Appears inProc. of 1999 IEEE Radio and Wireless Confergfft®VCON99), pg. 147-150.

Dynamic Channel Assignment in Shotgun Cellular Systems

Timothy X Brown 1
Dept. of Electrical and Computer Engineering
University of Colorado, Boulder, CO 80309-0530
Tel: (303) 492-1630 Fax: (303) 492-1112
timxb@colorado.edu

Abstract

This paper analyzes dynamic channel assignment in cellular systems where the base stations are placed at
random. Using a simple dynamic channel assignment algorithm, random systems are compared to an ideal
hexagonal systems. Under log-normal shadow fading the random system has capacity within 1dB of the hex-
agonal system. This paper looks at both the uplink and downlink and finds that performance is similar to
previous downlink analysis. Thus, at a modest cost in performance, deployment effort is greatly reduced.

1. Introduction 2. Model:

Current cellular and PCS systems, with their small cellin the shotgun system, base stations are distributed as a
sizes, depart significantly from the ideal hexagonal lay-2-D Poisson process where the average density of sta-
out due to terrain variations, difficulties in site acquisi- tions isA and the probability of a base station in a small
tion, and space variations in mobile station density. InareadA is AddA. All base stations have identical transmit
quickly deployed ad hoc military or emergency commu-power, antenna gains, etc., and the path loss is an inverse
nication systems, little or no planning may be possible power law with path loss exponeat All antennas are
Distributed campus wireless LANs may add communi-omni-directional. Background and thermal noise are
cation elements in a distributed fashion with little coor- assumed zero. Shadow fading (aka slow fading) is mod-
dination between departments. Indoor environmentgled as independent log-normally distributed multiplica-
have high variability in signal levels and base stationstive noise,¥, on the signal strength received from each
are placed under architectural constraints. As arbase station. It is well modeled by a log-normal density
extreme we can consider the base station placement i]:
these systems as “random”. Such random systems we 1nwi?
denote ashotguncellular systems. 1 2000

Previous work developed and analyzed the shot- (W) = wﬁoe ’ @

gun concept [2.’3] and showed t_hat the shotgun systergo that the fading factor has mean 1 and one standard
with random fixed channel assignment (FCA) differs deviation includes from @/to

from an ideal hexagonal system by 4 dB in signal levels In this initial study, users are uniformly distrib-

and 2dB in spectrum efficiency. While the shotgun sys- ) - )
tem minimizes planning, non-random channel assign-Uted’ do not move while communicating, and remain on
ment has the potential to improve system quality anaIhe same chann_el throughout the cau.orth_ogonal
capacity. Unfortunately, finding an optimal FCA in a channels are available and each channel carries one user.

shotgun system is not straightforward and posed as aff°8 PUEORTE: SR, FEEE TEIE o
optimization task is computationally complex. In this 9 y :

paper we show that dynamic channel assignment (DCA). alls are generaﬁced viaa Poisson_ process with e€xponen-
[6,8] is ideal for the shotgun system and improves the|aI call holding time. Call set-up is instantaneous with

shotgun performance to nearly that of an ideal hexago.[]o distinction between user originating or user terminat-

nal system. Furthermore, the analysis provides insighténg ca_IIs. Cha_nnel quallty IS measu_red as.the uplink and

into the gains possible due to DCA in realistic, non—idealdownllnk carrier o interierence ratio (C/1):

systems. c/l = d;s/E’Zdi_SE @)
The paper first develops the system model, dis- .

cusses DCA, and describes simulation experimentsvheredg is the distance to the signal base station and

using DCA and FCA for shotgun and standard hexago{d;} is the set of distances to co-channel interfering base

nal systems. stations (on the downlink) or mobiles (on the uplink).
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3. Dynamic Channel Assignment: co-channel interference is unacceptable on every possi-
Many DCA schemes are known [6] and the goal of thisble channel and not when the base station runs out of
paper is not to find the best of these schemes. The go&@ssigned channels.
instead is to show representative performance with DCA  To compare different channel assignments and dif-
as compared to FCA algorithms. ferent base station layouts we look at a measure of spec-
Theuniform FCA scheme chooses a reuse numbeitrum efficiency which we call theeffective reuse
R, divides the channels intR disjoint equal size sets, numberIn a uniform FCA, the effective reuse number is
and permanently assigns each base station one chanrgémply R. In DCA the effective reuse number is the total
set. A base station blocks a call wheneM#R calls are  number of system channels, divided by the effective
already active. The number of channel groufs, number of channels per cell. GivéhErlangs per cell,
depends on the radio environment and base station layhe effective number of channels per cell is the number
out. In the regular hexagonal layout, optimal assign-of channels per cell that uniform FCA would require in
ments are well known and easily computed [7]. For aorder to have the same blocking as DCA. A smaller
uniform distribution of users and a regular hexagonalreuse number is better with a minimum of 1 when every
grid of base stations, the uniform FCA is optimal channelis used in every cell.
(among FCA). For non-uniform distribution of either 4. Simulation:

users or base stations the traffic load varies from cell tQI_O evaluate the dynamic channel assignment for differ

cell and a non-uniform FCA is optimal. X X
ent channel and base station layouts, we use a simulated

