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With the advancement of next generation networks, there are many discussions around how to offer 

better Quality of Experience (QoE). There are many confusing messages out there claiming that they 

have the best offering. This white paper is an attempt to create a common experience related 

terminology, develop the relation among different terms, explain these concepts with an example and 

finally make certain recommendations on realistic expectations on accomplishing QoE. 
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Executive Summary 

Customer experience, Quality of Experience and Quality of Service are all 

related terms. They are being used interchangeably by vendors and operators 

causing too many confusing marketing messages. This white paper attempts 

to declutter these concepts with the help of the gaming application. 

In summary, customer experience is a representation of the needs of an 

individual application, whereas the Quality of Experience (QoE) is that of an 

aggregation of applications. There are different levels of aggregations in 

realizing QoE – inside the home, across the network at different aggregation 

points and in the servers where the applications are hosted.  

Offering good QoE requires classification of applications from their needs 

point of view, understand how to meet such needs at different aggregation 

points and fill up the missing pieces as the deficiencies arise (such as WiFi6, 

low latency DOCSIS etc.). Also, it is essential to identify what portion of the 

customer expectation cannot be satisfied by the operators – one cannot take 

the blame for things they cannot control. 

Enjoy the read and please provide your feedback to the author. 

What is Quality of Experience? 

It has been more than 20 years since I did my PhD, “Designing A High Quality 

Network: An Application Oriented Approach.” As you can see from the name 

of my thesis, I am very passionate about the topic of this article. So, bear with 

me if I make some assumptions on the level of importance of this topic on 

your day-to-day life       

Let’s get some jargon and intuition out of our way before jumping into the deep end on the “so what” for you – as the operator or 

the executive who is concerned about the customer experience. 

Customer Experience: For a minute let’s assume that you are a customer (or an organization) who is expecting 

certain experience for your applications from the network provider. Say you are a gamer – you want better 

response time from your network. Say you are watching a 4K Netflix movie – you want a better picture quality 

with no stops (“please wait – buffering” message). Say you are on a WhatsApp video call with your mom – you 

want decent real-time interaction. Or you run an organization where you are expecting certain SLAs (Service 

Level Agreements) from your network provider. These are all customer experience related questions that you, 

as an individual application user, are interested in. 

QoE (Quality of Experience) vs Customer Experience: Customer experience is from one customer’s point of view. 

Quality of experience, on the other hand, is offering the promised customer experience for all customers (and 

organizations) who are using the operators’ network. This is the aggregation of the customer experiences and is 

from the operator’s point of view. To improve the QoE, the operator will make different decisions. As an 

example, they may bring Netflix servers closer to the edge, they may develop edge compute functionality for 

certain gaming applications, or they may stripe the network specifically for businesses. A QoE, in this context, is 

a measure of the commitment from the operator to provide the promised experience to their customers. 

 

What is the problem? 

Offering better Quality of Experience (or 

customer experience) is a new mantra, as the 

networks are becoming more capable. What is 

the framework for understanding and hence 

eventually designing a network to offer better 

QoE? 

Key words: Applications, QoE, QoS, Customer 

Experience, Throughput, Delay, Latency, 

Gaming 

Key Takeaways 

Operator needs to follow logical steps to 

deploy high QoE networks. They need to - 

▪ Understand the applications 

o Throughput sensitive 

o Delay sensitive 

o Loss sensitive 

▪ Know what drives the experience 

▪ Know that QoE is an aggregate experience 

▪ Engineer the network to meet QoE needs 
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Quality of Service (QoS) versus QoE: Quality of Service is the geeky term used by engineers on how to 

tell the network to provision and hence (potentially) guarantee the individual and aggregate 

experiences they have promised. The Telecom industry has been maturing these QoS ideas for the 

last 20 years. We will not go into the details of the QoS in this paper, but touch more on the intuition 

behind translating the QoE needs into QoS parameters. 

