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Abstract—The performance of base station adaptive antenna ar- of the algorithm effectively imposes a minimum reuse distance
rays (AAAs) is investigated in conjunction with fixed channel allo-  constraint upon the system.
cation (FCA) and dynamic channel allocation (DCA) schemes. Lo- This paper is concerned with the comparative study of FCA
cally distributed DCA arrangements are studied and benchmarked . .
against standard FCA, in the context of both line-of-sight (LOS) and DCA algorlt_hms [6], [20], [11], mar_ly of which were pro-_
and mu|t|path propagation environments. One-, two-, four-, and posed and studied in terms of the achievable gl’ade-of-serVIce
eight-element AAAs are employed using the sample matrix inver- (GOS) by Chuangt alin the past few years [6].
sion (SMI) beamforming algorithm, in both the up- and the down- In this paper, the performance gains that may be obtained
link. In most investigated scenarios, the locally optimized least in- when using base station AAAs are determined, along with

terference algorithm (LOLIA) exhibited the best overall compro- furth : h th ied traff I
mise in terms of a set of combined metrics, such as the forced ter- urther performance measures such as the carned tramc, ca

mination probability, new call blocking probability, and the prob-  blocking, call dropping, the probability of low quality access,
ability of a low quality access. and outage. The comparisons are made for a range of channel

Index Terms—Adaptive antennas, adaptive array, beamforming, allocation techniques under identicgl con_ditions, where all
dynamic channel allocation (DCA), network capacity, wireless net- USers seamlessly roam across the simulation area, rather than
works. simply assigning them to arbitrary, uncorrelated, but essentially
stationary, random positions, which was often the strategy in
the previous literature.

The paper is structured as follows. Section Il briefly describes
ELLULAR networks are typically interference limited,the motivation behind the employment of AAAs in the mobile
where the cochannel interference (CCI) arises froenvironment and the associated challenges to be overcome. Sec-

cellular frequency reuse, limiting the quality and capacity afon Il introduces the experimental conditions, such as perfor-
wireless networks [1], [2]. However, adaptive antenna arraysance metrics, the multipath model, and system parameters em-
(AAAs) are capable of mitigating this CCI, and thus increagsioyed. The performance comparisons of Section IV constitute
the network capacity [3]-[5]. A further approach to improvinghe bulk of the paper, contrasting the various channel alloca-
the network’s performance is the employment of dynamiion algorithms, both with and without beamforming, in LOS
channel allocation (DCA) techniques, which offer substantiallynd multipath environments, leading to the conclusions of Sec-
improved call-blocking, packet dropping, and grade-of-servign V.

performance in comparison to fixed channel allocation (FCA).

A range of so-called distributed DCA algorithms were inves- Il. BEAMFORMING

tigated by Chuanegt al. [6]. As compromise schemes, locally . . .
optimized distributed DCA algorithms were proposed, for The reduction of the frequency reuse distance motivated by

example, by Delli Priscolét al. [7], [8]. Section IV provides achieving increased area spectral efficiency typically results

. . in increased levels of CCI. Adaptive antennas can be used to
a brief performance summary of the various channel alloca-,. - .
. . itigate these problems [3], [4], [12], [13], by exploiting their
tion schemes based on our previous work [9]. These results T . )

. . ngular selectivity in terms of the physical separation between
suggested for the scenarios considered [9] that the Iocacg

optimized least interference algorithm (LOLIA) provided th _channel users, in order to increase the network cap_amty.
o ince an AAA is capable of receiving signals from one direc-

best overall compromise in network performance terms. The : . . L L o

. . .tion, while nulling signals arriving from other directions, it is

LOLIA always assigns the least interfered channel, unless |ti

| ) .
. . ! . nﬁwerently suited to a CClI-limited cellular network. Thus, a
used in the nearest neighboring cells by another subscriber, . . . .

