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Figure 1 (Color online) Evolution of cellular networks and their supporting applications

LIS 61, T (78, i Gt 53 ) 705 32 5k 10 FE R A R KA B A48 B Bk M i) oo
w0, TR (12:13) FOR 3 — Al 04 45

LA 5G IR 8 3 W 25 A LA 2 T RS 3038 A5 B iR s PE RSB SR 192161 AR 5G ) —
PR i I FLAT v iy 9 R A, B R B SIS ) 1 Gbps BB, 21X F] 10 Gbps; AR T
FEFE IR 3] 100 Mbps PAE, H% 1 Gbps, tb 4G POBEE 100 £5. (HZFR E, 5G BEERIZA LT &y
B, EIEERAR SE (2R, 4G N ME RS E R (R A B ETL, 4G R E
BHY. H—J7H, BTGB TLE T RS R 159, B 6 5G HuiE S E G PR RA
100~300 m, th 4G /) 10 f 7247, FHURE BN Hs 75 22 A S ) e Sk vt

ERERERRZ: 5G MHIMHAS T2 FEALR 2G/3G /4G Faul S0t R FHUEE TIRERE R (2
b 5010 SENAS), ZRALEIE 55 I UCKIIIEAE, TR R “RERA R AL FAAES R,
[RIE, WA TE R . S sl A (1 3 A ARAIE AR 25 1 il (PR tlt) « rr e (FEHL/D) RO T4
PE (W) Bl 28 56 B EH SR PR f i 8t D7) 2 0] R R 98 B AL o o DR 28 TR 2% B AR 7
AR RGN B AT TT R0, — BB sl AE AR SN Tl A ) S B S AN TE O R AL

ASCRE T I RET S L ah £ i 1a) R ] A SRR 78 A, b R /N R RS B T A2
Eb a4 JE WK 243 5 A1 4088 (University of California, Berkeley) 42735 X 4 fa] $1 % 24 5 it 55 T 7
1 E Sk 2B, f LI A B SRR 1 e 18] DUR HR A S0 = A AL N ORI i Bl A PR B T e
53 Bt e Fe 7 AR T 100, A A R ) B B A, b A s oS e O A R 2 AR [l R i S
= 5G PSR RE . REREANTE S5 Va0, LUK B JE DR IE K 2B /A% (University of Minnesota, Twin
Cities) 2= HIERE BN Z M BENE 7 % 5G FHLIIMIE . FH R AL 2 8 KN R 45
RS, Bk (Purdue University) P78 N G2 7E TH FGH N 704 30 K 3hia 7 i 1) e 3 ik
S AT L 220, DA RAR SCAE 38 A 4 [N 2 W AN 5 7000 AT TN (W =B hISE ) g
T SR 1291,

1) Clare Duffy. 2020. The big differences between 4G and 5G. https://www.cnn.com/2020/01/17 /tech/5g-technical-
explainer /index.html.

2) NepaliTelecom. 2020. Why Do Three Mobile Technologies 2G, 3G, 4G Co-exist? https://www.nepalitelecom.com/
2019/03/why-2g-3g-4g-mobile-technologies-coexist.html.
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TREE A3 BT IR 8 0 254 HA 1A 30 0 J2 TR P 5 o S o P e e, FRAT TR, 3k 2 ) S B B )RR T
W 5 R GAZ O ML Z TH Bl R ZI ) <R RIS 52 4tk 2 B AL E AR m, - AE ik 5l
RSB 25 I, AL IEIRPE AR BRI BN AS [ 5 (R0 B 2 A, X 40 S5 e B3 R G 1 B 1Y) 2 AR U
Eb b s S K 22 (A 72 8 R B, G TE P AMCERS A S ol AR &, (R NE N, (5558 E 5t
TEE—DL R R T E R B (B BT, 5G AU A A4 B BAR S, M 4G R
ZIHFE 2~3 AR E, IR 5G [ “THIER” AR thah, RIS T @l n Mg (Hhanis
SRILER), 5G X HAEEZ A5 TG 5 A R A 32%, MRELH 4 28 0 “HRLER ke (21, X et
BRNLAE B J& 7338 TR 25 XU 43 AT 98 2 () s & SR b A3 21 T B B BRIRTEEMILIE, DR < PR 4
HAHE

