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A Joint Power Allocation and Scheduling Algorithm for CDMA-based
High-rate Packet Data Systems
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Abstract

In the case of COMAbased packet data systems such as 1XEV-DO which are designed fo support high rate services, BSs
fransmit data packets with a maximum power based on time multiplexing mode such that only one user can be senviced at a
fime. In this paper, we propose a joint power allocation and scheddling algorithm for IXEV-DCHike systems in which we adopt a
code division multiplexing (CDM) transmission method in the downlink common channel in order to utilize channel orthogonality
such that we can serve more than one user at a fime slot especially when there exist remaining resources affer serving the firstly
selected user by the scheduler. Simulafion results demonsirate that the proposed scheme can improve the performances of
conventional schemes such as the maximum rate and the proportional fair dlgortthmns.,
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and High Speed Downlink Packet Access
(HSDPA) adopt common shared channels in

I. Introduction
CDMA-based high-rate packet data systems the forward link in order to provide a high

such as 1x radio transmission technology
EVolution high-speed Data Only (1xEV-DO)

bit rate packet data service and an improved
throughput. For example, 1xEV-DO systems
adopt the Forward Packet Data CHannel
(FPDCH){1] while HSDPA systems use the
High Speed Downlink Shared CHannel
(HS-DSCH){2]. These common shared channels
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are capable of supporting high bit rate by
employing adaptive modulation and coding
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with hybrid automatic request, turbo codes
and transmit diversity. One of the most
distinct features of these common shared
channels however is to adopt rate adaptation
and to service multiple packet data users
based on time multiplexing mode. In addition,
a mix of services with different requirements
is expected to be serviced in the context of
next generation CDMA systems. In order to
support the quality of various services through
the common shared channels, efficient Medium
Access Control (MAC) protocols are nece-
ssary. More specially, it is expected that a
scheduling algorithm among MAC protocols
plays an important role in the common shared
channels since it controls the allocation of the
shared resources among users and to a large
extent determines the overall behavior of the
system.

Recently, many works have been done
regarding scheduling algorithm for common
shared channels in order to increase total
throughput and to guarantee Quality of Service
(QoS) requirements of wusers [3,4,5]. A
proportionally fair scheduling algorithm proposed
in [3] takes advantage of short-term channel
variations while at the same time maintaining
almost same long-term throughput among all
users such that it can increase system
throughput and achieve some degree of fairness
among users. As a variant of the proportional
fair scheduling algorithm, 4 et. al. suggested an
algorithm to provide priority for users by
introducing weighting factor [4]. Ofuji et. al
also proposed a new fast packet-scheduling
algorithm based on instantaneous received signal-
to-interference power ratio with a constraint

condition assuring minimum throughput where

the maximum Carrier-to- Interference power
ratio (CIR) and the proportional fair scheduling
methods are combined to overcome the
disadvantages of the maximum CIR scheduling
method and the proportional fair scheduling
simultaneously [5]. The scheduling algorithms
[3,4,5], however, basically exploit time-varying
channel conditions to make a scheduling
decision. That is, the previous works only
utilize the data-rates requested by the Mobile
Station (MS)s based on the their channel
information while ignoring the aspects of
queuing by assuming that all buffers are
always full. In most cases, the system does not
operate at the fully loaded condition, and the
traffic load changes time to time. It implies
that there are not always enough data packets
to send in the queue of each user such that
for a certain time, the demanded data rate to
transmit current packets in the queue can be
less than the feasible data-rate requested by the
MS. In this situation, we can waste system
resources by allowing more transmission power
than the demanded one if we assign the
resource only based on the feasible data-rates
requested by MSs.

With the motivation of this idea, we in this
paper suggest a joint power allocation and
scheduling algorithm which utilizes both
queueing information of Base Station (BS)
and channel information of each MS, and
further uses Code Division Multiplexing
(CDM) in the downlink common shared
channel. In the proposed scheme, if the
demanded data rate of the user who is
selected by the scheduler is less than the
feasible data rate requested by MS (i.e., in
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aspects of transmission power, it corresponds
to the facts that the demanded power is less
than the maximum power level of BS), then
scheduler enters into the CDM mode where
the BS calculates a proper power level to
send data packet of the selected user and
further selects another user who can utilize
the remaining power most efficiently. Finally,
the BS will send data packets through CDM
transmission and MSs receive their packets

from the serving BS.