: .~ ~’beam may be formed to communicate with the desired mobile,

Therefore, the largen is, the more calls are blocked, since

there will be less available channels which are not used by th”e nulling interfering mobiles [4]. Assuming that each

nearesh, base stations. The “reuse exclusion zone” arametemOb"e station is uniquely identifiable, it is a relatively simple
' P fask to calculate the antenna array’s receiver weights, so as to

maximize the received signal-to-interference plus noise ratio
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September 12, 2000. This work was supported in part by the Europe%n . LN .
Community, Brussels, Belgium; Engineering and Physical Sciences Rese nlink channels of frequency division duplexmg (FDD)!

Council, Swindon, U.K. the antenna array weights used for the uplink are not suitable
The authors are with the Department of Electronics and Computer Scienggr the downlink. Therefore. it has been proposed to use a

|. BACKGROUND

University of Southampton, SO17 1BJ, U.K. (e-mail: pj .soton.ac.uk: ; ) )
|h%\':£§'_got%n_a?ukimp on (e-mall: ple@ecs.soton-ac- Yo jhack loop from the mobile station to the base station, thus
Publisher Item Identifier S 0733-8716(01)00827-7. allowing the transmit weights of the base station antenna to be

0733-8716/01$10.00 © 2001 IEEE



306 IEEE JOURNAL ON SELECTED AREAS IN COMMUNICATION, VOL. 19, NO. 2, FEBRUARY 2001

TABLE |
NETWORK SIMULATION PARAMETERS

Parameter l Value H Parameter | Value
Noisefloor -104dBm || Multiple Access FDMA/TDMA
Frame duration 0.4615ms || Cell radius 218m
BS transmit power 10dBm || MS transmit power 10dBm
BS power control No || MS power control No
Number of basestations 49 || Handover hysteresis 2dB
Outage SINR threshold 17dB || Re-allocation SINR threshold 21dB
Modulation scheme 4QAM || Pathloss exponent -3.5
Number of timeslots 8 || Number of carriers 7
Average inter-call-time 300s | Max new-call queue-time 58
Average call duration 60s || Reference signal modulation BPSK
Beamforming algorithm SMI || Reference signal length 8 bits
MS speed 30mph || Number of antenna elements 2,4&8
Pathloss at 1m reference point 0dB || Shadow fading No

adjusted [14], [15] in order to best serve the mobile stationf the cell, and hence, the signal strength degrades, requiring a
Alternatively, using time division duplexing (TDD) with thehandover to a nearer base station.

corresponding up- and downlink slots being adjacent in time

allows the complex conjugate of the receive antenna weightsgo System Parameters

h i ights [4]. . . .
be used as the transmit weights [4] The performance of the various channel allocation algorithms

was investigated in a microcellular system, the parameters of
lll. SIMULATION CONDITIONS which are defined in Table I. The system used eight time slots
A. Performance Metrics but with only seven carrier frequencies assigned to the whole

. , network, in order to maintain an acceptable computational load.
There are several metrics that can be used to quantify the PRfis implied that the DCA system could theoretically handle a

formance or quality of service provided by a particular channg,yimum ofrx 8 = 56 simultaneous calls at one base station. If
allocation algorithm. The following performance metrics havg cyanne allocation request for a new call could not be satisfied

been widely used in the literature and were also advocatedimmediately, it was queued for up to 5 s. After this queuing pe-
Chuanget al. [6]. _ - ~ riod, the callwas classed as blocked unless it was admitted to the

* New call blocking probability’s as aresult of insufficient network. The network was synchronous from cell to cell, thus
frequency-timeslot combinations or as a consequencecdfannels on different time slots of the same frequency were or-

low up- or down-link SINR levels. N thogonal. The call arrivals were Poisson-distributed, and hence,
+ Call dropping or forced termination probability;»> or  the call duration and intercall periods were exponentially dis-
Ppr, due to poor up- or downlink SINR levels. tributed [11], [17], with the mean values shown in Table I.

