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Abstract
The low earth orbit (LEO) satellite system provides a promising solution for the global coverage of

Internet of Things (IoT) services. Confronted with the sporadic uplink transmission from massive IoT ter-

minals, this work investigates the grant-free access scheme and resource allocation algorithm for the

beam-hopping (BH) based LEO satellite systems. To improve the packet success rate, the time slots are

pre-allocated to each cell according to the number of terrestrial terminals and the probability of packet ar-

rival. When the packets arrive, the terrestrial terminals perform contention-free or contention-based grant-

free access with packet repetition in the time slots allocated to their cells. The analytical expression of the

packet collision probability for the grant-free access scheme is derived to provide reference for the re-

source allocation. To reduce the computational complexity, a heuristic resource allocation algorithm is

proposed to minimize the maximum cell packet collision probability in the system. Simulation results show

that the proposed resource allocation scheme achieves lower packet collision probability and higher re-

source utilization ratio when compared with the uniform resource allocation scheme.
Key words: low earth orbit (LEO) satellite system, grant-free access, beam-hopping (BH) ,

resource allocation, collision

0 Introduction

With the development of the Internet of Things
(IoT) technology, a variety of IoT applications are
emerging and massive loT terminals are deployed
around the world. Although the ToT system based on
terrestrial networks is mature, it is challenging and
costly to provide services for the loT terminals deployed
in the remote and isolated areas'''. As an important
part of the sixth-generation (6G) mobile communica-
tion systems, the satellite communication systems can
be regarded as the complement and expansion of the
terrestrial networks'>’. Due to the advantages of the
global coverage and the low orbital altitude, the low
earth orbit (LEO) satellite communication system pro-
vides a promising solution for the remote loT serv-

. [3
1ces

'. However, the satellite-based IoT system also
faces the problems of the high propagation delay, the
uneven distribution of uplink traffic demands and the
limited processing capability of the LEO satellite,

which bring great challenges to the uplink access and

resource allocation schemes.

Considering the high propagation delay, the con-
ventional grant-based access scheme, which requires
the issue of a scheduling request and the receipt of an
uplink grant before the packet transmission, is not suit-
able for the satellite-based IoT system'*'. Instead, the
grant-free access scheme is more adapted to the sporad-
ic short packet transmission of the IoT terminals be-
cause of its low access delay and signaling
overhead”'. In the grant-free access scheme, each ter-
minal is pre-allocated a number of uplink resources and
transmits its packet in an ‘arrive and go’ manner. To
improve the resource utilization, multiple terminals can
contend to access some shared resources, but the pack-
et collision may occur. The contention-based grant-free
access with packet repetition has been investigated to
reduce the packet collision probability'®”'. The expres-
sions of the collision probability for contention-based
access with and without repetition were derived in
Ref. [6], where a terminal can transmit the same
packet in several consecutive time slots. The transceiver

design for the contention-based access was presented in
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Ref. [ 7], where the packet replicas can be transmitted
in randomly selected time slots in a frame, but the ana-
lytical expression of the collision probability has not
been provided.

In addition to the packet repetition mechanism,
the packet success rate can be further improved by op-
timizing the resource allocation scheme'®'. Considering
the uneven distribution of traffic demands in the satel-
lite systems, the limited resources should be allocated
reasonably according to traffic demands in different
cells. Due to the flexibility of resource allocation in the
time dimension, the beam-hopping ( BH) technology

13 1,

has been widely studied in the satellite systems
the BH-based satellite systems, the number of spot
beams is far less than the total number of cells, and
the spot beams can illuminate distinct cells in different
time slots. The BH mechanisms in Refs [ 9-13 ] dynam-
ically selected the illuminated cells and allocated the
downlink resources according to the downlink traffic
demand of each cell, so that the transmission resources
and the practical demands can achieve better matc-
hing. Nevertheless, the resource allocation for uplink
grant-free access in the BH-based LEO satellite sys-
tems has not been investigated.