In the random shotgun layout, the best FCA is, in ) . . ] .
general, non-uniform because the cells cover differenfellular system. This section describes the details of this
' imulation. The reader may wish to skip to the next sec-

areas and have different loads. Finding an assignmerﬁJ : T
that maximize system capacity requires solving a comdion on resu]ts and refer back to this section if needed.
plex optimization [3,5,6]. This is true even if each cell’s The simulation proceeds as follows:

traffic load is the same. To avoid this optimization, and 1. A set of base stations is placed on a two dimen-
to maximize the total capacity of the system we look at sional plane.

DCA.

We consider the most general form of DCA. At
each call arrival, the base station can choose to assign
any channel it is not using in its cell to the new user sub-
ject to some criteria. The first criteria is that the uplink ~ 3- For each call arrival: the new user is placed on

2. The Erlangs per cell is chosen and a sequence of
discrete call arrival and departure events is gener-
ated.

and downlink for the chosen channel must meet the the two dimensional plane; every channel is eval-
required C/I for the radio. The second criteria is that the uated; if a channel meets the criteria, then it is
addition of this new call cannot cause any existing radio assigned to the call, otherwise the call is blocked.
link to drop below the required C/I. Within this criteria, 4. For each call departure, the call is simply
several channels may be available which could be removed.

ranked by the carrier or interference signal strength o
the C/I. A number of algorithms are available (e.g. [1]).

We choose a simple algorithm. The channels ar
numbered from 1 tdN. The smallest numbered channel

rEach of these steps is described in detail. A number of
Egase stationsB, is chosen. For the hexagonal layout,
ase stations are placed in a hexagonal grid andthe
that meets the criterion is assigned. Note that only thé)ase stations closest the to the origin are chosen. Fpr the
base station with the strongest signal, cal,ivill ever shotgun. Iayou_t, the ba;e stat|oqs are placed accqrdmg to
f two-dimensional Poisson point process. In this pro-

be used by a mobile. The C/I on a channel is maximize K is th d iable for th ber of b
by using the strongest available base station for the Sigc_:ess, 1S 1 the random variable for the number of base

nal. If this channel is not occupied lathenb, by defini- stations in area: )
tion, is that base station. If this channel is occupiel, at _ _(hAa)” _-xa
than using any other (weaker) base station yields a Prob{K =kja} = (—_I{!)_e ‘ (3)
downlink C/I < 1. Note also, that under shadow fading Let di be the distance from an arbitrary point to tih
the strongest base station is not necessarily the closestnearest base station to that point.

Calls are only blocked if no channel that meets the An(rZ—rZ_)
required C/I is found. To be clear, this means that base P(% = '|[dk_1 =Tx_1) = AT2e k- (4)
stations have sufficient radios to carry all acceptable_ettingdy= 0 (but placing no base station at the origin),
calls. In FCA the required number of radios is fixed andwe can iteratively generate tfBenearest base stations to
known. A base station will block calls whenevifR  the origin.
channels are occupied. In DCA, calls are blocked when The Poisson call process hasErlangs per cell.



The total traffic in the system B = EB. In this simula- Table 1: Simulation Parameters
tion time is not important, and we only are concerned

with the sequence of call and departure events. We note. Parameter Symbo| Default value
E; = Al (5) Number of Channels N 200
where is the arrival rate ang is the call holding time. Number of base statiorls B 100
The rate Ca” arrival rate iS fiXed atand the Ca” depal’- Er|angs per base Staticn E (dynamic)
ture rate depends on the number of calls in progmgss, Pathi n 7
Givenny, the rate of call departures /. The proba- athioss exponer €
bility that the next event is a call arrival is given by: Shadow fading std. dey. o 10dB
nn _ A _ Eg Required C/l| T 10dB
parrival_)\+n/ _E +n. (6) " -
o M TNy Arrivals simulated| A 100,000
In this sequence, we ignore statistics from the fiEB5
call arrivals to allow the system reach steady state. Afteformula:
this initial period blocking statistics on the nextarriv- _ E/nl (10)
als is recorded. B~ 'n £
For call arrivals, the user is first placed. For the Z T
hexagonal system the user is randomly and uniformly i=1"

placed within one of the cellular hexes. For the randomSincen is an integem, is an interpolation between the
system, we define a circle centered on the origin withintegers above and below the solution to (10). The effec-
radius equal to the distance from the origin to the fur-tive number of channels depends (weakly)ibso anE
thest base station. The user is placed with a uniform dishear a typical operating point is chosen by simulating at

tribution within this circle. differentE until pg is between 1% and 3%. The scenario
The Signa| power from the user to each base Stai.S repeated with different random number seeds and the
tion is defined via: effective number of channels computed.

