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Abstract—The Universal Mobile Telecommunications System (UMTS) adopts
WCDMA as the air interface to provide variable transmission rate ser-
vices. Four traffic classes are identified in UMTS, which are conversational,
streaming, interactive, and background classes. To efficiently utilize the
radio bandwidth, the shared channel technology is proposed to deliver in-
teractive and background traffics. This paper proposes a “Shared-Channel
Assignment and Scheduling” (SCAS) algorithm to allocate shared chan-
nels to interactive and background connections. We formally prove that
the SCAS algorithm can satisfy the transmission rate requirement of each
interactive connection and can efficiently utilize the radio bandwidth.
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I. INTRODUCTION

The Universal Mobile Telecommunications System (UMTS) [2],
[5] provides high and variable transmission rate services to mo-
bile users. With UMTS, wireless multimedia communication
can be enhanced with high quality, and packet access to infor-
mation and services on Internet will be enhanced by higher data
rates and new flexible communication capabilities. In UMTS,
four traffic classes for connections are identified, which are
conversational, streaming, interactive, and background. Dur-
ing a connection, the traffic for the conversational and stream-
ing classes has the fairly constant characteristics. The typical
applications for the conversational and streaming classes are
speech and multimedia applications. The traffic of the inter-
active class is highly dependent on request-response patterns
of end users (where a response is timely critical), which has
the bursty characteristics. The typical applications for the in-
teractive class include common Internet applications (e.g., web
browsing and network gaming). The background class is for ap-
plications without stringent response-time requirement, such as
the background e-mail application. It is usually served by the
best-effort transmission service.

As shown in Figure 1, UMTS consists of the Terrestrial Ra-
dio Access Network (UTRAN) and the core network. A User
Equipment (UE) communicates with UTRAN through the air
interface Uu [1] adopting the WCDMA radio access technol-
ogy. In WCDMA, the Orthogonal Variable Spreading Fac-
tor (OVSF) [5] technique is used to preserve the orthogonal-
ity among the radio channels for different users. To provide
variable transmission rate services, physical channels are as-
signed the OVSF codes with different Spreading Factors (SF s).
The transmission rate supported by a physical channel increases

1Contact Author: P. Lin, Department of Computer Science & Information
Engineering, National Taiwan University, Taipei 106, R.O.C.; TEL: +886-2-
23625336 ext. 329; FAX: +886-2-23628167; Email: plin@csie.ntu.edu.tw.
2C.-H. Gan, Dept. of Computer Science & Information Engineering, National
Taiwan University, R.O.C.; Email: chyen@pcs.csie.ntu.edu.tw.
3N.-C. Perng, Dept. of Computer Science & Information Engineering, National
Taiwan University, R.O.C.; Email: d90011@csie.ntu.edu.tw.
4T.-W. Kuo, Dept. of Computer Science & Information Engineering, National
Taiwan University, R.O.C.; Email: ktw@csie.ntu.edu.tw.
5C.-C. Hsu, Dept. of Computer Science & Engineering, Yuan Ze University,
Taiwan, R.O.C.; Email: cchsu@csie.ntu.edu.tw.

UTRAN

Node B

RNC

RN

C

UE

Core Network

SGSN

MSC/

VLR
HLR

Data

Network

SGSN: Serving GPRS Support Node

GGSN: Gateway GPRS Support Node

HLR: Home Location Register

MSC/VLR: Mobile Switching Center/

Visitor Location Register

RNC: Radio Network Controller

UE: User Equipment

UTRAN: UMTS Terrestrial Radio

Access Network

GGSN

Uu

PSTN

Fig. 1. The UMTS Network Architecture
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with the decreasing of SF of the OVSF code assigned to the
channel. The rule for the generation of OVSF codes is based
on a complete binary tree with K + 1 layers (from Layer 0 to
Layer K). Each OVSF code is corresponding to a node in the
tree, which can be denoted as Ck,n where k is the layer num-
ber (0 ≤ k ≤ K), and n is the position number in Layer k
(1 ≤ n ≤ 2k). An OVSF code in Layer k has SF = 2k. Let the
OVSF code CK,n support transmission rate r bits/s. Typically,
the r value approximates to 8 × 1024 and the maximum SF is
512 for downlink transmission in WCDMA [5]. The transmis-
sion rate Rk supported by Ck,n is

