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LatencySensitive Mobile Applications

Mobile VR Mobile Gaming Mobile Sensing

A Emerging mobile apps have stringent latency requirement
A Small, frequent, yet regular uplink data
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Mobile Apps in 4G LTE
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These apps typically run on 4GE networks, the only largeale
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Latency at Access Network
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This work: Reducing LTE access latency for every c
packet at the active state, without root privilege

¢ Complementary to apigpecific optimization and control plane latency reduction
¢ Applicationlayer solution without root or hardware/firmware change
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Outline
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This work: Reducing LTE access latency for every c
packet at the active state, without root privilege

Thistalk:

1. What incurs long latency for mobile apps?
2. How to reduce the latency components?
3. Can we design a solution at the app layer?
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1. Roadblocks for low latency



Methodology for Analysis
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Analyze traces from a showcase VR application and PU

Trace Collection

Trace analysis witMobilelnsight
3GPP standard compliant
VR Game

10-month empirical study
4 US mobile carriers




Who Is the Bottleneck?

Intuition:
DL incurs high latency for the apps

Reality: Uplink latency Is a majdatency component




Why High Uplink Latency?
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Why High Uplink Latency?
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Why High Uplink Latency?
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2. Solution to latency reductior

- UCLA -



LRP Overview

In-device, rootless software solution to
4G/5G latency reduction for mobile apps
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LRP Overview

In-device, rootless software solution to
4G/5G latency reduction for mobile apps
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EnergyEfficient DRX Doze Eliminatio

Aldea: Send a rouser in advance
¢ Data packet arrives at DRX @Nno doze latency
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EnergyEfficient DRX Doze Eliminatio

Alssue: Early rouser incurs high energy overhead

A Solution: Timing control for rouser
¢ Send the rousefax doze  before data packet
¢ Data periodicity makes this possible; need to kniawdoz




ResourceEfficient Proactive Scheduling

Aldea: Send a prefetcher in advance
¢ Prefetcher triggers SR and asks for a grant
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ResourceEfficient Proactive Scheduling

Alssue 1: An early/late prefetcher misses latency
reduction or wastes requested resource

A Solution: Timing control on prefetcher
¢ Send the rousefls_gqant  before data packet

Alssue 2: Insufficient grant for prefetcher + data

¢ Rare occurrence and limited impact
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3. Inferring key parameters
from the application layer



Rootlesdnference of Critical Paramete
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ADesign LRP as a software daematiout root privilege
¢ <10% of mobile devices are rooted

Challenge: Infer LTépecific parameters;
How to single out access network latency?
Solution idea: Send a pair of controlled packets a
observe their receiving interval




Rootlesdnference of Critical Paramete

Solution idea: Send a pair of controlled packets a
observe their receiving interval
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Rootlesdnference of Critical Paramete

Solution idea: Send a pair of controlled packets a
observe their receiving interval

Alt: Send DNS requests and measure interval of response

Premise: The receiving interval dominated by UL LTE
A Core network and LTE DL: Little impact on the packe
pair interval
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Discussion on LRP Design

A LRP applies to 5G
A LRP still helps reduce latency, if

¢ there is background traffic
¢ the packet arrival is not strictly regular or predictable

A LRP has little impact on the network side
A LRP does not affect those not using LRP




Implementation

A ImplementLRPon Android

¢ Work as a standalone user
space daemon

¢ Provide APIs for the
applications

LRP Daemon

Latency Manager

DRX Doze Reduction

Scheduling Reduction

]

Mobile App

= startParinf()

SensorManager.registerListener(listener)
= setinterval(t)

Iistener.onSensorChanged(){
uploadData()

LTE Inference Engine

reduceDozeAndSchedule()
}

LTE Radio Firmware

Android Kernel




Evaluation

A Can LRP reduce latency for mobile apps?
A How much overhead does LRP occur?
A Can LRBenefitapps in 5G?
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LatencyReductionfor Mobile Apps

ACover 37%ells,5 operators, and Zountries
A4 mobileapplications
AExperiments under different mobility

0.3-7.4x median LTRetwork latencyreduction

Up to 3.5x 98h percentileLTE networkatency reduction
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LatencyReductionfor Mobile Apps
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LatencyReduction VR Demo
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