DOUZIEME COLLOQUE GRETSI - JUAN-LES-PINS 12 AU 16 JUIN 1989 ‘T/

[¢¥)
[

An Optimal Switching Algorithm For Multibeam Satellite Systenms

With Variable Bandwidth Beams In the Presence Of Interference

Mona EL-GHONEMY Magdi EL-SOUDANI

Electronics and Communication Dept., Faculty of Engineering,
Cairo University, Giza, EGYPT

RESUME

On consideére ici un systéme de com- lite vers Terre dans de§ endroit§ dif-
mutation par satellite utilisant 1’acces ferents. Dans tel systeme, on d01t.con—
nultiple a réparaticn dans le temps siderer l’effet d’interference parmi les
(AMRT). Le satellite a plusieurs an- liaisons dans le meme sens. On propose
tennes gqui couvert des zones dif- un  algorithme optimal quj établit
ferentes. Soit le numbre de repeteurs a l’horaire de connexion des creneaux de
bord de satellite K, le numbre de temps de chaque liaison. L’algorithme
liaisons Terre vers satellite M, et le assure gue tout le trafic peut etre
numbre de liaisons satellite vers Terre emit, sans conflit, pendant la trame
N. Dans ce systéme, le satellite peut d’AMRT.

comnutexr de§ faiseaux a son bord. Donc,
on peut vrelier une liaison Terre vers
satellite, par exemple, a liaison satel-

SUMMARY

In a typical satellite switched time i has bandwidth # and downbeam j has
division multiple access (SS5/TDMA) sys- bandwidth o« . The maximum traffic
tem, the TDMA frame is divided into which can be handled by the satellite
several time slots, and each slot has (at any given time slot) is assumed to
a switching configuration wpermitting a be K, 1 £ kK £ min (M,N). The inter-
certain amount of traffic to be trans- ference between zones can be charac-
mitted. The system main objective is to terized by the graphs GU and GD
ensure that all the traffic can be where GU = (V,E) represents the inter-
transmitted without conflict within the ference on uplink beams, with vertex
TDMA frame. The satellite has a number set V representing the M zones and edge
of spot beam antennas covering set E containing an edge (vi,vj) , vi
geographical distributed =zones and a ,vj € V if and only if zone i inter-
solid state RF switch on board to feres with zone 3 on uplink transmis-
provide connections between the various sions. Similarly,GD represents the in-
uplink and downlink beams. A high gain terference on the downlink beams. The
antenna on board the satellite provides . .
various spot beam coverage. This an- traffic demgnd is characterized by the
tenna may allow interconnectivity be- traffic matriz D. The  transmission
tween uplink and downlink beams, i.e., schedule is defined as the decomposition
substantial power from one beam may of the traff@c matrix D into several
spail over into a neighboring zone lead- switching matrices, i.e., D =DL + D2
ing to what is called zone inter- +...+ DL , where Di  represents the
ference. The effect of zone interference transmissions in time slot i of the
has been studied in the special case of TDMA frame. The sequence (D1 ,D2 ,
SS/TDMA system with N uplink and N ...sDL) is the transmission schedule.
downlink beams all of egual bandwidth We look for a feasible transmission
and with at least N transponders on schedule which never requires two in-
board. terfering zones to transmit or receive
simultanecusly. This can be achieved if
In this work, we study the traffic no D matrix contains entries on rows
scheduling problem with interfering corresponding to adjacent vertices of
beams in a more general SS/TDMA system. G or on columns corresponding to ad-
We consider a system with M uplink jacent vertices of GD .The proposed al-
beams and N downlink beams, where uplink gorithm provides the solution of this

problem and it 1is optimal in the sense
that it minimizes the transmission time
for any given traffic matrix D.
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I- Introduction:

The satellite-switched time divi-
sion multiple access (SS/TDMA) system
utilizes the merits of high gain spot
beam antennas along with the efficient

TDMA method of providing complete
connectivity of coverage areas. In such
a system, a satellite embodies several

spot-beam antennas and a solid-state RF
switch periodically switches the connec-
tions of uplink and downlink beams to
facilitate inter <connectivity of bean
zones. A TDMA frame is divided into a
number of switching modes, each switch-
ing mode is assigned a fixed on-board
switch connection so that the traffic
from various regions is routed to desig-
nated regions without conflict.

