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Today we are connected by mobile terminals with extremely powerful computing 

capability than ever before. 

The mobile network has evolved from merely providing the basic voice and SMS 

service, now it can provide a variety of data services, enriching the end user 

experience with integrated services including text, graphics and videos etc. 

The mobile network architecture has changed from voice-centric to data-centric, as 

well as the network planning and construction. The fast deployment of LTE networks 

will enable the operators to provide mobile HD video services. 

ln the next few years, we think:

Video services will be the fundamental service of mobile 
network. 
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Mobile video is the key of revenue growth. 

Most Newly Added Mobile Traffic comes from Video.

Video Accelerates Transition to LTE.

HD video will be ubiquitous in mobile network:from 720p 
to 2k,4k and beyond
Mobile broadband network will provide ubiquitous 720p resolution video 

streaming with high quality assurance. The coverage of video service will 

be close or even reach the coverage of voice service. coverage of voice 
service.

Mobile video MOS will be the basic criteria of video 
performance assessment. 

Hence we need new set of multiple indicators, which can really reflect the 

subscriber experience of the video service. This will bring new architecture 

in service performance presentation and network planning.
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Video becomes the fundamental 
service of mobile network

Communication by drawing is the most vigorous and direct mode of information 

delivery. From the pictures in Grotto, Mural paintings in Egypt, to animated 

drawings and videos, carrying information by drawings is the most exceptional 

means of communication. Mobile broadband makes video everywhere a 

possibility. 

Video has become a new fundamental service of mobile networks, after voice. 

By analyzing global mobile traffic, we found that most of the newly added 

mobile traffic is generated by video service. Video, particularly the high definition 

video, stimulates the data consumption of mobile traffic dramatically. 
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Figure 1 Service Traffic Distribution of Typical Networks Globally

Figure 2 Service Traffic Proportion Trend on Korean Mobile Network

Figure 3 Service Traffic Distribution on EE 4G Mobile Network

However, along with the fast increase 

of mobile data traffic, the data 

tariff has decreased significantly. In 

order to attain increased revenue, 

the percentage of increasing data 

consumption should be larger than 

the percentage of decreasing data 

tariff.

Video service will play a vital role 

in guaranteeing increased revenue. 

Hence video service has become 

a fundamental service of mobile 

network. 
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HD video will be ubiquitous in 
mobile network:from 720p to 
2k,4k and beyond

High Definition Television is a new kind of TV service. ITU defines it as: "High 

definition television should be a transparent system, a viewer with normal 

sight could have the same impression as watching the original scenery and 

performance through HD TV system from the distance above three times of the 

screen's height". 720p is one of the HD television standards. 

At present, all HD TV programs comes with 720p. The resolution of 720p is 

1280*720, which is close to million pixels. 720p satisfies the basic user’s needs 

of video resolution. 

With the development of technology, and the reduced screens for HD, almost 

all smartphones come with at least 720p screen resolution support. 720p screen 

has become the basic configuration of smart phone. And the mainstream 

handsets have 1080p screen resolution. Now the mobile devices hardware 

display capability already supports the popular 720p video. 

The video stream code of 720p is different under different technology, with 

the similar rating around 1.5Mbps. Considering  the initial waiting time of the 

VOD service, and the signal handover, fast fading factors in mobile network, it is 

possible to have a good 720p video experience with 3~5Mbps network speed. 

With the deployment of HSPA and LTE technology, the mobile networks are able 

to provide the speed of 3Mbps and above anytime anywhere. In short, in early 

phase of HD TV, 720p video consumption will be common in mobile networks. 

The future mobile networks must be able to provide ubiquitous HDTV services, in 

order to make HD video as a basic service.

Terminal Ready Content Ready

720p+ Screen Terminal Ratio
Source: Huawei mLab, 2015

720p+ screen is a basic configuration
for new terminals

720p+ video accounts for a major ratio
from content providers 

Youtube 720p+ Video Ratio 
Source: Youtube, 2015
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At the high end market, 2K resolution has become the benchmark to lead the 

industry. And also becomes the contested focus of the industrial chain leaders. 

2K resolution refers to the screen resolution of more than 2000 horizontal 

resolution pixels. 2K also have been the mainstream of digital cinema projection 

resolution. 2K resolution has several categories, the most common 2K of 

cinema is 2048 × 1080. IPhone6 Plus resolution is 1920X1080, very close to 

2K resolution. And now 2K resolution on the phone standard refers to four 

times 720p resolution, reaching 2560X1440 resolution. There are 42 models 

of phones, which can support 2K,and next year it is expected that more than 

10% of new mobile phone shipments will support 2K . This will bring a fierce 

competition in high-end video market.

