBA[REMD D 5, 2 ZC. DHT #5232 82 HERINCREE L, B9
LEOEOZA D ML — R4 7 2RI S,

5.7.2 RIIREETILE

AEITl, Context Share ZFE/EEI DHT & L TET /ML L. DHT B I0EE
M5 2 2528 2 HamICRBM T 2, ¥ AT 2 E2RIIEE D Regional Cluster 2»
HAE Z 41, % Regional Cluster X33 % Super Node {2 & - T Core Cluster 23
B S dbDE T 5,

ZZT. ETMUICHWS T X=X NICERT %,

o N: Y27 1 %{k® DHT / — F# (Super Node 1FR <)
e C: Regional Cluster D%,

N/C: 1-D® Regional Cluster iIZ& %45 DHT / — F£

d: Region W/ — R DIEMELE (Intra-Region delay)

D: Region ]/ — FEDIEHELE (Inter-Region delay)
e p: 1 hop H7=H UK (Hrik - v 77 v TR ET)

Chord B DHT T, F—HRICET 5 P hop Bld/ — FEn 1 LT O(logn)
WHHIS 5, L7255 T, Regional Cluster ADIEER hop ¥ %

N
m:kg(g) (5.1)
Core Cluster WO hop %
hy = log(C) (5.2)

ERY,
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5.7.3 Intra-Region |ICHTBREEE 1)

[f]— Region NTUE 2> 7% X 2B T 2556, £REIZ Regional Cluster
TS %o DL X, PFRRICHEL hop B hy TH 5,

BRIFVIZZZA P VAR ZADFERZHES 72D, 1 hop H7z D DEILEZ (d+ p)
55, HERROMEBILER 20 (d+p) 725, EHIT. RENZIYTHFX
MEUSICE T 2 LHEEE 2 p & LTINZA % Z & T, Intra-Region DJHEELE T, 1%
XTI B,

Ty =2hi(d+p)+p (5.3)

7}:2bg(%)0ﬁﬂﬁ+p (5.4)

ZORED, 7I7RXE C 2T (THbOB1I7I7AXYDD /) — P
N/C ZE5F) T Thy =log(N/C) 24 L. Intra-Region DERZELED K
ENBZ DT %,

5.7.4 Inter-Region ICH T BIEEE T)

Rz, B2 5 Region HFET A UE a2y T X R N EHUS T 2556 % % X 5, Inter-
Region Tl&, Regional Cluster NHRERIZHNZ T, Core Cluster Z /1 L 72 #RiE DA EE
&%,

Inter-Region DJHEEIEIZ, RKEPICUATOUIED SRR E N5,

1. 3£{Z7C Region N THY 7 — F 2 HEK (Regional Cluster NEEER)
2. E{S7C Region @ Super Node ~NHzi%E

3. Core Cluster AT HM Region @ Super Node % ¥R

4. HEY Region @ Regional Cluster N T#HY / — R 2 %K

5. W& B IRBETTAIRX

Region A TTD 1 hop t& (d + p). Region I TD 1 hop & (D +p) DX b Z¥FF
DERET %, ZDE X Inter-Region DJSEELE Ty 1%, Regional Cluster AHRER
& Core Cluster NEERZEE L TRBITZ %,

AETILTIE, Inter-Region DHUSULH ZEM§ 2 L XA TR SN S,

N
T, = 5p+ 8(d + p) log (6) +2(D + p)log(C) + 2D (5.5)
Z ZT. 8(d+ p)log(N/C) & Regional Cluster NDERER + kLK T 2 3B IE
BT THH. 2(D + p)log(C) & Core Cluster NERRIZHEERK T 2 BIEK T TH %,
%72, 2D X Region M OYHEEREIC &K 2 FEEBIEE R T,
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5.7.5 EFtEH

5.9 1%, Regional Cluster 8 C ZZ{L ¥/ ZDEEEBLEZRLZH DT
H%. T ZTlE. Intra-Region DJLEEELE T & Inter-Region DJLEEELE T, % Lt
B35, X7 X—=&%, N =1000, p=1ms. d=5ms, D= 10ms ¥ L7.