ARG T8 5 R B, W68 8 22 S0 1 T S P A e o B AR, DRI Ay B e g s A A S 50 S A A e 52
L 124, O T A TR b B AR D) SR SO AR e n] FEPE ), FRATTAN K TN DA, KRR
I () MBI 7 52 e 6 3 28 4 ] SEPE I R e N RAT MR 3R B T AR R4t 18\ A H BRER
MET 34 NS 25 7000 J33/NKFHURERM R (B <srbmr) F4E £ H 2 K EE,
PR FHLE) S W X R 20k 33 IR, BRI RRSER HCIA 3.1 min. JEIE B SRS, RATK
I IZ G i) AR KRR B4 T 22 B PR A RS0G5 B e PR e e ) T H R, e il i ) 5G ()
PO R N R I A T B BV IR R B IRIE 5 B T T 1Y) 26k i 3 4 TR s
SO G Tk AR T P R A SR [ SR 2 5 5| RS T ATLIT X (e i 8 A g 5 3 A gt 2 3 B i B 1)
“Ee PRk RO 290 A BRI U 4% 5 AN [R) S A B AT i B K ST S U W, B0 ARG B2 4.

NEE FIREARGEE, BFAE S T — RS L SR ks 1) B Q0 E s, b B s
56 % B LA S A T LS A SR A AL, SR B 3 BN B T TR 465 5 i FE I B I AL
], (75 R TE AR o I BN AS AR T 0 S G R AR 1 = 1k BB 3 IR 5. N K 2241 se R o A O
ROV 2, Wit PRy g s A% L (CellBricks) FI4S ST 4EH, 1 i4 55 R G IR 3h S 3 FFH P 4%
RN RE M 28 0 32 AL B F-H Lo, b Ak, JE Tl B K 2 A BH JE 50 K 2= R Fi g R fe i 7 — S BT it
B a R 7k, RE R B F L A HLCIRHTE 4G M1 5G BN Z [H D) #.

CVA XSS BT BT I SEBR I AT 280CR M TR, AT B S50 PP A B2 AN A MR R B A
L. a8 T/ANK TR SCRE, BATBEVH LB IR E T IR 3T (1) BIANFR e A
4G/5G BRI, SCLE BRI Al S i U4 (2) SRR T “JEFF IR AR B R BRI 1
MRAL T35, Wt Bl S5 AR 1A I e A S SRS BT S 1 3 I 11 B Bl ik R SR . 7E 2800 3 FB/INK T R
AN H JESERR R R 5G FHLRH WK ERD 40%, Fra FHLR 5 Wi X Fr S [0 4556 36%. —4%
WIHRSE R R 8 S 23] 3545 ACM SIGCOMM 2021 ME—fe 24418 03, A4S B P 1261,

IESCER A HEE AN R 158, 56 2 WERIRBBNIE E RGO TR AR YEWT 78 T4, Rl &
BATIIL A B g5 g 1) <SRRG . FR, 5 3 AR TG 5 R G0 nT 562 [ A I R ok
R ) & A R R ERIE RO 25, 8 4 WIHRIRAT NIRRT SR H I A
B R SEBR N R, B, 5 5 Wit s KRG A KRR .

