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MOS Mean Opinion Score P8 AR5
MQI Media Quality Index JLRENGIN i)
1QI Interaction Quality Index AR EARE
PQI Presentation Quality Index FILREIRE
MTP Motion-to-Photons Latency 18 ) ] ) [H] PR I 4E
MTS Motion-to-Sound Latency 12 B B 75 I ZE
FOV Field of View LA R
PPD Pixel Per Degree BAERE
ACR Absolute Category Rating L0t Py
MPD Media Presentation Description PR IR S
DOF Degrees Of Freedom H
EWMA | Exponential Moving Average TR 5115
MBS Max Burst Size R R KB 7Y
BDR Burst Delay Rate IR HE
BPN Burst Pulse Number RER Ik b
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Cloud X: Poised to impact markets worth $410bn in 2018

Cloud PC

B2B—desktop virtualisation

B2C—PC as a service

PC hardware market
2018 $184bn
SaaS* market

2018 $76bn

End user examples

B2B: Campus & SME-SaaS
instead of Capex

B2C: Mainstream consumers
looking for maintenance free
PC, Mobile users

“SaaS - Software as a Service

Cloud gaming

B2C—gaming PC rental/
game transactions
and subscriptions

Games market
2018 $145bn

\4

End user examples

B2C: PC gamers that cannot
afford the latest gaming
PC, family and mainstream
consumers that want access
to bundle of content

B

Cloud ARIVR

B2B—AR//R as a service
B2C—AR/NR as a service

AR/NR market
2018 $8.4bn
A 4

End user examples

B2B: Maintenance, assemblers,
supply chain, product design,
location based entertainment

B2C: Ecommerce, entertainment,
social media, education

K1 - 5GREAMAE ML 55

FERILSLH) 4k (Cloud Virtual Reality, L FfE#kCloud VR) T ik A £ 5G R FE 5 7
EeMBBIL 2 —. B S SIE RIS R AR S ABIVRL S R, S B
SERAE FII0 L%, 5 25090 ) 5 AT 7 2 e 2 o 2 ) 45 5 A 80 TP 2B 445

KHIVRIL S NE L. ER L.

A H A Cloud VRV ST AT IR HOR . 15, Sl IO SR, 188 R R AR
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2 Cloud VR W B A5G i8FRE R

2.1 BEWNL

445G Cloud VRV S5 AKRIS @A FE S B R bR B #2, 2% T ITU-T G.QOE-VRAI3GPP
TR 26.929 % VRAKLS AN A 1 2 o

2.1.1 ITU-T G.QOE-VR

FEG.QOE-VRE: i TN AL, VR 550K 56 R PP A7 248 782 S e 32 BERE i P 3R 0 (IR

25 MR R

H H & DOF

MR B 3D S By =X
FARFOV

FARPPD

PR

B AT I EL
FACRFER

TH3D T
AT 0 P
AR

B AT [ [ 25

R s [N
EVRIAES )] 22 B
THE E5VRAZ W o i 4

2 H A AR FE

BAATTIR E

(il S ]
Quiality of Immersive media
The following features of the immersive media considered in [MPEG-I Part 1] have been identified as key factors
to impact the level of immersion:
° Degrees of freedom (DoF): proposed formats include 3DoF, 3DoF+, Windowed 6DoF, Omnidirectional
6DoF, or 6DoF
° Quality of video:
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° Three-dimensionality: proposed formats include monoscopic 360 video, stereoscopic 360 video, or
full 3D 360 video
. Field of view (FOV): proposed range between 90 ~ 220 degrees
. Spatial resolution in pixels per degree (PPD): 12 ~ 60
. Frame-rate: proposed formats 60fps, 90fps, or higher
. Compression: up to visually lossless
. Projection:
° Quality of audio:
° Three-dimensionality: proposed formats include 3D, or stereoscopic, etc.
° Channels and sample rate
° Compression: high fidelity
Presentation quality
The following system performance measures have been identified as key indicators of the level of immersion
provided by the immersive systems in [MPEG-| Part 1]:
° Playback quality: smoothness and number of freezes, video/audio quality change, etc.
° Audio and video synchronization.
° Audio and video spatial alignment
Interaction quality
The following interactive features have been identified as key influence factors to the user’s overall experience
quality with the immersive systems described in [MPEG-I Part 1]:
° Intractability with objects in the VR environment
° Response time between human action and adaptation in sound and display: less than 20ms

° Spatial precision between human action and adaptation in sound (3D audio) and visual information

2.1.2 3GPP TR 26.929

3GPP 26.929Fx 1 F X VRV 55 QOEARI& F5 bk A EE L«

K7 EWHER Eiip%)
A B %@Fﬁﬁ%ﬁ%i%%W%%%ﬁ%ﬁ,%ﬁ
HARZS
St %wm%w&%%%%ﬁﬁﬁ,fm,%mﬁﬁ
e WM, A XA
&R &I, P, B P e
% B 2E P ARG BB R a], 30 - 2 S R  TE]
MTP 151 K B R/~ ] 48
MTS 151 3K 2 F % I I AE
FRIEF 7K A B W& SR ALET F B
WA R PR o A V2% SR IR EALET A RS
IR V2% SCHRF I LR 7y Heo
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VR content impact on QoE
8.1 Introduction
8.2 Impact of Content Complexity on QoE
8.2.1 Introduction

QOE provided by the immersive technologies such 360-degree videos play an important role how much users are
going to interact with the technology. Therefore, there is a need to assess the QoE of the new emerging
technology, as QoE is one of the contributing factors in making the technology successful.

