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Abstract: The increasing demand for capacity in or-
der to provide high data rate multimedia services in wire-
less environments necessitates enhanced radio transmission
techniques and network protocol functionality. Such tech-
niques have to be added to already existing mobile cellular
networks, e.g. as provided by EDGE. For 3rd generation
UMTS networks based on WCDMA, the High Speed Down-
link Packet Access (HSDPA) is being introduced to meet this
demand and improve spectral efficiency. This technique is
based on well-known Link Adaptation (LA) by using var-
ious modulation and coding schemes and with this realiz-
ing several different data rates for downlink transmission.
Moreover, fast scheduling techniques are introduced to en-
able efficient and flexible sharing of the radio resources
among different users and services. This paper gives a de-
tailed overview of the integration of HSDPA in UMTS net-
works and provides a performance evaluation with respect
to a multi-cellular environment with various types of appli-
cations. The question whether LA mechanisms are bene-
ficial in a WCDMA system is discussed and advice to the
network dimensioning is given.

1. Introduction

The success of 3rd generation wireless cellular net-
works is mainly based on an efficient provisioning of
the expected wide variety of services requiring different
Quality of Service (QoS) with respect to data rate, delay
and error rate.

In order to improve support for high data rate packet
switched services, 3GPP is currently developing an evo-
lution of UMTS based on WCDMA known as High
Speed Downlink Packet Access (HSDPA) which is in-
cluded in the Release 5 specifications. HSDPA is tar-
geting increased capacity, reduced round trip delay, and
higher peak data rates up to 8–10 Mbps [8]. To achieve
these goals, a new shared downlink channel, called the
High Speed Downlink Shared Channel (HS-DSCH) is
being introduced. In addition, three fundamental tech-
nologies are foreseen, which are tightly coupled and rely
on rapid adaptation of the transmission parameters to
the instantaneous radio conditions. Fast link adaptation
techniques enable the use of spectrally efficient higher
order modulation when channel conditions permit, and
revert to robust Quaternary Phase Shift Keying (QPSK)
modulation for less favorable channel conditions. Fast
Hybrid Automatic Repeat Request (HARQ) algorithms
rapidly request the retransmission of missing data enti-
ties and combines the soft information from the origi-
nal transmission and any subsequent retransmissions be-
fore any attempts are made to decode a message. Fast
scheduling shares the HS-DSCH among the users. This
technique, which exploits multi-user diversity, strives to
transmit to users with favorable radio conditions. More-

over, the time interval considered for scheduling is no
longer based on radio frames of 10 ms but shortened to
the WCDMA time slots of 667 � s.

The different aspects of HSDPA in UMTS are fo-
cussed in the following Sec. 2. In the remainder, mod-
ulation and coding schemes as defined for HSDPA are
described in Sec. 3. Sec. 4 highlights the realization of
the HS-DSCH and the belonging control channels. Re-
sults of a simulative performance evaluation are given in
Sec. 5 and Sec. 6 finally concludes the paper.

2. HSDPA in WCDMA UMTS

As stated above, HSDPA is based on three different
techniques. The most important one which enables data
rates up to 10 Mbps is the fast link adaptation provided
by the use of Adaptive Modulation and Coding (AMC).
Fast HARQ mechanisms and fast scheduling facilitates
support the efficient usage of the radio resources in adap-
tation to the instantaneous channel conditions and net-
work loading. These techniques are described in detail
in the following.

2.1. Fast link adaptation
As mentioned before, higher order modulation in con-

junction with link adaptation is a way of optimizing the
instantaneous use of the fading radio channel. By trans-
mitting the HS-DSCH at in principle constant power, i.e.
without fast downlink power control, the modulation and
coding schemes can be selected to maximize throughput
on the downlink. Note, the use of link adaptation in-
stead of fast power control does not mean that the HS-
DSCH power cannot vary for other reasons, such as vari-
ations in the power used by other downlink channels.
The Medium Access Control (MAC) part for HSDPA
in Node B selects the Modulation and Coding Scheme
(MCS) that matches the instantaneous radio conditions
depending on the shortened HSDPA Transmission Time
Interval (TTI) which may be as short as a single time
slot. The selection can be based on several criteria ac-
cording to a combination of User Equipment (UE) mea-
surement reports, the instantaneous power of the asso-
ciated Dedicated Physical Channel (DPCH), QoS de-
mands associated with the requested service, and waiting
buffer sizes.

