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Mobile bandwidth is under-deliveredin practice

Access
bandwidth

5G
up to 20Gbps

In theory

WiFi6E
up to 9.6Gbps

In practice

WiFi
137Mbps

5G
305Mbps

Χ
under-delivered

Å Publicreportsrevealthat the median5GandWiFiaccessbandwidthsare

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

Access
bandwidth

2020
343Mbps

2021
305Mbps

2021
53Mbps

2020
68Mbps

Å Ourmeasurementon 3.54Mendusersshowsthat the averageaccess

bandwidthsof 4G/5Gdecreaseremarkablyfrom 2020to 2021

Χ
4G 5G

22%
decrease

11%
decrease
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²ƘŀǘΩǎ ǿǊƻƴƎ ǿƛǘƘ ǘƘŜ ŎǳǊǊŜƴǘ ŘŜǇƭƻȅƳŜƴǘǎ ŀƴŘ
how can we deliver the theoretical promises?
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Contribution
Å APP-basedcross-layer and cross-technology measurement

- capture rich low-leveldiagnostic informationat scale

Å Revealingthe root causesof undesirable accessbandwidths

- radio resource migrationfrom 4Gto 5G

- dense deployment of 5G base stations in crowded areas 

- WiFibandwidth limited by wired networks

Å Swiftest:an ultra-fast, ultra-light bandwidthtestingservice(BTS)

- quickbandwidthprobingwith statisticalguidance

- test time aroundonesecond
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Å UUSpeedTest, a majorbandwidthtestingservice(BTS)in China

Å AnAndroidAPPwith 17M users& 0ͯ.2M testsper day

Opportunities

3.54M
Endusers

23.6M
Tests

191
Phonevendors

2.04M
Basestations

4.47M
WiFiAPs

2,381
Devicemodels

Å Nearlyone-yearcollaborationbetweenusandUUSpeedTest

- large-scalemeasurementto helpunderstandthe root causes
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Bandwidthtestingmethod & analysischallenges
Å Standardάprobing by floodingέ ŀǇǇǊƻŀŎƘ

Å Testingresultscannotsupportin-depth analysis

- coarse-grainedresults:bandwidth& latenciesonly(web-baseddesign)

- thoughits customers are eager to learnthe reasons

1. PINGtest: selectingtest server(s)

2. Bandwidthprobing: transferringlargefile viaHTTP

3. Bandwidthestimation: samplingthroughputstatistics
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Cross-layer and cross-technology measurement
Å Web-basedĄ APP-based: passivelyandselectivelycollecting PHY- and

MAC-layer information throughstandardAndroidAPIs

Å A lightweightpluginfor UUSpeedTestwith no additional privilegesand

negligibleCPU/memory overhead

PHYlayer

MAClayer

4G 5G WiFi

Signal strength,
SNR,
RSSI,
...

LTE band,
Cell bandwidth,
EARFCNcode,
...

5G band,
Cell bandwidth,
NRARFCNcode,
...

Signal strength,
SNR,
RSSI,
...

WiFi standard,
Max TX/RX Linkspeed ,
Current Linkspeed ,
...

WiFi RSSI,
WiFi frequency,
Channel width,
...
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Ourkey finding

From2020to 2021, the average4G/5G bandwidth decreasesby 22%and11%, 

while the average WiFibandwidth remains largelyunchanged(3.6%increase)
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Å Partof LTEBandsB28,B1,B41are refarmedfor 5Guse

4Gbandwidth decreasedue to spectrumrefarming

Å Theoriginal4Gworkloadsarecrowdedin the remainingLTEbands,

leadingto the decreasein 4Gaccessbandwidth

4G 5G WiFi
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Å 6.8%LTEbandwidthtest results 300Mbps (comparableto 5G)

Still somegoodnewsbrought by LTE-Advanced

major urban roads

eNodeB

eNodeB

Carrier 1

CA

data

pipe

Carrier 2

Carrier 3

Carrier 4

Aggregated

carrier

UE

Å Benefitfrom LTE-Advanced keyfunctionalities,e.g.,carrier aggregation

(CA),enhanced MIMO, Coordinated Multi-Point Tx/Rx(CoMP), relay nodes

LTE-AdvancedbasestationCarrieraggregation

Å Deployedalongsideurbanmain roadsto copewith largetraffic volume

4G 5G WiFi
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Spectrumrefarmingalsodecreases5Gbandwidth

DedicatedBand RefarmedBand

Å Fragmentedspectrumresourceof refarmed4GĄ5Gbands(N28,N41)

Lowmaxchannelbandwidth

Low5Gaccessbandwidth

4G 5G WiFi
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Carrier aggregation (CA) is not a panacea

