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ABSTRACT - n7is paper proposes an impi-oved technique for 
dynamically allocating channels in mobile satellite cellulnr 
networks. Channel assignme,it on demand is pelformed on the 
basis of the evaluation of a cost-function, Wlien the cell of n new 
call arrival has not availnble channels, a single cliannd 
recorflguration in an interfering cell is attempted in order to 
accept a i iew call. Haidover requests that do not I-eceive 
imrnediate service can be queued for a inarin~uin time. 7lie 
scenario envisaged is LOW Earth Orbit - Mobile Satellite Systems 
@EO-MSSs). A peifoririance comparison with other dynamic 
clinnire1 allocations Iins been cai-ried out in  order to l i ighl ight  rile 
higher efJicierlq of the dynamic tecliiiique proposed. 

by the MS to the satellite (currently managing it) whenever p < 
pi -17 (h=hysteresis level) and p falls below a given threshold, 
s [4]. If a handover procedure cannot be completed in the 
destination cell of the mobile user the communication is dropped 
and lost. In this paper, an efficient Dynamic Channel Allocation 
(DCA) technique is proposed which achieves a performance 
improvement by allowing a channel rearrangement at the call 
arrival instant. Channel allocation performance has been derived 
in terms of probability that a call is not completely served, P,, 
owing to the initial blocking or the failure of a subsequent 
handover procedure (=call dropping). It will be shown that the 
DCA technique proposed attains the lowest P, values with 
respect to other approaches previously proposed in the literature. 

I. INTRODUCTION 

The steady growth in the cellular telephony market requires an 
ever increasing capacity in order to meet the range of services The coverage area has been assumed divided into cells and each 
and the foreseen wide population of users of the future "Personal cell is illuminated by an antenna spot-beam from a satellite. .A11 
Communication Services" (PCS) [1]:[2]. PCS will encompass? the cells are disposed according to a hexagonal regular layout 
in a unique standard, the different technologies of cordless, and have a circular shape obtained by means of beam-forming in 
terrestrial and satellite mobile cellular networks. At present, Order to coinpensate the footprint distortion due to the spherical 
R&D efforts are addressed towards the definition of Mobile nature of the earth surface. It has been shown [ 5 ]  that a 
Satellite Systems (MSSs) that use a constellation of Non- convenient representation of the LEO mobility scenario is that of 
Geostationary Orbit (NGSO) satellites. l n  particular, Idow Earth considering any MS moving relatively to the footprints of the 
Orbit satellites (LEO-MSSs) are considered since they pernlit to antenna beams on the earth with a speed equal to the 
relax the constraints on the budget link and allow the  US^ of IOW- ground-track speed of satellites, Vr,k. The user mobility will be 
power hand-held mobile terminals. Several LEO-h.ISSs have bezn characterized in what follows by the parameter cy, defined as: 
proposed, e.g., IRIDIUM (by MOtOrOh), ARIES (by 

11. A RlOBJLITY RlODEL 

(1) 
2 R  Constellation Communications Inc.), GLOBALSTAR (by Loral 

Qualcomm Satellite Services Inc.), TELEDESIC (the former 
cia- 

Vtrk Tm 
CALLING, by Microsoft et al.).  The working example assuinzd 
in this paper is given by the IRIDIUM system [3], which is where T,! represents the average call duration. 
formed by 66 satellites over 6 polar circular Orbits at about 780 Parameters R and vm, depend on the satellite constellation 
kni of altitude. Each satellite covers a 48-cell-network with a altitude; m o r e o w ,  R is also dependent on the Half Power Beam 
multi-spot-beam antenna. However, the techniques described hers Q'idth of the spot-beams from the satellite antema. By 
can be directly applied also to other satellite orbital considering a fixed value for T,,, the MS mobility incriases i f  V,, 
configurations. The inter-beam hando\w request procedure is kxreases and/or R decreases (i.e., cy decreases). In the IRIDIUM 
assumed based on the signal quality recei\,ed by the mobile user. case, it has been considered R = 212.5 km and v',,~ = 26,600 
Accordingly to a de-centralized implementation, the h a n d o w  kmih. Further details about this mobility model are given in [SI. 
procedure is "mobile controlled": each active Mobile Station 
(MS) continuously checks the power level, p ,  received from the 
spot-beam managing it and compares this h e 1  with that relative 111. A DYNAnIIC CHANNEL ALLOCATION 
to other "visible" spot-beams, pi. A handover request is issued TECHR'IQUE FOR LEO-RISSs 

