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Taking advantage of spontaneous and infrastructure⁃ less be⁃
havior, a mobile ad hoc network (MANET) can be integrated
with various networks to extend communication for different
types of network services. In the integrated system, to pro⁃
vide inter⁃connection between different networks and provide
data aggregation, the design of the gateway is vital. In some
integrated networks with multiple gateways, proper gateway
selection guarantees desirable QoS and optimization of net⁃
work resource utilization. However, how to select gateway ef⁃
ficiently is still challenging in the integrated MANET sys⁃
tems with distributed behavior terminals and limited network
resources. In this paper, we examine gateway selection prob⁃
lem from different aspects including information discovery
behavior, selection criteria and decision ⁃making entity. The
benefits and drawbacks for each method are illustrated and
compared. Based on the discussion, points of considerations
are highlighted for future studies.
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1 Introduction
s mobile technology develops, mobile devices
have become more powerful with high transmission
speed, low power consumption and low cost.
Hence, the paradigm of multihop ad hoc network⁃

ing has become popular. An established mobile ad hoc net⁃
work (MANET) can cooperate with various network systems to
extend communication areas for applications and ensure better
user experience. The application domains, e.g. public safety
[1], intelligent transportation system, mesh community and mo⁃
bile data off⁃loading [2], can benefit from such integration. One
of the major challenges of the integrated networks is to serve
large amount of traffic data from end devices with limited re⁃
sources. Thus, in order to satisfy the Quality of Service (QoS)
of the different applications and devices, proper and efficient
mechanisms should be developed for suitable allocation of
available network resources.

In an integrated system, a MANET node can communicate
with external networks via gateways. A gateway node, with mul⁃
tiple interfaces and protocols, acts as interworking unit respon⁃
sible for forwarding traffic between different types of network.
To provide interoperability and end⁃to⁃end network connectivi⁃
ty for end devices, gateways need to be implemented with vari⁃
ous networking functions that regulate data and control traffic.
To optimize network resource utilization and achieve satisfied
QoS, the data transmissions must be distributed and make best
use of allocated resources accordingly which can be achieved
by proper gateway selection mechanisms. However, due to the
distributed behavior of mobile nodes and limited network re⁃
sources, there are still some issues to be addresses when de⁃
signing gateway selection mechanisms.

In this paper, we investigate the gateway⁃selection problem.
The main contribution of this paper is to provide a survey of
gateway selection mechanisms in a MANET based integrated

networks. The previous studies are categorized in terms of dif⁃
ferent criteria, such as information discovery method, selection
metric, and decision ⁃making entity. We present explanations
and comparison of the studies in each category, and specify
some load⁃balancing based algorithms. With the development
of hardware techniques, networks such as machine⁃to⁃machine
network (M2M) and Internet of things (IoT) can also be integrat⁃
ed with MANETs for data aggregation. With a large number of
mobile devices and enormous amounts of data, load⁃balancing
is essential for alleviating traffic congestion and even traffic
distribution in order to improve network performance. We also
point out future study directions based on the surveyed papers
and analysis.

The rest of the paper is organized as follows: In section 2,
we discuss and state properties of gateway selection problem.
In section 3, the current gateway selection mechanisms in
terms of different categories are reviewed. In section 4 we high⁃
light the open research challenges and issues for future re⁃
search. Finally, in section 5, we conclude the paper.

2 Gateway Selection Problem Statement and
Discussion
In order to communicate with external networks, mobile

nodes should target one or more trusted gateways to direct
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their traffic to. During this procedure, several aspects need to
be considered. Firstly, the gateways are limited by processor
capacity and outgoing transmission link capacity. Thus, the
amount of traffic that goes through a gateway must not exceed
the capacity of the gateways; otherwise, the data packets will
be dropped. This may lead to more packets having to be re⁃
transmitted, longer delay, and poorer throughput. In addition,
gateways may have different capacities of connections that are
not known by the mobile nodes. This may cause unevenly utili⁃
zation of gateways’resources. Furthermore, mobile nodes se⁃
lect gateways spontaneously without considering other nodes,
it is possible for them to have the same preferable paths at the
same time, which may cause congestions on wireless channel
both in⁃network and around gateways.

