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Abstract— This paper proposes a transmission power
control scheme for downlinks in CDMA /shared—TDD
cellular packet systems that experience inter-cell inter-
ference between uplinks and downlinks. The proposed
scheme increases the downlink transmission power for
re-transmission packets and thus improves the signal-
to-interference ratio for the packets. Simulation re-
sults show that the proposed scheme improves down-
link throughput without sacrificing the uplink through-
put.
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I. INTRODUCTION

Future mobile communication systems will be called
upon to provide various multimedia services besides
voice communication. Current mobile communica-
tion systems have a symmetric structure whose up-
links (mobile to base station) and downlinks (base to
mobile station) occupy the same bandwidth, which is
suitable for voice communication. However, data and
video communication services generally have asym-
metric traffic between the links. In these services, a
large amount of traffic may be transferred in one di-
rection, while a small amount of traffic may be trans-
ferred in the other. Time division duplexing (TDD)
is more flexible than frequency division duplexing
(FDD) from the viewpoint of accommodating asym-
metric traffic because TDD systems can adaptively al-
locate time slots to uplinks and downlinks according
to the balance of traffic [1]. A shared—-TDD scheme
that allows uplink and downlink traffic to share a
common channel (bandwidth) has been proposed for
low-delay high-quality wireless voice communications
[2]. This shared-TDD scheme can also be applied to
accommodate asymmetric traffic; and its application
to time division multiple access (TDMA) cellular sys-
tems based on a circuit-switched architecture has been
investigated [3]. In contrast, the application of the
shared—TDD scheme to code division multiple access
(CDMA) systems has been studied only in single-cell
environments [4].

Since CDMA cellular systems use the same fre-
quency band for all cells, the shared—TDD scheme
may cause inter-cell interference between uplinks and
downlinks (hereafter called “inter-link interference”)
when it is applied to CDMA packet communication
systems in cellular environments. CDMA /shared—
TDD cellular packet systems experience two addi-

tional types of inter-link interference that do not oc-
cur in FDD or conventional TDD systems: the in-
terference between base stations (from downlinks to
uplinks) and the interference between mobile stations
(from uplinks to downlinks). We have previously stud-
ied these interferences and have concluded that inter-
ference between base stations rarely degrades uplink
throughput, but interference between mobile stations
substantially degrades downlink throughput [5].

This paper proposes a transmission power control
(TPC) scheme that improves downlink throughput
performance in CDMA /shared—-TDD cellular packet
systems. Frequent re-transmissions of the packets de-
grades link quality in the packet communication sys-
tems. The proposed scheme aims to improve downlink
quality by raising the downlink transmission power for
re-transmission packets. Computer simulation shows
that this scheme improves downlink throughput per-
formance without sacrificing uplink throughput.

II. CDMA CELLULAR PACKET SYSTEMS USING A
SHARED—TDD SCHEME

A. Shared—TDD scheme

A frame format of a shared—TDD scheme at the base
stations is shown in Fig. 1. The shared—TDD frames
consist of three types of slots: access slots (A-slot)
used only by mobile stations (uplink), broadcast slots
(B-slot) used only by base stations (downlink), and
information slots (I-slot) shared by both links under
the control of the base stations. Control signals are
transmitted via the A- and B-slots. The I-slots carry
user information and are divided into two parts — the
first part is for the downlink and the second is for the
uplink — by a movable TDD boundary.

In cellular systems with the shared—TDD scheme,
base stations adaptively move the position of the TDD
boundary frame-by-frame according to the amount of
traffic in each link. The position of the TDD bound-
ary is broadcast to the mobile stations by their base
station via the B-slots.

B. Interference between uplinks and downlinks

The positions of the TDD boundaries differ between
cells because each base station autonomously controls
the TDD boundary of its frames. This is because the
ratios of uplink to downlink traffic generally differ be-
tween cells. Hence, at around the TDD boundary, the
slots used for uplinks in a certain cell may be used for
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Fig. 2. Inter-link interference.

downlinks by adjacent cells, as illustrated in Fig. 2.
The different positions of the TDD boundary in adja-
cent cells cause inter-link interference in CDMA cellu-
lar packet systems that use the same frequency band
for all cells.

