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Mobile bandwidth is under-deliveredin practice

A Publicreportsrevealthat the median5Gand WiFiaccesdandwidthsare

significantlylower than the theoreticallimits
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Worse still, bandwidth has decreased in 2021

A Ourmeasuremenbn 3.54Mend usersshowsthat the averageaccess

bandwidthsof 4G/5Gdecreaseremarkablyfrom 2020to 2021

22% 11%
decrease decrease
2021 —_ 2020 2021 ——_ 2020
53 Mbps 68 Mbps 305Mbps 343 Mbps
O ®

Access

4G 5G bandwidth



2 Kl GQa oNRPY3I gAUK UKS
how can we deliver the theoretical promises?



Contribution

A APPbasedcrosslayer and crosgechnology measurement

- capture rich loweveldiagnostic informatiorat scale

A Revealinghe root cause=f undesirable accedsandwidths
- radio resource migratiofrom 4Gto 5G
- dense deployment of 5G base stations in crowded areas

- WiFibandwidth limited by wired networks

A Swiftest:an ultra-fast, ultra-light bandwidthtestingservice(BTS)
- quickbandwidthprobingwith statisticalguidance

- testtime aroundonesecond



Opportunities
A UUSpeedTesh major bandwidthtestingservice(BTS)n China

A AnAndroid APPwith 17M users&* 0.2M testsper day
A Nearlyone-yearcollaborationbetweenusand UUSpeedTest

- large-scalemeasuremento helpunderstandhe root causes

23.6M 3.54M 2.04M
Tests Endusers Basestations
4.47TM 191 2,381
WIiFIAPS Phonevendors Devicemodels




Bandwidthtesting method & analysischallenges
A Standarddprobing by flooding I LILINE I OK

1. PINGtest: selectingtest server(s) <«

2. Bandwidthprobing:transferringlargefile viaHTTP ~ €———

3. Bandwidthestimation: samplingthroughputstatistics €

A Testingresultscannotsupportin-depth analysis

- coarsegrainedresults:bandwidth& latenciesonly (web-baseddesign)

- thoughits customers are eager to leathe reasons



Crosslayer and crosgechnology measurement

A Web-basedA APRbased passivelyandselectivelycollecting PHYand
MAGlayer information througlstandardAndroid APIs

A Alightweightpluginfor UUSpeedTestith no additional privilegesand

negligibleCPU/memory overhead

LTE band, 5G band, WiFi standard,
MAClayer Cell bandwidth, Cell bandwidth, Max TX/RX Linkspeed ,
EARFCNode, NRARFCNode, Current Linkspeed ,
Signal strength, Signal strength, WiFi RSSI,
PHYlayer SNR, SNR, WiFi frequency,
RSSI, RSSI, Channel width,
4G 5G WiFi



Our key finding

From2020to 2021, the averagdG/5G bandwidthdecreasedy 22%and 11%

while the averagaVNiFibandwidthremains largelyunchanged3.6%increase)
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4Gbandwidth decreasalue to spectrumrefarming
A Partof LTEBandsB28,B1,B41arerefarmedfor 5Guse

A Theoriginal4dGworkloadsare crowdedin the remainingLTEbands

leadingto the decreasan 4Gaccessandwidth
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Still somegoodnewsbrought by LTEAdvanced
A 6.8%LTBEbandwidthtestresults 300Mbps (comparableo 5G)

A Benefitfrom LTEAdvanced kejunctionalities,e.qg.,carrier aggregation

(CA).enhanced MIMQ Coordinated MultPoint TX/RXCoMB, relay nodes

A Deployedalongsideurban main roadsto copewith largetraffic volume
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Spectrumrefarmingalsodecrease$Gbandwidth
A Fragmentedspectrumresourceof refarmed4GA 5Gbands(N28,N41)

—>» Lowmaxchannelbandwidth

—>» Lowb5Gaccesdandwidth

400 — . .
Band DL Spectrum  Max Channel Bandwidth  ISPs @ ::fj:zt:j:aan” dd
N28 758 — 803 MHz 20 MHz ISP-4 f 300 R
N1 2110-2170 MHz 20 MHz ISP-2, 3 -_\‘Cl\>
N4l 2496 — 2690 MHz 100 MHz ISP-1 5207
N78 3300 - 3800 MHz 100 MHz ISP-2, 3 % 100
N79 4400 - 5000 MHz 100 MHz ISP-1, 4 I:CE
0 =\28 NI N4l N7§  N79
DedicatedBand RefarmedBand 5G Frequency Band
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Carrier aggregation (CA) Is not a panacea