Rk = 2K−kr bits/s (1)

Within the coverage area of a Node B, the total transmission rate
that can be assigned to users is fixed. As mentioned above, the
traffic for the conversational and stream classes has the fairly
constant characteristics. Thus the dedicated physical channels
are preferred to serve these two classes. For the interactive class,
due to the bursty characteristics, a shared-channel-based tech-
nology is proposed to serve the interactive class, where differ-
ent users share the same physical channel, Physical Downlink
Shared Channel (PDSCH). Efficiently scheduling a PDSCH to
serve different interactive connections may increase the system
utilization and the QoS of UMTS, which becomes a very im-
portant issue. For this issue, a packet scheduling function is
accommodated in the UTRAN [5], which can be done in two
approaches, in a code or time division manner as shown in Fig-
ure 2. In the code division manner (see Figure 2 (a)), a PDSCH
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channel is divided into several OVSF sub-code channels (sup-
porting lower transmission rates). A large number of users can
be served with these low transmission rate channels simultane-
ously. When the number of users waiting for transmission ser-
vices increases, the transmission rate (that can be allocated for
a single user) decreases. In the time division manner (see Fig-
ure 2 (b)), the transmission rate of a PDSCH is given to one
user at each moment of time. Thus a user can have a very high
transmission rate but can use it only very briefly.

The studies [7], [6], [4] have been contributed for efficiently
scheduling a PDSCH to serve different connections. The
study [7] proposed the Code-Division Generalized Processor
Sharing algorithm to fairly schedule a PDSCH to users in the
code division manner. In this algorithm, the connections are as-
signed different weights. This algorithm divides a PDSCH into
several sub-code channels (with different transmission rates) to
serve different connections. The code division operation is per-
formed at the beginning of each time slot based on the weights
of the served connections and the ratio of the volume of the data
of the connections currently queued in the buffer. In [6], the
connection is initially assigned a leaf sub-code channel (i.e., the
sub-code channel supporting the lowest transmission rates) of
the PDSCH when there is data to be transmitted. When bursty
data traffic arrives for this connection, the system reassigns a
ancestor code of the leaf code, which supports higher transmis-
sion rate. The longer no data is transmitted for a connection, the
larger credit is given to the connection. The system assigned
the OVSF sub-code channels to the connections based on its
credit. For the connection with larger credit, it is assigned the
sub OVSF code that supports higher transmission rate. In [4],
traffics are classified as the high QoS traffic and best-effort traf-
fic. High QoS traffic requires a guaranteed bandwidth to support
its required peak transmission rate. The bandwidth reserved
for the high QoS traffic is dynamically changed according to
its burstness. Best-effort traffic is allowed to utilize an OVSF
sub-code channel when high QoS traffic is not served at peak
transmission rate.

In the above previous studies, heavy computation may be in-
troduced for scheduling in every transmission, and the need for
changing the OVSF code is frequent during the transmission for
a connection. To efficiently schedule a PDSCH to serve the con-
nections, we proposes a time division approach named “Shared-
Channel Assignment and Scheduling” (SCAS) algorithm (with
low computation complexity and with QoS guarantee) to allo-
cate PDSCHs to the interactive and background connections.
We formally prove that

• our algorithm can guarantee that the interactive connections
can be delivered with the requested transmission rates,

• any two interactive connections served by the same PDSCH
would not be scheduled to be served at the same time (i.e.,
no collision occurs), and

• each PDSCH can be fully utilized to serve the interactive
connections or background connections.

The reset of this paper is organized as follows. Section II details
the SCAS algorithm. Section III proves the correctness of the
SCAS algorithm. Section IV gives a concluding remark.

Scheduler

Background Connection Requests

Buffers for Interactive
Connections A Buffer for Background Connections

1Q

2Q

LQ

nkC ,

Fig. 3. The packet scheduler architecture

II. THE SCAS ALGORITHM

This section describes the SCAS algorithm. Figure 3 illus-
trates an example for the packet scheduler for the PDSCH
with Ck,n, where the L interactive connections labelled with
Q1, Q2, · · · , QL, and background connections are served. The
Qi connection has its own buffer to queue the packets to be
transmitted, and a single buffer is shared by all of the back-
ground connections. Let S be the set of the L interactive con-
nections delivered by Ck,n, which is denoted as

S = {Q1, Q2, · · · , QL}
In UMTS, the transmission rate γi requested by the Qi connec-
tion is

γi = 2air bits/s, where ai ∈ {0, 1, 2, 3, ...,K} (2)

Our algorithm periodically schedules the interactive connections
to be served. Let D denote the length of a Transmission Time
Interval (TTI). Typically, the D value is 10 ms in WCDMA [5].
Let Ti be the time period between two consecutive transmissions
for Qi, and Di be the transmission duration for every transmis-
sion for Qi.