In this work, the grant-free access scheme for the
BH-based LEO satellite system is investigated, and a
resource allocation algorithm is proposed to minimize
the packet collision probability of the system. In the
proposed grant-free access scheme, the LEO satellite
periodically allocates the time slots and determines the
grant-free access mode for each cell according to the
number of terrestrial terminals and the probability of
packet arrival. When the packets arrive, the terrestrial
terminals perform contention-free or contention-based
grant-free access with packet repetition in the time slots
allocated to their cells. The analytical expression of the
packet collision probability for the proposed contention-
based access scheme is derived, where the terrestrial
terminals can transmit one or multiple packet replicas
in randomly selected time slots. The collision probabili-
ty obtained from the analytical expression matches the
simulated results perfectly, which provides valuable
reference for the resource allocation. In consideration of
the limited computing capability of the LEO satellite, a
heuristic resource allocation algorithm with low com-
plexity is proposed to minimize the maximum cell pack-
et collision probability in the system. Simulation results
show that the proposed resource allocation scheme
achieves lower packet collision probability and higher
resource utilization ratio when compared with the uni-
form resource allocation scheme.

The rest of this work is organized as follows. Sec-

tion 1 describes the system model of the BH-based
LEO satellite communication system. The uplink grant-
free access scheme and the collision probability analy-
sis for the proposed scheme are presented in Section 2.
In Section 3, the resource allocation problem is formu-
lated, and a heuristic algorithm with low complexity is
proposed. Simulation results are presented in Section 4.
Section 5 concludes this work.

1 System model

As shown in Fig. 1, the uplink transmission sce-
nario in an LEO satellite communication system is con-
sidered. The footprint of the LEO satellite is divided in-
to N, cells indexed by the set ¥'= {1, ---, N, |. There
are M, terrestrial terminals in the i-th cell (i e ¥). For
each terrestrial terminal in the i-th cell, the packet ar-
rives sporadically in a certain time window with the
probability P, (i) <1.

LEO Satellite

Uplink Hopping
Beams

Fig.1 An illustration of the LEO satellite
system in the uplink

The LEO satellite is equipped with a phased array

antenna[ 14]

, which can form N, spot beams in the up-
link. These spot beams reuse the full transmission
bandwidth and illuminate the cells by the BH manner.
It is assumed that a BH time window consists of T time
slots indexed by the set I" = {1, -, T, |, and the
transmission bandwidth is equally divided into R sub-
channels. A combination of a time slot and a subchan-
nel is defined as a resource block ( RB) , which can be
used for the transmission of a single packet. Let «, , €
{0, 1}indicate whether the i-th cell is illuminated by a
spot beam in time slot ¢ € I'. If the i-th cell is illumi-
nated and the terrestrial terminals in this cell can per-
= 1 H

form uplink grant-free access in time slot ¢, «

i



142

HIGH TECHNOLOGY LETTERSIVol. 29 No.21Jun. 2023

otherwise, «; , =0. In each time slot, at most N, cells

i, 1
can be illuminated by the spot beams, which can be

expressed as

N,
Do, <N,Viel (1)
i=1

Full frequency multiplexing helps to make full use of
the frequency resources. However, due to the side-lobe
effect of the antenna radiation pattern®’ | the co-channel
interference ( CCI) may be generated between the spot
beams pointing to adjacent cells, which will significantly
degrade the received signal to interference plus noise ratio
(SINR) of the LEO satellite. To avoid the CCI of the full
frequency multiplexing system, a distance threshold d,, is
introduced to ensure the isolation between different
beams. It means that the distance between any two cells
illuminated in the same time slot should not be shorter
than d,,. Define C, = (x,, v,, z;) as the coordinates of the
center of the i-th cell in the spatial rectangular coordinate
system' ") If the i-th cell and the j-th cell are illuminated
in time slot ¢, the constraint on the distance between the
two cells can be written as

‘Ci Cj‘ = N/<x1 _x_;')z + (9’,- —9’_,-)2 + (zi _z_,'>2 = d,h
(2)

2 Uplink grant-free access in BH-based
LEOQO satellite system

In this section, a grant-free access scheme for the
BH-based LEO satellite system is proposed first, and
then the packet collision probability of the proposed
scheme is derived and analyzed.

