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Abstract

Dealing with link breaks in MANETs is a challenge
for the routing protocol. This paper proposes a mecha-
nism to reduce the negative impact of link breaks on the
routing. The transmission area of a node is divided into a
safe zone close to the node and an unsafe zone (i.e. buffer
zone) near the end of the transmission range. The prob-
ability is high that link breaks occur with neighboring
nodes located in the buffer zone, while links to neighbor-
ing nodes in the safe zone are expected to be more stable.
Thus, neighbors in the safe zone are preferred as relay
nodes, while neighbors in the buffer zone are only used if
necessary to avoid network partitioning. The main cost
of this mechanism is that the mean number of hops be-
tween two nodes is higher than without the mechanism,
but simulations show that the solution offers increased
throughput.

1 Introduction

Mobile ad hoc networks (MANETs) are designed to
function without any prior infrastructure in place, mak-
ing them attractive for use in emergency and military
scenarios. However, ad hoc networks are limited in
performance due to their nature of distributed wireless
communication and often random and rapid topology
changes. One way to increase the network performance
in MANETs has been by sharing and utilizing informa-
tion between the network layers (cross-layering), since
traditional wired networks – for which the network stack
was invented – have not had to deal with the conditions
that MANETs have to handle. Due to the faster timings
of the lower layers, the routing protocol can for exam-
ple act much faster in detecting changes in connectivity
by using lower layer information, and determine the dis-
tance to neighboring nodes using the signal strength of
incoming transmissions.

The routing protocol selects a route at lowest cost, and
the most widely used cost metric in ad hoc networks is
shortest path. With this metric, the routing protocol se-
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Figure 1. Transmission area zones of node
A with safe node (B) and unsafe node (C).

lects a route with a minimal number of hops between a
source and a destination. The advantages are effective
use of network resources, little delay and little overhead.
However, a disadvantage of shortest path routing is that
the routing protocol tends to select nodes on the edge of
the transmission area as relay nodes, since this normally
reduces the number of hops between a source and a des-
tination. The problem is that with node mobility, it is the
nodes close to the transmission area edge that have the
highest probability to move out of the transmission area.
Furthermore, links to nodes near the edge of the trans-
mission range also have a higher probability of bit errors,
as the signal strength decreases with distance.

The main contribution of this paper is the proposal of
a mechanism to reduce the disadvantages of shortest path
routing in MANETs. The key idea is to divide the trans-
mission area of a node into a safe zone close to the node
and an unsafe zone (i.e. buffer zone) near the end of the
transmission range (Fig. 1). The routing protocol prefers
neighbors that are located in the safe zone as relay nodes,
while neighbors in the buffer zone are only used if neces-
sary to avoid network partitioning.

The routing protocols for ad hoc networks can be di-
vided into two groups, proactive and reactive. A proac-
tive routing protocol aims to have an updated view of the



network with routes to all nodes at any time, while a reac-
tive protocol only establishes routes to the nodes where
an application needs to send traffic. This paper focuses
on MANETs using a proactive routing protocol.

Although the simulations and evaluations presented in
this paper are based on using the Optimized Link State
Routing protocol (OLSR) [9] as the proactive routing
protocol, the results and analysis presented here should
be applicable to the use of other proactive routing proto-
cols as well. Without loss of generality, it is also assumed
that IEEE 802.11 [12] is used as the technology at the
physical link and link layer. IEEE 802.11 uses Carrier
Sense Multiple Access (CSMA) with exponential back-
off. Retransmissions occur until the DATA frame is suc-
cessfully transmitted (i.e. the ACK frame successfully
received) or until the retry counter reaches the retry limit
upon which the transmitting node discards the DATA
frame.

The rest of the paper is structured in the following
way. First, Section 2 present some background on how
routing protocols deal with link breaks. Then, in Sec-
tion 3 the devastating effect link breaks have on Medium
Access Control (MAC) retransmissions and on the over-
all throughput is documented through simulation. The
simulation setup is presented in this context. Section 4
presents the proposed solution in full. The solution is
then evaluated in Section 5 by simulations. Finally, re-
lated work is presented in Section 6, before the paper is
concluded in Section 7.