2K video stream code rate is around 6Mbps, in a mobile environment, the 

transmission rate of the mobile network is 10-15Mbps which can basically meet 

the 2K smooth video experience. The world's leading LTE network operators 

can basically meet or exceed this level. The majority of LTE networks also are 

likely to achieve this rate by network optimization, to provide reliable 2K video 

transmission. 

Industry Chain Bandwidth Requirement

Globally 42 2K Screen Terminals 
By 2015Q2

Source: Huawei mLab, 2015
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The popular AR/VR experience using smartphone screen is realized through the 

lens system to greatly expand the screen simulated viewing angle, which drives 

the mobile phone screen resolution to a higher level. 

In accordance with the resolution of the retina formula:

Figure 5 2K video eco- system and  requirements on network
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We can deduce the recognized pixel density of human eye. As shown in 

following picture, the ultra-wide viewing angle will lead to ultra-high density 

pixel requirements. For ordinary people minimum viewing angle can be 

distinguished from 1 arc minute. Regardless of distance, if every point above it, it 

can provide equal or less than the viewing angle of 1 arc minute, then the screen 

can reach the distinguished limits of the human eye.

Height of the Screen

Distance between Eyes to the Screen

h

d

Figure 6 Ultra-wide viewing angle  

Figure 7 Resolution requirement of mainstream VR
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The current mainstream VR is designed with specifications of simulating the 

experience that people who are sitting 20 meter away to watch 1060 inch big 

screen. According to the theory of identifying PPI ability with human eye, we can 

calculate the viewing distance of 20 meters, the entry-level required retina PPI 

is 4.46. The 2K resolution mobile video in VR design will be cut into two 1080p 

picture. On the 1060-inch screen, the PPI is 2.08 (up 46.6% of PPI requirement). 

For 6-inch mobile phone, the comfortable viewing distance is 34 cm, the entry-

level required retina PPI is 258. For 360p video, which is 122 PPI (up 47.3% PPI 

requirement). Thus, 2K resolution VR video viewing experience is just like the 

experience of watching 360p video on a 6-inch screen. In order to achieve the 

experience of entry-level retina PPI, 6-inch screen at least needs more than 720p 

resolution, while VR at least need 6K resolution (equal to two 4K resolution).
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Methodology of mobile video 
performance assessment

Video is the fundamental service of mobile broadband network which has 

been integrated into all kinds of APP. We need indicator to evaluate the 

performance of video service. Due to the different characteristics of video and 

voice, we cannot use the traditional KPI definition used for voice, to describe the 

performance and user service experience of video. Hence we need new set of 

multiple indicators, which can really reflect the subscriber experience of the video 

service. This will bring new architecture in service performance presentation and 

network planning.

According to human factors engineering research, subjective experience exists 

for various levels of perception, for example, from imperceptions, to losing 

focus, and finally giving up. So this integrated indicator should be able to directly 

reflect the difference of the subjective experience when users watch videos.

MOS Quality Impairment 

5 Excellent Imperceptible 

4 Good Perceptible but not annoying 

3 Fair Slightly annoying 

2 Poor Annoying 

1 Bad Very annoying 

Table1: ITU-T Recommendation P.800

For voice services, ITU have used MOS (Mean Opinion Score) to define the voice 

quality based on the subjective experience. In implementation, due to the high 

cost and time-consuming factor, subjective measurements are replaced by 

objective measurements to calculate MOS and assess voice quality. By the same 

methodology, we can use Mobile Video MOS to synthetically assess the multiple 

KPIs of mobile video services. 

By establishing Mobile Video MOS evaluation framework, we can directly 

compare the user subjective feelings during watching videos by scores; and 

objectively presents the video performance affected by the quality of the video 

source and the network transmission degradation.

To define the integrated quality indicator for mobile video applications, we can 

learn from the voice MOS definition, and use Mobile Video MOS to synthetically 

assess the multiple KPIs of mobile video services. In the Mobile MOS definition, 

the following principles need to be considered: 

1. Continuity. The meaning and hierarchy should be consistent with existing 

voice MOS.

2. Measurability. In the commercial implementations, objective indicator scores 

can be calculated by a series of parameters which are easy to measure.
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3. Mobility. Need to consider the characteristics of the mobile network and the 

device, such as the terminal screen size will affect the user's experience.

4. Evolvability. With the improvement quality of mobile applications, the 

user experience will gradually improve. Therefore, the definition of the best 

experience will adapt to the changes of application.