In order to make best use of the network resources and avoid
problems, it is essential to consider network performance dur⁃
ing gateway and path selection, when there are multiple paths
and gateways available in network. Gateway selection prob⁃
lems include 1) which gateway to select for each data packet
flow, 2) how to route the flows through multi⁃hop network paths
established between mobile nodes and selected gateways, and
3) increase network throughput and improve QoS in integrated
system. Gateway selection problem can be broken into three
steps: measurement, decision and execution [3]. The first step
is path/gateway information discovery and collection. Informa⁃
tion accuracy is guaranteed in this step. The second step is de⁃
cision phase that concentrates on the algorithms and decision
metrics. Based on the information collected in the measure⁃
ment step and algorithm designed, a certain path/gateway is de⁃
cided in this step. Execution, the last step, illustrates which
terminal devices make the decisions. The decisions can be
made in nodes locally, or they can be made centrally and dis⁃
tributed to nodes.

Fig. 1 illustrates the topology under consideration. The con⁃
sidered topology is formed from a MANET with large number
of mobile nodes that can communicate with each other within

communication range. Any mobile node can be the source
node which requires external communication. Multiple gate⁃
ways are available to provide external links and multiple paths
are possible to route to gateways. In Fig. 1, for the source node
s, there are currently three gateways available. They have dif⁃
ferent properties: gateway 1 and gateway 3 are able to handle
more traffic and have higher capacity compared with gateway
2. And clearly, the node density around gateway 3 is higher
than that around gateway 1 and gateway 2, which means it is
highly possible that interference needs to be considered when
it comes to gateway 3. In terms of location position, gateway 1
is the most far away one, which means hop distance delay is
the largest theoretically. For gateway 2, there are two paths es⁃
tablished with different hop distance and node density (trans⁃
mission interference). Should the decisions made in node s or
in other designed entity? How to make sure the validation and
accuracy of these information? With all these information,
which gateway and path should be selected to the node s to
achieve the best network performance? Gateway selection aims
at solving these questions.

3 State􀆼of􀆼the􀆼Art Gateway Selection in an
Integrated MANET
Various approaches have been proposed and in this section

we present a literature review of the studies in gateway selec⁃
tion problem. Different gateway selection mechanisms are de⁃
signed to achieve various functions and objectives in different
systems. The studies are categorized in terms of various as⁃
pects as shown in Fig. 2. A basic category criterion is the way
a gateway is discovered and how the gateway/path information
is collected. For this purpose, proactive, reactive and hybrid
mechanisms are proposed. Each mechanism has its own advan⁃
tages. Another criterion is the means of decision ⁃making for
gateway selection in network level. The decision can be made

▲Figure 1. Target MANET topology with multiple gateways and
available paths. ▲Figure 2. Category illustration of gateway selection algorithms.
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in a central point (central controller) and a centralized mecha⁃
nism is needed in this case. On the contrary, the decision can
be made at local nodes that require the mechanisms to be dis⁃
tributed. The decision making we discuss here mainly focus on
the terminal devices that make the decisions and the means of
execution. Hence, the decision making is related to the execu⁃
tion process. Based on the objective of algorithm design, the
studies of gateway selection can be categorized into QoS ⁃
aware, Medium Access Control (MAC)⁃aware and load balanc⁃
ing based group. Table 1 summarizes the studies briefly in
terms of different criteria. In the following part, these studies
will be illustrated with more design details.
3.1 Decision Making

Based on the way of decision ⁃ making, the studies can be
grouped as centralized solutions and distributed solutions. The
most common methodology proposed to address gateway selec⁃
tion problem is to have a centralized controller that collects
network information and runs an algorithm to determine gate⁃
ways for mobile nodes which are grouped as centralized solu⁃
tions. Gateways can also be responsible for making selection
decisions, and we group these as gateway centralized studies.
On the contrary, decision ⁃ making can occur in local nodes
and based on this, the distributed solutions are designed for
node ⁃ centric behavior. Based on the collected gateway and
path information, mobile nodes make their own decisions for
choosing which gateway to deliver traffic flows to.

