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Upstream bandwidth require-
ments are rarely discussed 
because it is rarely the perfor-

mance factor in limiting residential high-
speed data networks. As user behaviors 
change, however, upstream bandwidth 
will become a driver in determining 
adequate network performance. Which 
network technology is best positioned to 
deliver upstream services today and into 
the future? This paper analyzes the tech-
nical ability of different access solutions 
to deliver existing and new Peer-to-Peer 
(P2P) services to residential customers 
now, and in the foreseeable future. This 
paper will address the following:
 
1.  Residential bandwidth growth 

needed for upstream services (traffic 
modeling).

2.  Access technologies versus residential 
upstream bandwidth demand:

• Hybrid-fiber-coax (HFC) 
• Digital subscriber line (DSL)
• Passive optical networks (PON)

Residential Bandwidth Growth
For this analysis, we created a traffic 
model to predict the upstream band-
width needs of the residential subscriber 
out to 2012. We based our calculations 
of the residential bandwidth needs on 
three factors:

1. Peer-to-Peer file transfers.

2.  Real-time bandwidth requirements 
(streaming content).

3. Simultaneous uploading.

Peer-to-Peer file transfers are an im-
portant factor in determining upstream 
bandwidth requirements.  Figure 1 shows 
some of the more popular file types that 
are being shared across the Internet.  It 
was clear even in 2002 that video, audio 
and small software file transfers are the 
largest percentage of P2P traffic. Files of 
this type have probably increased their 
share since then.

To gauge how much upstream band-
width a user would need to move these 
types of files across the Internet will de-
pend on how long the subscriber is will-
ing to wait.  Figure 2 shows that with 
an upstream bandwidth of 5 Mbps all 
files could be transferred in less than 2 
minutes. With an upstream bandwidth 
of 10 Mbps all files could be uploaded in 
less than 1 minute.

What about very large files like 
DVDs and future HD DVDs?  Figure 3 

shows that you would need greater than 
10 Mbps of upstream bandwidth to up-
load a DVD in less than one hour, and 
an upstream bandwidth close to 100 
Mbps to upload a HD DVD in less than 
an hour. As a side note it would take 
over 1000 minutes to upload a DVD at 
1.5 Mbps.

What about streaming content?  We 
looked at three different areas: Gam-
ing, P2P Video and P2P Voice.  Figure 4 
shows bit rates for different video formats.  
Though most P2P video is not at these lev-
els, this chart provides a base case for rates 
that will be needed in the future.

Figure 5 shows the modeling esti-
mate for the upstream bandwidth (per 
P2P session) that will be required to 
keep up with application improvements 
in these three areas. These numbers are 
based on a 2003 base need of 500 kbps 
for gaming, 384 kbps for video and 64 
kbps for voice. While voice needs can 
easily be accommodated, it is particu-
larly eye opening to look at the increase 
in upstream bandwidth demand created 
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by next-generation gaming and an inter-
active, high definition video experience. 
Figure 5 takes into account that by the 
year 2012 close to 25 Mbps of upstream 
bandwidth will be needed for streaming 
content like video and gaming.

Simultaneous Uploading
To generate the upstream bandwidth 
demand curves, we created a modeling 
algorithm to show the bandwidth needs 
of the “power user” and “average user.” A 
“power” user is defined as a first adopter 
of new technologies, who would expect 
the best upstream bandwidth.  The “av-

Figure 1: Summary of size by file extension for the dataset: Top 25 file types sorted by aggregate file 
size, 2002.

File Exten-
sion GB

Avg Size 
(bytes)

Min Size 
(bytes) Max Size (bytes)