CDMA /shared-TDD cellular packet systems expe-
rience two additional types of interference:

o interference between base stations (Int 1) and

o interference between mobile stations (Int 2).
These do not occur in conventional systems, such as
FDD systems and TDD systems with a fixed TDD
boundary. As illustrated in Fig. 2, Int 1 is the in-
terference base stations suffer from downlink signals
transmitted by adjacent base stations; and Int 2 is
the interference mobile stations suffer from uplink sig-
nals transmitted by mobile stations located in adja-
cent cells. These interferences have been evaluated
and it has been showed that particularly the Int 2 de-
grades downlink throughput in CDMA /shared—-TDD
cellular packet systems [5].

III. TRANSMISSION POWER CONTROL FOR
DOWNLINKS

The downlink packet transmission can fail if the
signal-to-interference ratio (SIR) is low owing to ex-
cessive interference at the receiving mobile station. In
addition to intra-cell and inter-cell interference, the
SIR can be degraded by the inter-link interference Int
2in the CDMA /shared—TDD cellular packet systems.

Our proposed TPC scheme aims to reduce the
degradation of downlink throughput caused by the
inter-link interference. Basically, the packets whose
transmission ends in failure are re-transmitted in

Target received power P

1st transmission 2nd transmission 3rd transmission

Fig. 3. Proposed transmission power control.

packet communication systems. The systems should
minimize the number of re-transmission packets be-
cause frequent re-transmissions substantially degrades
link quality. In the proposed scheme, the transmission
power is increased for the downlink packets that are
re-transmitted by base stations in order to improve
downlink quality. The base stations control a target
received power P, at mobile stations for downlink
packets. The target received power P, is increased
as the number of re-transmissions increases, as illus-
trated in Fig. 3. The P, is initially set to a down-
link standard target received power Ps,. For each
re-transmission, the Py, is increased by AP:

f)rtd = Prtsd + (Ntx - 1) AP 5 (1)
where Ni, is the number of transmissions. The pro-
posed scheme improves the SIR for re-transmitted
packets by increasing Py,, and thus improves the
downlink throughput.

IV. SYsTEM MODEL

The service area in our system model consists of 19
hexagonal cells, as shown in Fig. 4. We only focused
on two typical cases: one in which the slots are used
for uplinks in the center cell and for downlinks in the
other cells (Fig. 4(a)) and the other in which the slots
are used in the opposite case(Fig. 4(b)).

The following conditions were assumed in the
model:

o Base stations are located at the centers of the cells
and broadcast a pilot signal with constant trans-
mission power. Mobile stations are uniformly dis-
tributed across the cells.

e The uplink and downlink packets are transmit-
ted between mobile stations and the base sta-
tions, whose pilot signal is the strongest at mobile
stations, by direct-sequence (DS)/CDMA. The
spreading sequences used in arriving packets do
not collide.

o The multiple access protocol is slotted-ALOHA.
Synchronous acquisition of the frames and slots is
perfect at all base stations. Spreading sequences
used in downlink packets are synchronous, but
those used in upnlink packets are asynchronous
at base stations.

o Each radio channel suffers propagation loss and
shadowing fluctuation with a log-normal distri-
bution, but it does not suffer Rayleigh fading.

e Perfect TPC is carried out for both links. TPC
compensates for both propagation loss and shad-
owing. The transmission power is constant over
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the duration of one packet transmission. The up-
link target received power P, is the same for all
uplink packets (P, = Prts, — APy, where APy
is the difference between uplink and downlink tar-
get received powers).

A. Propagation model

We used three types of propagation models in this
study. New propagation models are assumed for the
propagation of interference waves between base sta-
tions or between mobile stations, different from the
conventional propagation model between base and
mobile stations.

A.1 Between base and mobile stations

A propagation model with path loss of attenuation
coefficient a has been generally used for the propaga-
tion between base and mobile stations. The path loss
of a packet transmitted by the i-th mobile station and
received at the j-th base station can be expressed as

105(i,j)/10

B, (1,5) = TG

(2)

where S(i,7) is the shadowing fluctuation in the path
from the ¢-th mobile station to the j-th base station,
and d(i,7) is the distance between them.