In this work, the influence of resolutions, camera motion, motion in the content, and simulator sickness on QOE is
investigated. Some of the users are prone to simulator sickness, therefore, it is of interest to investigate how the
simulator sickness interacts with the QoE and vice-versa.

8.2.2 Preparation of datasets

Six contents were chosen showing significant differences with respect to motion in the scene. Two resolutions, 4K
and FHD were chosen which was motivated by the resolution limitation of the HMDs. The resolution of both
devices is 2160=1200. The dataset was downloaded from the Internet, because the duration of these video
sequences could be chosen much longer compared to the standard dataset [11-13]. We also wanted to use off-the-
shelf contents as provided by the services without re-encoding. Table 8.2-1 provides an overview of the content.
We downloaded the H.264/AVC encoded video sequences with highest provided bitrates. We proved by visible
inspection by experts that the encoding quality for all contents was high. Then the duration was cut to a length of
60-65 seconds [6,7].

8.2.3 Technical setup and equipment

Two HMDs were used from two different companies — named HMD21and HMD2 here. The resolution and field of
view (FOV) for both devices are 2160>1200 and 110 “respectively. Whirligig player (version 3.89) was used in
order to display the 360 “videos in both HMDs. The HMDs were connected to a desktop PC equipped with an
NVIDIA GTX980 graphics card and an Intel Core i7 processor. The names of the HMDs were hidden to the
subjects to decrease contextual effects [6,7].

9.2 QoE metrics relevant with network transmission

9.21 Average Throughput

Section 10.2.4 in [3] defines the metric for average throughput information. This information could be observed by
OP1 of the reference model.

9.2.2 Buffer Level

Annex D.4.5 in ISO/IEC 23009-1 [4] defines the metrics for buffer level status events. This information could be
observed by OP1 of the reference model.

9.2.3 Play List

Section 10.2.7 in [3] defines the metrics for event that may happen due to user action, the end of the content or a
permanent failure. This information could be observed by OP1, OP2, OP3 and OP4 of the reference model.

9.24 Presentation Delay

VR device impact on QoE

10.1  Introduction
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Compared with traditional streaming video, the key feature of VR service is to create immersive experience and
enable smooth interactivity between user and the environment, in which VR device would play an important role.
This contribution proposes device information relevant to user experience of VR service. All the device property
information could be collected by OP5 of the reference model described in Section 6.1.

10.2 QoE metrics relevant with VR device

10.2.1 Field of View

One of the factors that contribute to the uniqueness of 360 video experience is the level of immersion induced by
the wider FoV of HMD, which represents the extent of observable environment at any given time. A wider FoV
could help provide a more authentic feeling of immersion. Thus FoV of the HMD is an important parameter that
helps evaluate to what extent a VR device could help create immersive experience.

10.2.2.  Resolution

Resolution here is defined as for per eye. An appropriate screen resolution would provide the best and comfortable
experience.

10.2.3.  Refresh Rate

Refresh rate is the number of times per second the display grabs a new image from the graphic processing unit.
Lower refresh rate would contribute to processing latency and lead to VR sickness, i.e. viewing glitches on the
screen. While higher refresh rate adds to the sense of presence in virtual worlds.

10.2.4.  Decoder capability

The support of codec profile and level is an important property that decides the content types it could decode.

2.2 4£35 Cloud VR M F{RIE IS FRIE R

SHEPUPINNL, 4 ySmartCare® CEME k75 Z8d 1L LA R = MEH06 Cloud VRH] 56247
LRETTor: BABETRE (MQD , ZHFESEE QD , EIUFEIRE (PQD
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Cloud VR [iig2E

Immersive: See and interaction like real world

KaQl

mMal THRERE 1Ql SHREREY Pal
(Media Quality Index) (Interaction Quality Index) (presentation Quality Index)
TP i
Resolution Black board InEHEE
Loading delay
WIFRE B
Degree of Field Of Degree Of Freedom
View angle (FOV) (DOF) pi7::
- ZSEEE Slicing
Bi Motion To Photon
it rate delay (MTP)
R/ Hkh
iz ﬁﬂﬁg_ Stalling/Freezing
Frame rate Spatial precision
i SEERTTHGE FigEmE
Average throughput Average RTT Average packet lost rate
IBELE RTTHE REEMEE
Throughput variance RTT variance Burst packet lost rate
ek hiFELLGI sekEllmE
Max throughput Burst delay rate Burst interval rate
SAHRAPEL N-MTPHI3E SR BRPEL
Burst pulse number N-MTP delay Burst pulse number
BASA R N-MTPf5& BARER S
Max burst size N-MTP variance Max burst size
B MR EE
First packet delay

KPI

2.2.1 #ARREEH (MQD)

MQI (Media Quality Index): ZHAFTE I/ (0~100) , FKHIVRA XS F R 10
&2, WIEEUMAMANA B HE, % CARNER S R R .