Now that the generalities are over, let’s delve into how to derive the customer experience parameters for different types of 

applications. 

The Basics - The three dimensions of QoE 

Any application can be categorized in three dimensions, based on their throughput needs, delay needs and loss needs. Albeit little 

bit old, you can get some of this thought process with examples in [1]. You might have guessed that these three application 

dimensions are used to identify the customer experience. 

Let me explain how these concepts can be interpreted using examples as shown in the Error! Reference source not found.. Please 

note that these are typical simplified application parameters. The same concept can be complicated by creating min and max as 

elaborated in [2]. 

For example, you 

are doing a fancy 

video conference 

(not the 

WhatsApp kind), 

you may be ok 

with 5 Mbps 

throughput, may 

tolerate 2 second 

of maximum delay 

and 3 packet 

losses per second, 

as shown in the 

table in the figure. 

Let’s consider a gaming application that your teenager is playing with his/her friends - such as “Overwatch.” You will hear all kinds 

of swearing if the network does not meet their expectations. Say this application requires approximately 5 Mbps throughput, can 

tolerate at a maximum of 1 second delay (without the kids calling “dude get out of the game if you have too much lag”) and a 

maximum of 1 frame loss per minute. To get a uniform picture across the applications, we need to normalize them (as shown in 

Error! Reference source not found.) to the expected maximum value in each of the three dimensions. These can then be mapped 

to a radar graph as shown on the right-side of the figure. 

By looking at the graph, we can get a good understanding on what makes up reasonable tolerance levels (customer experience) for 

an individual application. Now that we formalized the customer experience part, let’s formalize the next step – the QoE (the 

network) aspect. 

The question on your mind, as the network provider, is – “how do we offer better Quality of Experience for customers?” You are not 

worried about only one customer but a bunch of customers that you are supporting. This is the catch. You will have to take the 

aggregate of the customer experiences. Aggregate throughput is proportional to the total throughput of the applications at a given 

time. Delay (refer to the insert for details on delay related jargon) tolerance, in the worst case, is the minimum of the delays of all 

Figure 1 Creating a simple normalized customer experience metric across different applications 
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the applications or contained per application. Loss, on the 

other hand, is like delay: it needs to be bound per application. 

Now (hopefully) you see the problem. 

Ok, ok … no more suspense. QoE will need to be an aggregate 

function (throughput needs) and a minimum function (delay 

and loss tolerance) in other dimensions. How are these QoE 

guarantees made (designed for and deployed) when there are 

mixed applications such as the ones in Error! Reference source 

not found.? 

Here comes different Quality of Service (QoS) techniques, such 

as differentiated services (DiffServ), that you may be familiar 

with. Without digging too much into QoS, let’s get the intuition 

on what parts of QoE can be accomplished with QoS and how. 

Throughput – as this is the aggregate QoE parameter - by 

providing a higher capacity medium, intuitively we can meet 

the needs of a bunch of applications QoE needs. Delay on the 

other hand is a minimum function. That is, if we need to offer 

the best delay based QoE, we must create the smallest 

expected delay of all the applications. So is the case for the 

loss. But, as you know, we cannot design a network to the 

worst-case scenario: this can become very expensive. So, us the 

experts put these applications into different groups and apply 

different techniques to guarantee group level QoE. These 

techniques range from creating a virtual network (such as 

through GMPLS tunnels, VRF etc.)  to aggregated QoS offering 

for classes of applications. In creating these striped networks to offer QoE guarantees, there are certain limitations we need to 

remember. We will explain one such dimension through the delay-sensitive application – internet-based gaming. 

Gaming application basics 

Finally, I had the opportunity to catchup with 

my son with his gaming activities on his 

powerful laptop. He was kind enough to give me 

a tour of the lingo they use. In Figure 2, I will 

walk though some of my understanding with 

the help of his favorite games: Minecraft and 

Overwatch. The idea here is to get a 

directionally correct assessment on customer 

experience and hence QoE, so do not delve too 

much into the exactness of the numbers. 