A.2 Between base stations

The propagation model used for Int 1 was the con-
ventional one (attenuation coefficient: a), but we also
took into account a gain obtained by beam tilt of base
station antennas. The path loss between the i-th and
j-th base stations can be expressed as

1
-F)lsl)b (1.3 — m (3)

where Gy is the ratio of radiation level of the main
beam region to that of the sidelobe region in the hor-
izontal plane at each base station antenna.

A.3 Between mobile stations

A simplified model is proposed for the interference
caused by Int 2. As illustrated in Fig. 5, the prop-
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Fig. 5. Simplified model of interference between MSs.

agation of interference waves is categorized into ei-
ther line-of-sight (LOS) or non-line-of-sight (NLOS)
regions. The attenuation coefficient in the LOS re-
gion is v (2 < v < a). In the NLOS region, the
interference is assumed to be negligible. Point d;p,
separating the LOS region from the NLOS region, is
given randomly for each propagation path and is dis-
tributed uniformly between d,;, and d.x. The path
loss between the i-th and j-th mobile stations can be
expressed as

103(i,j)/10 d( ) <d
T N~ s %,]) > Gip

Py, () ={ 4G9 (4)
1/10'%° ; otherwise .

B. DS/CDMA Channel Model

The average received power of a packet transmitted
by the i-th station with transmission power Py () and
received at the j-th station is expressed as

Prqu(i7j) = P (i) - P]qu(i,j), (5)

p and g = either b or m.

At the j-th base station, the SIR of the uplink packets
transmitted by the i-th mobile station is calculated as

PG - Pl‘Xhm (17])

SIRup(i:j) = I +Id
upm owny,

; (6)

where PG is the processing gain, I, is the total in-
terference power of other uplink packets, and Ijown,
is that of downlink packets arriving from other base
stations. I,p, and Iqown, are given by

K.
Lup, = Z Py (K, 7) (7)

k=1
k1



and

Ka
Idownh = Z -Prxhh (k; ])7 (8)
k=1

where K, is the number of arriving uplink packets at
the base station and K, is the number of downlink
packets arriving from other base stations.

At the j-th mobile station, the SIR of its downlink
packet transmitted by the i-th base station is calcu-
lated as

.. PG'Pthm(i:].)
SIR4own(i,7) Tovmmims & Taownestony + Tonn (9)
where Iqown,,(in) is the total interference power of
other downlink packets transmitted by the i-th base
station, lyown,,(ex) 18 that of downlink signals trans-
mitted by the other base stations, and I, is that of
uplink packets arriving from mobile stations located at
other cells. Iqown,,(in)> Ldown,,(ex)> and Lyp,, are given

by
Kai
R‘Xbm (Z? k)7
k=1
k#j
Kae
Idownm (ex) = Z R‘th (ka .])7
k=1

Idownm(in) = (1 - FD) :

and

=

u

Iqu = Prxmm (k7 -7)7
1

e
Il

where Kg; is the number of downlink packets trans-
mitted by the i-th base station, Kg. is the number
of the other base stations that transmit downlink sig-
nals, and K, is the number of arriving uplink pack-
ets at the j-th mobile station. F, is an orthogonality
factor defined as the fraction of total received power
that will be experienced as intra-cell interference due
to multipath propagation. The F, is 1.0 for perfect
orthogonality and 0.0 for non-orthogonality.

When the received signal level is considered con-
stant over the duration of a packet, the packet error
rate P.(i,j) can be assumed by [6]

0 5 SIR(Zaj) ZSIRreq

P.(i,7) = { 1; otherwise , 19)

where STR,.q is the SIR that required for a base sta-
tion to receive packets correctly.

C. Traffic Model

New packets arrive only in the observed slots at in-
tervals that follow an exponential distribution with an
average of Tyt /G in each cell, where the slot dura-

TABLE 1
SIMULATION PARAMETERS.

