
Abstract
The performance of HSDPA and Mobile WiMAX. Two scenarios 
were considered: single and multiple users. In the single user 
scenario, only one user is placed in the network requesting a certain 
throughput, and then the maximum distance to the base station 
for a given throughput is calculated. Regarding the multiple user 
scenario, it has the objective of studying a realistic approach, where 
several users perform different services. A simulator was developed 
to study the multiple user scenarios, enabling the analysis of network 
performance by varying several parameters. For the single user 
scenario, it is observed that the cell radius for HSDPA is higher than 
the one for Mobile WiMAX, due to the frequencies considered, 
up to 8.46 Mbps, but beyond this value Mobile WiMAX is more 
favorable, up until 15.09 Mbps. Considering the multiple user 
scenario, Mobile WiMAX presents better results than HSDPA, 
regarding average network throughput and number of served users, 
because of its higher capacity. As for the network radius, results 
are similar. This paper was initially planned to be about WiMAX 
(Worldwide interoperability for Microwave Access) and HSDPA 
technology (High-Speed Downlink Packet Access), available in 
a number of countries in Europe, North America, and South East 
Asia with their WCDMA networks, will be most likely available 
in our parts as well. HSDPA, which appeared prior to WiMAX all 
over the world, except for the Russian Federation, is considered 
its main competitor. 
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I. Introduction
Mobile Communications Systems revolutionized the way people 
interact with each other. With the way that society is evolving, it 
became necessary to develop systems that could enable people 
to communicate anytime, anywhere.
First Generation systems had the objective of providing analogue 
voice communications. Later, Probably the greatest leap in Mobile 
Communications was achieved with the introduction of the so 
called Second Generation (2G) systems, e.g., the Global System 
for Mobile Communications (GSM). It allowed not only digital 
voice communications, but other types of services, such as short 
messaging and access to data networks, with the introduction of 
General Packet Radio Service (GPRS) [6].
The increase in the demand of data-based services and higher 
data rates was the main purpose of the launch of 3rd Generation 
Partnership Project (3GPP) Release 99 Third Generation (3G) 
systems, e.g., the Universal Mobile Telecommunications System 
(UMTS). As the need for high data rates increased, High Speed 
Downlink Packet Access (HSDPA), which may be considered an 
enhancement of UMTS, was developed and launched in 2002 as 
part of the 3GPP Release 5. The first UMTS/HSDPA [1] networks 
became available in 2005 providing 1.8 Mbps, increasing to 3.6 
Mbps in 2006, and achieving 7.2 Mbps during 2007, for downlink 
(DL). HSDPA, along with its uplink (UL) version, High Speed 
Uplink Packet Access (HSUPA), are commonly referred to as High 
Speed Packet Access (HSPA). Fig. 1 shows the new services that 
are available with the introduction of HSPA.

Worldwide Interoperability for Microwave 
Fig. 1 : New services offered by HSPA.

Access (WiMAX) is, nowadays, one of the most promising 
telecommunication systems. It is a Broadband Wireless Access 
(BWA) system based on Institute of Electrical and Electronics 
Engineers (IEEE) 802.16 standards released in 2001. In October 
2007, the Radio communication Sector of the International 
Telecommunication Union (ITU-R) included WiMAX technology 
in International Mobile Telecommunications-2000 (IMT-2000) 
standards. This decision allows WiMAX’s global deployment 
in the 2.5-2.69 GHz band, and to offer services to both rural and 
urban networks.
WiMAX is characterized by providing high data rates, of the 
order of Mbps, to a large area network, usually covering several 
kilometers, like a Wireless Metropolitan Area Network (WMAN) 
or a Wireless Wide Area Network (WWAN). WiMAX is capable 
of offering data rates higher than some of the already deployed 
technologies, such as UMTS and its enhancement HSDPA, as 
seen in Fig. 2.

Fig. 2: Data rates for the different systems.