A Most 5Gdevices/basestationsin Chinasupportmultiple CAtechniques

- TDDTDDCA(2.6GHZz4.9GHzE TDBFDDCA(700MHZz+ 2.6GHr 2.1GHz 3.5GH}

A Two-fold realistic problems
- designdifficulties: harmonic disruptionkRFde-sense|JE/BSnergyconsumption

- runtime overheadsscheduling/powecontrolinfo, CRCUEfeedbacksl.2/L3signaling

Signal wave (((

4)))
[\I\J gNodeB Fundamental Mixed
wave wave
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1 4G 56 ]
CA Isnore challenging in 5G

A Needto aggregatea numberof carriersto supporthighbandwidth

WiFi J

A Numberof the aggregated carriershouldbe small( 16)for energyconcerns

25
30MHz MHz
758MHz  788MHz 2110MHz 2130MHz 2155MHz
B ISR1 160MHz
B ISP2  2515MHz 2675MHz
ISR3 100MHz
ISP4  3300MHz 3400MHz 3500MHz 3600MHz
100MHz 60MHz
4800MHz A900MHz 4960MHz

5G spectrum currently used by ISPs in China (downlink only)
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{ 4G WiFi

StrongerRSS higher5Gaccessandwidth

A Strong received signal strength (RSS) level doeseugssarily translate
Into high 5G accessandwidth

A Densedeployment o/5GBSesn crowdedurban areas

— Crossregion coveragemulti-path and co-channel interference
: load balancing issuesandpoor handover problems
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| 4G t 5G L WiR
WiFibandwidth is limited by wired access
A 132 Mbps (20208 137 Mbps (2021)

A WiFibandwidth tends tcclusteraround certain 100x valuesyhichwell

matchL { tfi@dbroadbandplans
A Around64%areusing 200Mbpsfixedd 6 N2 | Rudtdrng¢tRdcess
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Takeawaydor different stakeholders

A TolSPsand content providers

- adopt effectivebanddefragmentationandrefarmingstrategies

- widen the deploymenf the LTEAdvanced technology

- considemew accesgechnologiesvhenbudgeting networknfrastructure
A Tocommonusers

-0S NIYUOGAZ2Y It Fo2dzi L{taQ YR LK2YyS @Sy
A ToBTSroviders

- deepinsightson mobilebandwidthcanhelpgreatly improve BT&esign

- realworld implementationand deploymentof an ultrafast, ultralight BTS
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Observationdrom real-world measurements

A TCPRslowstart accountsfor a long timeof bandwidthtestsfor high-speed

networks,but doesnot contribute useful bandwidthsamples
A Eachaccesdl S O K y Zhangvadéh fbHiowsa stable multi-modal Gaussian

distribution (GMM model)
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Bandwidth probing with statistical guidance

Lengthy, expensivealibration Swift, preciseprobing
of initial probingbandwidth guidedby GMM models

Keyidea:

1. Usethe mostprobablebandwidth inthe GMM modelto startup

2. Finetune the probing ratebasedon client feedback
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An exampleof a 5Gbandwidth test

& a 2 Rbandsvidthsfor 5G
[172[289] 485,806] Mbps
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Swiftest: ultra-fast, ultra-light BTS
A 3521-10Gbpsservers(UUSpeedTe¥#y 20 100-Mbpsservers(Swiftest)

[ 5Gnetwork,x 800 Mbpsaccesdandwidth ]

Swiftest UUSpeedTest Speedtest
Mbps Mbps
pownlink Mbps Uplink Mbps
Ping 15ms Jitter 4ms

Bandwidth
(Mbps)
%

0 05 1 15 2
Time (s)

Test result: 0.00 Mbps

Test duration: 0.00 s

Data usage: (00 KB : o Y China Mobile Group Beijing ...
Duration: 0.81 second Duration: 10 seconds Duration: 11.7 seconds
Result 776 Mbps Result 792 Mbps Result 786 Mbps

Data usage69.8 MB Data usage722.5 MB Data usage1014 MB
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