* Probability of low quality connectiorPow quantifying  The activity rate of the users was fairly high, enabling us to
the chances that either the up- or downlink signal qualigipedite our experiments. The mobiles were capable of moving
is below the level required by the specific transceiver teely, in random directions, at a speed of 30 mph within the
maintain our target performance of 5% frame error rat§mulation area, which comprised 49 cells, with a cell radius
(FER) [16]. of 218 m. In our initial work [9], we experienced some border

* Probability of outagé’.. is defined as the probability that or edge effects near the fringes of the 49-cell simulation area,
the lower of the up- and downlink SINR values is belowyhich resulted in the central cells experiencing more unfavor-
the threshold at which the call is deemed to be in outaggple conditions than the edge cells since there were no mobiles
i.e., 10% FER. A prolonged outage results in the call beingaming outside of the 49-cell boundary. Hence, near the 49-cell
dropped. boundary, a reduced interference load was experienced. In order

A handover or handoff event occurs when the quality of thite avoid this problem, a tessellating rhombic simulation area of
communications channel used degrades, and hence the cadeien cells by seven cells was used, thus allowing the simula-
switched to a newly allocated channel. If the new channel bigen area to be replicated around itself. More explicitly, mobile
longs to the same base station, this is referred to as an intrastdtions and their signals were “wrapped around” from one side
handover. Generally, an intracell handover is performed, eittafrthe network to the other [18], [19]. Hence, for example, a
when the channel quality degrades due to CCI or in order taobile station in call which left the network at its edge reen-
increase the system’s performance and capacity. Intercell htared the network on the opposite side, while inflicting CCI to
dovers occur typically when the mobile approaches the fringal users which may be located at either edge of the network.
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The handover process was modeled using the “reall %%
cation SINR,” defined as the average SINR required by
QPSK/4QAM transceiver in order to maintain a 5% transmi: 0.04

sion FER over a narrowband Rayleigh fading channel. Whr.g
the signal quality expressed in terms of the SINR drops belc g
this level, a low quality access is encountered and the mob® o,
requests a new physical channel to handover to. If, whi'g
waiting for a reallocation handover, which typically involves X
waiting for a free slot to become available, the signal qualil z:0.02
drops further, namely below the “outage SINR,” defined as tt'g
SINR required to maintain a 10% FER, then a signal outaq—§
occurs. A prolonged outage leads to the call being droppes: 0.01
Since a dropped call is less desirable from the user’s viewpo

than a blocked call, a handover queueing system (HQS) w
employed. By forming a queue of the handover reques 180 -120 -60 0 60
which have a higher priority during contention for networl Angle-Of-Arrival (degrees)
resources than new calls, it is possible to reduce the numbegz_of 1. Probability density function of angle-of-arrival of the multipath rays
dropped calls at the expense c_)f the bloc_:ked C_a” prok_JabiIity. g?{tel.’ed about thgangle-of-arrival of the ﬁne-of—sight path. P >
further advantage of the HQS is that a time window is formed

during which the handover may take place. This handover time

120 180

window enables the user to wait for a slot to become free. This TABLE I
. MAXIMUM NUMBER OF MOBILE USERS THAT CAN BESUPPORTED BY THE
increases the chance of a successful handover. VARIOUS DCA ALGORITHMS

The receiver antenna array weights were calculated using the
sample matrix inversion (SMI) algorithm [5], [20], [21], using & Number of users supported by network
binary phase shift keying (BPSK) modulated reference signal Conservative Lenient
eight bits. The reference signal length was chosen as a comf algorithm Ppr=1%, Pioy=1%, Pp=3% || Prr=1%, Pioy=2%, Ps=5%
mise between complexity, the number of interferers that mi g 820 1120
be assigned uncorrelated reference signals, and the estima yypa 1435 1520
quality of the covariance matrix of the array’s output signal. Or | o, 1565 1705

gfl the Zlgﬂt refere.n(.:e signals was asIIS|gneddto thr(]a d.eswed " LOMIA (n=19) 1505 2040
|eb§|1n the remaining seven were allocated to the interferi | 1815 1830
mobiles.