2 Background

The normal way of detecting link breaks for a routing
protocol is through lost polling packets (i.e. lost Hello
packets). The Hello packets of OLSR are transmitted be-
tween one-hop neighbors at a specified time frequency
(e.g. every 2 seconds, which is the recommended trans-
mission frequency of OLSR) and provide neighborhood
connectivity information and a means for link break de-
tection. If no Hello packet from a neighbor is received
within a specified time interval (e.g. within 6 seconds, the
recommended interval of OLSR), the neighbor is consid-
ered unavailable and a link to this neighbor is considered
as broken and invalid.

Another way for the routing protocol to detect link
breaks is to leave it up to a mechanism implemented at
the underlying link layer. The routing protocol must then
be notified explicitly about a link break by the link layer.
The disadvantage of this Link Layer Notification (LLN)
approach might be the cost of additional implementation
complexity. However, the advantage is that the link layer
is normally able to detect link breaks sooner. As a link
layer, IEEE 802.11 is normally capable of detecting a
link break considerably faster than a second. In con-
trast, without LLN and with the recommended values of
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Figure 2. Accumulated transmissions dia-
gram.

OLSR, a link break will not be detected before 4 seconds
at best and 6 seconds at worst. This paper focuses first on
link break detection through lost Hello packets, while the
use of LLN will be discussed and evaluated by the end of
the paper.

It is important for the overall performance to detect
the link break in a timely fashion, since two negative ef-
fects occur in the period between the physical link break
and the detection by the routing protocol. First, the pack-
ets queued in the interface queue are marked with an un-
reachable next hop address. This means that these pack-
ets will never reach their destination, and are at this point
lost. Second, these packets will be attempted transmitted
several times by the MAC layer before they are discarded.
This will steal valuable medium time from packets trans-
mitted from other nodes with a valid next hop address.

The retransmission effect is illustrated through a sim-
ulation where a node was placed in the center of the sim-
ulation area and set up to receive data from 40 nodes
moving randomly inside the simulation area at 10 m/s
(Fig. 2). In this simulation, a node inside the transmission
area of the receiving node successfully sends traffic to the
receiving centered node until it moves out of the receiv-
ing node’s transmission area. At that point a link break
occurs, but it is not detected by the transmitting node’s
routing protocol for another 4-6 seconds. At the time
when the link break is detected by the routing protocol,
the node may have travelled 40 to 60 m past the edge of
the transmission area of the receiving node. During this
time the MAC layer will transmit each packet with the
receiving node as MAC destination several times. Fig. 2
shows the simulation area with the positions for all oc-
curring transmissions plotted in. A ring of an increased
number of transmissions is observed outside the trans-
mission area of the receiving node, a direct effect of link
breaks and subsequent retransmissions.

3 Analysis of the effects of link breaks

In this section the normal behavior of OLSR as a
proactive routing protocol is investigated. First the simu-
lation setup is presented, and then the results document-
ing the link detection problem are shown. To simplify
the analysis, it is assumed that all link changes occur as a
consequence of node mobility, while the radio conditions



Table 1. Simulation parameter settings
Radio-propagation model TwoRayGround
Interface queue type FIFO with DropTail

and PriQueue
Interface queue size 300 packets
Maximum MAC retries 7
Antenna Model OmniAntenna
Nominal transmission rate 2 Mbps
Basic rate 1 Mbps
Simulation time 500 s
Random seed Heuristic
Traffic TTL 32
OLSR Hello interval 2 s
OLSR Hello timeout 6 s
OLSR TC interval 5 s
OLSR TC timeout 15 s

are considered as stable, assuming full radio connectiv-
ity within the radio transmission area and no connectivity
outside this range.

The simulations were performed using the ns-2 net-
work simulator [2] version 2.31. The Optimized Link
State Routing Protocol (OLSR) [9], [1] was used for
multi-hop routing and the IEEE 802.11 protocol [12] was
used as MAC layer. The nodes were divided into two
equally large groups, and each node in each group trans-
mitted packets to all other nodes in that group. The traffic
type was UDP at constant bit rate, and the packet size was
64 bytes.