Cell radius 500 [m]
Propagation loss coefficients a: 3.5, «v: 3.0
Point from LOS to NLOS (di,) | 0-500 (uniform) m)]
Shadowing 0: 7.0 [dB]
Processing gain (PG) 16
Required SIR (after despread) . 5.0 [dB]
(both links)
Difference APyt between 6.0 [dB]
uplink and downlink P.ts (Prty > Prty,)
Packet generation Poisson (time),
(only in observed slots) uniform ((space)
Re-transmission delay (Tqelay) 0.04 [s]
No. of re-transmission (Nmax) 2
Gain of beam tilt (G¢) 10 [dB]

Downlink orthogonality (Fo) 1.0 (perfect)

tion is Tyt and the offered load (the average num-
ber of generated packets per slot duration per cell)
is G. Base or mobile stations transmit their packets,
whose length is the same as the slot duration with the
exception of guard time, at the next head of down-
link or uplink I-slot. If no acknowledgment arrives
after a packet is transmitted, the station re-transmits
the packet after a re-transmission delay, which has
an exponential distribution with an average of Tyelay -
The packets are discarded when the number of re-
transmissions reaches Ny .

D. Performance Measures

The uplink and downlink throughput, S, and Sy
were evaluated using computer simulation. The
throughput S is defined as Nguc/Nslot, where Ny, is
the total number of correctly received packets at the
destination stations and Ng¢ is the total number of
observed slots. Namely, S means the average number
of correctly received packets per slot per cell.

V. PERFORMANCE EVALUATIONS

The simulation parameters are listed in Table I.
Throughputs were observed at the center cell in the
19-cell model.

A. Downlink throughput

The downlink throughput Sy of the center cell when
the uplink offered load G, in each adjacent cell is a
parameter is shown in Fig. 6. The slots were used
for downlinks in the center cell and for uplinks in the
other cells, as shown in Fig. 4(b). Figure 6 shows
the Sy for the conventional scheme (dashed lines) and
the proposed scheme (solid lines) when AP = 6.0 dB.
The Sy for both schemes degrades as the uplink load
G, in adjacent cells increases, indicating that inter-
ference from up to down links (Int 2) substantially
affects downlink throughput performance. With the
proposed scheme, the Sy is better than that of the con-
ventional scheme across all downlink loads for all val-
ues of the uplink load in adjacent cells. This is because
the successful reception rate for the re-transmitted
packets is improved owing to the increased transmis-
sion power. The rate of improvement in S; increases
with the uplink load G,,. For G4 = 6.0 and G,, = 3.0,
the proposed scheme outperforms approximately 20%
over the conventional scheme.
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load G4 with AP as a parameter when the adjacent
cells offered load G, is 2.0 or 3.0.

Figure 7 shows the downlink throughput S; of the
proposed scheme for various increases AP in the tar-
get received power under the same conditions as for
Fig. 6. The S; improves with AP for both G,,. The
improvement in Sy with increasing AP depends on
the uplink offered load G, in the adjacent cells: the
proposed scheme improves the downlink throughput
Sq as the G, becomes large. It follows from these re-
sults that the proposed scheme improves the downlink
throughput in slots that suffer Int 2.

B. Effect on uplink throughput

Figure 8 shows the uplink throughput performance
S, of the proposed scheme in the center cell for various
increases AP when G4 = 6.0 and beam tilting gain G,
= 10 dB. The slots were used for uplinks in the center
cell and for downlinks in the other cells, as shown in
Fig. 4(a). The proposed scheme has almost the same
S, for A Psregardless of the uplink load. These results
makes it evident that the proposed scheme does not
degrade uplink throughput.

W
I Gd =6.0 x :AP=00 dB
5 29[ Gt=100B Soo 3T
E_ o: 10.
20 -
3
g 15 1
£ 10 -
5 05 ]
0 .

0 1 2 3 4 5
Uplink offered load Gu [packets/slot/cell]

Fig. 8. Uplink throughput S, versus uplink offered load
G, with AP as a parameter when the adjacent cells
downlink offered load G, is 6.0.

VI. CONCLUSIONS

This paper has proposed the downlink transmission
power control scheme to reduce the effect of inter-link
interference when a shared—TDD scheme is applied to
CDMA cellular packet communication systems. The
proposed scheme increases the transmission power for
downlink re-transmission packets. Computer simula-
tion showed that the proposed scheme improves the
downlink throughput performance in slots with inter-
link interference. The effect of increasing downlink
transmission power on uplink throughput was negligi-
bly small. The proposed scheme can improve down-
link capacity without sacrificing uplink capacity in
CDMA cellular packet systems using a shared—TDD
scheme.
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