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Abstract of Thesis

Unlicensed coexistence networks and spectrum sharing standards help cellular operators meet the ever—
increasing demand for mobile data through efficient utilization of unlicensed bands. However, several
incumbents are already operational in these frequencies rendering the wireless environment extremely
dynamic and unpredictable. Recent studies show that classical optimization techniques are not
sufficient to offer latency—critical applications and services in the unlicensed bands. Thus
challenges in unlicensed cellular networks are best solved through a data—-driven approach, leveraging
machine learning for network analysis, performance prediction, anomaly detection, and performance
optimization.

The first contribution of this thesis is the collection and extraction of Licensed Assisted Access
(LAA) network data for three cellular operators, viz., AT&T, T-Mobile, and Verizon. The data was
extracted through a computer—vision—based system developed for a reliable network monitoring
application. Thereafter, it proposes machine learning-based methodologies to analyze and optimize
network performance by leveraging operator data. It proposes a hybrid optimization approach that
combines machine learning and network optimization called Network Feature Relationship based
Optimization (NeFRO). NeFRO is successfully able to reduce the convergence time in unlicensed band
optimization by as much as 24%. The thesis also demonstrates the relevance of context-awareness of
the network conditions and the traffic environment in data—driven optimization. It proposes a
context—aware network feature relationship-based optimization (CANEFRO) approach which is validated
through decision matrix analysis. It conclusively shows that LAA data models are more precise and
stable then LTE-U models.

Next, the effect of cell selection on LAA network capacity and network feature relationships is
studied. Insightful inferences are drawn on the contrasting characteristics of the licensed and
unlicensed components of an LTE-LAA system. Further, a cell—-quality metric is derived from operator
data and is shown to have a strong correlation with unlicensed coexistence system performance. To
validate the ideas, two state—of—-the—art cell association and resource allocation solutions are
implemented through the NeFRO framework. Validation results show that data—driven cell-selection can
reduce Unlicensed association time by as much as 34.89%, and enhance licensed network capacity by up
to 90.41%. Further, with the vision to reduce the computational overhead of data—-driven cell
selection in LAA and 5G New Radio Unlicensed networks, the performance of two popular numerosity
reduction techniques is evaluated

Finally, this work highlights a unique phenomenon related to Physical Cell Id (PCI) that is observed
in public LAA deployments. Notably, the licensed and unlicensed carriers of a device may have the
same PCI or different PCIs. The phenomenon is triggered by the combined effect of unlicensed
deployment architectures and cell selection mechanisms. Consequently, the phenomenon will intensify
in the 5G NR-U, whose public deployment will soon begin. It is also desirable to accurately identify
the PCI scenarios at the device for improved cell selection and network performance. The impact of
the phenomenon on the LTE, LAA and Wi-Fi components is demonstrated in three steps: First, the
variation in network performance prediction accuracy in PCI scenarios is examined. Second, the
efficacy of numerosity reduction techniques used in data—driven cell selection is evaluated in both
PCI scenarios. The third step entails a comparison of operator data analysis with network
measurements. On—site experiments are conducted at the same PCI and different PCI sites to study
differences in real-time network performance. A controlled LTE-WiFi coexistence environment is
created and multiple traffic categories are considered. Finally, a class—weight-based solution is
proposed for PCI scenario identification. Despite the high data imbalance, an f-score of 0.75 and an
AUC-ROC of 0.84 are achieved for LAA.

Thus, this thesis seeks to improve unlicensed network performance through a wholesome data—driven
approach. It includes experiments on unlicensed network testbeds, new methodologies for comparative
performance analysis, network data collection from real-world deployments, data analysis and




predictive modeling, and new solutions for network optimization and mechanisms. One of the major
achievements of this work is the release of an LAA network dataset for easy access to the wider
research community. Together, these contributions will help cellular service providers tap into the
unharnessed potential of the current and future unlicensed bands