The rest of the paper is organized as
follows. In Section II, we review the
operation of conventional 1xXEV-DO-like sys-
tems. In Section III, we present the proposed
algorithm where the scheduling algorithm and
power allocation are combined through CDM
transmission in the downlink common shared
channel. In Section IV, we show simulation
results, and finally draw conclusions in
Section V.

II. Conventional 1xEV-DO-like
Systems

In this paper, we consider the common
shared channel of 1xEV-DO system, namely
Forward Packet Data CHannel (FPDCH). It
consists of a single data channe] that is divided
into 1.667ms time slots. Two pilot bursts are
each time slot to aid
synchronization, Signal to Interference plus noise
Ratio (SIR) coherent
demodulation. Control channels and user payload
are time-multiplexed onto the forward link.

inserted  into

estimation and

Pilot burst is transmitted by a constant
each BS and
synchronization and SIR prediction at MSs.

power from aids in
Then, each MS measures the pilot-signal SIR,
and determines the feasible data-rate that can
be supported in the current channel state,
based on the quality of the received signals.
Channel information such as feasible data-rate
and the received SIR level is also reported to
BS by each MS through the Data Request
Channel (DRC), one- of the reverse link
channels. For example, Table.l shows the
data-rate of traffic channel under consideration.

On the side of BS, the scheduler makes a
decision on which user will be chosen for the
next transmission slot by utilizing channel
information of each MS as well as queue
information of BS. And then, the BS
transmits data packets to the selected user
with the requested data rate. Fig. 1 shows
overall schematic structure of the system
being considered.

(Table 1) Lookup table for the required SIR
of the pilot signal and corres-
ponding data rate.

Data rate (kbps) | the required SIR [dB] of pilot signal
for 1% FER in AWGN

38.4 -12.5

76.8 -9.5

153.6 -6.5

307.2 -4.0

614.4 -1.0

921.6 1.3

1228.8 3.0

1843.2 7.2

2457.6 9.5
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{Figure 1) Overall structure of 1xEV-DO-like
systems.

IIl. A joint power allocation
and scheduling algorithm

In order that a scheduler make an
appropriate decision on which user to be
chosen for the mnext transmission slot,
information on the channel of MSs as well as
on the queues of each user at BS is needed
as like Fig. 1. The channel information of
each MS is the feasible data-rate, which can
be supported by each MS under the

current channel condition, while the queue
information of BS is the number of packets
to send and packet delay of respective queue
for each user. By using information about
individual  data  steams, together  with
information about channel characteristics of
different MSs, the scheduler makes a plan for
the transmission so that the system perfor-
mance will be maximized while QoS
requirements of each user are satisfied. In the
previous works[3,4,5], the scheduler only
utilized the feasible data-rates requested by
MSs while ignoring the aspects of queuing by
assuming that all buffers are always full. This

approach however can waste system resource
by assigning more power than the needed one
especially when the demanded data rate is
less than the feasible data rate. In this
section, we present a scheduling algorithm
which utilizes both the queueing information
in BS and the channel information of each
MS, and further uses «code division
multiplexing (CDM) in the downlink common
shared channel.

A. Feasible data rate

Mobile stations measure the SIR of the
pilot signal transmitted from BS. Since the
pilot signals are transmitted by the same
transmission power at each BS, the SIR of
the pilot signal, SIR,, from the j-th BS at

the 7-th MS can be expressed as

Pyt - L(d; ;)

X,
E Ppilot - L(di,k) M
E=1k=j

SlRpilot (1) =

Ld, )

2

X,
2 L(dzk
1L,k

=j

k=

where F,, is the transmission power of
the pilot signal, Z(d,;) is the path loss from
the j-th BS to the i-th MS, and K, is the
number of BSs in the service area. Here we
assume that the path loss of forward link
between the ¢-th MS and the j-th BS,
L{d,;) is characterized by d Jl - 1041 where {
is the pass-loss exponent, £ is a gaussian
distributed random variable with zero mean
and station deviation o to consider the effect
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of shadow fading. Typically, o takes the
value of 6 to 10 [dB] for signals from
adjacent BSs and that of 2 to 2.5 [dB] for
signals from home BS.