EMFA | #HiR MOS | MQI

JEH b R i oV I8 e BRI FE IR, WUATURIE I, PPDK 80~100
F60/2 KA KM

33 PRSI, AE AT DLBCSE 2 EE AR o i B 7 — 60~80

— K WUATAT AERORL RS, 0] LA 3SR 840 5 A7 E I (i 45 40~60
%, HEEFIRE

7 I A )™ B ML 20~40

JEH % ] T R TC V2 AT WG R, 3 2 A A8 e R (3 0~20
BIEVRILS, WA HAl N HER 235 i FE VR %
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%A PR 3K -

FH%E A0
LS (Bitrate) 44 HE LN i) i SO 3 1) S5 AT LR B LR
22 R R IR B — A E R IR . B TR R
Bitrate S22 SO I A ER B R 1 b . X T VRS, SR e
SEAT, HHR AT LR VRS AL I MR I — AR (K48 AE
Wi (Frame rate) J& LAWY Mo RLI EEHG %S H BLTE B3 88 L IS0, VR
BRI 18 5 S S 4% (TR SR AR AR . VIROLZ5 [T L 24588 ) 2D WA
Eﬁ@me % BRE, P S EVRIZ S (R R 2 — . VR
ST (R BER T 1, DRLA9VRER T 1 I SR T-GPUR e, 1T AS A AT
TOELE S
WS B (Resolution) AEFEHLM A 28 L & MG EE AN B MU 2545
R N 5 R A A RIS, 7 AT e R S B B T
SR [N R TYI
Resolution | s 7 ik ST OVRIR &, 7 BAK+ A3, [RVRET 360 45 &R
A8, TVRA BRI R H e T VRIOEIGR . VRINZ (15 el
So7EVRIE R G5 [ R R
AL E (field of view, FOV) i &t 26 (R AT 5 I 1] py T ALBF B35 Rl B
T | SRR, AR A SIS, R, AR R AT
FOV BLVFA VR 4 Q3 TR AR S AL 1 I B IE SR AR T, JRA1ie
B AR FE A A TR T B R R T e — A BRI 2
s | TR (pixels per degree, PPD) & —AMHLARIEER(PPI) HiE A&
PPD VRIE R o8 2 B % L BRI . PPDAES, R VRIEGR REARLT

2.2.2 XEHR=EEH (1QD

IQI(Interaction Quality Index): ¢ H. i &iF4> (0~100) , FHH A IEEHVRIL S fE A+,
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MVRA BRI L AR . L HIER 2 FECRE, Bl MBS EIR .

EMPH | #R MOS | 1QI

ARH I VRAGIN I EhfEm AR iy, BRICSEHE A —FE, B | 5 80~100
WAEUEfHE, B, ARD, LHA RS SHER
—%, #FiE, A, BRERETE.

b PR SE BV, IR0, S PSR, S0 |4 | 60~80
RIS AT LA SE BV B0, kAR R AR5
ik LI R EI AR, ISR, BRI |3 | 40-60

RURIA SN, ARG — P, (HICHESRRIURMA RS B K

I TRMRRVR %, AP, B85 A — k.

R

BB FREEL MBI TR R AFRE, FRRRL, TW |2 20~40
HBAS T2 1 O 5 100

ARH %= Z IR o I IR S N DL TR JCiE s, miim KR s | 1 0~20
4, AT BOAETRL, AERARERR, A
2 A NHEREVRL 55

RS2 PN

HE A
SEENFIE T AE (MTP Delay) 50 EVRIEK: A ZES,
ﬁﬁ?ifﬁﬁ VUSRI EE ST o), 25 VR AR T 20585, ZVRHL
SRR LN 60555
Bl i H H1Z (Degree of Freedom, DOF) 37~} G 7E 2% 8] N A] ARS S 1) 7
DOF R, R ARER B QIR YUR RIR B R R 5

2.2.3 EIFRERE (PQD

PQI (Presentation Quality Index): ZEILFEPF/ (0~100) , FHIAEVRILSHIESL. it
W IRRCE RS . AT AL T B R RIS . RIS

EWEM | R MOS PQI
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Bkl (Freezing) & FH /7 BNV S WAL S, 2 VENE R

Bt REMCEI % VRIS R, SRS (D BEE T,
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X VRIES, FEBE (Slicing) 2 1™ IR0 2157 3 1 T A 7> X 3805
TG, RV IR R R AR EVRERII RS, 1R

DUONMALSRIGR 735 B R (R R R r S RO, S EUE R

1l
Slicing

2019-06 1471, L3970



HUAWEI 5G Cloud VR MV 55K 36 kr v A 2

A LR, (B R A S IR LR, M R VR AR
JE A6 5

3 Cloud VR M EKRIGIRIREIR 57k

3.1 {=BEHE

MV S5 ARG s PR M A7 B AT 4 S T PR 7 v N B RN T
3.1.1 EWIENFRE

TP T 925 oW 823 SR AR E LB S5 R B S AT Y . VAN TARE R, AR
K, FERALN R RIEA S . ASORZMIFINESSR (2lE BWT 70 AFAZ
%, AT IR e .