The SCAS algorithm consists of two phases: the assignment
phase and the scheduling phase. The assignment phase selects
a PDSCH for an interactive connection request. When the ser-
vice of a new interactive connection is granted, or an interactive
connection is completed by a PDSCH, the scheduling phase ex-
ercises to reschedule connections which share that PDSCH. The
details of the two phases are given below.

The Assignment Phase: For a new incoming interactive con-
nection request Qn requesting data rate γn, the network
finds a PDSCH with the OVSF code Ck,n which transmis-
sion rate Rk satisfies the following condition.

Rk −
∑

Qi∈S

γi ≥ γn (3)

If such a PDSCH is available, then this channel is allocated
to serve the request, and its corresponding S is updated as

S ← S ∪ {Qn}
Otherwise (i.e., no such PDSCH exists), the request Qn is
blocked.

The Scheduling Phase: This phase exercises when the re-
quest of a new interactive connection is granted, or an in-
teractive connection is completed by a PDSCH. Suppose
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Fig. 4. An example for scheduled connections sharing the PDSCH with Ck,n

that the PDSCH is with the OVSF code Ck,n, and can pro-
vide transmission rate Rk. This phase reschedules all the
interactive connections served by this PDSCH. First, the
network determines the values of Ti and Di for Qi ∈ S.
For all Qi ∈ S, the transmission duration Di is set to

Di = mD where m ∈ positive integers (4)

We use the following equation to determine the time period
Ti between two consecutive transmissions for Qi.

Ti = Di

[
Rk

γi

]
(5)

The network will then periodically transmit the packets for
a connection Qi according to its Di and Ti. The scheduling
of the connections in S is in the increasing order of Ti.
A connection with smaller Ti will be scheduled first. If
tie-breaking occurs, the two connections with the same Ti

can be transmitted in any order. When a connection Qi is
scheduled at time t, the next transmission duration for Qi

must be at least apart from t for Ti transmission durations
(i.e., at t + Ti).
Figure 4 shows an example for scheduling connections
sharing the PDSCH with Ck,n, where Di = D. The Q1

connection has T1 = 4D, and is scheduled to transmit
packets at the transmission durations t1, t5, t9, .... The
Q2 connection has T2 = 8D, and is scheduled to transmit
packets at the transmission durations t2, t10, t18, ....
For the background connections, the SCAS algorithm
schedules them to be transmitted in two kinds of transmis-
sion durations: (i) the transmission durations that are not
scheduled to serve any interactive connection, or (ii) the
transmission durations that have been scheduled to serve
an interactive connection Qi, but is idle (i.e., no packets
for Qi to be transmitted). As shown in Figure 4, the trans-
mission durations, e.g., t3, t4, and t6, can be scheduled to
serve background connections. Note that in this example,
the transmission duration t9 can be scheduled to serve a
background connection when Q1 has no packets to be de-
livered.

III. PROOF FOR THE CORRECTNESS OF THE SCAS
ALGORITHM

As shown in Figure 5, the packet service connection for an inter-
active application contains one or several bursty periods, which
is known as the ETSI packet data model [3]. The bursty pe-
riod constitutes a bursty sequence of packets. Hence, in a bursty

1,iX 2,iX jiX , 1, +jiX
time

jiX , : the jth bursty period for the       connection

packet service connection

packet arrivals packet arrivals packet arrivals packet arrivals

iQ

Fig. 5. Packet traffic characteristic for interactive connections

period, the buffer for an interactive connection always contains
packets to be transmitted (i.e., the buffer is not empty during the
bursty period). In this section, we formally prove that

• the SCAS algorithm can guarantee that the interactive con-
nections can be delivered with a transmission rate no less
than the requested transmission rate, and

• each PDSCH can be fully utilized to serve the interactive
connections or background connections.