The simulation area was 1500 x 300 m2 with 40 nodes
in all simulations. The dimensions were selected to get a
topology with many hops and little partitioning without
the need of a very large number of nodes. The mobility
model is Random Direction with Reflection with a 10 s
travel time before direction change and a 5 s travel time
delta. All nodes had the same velocity, and there was no
pause time. All simulations with the same velocity were
run on the same set of 10 different topologies, to make
the comparison between the different algorithms as fair
as possible. The simulation results were sampled over
10 simulation runs, and all results are presented with a
confidence interval of 95%. Other simulation parameter
settings are presented in Table 1.

Running simulations with the standard OLSR imple-
mentation (i.e. without a buffer zone) reveal that the
goodput (Fig. 3) is significantly lower with higher mo-
bility, and the loss is at over 40% even at a total data load
of 50 kbps for 10 m/s node velocity. For 10 m/s node
velocity the loss (Fig. 4) up to 150 kbps load is mainly
caused by discards due to maximum MAC retries (RET).
(When the number of retransmissions of frames reaches
the retry limit, the transmitting node discards the DATA

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 50  100  150  200  250  300  350  400  450  500

G
o

o
d

p
u

t 
(%

)

Offered load (kbps)

1 m/s 10 m/s

Figure 3. Goodput results, standard OLSR.
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Figure 4. Loss reasons, 10 m/s, standard
OLSR.

frame, and a RET loss occurs.) This confirms the suspi-
cion that mobility and the delayed link break reaction of
the routing protocol causes considerable loss.

Above 150 kbps the loss caused by tail drops from the
interface queue (IFQ loss) increases, together with the
loss from the Address Resolution Protocol buffer (ARP
loss), while the RET loss ratio declines. Thus, above 150
kbps, the network gets more and more congested. In ad-
dition, some loss is caused by the lack of route to the des-
tination (NRTE loss), increasing slowly as more routing
control packets are lost due to collisions. This means that
topology information is lost, leading to more packets be-
ing dropped because of a lack of route to the destination
(NRTE).

4 Proposed solution

This section presents the buffer zone solution, which
is an algorithm for improved handling of mobility and
link breaks in the ad hoc network.



4.1 Analysis

The closer a neighbor node comes to the edge of the
transmission area, the more likely is a link break to oc-
cur. The detection of this link break will delay until no
Hello packet has been received within a given time inter-
val. Thus, a node in the area where a link break is likely
to occur could be considered an unsafe node that should
not be relied on to forward traffic, if an alternative is pos-
sible.

The part of the transmission area where it is no longer
guaranteed that a link to a neighbor will remain stable is
referred to as the unsafe buffer zone, and the other part is
thus referred to as the safe zone, as can be seen in Fig. 1.
Likewise, a node in the safe zone is referred to as a safe
neighbor, while a node in the unsafe buffer zone is re-
ferred to as an unsafe neighbor.

The minimum time for a node at the edge of the safe
zone to disappear can be expressed as the distance to the
transmission edge divided by the maximum relative ve-
locity between the two neighboring nodes of the link.
With the recommended settings of OLSR, the routing
protocol will detect a link break between 4 and 6 sec-
onds after the link break has occurred. In the worst case,
a node with direction directly opposite of the transmitting
node with a velocity of 10 m/s would be able to travel up
to 2s ·20m/s = 40m before the first Hello packet is lost,
and 6s·20m/s = 120m from the link break has happened
until it is detected and acted upon. This means that to be
sure that a neighbor does not move out of the transmis-
sion area before it is marked as unsafe, any node closer
to the edge than 120 m should be marked as unsafe.