Since 1XxEV-DO-like systems basically adopt
the rate control scheme, the assigned data rate
to a user depends on the received SIR of the
pilot signal. The highest data rate is assigned
to each user as long as the received SIR of
the pilot signal is larger than the required
SIR. The required SIR value of the pilot
signal S[Rpltreq’ which is necessary to meet

the target frame error rate (FER). e.g., 1%
FER, can be calculated through off-line
simulations under AWGN conditions [1,4,7].
Here we adopt the results of [1,7], and
summarize the main results in Table. 1. Then,
each MS can calculate the required E/N,,
(B/N,),,, of the common shared channel
based on the required SIR value of the pilot
signal, S[Rpltreq and the processing gain.
Further, each mobile can estimate the feasible
data rates after calculating the received FE/N,
of the common shared channel by measuring
the pilot signal such that the feasible data rate
of user %, FRygepe; with the maximum

transmission power of BS can be calculated as
@)

where (SIR),,, is the received SIR of the
pilot signal, W denotes the spreading band-
width, and (E/N,),,, is the required E/N, of
the common shared channel to keep the frame
error rate below than the target value.

B. Demanded data rate

The demanded data rate of each MS,
R, .n.a depends on the amount of the
packets to send in each respective queue. For
example, if there are two packets with packet
length of 1024 bits in the queue of the i-th
user, then the demanded data rate of the i-th
user is about 1.2288M bps when one time
slot duration is 1.667 ms. In a certain time,
the demanded data rate could be less than the
feasible data rate according to the number of

packets in the respective queues.

frame

slot slot
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{Figure 2) Code division multiplexing trans-
mission in the common shared
channel.

C. The proposed algorithm

In the proposed scheme, if the demanded
data rate of the user who is selected by
scheduler is less than the data-rate requested
by the MS (i.e., in aspects of the power, it
corresponds to the case that the demanded
power is less than the maximum transmission
power of BS), then the BS calculates a
proper power level to send data packets of
the selected wuser successfully and the
remaining power will be assigned to another
user who can utilize the remaining power
most efficiently. Finally, the BS will send
data packets by CDM and MSs receive their
packets from the serving BS. Fig. 2 shows an

o
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example of the code division multiplexing
transmission in the common shared channel.
The main procedure of the proposed scheme
also can be described as following:

* With the information on both the channel
of each MS and the queue of BS, the
scheduler selects the user, i for the next
transmission who can maximize the

objective function of the scheduler, J;.
That is, fzarg{max(éi)}. The objective
function, §, can be various according to

the scheduling algorithm employed in BS.

e If the feasible data-rate of the selected

user ¢ is smaller than the demanded
data-rate, then the BS transmits data

packets of the user ¢ with the maximum
power as like the operation of conven-
tional 1xEV-DO-like systems. Otherwise,
the scheduler enters into the CDM mode
in which BS calculates the power fraction
of user ¢ and the left power (1—¢(7))
will be allocated to another user who can
utilize the remaining power most
efficiently. More detailed description for

the CDM mode is also as following:

* In the CDM mode, we calculate the
proper power level to send the data
packets of user i successfully. When the
radio channel is static during a frame, the
EJN, of the packet that will be received
in the following time slot from the BS j
at the i-th MS, E/N,(i,j) can be
expressed by

¢A(€)Pm,(i)L(d;J)mW—
) Rfrmle.;’nmmn) (5)

— N X
1= FY1- ¢ (NFuNLE, )+ 33 Pm<k)L(d;.k))
k=lk=j

BIN{i,5)= (

where P,,,(j) is the total transmission
power at the j-th BS, ¢A(f) is a ratio of

transmission power for the i-th MS to the
total transmission power P, ,(j), and F, is
an average orthogonality factor defined as the
fraction of total received power that will be
experienced as intra-cell interference due to
the multi-path propagation. The 7, is 1 for
perfect orthogonality and O for non-
orthogonality. Here we can assume that
P,.(j) is the same for all BSs. Then,
EJN,(i,5) can be estimated by using the

following equation:

N w
Eb/Na( i 7]) ~ min (Rjgasible,;’Rdenmnded,f) (4)
¢ 4(2)SIR,;,(7)

T - F)A— ¢ a(3) SIR (D) + 1

Assuming that data packet is successfully
received at MS when its received B/N,(i) is
greater than the required E/N,, (E/N,),,,, we
can calculate the condition of ¢,(z) in order

to correctly receive packets at MS such that

ROES &)

(BIN,), 0 (SIR, (DA - F ) +1)

STt (VB N,y (1= F) ey

feasible, {7 ‘demanded, §

Hence, the required transmission power
P, (i) for the i-th MS at the j-th BS can

Teq

be estimated by using the following equation:
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req( ) ¢A ( ) total (.7) (6)