In an SS/TDMA network, all earth sta-
tions must share a given number of
satellite transponders on a time base,
it is desirable to maximize the
transponder utilization according to the
network traffic requirements. The tinme
slot assignment problem then is to
schedule the network burst traffic in a
manner that maximizes the satellite
transponder utilization with a minimum
number of switching modes. More specifi-
cally, the traffic demand is charac-
terized by a traffic matrix D, where
entry dij represents the traffic demand
from wuplink beam i to downlink beam j,
measured in units of slot time. A
scheduling scheme then depicts a way to
decompose the given traffic matrix D
into distinct switching matrices i.e, D
=Dl + D2 + ...... D1,
matrix with its largest entry dic-
tates the duration of a switching matrix
= |Di]. To maximize transponder utiliza-
tion, one must minimize the total dura-
tion i.e., &£ |Di}] needed to schedule (or
switch) the complete traffic matrix D.
On the other hand, the number of switch-
ing modes should be kept small. Let M
and N denote, the number of uplink and
downlink beams respectively.The proposed
algorithm deals with the general system
where variable bandwidth of uplink and
downl ink beams, are considered, 1i.e.,

uplink beam i has bandwidth «i, ang
downlink beam j has bandwidth fi. In our
case we may allow several entri€s in any
row or any column as long as the sum of
all entries of row i is less or equal to
«i, and the sum of all entries of column
j is less or equal to Bj.

None of the algorithms discussed in [1}
~[6]1 considers =zone interference.
However in practice side 1lobes in the
antenna radiation paterns, insufficient
antenna gain, or very small and closely
packed zones may cause substational
power from one spot beam into a neigh-
bouring zone which is called zone inter-
ference. The proposed algorithm takes
into account the presence of inter-
ference, i. e., the switching matrix Di
must not contain entries on rows which
corresponds to interfering uplink zones
or on columns which correspond to inter-
fering downlink zones.

II- Notions And Definitions:

The uplink bandwidths are repre-
sented by the speed vector «, o« = {ml «2
+ve..am},  where ai is a positive in-
teger representing the bandwidth of the

where Di is a -

i th uplink, similarly, the speed vec-
tor 8 = [ 1 #2......68n] represents the
downlink bandwidths. The capacity of the
satellite K is the maximum amount the
satellite can carry in one time slot.
Assume | & k & nmin (2 «i, & Bj), and let
ri and cj represent the ith row sum and
the jth sum respectively. An (xfSM) is
defined ({7] as an (MxN) matrix with non
negative entries such thats; c¢j { #j for
1 ¢35 ¢N and, ri<aifor 1 ¢ i¢
M. A Quasi doubly stochastic €aDs)
matrix [7]1 is defined as an (N%N) matrix
for which c¢j = G, 1 ¢ j {Nand ri-=
S, 1 i ¢ M, where S is a some posi-
tive integer called the line sum of the
matrix. The normalized gquasi doubly
stochastic (NBDS) matrix is defined as
an (MxN} matrix with cj/fj = 8,
1t £ i ¢ N and ri/ei = 8, 171 ¢ M
where S8 is a some positive integer
called the normalized 1line sum of the
matrix. The traffic of the matrix Iis
defined as the sum of all entries in
that traffic matrix.The interference be-
tween zones is characterize by the
graphs GU and GD [81. GU = (V,E) repre-~
sents the interference on uplink beanms
with vertex set V representing the M
uplink zones and edge set E containing
an edge (vi,vj), vi,vj € V if and only
if zone i interferes with =zone j on
uplink transmission. Similarly GD =
(V,E) defines the interference on the
downlink beams. GU and GD can be identi-
cal, but we consider the general case
where they are different.

III Problem Formulation:

The problem is; given a traffic
matrix D (MxN)> with uplink and down link
speed vector « and f3, satellite
capacity K, and uplink and down link in-
terference graphs GU and GD, find the
decomposition of D = Di + D2 + ...Dl
such that :

1) all the Di’s are «ffSM’s with traffic
not greater than K.

2) the nunber of switching matrices is
minimized.