[ [ i i i 1820
Line-of-sight (LOS) and multipath environments withou LA B 1:22 .

shadow fading were considered. The up- and downlink chg “OX4 =7)
LOLIA (n=19) 1935 2005

nels were assumed to be identical, thus allowing the sa
antenna pattern to be used in both the up- and the downlinks,
as in a TDD system exhibiting similar up- and downlink
interference. This assumption of channel predictability should,
therefore, give an upper limit to the performance gains thatThe results presented here are the combination of adaptive
may be achieved using an adaptive array. Having described teamforming at the base station and fixed as well as DCA algo-
beamforming parameters, in the next section, we present titbms.
parameters of the multipath environment used. The results in Table Il indicate the achievable network capac-
In order to render the simulations realistic, we used two muities, without AAAs and shadow fading, for various DCA algo-
tipath rays, in addition to the LOS ray, each having one-thirithms and the FCA algorithm. Observe at the top of Table Il that
of the direct-path’s power. The angle-of-arrival of each multiwe used both a set of conservative and lenient network quality
path ray was determined using the so-called geometrically basequirements expressed in termsifr, Po, and Pg as de-
single-bounce elliptical model (GBSBEM) of [22], [23] withfined explicitly in Section IV-C. These results are based on a
parameters chosen such that the multipath rays had one-tlsisdhnmary of our previous work [9]. Below we briefly define the
of the received power of the direct ray. The probability densityarious DCA algorithms. The least interference algorithm (LIA)
function (PDF) of the angle-of-arrival distribution used in th§6] always assigns the channel suffering from the least interfer-
simulations generated using the GBSBEM is shown in Fig. &nce, which minimizes the system’s interference load. A more
It was assumed that the multipath rays arrived with no tinsdvanced version of this scheme is the least interference below
delay relative to the LOS path. However, in a practical systeiiireshold algorithm (LTA) [6], which attempts to maintain the
a space-time equalizer [24], [25] would be required to preveamount of interference below a given threshold. The threshold is
the nulling of the delayed paths. determined by the transceiver’s interference rejection tolerance
Having described the simulation parameters, in the next sexpressed in terms of the SINR required for attaining its target
tion we present our simulation results, quantifying the amouRER. In contrast, the highest interference below threshold algo-
of traffic that can be supported by each channel allocation algithm (HTA) [6] allocates the most interfered channel, whose in-
rithm. terference is below the maximum acceptable level. A technique

IV. PERFORMANCE STUDY



308 IEEE JOURNAL ON SELECTED AREAS IN COMMUNICATION, VOL. 19, NO. 2, FEBRUARY 2001

10° 60
5 — No BF ] FCA
- S 2 element BF % O LOLIA (n=7)
QL‘- 4 ——- 4 element BF 2 50 AN LOLIA (n=19)
= 107 O FCA ! a 8 — NoBF
= * O LOLIA (n=7) L 0 by w2 element BF
;':.; 21 & LOLIA (n=19) . § 40 —== 4 element BF
L .2 S
2] 10 -g
o 5 <
= < 30
Qo 2 3
3=
@ 10° g Gy
E 5 g 20
($]
=2 =
= 10* §
< o 10 JR—
O s s .
5 . - BN oo
10° 0
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 lg 16 18
. 2 .
Mean Carried Teletraffic (Erlang/km’/MHz) Mean Carried Teletraffic (Erlang/km’/MHz)

Fig. 2. Dropping probability performance versus mean carried traffic, for tfd9- 3- Mean number of handovers per call versus mean carried traffic, for

LOLIA, with 7 and 19 “local” base stations, and FCA employing a 7-cell reusgomparison of the LOLIA, with 7 and 19 “local” base stations, and of FCA
cluster, under uniform traffic, for a single antenna element, as well as for91Ploying a 7-cell reuse cluster, under uniform traffic, for a single antenna

and 4 element antenna arrays with beamforming ih@8 environment. The ~ €lement, as well as for 2 and 4 element antenna arrays with beamforming in
corresponding multipath performance curves are portrayed in Fig. 4. anLOS gr)wrFo_nmSent. The corresponding multipath performance curves are
portrayed Iin Fig. 5.

similar to the LTA is the lowest frequency below threshold algo,,_—\AAS with the greatest gains in call dropping performance at
rithm (LFA) [6], which attempts to reduce the number of carrietli1e hié]her teletraffic levels

frequencies in use S|_m_u_ltaneo_usly, while allocating the Ieas_t m_The LOLIA usingn. — 19 offered the worst call blocking per-
terfered channel exhibiting an interference level below the glv%ﬂ