« After that, we find the user k (k=)
who can fully utilize the remaining power

of the j-th BS, (1—¢,(7)) - P,,(4). That

is, the scheduler selects the user k whose
required power fraction is most close to

the power fraction (1—¢,(¢)) such that

I;=arg{¢(k) x(1—¢A(g))} N

* Finally, BS transmits the data packets of

user i and k with the following power,

respectively.
( ) '—¢’A( ) total(-y) (8)
( ) ¢A ( ) total (J ) (9)

Scheduler [©— *Channel information
7 5 from MSs
1 = arglmax(d) *Queue information

_COMmode

Yeg~ =

« BS transmits data packets of the user i
with maximum power as like HDR
S)’Sl& ms.

+ Caleulate the power fraction of user H . ¢(f )

» Find the user i(# ywhose required power
faction is most close 1o the left power (1 - (1))

i:arg?)(k)=(l—¢('¢))}

|

* BS trumsmits data packets of the user fand §
with following power, respectively through CDM
Pliy=04)-B,,

PO = 9K P

{Figure 3) The flow-chart of the proposed scheme.

In Fig. 3, we show the flow-chart of the
proposed scheme. Here it is noteworthy that
in the case of CDMA-based high-rate packet
data systems such as 1xEV-DO system, the

base station transmits the signal of the
common shared channel with the maximum
power assigned to the common shared
channel continuously, without adopting any
power control mechanism. The proposed
scheme basically shares the maximum power
allocated to the common shared channel by
the CDM method. Subsequently, it is
expected that the effect of the other-cell
interference on the system capacity with
consideration of the proposed scheme will be
similar to that without consideration of the

proposed scheme.

IV. Simulation and Results

Fig. 4 shows the schematic of overall
simulation environment. As like the figure,
multiple sessions are given to the FPDCH.

«_chanonal infaemalion

Arom M3s
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]
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Packet call c data packet
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Dy daa packen) Dy
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* Queue statws of each call
packet is arrived or serviced.

Dewrmine  Determine Detecmine muanber of dta [Z73 Taformation flow]
numberof  packetcall  packets per packet call !
packetcalls  intervat

per session

(Figure 4) Schematic of overall simulation
environment.

When data packets of a packet call in each
session arrive at a BS, these data packets are
buffered in respective queues at BS. According

52 olefdl Fwdlal (72 33)
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to the scheduling algorithm employed in BS,
the service turn for each user is determined
and the data packets are packaged as
“encoder packet” according to the service
rate, after that they are transmitted through
the FPDCH. The receiver of each session
receives the signals from the FPDCH, and
picks up the encoder packet for himself by
detecting the preamble sub-channel of the
FPDCH. Here we consider the following
simulation conditions; ¢ the number of
connected sessions are fixed 20, ¢ the buffer
size of each queue for each session is 100,
» the maximum delay requirement is given

0.1 s, - the average inter-arrival time of
packet calls is 15 ms, =+ the average

number of data packets per a packet call
varies in order to change the traffic load.

In order to investigate the combined effects
of scheduling algorithms with the proposed
transmission  scheme, we consider two
scheduling algorithms; the maximum rate rule
and the proportional fair rule [6]. The
maximum rate (MR) rule schedules the user
whose channel condition can support the
largest data rate among users in the next slot
such that the scheduler selects the user j

who satisfies the following condition
j = arg{ma‘xi (mln (Rfeasible,i’Rdemanded,i))} (10)

by using the channel information as well as
queuing information. The proportional fair
(PF) rule proposed for 1xEV-DO[3,6] takes
advantage of the short term channel variations

while at the same time maintaining almost

same long term throughput among all users
by taking channel information of each user
into account such that it can provide some
degree of fairness. More specifically, the
PF-based scheduler gives the rights to send
data to the user who has the highest §,(t) on

each decision epoch.

DRC(t)
R(t)

1

5i(t) = (11)

where DRC,(t) is the feasible data rate of
the ¢-th mobile station in a given time slot ¢,
and R(t) is the
experienced by the ¢-th mobile station over a

average data rate

certain  window time, ¢, and it is updated

c

with following equation.