2 REMHARIIERMS SRS

RERSZRTIEEA T 50 R, Boahie s R MR NE . AN SRR P71, dnfr oy AP fe fit
1 S B R 55, R A AT ORI R 55 B R P s BE SO vy R T W 5 2 (10 PR AN b e, A It 5 22

3) ScienceDirect. 2022. Recency Effect. https://www.sciencedirect.com/topics/psychology/recency-effect.
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TERRE . SEIERC IR BT EE 2 i S AR FRATT [ BT = 48 [ A SRR AR T L AR, A3/
PR A ATIE BRI 70 A UASE A 00 B B AT O RUASE 10 R B 5, DA S FRAT T X et 7 PR A 408 e 45
ZHTLAERE G4, RN 2018 4E 6 A 3GPP 4141 28 KA T B — 5G i (Release-15 291), 52
FE 5G ML, AR =4

2.1 PEUREIRERAR

RN FUBIIE T8 (0 45 AT A A B AR, (H R & A T ) AR SR AR 31 37 5% 10 7B M 4R
% [18,19,30~32] - gLl s PG 2 — M, WRGFEZANHL . ZEHFERMEES, WEEiEH
W B NFRE 52 5, RIS AR BT, B A, XA PN T TSR = A A7 T T By, AR
(132 78 P B AR B 7 RARA K, ST AT\ E Sk 2B W . AR 7 2 [ Ak A F Js ).

B SXoF 3 v I R A o R 3 A8 1 2 3 AR R A B TR R BRI 5T, TS T T A M g
BRI LW, B REAN B R R7, LRI E A B T B EA RIS, Bk
Hh, ARATET RO i B AL Sk (CellBricks) FIAHT AR R4ty 18] TR R AR K, ¥ i 2
(198% 30 SRR FH P A B 9 K ) B A 6% it JE A% 31 T Ly, A4S Y REE ) 3 0 1) B 2 AT AT s L A
RS B IS E R BUE . 1A R G530 R A0 3 LAl Vit Bl B L B SR YR ] S 2k, Rk —
ZHNBUR AR ] L

a5 RGBT 2 BT DL 2R, S KPR 2 B0 10 <R3l P 331 LR o7 e 2 I ookl vk
300 A B EER LS. ik, B SE SE MAT N L TIIRTT 5G (E R 5G) AR I RS B P
(U1 36 g 0] LA e 3 3l A8 AL R B A A, ABATTIA Dy, 2R T RS 5 5 & U4 BARE A
THEASALIE Y 5, BT il 5 NI S AT Nk . SRIAT 0V A N, BRI
% R SR 3490 L4 EE B VA A REE. SO0, A TR L EE g SR T HLIE 3 5 bR
R R SE AT TN, M ER R T LIS B AR ) S e L, 7R AR % i d B MG (S 5
i, 58 FF BT H I PR OE A2 B AT ) R s B AR B7) B 85 A uiis 3 DA K 2 AR5 IR, /NS R R A
T RBE S AR ER B, X — LA BN T T R Rl A T SE MR B R S E S A 3 5 )
IKF.

2.2 RN ERHR

NIRRT TR SR 3, R 52 IR T R AR SRAE T & R GETT A AL, Fh R Al & 3L i
TR I A 2 T . BEARIBZ IR, (HAEIE 5 RGBT #2375 Bl A 27 AT RE % 18 5
v K B PRV A R B2, A R 24 0 R 7 fg 4 R (20,21, 38~41],

vl ME B RGN L, (H ARy O I BT T+ Rk, BR D9 Sl B AR IR A, (Wis
T L PR SN — 2k, LRI R A M T A TEAN B — 05 2 BLAO R YE I A, Jla %l
VAL TRAKI R 6 6 5G B R EH . EEMEERE, AR HURHEETE. MKZ.
A Z AR Z ROL ARATACEL 5G A2 AN oA B i FE AR s, (H R BN N, 5 TRt T
B DAL, I HX 8 LMt (F1an SR 00), 5G AMUEA A2 B BALS, It T 4G ¥
LA 2~3 TR, AN, B T BRI (LE g smdlsk), 5G s HLA B R A T8 Y 58 A A
MM 32%. AbATIFE AR A 07 iR i @ R BB R A 5G IER 2 4G, TUIRERE A L)
Moz —.