. o : rmance (not explicitly shown) of the three channel allocation
threshold. Finally, the locally optimized most interference alg%—Chemes with the AAAs having little effect. This demonstrated
rithm (LOMIA) selects the most interfered channel, rather th ’ g |

the least interfered one, as in the LOLIA. Hat the limiting factor was not made_quate signal qual!ty for a
call to be set up but the lack of available frequency—-time slot

_ _ combinations due to the large exclusion zone. The FCA algo-

A. Comparing the LOLIA to FCA for LOS Scenario rithm benefited only to a limited extent from the employment

First, we compared the FCA and the LOLIA DCA under uniof the AAAs, suggesting that the majority of the blocked calls

form traffic distribution conditions using both a single antenn4€'€ as a result of the limited availability of frequency/time slot
element and AAAs consisting of two and four elements in £&pmbinations. Inadequate S|gna] quality caused the remainder of
LOS propagation environment. The FCA scheme empmye(}r}; blocked calls. The caII. blocking performance .of_the LOLIA
seven-cell reuse cluster, corresponding to one carrier frequeH&9" = 7 appeared mainly to be interference limited, hence

per base station. The LOLIA was used with the constraints of 7€ AAAS resulted in a significant reduction of the number of
and 19 nearest base stations. ile= 7 or 19. blocked calls, particularly for mean carried traffic levels in ex-

Fig. 2 shows that, as expected, the FCA algorithm pen‘ormgaSS of 9 Erlang/kfMHz.

the least satisfactorily of the three channel allocation schemes N€ &ffect of beamforming on the number of handovers per-
investigated, with respect to its call dropping performancg?rmed can be seenin F|g.3.The_LOLIAs requwe_d the least fre-
Even in conjunction with a four-element AAA, it exhibitegduent handovers, with beamforming barely altering the results.

a higher call dropping rate than that of either of the LOLIABY contrast, the number of handovers performed when using
(n = 19 andn = 7). The large exclusion zone of the LoL A the FCA algorithm was reduced significantly due to employing
usingn = 19 led to a low dropping probability of IessAAAs' with a maximum reduction of 72% for two elements,

than1 x 102 for teletraffic loads below approximately 12and 90% for four elements. This translates into a significantly

Erlang/kn?/MHz. However, the rapid rise in the call droppingreduced signaling load for the network, since it has_ to carry out
probability upon increasing the teletraffic became unacceptaffié €SS handovers, therefore reducing the complexity of the net-
for teletraffic loads in excess of about 13 Erlangf{NHz. work infrastructure.

The large exclusion zone of the algorithm prevented handovers ) )

occurring, since there were no free channels available in tRe Comparing the LOLIA to FCA Over Multipath Channels
vicinity, hence resulting in a high number of dropped calls. Following our previous experiments, where a purely LOS en-
Thus, forn = 19, the employment of AAAs at the base stationgironment existed between the mobiles and their base stations,
did not improve the performance significantly, unlike for thehis section presents results for a multipath environment using
FCA and LOLIA usingn = 7, which were predominantly two-, four-, and eight-element AAAs.

interference limited. The call dropping performance of the Comparing the call blocking probabilities of the multipath
LOLIA using n = 7 benefited the most from the assistance anvironment to those of the LOS environment (neither explicitly
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Fig. 4. Call dropping probability performance versus mean carried traffic, f&ig. 5. Mean number of handovers per call versus mean carried traffic, for
comparison of the LOLIA, with 7 and 19 “local” base stations, and of FC&omparison of the LOLIA, with 7 and 19 “local” base stations, and of FCA
using a 7-cell reuse cluster, under uniform traffic, for 2, 4, and 8 element antert#&ing a 7-cell reuse cluster, under uniform traffic, for 2, 4, and 8 element antenna
arrays with beamforming inmultipath environment. The corresponding LOS arrays with beamforming inmultipath environment. The corresponding LOS
performance curves are portrayed in Fig. 2. performance curves are portrayed in Fig. 3.