However, 120 m would be the maximum distance
from the edge where a link break could occur due to the
movement of a node. Defining such a large part of the
transmission area as a buffer zone has two drawbacks.
First, the mean number of hops between pairs of nodes
in the MANET would almost be doubled, leading to an
increased number of transmissions in the network and a
lower end-to-end traffic capacity. Second, nodes close to
the transmission area edge are treated the same way as
nodes 120 m away from the edge, despite that the latter
nodes have a very low probability of a link break com-
pared to the nodes located close to the transmission area
edge. The optimal buffer zone is to be found as a tradeoff
between these effects, and thus somewhere in the range
between 0 and 120 m in this particular example.

4.2 Zone routing algorithm

The buffer zone solution is based on defining nodes
as safe or unsafe, and either using them as relay nodes,
in case they are safe, or avoiding them as relay nodes in
case they are unsafe. Also, traffic to unsafe nodes inside
the sending node’s transmission area should be attempted

relayed through safe nodes, if possible.
The signal strength of the Hello packets can be used

as parameter to be able to determine which nodes are in
what is considered the safe zone and the unsafe zone with
varying mobility speeds. However, other means of deter-
mining this are also possible, including the use of GPS.

The zone status of each neighbor must be added to
each link entry in the Hello packets and announced to the
other neighbors, in order to support neighboring nodes
in routing traffic to its unsafe neighbors. It is necessary
to avoid routing a packet to a relay node which has the
destination as an unsafe neighbor, if the source node also
has the destination node as an unsafe neighbor.

Fig. 1 compares standard OLSR routing to OSLR
routing with the proposed buffer zone algorithm. The
dashed arrow shows the normal routing, where all pack-
ets from A to C are transmitted directly to node C. This
makes the transmission vulnerable to mobility in case
node C moves away from node A. The continuous arrows
show the packet path using the zone algorithm, where
traffic from node A to node C is routed via node B, be-
cause node C is in the unsafe buffer zone of node A. This
means that the traffic path is not vulnerable to node C
moving out of the transmission area of node A.

The routing table of each node is first calculated based
only on nodes in the safe zone, and if this leads to parti-
tioning, routes via nodes in the unsafe buffer zone are in-
cluded in the routing table. The principle of buffer zone
routing is to only use nodes in the safe zone to forward
traffic. The nodes in the unsafe buffer zone should only
be used for forwarding if it is impossible to obtain full
connectivity without them.

As the neighbor set, two-hop neighbor set and topol-
ogy set are traversed, no route updates to the already
defined routes are allowed. This means that if a node
already is represented in the routing table as a destina-
tion, the newly found route to the same destination is dis-
carded, even if it is of fewer hops than the first route. The
steps of the buffer zone routing algorithm are shown in
Table 2.

5 Evaluation of the buffer zone solution

5.1 Outline of the evaluation

This section presents the key behavior of the buffer
zone routing algorithm, and compares it to the behavior
of standard OLSR. For all graphs where the x-axis rep-
resents the threshold between the safe and unsafe zone,
the results at 250 m threshold correspond to the complete
transmission area being the safe zone. Thus, the buffer
zone results at a threshold of 250 m are equal to the per-
formance of standard OLSR without the buffer zone so-
lution. (In fact, the latter is not entirely true, as the buffer



Table 2. The zone routing algorithm

1. Clear routing table.
2. Add route to all neighbors (1st time: only neigh-

bors in the safe zone).
3. Add 2hop neighbors
3.1. Add route to all 2hop neighbors that both are in

the safe zone of the relaying neighbor and where
the neighbor is in the routing table.

3.2. Add route to all 2hop neighbors that are this
node’s neighbors with direct route.

3.3. Add route to all 2hop neighbors in the unsafe
zone of their neighbor while the neighbor is in
this node’s safe zone.

3.4. On 2nd iteration: Add 2hop neighbors in the
unsafe zone of their neighbor while the neighbor
is in this node’s unsafe zone

4. Add route to all topology tuplets with increasing
hop count.

5. If first time, return to step 2, else exit.

zone algorithm has a marginally higher routing overhead,
as will be shown in Section 5.3.)