7
MU EEOKREOE S K ONHYE

K £ ( Srikant Manas Kala )
(&%) K 4

+£ & A% (AN
A g A 4 Bl A Az AH EsE
WCREREE |y Bl WD i

S Az Ea)l =

B 2 e T Ez
RWABEORROES

WRRTDEANANT —ZBEFEICKIGT 2720, HEHEFFET LRI REO B 2 R0 FHAT 5
BEMiEEHLELY> ELTWD, L, 26 OFMEES CIEBERRES D CEINTH D | BIEORE LN E
ATWBZELHY, Xy b=V LOBEMESITHML, HRETRIAEREEIZ /2> TWD, ZHICK LIERDOH
WX SRR B R WA ORBECHE RIS U CGREZ U TAX A AHET 2 AT L TR WEER S 5,
AR SCORFFERRFIT, SaFF R BRSO CLIEZ R AlRE & 2 HiificB i 2 %~ MU —27 001, MERETII. MERE
b E ., BWEEEITH L7 — RV Y 7 n —F TR 2802 H B,

B OBFERURIE, SFF AR OLTE@E(E OMERRMENT & (b D7D D7 — 2 BBV Y 7o —F 2424 L
TLRIZH D, AT, 7A MRy ROLINE LZ@ET —ZIC L AEUFET AV FEZE U, LTE-UE L OLTE-
LAMZ T B % v b T — 7 FetEOBIRMENT &2 £ L7-, F£7-. LTE-ULLTE-LAAIZ W T, 7 F D v 7 eF—4 |
T74v 7, VY—=AT7ay ORI TEEE LTz, TO%, BHTE LRy N =T Rt NA 7Y v Nl
b F1ET&H HNeFRO (Network Feature Relationship—based Optimization) Z#EZE L T\ 5, NeFROIZ., FE L7-
R E AR L Ot E AR BT ) O L HOMEPTFET 2 REEERE CORm AR <. FH97. 16%D
FEIE 4R L7220 Dl bR RIS E T I 2 24% 85 CE T2, I DICEKTEYFE T V& AWIZGE OFHE
WEESE N & EOBREZFREL., L — FAZ7EBRICAT TRy NV —JBREa VTR MNEERT 207
X A hN—Z DL T 7 —F (CANEFRO) %R L T35,

B OOMFEME E LT, LTE-LAMC R T 27 — # BB v LR P2 RE LS8 b oD, Y HITOKRTF
PR EFREEESEDOLAANSIE LT — 4y P2 HWE=EH 0 REE 2 0, LMOBRRELE Xy NU—2
R T 2 B VBIROBIR AR L, TATY XLEZRFELTND, EHIC, TOT—F &y 2 bELVREDORE
AL, PERE L VBRI ARH D Z L AR LTz, NeFROZ L— AT — 27 W MBEEDRE R, R LT — Z B
AT VBRI L0 | BEREIC IR D R 434, 89% FIfE L. vy MU — 7 &% HKK90. 41%F ETE T\ 5,

HEEORFZEREE LT, AEOLAATEE SN AWEELID (PCI) BT B0 & NIt 5 G MR % F
bILd, EBEOBRMTIX, FA4 2 (LTE) &7 T4 A (LTA) BREICPCITRESNDIGE L B HPCIT
WEINDEENRSHY | TNENICEB W TEBMRNSRR L1720, TO200RW (U FUF) &7 34 ZTH
BTBHZENREELNEND, TN TRIITAHBER Z 556 NR-U THAEL S 5, ZHlckL, Zhbn
LTE, LAA, Wi-FiDoFa L R—x v M2 HEEBIZHOWVWT, UTOAT v 7 THIELTWD, FTETNThDOY
FIUHCBTFLH Y NT— 7 WO TFIFEDIIL DX A ML, 7 — 2 MBI VBIROF LW > Y 4T
FHE L7, WIS, 29003 F U A TOEREITD, U T AZA LEEHEDEVEREL TS, ZNbax b EIT
PCIT TV A DREL S L, LTE-WiFi I FEREE CTREME L 725 8. SINR & Throughput 0 fe/ MR D R 4 v
. Ffi0. 75 & AUC-ROC 0.84 Z R L7,

PLED XS ICARGmE, SiF A EEEES CLIEZ A & T2 WMEHIFICEL, 7 —#B#$Hicxy hU—2 45
Br. PERETFIN. MERER (L 2RI R L AT O BMFICHOWTHARIER R EIFTn5b, LoT, it (EHRE)
DOFENFHXE LTHMED H 2 b D LR 5,




	22_情_014_SRIKANT MANAS KALA_要旨
	22_情_014_SRIKANT MANAS KALA_結果