[ PR HEIRET (TW) BNE T2 BRI k. KT EAA AN AR, L E
i EARIE PO H A £ S E R T

L PP TR R |

F¥E Method f»#E Standard

KHI$FEF Category rating

#u %t P4 | ACR: Absolute Category Rating, 4%} 25l 3F-4% P.910, P.911, P.913, P.920

FHXPEYT | DCR: Degradation Category Rating, F&fi#5 7 F4k P.910, BT.500, P.911

CCR: Comparison Category Rating, X Ft3$ 5 1F4% BT.500

HE4EVES Continuous rating

24 %F 14 | SSCQE: Single Stimulus Continuous Quality BT.500, P.911
Evaluation, Fp il J0%E 45 it & VP4l
XA | DSCQS: Double Stimulus Continuous Quality Scale, BT.500

MU PO 2 [ B 3 i

SDSCE: Simultaneous Double Stimulus for Continuous BT.500

Evaluation, [F]HF X304 4 5 F 4 1
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Cloud VR EEN N 25 1 BN 55 o LEABTR MY 55 1 E 0 &R A, b A S

DSCQSHIACR /7 2

® DSCQS/EHAZHMIEMAEARL, BNSZ20#E WA ZA R UGS AN A, 4P
R 2 2 e M NS B

® ACRFIEAMERFEIES AN, 52005 F B AN B 34T VR4« 20778
TP mfr s . LN DL K 28 P ity 5t M) ) QOEAR 7Y

ACKH TITU-T P.9135%E X IIACRIE/MniE, 3 EMIEM 455 (MOS-ACRT73) 1A

2%, FFCloud VRIS F8 AR AR AR Y (Il R FNEGIE

EWPFAY FEHEF 33 — = FEE

MOS-ACR 5 4 3 2 1

3.1.2 EYITMIRAE

BN 7 2 A T SN EE R 25 R B AL SR bR, SRS PRI .
AR Al L. berERTEbRiA &R, BRAERGE, waRiER s, BN
Cloud VR 55 {56 e 155 VA Bl g+ 2 WA 7 ik

TRV 7T, b F 3 BAFH B RY 771% 7 AFR (Full-reference, ©2%) . RR
(Reduced-reference, 3Z%) . NR (No-reference, £Z%) R, #%EITU-T G.1011
PhilhritE, iR

® FR (Full-reference, £&3%) ik

KRR EBRAIE N —12%, RS EGAET L.

A 4

Degraded signal

Media signal » System under test

Input | Media-layer | Input
model (FR)

1 Output

Media quality
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® RR (Reduced-reference, (&%) ik
WAL GERE IR R AR UG AR AT A 38 5 5 i B AR M
KRR o %73 B3 NS 4 el 1) JEL 46 PR A4S B 5 B 2 RGBT B (5 B HL A

AN BT ) JEU R B R A,

Media signal

Side info.

» System under test

Media-layer | Input

» Degraded signal

model (RR) [~

Output
v p

Media quality

® NR (No-reference, &%) Hik
X R B VA VAN T B ) SR GG PRI, T A% BEAR AR AT )45 2= A 474
%, FHMELEGHTEAR TS ER, SERT - FHS SR T R B

fitio

Media signal

A 4

System under test

Media-layer |, Input

\ 4

Degraded signal

model (NR)

’Output

A
Media quality

AR B B, O — S AR HERT XX =P Rt 7R

RE PriE Eiiipo)
FR | JE T HARIRBR [J.144] (SD) RN, ENDT/CQT
Media-based model [J.247] (QCIF, CIF, VGA) Wst, M.
[J.341] (HD)
RR | ZETREAIE [J.249] (SD) AT LD A
Pixel-based model [J.246] (QCIF, CIF, VGA) Ty ATEUR T AR,
[J.342] (HD) RERR L BB Bt .
NR | Mkt [G.1070] (NB/WB) RN, T IPTVAL
Planning model [G.1071] %, REEMESH.
ST Bl Y [P.1201] RN IEAL, R A
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Packet based model / [P.1202] Ty SCRFA BB I 28 A5
T LA R R [P.1203] B, HEAWSFRHE, KE
Bitstream-based model =

3.1.3 L9 AhR

FR (Full-reference, 4% ) FIRR (Reduced-reference, (%) 77k, FERNALN
SHAEKRR. EIELLTLA:

1) "ATIE: WEIRPURIGAIN IR, AN &0 AT (R 56 4 B3 5

2) Atk FEEXAN BTN, BN LR A i R

3) M FRMIRREUA F . WS, AFRTE MI2E B A P 2 S i 0 W 2 AL

Jo R PO A PSR T RR

NRIENTES %%, EHREHIVEEES, BAEFNREEREAE. 7208
BN HeEES SAERINRIT 2 B ATRH FIRITFE RO 0. NRALATUST & 1 ik 777 Y
A RE A 2> INR-PL (Parametric Planning Model, Z#UHEIA7Y) . NR-P (Parametric
Packet Layer Model, Z# ¥ /Z#%) . NR-B (Bitstream Layer Model, 41
D, Bk

No-Reference (NR)
Based Method

1 p— e I

| |

NR-PL | NR-P NR-B |

Parametric Planning Model i Parametric Packet Layer Model Bitstream Layer Model i

| !

