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Abstract  A new handover strategy named minimal-hops handover(MHH) strategy for the low 

earth orbit(LEO) satellite constellations networks equipped with inter-satellite links(ISLs) is proposed. 
MHH strategy, which is based on the hops of the end-to-end connection paths and makes good use of the 
regularity of the constellation network topology, can appropriately combine the handover procedure with 
routing and efficiently solve the inter-satellite handover issue. Moreover, MHH strategy can provide 
quality of services(QoS) guarantees to some extent. The system performances of the MHH strategy, such 
as time propagation delay and handover frequency, are evaluated and compared with that of other 
previous strategies. The simulation results show that MHH strategy performs better than other previous 
handover strategies. 
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Due to various economic and technical constraints, 
terrestrial mobile networks can only provide 
communication services with a limited coverage. 
Recently, in response to increasing demand of 
real-time multimedia services and the truly global 
coverage required by personal communication services 
(PCS), there is a vast research on non-geostationary 
orbit (NGSO) satellites systems, especially on low 
earth orbit (LEO) satellite constellations with an 
altitude between 700 km and 1 500 km. LEO satellite 
constellations equipped with inter-satellite links (ISLs), 
such as Iridium, Teledesic, Courier and so on, usually 
have onboard switching (OBS) and onboard routing 
(OBR) facilities and form an independent network in 
space. Direct connectivity between any pair of satellite 
mobile users can be achieved through the satellites and 
ISLs without any essential usage of the terrestrial core 
network. For the wide application prospect, they have 
already been the focus of the research on the satellite 
communication systems[1-4]. 

Because of the LEO satellite’s rotation around the 
earth and the mobility of end-users, the connection 
requires frequent handover and rerouting decisions. 
Therefore, handover strategy can be considered as the 

most important issue that greatly affects the system 
performance. There are several handover strategies for 
intra- and inter-satellite handovers in Refs.[5～15]. 
Handovers between different spotbeams are discussed 
in Refs.[13～15]. The mainly object in Refs.[5,9～12] 
is the analysis of the impact of handover strategies on 
the system performances, such as time propagation 
delay, handover frequency, call dropping probability 
(CDP) and elevation angle. Using some predictive 
characteristics in mobile satellites systems, a strategy 
based on user terminal position and signal strength 
measurement is proposed in Ref.[6], and a reliable 
handover rerouting protocol is proposed in Ref.[7], and 
the system performance metrics including the number 
of handover and the routing delay are discussed in 
Ref.[8]. Furthermore, there are also some other 
handover strategies that are the combination of 
handover and connection admission control or radio 
resource management or channel allocation. 

In the LEO constellations, although handover 
procedure is closely correlated with rerouting, almost 
all the existing strategies pay more attention to the 
handovers themselves and ignore the rerouting. In this 
way, this paper proposes a new strategy named 
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minimal-hops handover (MHH) strategy for LEO 
satellite constellation networks with ISLs. Based on 
the hops of the end-to-end connection path, MHH 
strategy appropriately combines handover procedure 
with routing.  

1  LEO Satellite Constellations 

In the satellite constellation network, the essential 
system framework is made up of constellation 
including satellites and ISLs and earth stations. There 
exist two typical LEO satellite constellations with 
global coverage, which are the rosette constellation 
and the polar orbit constellation[16～18]. 

1.1  Constellation Design 

The polar orbit satellite constellations usually 
cover either the global area or the polar and high 
latitudinal areas. R. David Luder firstly proposed a 
constellation design method utilizing polar orbit 
satellites, but he did not take the phasing offset 
between satellites into account. Other scholars 
proposed an optimized method for polar orbit 
constellation design after lots of research. For example, 

Iridium system uses a polar orbit constellation with 66 
satellites at an altitude of 780 km, whose satellites are 
placed in six orbital planes of eleven satellites each, 
inclined at 86.4° to provide global services with 
elevation angle above 8.2°. The phrasing between 
orbits is 16.36°. As shown in Tab.1, the orbit altitude is 
improved to 1 400 km and the modified constellation is 
called Iridium-like.  