The work in [4] considers 1) eliminating the gateway flap⁃
ping, 2) avoiding harmful effect caused by gateway selection in⁃
terference, and 3) balancing traffic at TCP flow level and im⁃
proving the performance and fairness of flows. It is assumed

that there is routing protocol executed to establish routes and
perform routing within network. The network topology graph
and routes are assumed to be obtained from the routing proto⁃
col. Gateways are connected to a central controller by wired
network. When a set of flows passes through the gateway, the
topology and path information is passed to the controller.
Based on this, the controller executes a fast gateway selection
algorithm and informs the gateway new association.

The selection algorithm is periodically executed to refresh
the associations and all the flows of a node have the same gate⁃
way association. The node⁃gateway association is decided ac⁃
cording to two ranked lists. The unlocked nodes (nodes with no
gateway association) are ordered according to the number of
valid paths (gateways). The valid paths are ordered in ascend⁃
ing order based on the gateway load (number of nodes the gate⁃
way serves) and path cost (expected interference and hop dis⁃
tance). Unlocked nodes are assigned one by one to the gateway
with minimum load and cost. Even though the aim is balancing
the load at the flow level, this paper only explains node⁃gate⁃
way association.

Based on the network⁃wide information, centralized solutions
are likely to determine the most suitable gateway for a certain
node and make optimized decisions for all the considering
nodes. However, they suffer from the fact that all the informa⁃
tion has to be collected at a single point. In the topology ⁃dy⁃
namically ⁃changing network, to capture the latest overall net⁃
work condition is challenging.
3.2 Selection Criteria

As mentioned, there are questions in gateway selection pro⁃
cedure: 1) which gateway to select for each traffic flow, 2) how
to route data flows through multi⁃hop network paths established
between selected gateways and mobile nodes. Various ap⁃
proaches to addressing these issues significantly affect the
performance of the entire system. They can be designed to in⁃
crease network throughput, improve QoS, and increase the effi⁃
ciency of network resource usage. Considering the objective
and emphasis of selection criteria, the studies can be classified
into different categories: QoS⁃based, MAC⁃aware and Load bal⁃
ancing based algorithms. Selection criteria, which determine
decision metrics, should be categorized to the decision process.
3.2.1 QoS Based Studies

To improve QoS, some performance metrics are designed to
evaluate the quality of path/gateway based on network and
gateway parameters. QoS based gateway selection mechanisms
favours some network parameters, such as hop distance, end⁃to⁃
end delay, link connectivity, and residual load capacity of gate⁃
ways. Some early works were designed based on a single met⁃
ric, however, single metric based algorithm sometimes needs to
sacrifice another network performance. Hence, trade ⁃ off be⁃
tween network parameters should be taken into account and al⁃
gorithms with multiple metrics are proposed.

▼Table 1. Studies of gateway selection
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The authors in [5] consider multiple QoS path parameters
such as path availability period, available capacity and laten⁃
cy. In order to achieve considerations of both in⁃network and
gateways, the parameter of the end⁃to⁃end path between a mo⁃
bile node and a gateway node are computed. The path avail⁃
ability period is estimated based on mobility model and epoch
length caused by its movement is considered. To avoid in⁃net⁃
work bottlenecks, the residual load capacity of a path is formu⁃
lated as the minimum available load capacity at any node
along the path. Each node makes an independent decision on
which gateway to choose based on the metric value to each
gateway. The metric is based on a linear combination of the
three terms.

The authors in [6] aim at balancing the inter/intra⁃MANET
traffic load over multiple IGWs (Internet gateways). The paper
provides a metric consisting three components: shortest Euclid⁃
ean distance (hop count), inter⁃MANET traffic load and intra⁃
MANET traffic load. The metric is a linear combination of
these three components. The inter⁃MANET traffic load is repre⁃
sented by the number of registered MANET nodes (both local
and visiting) at the IGW. The intra⁃MANET traffic load within
the network is related to the optimal node density to delivery
traffic successfully. However, the definitions of inter and intra⁃
MANET traffic given in paper are partly redundant and not val⁃
idated well.
3.2.2 MAC Based Studies