In this section, a DCA technique is proposed to allocate 
Work carried out under tl7eJinancial support of MURSTarrcl ASI. reSOUrCeS efficiently. Propagation and interference 
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considerations were simply represented by the constraint that, if 
a channel is used in a given cell x, it  cannot be re-used in two 
tiers of cells around that cell. These cells form the belt of 
interfering cells of x, I(x). Accordingly, the minimum distance 
for two co-channel cells, D, (i.e., the "reuse distance") has been 
set. Let us denote with A(x), the set of the channels not used in 
x and in I@). 

A) Management of new call arremprs 

Let us assume that a new call arrival must be served in cell x :  

limiting itself to only one: or two attempts. In the following, i t  
will be proven that the complexity introduced in the allocation 
algorithm by the second step is negligible and can be supported 
by the system. 
The cost-function CJi) used in (2) is described below. We start 
by consideririg the channels allocated according to a Fixed 
Channel Allocation (FCA) [Sly assuming a reuse distance equal 
to D. Let F,(x) be the set of channels assigned to cell x 
according to FCA. A fixed allocation assures a distribution of 
channels among the cells of the network, with the minimum 
possible reuse distance, D. With the proposed technique, we 

if it results A(x) # 0, the best channel i* to be allocated is 
selected according to the following rule: 

select channds belonging to F,(x), whenever possible, in 
allocating channels to cell x. The allocation cost contribution for 
channel i E i l(x), due to the interfering cell k E I(x), Cx(k,i), 

c, ( i ' )  = n k i e * ( , )  { q i >  } (2) can be expressed as: 

C,(k,i) = uk( i )  + 2(  1 - q k ( i ) )  , 'v' k E I ( x )  (5) 
Terms CJ) in (2) denote the cost-function per channel i .  
This function will be defined later in this Section. 
If more channels verify (2), a random choice is performed. Where u,(i) and q,(i) are given by: 

The channel allocation technique previously proposed in [5].[6]  
blocks the new call arrival if A(x) = 0; conversely, the DCA 
technique under consideration permits to s e n e  new call arrivals 
by means of the "Persistent Polite Aggressive" (€'PA) approach 
[7] even if A(x) = 0, as outlined below. 

2) If i t  results A(x) = 0, the PPA mechanism defines the 
elements (if any) of the set of couples, R(xl = { (p ,  a)}, 
where the generic couple (p,  6) represents a channel p that 
results locked in cell x only by its use in cell 6 E Z(x). 
Then, within Q(x), we must exclude the couples (0, 6), 
where cell 6 has no available channel: 

r (x)  = { ( p , ~ )  E Q ( X )  : ~ ( 6 )  .C ~3 1 (3 1 

0 If r(x) # 0, each couple (/3, 6) E r (y )  represents a 
possible channel rearrangement solution in an interfering 
cell of x to serve the new call arrival in x. Then, the 
most convenient channel rearrangement, characterized 
by the couple (p*, 6*) ,  is performed: 

where Z{O) gives the number of elements belonging to 
the discrete set 0. 
In cell 6*, channel /3* is de-allocated and the call in 
progress on p* is passed on another charnel according 
to the assignment criterion outlined in the first step of 
this algorithm. Then, channel p* becomt:s a~railable in 
cell x and it is used to serve new call arrivals. 

If r (x )  = 0, the call attempt in x is blol-ked and lost. 