4) Emily Stewart. 2020. America’s Monopoly Problem, Explained by Your Internet Bill. https://www.vox.com/the-
goods/2020/2/18 /21126347 /antitrust-monopolies-internet-telecommunications-cheerleading.

2293



PUPREE SR M Ty By 2 2ol <SR E R P UES B B R Et a2 S A [ 6

5 LR TAEAFEFR B AN, B T5RIE RO B 22 B AR R E A AL 157 G2
FIRESUNLAR 25 4%, 2 MBI 7 &F 5G FHURIME . TR AT A, & 25 R B i A B A 3%
WIIE 1B 5T R 222 R A 2 T R A SR T A2 AR Y 5G Bkul, i TP i A
FHKAS 4G PR, HLPEREAT WIRARTE. BeAh, X Hd AR 1%, T 5G 15 S BRIL I RE
A PHIE bR 2 W B XA e RO BT 1), S8R 5G VAR L RE4i R in 28 18], (ELAN R S Y
T A 22 5 EUR, ANRE I 22 S T SRR Y 1421 Aty BIVRT/E 4G B8R 5G 5N A8 B Tk %

2.3 KMERGRAR

B /N ST U A AR A8 R, (HAR VR B AR R G A T A S Se v S Uk 7. JT et
T FRIAEFEAR K, — M ZEAE Bz g 1 . FHUHE i SR RGO R AR SR, ARk = R JZAE 1T
BIEAE IR O BOSCRF, 18 G & KT A shig & R MR — A2, RN & Z AR Tr
ARG R B, BRI 5] 554 7 [22,23,43~45],

R T BA 19 2 o R S0 = (R AT 0 N 3 X e 8 ksl A2 e WL RO R B 20 M, AL LS00 R P 5 i
LR B AT 1O SRS, IR, e IRX SR, R ERE I TN BT R T L TR
MMLab, #1551 35 45K H 2BRE M LS EHE, ARG AT Z T 30 RIshia & g
5 HE AT P (22 AR R DA IR RS B 18 R T E AR SRS ZE R AR OO HAR A%, tetn 4G 2
SR K238 66 MBS, 1 2G/3G W K 91 NECE S B R - FIZE T
RIS S vl TP B 2 A0 B AR A B S B A5 5 B DL S Sk ol A BT 48 I8 8 Tl AR IR e &
PR L R S IR RS TH AN RE, (HSERr b, RENS I 2l 3 PSS WX SR T R B 9 5B
RATHE, O E R BV R S S A H I E A G P, SR VLT A (k) &AL

FE/NKRF PRI SCRF T, AL 2 v FE A U L K RN 7000 73802 BP0l (W =5
Moz Ew) Mg s ISR N, Ho H2 AR TN DAL SR AR BOREE, & HHIFsSCB A 1 P
W WA QUE i, XL A BORAESS 3 A 4 F Al AT,

2.4 INGs

DA TR & 00 TAE, BARKUEAIE . &AM E, (HE SR 2 53 R SR ME ) &
PERE Ia) B X 6 U ) R IR A ) — R B S IR BE A0 AT, AT I E AT R BE B Bl R 4 VA DR T i
B RGO 2 T R TR Z ) i IR