The selection decision over different routing paths depends
on link performance indicators, which are influenced by the
MAC parameters. Hence, the appropriate routing metric
should adapt to the corresponding MAC parameters for effi⁃
cient joint functioning. In [7], authors develop load balancing
algorithm on top of expected throughput (ETP) routing metric.
ETP is a MAC⁃aware routing metric which takes into account
the capacity reduction of a link due to its interaction with other
links in its contention domain. ETP takes into account all the
existing flows on the paths at a node. It aims to determine a de⁃
lay ⁃ optimal routing forest. Unlike the algorithms mentioned
previously, this study does not explicitly use gateway advertise⁃
ments or requests to gateways from nodes. All the information
is achieved by neighboring messaged exchange. Control mes⁃
sage overhead is sufficiently decreased. In this paper, the bit
rate and the packet success probability of a link to all its poten⁃
tial parent nodes is available at current node. Based on these,
next hop with minimum expected delay experienced by a bit is
chosen which achieves local optimization. Benefiting from the
distributed manner, it is expected to minimize the expected
per bit delay over the entire network.
3.2.3 Load Balancing Based Studies

Due to the distributed behavior of mobile nodes, nodes in
certain locations could be more vulnerable to congestion be⁃
cause they may have a higher number of neighbors or they are

responsible for transmitting the majority of the packets. Gate⁃
way nodes can also be vulnerable to congestion because they
aggregate all the network traffic. The congestion is caused by
unevenly distribution of the traffic. Load balancing schemes
are essential to distribute the traffic evenly and alleviate con⁃
gestion. Furthermore, the load balancing schemes can be used
to decrease the potential delay caused by congestions and im⁃
prove the resource utilization. Therefore, load balancing is an
important consideration for improving network performance.
There are a number of studies that have been performed to fo⁃
cus on balancing network traffic and they differ in the metric
used for representing path/gateway traffic load. These studies
can be sub⁃categorized into: in⁃network load⁃balancing, gate⁃
way load ⁃ balancing and combine network and gateway load ⁃
balancing.

The in⁃network load⁃balancing mechanisms emphasize that
the traffic between source nodes and gateways is distributed
between a set of alternative paths in order to avoid congestions
and improve network performance. Most of them focus on de⁃
sign of path performance metric. In [8], the contention level,
congestion level, and hop distance are combined as the a selec⁃
tion metric to avoid areas which have high data traffic or many
nodes contending for channel access. The authors in [9] pro⁃
pose a potential⁃field⁃based routing scheme to reflect both dis⁃
tance and traffic volume at each node to multiple gateways.
Based on different path quality metrics, these studies distrib⁃
ute data traffic across the network. However, compared to mo⁃
bile nodes, the gateway nodes are more vulnerable to conges⁃
tions and easier to become bottlenecks because they aggregate
all the network traffic.

The gateway load⁃balancing mechanisms aim at distributing
traffic load among multiple gateways in order to reduce gate⁃
way load imbalance and to maximize the total network through⁃
put. The related approaches mostly consider gateway load for
selection and the gateway load is evaluated with different gate⁃
way parameters, such as actual amount of traffic [10], residual
capacity [11], the number of active flows, average queue length
[12], the number of registered nodes [13], and so on. The au⁃
thors in [14] consider the gateway load and channel contention
in cost function for gateway selection. Each node calculates its
own cost contribution to a gateway by multiplying the hop dis⁃
tance by the reciprocal of the number of nodes whose traffic is
forwarded. Each gateway receives route requests from all mo⁃
bile nodes, calculates total costs (summation of the reciprocals
of the number of nodes for which traffic is forwarded) and then
includes the related information in its periodic advertisement
message to mobile nodes. There is also a hop count threshold
introduced, and the gateways that are more than a certain hop
distance are not considered as a candidate. However, the cost
function is not explained very well and is not justified as a
good metric.

In [15], the authors design a practical, robust framework for
load ⁃ balanced routing and gateway selection under variable
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traffic loads. In this architecture, end⁃to⁃end QoS provisioning
and network resource management are deployed on a central⁃
ized controller called the Network Manager (NM). The NM is
responsible for collecting information on the network topology
and the available capacities of all links, maintaining a list of
active flows. Two schemes are proposed: (i) to assign a given
flow to the gateway with maximum residual capacity (MRC),
(ii) to assign the flow to the gateway with maximum normalized
capacity (MNC), which is the ratio of residual gateway capacity
to hop distance. To always select gateways with a lighter load,
these solutions may evenly distribute data packets among mul⁃
tiple gateways in average during a period. However, they do
not take into account the effects of route⁃switching, which may
cause gateway flapping and also degrade in ⁃ network perfor⁃
mance [16].