The rosette satellite constellation proposed by A. 
H. Ballard is popularly used to provide services with 
global coverage or between certain latitude by inclined 
satellites. The system performance of rosette 
constellation is similar to that of Walker constellation. 
According to the customary symbol and usage, rosette 
constellation can be expressed as (N, P, m). N is the 
number of satellites and P is the number of planes, 
while m is the harmonic factor and takes on integer 
values from 0 to N−1. For example, Celestri-like 
system adopts a rosette constellation with 63 satellites 
at an altitude of 1 400 km, which can be expressed as 
(63, 7, 5). As shown in Tab. 1, all the satellites are 
deployed in seven planes of nine satellites each and 
incline at 48° and the phasing between orbits is 28.57°. 

Tab. 1  Constellation parameters 

LEO 

Constellation 

Constellation 

Type 

Orbit 

Altitude 

/(Km) 

Inclination 

/(°) 

Number of 

satellites 

Number 

of Orbits

Phasing between 

orbit planes 

 /(°) 

Iridium-like Polar 1 400.00 86.40 66.00 6.00 16.36 

Celestri-like Rosette 1 400.00 48.00 63.00 7.00 28.57 
 
1.2  Inter-Satellites Links 

The connectivity of a LEO constellation 
substantially depends on the presence of ISLs. There 
are two types of ISLs: intraplane (Intra-) ISLs 
connecting satellites within the same orbit and 
interplane (Inter-) ISLs connecting satellites in 
adjacent orbits. 

For the Iridium-like constellation, it is assumed 
that the intra-ISLs are permanently maintained and the 
inter-ISLs closest to the equator are maintained for 
each time. The oldest ISLs that are beyond the latitude 
bounds are switched off while the new ISLs that are 
within the latitude bounds are switched on. The bounds 
are assumed at north and south latitude 60°. Because of 

the rapid relative movements between the satellites in 
the oppositely directed orbit planes, there are no ISLs 
between them. 

For the celestri-like constellation, intra-ISLs and 
permanently maintainable inter-ISLs are considered. 
Each satellite has been equipped with four 
bidirectional ISLs. 

1.3  Redundant Coverage 

A LEO satellite at the altitude between 700 km 
and 1 500 km can cover only about 3%～5% of the 
earth’s surface. LEO constellation with global 
coverage usually consists of several dozens, even 
several hundreds satellites. There exist vast areas even 
the whole globe that are redundantly covered. For a 
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satellite user in the redundant coverage area, there are 
more than one satellite available to communicate with. 
In order to evaluate their redundant coverage, 
Iridium-like and Celestri-like are simulated, which 
have similar number of satellites at the same altitude. 
Assuming that the end-user is located at Beijing (north 
latitude of 39.91°, east longitude of 116.39°), the total 
simulation time is 24 h, and there are 8 640 points 
sampled by every 10 s. The multiplicities of coverage 
are shown in Fig.1 and Fig.2. User can be usually 
covered by three or four satellites in Celestri-like at a 
time while two or three in Iridium-like. It is obvious 
that the satellites in the Rosette constellation are 
deployed more evenly than that in the Polar Orbit 
constellation. 

Fig. 1  Iridium-like: multiplicity of coverage

 

t/h 

 

Fig.2  Celestri-like: multiplicity of coverage
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2  Minimal Hops Handover Strategy 

Due to the LEO satellite’s rotation around the 
earth and the mobility of end-users, satellite users must 
frequently handover from one satellite to another 
during a connection. On the other hand, in order to 
achieve better performance, an appropriate handover 
strategy must be carefully selected. After a handover, 
rerouting is usually needed, so handover procedure is 

closely combined with routing. In this section, several 
previous handover strategies are firstly introduced and 
then the MHH strategy is proposed. 