This algorithm is "polite-ngglwsi\a" since i t  tries to senre a new 
call arrival (otherwise blocked) by allowing a channel 
rearrangement in an interfering cell. Moreover, this technique is 
also "persisrenr" because i t  tries to obtain this result by 
considering each possibility given by the set Q(x), without 

1 ,  i f i   EA(^) 

0 ,  otherwise 
u k ( i )  = 

In defining thi: cost-function contribution CI(k,i), relative to the 
status of charnel i in cell k E Z(x), the first term takes into 
account the availability of channel i in cell k ,  while the second 
term takes into account if channel i belongs to the optimal set for 
cell k (i.e., F,(k)). This second term is weighted by a factor 2 to 
follow as much as possible the FCA channel distribution. 
Therefore, the overall cost function can be obtained as: 

where the term qJi) is introduced in (8) because i t  is preferable 
to allocate in .x a channel i E FD(x). 

Let us assume: that an active hfS is approaching the borders of 
its cell x (=beam footprint) and is going into an adjacent cell y. 
In this new cell, the MS must be provided with a new channel to 
carry on the communication; subsequently, the channel used in 
the source cell must be released by the MS. 
As a matter of fact, we assume that there is a certain degree of 
overlap among the footprints on the earth of adjacent beams. 
Within an,overlap area an, hfS can receive the signal from two 
bzams. This is a prerequisite to allow the Queuing of Handover 
requests (QH). Let us assume that an MS sends a handover 
request as soon as i t  enters the overlap area between cell x and 
cell y .  The maximum waiting time for any handover request, 
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r,,, can be derived as the time spent by an MS to cross the 
overlap area with a speed VrrL. According to the proposed 
mobility model, we have assumed that the overlap area extension 
crossed by an M S  is fixed and equal to Rl5. This is a 
conservative choice that considers a purely geometric overlap of 
circular coverage areas disposed according to a hexagonal layout, 
as explained in [SI. Therefore, r,, results in: 

Of course, we must admit that the overlap area extension and 
then t,, are random variable, that depend on several 
parameters, such as the direction of MS (relative to the spot- 
beam footprint) motion, the satellite antenna characteristics and 
the propagation conditions, but this aspect will not be addressed 
here where the deterministic value oft,,, given by (9) is used. 
An inter-beam handover request sent by an MS is semed 
according to the following steps: 

if it results A@) # @, an arrival due to handover is sened  
in cell y and a call termination (see point C of this Section) 
is performed in cell x, 

if i t  results A@) = 0, the handover reyuest is queued 
waiting for an a\vailable channel in cell y. In the meantime, 
the communication is served by the source cell. The queue 
service discipline is FIFO. A handover request IeaLw thz  
queue owing to one of the three following reasons: 

the I~atrdo\w procedure is successful: the handover 
request is sewed, before the call is ended and thz 
maximum queuing time has expired. 

The hnndover procedure kns bee11 useless: the associated 
call ends before the corresponding handover request is 
served and the maximum queuing time has expired. 

7he hotirlo~*er procedure foils atid rhe assodarecl call is 
dropped: the handover has not been performed within I , , , ,  

and the call is not ended before the maximum queuing 
time has expired. 

C) Manogetnetit of call tertnitrmiotis 

In order to improve the performance of a DCA technique, ~ ' e  
proposz that whenever a call termination occurs in a cell x (duz 
either to the end of the call or to handover), the channel 
assignments in x must be defined again to de-allocate in x the 
channel at maximum cost. The cost-function to be used in this 
case is complementary to that defined at point A to allocate new 
call arrivals. Then, if the most convenient channel to be de- 
allocated is different from the channel released due to the call 
termination, a channel rearrangement (i.e., intra-beam handover) 
is required. 
In the following, we will denote with DCA the technique 
previously described in [5], with DCA-QH the same allocation 
technique with queued handover requests [5] and with PPA- 

DCA-QH a further refinement of the DCA-QH algorithm with 
the PPA policy is used to manage new call attempts. 