There are only a few studies about combining load balancing
within the network and among gateways. In [17], gateway load,
route interference and expected link quality are combined as
metric for nodes to choose the best gateway. The gateway load
is defined as the average queue length at the network interface
of accessing gateway. To estimate the gateway load accurately,
an exponential weighted moving average is used to smooth out
variations. Route interference is defined as the sum of the link
interferences along the route. Link interference is the maxi⁃
mum of the node interference, where node interference is de⁃
fined as the percentage of the time nodes sense wireless activi⁃
ties in the channel. Finally, the expected link quality is de⁃
fined as the forward link packet delivery ratio. Using the com⁃
bined metric (of gateway load, route interference, and expected
link quality), the aim is to evenly distribute traffic across the
network and equalize the traffic load on gateways. However, in
real scenarios, gateways may have different capacities. Even
though the data traffic is uniformly distributed between multi⁃
ple gateways, a few gateways may still be overloaded. Hence,
the utilization, which is defined as ratio of traffic load over
maximum capacity of a gateway, should be considered in fu⁃
ture work. Moreover, this study uses proactive approach for in⁃
formation discovery, where gateways periodically broadcast ad⁃
vertisement packets including gateway load and mobile nodes
periodically broadcast probe packets including node interfer⁃
ence factor and packet delivery ratio. A proactive approach
may keep routes up to date, but it increases interference due to
large number of routing packets.

In [18], a source based gateway selection scheme is pro⁃
posed and it combines path metric and gateway load. Path met⁃
ric is a function of link metric, which is defined as a combina⁃
tion of expected link quality and interference ratio. Expected
link quality is the success rate of transmitted probe packets.
The interference ratio is the ratio of the sum of interference
power from all interfering nodes over the maximum tolerable
interference at the receiver. The gateway load is based on the
average interface queue length and represented as gateway ca⁃
pacity. The gateway capacity is the sum of the capacities of

three interfaces in each gateway, where the capacity of each in⁃
terface is defined as subtraction of maximum interface queue
capacity and current interface queue length. This study also
proposes a waiting time before switching to a better path be⁃
cause an immediate switch may cause congestion and oscilla⁃
tions when several source nodes switch to a better path at the
same time. However, it does not consider that the better path
may change during this waiting time period. Even though the
gateway load is part of selection metric, this study focuses on
decreasing packet loss/retransmission, instead of balancing
network load. Another issue of this study is that only source
nodes are designed and implemented with gateway/path selec⁃
tion algorithm. In practical scenarios, source nodes are normal⁃
ly far away from gateways and they may not be sensitive
enough to catch the latest network conditions which dynamical⁃
ly change. Hence, the intermediate nodes should also be able
to make decisions based on the latest path information to im⁃
prove selection accuracy.
3.3 Gateway and Information Discovery

The gateway/path discovery is about information collection
and the accuracy of path parameters is an important design ob⁃
jective. The functionality mechanisms (QoS aware, MAC⁃aware
and load balancing) are usually built on top of discovery algo⁃
rithm. Things that need to be considered with the different
methods for gateway/path discovery are network control over⁃
head packets, computation complication of algorithm, and ini⁃
tial delay of path setup.

In [6] and [14], gateways proactively broadcast their current
information of the number of registered nodes and network to⁃
pology periodically. For proactive behavior, there will be large
control packets transmitting in network, which consumes net⁃
work resources. Besides, the path/gateway information may not
be updated frequently enough to keep up to date. The advan⁃
tage is the routing information will be always available in mo⁃
bile nodes and packets can be redirected immediately when it
arrives at the node.

The authors in [19] use reactive behavior to collect the path/
gateway information, which means only when the route to a cer⁃
tain destination is required, the mobile node will initiate a
route request. The current path/gateway condition will be inte⁃
grated into the route reply packets. Control packets in this case
include route request and route reply packets which will be
much smaller than those in the proactive algorithm. On the
other hand, the route initiation takes time, which increases the
end⁃to⁃end delay of packet transmission.