3.1 Research scope
•	 Areas of application 

The application areas for Mobile vMOS are:

• HTTP-based streaming services, such as over-the-top (OTT) services (for 

example YouTube), and operator managed video services (over HTTP)

• The protocols support non-adaptive, HTTP Progressive Download (HPD); and 

adaptive, HTTP Live Streaming (HLS) & Dynamic Adaptive Streaming over HTTP 

(DASH)

• Only support 2D video. 3D and Virtual Reality (VR) is for further study

• Container formats such as Flash (FLV), MP4, TS, WebM and 3GP are supported. 

Note that the model is agnostic to the type of container format

For adaptive streaming, or long duration non-adaptive streaming, the entire 

video clip can be divided into many segments, and each segment will be 

evaluated during the measurement. The final value can be integrated by the 

value of each segment. It should reflect the estimated quality over the entire 

duration of the video clip.

The user-interaction with the player (such as stop, play, rewind, fast forward, 

jump, etc.) will change the characteristic of video streaming. To simplify 

the evaluation of video service performance, the users’ behavior will not be 

considered.

•	 Analysis of top factors

Based on the joint research with Internet Institute of Oxford, and School of 

Journalism & Communication of Peking University, thousands of video consumers 

say, the definition of video content, and the buffering event during watching will 

mostly affect their experience. 

The main factors which will affect the definition of video content are video 

codec (compression algorithm such as H.264, H.265, VP9, and the codec profile 

such as Main Profile, High Profile), video resolution, bit-rate, and frame rate. 

Bad network coverage and bandwidth are the factors for the introduction of 

buffering during video transmission. When assessing the impact of buffering, the 

initial buffering latency (or video loading time), and the stalling duration during 

playing stage will be considered.

Therefore, we can design the model of Mobile vMOS with three key factors: 

video content quality, initial buffering latency, and stalling duration, and qualify 

the impact factors through theory and experimental analysis.
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Figure 8. Research framework
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•	 Measurement methodology

To quantify the impacting factors, mLAB is collaborating with the leading 

human engineering laboratory in China, using eye-tracker and physiography to 

measure the human perception during watching video.

Figure 9. Eye-tracker and Physiography

The imperceptible experimental material is the best baseline, user oral report 

with "abandon, intolerable, disgust" as a negative experience limits. According 

to the physiological index, we search the inflection point which reflects the 

mood change of experimenter. Then according to the existing definition of 

emotional criteria, we define the key indicators point (1 to 5). Oral report and 

rating scale can be used to verify it.
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Figure 10. Methodology of human subjective perception measurement
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•	 Output performance

Based on the theory research, experimental result analysis, data mining and 

formula fitting, mLAB delivers the following output:  

• Mobile vMOS standard with 1-5 point for video content quality, initial buffering 

latency, and staling ratio.

• A parametric model for objective assessment, which Mobile vMOS value can 

be calculated by a series input parameter.

3.2	Key	findings	of	the	Mobile	vMOS
•	 The requirement on best screen PPI and resolution

According to the subjective evaluation method for video quality provided by 

ITU-T P.910 / 911 / 920, the watching distance should be 1-8H when performing 

a test, in which H is the height of the watching object.

For mobile video, we should consider the mobile terminal size and the 

comfortable watching distance. Based on human physiological perceptiveness, 

hundreds of experiments were performed to investigate the best watching 

distance for typical size of terminal. The result is listed below. 

Terminal Screen Size 
(inch)

Terminal 
Size(mm)

Optimum view 
distance (cm/H)

Huawei P6 4.7 130×65 29.7 (4.6H) 

Samsung Note4 5.7 154×79 32.4 (4.1H) 

Huawei Mate7 6 157×81 33.7 (4.1H) 

Huawei S7 Tablet 7 200×110 34.6 (3.1H) 

Apple iPad mini 7.9 200×135 37.1(2.7H) 

Apple iPad air 9.7 240×170 40.6 (2.4H) 

According to the result, the comfortable watching distance should be between 

2.5H (for pad) and 5H (for smartphone).

In 1897, Konig, a German doctor, laid that the 2 dark/bright lines limitations 

human being can distinguish is decided by the smallest angle, which is called 

viewing angle. In 1990, Curcio adopted circle as the distinguish objective, which 

could better adapt the then display technology. The experiment result showed 

that, for the clear-eyed people, the viewing angle is 0.4 minute of arc, and for 

normal people, the viewing angle is 1 minute of arc.

When the watching distance is d, the minimum pixel that human being can 

distinguish is: p=2*d*tan(θ/2), in which θ is the viewing angle. Moreover, the 

corresponding terminal PPI should be: 2.54/(p*screen_size).
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•	 The mainstream video resolution standard  

As the existing screen maximum resolution can reach 2K, but nowadays there 

is very less content with the 2K/4K high definition standard. Based on research 

findings, the effect of video is worse than picture. So we choose picture instead 

of video to research the display quality of smartphone. We choose different 

high definition pictures for the test, and the content of pictures includes lots of 

scenarios with different complexity.

