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The rich and convenient Over The Top (OTT) video services provided by 

Internet Content Providers (ICPs) through the open Internet are attracting 

more and more users, resulting in the exponential growth of Internet traffic. 

In addition to enriching the contents, ICPs have also been trying to improve 

the quality of OTT video experience. Analysis results by Huawei iLab show 

that ICPs are currently trying to improve user experience in the following 

aspects: 

1. Improve video quality. HD videos (720p or higher resolutions) on 

YouTube account for more than 80% of all videos. The number of 4K 

clips uploaded on YouTube in 2015 exceeded the sum of all 4K videos 

uploaded in the past.

2. Automatically adjust the video bit rate to ensure the smooth streaming 

when the bandwidth is insufficient. The bit rates of Netflix videos range 

from 0.1 Mbit/s to 15.6 Mbit/s, fully adaptable to different bandwidths.

3. Continuously innovate in technologies and network architecture. Higher 

quality and smoother streaming are ensured in the following ways with 

the same bandwidth capability: 

 Deploy CDNs that are closer to users. The CDNs deployed within the 

ISPs by Netflix aim to process 95% of the visit loads.

 Use new coding technologies to reduce bit rates. The bit rate is 

reduced by about 40% by replacing H.264 with H.265.

 Improve transmission efficiency by using improved transmission 

protocols. For example, the QUIC protocol can reduce video freezes 

by 30%.

4. Rank the ISP channels and urge the ISPs to improve their channels. 

Without quality channels, optimal video experience cannot be achieved 

regardless of optimization and innovation. Netflix has ranked ISP 

channels in 48 countries/regions so far.

Three factors of video quality: clarity (resolution and viewing angle), fidelity 

(chromaticity, depth of field, and dynamic range), and smoothness (frame 

rate). High-quality videos provide audiences with immersive experience.

1. Constantly Improving Video Quality for 

Immersive Experience

Immersive experience 
that suits the human 
visual characteristics

Dynamic range

The brightness 

adaptation range of 

human eyes is: 

10-5cd/m2 to 

10+5cd/m2

Frame rate

When the viewing angle 

is 100 degrees, the 

dynamic sensitivity of 

human eyes is 

increased by 30% 

compared to that of 30-

degree viewing angle, 

requiring a sampling 

frame rate higher than 

60 Hz.

Viewing angle

The human eyes have a 

viewing angle of about 

100 degrees, which 

produces a strong sense 

of immersion.

Resolution

The resolution of the 

standard 1.0 eyesight 

is 30 cycles per 

degree (cpd). A 

strong sense of 

reality can be 

produced only when 

the resolution is 

higher than 30 cpd.

Chromaticity

The chromaticity 

space of the system 

should cover as 

many colors 

distinguishable by 

the human eyes as 

possible.

Depth of field

Display objects from the 

nearest to infinitely far 

away for the audience's 

clear view at any distance.
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As indicated by the following analyses, the ICPs are constantly improving 

the quality of OTT videos, with the number and percentage of high-quality 

videos increasing every year.

1.1 The Clarity of 4K Videos in the Living Room Scenario Is Reaching 

the Optimal as Resolutions Are Getting Higher

Clarity depends on the viewing angle and resolution. The smallest possible 

viewing angle ɑ of human eyes is 0.35', and the smallest viewing angle ɑ of 

a standard 1.0 eyesight is 1'. The more the resolution of a video satisfies the 

smallest viewing angle, the clearer it appears to human eyes.
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h

Distance between eyes and the screen

d

Height of the screen

α

The ICPs have been improving the video resolutions to provide higher-quality 

videos. Currently, videos in 480p, 720p, 1080p, 2160p (4K), and 4320p (8K) 

are provided, and the percentage of 1080p and 4K videos is increasing every 

year.

The higher the resolution, the higher the clarity.

480p 1080p

The ICPs are making efforts to promote 4K videos, which have reached the 

highest clarity in the living room scenario currently.

Rapidly increasing number of videos: The number of 4K videos including TV 

series, movies, and documentaries on Netflix has reached 48 by 

August 2016.

According to the statistics by iLab in 2015, the HD videos (720p or higher 

resolutions) provided by YouTube account for 81.06%.

SD：
18.94%

HD: 81.06%

0 0

High-end mobile phones or tablets even support 4K video recording. The 

number of 4K clips uploaded on YouTube in 2015 exceeded the sum of all 

4K videos uploaded in the past, and iLab statistics in 2015 indicated that the 

number is still increasing.

Uploaded 
in 2015: 50.41%

Uploaded 
Before

2015: 49.59%

0 0

 Terminals are easily available: ICPs develop apps and even develop their 

own TVs or STBs. 4K TVs and STBs are becoming increasingly cheaper. 

An NPD DisplaySearch research report showed that the global 

popularization rate of 4K TVs in 2015 was 8%, and one third of US 

consumers were considering purchasing 4K TVs.

 Channels are the bottleneck for popularizing 4K videos. The increase of 

resolutions and bit rates requires larger network bandwidths. Taking Netflix 

as an example: 
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The average bit rate of Netflix 4K videos has reached 15.6 Mbit/s, which is 

about 3 times that of 1080p videos. The recommended bandwidth for 4K 

videos is 25 Mbit/s. In addition, the ICPs are providing new technologies 

and solutions on the cloud and terminals to reduce channel restrictions on 

HD videos.