TG (URR U RIRON) iR T F P O3S, B SO AT e bl 145 BUe RE B T 3
RZEN R R, %I R G 1 AR (University of Paris) HURF L2 @ S50 HIESE: 4k 5 B A0
O BRI 2EICAZ B O I, R ol (s B2 NI P 2B AR e 461 R RIG fEE2 A
THI [ FH P B 0 AT 52 21 )32 OGE . TEARIS i (quality of experience, QoE) 453k, 1 ERIRG N & H T
A RS 547 9 R ) — AN BN Al [ 4R IR KR KA (University of Wiirzburg) BB 5T 7E
WSS PR 06 o B S BRI A B R R R I R, il A SR AZ A I R RE 7 5 I R R,
FEBET HLIK I (1) %5 % 18 ot B B I TR) e 3 1) 22 RS B, (G E A W) R AR B 1470 JE AR
N REE FUPT B 8 AE LA R R 251G B L VR R AR I, 45 S I RN IR 1 ) P AE S 1l i
IWHEIIEFE 481, A0 7 BIBAEE I E 5G = VR IR AR5 5 S ARAERS, Bt A AU EHLH 2 — 5t <
RO 91 R H A AR A T, I PRI 5 B T AR b 5 R 3 e 45 B 91 K
LR SAS BAFHEFLHT (SAS Institute Inc.) FIRFFE L LL U [RIRN SR MRS L) 5 5K 52 B fedlr J LA
/IR L S e (A 500 o N IR Bk & TR K% (Army Engineering University of PLA) [
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RN R AR £ SIS (R N B AR ) R R R AR ) i 2% T BRAS F e BE K
G 51,

AT, SERBLS M3 52 4t S Eg el s m (REALE N 5G iZRE 5t i 1
), TEAEFEA R 3l 45 i A7 7 A E R 1 AR B BRI AN B D2 PR P 22 A, X ff IR BRI il
PR RAVERE R T EEARIR. FTIRBI 0 AR A AT AR AR SR T = 4 X 2458 AT ) S i 2 R 2
W (W1 SIGCOMM, MobiCom Ml MobiSys), HH RKME—RkH hEH 2 #, 5—FREFXE2H, 1
TR G A, [ Bl R 2 R SR R Bl e 5 AR R ) (s B T

3 RUEEFRFMAIELENE

W o, X 25 AN T T TR AR 2533 o B R 78 5 3 BBl o 20 0 T 5 2 3 (D R B2, (ELE S0 b 3 e
HEH P EEVE R FLEN R SRR A R % 2 (AN AR HE A 215 % 5 Rl i S i R R AN TR
B, 2 i ROV IE S RGU AT SR 4y 9 DA R =2 Bl 55 i RIS Fe R Bl 1 5 M
F R BNE S, R TCE I LR, TR RS 70), 1R R B WA B B i R, B2
Toi B 3 B, “BOIEBHZE T | Fa R Bh it & CL4 B ST B 4 B U B0 8 B (B A P R
HEEEE 1 min RBILE] TCP IR N T EINERA IR T 85 R AT SEME, A1 2 s FALHIE
P /NK A FIAVE, 1813 2t M2 il AT 1 Ta) . RS R
3.1 MEHE

TERAEEAR AT, FRAT AR I SR R G I 04 8 T 255 BIASEIRS) RS20 b AFAE B B 1 TH BB 22
AR R NIEJE G 5 E PR AR 0 B BRI H D, A BRI VR B A SR b
i, FA RS W HAR A S ] X — R AR A 45155 7 W g e e X T S ke ] Rt 0o o it ) ]
R I R T R T R S A ) KRR, FRATTICIRAGE I T R — A A A
FATE P R R W 0 e A, T b 55 A SR A 22 o R e 2 b by 3 T ) A ) e 3 e e 4 M s Bt i
W 2 Fros, AT R IR AR S WG B, TRATDRE M B A e e B i H R
S5 WA WE T %, B AS IUAR 2 1) R GRS, RAC TR A 365G 5 4R EAE R, DR 4 b (1) Bl il
BRI,