2.1 Grant-free access scheme

In the proposed grant-free access scheme, the
LEO satellite periodically allocates the time slots to the
cells according to the number of terrestrial terminals
and the probability of packet arrival. When the packets
arrive, the terrestrial terminals perform grant-free ac-
cess in the time slots allocated to their cells. The details
can be described as follows.

First, the LEO satellite collects the number of ter-
restrial terminals and the probability of packet arrival
in each cell. The probability of packet arrival can be
obtained through historical data analysis.

Based on the acquired information, the LEO satel-
lite allocates the time slots in a BH time window to the
cells. Let T, denote the total number of time slots allo-
cated to cell i e ¥ in a BH time window, which can
be expressed as

T\’
Tz = 2 o (3>
t=1

The grant-free access mode adopted by the terres-
trial terminals in cell i is determined according to the
following criteria.

(1) If the total number of available RBs in a BH
time window is larger than or equal to the number of
terrestrial terminals in cell ¢, i.e. ,T;R=M,, each ter-
restrial terminal in cell i is assigned a dedicated RB
and adopts the contention-free access mode.

(2) Otherwise, all terrestrial terminals in cell i
share all the available RBs and adopt the contention-
based access mode.

Then, the grant-free access patterns, which in-
clude the resource allocation results in a BH time win-
dow and the grant-free access modes, are broadcasted
to the terrestrial terminals in each cell. The patterns
will repeat periodically until new patterns are received.

When the packets arrive, the terrestrial terminals
perform uplink grant-free access according to their re-
spective access modes as follows.

(1) Contention-free access: the terrestrial termi-
nal transmits its packet on the dedicated RB without
collision.
= 1 denote

the maximum allowable repetition times. The terrestrial

(2) Contention-based access:let L

max

terminal in cell i first randomly selects L =min(L,, ,
T,) time slots from the T, time slots allocated to cell i
in a BH time window, and then randomly selects a RB
from R RBs in each selected time slot. The terrestrial
terminal transmits the same packet on L selected RBs.
If all of the L transmission attempts collide with the
transmission attempts from other terminals in cell i, the

packet is considered collided.

2.2 Collision probability analysis

Based on the system model described in Section 1,
the expression of the packet collision probability for the
contention-based grant-free access in subsection 2. 1 is
derived as follows.

First, it is assumed that the terrestrial terminals in
cell i e ¥ adopt the contention-based access without
repetition, i. e. L =1. When a packet arrives, the ter-
minal X in cell i first randomly selects a time slots ¢,
from the T time slots, and then transmits the packet on
a shared RB in the time slot ¢,.

The probability that m terminals ( from the other
M. —1 terminals in cell i) also transmit packets in the

. . . (6
same time window is'®’

P,(i) = (Mi - 1)(Pu(i))’" (1 —Pu(i))M"_m_l
(4)

The probability that these m terminals do not se-
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lect the same RB as terminal X in the given time win-
dow is

PG 1) = (1-20) (5)

Therefore, the probability of no collision between

the terminal X and any other terminals in cell i is
Mi-1

PG 1) = 3 PG Pl Gy D)
it M lm 1 i
= O TR E DL I ) DLl (R
;( Jep ) LD (1)

(6)
Based on the binomial theorem, Eq. (6) can be
simplified as

P (i, 1)

uc

[P()(1 ——R)+1—P()]

P,(0)y'
= 1 - @ ) 7

( T.R )
For the terrestrial terminals in cell i, the packet
collision probability for the contention-based access

without repetition (L=1) is
PG 1) =1-P,Gi, 1) -1—(1-P(‘))‘ (8)

uc

Then, it is assumed that the terrestrial terminals
in cell i adopt the contention-based access with the
repetition times L =2. The terminal X first randomly se-
lects two time slots ¢, and ¢, from the T’ time slots, and
then randomly selects a RB in each selected time slot
to transmit the same packet twice.