Parameter Method | Parameter | Method Parameter Method !
! 1

L | =

! i

! Math Math |

Bit rate, Math !'| Bit rate, (Regression/ Bit rate, (Regression | |
Delay, (Regression/ i | Throughput, Fitting) Motion, /Fitting) i
Packet loss Fiftin ) | Packet loss Framerate, i
Rate,... g i | Rate, RTT.... Machine Freezing, ... Machine !

i Learning Learning H

: |

Trend of NR Method of ITU-T and Academics is Hybrid of NR-P/NR-B with Math & ML

MITU-THIZE AR B BINRK B KE, NR-PHINR-BREEAE FmA R I N, [FN 2Rk
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EABIFIRR LS 2] T

BRI HE O EP. 1203HESL LA b, S5 & VRAL 5555 RO HEAT BB BEA AL, $2H TNR-

P&NR-BIE &Y,

c@‘_’

VR Source
(Video/Gaming)

VR Bit Stream
Packet Header

VR System
A 4 v
Subjective Application Info
Assessment (FOV/bit rate/...)
ITU-T
POl13 Mode 0
A4
MOS-ACR

v

Extraction of Features
(PLC)

Mode 1

v

VR Quality Assessment Modeling

PR B LU %

E Immersive Index
i+ Media Quality Index
* Interaction Quality Index

|+ Presentation Quality Index

1) ETFEHMAMMERHNELZE (G.QOE-VR/TR 26.929/P.1203) .
2) LIS E T AN A P T A BE SE R T R, SCRFS s (Mode 00 FlIE E R

M2 (Mode 1) PEFPEUE AR

3) FLFHLULACIE E B BRI DU IR IGO0 T Ak 55 @A 75K, T BAE AR (R
ik, Wy HER. RRE. Wi, FOVAE) MBURMSLE (WA, Wi/ hE) Fifk

)z (ZEEFE WIE. RTTE) MZMERKHMASEL.

4) R NAEE B PMES  ARBE I R AR A B, N T IR RO, SRS
REESH P UL S F 878 1 R AR B 1) 3 5t
5) HIEEADUEN VARG B ETE, 1 HIE SR BRI 2 1Tk, 15

PRI B2 SEAE 1R ] FEEAZ AL fE
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3.2 EiEESR

3.2.1 BikiEZR

SADE (=P S
IAS=l .
| USRI (oI WEER
iR AR o P AR —C5 =0.3|
AENR § o omf WAREEY ———
| Pa: ESAREER ——— !
iy B L2 | !
(o) Tenm 1 | o, RERBIER (10) MR
» . Pr MERERE — :0.1 0.41
- — ———  rTEEDRE —— Dl —
L ASHER T | 5
| SWERIEH (PO MBIER
ENEE _ ¢ 1033
ANEE 5 Pb: EFERIER —
(BRI ]
< L1 SR R E RN E B
<> 1120w B R E AL S B
<> 113: HAEARLS P E N E B AG B
<> 114 2RI ENEERHAG R,
(R ]
0.21: A& A AR =15 7, B2 D, HUYE0~100;
< 0.22: BANMERHK SRS, BhSEEE il , BUE0~100;
< 0.23: BRANINE IR I NS EAS o, SRR R H i, BUE0~100;
> 0.24: AR AR BRI By, B2 wE R E D H, BUE0~100;
<> 0.31: WANIE AR AR 155, AR D, BUE0~100;
> 0.32: BRI B ERS S, B2 wE e Dt, BUE0~100;
<> 0.33: AR SR ES S, B EEE DH, BUYE0~100;
<> 041 BANEAARIORIES Y, B2 E DR, BUE0~100;
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3.2.2 IRIEFIHNS

3.2.2.1 BUBPRBL

B | BRI ERSR
0 Al AR ECE = IR AR | I T 25 £ N 2= R 45 4 AT AR
SRS J2 A = it SDK, i Sl & F ' B SR 1) 37 55
1 W2 MIZE R NS RETEMERIE | @M T B EERE, RJRES el
EEHAE Ji R 5
3222 NS
o LI-BHRFEENS
ANSHR BE RBIHR AR fiE AR
S e B Integer One Session
— Mode 0
BT Length * Width 2880*1600 One Session
W R
PLET £ 1 Integer One Session
HARG 2R Float, kbps Per segment
LR L e Integer Per segment
W& A Float, ms Per segment
M R Length * width 2880*1600 Per segment
it 77 = One of: H264-baseline, H264-high, H264-main One Session
Integer, starting at 1, denoting the frame
[ TLUE Per frame
sequence number in encoding order Mode 0
Pv: A5
AT B K Float, ms Per frame kS B g
- — iy bt
TN ] The frame presentation timestamp Per frame
AR ] The frame decoding timestamp Per frame
PR INGAN The size of the encoded video frame in bytes Per frame
“T” or “Non-I"” for mode 1 “T”/”P”/”B” for modes
[ETLIESSIE Per frame
2,3
AATT R /)N Encoded video bytes for the frame Per frame
PR SOE 2 Float, kbps Per segment
FEWOE Ze br il 7 Float, kbps Per segment Mode 1
T KRR 2 Float, kbps Per segment BESAE
I R EUE RN Float, Kbyte Per segment
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SER kI (BUE) AN 5L Integer Per segment
W& A Float, ms Per segment
ARG 2R Float, kbps Per segment
T AT Integer Per segment
RGN Float, Kbyte Per frame
: Mode 0 Pa: &4
R LR SSHINgS Float, ms Per frame
— LN SY A
By 7 = One of: AAC-LC, AAC-HEV1, AAC-HEV2,AC3 | Per segment
TR 5 Integer, HZ Per segment
T E L Integer Per segment
R TE T NN Float, Kbyte Per frame
® |12-MiNJii NS
ANSHR B REUIK BAEIR 18 R
BEN P RIL R AT Float, ms Per Segment
12 3 B ] [17] 7 IA I 4iE Float, ms Per Segment Mode 0
3& Zh 3 1) 11 220 i 2iE Float, ms Per Segment | R[S E
Hih% Float, % Per Segment
EIEMTPHY 4E Float, ms Per Segment
PO 0 Pr: 1A 8 5T &
FIEMTPH LEFR#E 2 Float, ms Per Segment "
sl
PES R AT LE (5 L Float, % Per Segment
Mode 1
EIHRTTIME Float, ms Per Segment
~ I 2% H 4
TURTTYME Float, ms Per Segment
ESRRERTT L Float, % Per Segment
RTThRUEZE Float, ms Per Segment
® LI3-BfEARIAZS
ASHR V- RBUTIR BAEIR i AR
L E B E Integer,0,3,6 One Session
FEEBE Integer,0,3,6 One Session
SiAEBE Integer,0,3,6 One Session
Mode 0 Po: %8 HJi
Sk EE Integer, gram One Session i ]
— WEHIE g il
2 (A B Integer, centimeter One Session
ENUM, Gamepad, key board and mouse, No
TH W One Session
controller
® |LU4-EHFEAS
ASHR HUE FREUTIR AR 8 AR
K Float, ms One Session Mode 0 Pb: R IR
Bn#E E Float, ms One Session N APPLE | EAR
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RGBT AR H Float, ms Per Event TEHR
RGBT £ TR JE Float, ms Per Event