Delay jargon demystified 

I know, I know – you got your definitions right. For those 

of us who mix up the terms – lets define the delay jargon. 

Delay: Delay is the total time taken for a packet to 

go from one location to the other.  This includes 

combining the equipment delays, buffering delays, host 

delays, network delays etc. Think of it the time taken for 

you to reach your office through different traffic zones, 

when there are other cars on the road. 

 Latency: This is the minimum possible delay that 

can happen between the end points. It can be 

unidirectional or round trip. Think of this as the time it 

takes for you to reach office when there is no traffic and 

you got only greenlight lights on the road. 

Jitter: Jitter is the variance in the delay. Due to 

varying conditions enroute the packet, delay is not going 

to be the same all the time. It changes packet to packet. 

Hence the variance. This is the time variance you see in 

travel time to your office on different days. 

 

Figure 2 Typical gamer experience related parameters for two popular games 
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Minecraft [3] is a noncompetitive game which implies you can work with a team of gamers, but they are not going to be upset with 

you if you have a bad performance day. Typically, in a competitive game, each gamer depends on their teammates to perform well 

so that their overall rating stays high. The gamer’s performance does not just depend on their individual performance but also on 

their network and computer performance. Figure 2 compares these two applications from their network and computer needs point 

of view. For a good gamer having such capabilities are essential to be competitive. Looking from the network provider’s point of 

view, providing these required capabilities, also known as customer experience, is essential to win the gamer as a customer. 

Know what effects gaming QoE 

The gamer is your customer. He is interested in 

his experience. During this quest, he must go 

through many hurdles. Let me walk you through 

this journey step-by-step. 

Figure 3 provides different components that 

impact the gamer’s experience.  

Got to have a better laptop: When I prodded my 

son to get a 32GB RAM laptop with GeForce 

NVIDIA processor (in that moment of misguided 

love), my intention was for him to use it for his high-performance physics simulations. Little did I know at that time, this will be a 

perfect distraction of showing off to his friends that he has a perfect master of hardware for playing competitive Overwatch! If the 

gamer wants to get a good end to end performance, it begins with the computer he holds. 

The in-home activity (WiFi or wired) matters: The gamer must remember that he is competing with his parents working from home 

and that dang on TV streaming Bambi in 4K video from Netflix for his sister. So, he should not cry that the game is dropping frames 

or lagging because his family is unwittingly impacting his gaming lifestyle. He has to fix them first       The service provider is 

interested in keeping the household as a customer. Hence, they must provide a good Quality of Experience to all the users at home. 

They have a bigger challenge than the exact customer experiences the gamer, sitting in that corner room, is looking for. As you can 

see within the home itself the concept of customer experience is translated into household QoE.  [Side note: Try this if you want to 

call your son for dinner and he is not getting out of his Overwatch mode. Continuously ping your router/modem until his teammates 

say his network performance sucks and kick him out of the game!] 

Get a good internet plan: The gamer may have a good meshed WiFi network and a great router to the internet. But if the household 

has a poor broadband plan the performance can be a disaster. Imagine that he is playing Overwatch and his sister is watching TV 

and his dad is on a video conference call with clients (perfect COVID-19 situation), and they have only 25 Mbps downstream plan. 

There goes the frame rate for the application! So QoE is impacted by the pipe the household has to the network. 