2.1  Previous Handover Strategies 

In recent years, a number of handover strategies 
used in the satellite systems have been proposed or 
discussed, such as the nearest satellite, the strongest 
signal, the longest remaining visibility time, the least 
loaded satellite and the shortest path. 

Nearest satellite handover (NSH) strategy: it uses 
the nearest satellite criterion, which believes that the 
best satellite for QoS should be the nearest satellite, i.e. 
the satellite with the highest elevation angle. The 
handover procedure can be determined by the analysis 
of the geometric elevation angle based. 

Strongest signal handover (SSH) Strategy: the 
permanent provision of sufficient power that is 
required to establish or to maintain a connection is a 
primary condition of the radio communication. 
Strongest signal can provide better QoS, so the 
strength of the signal power from a plot signal is a 
suitable paramount handover initiation criterion. 

Longest remaining visibility time handover 
(LRVTH) strategy: when a handover takes place, 
end-users handover to the satellites which can provide 
the longest remaining visibility time for the current 
connection and be kept communicating with until their 
elevation angle is blow the given threshold Emin. 

Less loaded satellite handover (LLSH) strategy: 
selecting the less loaded satellite can balance the 
generated traffic load among all covering satellites. It 
must know the real-time traffic load which is 
distributed in the network, so it is very complicated to 
implement in real systems. 

Shortest path handover (SPH) Strategy: at any 
time, end-users of a connection select the satellites that 
provide the shortest distance of the communication 
path. It can get shorter propagation delay than other 
handover strategies. 

2.2  Minimal Hops Handover Strategy 

Although handover procedure is closely 
correlated with rerouting procedure, almost all the 
previous strategies focus on the handover procedures 
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themselves but ignore the rerouting procedures after 
handover. So they cannot make full use of the 
characteristics and regularity of constellation topology. 
This paper proposes a new handover strategy named 
MHH strategy, which combines handover procedure 
with routing. It utilizes the minimal hops handover 
criterion to determine when and which satellites to 
handover. 

MHH criterion: both end-users of a connection 
concertedly select satellites to communicate with, 
which make the connection have the minimal number 
of hops. When MHH strategy is applied to a LEO 
satellite constellation network with ISLs, both 
end-users of the connection periodically detect which 
satellites are covering them and whether there is a path 
with less number of hops available for them. If one 
end-user is out of the coverage of its current satellite, it 
must select new satellites for the current connection. 
Otherwise, end-users keep communication with their 
current satellites. It is assumed that a static routing 
algorithm is adopted to calculate onboard routing table 
and the routing items include the number of hops 
between satellites in the constellation network. The 
onboard routing table is automatically refreshed by 
system and there is no further discussion about routing.  

The detailed steps of realizing the MHH strategy 
in a LEO constellation network are shown as follows. 

Initialization:  when the system is initialized, 
onboard routing tables are calculated and their routing 
items include routing paths and the number of hops 
(Hopij) between satellites (Si, Sj, where i and j are the 
serial numbers of the satellites). Routing tables are 
automatically refreshed with the change of network 
topology. 

Establish connection: it is assumed that there are 
m satellites covering the source user of a connection 
and n satellites covering the destination user. 
According to MHH criterion, two satellites are selected 
from the pairs (SSRCi, SDESTj,i=1 ～ m, j=1 ～ n) 
respectively communicate with the end-users and m is 
the number of satellites covering the source user and n 
is that of the destination user. The number of hops 
between the selected ones is minimal among the pairs 
and the elevation angles of them are the maximal 
among the pairs whose hops number is minimal. 

Handover and holding on the connection: during a 
communication connection, each end of the connection 
periodically detects which satellites cover itself and 
determine whether it need to handover. If the current 
satellite is out of coverage or a less hops path becomes 
available, two satellites are reselected from the pairs 
(SSRCi, SDESTj, i=1～m, j=1～n) according to MHH 
criterion, and they are respectively communicated with 
end-users. 