1.2 HDR (Hi-Fi) video is an important development direction for the ICPs.

The luminance perception range of human eyes is far wider than current 

monitors' display range. High Dynamic Range (HDR) provides larger 

dynamic range and more image details, better reflecting what human eyes 

see in the real world. Schematic diagram of the HDR:
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ICPs believe that HDR is another important technology besides 4K to 

improve video experience, but its application is limited by video sources, 

channels, and terminals. 

Recording->Post-production-> 

Transmission->Display

Recording->Post-production->

Transmission->Display

SDR

HDR

 Video sources: ICPs believe that improvement of image quality of HDR 

videos enhances user experience, so they take the initiative to release 

HDR video sources. Amazon released its first HDR TV series Mozart in 

the Jungle in 2015, Netflix released its first HDR TV series Marco Polo in 

2016. By August, 2016, Netflix had released 13 HDR videos and YouTube 

would support HDR video soon.

 Terminals: The TV industry believes that 2016 is the first year of the HDR 

TV era. Many of the high-end TVs support HDR already, with an 

affordable price.

 Channels: HDR videos can be supported by a small bandwidth increase 

because when the digitalizing bit (bit depth) is increased from 8 bits to 10 

or 12 bits, the bit rate of a video will be increased by no more than 20%.

1.3 ICPs start to try high frame rate (HFR) videos, better matching the 

frame rate and the motion of the objects.

HFR videos are videos whose frame rate is higher than 48. The real world 

is continuous, and human eyes observe moving objects in the real-world in 

a continuous way. A video system records motions in the real world based 

on the dispersion degree, which means fluent image and optimal video 

experience is obtained only when the sampling frame rate is consistent 

with the object motion.
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Low frame rate and 
short exposure =>clear 

object but
non-continuous motion

Low frame rate and
Long exposure => 

continuous motion but 
fuzzy objects

High frame fate and 
long exposure => 

continuous motion and
clear object

t
L=VA

The industry has gradually recognized HFR videos. H.265 supports HFR

video coding and decoding. YouTube started to support 60P videos in 2014

and Netflix also has HFR video trials. HFR videos have increased bit rates,

requiring larger bandwidth for better experience.
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ICPs have been trying to improve video quality and put 4K videos in the 

spotlight of promotion. However, standard 4K videos (in 4K resolution, HDR 

and 60P) have high bit rates as well. OTT videos are provided through the 

open Internet, the channels of which have become the bottleneck limiting the 

improvement of OTT video experience.

2. Channel-Adaptive Technologies Preferentially 

Ensure Smooth Playback

Typical networking of OTT video services

High-quality videos have greatly increased bit rates. The ISP network is 

currently the major bottleneck limiting video experience. When the channel 

bandwidth is insufficient, ICPs automatically adjust the quality and bit rates 

of the videos using the HAS channel-adaptive technology to ensure smooth 

playback.

The main differences between the HAS (currently HLS and DASH) and early 

HTTP Progressive Download (HPD) technologies are as follows: 

 Cloud: HAS stores video segments in multiple bit rates in the cloud.

 Terminal: HAS continuously assesses the effective bandwidth and 

dynamically adjusts to download the video segments in proper bit rates.

 Channel: HAS effectively controls the download volume.

The following figure shows the adaptive bit rate solution: 
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For example, Netflix provides a video in multiple resolutions and bit rates: from 

240p (bit rate: 0.1 Mbit/s) to 1080p (bit rate: 5.8 Mbit/s).

DASH is becoming the mainstream HAS technology. The DASH Industry 

Forum has been promoting the development of DASH with 70 participants 

(including 11 founding members).

Currently, all mainstream browsers and devices except for the iOS support 

DASH, as well as the mainstream ICPs in North America, such as 

YouTube, Amazon, and Hulu.

Conclusion: 

 When the network channels limit OTT videos experience, ICPs lower the 

video quality to preferentially ensure smooth playback.

 OTT videos, adaptive to the dynamically changing channel bandwidth, 

can automatically switch to the optimal bit rates, providing the optimal 

video experience with the highest quality videos and smooth playback.

3. Constant Technology and Network Architecture 

Innovation

Channels are uncontrollable, so how to take full advantage of the channels to 

ensure better video experience has always been the focus of ICP research. 

Currently ICPs developed many new technologies and solutions, such as new 

coding technologies with higher compression ratio (H.265/VP9), more efficient 

transmission technology (QUIC), and CDN deployment solutions that are 

closer to users.

3.1 Deploy CDNs that Are Close to Users, Ensuring and Improving User 

Experience

Content Delivery Network (CDN) is a content delivery network built on top of 

the network to efficiently distribute contents to edge servers. Users can obtain 

contents from the nearest server using scheduling when the load is balanced.