In [5], the authors use a hybrid gateway discovery algorithm.
The proactive and reactive zones are divided by the number of
hops from mobile nodes to gateway node. Each gateway periodi⁃
cally broadcast the gateway advertisement message which con⁃
tains its parameters within a proactive region of k hops. The
nodes in reactive zone discover the gateway node and path in⁃
formation by sending gateway discovery message. In this case,

Review

Gateway Selection in MANET Based Integrated System: A Survey
Ye Miao, Zhili Sun, and Ning Wang

December 2015 Vol.13 No.4 ZTE COMMUNICATIONSZTE COMMUNICATIONS 49

5



D:\EMAG\2015-11-48/VOL13\Review1.VFT——8PPS/P

the number of control messages will be reduced compared with
the proactive scheme. Also, the nodes within k ⁃ hop distance
have less route establishment time compared to the reactive
scheme. However, it requires more complicated computation
work in this scheme and how to define the optimal proactive re⁃
gion is critical in this scheme.

4 Open Issues and Challenges for Future
Studies
Integration of MANET and other networks has been well

studied, but when it comes to gateway selection, there are still
some additional issues that must be taken into account and ad⁃
dressed. In this section, the challenges and issues are ex⁃
plained and discussed. Table 2 summaries the challenges and

future directions.
4.1 Routing Flapping

The most distinguished feature of ad hoc networks is that
the self⁃organization which makes it impossible to achieve ac⁃
curate, instant⁃react routing management in⁃network. Most of
the protocols are designed in a distributed manner, and there
will be latency for nodes’reaction to changes in the network
topology. It is likely that at one time all the nodes find out the
current default gateway is overloaded, so they turn to register
in another gateway. This leads to overloading on the targeted
gateway. The overloading cannot be alleviated until the time
that the overloaded information of this gateway is known by the
majority of mobile nodes. At this time, the other gateway starts
to overload again. This synchronized rerouting problem causes
routing flapping (also referred to as the ping pong effect). It is
hard to maintain an absolutely balance in load distribution,
however, optimal schemes can be applied to alleviate this flap⁃
ping effect. There must be coordination between gateways and
mobile nodes to intelligently select the gateway and alleviate
flapping.

Furthermore, a route change in a node may affect others,
leading to affect overall network performance. The more aggres⁃
sive of the gateway switching/route change is, the more likely
to be poor network performance is. The trade⁃off between route
decision and network performance also need to be considered.
Thus, how to evaluate the effect of route changes and how to
control the changes to achieve the best performance gain must

be further studied.
4.2 Performance Trade􀆼Off

With respect to the network view, there is a cost if addition⁃
al improvements are made beyond the natural network behav⁃
ior. To achieve realistic situation, multiple⁃objectives are nor⁃
mally required, for example, to achieve load ⁃ balancing and
multi⁃QoS at the same time. However, when a certain objective
is achieved, normally some other may not be accomplished. In
this case, how to coordinate the behavior and performance of
different metrics is crucial and the trade ⁃ off of different
achievements needs to be considered.

For example, when path reliability is of high priority, a more
reliable, longer distance path may be chosen for higher reliabil⁃
ity. In this case, the overall data delivery ratio will be in⁃
creased but also the end⁃to⁃end delay. Due to large amount of
data aggregated, it is likely to be congested when the nodes
have a large number of neighbor nodes or the nodes are on the
shortest path. To alleviate the congestion, a less traffic path
with longer hop distance can be selected. For example, gate⁃
way 1 will be chosen instead of gateway 2 and gateway 3 in
Fig. 1. Load ⁃ balancing is achieved but delay is increased as
the cost.

Different QoS and priorities need to be considered for vari⁃
ous applications and scenarios/topologies. In terms of applica⁃
tions, the voice message values the transmission delay and jit⁃
ter. On the other hand, file transmission prefers high delivery
ratio other than delay. When it comes to application scenarios,
emergency response integrated system requires both delay and
delivery ratio to be high level performance. Most of the mecha⁃
nisms are designed to be effective in a specific scenario. The
challenging issue in this case is the design of coefficients that
should be able to not only achieve promising performance in
theory but affect the realistic situation. Besides, the goal is to
make best use of network resource and sacrifice the least.