For L =2, the probability that a terminal selects a
given time slot from T, time slots is 2/7T,. Thus, when

there are m terminals ( besides the terminal X) in cell i
transmitting packets in the same time window, the
probability that n terminals from these m terminals se-
lect the time slot ¢,is

— _(m\[2\" 2\""
P (i, 2) _(n)(f) (1_?1') (9)
Let u =1 —1/R denote the probability that a termi-
nal does not select the given RB from R RBs in a time
slot. The probability that the transmission attempt from
the terminal X in the time slot ¢, does not collide with the
transmission attempts from the other m terminals is

PLL(i,2) = ¥ P Dw = (1= 2] (0)
n=0 i

Then, the transmission attempt from the terminal X

m

in the time slot ¢, is considered. When there are n termi-
nals selecting the time slot ¢, , the probability that %, ter-
minals from these n terminals select the time slot ¢, is

P2, (i, 2) = (k)(Tl_l)k‘

(1_T.1—1) (11)

Considering the other terminals which do not se-
lect the time slot ¢, , the probability that k, terminals

from these m —n terminals select the time slot ¢, is

s = () )

(12)

Combining the above two cases, when there are n

terminals selecting the time slot ¢, , the probability that
the transmission attempt from the terminal X in the time
slot ¢, does not collide with the transmission attempts
from the other m terminals is

n m-n

Phwn(i:D) = 3 3 Py (i 2) Py (0 2)
(0 -aor -a@one) 0

Therefore , the probability that the transmission at-
tempt from the terminal X in the time slot ¢, collides,
but the transmission attempt in the time slot ¢, does not
collide is

U/. /n(L 2) 2 m, IL(L 2>(1 _/ML ) uc, "ll”(l 2)

SN O

T.R TR (T, -1)T R
(14)

For the terrestrial terminals in cell i, the packet

collision probability for the contention-based access

with L =2 is

M;-1
P(i,2) =1-3% P, ()P, (i,2) + P2, (i,2)
m=0
.\ Mi-1
:1_2(1_213“(1)) +
T.R
4P, (i 2P, (i Wit
(140D, 2R )T s
TI:R (Ti, _I)TIR

The packet collision probability for the contention-
based access with the repetition times L >2 can be de-
rived in a similar way. It is assumed that the terminal X
randomly selects L time slots ¢,, «--, t,, -+, ¢, from the
T time slots, and then randomly selects a RB in each se-
lected time slot to transmit the same packet for L times.

In this case, the probability that a terminal selects

a given time slot from T, time slots is L/T,. Thus, when
there are m terminals ( besides the terminal X) in cell i
transmitting packets in the same time window, the
probability that n terminals from these m terminals se-
lect the time slot #, is
T _ (m\( L\" L\"™"
i - () (-5
The probability that the transmission attempt from

the terminal X in the time slot ¢, does not collide with
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the transmission attempts from the other m terminals is

PG D = 3 PG D = (1) )

Then, the probability that the transmission attempt

from the terminal X in the time slot ¢, collides, but the
transmission attempt in the time slot ¢, does not collide is

" ! . n A '
Prn(icD) = 3 Po,G DA —p (1~ (T, —1>R)
L\ _(;_ Ly _
U= orl (-7
1 L, -D "
oL LL-D 18
(1 TR (T, —l)T,:Rz) o