TEBE 4R 7] Float, ms Per Event

TE B 45 A 17) Float, ms Per Event
SYNZ|ACKIFI i 4E Float, ms One Session
SYNACKZ|ACKIFIHT %E Float, ms One Session

ACKZ|%5— datafyif %€ | Float, ms One Session

THEAE Float, % Per Segment

RRFA G Float, % Per Segment

SRR AL B 5 L Float, % Per Segment
FHRTTIIE Float, ms Per Segment MOd? !
LR RRTT L Float, % Per Segment s
RTThri#E % Float, ms Per Segment

R BKIP (BUE) A B Integer Per Segment

TECE R Float, kbps Per Segment

FEWOE Z AR e 2 Float, kbps Per Segment

I KABEYCE R Float, kbps Per Segment

3.2.3 wRBEF XL

3.2.3.1 BRAWENLH]

AFTR T = FRAREE A B LASE AR W E AL BRI RS RS

iRy
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o REHHIHIR
“EENLE]” ) R SRR E R A R TR R (R w2) o K A A
RIS A G (R TRXED FEATIE, WA e AR g, “W” 1

AR DN R B IR TG (BIhwD o B R Bl R 2 ] o 75 2 o

LI b i V% ::5%)

WL RNESG: AXHI ARG A5 BT IZ R %], PREAE T T IS e e i S BLA A5 B
AHERMRCE . BEARIER I AL R AN A X R 0k 55 i et AT AR 10
(G, HEEENREKZS, H—DREBIITEDY (G W55 45 A 21 ARG

JR IR 2 e o

EEYE IR

e

gl

HE &%
PPUTETIL RN (A d 7. EWMA (FEEUINBGE S T5) . —4R S BUE IR HRE i [7)

SARHGLL, I A 2 EUE IR B R o BT DAAE T 52 A Z i) A58 w] A
N AXKIE:

Se = BSt-1 + (1 =BG
ERAKPGNE Ot AFZIO WERARFTERL; BRSIMBAREG S, RonBubt %
INPSRENEN i1k A

o RITR BN HIR

ALUR PN 5

1 sA: BRTHGERI A, (ERAZIEESLRRERR S, )P EHE .
2. B BARERVPO A, (EARI L BRI E R, S PR R RS

A
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ECHBEZE ARG 2 0] FH P PR o AR T3 il BE 22 (R R, AT TR S A T R D9 AR 0 3 B 28
FT AFETH SR B AR IR 5 RS, I, 75 ORIy 52 1 BT 22 PR IR0k B 24 AR (R 52 1

FATLEFENTT BB () = 2, x € [0,1], X RARIATA R . BRI 2 B080K,
[ AR IR A K

x=t"
09
08} .
High score
v @)
08
05
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03 .
02
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, @
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2105 BB AL JE IEWMARR H0UN -
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EIR A B TEWMARANIILSS, SRR 1 A58 5 B 8B ATHT L RO o
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Mode 1 Mode 0 ) Block 100 Block 500
quan »|  Quantization Dg .
Received Rate Module g
—_—) .
Received Rate Block 300
Variance framerate . Temporal Dr
Adaptive Module "| Integration | 0:21
N Model disRes |, Block 200 5 Module
. — : u
ax Burst Size codRes . Upscaling > |
. FOV ~ Module » MQI
Burst Pulse » Block 400
Number
e FOV__| [ FOVShelter | Df R
Module "
) Block 600
Audio Codec
Integration 0.22
Audio Bitrate Module

___________________

® Mode 05, 1 LI B T LU ECSH A 25 MR 25 B0 AREI AN B8, T8 PR A 54
B B B

P&z
> R S 5
® Mode 1. ZHfilia

i 5 EARME T HEA, FOV, D3, WIRSE(EE.

SEHAAZRNERMASE, LRSI A

S, AT ROE RS P2 SR AR VREE R TR MO, U R AR, R, K
MEE. Model BRI ERE, Sd@En)z, ™4 —L%5Mode 05531115
B HoRfE B A ERAE.