Å Two-fold realisticproblems

- designdifficulties: harmonic disruption,RFde-sense,UE/BSenergyconsumption

- runtime overheads:scheduling/powercontrol info, CRC,UEfeedbacks,L2/L3signaling

Å Most 5Gdevices/basestationsin Chinasupportmultiple CAtechniques

- TDD-TDDCA(2.6GHz+4.9GHz)& TDD-FDDCA(700MHz+ 2.6GHzor 2.1GHz+ 3.5GHz)

Mixed

Fundamental

wave

Mixed

wave

Harmonicwaves

RF de-sense

Signal wave

gNodeB

gNodeB

gNodeB

gNodeB

4G 5G WiFi
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CA ismore challenging in 5G 

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

30MHz

758MHz 788MHz

20

MHz
2110MHz 2130MHz

25

MHz
2155MHz

160MHz

2515MHz 2675MHz

100MHz 100MHz 100MHz

3300MHz 3400MHz 3500MHz 3600MHz

100MHz 60MHz

4800MHz 4900MHz 4960MHz

ISP-1

ISP-2

ISP-3

ISP-4

Å Needto aggregatea numberof carriersto supporthighbandwidth

Å Numberof the aggregated carriersshouldbe small( 16) for energyconcerns

4G 5G WiFi
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StrongerRSS higher5Gaccessbandwidth
Å Strong received signal strength (RSS) level does notnecessarily translate 

into high 5G accessbandwidth
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RSS Level5G

Cross-region coverage, multi-path and co-channel interference,
load balancing issues, andpoor handover problems

Å Densedeployment of5GBSesin crowdedurban areas

5G BSesaround our campus

A 5G BS

4G 5G WiFi
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WiFibandwidth is limited by wired access
Å 132 Mbps (2020)Ą 137Mbps (2021)

Å WiFibandwidth tends to clusteraround certain 100x values,whichwell 

matchL{tǎΩfixed broadbandplans

Å Around64%areusing 200MbpsfixedάōǊƻŀŘōŀƴŘέInternet access

Bandwidthdistributionof WiFi5

100

300
500

4G 5G WiFi
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Takeawaysfor different stakeholders
Å ToISPsandcontent providers

- adopteffectivebanddefragmentationandrefarmingstrategies

- widen the deploymentof the LTE-Advanced technology

- considernew accesstechnologieswhenbudgeting networkinfrastructure

Å Tocommonusers

-ōŜ Ǌŀǘƛƻƴŀƭ ŀōƻǳǘ L{tǎΩ ŀƴŘ ǇƘƻƴŜ ǾŜƴŘƻǊǎΩ рD ŀŘǾŜǊǘƛǎŜƳŜƴǘ ŎŀƳǇŀƛƎƴǎ

Å ToBTSproviders

- deepinsightson mobilebandwidthcanhelpgreatly improve BTSdesign

- real-world implementationanddeploymentof an ultra-fast, ultra-light BTS
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Observationsfrom real-world measurements

A typical5Gbandwidthtest

TCPslowstart
4.3seconds

Å TCPslowstart accountsfor a long timeof bandwidthtestsfor high-speed

networks,but doesnot contribute useful bandwidthsamples

5G WiFi5
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Å EachaccessǘŜŎƘƴƻƭƻƎȅΩǎbandwidth followsa stablemulti-modal Gaussian 

distribution (GMM model)
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Bandwidth probing with statistical guidance

Keyidea:

1. Usethe most probablebandwidth in the GMMmodelto start up

2. Fine-tune the probing ratebasedon client feedback

Lengthy, expensive calibration
of initial probingbandwidth

Swift, preciseprobing
guidedby GMMmodels
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An exampleof a 5Gbandwidth test

άaƻŘŀƭέbandwidthsfor 5G
[172,289,485,806]Mbps

Testservers Client

Probing
start

Collecting
bandwidth samples

Increasing
rate

Collecting
bandwidth samples

Increasing
rate again

Bandwidth converge

Probing
end
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Swiftest:ultra-fast, ultra-light BTS

Duration: 11.7 seconds
Result: 786 Mbps 
Data usage: 1014 MB

Duration: 0.81 second
Result: 776 Mbps 
Data usage: 69.8 MB

Latency ms Downlink Mbps Uplink Mbps

Beijing Internet Servers

Jitter: 50 ms Loss: -%

Test History Tools Me

Duration: 10 seconds
Result: 792 Mbps 
Data usage: 722.5 MB

Å 3521-10Gbpsservers(UUSpeedTest)Ą 20100-Mbpsservers(Swiftest)

UUSpeedTest SpeedtestSwiftest

5Gnetwork, 8ͯ00Mbpsaccessbandwidth