2.2. Fast HARQ
HARQ, which combines soft information from re-

transmissions requested by UE with soft information
from the original transmission prior to decoding, greatly
improves performance and adds robustness against link
adaptation errors. It also serves to fine tune the effec-



tive code rate and compensates for errors made by the
link adaptation mechanism. If all data is correctly de-
coded, an acknowledgment is sent to Node B, using the
associated uplink control channel. But if the data is
decoded incorrectly, retransmission is requested imme-
diately. Once the data has been retransmitted, the UE
combines the previous versions of data with the retrans-
mitted version. This procedure is called soft combin-
ing. Thus, the probability of successful decoding is in-
creased. Retransmissions are requested until the data has
been decoded correctly or until the maximum predeter-
mined number of attempts has been made. Since the
HARQ mechanism resides in Node B, retransmissions
can be requested rapidly.

2.3. Fast scheduling
The scheduler is a key element of the design. It con-

trols the allocation of the channel to users, and to a
large extent, it determines the overall behavior of the sys-
tem. The scheduler exploits the multi-user diversity and
strives to transmit to users when radio conditions permit
high data rates. Notwithstanding, it also maintains a cer-
tain degree of fairness. Fundamentally, higher tolerance
to QoS criteria means higher system capacity. The out-
come of this is one of the main enhancements for best
effort service, which by definition allows for a relatively
large spread in quality. Since there is no need to stan-
dardize the scheduling algorithm, different schedulers
can be used for different scenarios. Instead, the sched-
uler can be designed to suit the requirements of different
operators and environments. Information on which the
scheduler can base its decisions include but are not lim-
ited to:

� the predicted channel quality, as used by the link
adaptation,

� the current load of the cell,
� the traffic priority class (e.g. real-time or non real-

time services),
� the current QoS of a connection (e.g. throughput,

delay) compared to the requested or necessary QoS
to support the particular traffic type.

Several scheduling strategies have already been dis-
cussed in literature, among them the most promising pro-
portional fair scheduler as referred in [7].

3. Modulation and Coding Schemes

The advantages of adapting transmission parameters
in a wireless system with respect to changing chan-
nel conditions have been formerly approved in e.g. En-
hanced Data Rates for GSM Evolution (EDGE) [9]. In
general, the process of modifying transmission param-
eters to adapt to current channel conditions is known
as Link Adaptation (LA). For this reason AMC comes
within the limits of LA. The principle of AMC is to
enable the system to change the modulation and coding
format. Therefore, the channel condition has to be mea-
sured or estimated based on feedback of the receiver. In
this manner, links with better transmission conditions are

Turbo
Encoding

Puncturing
or

Repetition

Interleaving

Mapping
on 

Code−Tree
Modulation

i.e.
QPSK,

16 QAM,
64 QAM

Ch. Code 1

Ch. Code N

channels
other

scramblinggain

Adaptation Algorithm

Info bits CRC

Figure 1: Physical layer processing chain of AMC in
HSDPA capable Node B

assigned a higher order modulation and higher coding
rates, while links with bad transmission conditions are
assigned lower order modulation and lower coding rates.

The main benefits of AMC are:

� availability of higher data throughput and therefore
increased average throughput per cell,

� reduced interference variation due to modulation
and coding based link adaption instead of variations
in transmit power,

� utilization of short term fading in the way that a user
is always being served on a constructive fade,

� boosted effectiveness in combination with fat-pipe
scheduling techniques enabled by the HS-DSCH.

Fig. 1 shows the syntactical application flow of AMC
as proposed for HSDPA from the Node B’s point of view.