By analogy, the probability that all the transmis-

sion attempts from the terminal X in the time slot ¢, ,
~, 1, ,(2 < I< L) collide, but the transmission at-
tempt in the time slot ¢; does not collide with the trans-

mission attempts from the other m terminals is
. -1
Pl o (P
2 ol
u-1 m
¢ I .. w-»
N N =
u
H ,,~:0( (Ti - U>R)

u=1

(19)

For the terrestrial terminals in cell i, the packet

collision probability for the contention-based access
with L= 1 is

=SS PG D)
=1 - i (_1)7-'(L)x

q=1 q
‘ | P,Gi) x [T (L—v) h
w=1 - (u) H"

P.(i, L) =

LUT =) R
(20)
To validate the analytical expression of the packet
collision probability, Fig. 2 provides the comparison of
the analytical and simulated results with varying time slot
. for M, =
and R =6. The figure shows a perfect

number 7, and maximum repetition times L,
100, P,(i) =107°
match, so that the analytical results can be used as the
reference for the resource allocation in the next section.

3 Resource allocation for grant-free access

Based on the grant-free access scheme in Section 2,
the resource allocation problem in the BH-based LEO
satellite system is formulated, and a heuristic algorithm
is proposed to solve the problem with low computational
complexity.

Packet collision probability

5| O Analytical £,

L Simulated Ly, =3 ©~.. 4
Analytical L, =4
Simulated L, =4
1 0~6 1
1 2 3 4 5, 6 7 8 9 10

Time slot number
Fig.2 Validation of the analytical expression of
packet collision probability

3.1 Problem formulation

The objective of the resource allocation is to mini-
mize the maximum packet collision probability of the
N, cells by allocating the time slots in a BH time win-
dow to these cells. Thus, the resource allocation prob-
lem can be formulated as

}mn}max(P ) (21)
s.t. P, ()= {O LR > , View
P.(i, L) TR <M
(21a)
a,le{O 1}, Vie ¥, t el (21b)
2 a,<N,Viel (21c)
i Bd”’, ifai,t = aj,t = I’L#]a VL,] € II/’

te I (21d)
where, P, (i) denotes the packet collision probability
of cell i when the terrestrial terminals in cell i adopt
the contention-free or contention-based grant-free ac-
cess, as defined in constraint Eq. (21a). Constraint
Eq. (21b) defines the optimization variable o, ,, Vi
e ¥, t eI, which indicates whether the cell i is illu-
minated in time slot ¢. Constraint Eq. (21c) states that
at most N, cells can be illuminated in each time slot.
Constraint Eq. (21d) means that the distance between
any two cells illuminated simultaneously should be lon-
ger than or equal to d,,.

The optimization problem in Eq. (21) is a nonlin-
ear integer programming problem. Solving the optimal
solution of this problem will lead to extremely high
computational complexity and long computational time,
which is not practical for the real-time resource schedu-
ling in the satellite systems. Therefore, a heuristic re-
source allocation algorithm with low complexity is pro-
posed in subsection 3. 2.



HIGH TECHNOLOGY LETTERSIVol.29 No.21Jun. 2023

145

3.2 Resource allocation algorithm

The main idea of the resource allocation algorithm
can be described as follows:each time slot in a BH time
window is allocated to at most N, cells, where the cells
with higher packet collision probability and activity metric
will have the priority of the time slot allocation. The activ-
ity metric of cell i € ¥ is defined as the probability that
any one or more terminals in cell ¢ transmit packets in a
BH time window, which can be expressed as

AG) = 1= (1-P()" (22)

On the basis, the overall flowchart of the resource
allocation algorithm is shown in Fig. 3.

Before allocating the time slots, the packet colli-
sion probability of each cell should be initialized as
Pgu(n:{(l) Z Zg, View (23)

And the optimization variables {a; ,| are initial-
ized to 0.