Impact of Regional Clustering on Latency model (N =1000)
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5.9: Regional Cluster 2D Z{LIZX$ % Intra-Region ##4E T1 & Inter-Region
AL T2 O EeHg

Intra-Region DJGEELE Ty IFHFNTEAD T 2 HALHRTE 2, ZHE, &
Regional Cluster ICZEN 5/ — FED N/C 127 E| &, DHT £RZRICHEER hop
BT 27-2DTH5, Tibb, 77 AT 51 ¥ Region W TODE
LaXMMETT 5,

[A U < Inter-Region DJGEEIE T, (X, 7 7 A X C OEEIMAENEFIZIA 3
LEADHERTE S5, ZDOETAD S, Regional Cluster BIIX32 Ty & Ty, @
72571%. Context Share DYJHELE % 3% it 3 2 L TOFHLRIHEIERE L 2 D15 5,
F7z, AHERET NV THW ST X — X 3FGEMA RIS C CHREA[EETDH
D, v N7 — 7 BIEC R ORI Z R LU 727 UL A[RETH %, Th
HDNRITRA=REBR LI LT, Rl 7 AXWeRET 5 Z e B5HOME
TH5.
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F6E SBOEZE

ARETIE, RIS TIRZE L 7= Replication Layer 3 & TF Context Share % SZi#
NIEDOT B ETHEAHEE . 2T 25 ROFEEA MRS, KT, A
7213 TREFED Z oA L TH RBEREEAR L LIz v fillRzHiEEL
THED., XD RHE» OBEN 25T ORI S0 EERE L 72 5,

6.1 Replication Layer IC S MAEBEHRDERR)
> — DR

HIRICAE S 2 UDR OAMAEEHREZR S HE. B —EHEOD 2 IMAE
THHWOEH SN TV ARHEZBL 22N TE S, —J. UDRIZHMZ T Replication
Layer b IMAEIHEHRZM S HEZ. —BEMEZ CORERONZI L WS damdEL
%o MABERIFFAM LZT TR EHRFZHESIFEZHLONRIZH R 5729,
HBHNZ T EBLE X415 Replication Layer EOMMAE BRI EH I Nz Z, T—
XDBPBILTH 5 UDR & DRI A—HDFET 2 rl6eED D 5, EH LIZ UDR %
MAEZE T —=2RXR=2 & LTS 720, IARDIREE (Replication Layer IZIRIE S LT
W2IRAE) & UDR OIRBEICENDH 2 Z L 2 b 2IREFAT 2NENDH S, K-,
Replication Layer 13433 UDR IZ UOFETE L R WITAE Gz E8 L TN TR
BEELRICBNT, IERDMAFEBERDOEHARY > — RELRL L, ZOX
ST EANA NI R T AOMEERR L. IMAEEROEHRY & —I2HEHE
ZHZBHEDORZITNVWT—TDH 5,

6.1.1 Context Share ICcHB T B ERFIFHDOSE(L

ARFFED Context Share iX, UE 2> 7 F A M % DHT ~AEME T 52 Z 2T,
2 WO ELRAb L. Y- Rt ErED 52 2l o7z, — /T, Bl
WDFHEEZa Y 7 F A N EREARIICHE—HY ) — R T 5720, HY ) —F
HARDEESY —Y a y2fRo@aacxt LTk, mMESRENTHE, ZoifE
W LT, SRIEEHE (LU —>ay) 2EAL, [BEARELRIGATIIRER
) RETNRBEIEIDELRD 5,

BHRHIEZ B A § 2 2iE, BICEBEEE LT Z TR, EEFRLERF
FEREIZIG U CEMEFH 2R T2 Z e AEETH %, HlZIE. (a) HENEKRLE LT
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FARy M — (FFE IMSINOEH) 28 — FATEZ & 2 /ArERI AT
H5—FT, (b) ZWRE U TIIHUISR AN ST 2 K& 5 RHBNE R E
MTH2, BT, (¢) /— FHRIMHR 272D12F. B2 Iy 7, BRI
NEHETHTIREDR DD, TDEIIC, BEERZ—Y (ahbce) ZRIEE L
T e (=8, ik, L8 CTHEE 2RO XS 28U, #AHLET
AARER M a X+ L RIEEMOEFH TG 2 Z e AL 12 5,

7. BRPEAT 2 L BEWEHIEI AR E 725, UE 2> 7% MNIBE
Ty ra YEIICX DHEBICETHTINSE 2D, mu—BEEERERT 5 L EHH
BIEDE R L, N RA—ANFOBESCHEEBEZHEG 5, — /T, BEWEHIHT
X5, ik, e, vy a VHEICHE LTS, 20D, EFHESCEERE
WIS U TEEHL XL 2D EZ 2 e HOWikGtoaiiE e 12 5,