But the implementation of AMC in UMTS also offers
several challenges. The most critical point of AMC is
its sensitivity to error and delay of channel quality mea-
surement. To select the suitable Transport Format (TF)
for current transmission conditions, the scheduler must
always be aware of the current channel quality. Errors in
channel estimation either cause selection of the wrong
data rate and transmission at too high power, wasting
system capacity or transmission with an MCS too sen-
sitive towards bad channel conditions, increasing Block
Error Rate (BLER). Delay in reporting channel measure-
ment reduces reliability of the channel quality estimation
due to its constant variation. There are different methods
by which the suitable MCS can be selected:

� the UE estimates the downlink channel quality and
calculate the best fitting transport format, enables
this TF and reports it to the serving Node B,

� the UE estimates the downlink channel quality and
reports it to the serving Node B, where the right TF
is selected,

� Node B estimates the best fitting TF based on power
control gain of the associated DPCH without feed-
back from the UE.

Depending on the system load and channel conditions,
the MAC adapts modulation and coding rate for each
user. HSDPA in UMTS is mainly defined in [1, 2].
Two kinds of Phase Shift Keying (PSK), i.e. 4 PSK and
8 PSK, and two kinds of Quaternary Amplitude Modu-
lation (QAM), i.e. 16 QAM and 64 QAM, are proposed
as modulation schemes. Turbo Coding (TC) with three



different code rates
���

ranging from ����� to �	��� or no cod-
ing can be used for channel coding. The different coding
rates are obtained from the

����
 ��� � mother code of the
turbo encoder by puncturing or repetition. Puncturing
is applied to create the rates

���
 � ��� and
����
 � ��� ,

whereas rate
����
 � ��� is created by repetition of some

redundant bit. Combinations of these lead to seven MCS
which are pooled to four sets as presented in Tab. 1. The
MCS level may change every TTI.

Table 1: Sets of MCS proposed for HSDPA [1]

MCS Modulation
���

A B C D

1 QPSK 1/4 �
2 QPSK 1/2 � � � �
3 QPSK 3/4 � � �
4 8 PSK 3/4 �
5 16 QAM 1/2 � � � �
6 16 QAM 3/4 � � � �
7 64 QAM 3/4 � �

An approach for the Node B’s decision criterion con-
cerning the choice of MCS is that the UE estimates the
DL channel quality from the Common Pilot Channel
(CPICH) or current BLER and decides which MCS it
would be able to receive in the current channel condi-
tions. The feedback information given to the network
is a request for a specific TF which contains among
other information the MCS level. Node B decides on the
MCS level of the next transmission based on this request,
but also based on further information, like network con-
figuration and status, load and available resources [1].
Therefore the MCS level actually used in the next trans-
mission might differ from the level requested by the user.

4. HSDPA Channels

HSDPA contains several features, one of the most im-
portant being the High Speed Downlink Shared Chan-
nel (HS-DSCH). The HS-DSCH is a downlink transport
channel shared by several UE, associated with one down-
link DPCH, and one or several High Speed Shared Con-
trol Channel (HS-SCCH). The HS-DSCH is transmitted
over the entire cell or over only part of the cell using e.g.
beam forming antennas [3]. A sub-frame is the basic
time interval for HS-DSCH transmission and HS-DSCH
related signaling at the physical layer. The length of a
sub-frame, also mentioned as HSDPA frame length or
TTIHSDPA usually corresponds to 3 slots, which corre-
lates to 2 ms or 7680 chips. Within the limits of HSDPA,
there are also TTIHSDPA lengths of 1, 5 and 15 slots, i.e.
0.667 ms, 3.3 ms and 10 ms, respectively proposed in [1].

Fundamentally, HS-DSCH provides a fast time-
multiplexed resource shared by a large number of users.
The fast signaling mechanism is based on encoding rel-
evant information on the Transport Format Combination
Indicator (TFCI) field of the Dedicated Physical Control
Channel (DPCCH), which is always active and received
by the terminal, as among others it carries vital uplink
power control information. In this way, a large num-

ber of users can simultaneously listen to their respective
HS-DPCCH. Whenever there are user data due, a High
Speed Indicator (HI) announces this to the respective
user who can start receiving the data on the HS-DSCH,
which comprises a queue and a shared server with a
shared channel. Packets are arriving in the queue and the
server picks up the first available and divides it into small
segments, depending on the transmission capability of
the actual sub-frame. Subsequently, the packet segments
are transmitted over the channel and at the end of the
transmission a new packet is selected from the queue,
which may or may not belong to the same user. However,
due to the very fast TFCI signaling mechanism there is
no idle time between the transmissions of these packets.
A timing difference between the reception of the TFCI
and the start of the HS-DSCH frame is introduced, pri-
marily for processing reasons.

