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Scalable Video Coding (SVC)

« Some portions of the video bit-streams can be discarded and can still
be decoded

« Can adjust bit-rate depending on the channel condition
 Control the quality of the video
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Quality of Experience (QoE)

« How can QoE be measured?

 Full reference : need original video data
= Peak Signal-to-Noise Ratio (PSNR)

= Structural SIMilarity (SSIM)

 Non-reference

= Quality measure by using SVC concept

= Quantify the QoE of each layer

u,: Enhancement layer 3

usz: Enhancement layer 2

U,: Enhancement layer 1
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Multi-RAT

Small cell wireless network architecture is useful to get better
coverage the higher throughput

Multi-RAT is one of the most practical solution for small cell
deployment

Multiple Radio Access Technology (Multi-RAT)

— Utilizing multiple radio access technologies at the same time to achieve better
throughput or user experience

— Today’s mobile devices are mostly equipped with 3G and Wi-Fi

In this project, only the LTE and the Wi-Fi are considered



System Model

Utilize the PHY/MAC information to find the optimal rate

distribution
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LTE PHY/MAC

PHY
— OFDM : 128, 256, 512, 1024, 1536, 2048
— Modulation : BPSK, QPSK, 16-QAM, 64-QAM

MAC
— OFDMA
— Can utilize the part of subcarriers

BrTE

Data rate :

— k;r7r OFDM symbols per packet
— OFDM symbol duration T

M LTE




WiFI PHY/MAC

. PHY
— OFDM : 64, 128, 256, 512
— Modulation : BPSK, QPSK, 16-QAM, 64-QAM

« MAC
— DCF(CSMAJCA, RTS/CTS)

ot Using IEEE B0 2.
RTSICTS E(chungl:

(kwifi—kov)Bwifi
kwifiT
— kyiri OFDM symbols per packet

 Datarate :

— Consider the overhead (k,,,) to avoid collision
— Symbol duration T Bwifi = Nwiriloga My s




SVC Encoded Video Layers

* One base layer and L-1 enhancement layers

« Each video layer has corresponding datarate, and they will
distributed to the LTE and Wi-Fi

Base Layer

> 1o = Torre + Towiri

Enhancement layer 1

—> T STy TE T ML wiri

Enhancement layer L-1

—> 111 ST_11TE T TL-1,wifi




Problem Formulation

« Maximize the utility 1
max  U(ryrg, Twiri ) = z wfi(rire, Twigi)
YLTETWifi =3
L-1 B L-1 B
. Wifi LTE
subject to z nwiri < (kwigi = kov) w1/ TLTE S T
1=0 Wit =0

1 < rl,LTE + rl,Wifi'fOT [ = O, 1, ,L —1

e Correction rate

fi (TLTE: "wiri)
1_[(1 p (VLTE; MLTE))ceLl(logz MLTE) (1 — P (lefu MWlfl))Cell(—Ing Myir

where

u; = utility of I'"layer
T = OFDM symbol duration
Yire/wiri = received SNR of LTE and Wifi

Mg /wiri = Modultion size of LTE and Wifi



Problem Solving

Take the logarithm to correction rate

k _
fi (NI{CTE' NWifi) = logfl(TLTE»TWifi)
l
— Nk + s .Nk. )
A1 TENLTE wifilVwifri

k=0
where,

Tk LTe D )
log, My7g '

Nfr = ceil (

A Tewiril
Nk P [ ‘ ,
wipi = £€1 (1082 MWifi)

AiTE = 108(1 — P, (VLTE;MLTE)) )
ayiri = log (1 — Pe(VWifi'MWifi)) :



Problem Solving

* New problem statement
L-1

. max U(Nyrg, Nyip; ) =Zulfl (Nire, Nwiri)
LTENwWifi =

L-1
subject to Z Niwiri <

kwiri — Kov

Wifi»
kwiri
L—1

Niire < Nirg,

[=0
< rl,LTE + rl,Wifi'for [ = 0,1, L—1

i

* N g and Ny are integer
« Can convert the problem into the standard Integer Linear
Programming problem



Integer Linear Programming

e Standard form

L-1 L-1
where, fT = [Zz—o o L TEU Zl—o ALwifilly

X =

maximize, f'x
subject to Ax < b,
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Linear Programming

« Relaxation of the integer linear programming
maximize, f'x
subject to Ax < b,
x = 0.
* Rounding the result to find integer result

 Test with city.yuv parameter (N, ¢ = 30, Nyis = 120)

« LTE WiFi « LTE WiFi « LTE WiFi
(0.9) (0.9) (0.9) (0.9) (0.8) (0.9)
Base 12 49 Base 15 46 Base 1 60
Layerl 7 26 Layerl 8 25 Layerl 1 33
Layer2 2 9 Layer2 3 8 Layer2 1 10
Layer3 5 18 Layer3 6 17 Layer3 4 19

(a) No overhead (b) K,, =10 (c) K, =10



Simulation Settings

Tool : Matlab
Average received SNR : 30dB for two channels (LTE and Wi-Fi)
Available number of sub-carriers : LTE 60, Wi-Fi 120

Proposed scheme

— 4-datastreams are distributed into the LTE and the Wi-Fi with proportions
derived from linear programming in the previous page

Comparison
— Equal : datastreams are equally distributed into the LTE and Wi-Fi
— Switching : only one of the channel is used based on received-SNR



Simulation Results

* Fig 1. shows the number of received video layers w.r.t frame index
* Fig 2. shows the PSNR of three different schemes
* Proposed scheme has the best PSNR for all frames
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Resulting Videos

Equal

Proposed




Conclusion

« User can get better quality video by utilizing both the LTE and the
Wi-Fi channel at the same time than switching between two channel

« Optimal data distribution solution is found by linear programming

« Optimal solution provide the best QoE to the user