D = WK % Table 1 gives a para_metgr summary. The number
ij ij ] of channels and base stations is chosen as large as could
wherepj; is the power of the signal from useto base  pe reasonably simulated. The channel parameters are
stationj, K is a constant containing the transmit power, typical values from [7]. The arrivals simulated balances
antenna gains, eta is the distance from useto base  getting useful statistics in one run against the initial
stationj, and Wj is a the log normal shadow random ayrivals ignored while reaching steady state (e.g. at 100

variable distributed as in (1). Since we are only con-grjangs per cell, the initial period isEB = 50,000 arriv-
cerned with power ratios we |&t=1 and usgy; equally  gjs).

for both up and down link powers. & is the channel of

useri, n, is the number of users, afsis the base sta- - Results:

tion with the strongest signal to usethen the carrierto  This paper introduces two new features to shotgun cellu-
interference ratio for channel at userv follows from  lar systems. The first is combined uplink and downlink

2): analysis, and the second is dynamic channel assignment.
Y Pub, We look at each of these separately for the four combi-
DI—DdownIink e — (8)  nations of hexagonal vs. shotgun layout and shadow fad-

_ , Pub, ing vs. no shadow fading (= 0).
tilei = cizv} Previous papers on shotgun cellular systems were
Crf” = A (9)  able to analytically derive performance in the downlink
H qulink Pip direction [2,3]. In other words, only (8) was used as a
{ilc, <gizvy criterion. One question we seek to answer is whether the

Channek meets all C/l criteria if (8) and (9) are above a downlink performance differs significantly from apply-
required C/I thresholdT, for everyv (i.e. for the new ing (9) or from applying (8) and (9) jointly. To see the
call and every existing call). If no channels meet the cri-difference we plot the effective number of channels for
terion, the call is blocked, otherwise the smallest num-he four cases. The results are shown in Figure 1.
beredc that meets the criterion is assigned These results indicate that the uplink constraint is
The blocking probabilitypg, is simply the ratio of 5% more optimistic than with the downlink constraint.
the number of blocked arrivals over the total number ofWhile the up and down link constraints separately pro-
arrivals. duce similar results, the combined constraint is 5-12%
Given E andpg, the effective number of channels more pessimistic than with the downlink constraint.
ne is found by numerically solving fon in the Erlang B This indicates the blocking due to downlink and uplink
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Figure 1: The effective reuse number for hexagonal (Hx) andFigure 2: Effective reuse number with and without log normal
shotgun (SG) base station layouts with shadow fading (Sh) anghadow fading, for dynamic channel assignment (DCA) and
with no shadow fading (No Sh). Average and s.d. of 10 runs.fixed channel assignment (FCA) for shotgun (SG) and hexago-
The lines are for comparison purpose. Inveytedale. nal (Hex) base station layouts.

constraints do not always correspond. In any case, thanalysis that ignores the uplink provides a good guide to
differences are small so that the downlink analysis doeperformance. This is useful since the downlink often
provide a bound on performance with small error. yields to analysis. The main result indicates that a shot-
The relative ordering between uplink, downlink gun base station placement augmented by the self orga-
and combined constraint results was always the samdlizing DCA can lead to near ideal performance with
The error bars indicate the performance variance due téttle or no planning. The effective reuse number is a

different instances of random cellular systems. As indi-very efficientR = 3. Further work is building on these
cated by the hex layout results, repeated experiments fdpitial results including user mobility, and handoff anal-
a particular base station layout produced little variation.ysis. Exploring alternative DCA algorithms may yield

We next turn to the performance of FCA and DC
for hexagonal and shotgun layouts with and without

A further improvements.

shadowing. Only results with the combined uplink and References:

downlink constraints are plotted. For FCA the effective
reuse number was found by applying a loadeof 9.83
Erlangs (2% blocking for a trunk group of 16 channels)
and 16 channels per cell and finding the smallest reuse
number, R, that yielded less than 4% blocking. The [2]
results are similar for the downlink only analysis of
[2,3].

Results are shown in Figure 2. We make three
observations. First, as is well documented, DCA pro-[3l
vides significant improvements in channel utilization;
2dB in the hexagonal layout, and 4dB in the shotgun[4]
layout. Second, shadow fading improves the perfor-
mance of the shotgun layout (+1.5dB) while degrading
the performance of the hexagonal layout (—1.5dB). Thig5]
corresponds with earlier studies where it was noted all
layouts converged to the same performance with
increasing variance in the log-normal shadow fading.[6]
Third, while the hexagonal layout always has higher
capacity than the shotgun layout, under dynamic chanm
nel assignment with shadow fading the difference is less
than 1dB. 8]
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6. Conclusion
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