3) D1 must not contain entries on rows
which corresponds to adjacent vertices

of GU or on columns which corresponds
to adjacent vertices of GD.

IV Column and Row Expansion Algorithms:

For a feasible schedule D = D] + D
+ ....D1 can never be smaller than
which is given by:

T ri cj
S = max {—-;], max F——w , max {——:‘

K 1<igM oi 1¢j¢N 3]
where T is the total traffic in D and
[X] denotes the smallest integer greater
or egual to ¥X. From (8] and [91, an
(MxN)> NQDS matrix D with normalized

line sum S can be expressed as sum of S-
complete oxfRSM’s.
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The proof of this theorem 1is based on
the constructions of an (HxH) QDS matrix
from the (MxN) NGDS matrix of line sum.
The construction proceeds as follows:

(a) Column expansion algorithm:
Expansion of the matrix D into
(MxH)> matrix D’ by expanding each column
j in D into (Mx8j) matrix Aj as follows:
Let cla be the column sum ©f l1th column




in &j and rkabe the row sum of kth row
in A3j. Assuming first that all entries
in Aj are zeroes, then we add the quan-

tity xkl to the (k,1> entry in Aj
where:
xK1 = min ( 8§ - cla , dkj - rka >

where dkj represents the (K,j) entry in
D. The process will be completed when
no nonzero xkl can be added.

The matrix Aj must have the same
traffic as the jth column in D and all
column sums of Aj is egual to S, and the
kKth row sum of Bj = dkj. We construct
such an Aj matrix for every j, 1 £ j §{ N
so we will have Al, A2,...,AN which form
a single (MxH) matrix D’ which has the
same traffic as D and has all column
sums = S5, all row sums = row sums in D.

(b} row expansion algorithm:

The second step is a similar expan-
sion but this time on the rows of D’ to
obtain an (HxH) matrix D". Row i of D’
is expanded into (xi % H) matrix Bi. Let

clb’ be the sum of the 1th column of
Bi, and rkb* be the sum of the Kkth
row of Bi. We add xkl’ to the (k,1>

entry in Bi where:
xkl’ = min ¢ 8 - rka’, dil’ - clb’ >

where dil’ vrefers to the (i,1) entry in
D’ The process terminates when no non-
zero quantity can be added. The matrices
Bi’s will form the (HxH) row matrix D*
which has traffic equal to that of D’
(wvhich in turn is equal to that of D),
and all rows and column sums of D are
equal to S. Thus D" is QDS matrix.

D" can be expressed as the S per-
mutation matrices D1",D2",...DS8", then
we make compression to Di", 1 L i1 ¢ S,
to get Di’ by first row compression al-
gorithm followed by column compression
algorithm for the Di” to get Di. Thus
each Di is an «(SM.

Now we assume that the given D (Mx
N) matrix is not N@DS  matrix, thus we
must transform it to N@DS matrix using
the compelition algorithm as follows:

x Create the @ ( M+1x N+1 ) matrix by
adding extra row and extra column to D.
For the extra column, assign

M
AN+t = E ai - K
i=1
for the extra row, assign
N
oM+] = TR 3 -K

j=1

Thus for the matrix @, the vectors
«x’ = { aol, x2, ...,cM+l }, and
f’ = A B_]_-_: 62’ l'-JGN_._.-_L }
Let rig = ith row sum of @ 1i (M+! and

ejq = jth column sum of @ 1§ ¢N+1
Initially let rM+l = cN+! = 0, and
riq = ri, cjg = cj 1€igH,  1{i¢N
where ri, cj refer to row sum and column
sum of D respectively. Now, we add the
quantity zM+1,j to entry gM+l,j , for i
ign where
zM+1,5 = min( aM+1S - rM+i,qg ,BjS ~cjq )
The process terminates when no nonzero
quantity can be added.Similarly we add
entries to column N + i, to entry qi,N+1i
1 i Mand xi,N+i where :
xi,N+1= min (£#N+1S - cN+l,g’,=i8 - rig ?

We claim that, when this occurs, Q@ is
an N@DS matrix.

x If @ is not NGDS matrix, consider the
submatrix @’ of @ defined by the first M
rows and the first N columns. To entry
gij’ in this submatrix add quantity xij,
x 1j = min (#jS - cig , «iS - rig ) -
This quantity is called a dummy traffic
which will be removed at the end of the
algorithm.