In a word, the key criterion of MHH strategy is 
that when and which satellites to handover are 
determined by the hop numbers of the communication 
path and the elevation angles. It reduces the handover 
frequency to some extent and makes the handovers 
interval as longer as possible. 

3  Performance Evaluation 

The performance of MHH strategy is evaluated 
under different LEO constellations including rosette 
and polar orbit constellation. The system performances 
of MHH strategy, such as time propagation delay, 
mean elevation angles and handover frequency, are 
simulated and compared with that of other previous 
strategies. 

3.1  Simulation Scenario 

Four handover strategies are carefully selected to 
evaluate, such as the longest remaining visibility time, 
the nearest satellite (maximal elevation angle), the 
shortest propagation path and our proposed minimal 
hops. In order to reduce the complexity of realization 
and simulation, LRVTH strategy is slightly modified. 
When a connection is set up or handover, end-users 
select the nearest satellites and keep in touch with them 
until one of them is out of sight by the threshold Emin. 
Furthermore, because of satellites’ rapid rotation 
around the earth and the mobility of end-users, both 
the distance of ISLs and that between satellites and 
users varied continuously. SPH strategy is too 
complicated to implement in a real system, but still a 
useful reference for more elaborated ones. 

Two selected LEO satellite constellations are 
iridium-like (polar orbit) and celestri-like (rosette). In 
addition, it is also assumed that the onboard routing 
table is automatically refreshed and its items include 
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the number of hops between satellites in the 
constellation network.  

Provided that the end-user locates at Beijing 
(north latitude of 39.91°, east longitude of 116.39°) 
and Sydney (south latitude of 33.89°, east longitude of 
151.03°) and the elevation angle threshold Emin is 15°, 
the source user at Beijing sends a packet every 5 s. The 
number of the delay sampling point for each strategy is 
17 280. The simulation results also include the number 
of handover. 

Under the same conditions, when the end-users 
locate at Guangzhou (north latitude of 23.10°, east 
longitude of 113.29°) and New York (north latitude of 
39.91°, east longitude of 116.39°), the propagation 
delay and handover frequency of different strategies 
are simulated, too. 

3.2  Simulation Result 

The propagation delay results for different 
handover strategies are shown in Fig.3 (Iridium) and 
Fig.4 (Celestri). It is clearly that the propagation delay 
of MHH strategy is much less than that of the LRVTH 
strategy and the NSH strategy and close to that of the 

SPH strategy. In order to make it clear that the affect to 
the propagation delay of different strategies, the 
probability density functions (PDF) of different 
strategies and constellations are shown in Fig.5 and 
Fig.6. The cumulative distribution functions (CDF) of 
different strategies and constellations are shown in 
Fig.7 and Fig.8. Fig.5～Fig.8 also show that the 
propagation delay of MHH strategy is close to that of 
the SPH strategy and much better than that of other 
two strategies.  

QoS can be usually measured by delay, jitter and 
bandwidth. For a real-time service, delay is especially 
important. The better delay performance of MHH 
strategy can provide a better QoS guarantee. 

The mean propagation delay and total number of 
handover under different conditions are shown in 
Tab.2. These statistical results show that the 
performance of the MHH strategy is much better than 
others. Its delay is close to that of the SPH strategy, but 
much less than that of the other two. Its handover 
frequency is higher than that of the LRVTH strategy, 
and lower than that of the other two.
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Fig.3  Iridium-like: propagation delay
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Fig.5  Iridium-like: PDF of delay
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Fig.6  Celestri-like: PDF of delay
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Tab.2  Statistics of performance parameters for considered handover strategies and constellations 

constellation Iridium-like Celestri-like 

handover Strategy LRVTH NSH SPH MHH LRVTH NSH SPH MHH

mean Delay 77.92 77.34 52.77 53.14 107.76 103.91 61.17 62.39
Beijing to 

Sydney 
number of 

handover 
269.00 404.00 410.00 326.00 216.00 553.00 304.00 300.00

mean Delay 69.83 69.46 60.33 60.46 80.84 78.69 64.01 68.00
Guangzhou 

to New York 
number of 

handover 
274.00 404.00 401.00 362.00 245.00 511.00 574.00 483.00

 