R(t+1) = (1= D)) +1,(0) (12)

(4

where r,(¢) is the current transmission rate
of the ¢-th mobile station and ¢, is time
constant whose typical value used by the
scheduling algorithm is 1000 slots (1.6667
seconds) [6]. The scheduler wupdates the
average transmission rate on each time slot
for each mobile station, and a mobile station
who is not currently receiving service has O
for his current rate of transmission.

Fig. 5 shows the average throughput
performance as a function of the offered
traffic load. Here, the average throughput is
defined as the ratio of the number of
successfully transmitted data packets to total
number of generated data packets. Without
considering the proposed transmission scheme,
the proportional fair scheduling scheme

2006. 6.
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(Figure 5) Average throughput according to
the traffic load.

outperforms the maximum rate scheduling
algorithm. By combining the proposed
transmission scheme with the employed

scheduling algorithm, we can improve average
throughput in all cases. In addition, there is a
performance gap between the maximum rate
algorithm and the proportional fair before the
adopted, but the
performance gap becomes small when the

proposed scheme is

proposed scheme is combined, which means
effect of the
employed scheduling algorithm on the average

that we can reduce the
throughput performance by fully utilizing the

remaining system resource through the

proposed transmission scheme.

Fig. 6 shows the average packet delay as a
function of the offered traffic load. The
average packet delay is defined as the service
time that a data packet experiences from the
time to arrive at BS to the time when the
packet is successfully transmitted to the user.
It is also observed that the proportional fair
rate

algorithm outperforms the maximum

O—0 the maximum rate algorithm -
OO the maximum rate algorithm with proposed scheme )
= the proportional fair algorithm

*---—+ the proportional fair algorithm with proposed scheme

@
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average IP packet per packet call

(Figure 6) Average packet delay according to
the traffic load.

algorithm, and that we can improve average

packet delay through the proposed trans-
mission scheme. Fig. 6 also shows that the
proposed scheme can reduce the effect of the
employed scheduling algorithm on average
packet delay. It looks wunexpected that the
proposed scheme can both improve throughput
and reduce the packet delay simultaneously
since the throughput and packet delay are two
contradictory objectives, which needs a trade-
The

proposed scheme has such nice properties is

off design issue. reason why the
that the proposed scheme serves another user
with the CDM method if the demanded data
rate of the firstly selected user by the
scheduler is less than the feasible data rate
such that the proposed scheme can utilize the
remaining system resource fully, and event-
ually it can improve both throughput and
reduce the packet delay simultaneously. On
the other hand, the scheduler which does not
adopt the proposed scheme, allocates the full
resource to the firstly selected user even if its

demanded data rate is less than the feasible

B olEfl Hwafs| (72 33)
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data rate such that it wastes the system
resource. It is however noteworthy that the
benefit comes from the more complicated
controls in the resource management since the
proposed scheme requires a procedure to
calculate the remaining resource each time
slot, and to find a proper user who can

utilize the remaining resource fully.

—0O the i rate
©-*0 the i rate ithm with scheme
+—* the proportional fair algorithm
#---+ the praportional fair algerithm with proposed scheme
Z i
B Rl e oo o ——— . e
.g . S / - ;/ B QR
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& i
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§ 102 /4
2 - 4
........... LTI
&y
& l"
£
P
i
16° i i
1 2 3 4 5 6 7 8 g

average P packet per packet call
(Figure 7> Average delay-outage probability
according to the traffic load.

Finally, Fig. 7 shows the delay-outage
probability according to the traffic load,
which is defined as the probability that the
delay experienced by a data packet exceeds
the maximum delay requirement. In this case,
the maximum rate algorithm slightly outper-
forms the proportional fair algorithm. From
Fig. 7, we also know that we can improve
the average outage probability for all cases by
combining the proposed transmission scheme
with the employed scheduling algorithm.

V. Conclusions

In this paper, we have proposed a joint

" maximum  rate and

power allocation and scheduling algorithm for
CDMA-based high-rate packet data systems.
To show the combined effect of the proposed
scheme and the scheduling algorithms, we
considered the maximum rate and proportional
fair  algorithms.

showed that we can improve the performances

Simulation results have

of the maximum rate and the proportional fair
algorithms by adopting the proposed algo-
rithm. However, the benefits come from the
more complicated control in the resource
management since the proposed scheme
requires a procedure to calculate the
remaining resource each time slot, and to find
a proper user who can utilize the remaining
resource fully. It is also noteworthy that we
will get similar performance gains for any
kind of scheduling algorithms by combining
the proposed scheme as like the cases of the
proportional  fair
algorithms.
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