Let the average transmission rate Ra be

Ra =
total number of bits

total transmission time
(6)

We show, in Theorem 1, that by using the SCAS algorithm, in
the bursty periods for a served interactive connection Qi, the
average transmission rate Ra is no less than the requested trans-
mission rate γi.

Theorem 1: Suppose that by using (3), the SCAS algorithm as-
signs the PDSCH with the OVSF code Ck,n (supporting the
transmission rate Rk) to the interactive connection Qi (that re-
quests the transmission rate γi), and periodically transmits the
packets for Qi by using (4) and (5). Then, in any bursty period
Xi,j for the connection Qi, Ra ≥ γi.

Proof: Consider a bursty period Xi,j for the Qi connection.
Assume that in this period, there are Y packet arrivals, and the
kth packet arrival has size zk bits. Then the total volume of data
V bits that should be delivered in this period is

V =
Y∑

k=1

zk

Since Di = mD (obtained from (4)) and this PDSCH provides
the transmission rate Rk, the channel can deliver mDRk bits
in each transmission duration for Qi. The number N of trans-
mission durations required to deliver the packet arrivals in the
bursty period can be obtained by

N =
⌈

V

mDRk

⌉
(7)

Note that the last transmission duration may not be fully utilized
to transmit the packet data for Qi. We calculate the number V ∗

of bits transmitted in the last transmission duration as follows:

V ∗ = V − (N − 1)mDRk (8)

Then the time T ∗ spent for the data transmitted in the last trans-
mission duration is

T ∗ = V ∗/Rk

=
V − (N − 1)mDRk

Rk
(9)
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We obtain the total transmission time Tt required to transmit
packets in this bursty period as follows.

Tt = (N − 1)Ti + T ∗ (10)

Applying (5) and (9) into (10), (10) is rewritten as

Tt =
V

Rk
+ (N − 1)mDRk

(
1
γi
− 1

Rk

)
(11)

Since Ra = V/Tt or 1/Ra = Tt/V (see (6)), from (11), we
have

1
Ra

=
1

Rk
+

[
(N − 1)mDRk

V

] (
1
γi
− 1

Rk

)
(12)

Subtract 1/γi in both sides of (12), and then we have

1
Ra
− 1

γi
=

(
1

Rk
− 1

γi

) [
1− (N − 1)mDRk

V

]
(13)

From (3), we know that Rk ≥ γi or 1/Rk − 1/γi ≤ 0,
and from (7), it is obvious that V ≥ (N − 1)mDRk or
1 − (N − 1)mDRk/V ≥ 0. Therefore, by using (13), the fol-
lowing inequality holds.

1
Ra
− 1

γi
≤ 0 or Ra ≥ γi

which completes the proof.

From Theorem 1, we know that in a bursty period, the packets
for an interactive connection can be delivered with an average
rate Ra no less than the requested transmission rate γi. In the
following, we will further prove that the SCAS algorithm would
not schedule a transmission duration to serve more than one in-
teractive connection (i.e., no collision occurs), and the PDSCH
can be fully utilized to serve interactive connections.

Theorem 2: With the SCAS algorithm, any two connections Qi

and Qj (requesting the requested transmission rates γi and γj ,
respectively) in the set S served by the PDSCH with the OVSF
code Ck,n would not be scheduled the same transmission dura-
tion.

Proof: From (5), we have

Ti = Di

[
Rk

γi

]
and Tj = Dj

[
Rk

γj

]
(14)

Without loss of generality, we assume that the transmission du-
rations allocated to Qi and Qj are tx+o(Ti/D) and ty+p(Tj/D)

where tx and ty are the first transmission durations scheduled to
serve Qi and Qj , and o and p are any of positive integers. Since
tx and ty are the first transmission duration for Qi and Qj , we
have x < Ti/D and y < Tj/D, respectively. We complete
the proof by considering the relationship between the requested
transmission rates γi and γj in the following two cases:

Case I. γi = γj , i.e., the two connections request the same
transmission rate. Since Di = Dj (obtained from (4)) and
γi = γj , from (14), we have

Ti = Tj

The all indexes of the transmission durations (scheduled to
serve Qi and Qj) have the following relationship. For any
o and p ∈ positive integers,

[x + o(Ti/D)]− [y + p(Tj/D)]
= (x− y) + [o(Ti/D)− p(Tj/D)] (15)

As described in the scheduling phase of SCAS, these two
connections can be scheduled to be served in any order for
the first transmission since γi = γj (i.e., tie-breaking oc-
curs). Hence,

x �= y (16)

Since x < Ti/D, y < Tj/D, and Ti/D = Tj/D, we have
x− y < Ti/D, and (x− y) + (o− p)(Ti/D) �= 0. Thus

[x + o(Ti/D)]− [y + p(Tj/D)] �= 0

or
x + o(Ti/D) �= y + p(Tj/D)

Therefore in this case, Qi and Qj are not scheduled to be
served in the same transmission durations.