4  Conclusions 

LEO satellites constellation networks are 
expected to support real-time multimedia traffic and to 
provide their users with the appropriate QoS guarantee. 
This paper proposes the MHH strategy based on 
combination of the rerouting and handover. Compared 
to the previous handover strategies, it has better system 
performances, such as propagation delay and handover 
frequency. Furthermore, MHH strategy is suitable to 
both LEO and MEO satellites constellations with ISLs. 

 
References 
[1] Del R E, Pierucci L. Next-Generation Mobile Satellite 

Networks[J]. IEEE Communications Magazine, 2002, 40(9): 

150-159 

[2] Jamalipour A, Tung T. The Role of Satellites in Global IT: 

Trends and Implications[J]. IEEE Personal Communications, 

2001,8(3): 5-11 

[3] Zahariadis T. Global Romaning in Next-Generation 

Networks[J]. IEEE Communications Magazine, 2002,40(2): 

145-151 

[4] Iera A., Molinaro A. Designing the Interworking of 

Terrestrial and Satellite IP-Based Networks[J]. IEEE 

Communications Magazine, 2002,40(2): 136-144 

[5] Bottcher A, Werner B. Strategies for Handover Control in 

Low Earth Orbit Satellite Systems[C]. Vehicular Technology 

Conference, IEEE 44th, Stockholm, Sweden, 1994. 1 616-1 

620 

[6] Zhao W, Tafar0lli R, Evans B G. Combined handover 

algorithm for dynamic satellite constellations[J]. Electronics 

Letters, 1996, 32(7): 622-624 

[7] Uzunalioglu H, Wei Yen. Managing Connection Handover in 

Satellite Networks[C]. GLOBECOM'97, IEEE, Phoenix, AZ, 

USA, 1997.1 606-1 610 

[8] Jamalipour A, Chen J. Performance Study of Handoff 

Schemes in Broadband ATM Mobile Satellite Networks[C]. 

ATM 2000, Proceedings of the IEEE Conference on, 

Heidelbeng, Germany. 2000. 501-508 

[9] Gkizeli M, Tafazolli R, Evans B. Modeling handover in 

mobile satellite diversity based systems[J]. VTC 2001 Fall. 

IEEE VTS 54th, 2001, 1: 131-135 

[10] Gkizeli M, Tafazolli R, Evans B. Performance Analysis of 

Handover Mechanisms for Non-Geo Satellite Diversity 

Based Systems[C]. GLOBECOM'01. IEEE, San Antanio, 

TX, USA, 2001.2 744 –2 748 

[11] Nguyen H N, Lepaja S. Handover management in low 

Earth orbit satellite IP networks[C]. GLOBECOM ’01. 

 



                                Journal of Electronic Science and Technology of China                          Vol.1   28 

IEEE, San Antanio, TX, USA, 2001, 4:2 730-2 734 

[12] Krewel W, Maral G. Analysis of the Impact of Handover 

Strategy on the QoS of Satellite Diversity Based 

Communications Systems[C]. In Processing of the 18th 

AIAA ISCSS’2000, Denver, CO, USA, 2000.393-403 

[13] Todorova P, Olariu S, Nguyen H N. A 

Two-Cell-Lookahead Call Admission and Handoff 

Management Scheme for Multimedia LEO Satellite 

Networks[C]. In Processing of the 36th Hawaii 

International Conference on System Science (HICSS’03), 

Big Island, HI, USA, 2003.302-310 

[14] Sungrae C, A new spotbeam handover management 

technique for LEO satellite networks[J]. GLOBECOM '00. 