TEFF RS FER BRATTE IR, 2 51 2R G E AR U B30 [ 28 5 s 2 1 3 R R A7 8 B TR iy ST
R, YRS AE 1 min PR HUEET 10 N HIEE TCP 1, [FIR A IR EUE T N uh TCP f, 225 &
GURZ A SOR BRI ZE” . B A 5 AT R, 1% 28I M R R SR R R B R S A K T TE 1
min. [FIRS, 760 S FE o i =2 S A X 4 HE R A I, o e 2 1 R R A SR e K. N IB R IX — B, R
I TE T3 BRI E S BRI, 2% 51 R 5o 55 — UK I 21 500 BH ZE S A i) (X — IR ARSIl i 22 2
JRAI 732, AR A A TP kil 3% ICMP (5 /5., DA A Hh o4 26 4% el 1 R, 128 14

5) Android.org. 2021. Data Setup Error in Android. https://android.googlesource.com/platform/frameworks/opt/
telephony/+ /refs/heads/master/src/java/com/android/internal/telephony/dataconnection/DcTracker.java.

6) Android.org. 2021. State Out of Service in Android. https://developer.android.com/reference/android/
telephony/ServiceState.

7) Android.org. 2021. Data Stall Report in Android. https://developer.android.com/reference/android/net/ Connec-
tivityDiagnosticsManager.DataStallReport.

8) Android.org. 2021. Data Connection Management in Android. https://android.googlesource.com/platform/
frameworks/opt /telephony/+/master/src/java/com/android/internal/telephony/dataconnection/DataConnection.java.

9) Android.org. 2021. Data Fail Cause in Android. https://android.googlesource.com/platform/frameworks/base/+/
master /telephony /java/android/telephony/DataFailCause.java.
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Continuous monitoring facility of cellular connection failures for customized Android system
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Figure 2 Continuous monitoring infrastructure for capturing cellular failures in Android

2[4 EC ) DNS IR45 8% /3% ICMP {5 8 A1 DNS 25, SRR i 3432 b 1) B 75 /2 DN'S 3042 iR
MRS ASmT R S 80, BRI 45 SR 3R B B FE A M AB B, FRATTI 3 sh— AN B RIS 7 7
TFRATT 20 2 AT HRM i F2 10 3% (1 SR 2 e TR AR ISk i H 1% i FH 26 AR RE ST 8], b Ah 5 S FR et
(L 1200 s (XA 10% ), 223 R — AR L T Uf B R IUNHE ) B [ 3680 3% ok
WD ETTRY. AT AR 22 R G T7 3, iR P R 3% ICMP 58 /% DNS B /E
ARSI T SA17E 5 s LAPN 5258] ) MR BRI 7 5ot Hicdhs BEL 28 4 R s A 1) (000 iR 22, 3 T DA A8t i i i3
M5 8.

BT RPAN T T AR AL, FRAT T 868 3 32 4 482 A 4 18 e R 500 L 25 = S R W 2 4P 4 i 3 iR A
HAG, S5NKAFREEIFR T @tz 2 /4. EeflibidfEd, BO1EE T BN % & RGHEL
JERRT, AR B . R B RA I IR R s BRER AN B, FRA T X AL 5 I R i AT T
DR, &5 T B RIS B A pRRC B 2 s 0L, TEAR DN 2 1w e e 2T [R] N, FRATT B 2 H =R
THEIMG <2% B CPU FIFHZ, <40 KB WA &, LA <100 KB B2 8] 4 H N 28148
B <100 KB. {ERA THUMRE I HH AT A, 45 R it 76 25 7 o AL TR IRRAES, BRItAS 22 7= A2 300
ANRITTAS. 55— 7T, 2 A DU BT AR 1 X 2% T B A R INAE — R AR 2K X TR S 50
F P 4, BRSPS MR T 500 KB, DA XA A 520 7T DLZIE ARG, AN T A=A 50
MRS, IC S BE RAEH WiFL SN 44 BAER )G 6 RS 4%

TEMRE R, BATTE REEHIRE 2.5 C/NKFHHH P R T SETISIE, 780 % A
FURBIE AR B TR S0, R P sz, T DAEFAL s el R gk S 5. i
#, L 7000 ST PIEEES ST, HFSERATIEZET 8 AN H (M 2020 4 1 H & 2020 - 8 H) 1%,
R R = KB AAIZE T 34 KA RS 12 SFHLA 500 2 /5560 £ 1 A% H T 8
SR IL M B AR B, PR A AT 2 A B R A URAE 2.