To give a fair comparison between the buffer zone
routing and standard OLSR, not only is the buffer zone
routing compared to standard OLSR at a transmission
range of 250 m. It is also compared to standard OLSR
with a reduced range of next hop neighbors (see the
curves marked ‘Hello discard’). This way it can be en-
sured that the advantages of the buffer zone routing do
not stem from some effects of reducing the range of next
hop neighbors, but rather from dividing the transmission
area into a safe zone and an unsafe zone. Thus, the graphs
marked as ‘Hello discard’ imply a simple discard mech-
anism for the Hello packets at thresholds below 250 m,
preventing the Hello packets received from nodes in the
unsafe zone from being processed, but allowing recep-
tion and acknowledgement of data packets. In addition,
the buffer zone algorithm is compared to an implemen-
tation of standard OLSR configured with an overall re-
duced transmission range (see the curves marked ‘Re-
duced tx range’), where the effect of reducing the re-
ception radius for both data traffic and control traffic is
shown.

In the following, first results with low traffic load (i.e.
50 kbps of traffic in total) and high node mobility (i.e. 10
m/s velocity for each node) are presented. Both the good-
put, loss, average path length and routing load are investi-
gated. After having gained insight about the performance
at high mobility, the goodput results are compared with
results for low mobility. Then, these low traffic load re-
sults are compared with similar results generated at a high
traffic load (i.e. of 500 kbps of traffic in total), for both
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low and high mobility. Finally, the goodput when LLN is
implemented is explored.

5.2 Exploring the benefits of the buffer
zone solution

Fig. 5 shows the goodput results with a relatively high
node velocity of 10 m/s and a light total traffic load of 50
kbps. Comparing the results of the buffer zone algorithm
at lower thresholds than 250 m to the result of standard
OLSR (which is equal to the result of the buffer zone
algorithm with a threshold of 250 m), the gain of using
the buffer zone algorithm over standard OLSR is 84% −
55% = 29% at 220 m. Fig. 6 indicates that the main
advantage of the buffer zone algorithm stems from the
fact that the retransmission (RET) loss is considerably
reduced compared to the RET loss of standard OLSR.

One could on the other hand suspect that the advan-
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tages of the buffer zone routing stems from some effects
of reducing the range of next hop neighbors. However,
Fig. 5 shows that by letting standard OLSR discard Hello
packets at a threshold lower than 250 m (Hello discard),
it still performs worse than the buffer zone solution. This
is mainly due to the increased probability of partitioning
caused by the discard of Hello packets. This again results
in more packets being lost due to lack of route (NRTE
loss), as observed in Fig. 7. The figure shows that the
probability of partitioning for the Hello discard method
increases with a decreasing threshold distance.

Nevertheless, Fig. 5 shows that even the simple
Hello discard method has a higher goodput than standard
OLSR. The reason is that the discard of Hello packets
forces the routing protocol to use shorter links. A bulk
of link breaks is then avoided, because nodes outside the
discard zone still can receive the packet and reply with an
acknowledgment before the neighbor moves beyond the
transmission radius. The RET loss is therefore reduced
also for the Hello discard method (Fig. 6). This bene-
fit outweighs the disadvantage of a higher probability of
partitioning, leading to a totally higher goodput than the
goodput of standard OLSR (Fig. 5).

Reducing the transmission range itself (i.e. the Re-
duced tx range method) offers no buffer zone outside
the threshold where nodes that have moved outside the
threshold can continue to communicate. Therefore, a
clear advantage of a reduced RET loss compared to that
of standard OLSR is not observed in Fig. 6. Instead, the
Reduced tx range method performs worse than OLSR
(Fig. 5). The main reason is that the reduced transmission
range causes more network partitioning as the number of
neighbors is reduced, leading to the high NRTE loss ob-
served in Fig. 7. The loss is even higher than the loss
of the Hello discard method, because TC messages from
nodes outside the threshold are also discarded.
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5.3 Exploring the costs of the buffer
zone solution

Having identified a reduction in the RET loss as a
main benefit of the buffer zone algorithm, it is interest-
ing to explore the cost of this solution.