IEEE, San Francisco, USA, 2000, 2:1 156-1 160 

[15] Sungrae C. Adaptive dynamic channel allocation scheme 

for spotbeam handover in LEO satellite networks[J]. IEEE 

VTS-Fall VTC 2000. 52nd, 2000, 4: 1 925-1 929 

[16] Ballard A, Rosette constellations of earth satellites[J]. 

IEEE Transactions on Aerospace and Electronic Systems,  

1980, 16(5): 656-672 

[17] Walker J G. Satellite constellations[J]. J. British 

Interplanetary Soc., 1984, 37: 559–571 

[18] Rider L. Optimized Polar Constellation for Redundant 

Earth Coverage[J]. The Journal of the Astronautical 

Sciences, 1985, 33(2): 147-161 

 
Brief Introduction to Author(s) 
    LIU Gang(刘刚)was born in 1975. He is now pursuing the 

Ph.D. degree in UESTC. His research interests include: IP QoS 

and mobile satellite communication. E-mail: gliu@uestc.edu.cn 

    GOU Dingyong(苟定勇)was born1971. He is is now 

pursuing the Ph.D. degree in UESTC. His research interests 

include: wireless IP QoS. 

WU Shiqi(吴诗其 )was born in 1938. He is now a 

professor in UESTC. His research interests include:satellite 

communication and wireless ATM. 

 

------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

(Continued from page 17) 

[9] Koprinska I, Carrato S. Hybrid rule-based/neural approach 

for segmentation of MPEG compressed video[J]. 

Multimedia tools and applications, 2002, 18(3): 187-212 

[10] Koprinska I, Carrato S. Detecting and Classifying Video 

Shot Boundary in MPEG ompressed Sequences[C]. Proc. 

of the European Signal Processing Conference 

(EUSIPCO'98), special ession on Multimedia Signal 

Processing, Island of Rhodes, Greece, 1998. 1 729-1 732 

[11] Gunn S. Support vector machines for classification and 

regression[R]. Technical report, ISIS, 1998 

[12] Vapnik V N. Statistical learning theory[M]. New York: 

John Wiley & Sons, 1998 

 
Brief Introduction to Author(s) 
    GUO Lihua(郭礼华)was born in Jiangxi, China, in 1978. 

He received the B.S. and M.S. degrees in Nanjing University of 

Posts & Telecommunications (NUPT) in 1999 and 2002, 

respectively. He is now a Ph.D. candidate in the school of 

Electronic & information Technology in the Shanghai JiaoTong 

University. His research interests include: information security, 

video processing, and computer vision. E-mail:guolihua@sjtu.  

edu.cn 

    YANG Shutang(杨树堂)was born in HuBei Province in 

1968. He received the Ph.D. degree in computer Science form 

Huazhong University of Science & Technology in 2001. He is 

now an Associate Professor in Shanghai Jiaotong University. 

His research interests include:information security, multimedia 

signal processing, and wireless communication. 

    LI Jianghua(李建华)was born in Jiangxi Province in 1965. 

He received the Ph.D. degree from Shanghai Jiaotong 

University in 1998. Since 2000, he has been employed as a 

professor in the school of Electronic & information Technology 

in Shanghai JiaoTong University. He is an expert member of the 

National 863 High Technology Plan in information security 

field. His research interests include: computer network, network 

security, and information security. 

    TONG Zhipeng(童志鹏)was born in ZheJiang Province in 

1924. He received the Ph. D. degree from University of 

Wisconsin-Madison in 1950. He is now an Academician of the 

Chinese Engineering Academy. His research interests include: 

communication network, digital information processing, and 

computer network.

 

 


	A Handover Strategy in the LEO Satellite-Based 
	Constellation Networks with ISLs(
	1  LEO Satellite Constellations
	1.1  Constellation Design
	1.2  Inter-Satellites Links
	1.3  Redundant Coverage

	2  Minimal Hops Handover Strategy
	2.1  Previous Handover Strategies
	2.2  Minimal Hops Handover Strategy

	3  Performance Evaluation
	3.1  Simulation Scenario
	3.2  Simulation Result

	4  Conclusions