6.1.2 FHERISEVWEEYS — XD

ARIFFEDFHMIL, EFIREOHIKIOHFTR=XF 14 U MaEe. Wl O@EEHk
etk (Av—7yv MER) ZHINTTR U7z, UL L. SEEA TEImAREDS 1,000 57
FETH D, EEEEDESH (W LR, BIHEROBFERETRY) TH#E
T 5, L7=H > T5IE Replication Layer & Context Share Z#5 % X 72 & b K
W7 S 2 RE U T2l L 72 B

Ao AEMEE LTiE, () =2 2ab— a VEBROILK (ZHUE, 28 AD-
RAN, ZE(DHT / — F), (ii) BEEADOKRIL (Vo7 XT >, 7 — FEE, &
IEEA, %7 v b rAFEAOMAER)., (iil) EIHAROFE (RIHA b — KDY
R, BIhER, EEWRR O 9M) PEEE RS, FHZ, BEHERESEIHE
MO 2 FHii S 2 2 & T, TRBIBEREEARE KL LI W) &t 5 0% XDt
BHNCRE 5, FAHERETVIEINRNIX =R LT, BEREZHWTWENZ
DEIEIIEEORKRBERIE F T D LS ICZLT 2025 iT 52 Z L DEHETH
%o KEEZ Context Share IZBWTIE, DHT / — FEDOBEINMHEWEEREIED
EDEICET 202 FBINIFHEIL., BTSNV OZANEHET LI LD
SHROBETDH 5,

6.2 XL

AT TIE, ADMEBRBRICE T 28EY — Akt B2 HE LT, INAE
IHHRDOB] HME % &8 5 Replication Layer £, 2> 7 ¥ A Ma[ME% &8 5 Context
Share 2% L 7z, Replication Layer & UDR NOMKZEZ KK L. UDR f&EE < TN
SR T D IMMAEEROBUS 2 M T = 2 0[gEME%2 /R L7, Context Share & UE
aY 7 XA MEOEKVS LICEE L, g, TEiRoRE 2 RAMET 5 22T,
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HlH AR OB EZIH TE 2 2 BR Lz, 5T, fHliz i@ U CREREA — N —
Av R EEEREEOB R SIREBFROEMEE R 72,

S%. RS e BEMEGEto B, EHRY O — ol b, BXUEKH
Bty BEAEERCOFMEED 2 Z T, HREQOZ >R FEEL TH AR
FREANR L LIZ W] BAL LT AT LikETE L COEEEMHARENZ &
52 DHETH 5,
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EfT

AR EITICDHZD, ZLOAFDLZERLRIER TN EWEEEE L,
ZNSDF A2 D THIIHRFIUX, RFFUIKD LB EFRAT LU, T ZITHS
B L, DB L BT E 3, Rt ED 212H7-h, FEEHETDH
DFZAMBIRIIHEY R E e ZHREERHD £ L, £, HLEMRETH S
SoftBank {2 KL RICIZIZEDED I 2., FHEHPFHlIcE T 2 E R EAA
Ny b= 22T 2HERDRMR Y, AR TIEER W EE L, BES
BLENA NS AT DD 5 2 2 /I ZRBRIZT/EZHD . icd b H
ETEVE L, BABEH WAL LET, £RET K HFEFFEIETH % SoftBank
B FEEICIE. FEOHEMIRBIEICBE L T DI ER W& Lz, %L
B WL E T, T A v R—r 2y TIEEHB Th 2 FHEERER X, M
RELBLHCFEERITBWT, EXA LRy MY —ZOBE» SR CER
Wl EFE Lz, RAEH WAL ET, AFREDTIEERE TH 2 EHEG—
K. BTAOH)IEEEK, RFKEOHFN—EK, FEREHK, Lu Xingchen KiZ
IR 3 Bk 4 IRaRkim et BTG 21X 52 L TOZRAR T2 Wizl2 &% L
77 EEHI WL X T, BIBIC, AL EZ L Z TV WEREANDD 5K
N LET, BERXORBICERETEZL DAL I EEWEEE L,
HOMBE S TXWE LT,
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