There was no difference between the buffer zone so-
lution and standard OLSR in term of packets being lost
due to lack of route (Fig. 7). Thus, the buffer zone algo-
rithm does not increase the chances of network partition-
ing compared to standard OLSR. This is expected, since
the buffer zone algorithm is forming links to neighbors in
the buffer zone whenever necessary.

However, there is a difference between the buffer zone
solution and standard OLSR in terms of the mean number
of hops between a source and a destination. The number
of hops per path (Fig. 8) is increased with the buffer zone
solution, as it favors nodes in the safe zone as relay nodes.
The increased hop length is a main disadvantage of the
buffer zone solution.

First, the increased hop length leads to an increased
number of needed transmissions for the same end-to-end
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traffic streams, thus reducing the total available capacity
per traffic stream. However, since the buffer zone solu-
tion reduces the number of packets lost due to RET, the
total number of transmissions (Fig. 9) is actually lower
for the thresholds above 190 m.

Second, as the paths get longer, there is an increased
risk that the topology information held by the forward-
ing nodes is wrong. There is a higher probability that
the topology (both the real topology and the topologies
given by the routing tables) changes while the packet is in
transit between the source and destination nodes. Thus,
the risk of a packet loop, or a considerable detour, is in-
creased. Both an increased average path length, an in-
creased risk of a packet detour and an increased risk of
a packet loop add to the probability of a Time-To-Live
(TTL) exhaustion. Indeed, the ratio of packets being dis-
carded because of exhausted Time To Live (i.e. TTL loss)
is higher for the buffer zone algorithm than for standard
OLSR (Fig. 10).

One might argue that the increased TTL loss of the
buffer zone algorithm is quite small (e.g. only 1% at a
threshold of 200 m). However, the main problem with
packets discarded by TTL is that they are transmitted ex-
tensively, and at least a number of times equivalent to the
original TTL value set by the source node. As all source
nodes in the simulations set the TTL value of the packets
they are originating to 32, it means that at a threshold of
200 m, 1% of all sent packets have been transmitted at
least 32 times. All these transmissions ultimately proved
to be worthless. Thus, even a low percentage of TTL loss
might represent a large and unnecessary consumption of
the network resources.

In addition to a higher mean path length, the cost of
the buffer zone solution also includes a higher routing
load, in terms of a higher payload overhead of the Hello
messages. The reason is that the buffer zone solution de-
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Figure 11. Routing load.

pends on publishing the zone status of the neighbor nodes
in the Hello messages. At a 250 m threshold the increase
in the routing load for 40 nodes at 10 m/s is around 3
kbps (Fig. 11), which is quite low compared to the overall
network capacity. In fact, for simplicity the zone status
field in the Hello message was implemented in the simu-
lator as one extra byte for each address in the message,
although the information – safe zone or buffer zone –
could have been represented by only one bit per address.
Furthermore, only symmetric links need this information,
so the zone information could have been skipped alto-
gether for the asymmetrical links. Thus, the additional
routing overhead of the buffer zone algorithm of 3 kbps
might be made much smaller in an optimized implemen-
tation. Nevertheless, when it was stated above that the
buffer zone algorithm has equal performance and behav-
ior as standard OLSR when the threshold is set to 250 m,
this is not exactly true, due to the marginal extra routing
overhead of the buffer zone algorithm.

Interestingly, the routing overhead of the
Hello discard and Reduced tx range methods is in-
creasing when the threshold decreases from 250 m.
The reason is that these methods require an increased
number of multi-point relay (MPRs) nodes – nodes that
generate and forward TC messages in the network – as
the threshold decreases. This leads to higher routing
overhead. However, as the threshold gets even lower, the
routing load starts to decrease again. This is due to the
increased probability of network partitioning observed at
low thresholds (Fig. 7).

5.4 The impact of node mobility

Reducing the node velocity reduces the number of oc-
curring link breaks. Since the buffer zone solution is
aimed at reducing the number of packets lost due to link
breaks, it is expected that the advantage of the solution is
decreasing with decreasing mobility. However, the buffer
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zone solution still provides a gain in throughput also at a
low node velocity of 1 m/s (Fig. 12), obviously because
the performance cost of the buffer zone solution is quite
low. For the lowest level of mobility (i.e. 1 m/s) the opti-
mum goodput of the buffer zone solution is over 95% at
240 m threshold, providing a gain of 95%−85% = 10%.
The Hello discard mechanism also achieves this gain, but
performs worse at lower thresholds due to partitioning.