Case II. γi �= γj , i.e., the two connections request different
transmission rates. Without loss of generality, we suppose
that γi < γj . Then from (14), the following inequality
holds:

Ti > Tj (17)

From (1) and (2), we know that Rk, γi, and γj are pow-
ers of 2. Then, by using (3), we have γi and γj < Rk.
According to (14), we can rewrite Ti and Tj as follows.

Ti = 2aiD and Tj = 2aj D where ai > aj

or

Ti = 2bTj where b = ai − aj (18)

Consider all indexes of the transmission durations (sched-
uled to serve Qi and Qj), which are x + o(Ti/D) for Qi

and y + p(Tj/D) for Qj , respectively. As described in the
scheduling phase in the SCAS algorithm, since γi < γj , the
Qj connection is scheduled before the Qi connection (i.e.,
the transmission durations scheduled to serve Qj would
be reserved before the transmission durations scheduled to
serve Qi are reserved). Hence we have for all p ∈ integers,

x �= y + p(Tj/D) or x− [y + p(Tj/D)] �= 0 (19)

The all indexes of the transmission durations scheduled to
serve Qi and Qj have the following relationship. By using
(18), i.e., Ti = 2bTj , for all o and p ∈ positive integers, we
have

[x + o(Ti/D)]− [y + p(Tj/D)]
= x− [y + (p− o2b)(Tj/D)] (20)

By using (19) and from (20), we obtain the following in-
equality.

[x + o(Ti/D)]− [y + p(Tj/D)] �= 0 (21)
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Hence, the statement “Qi and Qj are not scheduled the
same time slots” holds in this case.

The above two cases complete the proof.

Define the bandwidth utilization U of a PDSCH shared by a set
of L interactive connections as

U =
L∑

i=1

Di

Ti

In the following lemma, we will prove that the SCAS algorithm
can fully utilize a PDSCH to serve a set of interactive connec-
tions.

Lemma 1: Consider a PDSCH with the OVSF code Ck,n, which
supports the transmission rate Rk. The SCAS algorithm can
schedule the PDSCH to serve interactive connections, such that
the bandwidth utilization U ≤ 100%.

Proof: Suppose that there are L interactive connections served
by the PDSCH. From (3), we know that the total requested data
rate for the L interactive connections is no larger than Rk, that
is,

L∑
i=1

γi ≤ Rk (22)

In the scheduling phase of the SCAS algorithm, the time period
Ti for the Qi connection is obtained by Ti = Di [Rk/γi] that
can be rewritten as

γi =
[
Di

Ti

]
Rk (23)

Apply (23) into (22), and we have

Rk

L∑
i=1

[
Di

Ti

]
≤ Rk or

L∑
i=1

[
Di

Ti

]
≤ 100% (24)

Hence we have U =
∑L

i=1 [Di/Ti] ≤ 100%. Note that the

situation (where U = 100%) occurs when
∑L

i=1 γi = Rk.

IV. CONCLUDING REMARKS

The UMTS provides high and variable transmission rate ser-
vices to support wireless transmission for mobile users. In
UMTS, four traffic classes for connections are identified, which
are conversational, streaming, interactive, and background.
To efficiently utilize radio resource, the shared radio channel
PDSCH is defined to serve the interactive and background con-
nections. This paper proposed an efficient time-division-based
algorithm named “Shared Channel Assignment and Scheduling”
(SCAS) to schedule a PDSCH to serve different interactive con-
nections. We formally prove the correctness for the SCAS algo-
rithm. Our study contributed that

• the proposed SCAS algorithm is simple and with less com-
plexity, which is practical to be implemented in the real
UMTS system,

• our algorithm can guarantee that the interactive connections
can be served with a transmission rate no less than the re-
quested transmission rate, and

• with SCAS, the PDSCH can be fully utilized to serve the
interactive connections.
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