Video resolution Maximum score

5K or more 5 

4K 4.9 

2k 4.8 

1080p 4.5 

720p 4 

480p 3.6 

360p 2.8

The result in the table shows the theoretical maximum score in terms of the 

resolution. In reality, the score of video content will be slightly less due to the 

different video content compressed modes (video codec algorism, codec level, 

video byte rate and etc.)  

Thus, the video content performance formula of vMOS will be obtained. The 

input parameters include video resolution, video coding information (codec 

algorism, codec level) and video byte rate. For example, a typical 2K resolution 

(2560*1440) OTT video, it’s encoded with H.264 High Profile, and the bitrate is 

about 6Mbps. Based on the formula, the content score of 2K video is 4.63.

Take 9.7 inch tablet for example, the comfort watching distance is 41cm, the 

corresponding extreme requirement retina PPI is 534, the entry level requirement 

for retina PPI is 214. To date the PPI of 720p/1080p/2k/4k is 151/227/303/461. 

For 5K screen (4800*2700) it is 568. Thus 5K video can reach the extreme 

requirement of video resolution in mobile devices, which is equal to 5 in vMOS 

evaluation.
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•	 Standard	of	 initial	buffering	 latency	and	stalling	
duration rate

For the buffering related experience analysis, we have done lots of test on 

initial buffering latency and stalling duration rate. By the analysis on variety 

of experimenter’s physiology indexes during experience test, we found the 

corresponding buffering latency and duration rate of different experience levels. 

Experience 
level Initial buffering latency Stalling duration 

rate

Excellent（5） 100 ms 0%

Good（4） 1s 5%

Fair（3） 3s 10%

Poor（2） 5s 15%

Bad（1） 10s 30%
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•	 The	methodology	of	Mobile	vMOS	calculation

We studied the factors affecting video user experience including video category, 

content definition, screen size, viewing distance, initial buffering latency and 

stalling duration rate etc. by using the method of AHP (Analytic hierarchy 

process).

We found that the content definition, initial buffering latency and stalling 

duration rate are the key factors and are strongly related to the network 

performance.

For a comprehensive consideration of both reducing model complexity and 

engineering realization, we simplified the model parameters, the calculation only 

considers the impact of content resolution, waiting latency and stalling factors 

on subjective experience. 

For example, a typical 2K OTT video (content score is 4.63), with good 

experience for loading video (the initial buffering lantency is 1 second) and 

excellent experience for playing video (no stalling), its final vMOS score is 4.2.

Based on the Mobile vMOS analysis, we have vMOS quality analysis on some 

mobile networks. According to the difference of vMOS score coverage which 

accounted for overall network, we can roughly divide into different levels of the 

video performance of mobile network.

One method is to evaluate the overall network video performance based on 

the proportion of vMOS score>=4. Because the vMOS=4, is a threshold of good 

experience for mobile HD video. When vMOS>=4, is good experience. When 

vMOS<4 is a fair experience. So based on the proportion of vMOS>=4 in overall 

mobile network, comparing to part of subjective experience investigation, we 

can get the video performance assessment on the overall network.

Currently research on part of the mobile network shows that when the 

proportion of vMOS>=4 accounted for more than 80% coverage, the video 

experience is relatively excellent in the network. 

When the proportion of vMOS>=4 between 50% and 80% coverage, the user 

experience can be basically guaranteed. 

When the proportion of vMOS>=4 less than 50% coverage of the network, the 

user experience will be greatly affected. A large number of regional users will 

lower the resolution due to lack of network transmission capacity, or lead to a 

longer waiting time, and too often stalling rate.

2<vMOS<3

vMOS<2

3<vMOS<4

vMOS>4
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 More than imagination 
With the massive deployment of LTE networks, the network capability will be 

With the massive deployment of LTE networks, the network capability will be 

gradually improved by the implementation of the key technologies such as multi-

carrier aggregation technology, massive MIMO, low-latency technologies, etc.  

As well as with the maturity of 4.5G technology, network as high-speed pipe of 

video services will be able to provide up to average 50Mbps service capability. 

And even provide more than 100Mbps bandwidth at a large number of hot 

spots and indoor scenarios. The ultimate experience of mobile HD video will be 

everywhere.

In future, mobile video services will not only inherit the traditional video play, 

but also will support the virtual movie theater and high-definition video instant 

shooting/uploading; that is to say, in future there will be a large number of 

video-based interactive applications. Especially with the emergence of VR / AR 

technology, which will support all kinds of virtual interactive services such as 

games, office and shopping etc. It will make us to wonder at the inexhaustible 

innovation.

We believe that mobile HD video, will change our lives once again.
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