With reduced velocity, the probability of a link break
due to a neighbor moving out of the transmission area
is lower, simply due to a lower node speed. Therefore,
the threshold range can easily be set higher to achieve
the same advantage, while the disadvantage of increased
path lengths is reduced. It is expected that the optimal
threshold range in terms of maximized goodput is in-
creasing with decreasing node mobility, and that the op-
timal threshold range is 250 m when the node mobility
is zero. This expectation is supported by the simulation
results. The optimal threshold range is 240 m at a node
velocity of 1 m/s and only 220 m for a node velocity of
10 m/s.
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Figure 14. Goodput with LLN.

5.5 The impact of traffic load

The buffer zone algorithm increases the throughput
compared to the Standard OLSR results even for high
traffic loads (Fig. 13). The relative gains of the buffer
zone solution as a percentage of the goodput of the stan-
dard OLSR in the high load results are comparable with
the relative gains of the low load results in Fig. 12. How-
ever, the total gain of the buffer zone solution is naturally
lower for such high traffic loads. The reason is that the
entire network is stressed with a large number of unnec-
essary transmissions and increased packet loss, leaving a
lower share of the total network capacity to the success-
fully transmitted traffic, be it traffic routed by standard
OLSR or traffic where the buffer zone algorithm is used.

For thresholds lower than 190 m, the Hello discard
algorithm yields better throughput than the buffer zone
solution (Fig. 13), because the Hello discard algorithm
increases the partitioning of the network, and this re-
duces the load. At the same time it mends the link-break-
induced retransmission problem, and the combination of
partitioning and reduced retransmissions in the event of
link breaks makes the throughput higher for the lower
thresholds. However, due to the partitioning, the pack-
ets are highly probable to be traveling only a few hops,
thus increasing the unfairness between the short path and
the long path traffic.

5.6 The buffer zone solution with LLN

Even with LLN, the buffer zone algorithm gives better
goodput than both the Hello discard method and stan-
dard OLSR (Fig. 14). However, at very low node mo-
bility (i.e. 1 m/s) the gain is marginal. Furthermore, the
gain is considerably less than for the results without LLN
(Fig. 12). The reason for the gain over standard OLSR is
the fact that the buffer zone solution prevents the effects
of the link break, as less traffic is routed over the link



when it breaks. This also helps the other neighboring
nodes to be aware that the neighbor is in danger of be-
ing lost. When LLN is employed without the buffer zone
solution, any neighboring nodes must wait until the next
Hello packet to get knowledge of the lost link. This could
be up to 2 seconds after the link break has occurred. With
the buffer zone solution, on the other hand, the neighbors
are aware in advance that the node is unsafe.

5.7 Discussion

The presented results show that the buffer zone so-
lution offers a throughput gain over both the standard
OLSR routing protocol and the simpler Hello discard al-
gorithm, and the buffer zone solution is robust to vari-
ations, with both varying node velocity and traffic load.
The throughput gain comes from the reduced packet loss
caused by maximum MAC retransmissions (RET). The
RET loss is reduced because the buffer zone solution
prefers neighbors in the safe zone as relay nodes, and
since these links are less apt to break, less links that break
are in active use.

The optimal threshold range is affected by mobility.
At 1 m/s node speed the buffer zone solution delivers high
goodput in a broad threshold range, while for 10 m/s the
threshold range where the throughput gain is greatest is
much smaller, and focused around 200-220 m. Thus, if a
static zone threshold is preferred, 210 m could be a good
compromise. However, the threshold could also be set
dynamically, based on one or several various parameters
such as mobility, safe-to-unsafe nodes ratio, link break
probability based on learning, etc.