For each time slot t € I, at most N, cells are se-
lected to be illuminated by the spot beams. Let @ de-
note the set of the candidate cells which can be illumi-
nated in time slot ¢. If the packet collision probability of
cell i is equal to O, cell i should not be included in @,
since cell ¢ does not need to be allocated more re-
sources. Thus, the set @ can be initialized as

& =1{il P,(i) >0,ie ¥ (24)

In each iteration, if @ is not empty and the num-
ber of illuminated cells in time slot ¢ is less than N,
the time slot ¢ is allocated to one of the candidate cells
as follows.

(1) Find the cells with the maximum packet col-
lision probability in @, which can be indexed by

0=1lilp, 1PN} ie®l (25)

(2) Allocate the time slot ¢ to the i " -th cell with
the maximum activity metric in (2, i.e. @;, , =1, where

i = argmax, A7) | (26)

(3) Update the packet collision probability of cell
i . Specifically, if the total number of available RBs is

(i) = max;_,

larger than or equal to M, , the contention-free access

mode is adopted and P, (i") = 0; otherwise, the
contention-based access mode is adopted and P, (i")
=P (i", L), which can be calculated by Eq. (20).

(4) Remove cell i* from @, so that cell i* will
not be selected in the next iteration.

(5) Update the set @ to avoid the CCI between dif-
ferent beams. Specifically, if the distance between cell i *
and cell j € @ is shorter than d,, cell j is removed from
@, so that cell j will not be illuminated in time slot ¢.

Repeat the above processing until all time slots are
allocated.

Initialize the packet collision probability Py, (7)
and the optimization variables a;, , and let =1

Obtain £, which indicates the cells
with the maximum Py, (i) in @

v

Allocate the time slot to cell i
with the maximum A(7) in Q

v

Update P, (i")

ga

Remove cell i from @

v

Update @ to avoid CCI

I

Is ¢ equal to7'?

—— t=t+1

Fig. 3 The flowchart of the resource allocation algorithm

The computational complexity of the resource allo-
cation algorithm is quantified in terms of the number of
operations in computing the packet collision probability
of each cell. The worst-case complexity of the resource
allocation algorithm is O(T.N,) since there are T time
slots and it requires at most O(N,) operations to com-
pute the packet collision probability when allocating a
time slot to IV, cells. In practice, the complexity can be
further reduced since the allocation of a time slot will
terminate if the set @ is empty.

4 Simulation results

In this section, simulations are carried out to eval-
uate the performance of the proposed scheme in the
BH-based LEO satellite communication system. The
cell distribution of the LEO
Ref. [10] is considered, where the number of cells is
set to 91 and the radius of each cell is set to 52 km.
The phased array antenna of the LEO satellite can form

satellite system in

N, = 16 spot beams in the uplink' "', The number of
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terrestrial terminals and the probability of packet arrival
in each cell are randomly generated, respectively,
which make the distribution of the uplink traffic de-
mands uneven. According to the analysis in Ref. [9],
the distance threshold d,, is set to twice the inter-cell
distance, so that the CCI between different beams can
be ignored. Each BH time window consists of T, = 40
time slots, and the transmission bandwidth is divided
into R =6 subchannels'®. The simulation parameters
are summarized in Table 1.

Table 1 ~ Simulation parameters

Parameter Symbol  Value
Number of time slots in a time window T 40
Number of cells N, 91
Number of spot beams N, 16
Number of subchannels

Radius of each cell 52 km
Distance threshold d, 180 km
Maximum repetition times L. 1,2,4

Fig. 4 depicts the maximum packet collision prob-
ability, i. e. ,max, _, (P, (i)), as a function of the
average number of terrestrial terminals in each cell. The
average probability of packet arrival is 107, Compared
with the proposed resource allocation scheme, the per-
formance of the uniform resource allocation scheme
) In this
scheme, all cells are allocated the same number of

with fixed BH pattern is also shown in Fig. 4'

time slots, regardless of the traffic demands in the
cells. It can be seen that the maximum packet collision
probability of the proposed resource allocation scheme
is always lower than that of the uniform resource alloca-
tion scheme. Specifically, the proposed algorithm re-
sults in 46% , 57% and 65% improvement on average

with L

max

=1, 2 and 4, respectively.