The process terminated when no non-
Zero entry can be add, thus @ is a
N@DS matrix.

V The Optimal Algorithm:

Step (1)

From the uplink graph GU add the rows of
the given traffic matrix D which has in-
terference to each other. Calculate the
new « of the resulted row which will be
equal to the sum of o’s of these rows.

Step (2>

From the downlink graph GD add the
columns of the matrix (resulting from
the previous step) which has inter-
ference to each others. Calculate the
new @£ of the resulted column which will
be equal to the sum of B °s of @# this
columns. The result 1is the (M%xN) D’
mnatrix.

Step (3)

I1f D’ is not N@DS matrix, we apply the
compelition algorithm to convert it to
N@DS matrix w.r.t. S. The new matrix is
called the @ natrix.

Step (4)
Expand the matrix @ to (M+1%H) matrix
using the column expansion algorithm.

Step (5)

Expand the resulted matrix to D" (HxH)
matrix using the row expansion algo-
rithm.D* now is an @DS matrix w.r.t. S.

Step (6)
Using the Max -Min matching algorithm
{11}, we can find the switching matrices

corresponding to D".

Step (7)

Convert the switching matrices resulted
from the previous step to permutation
matrices of entries 1’s and 0’s only.

Step (8)

Perform row compression algorithm to the
permnutation matrices resulted in step
(7) by adding the entries of rows which
have been expanded in row expansion al-
gorithm in step (5).

Step (9)

Perform column compression algorithm to
the matrices resulting from the previous
step by adding the entries of columns
which have been expanded in column ex-
pansion algorithm in step (4).

Step (10)

Remove the (M+1)>th row and (N+1)th
column from the switching matrices to
obtain (M x N) switching matrices

Step(li)
Subtract the dummy traffic, if it was

added in the compelition algorithm in
step (3), from the switching matrices to
obtain the switching matrices of the
(Mx N) D’ matrix.
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Step (12)
Obtain the = corresponding feasible

schedule for the original matrix D by
associating on a one~to-one basis, each
unit of traffic in D between the same
uplink beams taking into account that
any switching matrix must not contain on
rows which correspond to interfering

uplink zones or on columns which
correspond to interfering downlink
zones.
Example:
Consider SS/TDMA system with 4 uplinks
beans, and 3 downl inks beams, 4
transponder. The downlink beamwidth and
uplink beamwidth are given by
g = (2, 3, 2)
x = (2, 2, 2, 1)
S =5 K= 4
and the uplink interference graphs is
. T~ .
GU =1 2 3 4 2nd and 3rd beams

uplink transmission,
downlink interference

interefere in the
similarly, the
graph is
. P
GD = 1 2 3
The traffic matrix D

2 5 3

3 5 2

5 o] 5

0 5 o]
i-= Add rows 2, 3 x2 = 2+2
2- Add columns 2, 3 82 = 3+2
3- H = Efj = Exi =7

4- Permutation matrices

001t O00O0O0 0010000
0Oo00t 000 0001000
1000000 1 000000
0100000 0100000
00001 00O 0000100
0000010 0000010
00000C0C1 000C0CO0O0 1!
0010000 i 000000
0010000O0 0010000
1000000 0100000
0100000 0001000
0000100 0000100
0000010 0000010
0000001 0000001
1000000
00t1o00co0o0
0100000
0001t 00O
0000100
60000010
0O 0000O01

5- Row compression (142>, (3+4+5+6), (7)

0011000 0011000
1100110 1100110
00000O01 0000001
1010000 1010000
0101110 0101110
0000O0OO01 0000001
1010000
0101110
0000001

6- Column compression_(1+2), (3+4+5+6,7)

— ] =

oNno
O =

2
2
1

- e

oNO
)
oNnO
— NN
O = —

7- The corresponding matrices of D are

010 0 01 110 000 000
110 000 010 000 001
00O 1 01 000 101 000
010 000 010 000 000
Tyvel Tyve2 Type3 Typel Typeb
There are 3 matrices of the first type,

2 of the third, 2 of
fifth one.

3 of the second,
the forth, and 2 of the
The total duration is 12
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