UZE

Block 100: F T4k 1 20013 R 2 it R0, (S 8 R RIS HER.
R R4 B, R D, % et 1

Block 200: FiI Tk 15 Bt W MU A7, A B R IR IR . Bk
IS HRER. FOV. PR RIFHPPD (IR ) X FVREMAR BRIV . X T
VRV 20 NIRRT, AR SRR T, TR BRIT Y S MR, PPDR,
VRER TR, (1D, 7485

Block 300: JiI TSt (6145 St MU ARG, BN AR, IR % T
DD, ZEI I RS A 1R, D e it

Block 400: JiI T RPN VRIE AR LI, HIAE B RFOV, S4FoV/AT A
R B 4 T N FR T, AT £ BRI TS, 6 Dy B %850«

W BIE IFOV, REARIOE, #Hy =TI, O TR0,
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DI 77 A A FBOSE, R LT HERES fE . HINRLZ, FIZRHP0E, E—H
HI2110/%, HEERE i O MEF, FIHET a7 i Il LA NENRAIAL 15120 /2
JEABP MEAE210 /2

5. Block 500: FT-Hiik LA &R0, LR RATVREEAR I, M N S P
fi, Y AT 5 PR Ak 4 £10.21.

6. Block 600: #%fP.1203 ) VR HIMIZ i, i thi o8 & #iot & 1EAik 73 $10.22.

7. RTMUEER, ToorHER MRS N R NG SR, AT E B SAOE, H
BRI, i A\ E B JyBlock100~Block400%T RN S, MTTHEAT 5 B«

3.2.3.3 XHEHREHRE (IQD) WERIR

ZIE R TH P M A AL e, HWVRIER . 8 AR A& 5 K E: 1
MNEE (0.23) F#EfEEBFE (0.24) .

o

Mode 1 Mode 0
NMTP Delay Black Border Rate |
_—
MTP Dela . 0.23
NMTP Delay Y »| Pr:
Variance MTP Delay . iance - Response
————*| Adaptive | Quali
NMTP Burst Delay Mt?del MTP Burst Delay Rate} Quality
Rate MTS Delay X
NMTS Delay » 1QI
—_— |
DoFyug R
DoF .4 -
DOoFpoq ,.| Po: Operate | O.24
Spatial Precision | Experience
» Quality

Weights of HMD

v

Interaction Type

v

® Mode OFE3 . U1 RIZE 7 A LA S Al 2 IR 55 o Sm SR B N S8, l i A 55
M SVRAGHIZ B .
> EEImE, Skind BRI RE, FRILA, DOFEEEE.
® Mode 1. ZHFHIZE T AAENNENRASE, TR A
B AT ULIE PR AR b T P A TR AP, R 3 B AR I IS
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® Pr: Response Quality, W5 &, = 52 5 itk o 265 ) S 5of A4 B8 1Y) 520
XFTMUER, ST A = NS S, FIEET M ETE RS HE, (SR
By, KNS B RS B R NS, NITTREAT & AN

® Po: Operate Experience Quality, #fEMARIGE, 3 B8 L um &1 & A7 iE

Vo SBRARIARLR R TR M B M HEAT AT R, 7R 2L {5 B .

3.2.3.4 BIHRERL (PQI) WERL

Loading Delay —

Mode 0 numStalls ——.[ Stalling Index
totalStallLen —p Module

avgStalllnterval —p

Loading Delay —» Pb:
numFreezes — | Freezing Index ,| Integration
totalFreezeLen — Module | Module

avgFreezelnterval —p 0.33

numSlices —p

totalSliceLen ——p Slicing Index

avgSlicelnterval — Module
PQI
Mode 1 .
Packets Loss Rate —» . .
ackets Loss Rate Presentation 0.33

Burst Interval Rate —»

) Module
Throughput — 4

ZARBR I THE S PR R P oA

® Mode OFix . U REZ B R 7] LA Al = IR 55 as dim AR U A S8, w5
FH P A A B x5 T P LWL 32
> MU, REBGES BRI AR S I AN R E S
> kIR Sk EIREBRMUAIAE S S Bk S R B A D

® Mode 1. ZHNFHZER R ATRMERMASE, Tk NFEBER IR
&, ArLLE — 2 TOPSISH.Z: (Technique for Order Preference by Similarity to Ideal

Solution), X S I BT @A
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3.2.3.5 YIRS TRy

VURARIAS 7 A B i . SRR R R R S T A
0.41 =w; *0.31 4+ w, x0.32 + w3 x 0.33

H B Eo AN EER N, BT TN,

4 $RBIIE

4.1 ML FE

234 N0pen Lab 302 N\, SR EGEIE6007K, i K i 6500 7 ik o

4.2 WIEBHRY

BRI GGAIE T 247 S H -

1 BAERARIAERA . W BT ARG FE RS (MQIL 1Q1, PQD 5 WAL MOSHAH
KMk

2. KRB AR S HEEW: ELRRIRR (MQLL 1Q1, PQD 5% B KREK RN
KA, G RERRNBUES .

4.3 RBELERRMEMIRNE R

HHEWZCloud VRIL % (VRIFRFIVRIAD , ik iFor & FEARE I A+ % Cloud VR
Z AT EUVET, FRIXMOS-ACRAT 73« [RIINF 5 T IR 7Y i1 5. Cloud VRV 55 S 1 o &
FEEMQI. A2 B TR HIQIF 2RI E 45 KPQI, I H 5 AT /- MOSZ [a] i FH S
P,