Number of 
files Type

% of To-
tal Size

avi 4,851  173,000,000  82  2,120,000,000 30,026 video 32.88%

mp3 4,565  4,120,597  1  558,000,000 1,189,488 audio 30.94%

mpg 2,856  59,855,823  6  1,600,000,000 51,231 video 19.36%

exe 551  7,293,783  1  816,000,000 81,079 software 3.73%

mpeg 312  20,693,836  162  951,000,000 16,175 video 2.11%

wmv 297  23,311,552  1,316  875,000,000 13,680 video 2.01%

asf 297  34,909,551  13  583,000,000 9135 video 2.01%

none 248  19,767,776  1  1,670,000,000 13491 unknown 1.68%

wav 243  15,177,476  44  1,240,000,000 17,222 audio 1.65%

wma 114  2,732,813  111  764,000,000 44,707 audio 0.77%

zip 63  21,470,521  1  1,910,000,000 3,162 software 0.43%

mov 49  8,790,495  162  382,000,000 5,970 video 0.33%

bin 34  44,311,001  10  845,000,000 831 software 0.23%

vob 33  502,000,000  8,192  1,070,000,000 70 archive 0.22%

iso 28  381,000,000  206,260  792,000,000 78 archive 0.19%

cab 21  2,414,563  19  697,000,000 9379 system 0.14%

rar 17.5  53,215,891  69  853,000,000 354 archive 0.12%

pdf 13.2  5,411,649  162  134,000,000 2,623 document 0.09%

cif 11.2  480,000,000  38,062  836,000,000 25 archive 0.08%

dat 8.2  3,,711,050  1  814,000,000 2,361 system 0.06%

rmj 7.4  4,213,919  101,267  42,755,921 1,891 audio 0.05%

nrg 6.8  347,000,000  342,172  816,000,000 21 archive 0.05%

part 5.9  218,000,000  21,759  615,000,000 29
e-donkey 
temp files 0.04%

jpg 5.8 44,829.72 75 29,016,816 138,751 image 0.04%

Source: School of Information Management and Systems, University of California, Berkeley, “How much information 2003”
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erage” user is defined as a late adopter of 
new technologies and would be satisfied 
with standard upstream bandwidth.  A 
criterion was set for the “power user” 
and “average user” that is based on 
maximum upload times for different 
applications and what upstream band-
width would be needed to achieve these 

limits by 2007 for the “power user” and 
by 2009 for the “average user”.  Figure 
6 shows the six applications that were 
used in the modeling and the maxi-
mum upload times required for the 
”average” user.

Another factor we input into the 
model is expectation for year-over-year 
performance increases for the “power 
user” and “average user.”  For this analy-
sis, the “power user” was modeled with a 
40 percent increase in performance each 
year, based on Moore’s law. This means 
that the “power” user would expect the 
applications in Figure 6 to upload 40 

percent faster each year. We also assume 
that the average user would require a 20 
percent performance increase year-over-
year – half the rate of the power user’s 
demands. 

Figure 7 shows that with a 40 percent 
year-over-year performance increase ex-
pectation, the upstream bandwidth de-

DOCSIS 2.0 can support the “power user” out to 
2009 and the “average user” out to 2011 at 50 
Households Passed (HHP) per Node. Figure 8 also 
shows that DOCSIS 3.0 can support the “power user” 
out to 2011 and the “average user” beyond to 2012, 
but again at 50 HHP/Node.  This of course requires a 
significant upgrade in the cable TV network.

Figure 6. Time to upload (MAX), in seconds, for six common peer-to-peer applications.

Application

0.1 Internet Web Page Requests

20 Peer to Peer Audio Transfer (MP3)

20 Email send Pics (Digital Photos)

30 Peer to Peer Software Transfer (exe)

240 Peer to Peer Video Transfer (MPEG2)

360 Large File (exe) 
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mands for the “power” user would need 
to grow at a 78 percent (year-over-year) 
and would reach 65 Mbps by 2012.  The 
“average” user’s demand of a 20 percent 
year-over-year performance increase 
expectation, would lead to an annual 
bandwidth growth of 56 percent and 
would reach 20 Mbps by 2012.

Meeting the Upstream Demand 
Can the different access technologies 
deliver the estimated bandwidth re-
quirements? It should be noted that all 
“shared” bandwidth calculations (HFC 
and PON are shared bandwidth, DSL is 

dedicated bandwidth) were based on a 
statistical model and were calculated by 
using the following formula:

Number of households X penetra-
tion rate X number of users on line X 

percentage of users uploading at the 
same time.

The cable TV HFC network is a 
tree-and-branch architecture that uses 
optical fiber to feed nodes and then coax 
to feed the subscribers. In this architec-
ture the bandwidth is shared among all 
subscribers per node. IP data in the ca-
ble TV network is handled by the Data 
Over Cable System Interface Specifica-
tion (DOCSIS).  This is shown in Figure 
8. 

Figure 8 shows that DOCSIS 2.0 can 
support the “power user” out to 2009 
and the “average user” out to 2011 at 50 
Households Passed (HHP) per Node. 
Figure 8 also shows that DOCSIS 3.0 
can support the “power user” out to 
2011 and the “average user” beyond to 
2012, but again at 50 HHP/Node.  This 
of course requires a significant upgrade 
in the cable TV network.

The digital subscriber line (DSL) 
network uses twisted pair copper to feed 
subscribers from a central office or a re-
mote terminal. In this architecture the 
bandwidth is dedicated to a single user, 

but shared among the three services 
(voice, data and video).  

Many different types of DSL exist, 
with asymmetrical digital subscriber 
line (ADSL) being the most deployed. 

VDSL at 3000 feet will be technically challenged to 
support the “power user” today, and by 2007 the 
“average user” will not be able to be supported. … 
VDSL at 1000 feet will enable a carrier to deliver the 
bandwidth requirements to the “average user,” but 
by 2009 the “power users” will not be supported. 