After OTT videos use the HTTP technology, ICPs began to use the CDN 

technology to deliver videos contents. By deploying CDNs that are closer to 

users, responding speed becomes quicker and user experience is improved 

and ensured. For example, Netflix uses a three-layer CDN cache structure:

ISP network Peering/Original location AWS S3
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The Open Connect Appliance (OCA, the CDN servers) are deployed within 

the ISPs close to the users, processing 95% visiting loads. The intermediate 

layer is the data center storing all data. The video supporting system is based 

on the Amazon Web Service(AWS) cloud. In addition, Netflix deployed 4669 

servers in 243 places, mostly in Europe and America. (data source: research 

papers from Queen Mary University of London)

Conclusion: It has become the trend that ICPs build their own CDNs, which 

are flexible, controllable, and deployed close to users. All Netflix videos have 

been migrated to their Open Connect CDNs.
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3.2 Continuous Optimization or Use of New Coding Technologies to 

Improve Video Compression Ratio, Lowering Requirements on Channels

H.264 is currently the mainstream coding technology. ICPs have proactively 

tried new coding technologies with higher compression ratios, such as H.265 

and VP9.

Netflix began to use H.265 for 4K and HDR videos, and YouTube use VP9 as 

default coding. Comparison of video bit rates in current coding technologies: 
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Encoders

New coding technologies improve image quality. At the same bit rate (400 

kbit/s), the H.265 picture on the left has better quality.

Source: https://x265.com/

3.3 Develop New Transport Protocols or Optimize Existing Ones, 

Improving Transmission Efficiency

To improve transmission efficiency and reduce dependency on channels, 

Google designed the QUIC transport protocol based on UDP to replace TCP. 

QUIC has been experimented on YouTube. According to Google frame 

freezing can be reduced by 30% under the same conditions. However it has 

not become a standard, and further development is required.

Key features of QUIC: low latency, protection against network loss (new 

congestion algorithm and error correction), and higher network utilization.

QUIC interaction process

Request 
certificate chain.

Request complete 
certificate chain.

Enable password 
notification and 

verification message 
encryption.

The request will 

be sent again 

only when the 

first step fails.

TCP TLS interaction process

Establish TCP 
connections.

Negotiate the security 
capability certificate key 

exchange.

Enable password 
notification and verification 

message encryption.

3.4 Optimizing Video Containers and Improving Interaction Experience

A container is a video encapsulation format, that is, storing the meta data and 

track data in a certain format. ICPs replace the MP4 format with the 

Fragmented MP4 (FMP4) format. FMP4 greatly reduces the size of the video 

file header, reducing the initial buffering data volume, shortening the initial 

buffering time, and improving video experience.

FMP4 distributes the information in the file header of the original videos into 

the file header of fragmented videos. For a 300-second 4K video, the size of 

FMP4 file head is 1379 bytes, and that of the MP4 file head is 137332 bytes. 

Mainstream ICPs such as YouTube and Netflix have already adopted the 

FMP4 format.
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4. Challenges and Cooperation: Improving 

Channels for Better Video Experience

Contents and experience are the backbones of OTT videos in the ultra HD 

era. ICPs have been trying to improve video experience in the following 

aspects: video quality, interaction experience, and watching experience. 

Despite the technologies in the cloud and on terminals, and optimizations to 

minimize the impacts of the channels, video experience provided by ICPs is 

still far from the optimal due to channel limitations. Therefore, ICPs try to 

improve channel capabilities in the following aspects: 

4.1. ICPs rank ISP channels to urge ISP channel improvements.

Netflix launched the ISP rank in 2016, listing the speed, previous speed, 

connection types, and change curves.

Rank ISP
Speed

(Mbit/s)

Previous

(Mbit/s)

Rank 

Change

Connection 

Type

1
Verizon-

FiOS
3.61 3.61

2
Bright 

House
3.59 3.60

3 Optimum 3.55 3.56

4 Cox 3.55 3.55

5 Charteer 3.51 3.54

6 Comcast 3.47 3.49

7

Time 

Warner

Cable

3.46 3.47

8 Mediacom 3.42 3.43

9
AT&T-U-

verse
3.36 3.35

ISP Leaderboard, July, 2016 Show smaller ISPs

Cable

DSL

Satellite

WirelessFiber

Data source: https://ispspeedindex.netflix.com/country/us/
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Netflix CDN distribution 

within the ISPs

Number of servers >100 ≤100 ≤50 ≤10 ≤5

Data source: research papers from Queen Mary University of London

Netflix cooperates with ISPs in the Internet Exchange Points (IXPs) and 

interconnects OCAs in Netflix data centers with ISPs, reducing ISP transit 

fees. The IXPs of Netflix deployed CDNs are mostly distributed in North 

America and Europe.

Netflix CDN 

distribution in the IXPs

Number of servers >100 ≤100 ≤50 ≤10 ≤5

Data source: research papers from Queen Mary University of London
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4.2 ICPs Cooperate with ISPs in Some Regions: ICP+ISP Integrates Cloud, 

Terminal, and Channel Resources, Improving User Experience

For example: Netflix corporate with the ISPs using OpenConnect in the 

following way: 

ISPs can use OCA for free to reduce congestion of ISP backbone and metro 

networks. Netflix CDNs are mostly distributed in America and Europe.