The High Speed Physical Downlink Shared Channel
(HS-PDSCH) is used to carry the HS-DSCH. An HS-
PDSCH corresponds to one (or more) channelization
code of fixed spreading factor Spreading Factor (SF)
16 from the set of channelization codes reserved for
HS-DSCH transmission. Multi-code transmission is al-
lowed, which enables the UE, depending on its capabil-
ity, to use multiple assigned channelization codes in the
same HS-PDSCH sub-frame.

An HS-PDSCH may use QPSK, 8 PSK, 16 QAM or
64 QAM modulation symbols. With � 
 ld � as the
number of bit per modulation symbol, i.e. � 
��

for
QPSK, � 
��

for 8 PSK, � 
�� for 16 QAM and � 
��
for 64 QAM, Tab. 2 lists possible slot formats and data
rates.

Table 2: Physical layer characteristics of HS-PDSCH

slot format bit rate symbol rate SF � data� �
kbps  �

ksps  per slot

0 (QPSK) 480 240 16 320
(8 PSK) 720 240 16 480

1 (16 QAM) 960 240 16 640
(64 QAM) 1440 240 16 960

The downlink signaling is done through the use of
the High Speed Shared Control Channel (HS-SCCH)
accompanied with each HS-DSCH. Since HS-SCCH,
HS-DSCH and voice channels share the same resources,
such as power and bandwidth, control signalling is often
improved at the cost of system resources and capacity.

Scheduling treats all available resources for HS-
DSCH as a single data pipe and selects users to assign
the resources to, typically based on link quality feed-
back. AMC selects the appropriate MCS to suit the se-
lected users prevalent channel conditions. AMC can still
result in errors due to feedback delays, noisy measure-
ments and channel variability during the packet trans-
mission time.

Most of the aforementioned performance enhancing
techniques are closed loop techniques that try to ex-
ploit the diversity of fast fading, thus relying on fast
and reliable control signalling. For DL, the signalling
messages include AMC and HARQ control informa-
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tion. While the uplink signalling messages include
ACK/NACK for HARQ and Channel Quality Indica-
tion (CQI) for scheduling and AMC. Due to the sched-
uled nature of the HS-DSCH, the control signalling is
not needed all the time for a particular user. For DL,
where the number of channelization codes is limited, it
becomes beneficial to designate only a few control chan-
nels to be shared among the users. A Shared Control
Channel (SCCH) as the HS-SCCH, is assigned to a user
only when the user is scheduled. In order to provide the
user with the AMC and HARQ control information in
time, the SCCH is staggered with the HS-DSCH. The
HSDPA signalling tasks is depicted in Fig. 2. The HS-
SCCH is sent ahead of the HS-DSCH. Through suc-
cessful decoding of the UE Identification (ID) field, the
intended user is informed of the upcoming HS-DSCH.
This user then decodes the rest of the HS-SCCH to ob-
tain the AMC and HARQ control information, e.g. the
MCS and HARQ channel used and prepares for the de-
coding of the HS-DSCH.

5. Performance Evaluation

The performance of HSDPA applied to a WCDMA
network is evaluated by means of dynamic simulation.
The event-driven Generic Object Oriented Simulation
Environment (GOOSE) is used for simulation purposes
[6]. A hexagonal simulation environment with seven
sites each comprising three sectors is used and the center
cell is evaluated. Fig. 3 illustrates the simulated scenario
and its dimensions.

User mobility follows a directional uniform model
with a velocity of 30 kmph. Radio propagation is mod-
elled according to the modified Hata-Okumura model as
proposed in [4]. Moreover, lognormal shadowing with
a standard deviation of 10 dB and fast power control
inaccuracy with a normal distributed random offset in
pathloss of variance 0.1 dB is considered.