3.2 BEESHT

WG EEAR BBt o A, BATVRIN, W 58 e Pt S e AR S B P EEAE, B P P 22 Al S A5t A 1R 0 0 22
REEE. FENEIERE T, PR TR S W X A 8208 33 Ik, BRI I A4 (0 R 2 I Ta) i
3.1 min, BARPATUAR] 3 A0 4 o, BARERSIEOLN, FPLVEAE 3 min W 5AMFIARECR, XA
PRI Rz, B AW R P EU™ B A SR BATNIEEEEE | BEAF AL EARAE RS SEAME, Xofi podee
5 PR A AR A B AL AT 7 40 R 20 #r.
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*1 MNEFRFINESRFAUEHRESNREREN

Table 1 Attributes of the cellular reliability dataset collected in the measurement

Attribute Description
UID Unique ID generated to identify a user (cannot be related to the user’s true indentity)
TIME UNIX timestamp
FAILURE_TYPE Data_Setup_Error, Out_of_Service, and Data_Stall
FAILURE_DURATION Duration of cellular failures (mainly contributed by Data_Stall)
RAT Current radio access technology (2G/3G/4G/5G)
RSSI Signal strength in dBM
CELL Base Station ID (MCC+MNC+LAC+CID)
0S Android vesion (9/10)
MODEL Device model
CAUSE Error code of Data_Setup_Error defined by 3GPP (28]
APN Current access point names
150 100
125
801 401
100
5 £ 60
2 75 <
2 3
g 50 5
=~ § 40.
25 [ f g A
21.15 5.45 4.75 32.35
0 201 ol 106.04 1313.92
: N
-25 |
| | | , oL L E N 777 S
Data_Stall Data_Setup Out_of All failures 0-30 30-60 60-180 180+
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Figure 3 Average number of cellular failures experienced Figure 4 Distribution of the recorded cellular failure
per phone events’ duration
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Figure 5 Frequency of cellular failures with the RAT Figure 6 Duration of cellular failures with the Data_Stall
transition policy of vanilla Android and the stability- recovery mechanism in vanilla Android and the TIMP-
compatible RAT transition policy based recovery mechanism
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Recency effect and self-regulating design of mobile cellular
systems in the context of interlaced generations: network
bandwidth, power efficiency, and connection reliability
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Abstract The mobile cellular system is undergoing a generation-interlaced evolution from 2G/3G/4G to 5G,
with various signals and protocols coexisting for a long period. A crucial but challenging problem that emerges
is how to ensure high performance (fast transmission), high energy efficiency (low power consumption), and high
reliability (stable connection) for the services in a large, heterogeneous, and highly dynamic cellular environment.
This problem simultaneously involves mobile phone manufacturers, network service providers, and OS/application
developers. In this paper, we comprehensively review the representative related works in recent years, and learn
that a series of performance anomalies in cellular systems is in fact attributed to the “recency effect” at the
core mechanisms. Upon selecting which mobile network to use, there exist generation biases and unconscious
performance-first tendencies affected by public opinions and commercial promotions. The biases and tendencies
lead to knock-on effects like the “loss-making migration” towards 5G, the “saturated hunger” of network capacity,
and the “ping-pong jumping” among base station connections. To overcome the above shortcomings, we propose
self-regulating techniques based on 4G/5G dual-connectivity and Time-Inhomogenous Markov Process, which
reduce the failure rate of 5G devices by 40% and the average failure duration of all devices by 36%. We also
discuss other insights and innovations based on large-scale industrial practice.

Keywords interlaced generations, 5G, recency effect, loss-making migration, self-regulating design
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