Furthermore, the most challenging part is how to design an
adaptive mechanism that is able to cope with different cases
through its own learning/adaptive function and achieve the re⁃
lated goals.
4.3 Information Update Frequency

(Trade􀆼off Between Accuracy and Cost)
The route/gateway selection decision depends on current

path conditions. Parameters of path conditions are collected
from nodes by different information discovery methods. The fre⁃
quency of path parameter updates determines how accurately a
node can adapt to changes. There is a trade ⁃ off between ac⁃
quired accuracy and resource efficiency including overhead
packets and energy consumption (Fig. 3). More frequent up⁃
dates may achieve more accuracy when adapting to network dy⁃
namics, but it may also cause higher control messages con⁃
sume and higher energy consumption. If the update is not fre⁃
quent enough, the changes of state of gateways/paths may not

▼Table 2. Challenges and directions for gateway selection

Challenge
Route flapping
Performance
trade⁃off
Path information
update

Problem Statement
Synchronization rerouting;
Traffic unevenly distribution
Multiple objective;
Resource and cost conflict
High accuracy cost, energy
and network resource
consuming

Direction
To evaluate route change effects;
Traffic control
To evaluate costs (individual and
combine objectives)
To evaluate information update cost;
Maximize frequency and limit
resource consuming
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be informed to mobile nodes in time. The information stored in
nodes could be out of date. Hence, how to limit the update fre⁃
quency and at the same time achieve the desirable accuracy
needs to be investigated. In addition, route changes may affect
the diffusion of path information. Hence, to make sure the in⁃
formation is disseminated efficiently, the route change effect
should also be considered as one aspect.

In multihop Wireless Sensor Networks (WSNs) with static
gateways, the nodes close to the gateways are more likely to de⁃
plete their battery supplies before the far ⁃away nodes due to
the intersection of multihop routes and concentration of data
traffic towards the gateways. To achieve uniformity of energy
consumption, the usage of mobile gateways is proposed and ex⁃
plored recently [20], [21]. As the gateway moves, the hotspot
nodes around the gateway change and energy increaseingly
drains through the network. Furthermore, to harvest multiple ⁃
input multiple ⁃ output (MIMO) gains in WSNs, several nodes
which are equipped with one or more antennas emulate a multi⁃
antenna node and independent paths between the transmit and
receive sides can be realized by having multiple spatially sepa⁃
rated nodes [22], [23].

5 Conclusions
To provide inter ⁃ connection between intrinsically different

networks, data aggregation function and network performance
guarantee, the gateway in an integrated system is vital to satis⁃
fy requirements. The gateway selection problem can be ad⁃
dressed as a centralized optimization problem, where perfor⁃
mance metrics (e.g. end⁃to⁃end delay, overall network through⁃
put, etc.) should be maximized. To achieve the objectives, the
network topology and traffic flows need be assumed to be static
and known. However, either network topology or traffic flows
are uncertain and highly dynamic in the system. The gateway
selection problem, on the other hand, can be addressed as a
network performance improvement problem in terms of differ⁃

ent routing metrics (e.g., traffic load, path delay, multiple QoS
metrics, etc.). The information is gathered in a distributed
learning way that may decreases timeliness. Besides, in order
to achieve local optimization, certain paths may be sabotaged
by related nodes.

Algorithms for future designs should be elaborated to cope
with realistic scenarios and deal with the challenges stated in
the last section. Update of path/gateway quality parameters
must be designed carefully and efficiently, in which case it
guarantees the information accuracy and achieves performance
gain with the least network cost. Due to dynamic topology and
real ⁃ time traffic condition, the route decisions should be dy⁃
namic and based on current information. It is desirable to de⁃
sign the algorithm manageable and adjustable to different net⁃
work conditions. Furthermore, the problem can be further ex⁃
tended to gateway selection in multi⁃domain wireless networks
[24], [25], where the inter⁃domain costs need to be considered.▲Figure 3. Trade⁃off between control overhead and information accuracy.
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