Love thy neighbors: Do you think your neighbors are sitting idle while you are playing games and watching movies! This is a dog eat 

dog world man! They are paying for their broadband connection, who are you to say that they should not use it to the fullest 

account. You may ask, “That is all fine, but why is my internet service provider not guaranteeing to all the subscriber needs from my 

neighborhood?” If the operators had built the network to the worst-case traffic needs – they would have been bankrupt by now! No, 

I am not joking. The world works around the overselling concept. The airline industry, the cruise ship industry, the telecom industry 

(the Amtrak - just joking, waiting for that day to happen!) – all over the world we are faced with the overbooking concept. This is 

essential to make sure the planes, the ships and the networks are fully utilized under normal conditions. For the geeks, this is the 

basic statistical multiplexing. What has this got to do with gaming? Right, the gamer performance is not only impacted by his 

beloved family but also by his evil neighbors. This is another wrinkle in the QoE picture. Here everyone in the neighborhood is 

impacting everyone else’s customer experience.  

Figure 3 Different components that impact gaming application customer experience 
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How far the server is matters: Let me try to be as less technical as possible here. The minimum lag (round trip time – or the ping in 

gamer terms) the gamer can expect from the pc to the server and back to pc is proportional to the distance between the pc and the 

server. Right! Now add the interference from your home traffic, the neighbors’ traffic, the neighboring communities’ traffic, your 

metro traffic, the backbone (to reach the server through different information highways) traffic and finally the traffic on that server 

that you are connecting to. All these integration points and their traffic load will impact the QoE. Of course, this traffic varies by 

day, by time of day and the location in the end to end path. These dynamics in the network impact the QoE. 

Is the gaming server powerful enough? The last frontier. The server which is hosting the gaming conglomerate is also essential for 

the better performance of the application. Number of sessions on the server, the configuration (CPU, memory, IO etc.) of the server 

and the application characteristics are some of the essential parameters gamers should be considering. 

Now that we dug a little deep into, with the help of the gaming application, the relation between the customer experience and the 

network Quality of Experience parameters, lets pull them together and understand the “so-what” for the operator.  

What does all this mean to the operator? 

After all this run around, what does this mean for an operator who is trying to run a high QoE network? Here are some points to 

remember -  

- Know what customers are looking for in the name of customer experience: Understand that each application has three 

dimensions in the name of customer experience – throughput, delay and loss related. 

- Know that customer experience and QoE are different: Many of the above applications’ customer experiences together 

form QoE, which is what the operator cares for. This QoE aggregation increases as we get deeper in the network. Some of 

the customer experience parameters are additive (such as throughput) and the other are min functions (such as delay). 

- Remember that your favorite segment of the network contributes to only a portion of the problem: Know that QoE 

problems that are being solved in the segments of the network, such as using WiFi6 [4], low latency DOCSIS [5] etc., albeit 

essential for the  end to end QoE, they are only partial solutions. So, if the customer is frustrated about their experience, it 

must be considered in the end to end perspective. 

- Solving for one of the QoE parameters alone is not going to increase the customer experience: Finally, as 

demonstrated in the gaming example, just solving for the latency (the lag) is not enough for improved customer 

satisfaction. Keep an eye on the non-dominant QoE factors also. 

Making the right steps towards the best possible QoE, engineering the network the right way and advising the customer on what to 

do in case of poor experience will lead to improved customer satisfaction. 

References 

[1] Sudheer Dharanikota, Kurt May, “QUANTA: Quality of Service Architecture for Native TCP/IP over ATM networks,” HPDC '96: 

Proceedings of the 5th IEEE International Symposium on High Performance Distributed Computing,  

[2] Sudheer Dharanikota, “Designing A High Quality Network: An Application Oriented Approach,” PhD thesis, Old Dominion 

University, 1997 

[3] “How much data does Minecraft use?”, https://www.evdodepotusa.com/much-data-minecraft-use/ 

[4] “Capacity, efficiency, and performance for advanced connectivity – WiFi6,” WiFi Alliance 

[5] Low Latency DOCSIS from Cable Labs 

https://digitalcommons.odu.edu/cgi/viewcontent.cgi?article=1074&context=computerscience_etds
https://www.evdodepotusa.com/much-data-minecraft-use/
https://wi-fi.org/discover-wi-fi/wi-fi-certified-6
https://www.cablelabs.com/technologies/low-latency-docsis