II. HSDPA (High Speed Data Packet Access)
Physically, HSDPA is a superstructure over WCDMA/UMTS 
networks, so it's often called 3.5G. The "half" in this informal 
name is also justified by the fact that startup HSDPA bandwidth 
is 1.8 Mbit/s, while the theoretical maximum is 14.4 Mbit/s. But 
it's far from the theoretical maximum so far this technology has 
just exceeded 3.6 Mbit/sec for two years. The HSDPA+HSUPA 
combo will be called HSPA (High-Speed Packet Access). 
HSDPA specifications were published in 3GPP Release 5. This 
technology is fully backward compatible with UMTS Release 99 
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and allows providing voice communication and data transmission 
services UMTS and HSDPA simultaneously. Its maximum 
theoretical bandwidth is 14.4 Mbit/s. Such high spectral efficiency 
required reorganization of the channel structure, usage of both 
code and time division of channels, increase of the modulation 
scheme level, as well as usage of faster algorithms for sending 
packets and retranslating them in case of errors. HSDPA uses 
HS-PDSCH channels (High-Speed Physical Downlink Shared 
Channels). One 5 MHz sub band of WCDMA [2] can have up 
to 15 such channels with the spreading factor of 16. Allocating 
channels to different users changes each 2 ms:

Fig. 3: Spectrum distribution between users.
Noticeable "inequality" see the Fig. 3 has to do with granting 
channelization priority to users with the best signal quality. Hence, 
"fast" users get a piece of traffic and "digest" it while the signal 
level is low, waiting for "better times". We repeat that the system 
monitors the signal level at 2 ms intervals

Fig. 4: Channelization depending on reception conditions.
HSDPA uses WCDMA QPSK (Quadrature Phase-Shifting Keying) 
and 16-QAM (Quadrature Amplitude Modulation). We mentioned 
these modulation schemes in the article devoted to EDGE. The 
first modulation scheme transmits two data bits in a character, 
the second — four bits. But the latter modulation scheme can be 
used only if the signal level permits it, to be more exact signal/
noise ratio. I regardless of what modulation scheme is currently 
used, data are transmitted as redundant code that contains the data 
proper and additional bits (the simplest example of redundant code 
is a number plus a one-bit checksum), which may number up to 
a quarter of a packet length.
Now what concerns improvements of algorithms to resend 
packets that were received incorrectly. Unlike GPRS/EDGE, 
the new Fast Hybrid ARQ technology (Fast Hybrid Automatic 
Repeat Request) has both a base station and a terminal (handset) 
to make sure packets are received correctly. Resent packets take 
turns with successfully sent packets (the engineers designed the 
hybrid algorithm to raise the chance of successful reception due 

to "similarity" of such packet groups).
Table 1 : HSDPA modification

A number of European operators already provide HSDPA services 
with the 3.6 Mbit/s bandwidth [3]. Another barrier is expected to 
be passed next year; data reception rates will reach 7.2 Mbit/s. 
The band allocated in our country will assumbly allows using two 
75 MHz frequency ranges (in the 1800 MHz band) or two 35 MHz 
ranges (in the 900 MHz band) liking in Europe. We can only hope 
that HSDPA will also be available to our users soon.

III. Wimax
This technology got its name due to its implementation of the so-
called last mile communications (hence the interoperability), and 
due to the fact that it was initially (June 2004, when the 802.16 
standard was designed) planned to use the 10-66 GHz frequency 
range (hence the Microwave Access). But later on the frequency 
range was modified to 2-11 GHz (802.16d). And now WiMAX, 
Wi-Fi (2.4 GHz and 5.4 GHz) and UWB frequencies overlap. 
However, they peacefully co-exist, as each of these technologies 
uses different approaches to encoding and transmitting data. But 
WiMAX technology is similar to Wi-Fi in many respects, of 
course. That's because there are not so many ways to increase 
wireless bandwidth. So the engineers that push the technical 
progress forward have a limited set of tools, though they still 
manage to invent something new each time.
At the same time, WiMAX shouldn't become a direct competitor 
to Wi-Fi. This technology will most likely be a strong competitor 
to datacom technologies in mobile communications networks. 
Mobile communications have reached a global level according 
to some estimates, mobile communications networks cover 70% 
of land on Earth, and a number of mobile users reach two billion, 
about one third of the entire population on Earth. When reviewed 
at this angle, Wi-Fi networks evidently stand little chance of going 
global, because wide coverage requires too many access points 
- too expensive and inexpedient. But it does not at all mean that 
Wi-Fi is a "defective" technology - its potential has not been 
exhausted yet. And the demand for high bandwidth, which will not 
stop to grow: MIMO technology, already available and mandatory 
in the 802.11n draft specs, can provide over 100 Mbit/s (in 802.11g 
networks), so Wi-Fi will have to become a real alternative to wire 
line LANs
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Fig. 5. Available and planned frequency ranges for WiMAX.