IV. A FOLDED hJT\I'ORK OF CELLS 

The simulated network is parallelogram shaped; this is a 
common choice in the literature to study terrestrial cellular 
systems. However, in order to adapt this topology to the 
different characteristics of global MSSs, where the cellular 
network is three-dimensional, we define a folded network of cells 
to obtain that each cell has a complete belt of interfering cells. 
We denote with N the number of cells per side in the cellular 
network. Each cell of the network has an identification number: 
n = 1, 2, 3, ...., N' (see Fig. 1, where N = 7). Let us denote 
with II the set of cells belonging to the simulated network: Il = 
(1, 2 ,  3, ...., N'}. Moreover, an oblique reference with the 
origin in the center of the cell No. 1 is used, as shown in Fig. 1. 
If we normalize the distance among two adjacent cell centers, 
each cell center is denoted in this reference by a couple of 
integer numbers ( i ,  7 ) .  W e  assume that the belt of interfering 
cells of cell x, (i.e., l(x)) is formed by two tiers of adjacent 
cells. Then, the two orders of more extemal cells in the 
parallelogram shaped network have an incomplete belt of 
interfering csils and form the set of "border" cells, B. 
Consequently, we name "centt-02" cells those cells belonging to 
the set n - B. Let us consider a generical cell z = ( E : ,  7:) on the 
border of the network; a generical cell k E l ( z )  has the 
following coordinates: k ( E z  + a, qr + b) ,  where 0 ,  b E (0, 
1, 

0 

0 

2 ,  -1, -2) and I n I + 1 b 1 z 0. 

If k E II, the interfering cell really exists; 

Otherwise, if k 4 II, the interfering cell does not exist; 
thzn, k becomes a dummy interfering cell of z according to 
the following rule: the coordinates of the interfering cell k 

( 4 ,  + a ,  qr + b)  are transformed into k = (tr, , qk)? 
where t ,  = ( t :  + o) mod (N)  and v k  = (9: + b )  mod (N). 
Therefore, a cell on a border of the simulated network 
interferes with border cells on the other side of the network. 
In Fis. 1,  the d u m m y  interfering cells for border cell No. 48 
are shown. 

Fig. 1: An example of dummy interfering cells for 
the parallelogram shaped cellular network. 
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When a folded network is used an MS with a call in progress, 
which goes out of a side of the network, re-enters the network 
from the other side, thus ideally reproducing the: behavior of an 
infinite network. This is a significant advantage when the 
performance of a channel allocation technique is evaluated jointly 
with a mobility model for the users. Owing to the chosen 
topology of the simulated network (i.e., parallelogram shaped) 
and the size of the belt of interfering cells, if we use the cost- 
function defined in (8), the previous folded network is valid only 
for values of N which are integer multiple of 7. Only for these 
special values of N the dummy interfering cells around a border 
cell have the nominal channel allocation that follows the same 
regular FCA pattem, F&), used for the network. 

V. SIR5ULATION RESULTS 

All the simulation results shown in this Section have been 
derived by assuming that: 

the call arrival process is Poisson independent from cell to 
cell with average call arrival rate per cell equal to X , 

the call duration is exponentially distributed with average 
\.slue equal to T,, = 3 min, 

the belt of interfering cells is formed by two1 tiers of cells, 

the simulated cellular network is parallelogra,m shaped with 
7 cells per side (i.e., N = 7), 

a number of 70 channels is available to the system, 

the IRIDIUM mobility case is considered (cr = 0.32), 

the maximum queuing time is I , , ,  = 0.1 nlin, 

an infinite queue capacity is assumed. 