G ZUATHIAE, R ST S AR SO H AR BE M S E RS0 . Fibr S
MOSHIAH KLU -

VR W% VR P

2019-06 2971, £ 397



HUAWEI

5G Cloud VR MV 55K 36 kr v A 2

5 MOS #2%1: 0.882 5 MOS #5%H: 0.944
MQI vs MOS X MQI vs MOS
..... Ui} i O SO0 . 5
MQI o [ it I s
NN mom i:v:mf M:S o~ 900 0. 9. 1 9 13 1 337 Lm)‘ ;‘MS‘,H 377
5 MOS #%t#: 0.96 5 MOS #R: A K
1QI vs MOS
80 | i Fy “m“ \ h"‘y -:a
60 F‘xh { ‘ i “. E‘ [f i 37
QI s\j | | \/ i il i
40 i 1] "ir 5“' i
L... H U ‘ I ‘ ' M i 11/l
20 ‘\,“‘, il I 1’5 1 % | [ \ HRR B S =
IR TR O QT ] s
. 11 21 31 41 Slio‘ BlMOSU 81 91 101 111
5 MOS M2t 0.925 5 MOS H5%: 0.948
PQI vs MOS I’QI vs MOS
100 g 5 120 6
80 ‘ 4‘ 100 I‘,.:. cocerecceeen . ‘ i ) 00 i W o T,.W,m l , 5
70 i 35 80 | || \’\‘\f H\ j\ 1 \“ i 4 4
Pt | 2. N 1 A
w et 2 o \\‘. h( ;\M w f" | f‘l\ ,‘ “f‘ Ul
» "5,;; Y V1 4 " ,1‘ v l}"};ai 5‘4 i‘! | w ! 1}1‘1‘; 1
' " 21'I>Q! 3I\llICJS " . i NNMM?.?IQI u:\M\(:.’)Su’\'\mmomgg
- LWy N A Ly AT
4.4 FER G CHERERZENIXER
223k, NfECloud VRIL AKRES R 4T, HAHZCR 2= @y UE R -
® Cloud VR¥L47
xR BRI AR JIESN BT R &5 B
IMAX-4K
>30Mbps 4K ) {925 <5%
360° FHAT-8K
® Cloud VR,
FE | 2 H HEER
IR X i MTP it | B3k . | =8
M | ER B FOV S| & = B ER ¥ %] =
¥4 ¥4 B
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>60f

>50Mbps | >100° | 4K 4K
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<100m

S

<1%

>11

>52Mbp

<M
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<0.3
%

4.4.1 Cloud VR 5%

4.4.1.1 BAEFEEE (MQD)

1) HAERERBEMISHEE (Bitrate) KRR

360° MLARAIMAXFIMQITEND %1 1 30Mbps i Jo i F 3 a5, ZE 1U8 F 30Mbpsfid 2,  RIA] il

JEH PR
MQI vs Bitrate MOQI g

v T 360° #L4 | IMAX | (Mbps)
. ¢ 43 63 50
% Oopp..o

50 41 62 30

= . © 360 Video 39 60 20

o PR P 0. OIMAX

0 8 35 56 15
3 oo o 8
n ] 10 20 30 40 50 60 34 54 10

2) WAERERBWISEAELER (PPD) XA

W TR B R PPDIUE S — SR R st AT B R NG AR, AL O 360° MM, 4
PGSR 9525 53 ) R AKIBK BE AT BT B ARG X T IMAX, A B (AU 0 7 2

I NAKIAK REAT BT AL .
360° P IMAX BRI
MQI | PPD | MQI | PPD SRR
18 3 40 12 2K-2K
36 4 56 16 3K-3K
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MQI vs PPD 48 5 67 21 4K-4K

70,100 67 11 67 21 4K-8K

40,88 — 50,93

A 7535' &

74 11 88 43 8K-8K

4.4.1.2 BIFEEREE (PQD

D ERREHBHEPQIL N A IE KX R

] LA BN SE /N T 280 R PQIFRAT RAFARLG ) 5% AF o

PQI vs Loading delay PQI TER FE (BD)

120

100 &0
<

80

Pal

60

|||

40

20

Loading delay

2) BRRERBPOIEREALLZAMRA
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2019-06 3271, 397



HUAWEI 5G Cloud VR MV &5 A 36 br i (1 57 45

PQI vs Stalling 33%

120

48%

.48, 10 o

0.6 0.8 1
Stalling

4.4.2 Cloud VR 5%k

4.4.2.1 AR ERE (MQID)

D HBAERERHEMQIENIFE (Frame rate) KIRA
P [F & H50M, iRl o)HE SR AL R 43 HE 4645 92880 X 1600, FOVAL110° o iy
60fpsk 7] LAZRIS IE ARG .

MQI vs Frame rate MQI Mg %8

90 8124 8468 90

80 68.34 76020 S @

Zg 54.85 2 81 80
5 50 i 76 70
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MQI vs Bitrate 2%
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4.4.22 XHFEEH (1QD

1) ZEREHRFIQISMTPHIERIX R
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100ms A ARG AS 2
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Cloud VRIFE&MIQI5 DOFSL A EAE 4, # UCHE R I R 4F A58 1% 22 /> 12DOF

IQI vs DOF 1Ql HHE

120 13

100 11,77 L

o
80 8,59 o 11
&
5 &0 4,43 — o>
o
a0 o o 58 8
20
o 42 4
0 5 10 15

DOF i| 1
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PQI vs Packet Loss Rate
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5

10.

11.

S5 3wk
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