Tab. 3 summarizes the parameterized traffic setups
and the number � of users per sector at each service. All
connections are modelled by independent Poisson arrival
processes of users in each sector. Speech and Internet are
configured as proposed in [4]. Speech is provided with a
single SF 128 code in downlink and � speech
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Figure 3: Simulation scenario

Table 3: Simulated traffic setups

Service Setup 1 2 3
(Load) (50%) (75%) (100%)

12.2 kbps speech 20 30 40
Internet 10 15 20
File download (FTP) 2 3 4

activity because of the long reading times, i.e. idle pe-
riods of 12 s in average. FTP service model is a file
download of 1 Mbyte size with segment packet size of
1460 byte according to Ethernet traffic. The resulting
activity is � FTP


������
%. Both kind of downlink packet

data services are provisioned by a single code SF 16 ded-
icated channel for every single connection which corre-
sponds to a Radio Access Bearer (RAB) with 144 kbps
or by using the HS-DSCH.

In the reference case, all services are delivered with
dedicated RAB and subject to fast power control and soft
handover as described in [6]. Services provided via the
HSDPA are not power controlled and the soft handover
ability is disabled. All packet data services are scheduled
in random fashion in both configurations.

The radio transmission specific parameters are col-
lected in Tab. 4. Most of them are chosen according to

Table 4: Radio parameters

Physical Channel Settings

UL frequency 1920–1925 MHz
DL frequency 2110–2115 MHz
Bandwidth 5 MHz
Radio frame duration 10 ms
Max. spreading factor UL 256
Max. spreading factor DL 512
Modulation (w/o LA) QPSK

Max. Tx power at Node B 43 dBm
CPICH power 32 dBm
Max. Tx power at UE 27 dBm
HS-DSCH power 25 dBm
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licensing conditions for the lowest UTRA-FDD band as
defined in Europe. A total transmission power of 43 dBm
is parameterized at the Node B. The CPICH is transmit-
ted at 32 dBm. For HSDPA services, the transmission
power is limited to � Tx


����
dBm (20% CPICH power)

per HS-DSCH. In consequence, sometimes more power
than necessary is used on short distance radio links and
at reasonable low interference level. On the other hand,
connections to UE close to the cell border or under im-
pression of high interference level can never switch to a
higher order MCS. In worst case, even the lowest MCS
can not provide sufficient transmission quality in terms
of BER and BLER.

The LA algorithm used in the simulations is based on
the BLER on the HS-DSCH. Subsequent error events
indicate a low transmission quality and provoke the
Node B to switch down the MCS order to gain robust-
ness on the link. Longer intervals of subsequently error-
free transmitted data blocks will lead to a upgrade of the
MCS. Hence, the overall BLER is kept low and retrans-
missions are avoided. However, changes of the MCS ap-
pear from time to time in order to check the possibility
of higher data rate transmission. Only MCS set D is en-
abled which comprises MCS 2 also as the initial choice,
MCS 5 and MCS 6.

Two kinds of simulations have been performed. As a
reference, the data transmission is enable with the use of
Dedicated Physical Channels (DPCH) at rate 144 kbps,
i.e. with one code at SF 16 per active user. During idle
periods, e.g. reading times of web browsing sessions, the
channel is released. The HSDPA scenario with LA is
compared to this reference results. All data connections
are multiplexed on up to 10 HS-DSCH with a single code
at SF 16 each. The remaining codes are sufficient to
provide the CPICH and other downlink common control
channels as well as up to 45 voice channels at SF 128.

Fig. 4 to Fig. 9 present some of the simulation results.
We can clearly identify interference limitation already at
low traffic due to missing power reduction on HSDPA
channels. Instead of reducing the transmission power,
the MSC order is increased and thus, interference in the

network approaches its upper bound at any load. The
curves in Fig. 4 with LA enabled show similar behaviour
as well as the heavily loaded reference scenario (setup 3)
using dedicated channels. The use of LA seems prefer-
able in high load scenarios as the total interference is
reduced by about 2 dB. However, since the HSDPA re-
sources are hard-limited at 10 codes and dedicated chan-
nels are available as long as there are free codes, we can
simply state that the limitation only causes lower air in-
terface usage coming along with reduced interference.
But as a drawback, the waiting times of the packets in-
crease and the throughput per connection decreases.