Application

0.1 Internet Web Page Requests

20 Peer to Peer Audio Transfer (MP3)

20 Email send Pics (Digital Photos)

30 Peer to Peer Software Transfer (exe)

240 Peer to Peer Video Transfer (MPEG2)

360 Large File (exe) 
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AT&T is deploying VDSL2. The data 
rates that can be delivered to the indi-
vidual subscriber are affected by the 
length and the quality of the copper 
loop. The impact of length on data rate 
is shown in Figure 9.

Plotting the residential bandwidth 
requirements of Figure 7 against the dif-
ferent flavors of DSL generates the graph 
shown in Figure 10.

Figure 10 shows that VDSL at 3000 
feet is technically challenged to support 
the “power user” today, and by next year, 

2007, the “average user” will not be able 
to be supported. (It should be noted that 
copper bonding can increase bandwidth, 
but that is not covered in this article.) 
Migration of the network to VDSL at 
1000 feet will enable a carrier to deliver 
the bandwidth requirements to the “av-
erage user,” but by 2009 the “power us-
ers” will not be supported. 

In the future, other versions of DSL 
show promise that they may deliver the 
bandwidth required to the “power user” 
out to 2010, but beyond 2010 the band-

width requirements get challenging. To 
meet this challenge of high upstream 
bandwidth, the copper loop length 
needs to be reduced to 500 feet or less. 
This would require significant capital 
investment by the carrier.

The PON network is a point-to-
multipoint architecture that uses opti-
cal fiber, through an optical splitter, to 
feed subscribers from a central office 
or headend. PON architecture consists 
of an optical line terminal (OLT) that 
is located in the central office/headend 
that connects to optical network termi-
nals that are located at the subscriber. In 
this architecture, the bandwidth to the 
subscriber is shared across all the users 
on the PON, but due to the nature of 
the PON protocol, service level agree-
ments (SLAs) can be provisioned. Most 
PONs are designed to support a maxi-
mum of 32 users on a single branch. The 
data rates that are available on a PON 
network are shown in Figure 11.

For this analysis, the Broadband PON 
(BPON) and Gigabit PON (GPON) 
were selected. These PON variants use a 
1310nm wavelength for transmitting up-
stream IP data  (Figure 12).

Figure 12 shows that BPON can 
support “power users” out to 2008 and 
“average users” out to 2010. It also shows 
that the GPON can support “power us-
ers” and “average users” beyond 2012.

Which Technology Wins?
This paper shows that the three major 
access technologies – HFC, DSL and 
PON – can each support the upstream 
bandwidth requirements of the residen-
tial subscriber today and into the future 
with varying levels of success. 

Users of some technologies like HFC 
and DSL need to constantly upgrade the 
infrastructure to support future band-
width demands. Only PON does not 
exhibit a constant upgrade requirement 
once the network is migrated to this 
architecture. In the end, the technol-
ogy that enables the carrier to provide 
the best platform to compete will be the 
winner.
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Upstream bandwidth requirements 
will continue to put more demands 
on the service provider to support the 
“user” experience.  New applications 
will emerge from better and faster up-
stream bandwidth offerings – online, 
instant virus protection, automatic 
backups, international TV program-
ming, targeted advertising, linkages 
between the TV and the Internet to be 
able to watch weather forecast or traffic 
alerts to name a few.  

These applications are not factored 
into the bandwidth demand model 
used, but will lead to new revenues for 
the service provider. 

In the end, the user experience will 
be key and the carrier who can best 
improve this experience will be the 
winner. A study by Paxio shows that 
if high-speed upstream bandwidth is 
available, it will be used. (Figure 13).

How will the user experience be ex-
ploited into new revenue streams? Fixed-
mobile convergence (FMC) is the term 
used to describe the growing desire of 

customers to access data anytime, any-
where, and on any device. FMC has 
the potential to drive large file transfers 
from home PCs, personal video record-
ers, and other media storage devices. 

If this seems unlikely at first glance, 
consider that Apple’s latest iPod already 
has an 80GB storage option. Figure 14 
shows the time it will take to upload 
a 80 GB hard drive based on different 

high-speed data offerings. 
Which one would you want? BBP
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Figure 14. Time to upload a 80 GB hard drive based on different high-speed data offerings. 

Upstream Rate (Mbps) 0.256 0.384 0.768 1 5 10 25 50 100

Upstream Rate % Overhead 25% 25% 25% 25% 25% 25% 25% 25% 25%

Upstream Rate (Mbps) Adj 0.192 0.288 0.576 0.75 3.75 7.5 18.75 37.5 75

Time to Upload (Sec)  3,333,333  2,222,222  1,111,111  853,333  170,667  85,333  34,133  17,067  8,533 

Time to Upload (Min)  55,556  37,037  18,519  14,222  2,844  1,422  569  284  142 

Time to Upload (Hrs)  926  617  309  237  47  24  9  5  2 

Time to Upload (Days)  39  26  13  10  2  1  0  0  0 

Figure 13. Total GB Transferred Each Day 
Source: Paxio, 30 day test, Dec 2004-Jan 2005
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