shown) revealed that all of the channel allocation algorithnfisr both LOS and multipath propagation environments without

behave similarly for both radio environments. The FCA schemgdadow fading. None of the algorithms performed best in terms
actually behaved more unfavorably in terms of its new cadf every performance metric. Therefore, in order to compare our
blocking probability, as the number of AAA elements wagesults for the various channel allocation schemes, it is neces-
increased. However, this is a result of the additional antengary to consider a combination of performance metrics since an
elements improving the other performance measures, sW§orithm may provide excellent performance in terms of one

as the call dropping rate. This enabled additional calls to Bgatric but poor performance in terms of another. Therefore, we

sustair_led a} a gi\(en time, Ieadjng to a higher call blocking ratgafined a conservative and a lenient scenario, as follows [9].
In conjunction with an exclusion zone of 19 cells, we found Conservative ScenariaPr < 3%. P < 1% and
® E B = y 4low

that the LOLIA's blocking performance was barely affected by P < 1% =
the AAAs, while forn = 7 the blocked call rate was improved . LFT_ ntS o P < 5%, P < 2% andPer < 1%
by a factor of 10 (at 14-17 Erlang/RiiMHz) although, again, enient scenariai'p = 0%, HMow = 2“0 antlipr = 17.
t can be seen from Table Il that in an LOS environment all

these results were not shown here diagrammatically due t _ \
space constraints. of the channel allocation schemes benefit from the use of base

Fig. 4 shows the probability of a dropped call in a multipatﬁ_tation AAAs in terms of an increased level of teletraffic car-
propagation environment, which was slightly higher than fdted, hence supporting an increased number of users. The FCA
the LOS scenario of Fig. 2, when considered in the context 8igorithm benefited most from the employment of AAAs with a
a given channel allocation algorithm and for a given antend&0% increase in terms of the number of users supported, when
array size. The call dropping rate was improved with the aid §5ing a four-element antenna array. The performance improve-
AAAs for all of the channel allocation algorithms, although thé&ents of the LOLIA withn = 7 due to using AAAs were more
LOLIA using » = 19 did not benefit to the same extent as thérodest than for the FCA system. Specifically, 44% more users
other algorithms. were supported by the four-element AAA assisted LOLIA using

Fig. 5 demonstrates the significant impact of AAAs on the = 7, when compared to the single antenna element based re-
mean number of handovers per call for the FCA algorithm insaults. The network capacity of the LOLIA with a 19-cell exclu-
multipath environment. Even in conjunction with AAAS, moresion zone was higher than that of the LOLIA usimg= 7, until
handovers per call were invoked, when using the FCA systethe limited number of channels available in conjunction with
than for either of the LOLIAs using a single antenna elemenduch a large exclusion zone became significant. Up to this point,
Furthermore, for a given size of AAA, a higher number of hanthe AAAs reduced the levels of interference, thus improving the
dovers was required in the multipath environment than in ﬂﬂ@twork Capacity_ However, when using a four-element AAA,

LOS scenario. The LOLIAsH{ = 7 andn = 19) required the new call blocking probability became the dominant network
significantly fewer handovers than the FCA, regardless of th\formance factor.

propagation environment, and did not benefit from the AAAs in Tapje v presents similar results to Table 11l but for a mul-
terms of the required handovers per call. tipath environment, with the bold values highlighting the AAA
sizes common to both sets of investigations.

From this table, it can be seen that the LOLIA using- 19

In this paper, we have investigated the teletraffic performancarries approximately the same traffic in the multipath scenario,
of the FCA and LOLIA with the assistance of base station AAAwhich translates into a similar network capacity to that of the

C. Overview of Results and Discussion
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TABLE Il
MAXIMUM MEAN CARRIED TRAFFIC, AND MAXIMUM NUMBER OF MOBILE USERS THAT CAN BESUPPORTED BYEACH CONFIGURATION, WHILE MEETING THE
PRESET QUALITY CONSTRAINTS THE CARRIED TRAFFIC IS EXPRESSED INTERMS OF NORMALIZED ERLANGS (Erlang/kn¥/MHz),
FOR THENETWORK DESCRIBED INTABLE | IN AN LOS ENVIRONMENT