From Fig. 5 we notice that the traffic setup 2 slightly
reduces the maximum total transmit power used in DL
if LA is enabled. With setup 3, always more power is
needed when traffic is carried by dedicated channels be-
cause of no hard limitation for the code resources and
power control on every link. The latter tries to compen-
sate the increased interference and therefore results in
higher powers per link.

If LA is enabled, data rates can be increased above
the 144 kbps fixed bearer—especially at low traffic as il-
lustrated in Fig. 6 and Fig. 7. Since web traffic is of-
ten interrupted and the transmission always starts with
the most robust MCS, the effect becomes clearer for the
continuous FTP service. In the case of higher cell load,
link quality is no longer sufficient and retransmissions
become necessary, resulting in less throughput. This is
a consequence of the missing power control on the HS-
DSCH. If a UE is too far from the Node B and the fixed
transmission power is not sufficient to overcome path
loss to this location, the link quality decreases and even
the lowest order and most robust MCS is not able to pro-
vide the data service. This effect even gets worse for
increasing traffic in the network because of the higher
interference.

With LA, transmission power per code in downlink
is always close to the HSDPA power due to missing
power control. Fig. 5 illustrates the distribution of power
per code and we can clearly identify higher power lev-
els for the simulations with fixed power HS-DSCH and
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Figure 9: Percentage of MCS 5 usage (Setup 3)

LA—also for the fast power-controlled speech conec-
tions. About 20% of the values entered in the statis-
tics are equal to the HS-PDSCH power of 25 dBm. This
is not related to the amount of traffic generated by the
data connections but to the fraction of codes allocated
in comparison to speech service. A relationfor the al-
located codes of � speech � � speech

� � WWW � � WWW
�

� FTP � � FTP

���� � � � � � is resulting for the param-

eterized services. Hence, 80% of the allocated codes
go to the active speech connections in average. Since
speech services require a carrier to interference ratio of� �����
	 � � dB almost no downlink code power below
5 dBm is used to compensate for the intra-cell interfer-
ence generated by a single code active HS-DSCH. The
more codes are used for HSDPA, the more power is nec-
essary on the speech links as well.

The percentage of usage for MCS 5 (16 QAM, 1/2) over
the area of the center cell is illustrated in Fig. 8 for
the traffic setup 1 and Fig. 9 for setup 3. It is noticed,
that higher order MCS are only used at low traffic loads
(setup 1) whereas for higher traffic, LA is unlikely to
chose higher order MCS due to interference limitation
in the network. This is caused by the high intr-cell inter-
ference generated by non power-controled HSDPA ser-

vices. As a result, the maximum available CIR is almost
constant in the entire cell and decreasing with increasing
traffic. Only far at the cell borders and in the areas of
overlapping sectors the increased inter-cell interference
cause a MCS usage restricted to the lowest order MCS 2.

6. Conclusion

From the simulated scenario we can conclude that HS-
DPA shows no significant network capacity gain. It is,
in fact, a means to increase throughput and reduce de-
lay in low loaded networks. In the interference limited
WCDMA environment, HSDPA gains from assigning all
available power in a cell to the active connections. If
the network reaches its interference and power limita-
tions, channel conditions are disturbed and only robust
transmission as usual, i.e. without HSDPA is possible.
But with the introduction of fast scheduling and HARQ,
HSDPA offers more flexibility for fair resource shar-
ing among users. Hence, WCDMA network capacity
for multiple transmissions is not significantly increased
but efficient sharing of the limited resources in terms
of codes and power can be realized and higher peak
throughput is achieved for single connections.



The drawback of LA in the context of HSDPA for
UMTS networks based on WCDMA is the almost equal
interference distribution which to a large extend is
caused by the intra-cell fraction. Since most of the re-
ceived interference is emitted from the own Node B, only
slow variations in the received CIR are expected. In Time
Division Multiple Access (TDMA) networks like GPRS
or TD-CDMA (UTRA-TDD) with different interference
situations experienced on the available time slots, we can
expect a more efficient LA performance because of the
large scattering of received CIR values [5]. Therefore,
we conclude that HSDPA seems more efficient applied
to the TDD mode of UMTS.
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