Let us denote with Pbl the blocking probability for new call 
arrival and with Pb2 the inter-beam handover failu.re probability. 
In our simulations, we verified that the values of Pbl and Pb2 as 
well as of P,u are uniform for all the cells of the simulated 
network. This is due to the folded network where all the cells 
have a complete belt of interfering cells. Another interesting 
result was the insensitivity of the blocking results to the network 
dimensions (i.e., to the value of N which was #assumed as an 
integer multiple of 7): e.g., the performance of the channel 
allocation techniques presented in this paper for N = 7, was also 
evaluated in the case of N = 14 and no significant difference 
was found. Therefore, the simulations carried OUI: on a network 
of reduced dimensions give results that are also valid for 
networks of greater dimensions. This permits to speed-up the 
simulation runs. 
In this paper, we have assumed that acceptable values of Pbl are 
of the order of 1-3 56, while the acceptable values of Pb2 are 
equal to (ITU-T recommendations). The comparison among 
DCA, DCA-QH and PPA-DCA-QH techniques in the IRIDIUM 
mobility case is shown in Figs. 2, 3 and 4 for Pbl,  Pb2 and P,Lq, 
respectively. We can see that the Pbl and Pb2 performance of the 
DCA technique is unsatisfying, because of the high values of Pb2 

all over the traffic range under consideration (i.e., Pb2 > lo-'). 
A possible solution to decrease these values of Pb2 is achieved by 
queuing handover requests. Then, we consider the DCA-QH 
technique that privileges the handover service at the expenses of 
an increased blocking for the new call arrivals. Finally, if we use 
the PPA-DCA-QH technique, it is possible to reduce this 
increase in P,,, by accepting a negligible increase in Pb2. 

pbl 

Fig. 2: F b ,  performance of DCA, DCA-QH and 
PPA-DCA-QH (IRIDIUM mobility case). 

' /  1 

Fig. 3: P,? performance of DCA, DCA-QH and 
PPA-DCA-QH (IRIDIUM mobility case). 

The P,u performance for DCA, DCA-QH and PPA-DCA-QH 
techniques is presented in the curves of Fig. 4. Moreover, for 
the sake of completeness., the results for FCA and FCA-QH 
derived from [5] are also shown in this graph. We can conclude 
that the PPA-DCA-QH strategy achieves the best performance. 
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Fig. 4: P, performance of DCA, DCA-QH and 
PPA-DCA-QH (IRIDIUM mobility case). 

EVENTS COSTRIBUTIOSS TO U 

pliysical erid 

The question to be investigated here is whether the introduction 
of the PPA technique causes a significant increase in signalling 
load due to the channel rearrangements required to serve the new 
call arrivals which are otherwise blocked. To this end, we 
compare in Fig. 5 the U performance for DCA, DCA-QH and 
PPA-DCA-QH techniques. This figure highlights that with DC.4 
U decreases when the traffic increases, because the handover 
failure probability, Pb2, increases and, then, the average number 
of handover procedures per call decreases. Whereas different 
behaviors are obtained in the cases of DCA-QH and PPA-DCA- 
QH techniques where the Pb2 values are smaller than in the DCA 
case. The most interesting result is that PPA-DCA-QH technique 
does not increase U with respect to DCA-QH technique from low 
to medium traffic intensity per cell. 

Q 

Fig. 5 :  Average signalling load per served call, U ,  in 
the IRIDIUM case. 

VI. CONCLUSIONS 

In this paper, an efficient DCA technique for applications in 
MSSs was proposed in order to cope with the increasing need of 
mobile satellite communications. The scenario envisaged was 
LEO-MSSs. A particular dynamic channel allocation technique 
based on the evaluation of a cost-function, namely DCA, was 
proposed. The queuing of handover requests was used to manage 
the user mobility. A performance improvement has been obtained 
in the case of the PPA-DCA-QH technique, where a new call 
arrival is accepted by the network even if there is not available 
channels by allowing a channel rearrangement in an interfering 
cell. Finally, i t  has been proven that the introduction of the PPA 
strategy does not increase the signalling load of the DCA-QH 
technique from low to medium traffic intensity per cell. 
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