Conservative Lenient
Prp = 1%, Pigw = 1%, P = 3% || Prr = 1%, Piow = 2%, Pp = 5%
Algorithm Users | Traffic Limiting Users | Traffic Limiting
Factor Factor
FCA, 1 element 340 3.6 Prow 465 4.9 Piow
FCA, 2 elements 575 6.1 Piow 755 7.9 Piow
FCA, 4 elements 885 9.3 Piow 1105 11.2 Prr
LOLIA (n=7), 1 element 990 10.5 Py 1065 | 11.45 P
LOLIA (n=T7), 2 elements 1155 | 12.35 Py 1260 | 13.5 Piow
LOLIA (n=7), 4 elements 1420 | 14.9 Py 1535 | 16.5 Plow
LOLIA (n=19), 1 element 1020 10.9 Pioy 1090 11.6 Piow
LOLIA (n=19), 2 elements || 1200 | 12.5 Py 1330 | 13.35 Py
LOLIA (n=19), 4 elements | 1335 | 13.45 Pg 1400 13.9 Pg
TABLE IV

MAXIMUM MEAN CARRIED TRAFFIC, AND MAXIMUM NUMBER OF MOBILE USERS THAT CAN BESUPPORTED BYEACH CONFIGURATION, WHILE MEETING THE
PRESETQUALITY CONSTRAINTS THE CARRIED TRAFFIC IS EXPRESSED INTERMS OF NORMALIZED ERLANGS (Erlang/kn?/MHz), FOR
THE NETWORK DESCRIBED INTABLE | IN A MULTIPATH ENVIRONMENT

Conservative Lenient
Ppr = 1%, Piow = 1%, Pg = 3% || Prr = 1%, Piow = 2%, P = 5%
Algorithm Users | Traffic Limiting Users | Traffic Limiting
Factor Factor
FCA, 2 element 600 6.0 Piow 740 7.65 Prow
FCA, 4 elewnents 790 8.3 FPiow 995 10.3 Prow
FCA, 8 elements 1085 11.2 P 1250 12.8 Pry
LOLIA (n=7), 2 element 1195 | 12.65 Pioy 1290 13.7 Py
LOLIA (n=7), 4 elements 1370 | 14.35 Piow 1475 15.6 Prow
LOLIA (n=7), 8 elements 1555 16.15 Py 1700 17.7 Py,
LOLIA (n=19), 2 element 1235 | 12.65 Py 1325 13.3 Piow
LOLIA (n=19), 4 elements || 1360 | 13.55 Pg 1410 13.8 Ppr
LOLIA (n=19), 8 elements | 1385 13.7 Pp 1475 14.15 Pp

LOS scenario of Table lll. Again, the number of users supportetiadow faded LOS and multipath propagation environments,
by the network is limited by the probability of a low quality ac-using the performance metrics of Section IlI-A. Under the cur-
cess and the new call blocking probability. The performance mnt reasonable set of assumptions, the following conclusions
the LOLIA usingn = 7 is interference limited, with the smallerwere drawn and further research will be targeted at verifying
reuse distance or exclusion zone leading to many sources of thkm under practical scenarios. The FCA algorithm was found
atively strong interference, all requiring interference cancellts benefit most from the employment of AAAs for both the LOS
tion. Hence, as the number of AAA elements increased, so @idd multipath scenarios. However, the LOLIA using= 7 of-
the number of users supported, with an average improvementered a higher network capacity than FCA under identical as-
about 15% for each doubling of the number of array elementsumptions, although benefiting less from the use of AAAs. For
example, the LOLIA using: = 7 assisted by a two-element
array supported a higher number of users than the FCA-based
network using an eight-element AAA. The LOLIA usimg=

In this paper, we have examined the FCA and LOLIA channg$ offered a smaller performance improvement, when using
allocation schemes assisted by AAAs, employed at the base $tAAs but the large reuse distance limited its impact. Our fu-
tion for the up- and the downlink using identical transmit antlire work is dedicated to studying the effects of power control
receive beam patterns, and compared their performance in nane burst-by-burst adaptive modulation techniques [26].

V. CONCLUSION
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