Like UMTS, WiMAX is a whole family of standards with the 
channel widths from 1.5 MHz to 20 MHz According to the IEEE 
802.16d specifications, approved in June 2004, there are three 
different PHY levels: the first one, 256-dot FFT (FFT — Fast 
Fourier Transform) OFDM, is mandatory. Besides, WiMAX 
family has two optional standards: SC (Single-Carrier, which 
brings this standard near CDMA) and 2048 OFDMA (Orthogonal 
Frequency Division Multiple Access). By the way, OFDMA is 
a new approach to multiplexing channels; it has been developed 
from FDMA (Frequency Division Multiple Access), which was 
used with TDMA in GSM.
Along with OFDM, WiMAX supports a lot of modulation schemes 
are BPSK, QPSK, QAM16, and QAM64. In a theoretical case of 
maximum signal level that allows to use the quartet modulation 
scheme QAM64 and to have only one user in a system, who will 
have all 192 carriers, 20 MHz wide each, bandwidth of a base 
station for such a user will be 75 Mbit/s. But it does not happen in 
practice, of course. A user will not have so many vacant frequency 
ranges (192*20=3840 MHz). We'll discuss communication ranges 
separately, I'll get down to it a tad later, when we'll compare 
WiMAX and HSDPA. The most widely-distributed frequency 
range these days is 3.5 GHz (3.3 GHz-3.6 GHz), which maximal 
bandwidth reaches 5.86 Mbit/s.
Another important difference between WiMAX and Wi-Fi, as well 
as actually HSDPA, is possible communication between terminals, 
which are not on the line-of-sight. It's done by using rounding and 
reflecting signals from obstacles as well as retranslation of data 
directed to one terminal, to several other terminals, when one or 
several of them are in the line-of-sight with the addressee. This 
approach is similar to mesh networks. But WiMAX has limitations 
- some terminals (access points or routers) must be connected to 
WAN, while mesh networks are supposed to be all-sufficient. 
However, the existing mesh technologies are closed so far. But 
there is hope that the IEEE will have the first mesh standard by 
2008.
Like the latest cellular communications networks, digital wireless 
networks pay much attention to QoS, which allows prioritizing 
traffic. QoS WiMAX [5] differs from QoS HSDPA: the main 
difference is the mechanism of queries and permissions. Each 
group of packets includes a contention slot for establishing a new 
session with a client terminal. QoS also includes an algorithm to 
specify a modulation scheme to each user. Uplink and downlink 
traffic can have different modulation schemes. 
Besides, WiMAX includes cryptographic algorithms (there are 
lots of gripes with Wi-Fi cryptography):
• CBC mode: DES with a 56-bit key, no          data authentication 