T
—A—Proposed Lma=1
0.9 [H—k— Proposed Zma—2
+— Proposed Lmax =4|
0.8 F— — Uniform L me=1
—-—- Uniform £ max=2
0.7 Fuvvvene Uniform L ma=4

Probability
e e o @
w S [ @

=4
N
T

e
=

Packet collision probability
Fig.5 CDF of packet collision probability

Fig. 5 shows the cumulative distribution function
(CDF) of the packet collision probability of each cell
when the average number of terrestrial terminals is 100.
Compared with the proposed resource allocation scheme,
the uniform resource allocation scheme provides not only
a larger number of cells with high collision probability,
but also a larger number of cells with low collision prob-
ability. This is because that the uniform resource alloca-
tion scheme is unable to flexibly schedule the resources
according to the traffic demands, so that the cells with
more terminals and higher transmission probability can-
not obtain enough resources, whereas the RBs allocated
to the cells with less terminals and lower transmission
probability may be wasted. By comparison, the proposed
scheme can control the packet collision probability with-
in a desirable range by allocating appropriate number of
time slots to each cell, which implies that the traffic de-

mands and the transmission resources achieve better

Maximum collision probability

—A— Proposed L r0:=1
—— Proposed L ., =2
I Proposed L =4
—Ac Uniform L, =1
—¥¢- Uniform L, =2
.- Uniform L,,,,, =4

50 100

150

200 250

Average terminal number per cell

Fig. 4 Maximum packet collision probability with
varying average terminal number per cell

matching.
03 : : : : ; : . .
k
025} :
.................. Eoeeenf]
s = . o
g / N = B it =K
& o2 / [ e &
§ A - KT L
8 = e N
= 0.15F A _ AT
3 - A
8 e il
g < — ~ [~A—Proposed L =1
% 0.1F P _= —3i— Proposed Ly =2 | ]
M~ P 7 = = Proposed L= =4
é /A Uniform L =1
e — - Uniform L e =2
.- Uniform L ... =4
0 . . . . . . 1 ’ ’

0 001 0.02 0.03 0.04 005 0.06 0.07 0.08 009 0.1
Average probability of packet arrival

Fig. 6 Resource utilization ratio with varying

average probability of packet arrival

Fig. 6 presents the resource utilization ratio with
varying average probability of packet arrival when the
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average number of terrestrial terminals in each cell is
100. The resource utilization ratio is defined as the ratio
of the number of successful transmission attempts to the
total number of RBs. As the probability of packet arri-
val increases, the performance gap between the pro-
posed resource allocation scheme and the uniform re-
source allocation scheme becomes larger. This is be-
cause that the packet collision probability of the cells
with high traffic demands increases dramatically when
using the uniform resource allocation scheme, which
leads to more collided transmission attempts. The pro-
posed scheme can balance the packet collision proba-
bility of all cells in the system, which improves the
packet success rate of the cells with high traffic de-
mands. Therefore, the proposed resource allocation
scheme has better adaptability to the uneven distribu-
tion of traffic demands.

5 Conclusion

The grant-free access scheme and resource alloca-
tion algorithm have been investigated for the BH-based
LEO satellite systems. After obtaining the number of
terrestrial terminals and the probability of packet arrival
in each cell, the LEO satellite allocates the time slots
and determines the grant-free access mode for each
cell. When the packets arrive, the terrestrial terminals
perform grant-free access according to their respective
access patterns. Moreover, based on the derived ex-
pression of the packet collision probability, a heuristic
resource allocation algorithm with low complexity has
been proposed to minimize the maximum cell packet
collision probability in the system. Simulation results
show that the proposed resource allocation scheme
achieves lower packet collision probability and higher
resource utilization ratio than the uniform resource allo-
cation scheme when the traffic demands are unevenly
distributed.
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