and 3-DES, 128 
• CBC mode: DES with a 56-bit key, no data authentication 

and RSA, 1024 

• CCM mode: no data authentication and AES, 128

IV. Comparison of various parameter between HSPA and 
WIMAX

A. Communication range
I have deliberately brought the discussion of communication 
ranges in a concluding part of this article. Nature is obstinate. 
Despite all our tricks, there are certain things, which are impossible 
to get. Theoretically, WiMAX range may reach 30 km (similar 
to the commercial range of a GSM cell), 75 Mbit/s bandwidth. 
Considering that the real bandwidth is much lower than theoretical, 
we shall take the above estimate of 5.86 Mbit/s. But you shouldn't 
think that the bandwidth at 30 km away from the access point will 
also be 5.86 Mbit/s, like at 500 meters. The farther a terminal from 
a base station, the weaker the signal (the worse signal/noise ratio). 
So a modulation level is reduced, fewer bits are transmitted in 
a single symbol. We should also take into account that a higher-
frequency signal is better absorbed by the air. So the signal/noise 
ratio in WiMAX at 3.5 GHz will go down faster with the distance 
than in GSM. The situation with HSDPA is no better. According to 
some estimates, you can get its maximum bandwidth (14.4 Mbit/s) 
at less than a kilometer from a base station. At 6 km, the data 
rate drops to less than 1 Mbit/s. Here is the principal difference 
of HSDPA: where a user cannot get the highest bandwidth, the 
technology still allows using data transmission services, but with 
lower bandwidth (on the level of WCDMA or GPRS/EDGE) dozens 
of Kbit per second. Thus, we cannot say that the communication 
range is a forte of this or that technology. But we should note that 
WiMAX base stations can connect to each other even when they 
are not in the line-of-sight.

B. Number of users  
The true forte of HSDPA is the fact that this technology is initially 
intended for lots of simultaneous users, while WiMAX [4] is 
limited to dozens, or hundreds terminals at best. Moreover, experts 
forecast serious problems for WiMAX in corporate networks, 
when the number of their users grows. We cannot say that HSDPA 
lacks these problems. If all users suddenly decide to download a 
large file from Internet, it will certainly affect data rates. But in 
case of HSDPA (this feature is inherited from CDMA), all users 
will just have lower data rates, while the load on a WiMAX router 
in a similar situation goes up, and it may fail to cope with it.

C. Bandwidth 
The gain in WiMAX versus HSDPA bandwidth at the same 
distance from a base station is not that evident so far. First of all 
it's because WiMAX does not have many frequency ranges yet. 
But if HSDPA, being an evolutional step in the development of 
WCDMA, is getting close to the threshold of spectral efficiency, 
while WiMAX has much more possible ways of development 
— new frequency ranges (from 10 GHz to 66 GHz, remember?), 
new modulation schemes (as well as combinations with the old 
ones), and MIMO (multiple-input-multiple output).

D. Multimedia 
Both technologies have practically the same capacities for 
transmitting multimedia data. Both WiMAX and HSDPA have QoS 
and traffic prioritizing. The choice between voice communications 
in WCDMA/HSDPA or VoIP/WiMAX, is a matter of taste from 
the technical point of view. But not in WCDMA/HSDPA or VoIP/
WiMAX, But not in economic terms, VoIP traffic is much cheaper 
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than WCDMA traffic.

E. Security 
HSDPA does not provide any additional security functions. Users 
are authenticated by their SIM (or R-UIM) cards. Data encoding 
for different users, typical of all CDMA standards, works better 
than any cryptographic algorithm, but not if an intruder is in a base 
station or somehow gets its channels code (like special agents). 
WiMAX supports modern cryptographic algorithms (AES with 
a 1024-bit key, for example). It will certainly please corporate 
users, who want to keep their data in secret. But this secret will 
not hold forever, as there are no security measures that cannot 
be broken.

V. Conclusion
It's impossible to appoint a certain favorite among these two 
technologies. Both of them have fortes and drawbacks. We can 
only note that the whole world started using HSDPA earlier than 
WiMAX. So it has already taken root. But the situation in Russia 
is contrary - WiMAX is already in use, while it's difficult to say 
when the first WCDMA networks are going to appear, to say 
nothing about HSDPA.
But it's always good when there are two competing technologies 
on the market. On one hand, this situation stimulates technical 
progress; on the other hand, it always leads to the reduction of 
prices for consumers - it's good, isn't it?
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