Signal strength was used as the parameter to classify
the neighbor nodes as either safe or unsafe. Because the
TwoRayGround propagation model was used, the dis-
tance to each neighbor was available through the signal
strength parameter, and this made the prediction and clas-
sification of which neighbors that were safe or unsafe
straightforward. Signal strength is however a parameter
that may only be of high value in a simulator environ-
ment. Other research, such as [8] and [7], has shown that
in real experiments the signal strength is highly variable
and must be filtered over many samples to provide a trust-
worthy value. Likewise, the transmission range threshold
– where the packet loss by only moving a centimeter at
the edge of the transmission area instantly goes from full
to nothing – is not equal to the real world experience. An-
other problem with using the signal strength is illustrated
through the problem of gray zones [13]. Since broad-
cast and unicast packets are sent with different transmis-
sion rates, the signal strength of a Hello packet, which
is broadcasted, would not be directly transferable to the
signal strength of a unicast packet from the same node at
the same distance.

Instead of signal strength, other parameters could have

been used, such as geographical position, packet loss, the
number of errors corrected with forward error correction
(FEC), or MAC retransmissions. These would not give
the same distance precision as has been achieved through
the signal strength of Hello packets. However, the buffer
zone algorithm could also be seen as independent from
the distance and mobility perspective that has been used
in this paper. Through classifying nodes as either safe or
unsafe, based on for example the number of MAC retries
for the last number of transmitted packets, the classifica-
tion could instead determine what links are more reliable.
Using the same algorithm for constructing the routing ta-
ble, the result would perhaps be enhanced throughput.
This should be researched further.

6 Related work

This paper is a follow up of [15], where the retrans-
mission problem is investigated thoroughly in relation
with the interface queue size. However, there exist sev-
eral other works dealing more directly with the problem
of link breaks due to mobility and proposing solutions
to mend this problem. Qin and Kunz [16], for example,
present a solution to detect and mend the effect of mobil-
ity through evaluating the rate of link breaks.

Many solutions focus only on reactive routing proto-
cols, where the rerouting overhead reduction potential is
high. These include [10], which is based on GPS location
information, along with [11], [14] and [5], all based on
signal strength evaluation. In fact, the solution by Goff et
al. [11] bears some resemblance to the Hello discard al-
gorithm presented in this paper, with a preemptive region
comparable to the unsafe buffer zone.

On the other hand, Su, Lee and Gerla [17] present a
mobility prediction solution implemented for both proac-
tive and reactive protocols, where both GPS and signal
strength are proposed used to establish the positions and
relative distances of network nodes. A link break pre-
diction table is presented in [6], to be utilized by both
reactive and proactive routing protocols.

Ali et al. [3] propose to use signal strength with hys-
teresis in OLSR to both anticipate link breakages and
avoid establishing links that are transient. Fast-OLSR [4]
is another modification to OLSR where the Hello interval
is varied with the degree of mobility.

7 Conclusions and further work

The introduction of a transmission buffer zone in
OLSR gives improved throughput compared to standard
OLSR (or compared to no buffer zone, which is approxi-
mately equal to standard OLSR). The advantage of using
a buffer zone is observed both for low and high traffic
loads.



A too large buffer zone, however, leads to an unneces-
sary higher mean number of hops between pairs of nodes
in the MANET and a higher probability of network par-
titioning. Thus, the size of the buffer zone should be op-
timized.

The optimal size of the buffer zone (which is given di-
rectly by the optimal threshold range of the buffer zone
algorithm) is increasing with increasing node mobility.
At no node mobility, the optimal size of the buffer zone
is zero, assuming that all link breaks are caused by mobil-
ity. However, in a realistic network scenario where link
breaks are also caused by changing radio conditions, it is
reason to believe that the buffer zone algorithm is useful
also at no mobility.

Finding a means to estimate the optimal size of the
buffer zone, depending on parameters such as node mo-
bility and network load, is an important issue for future
work. Furthermore, it is also a need for investigating the
buffer zone algorithm with a more realistic radio model
than used in this paper, i.e. both using a better radio chan-
nel model and investigating scenarios where link breaks
are caused by changing radio conditions. Finally, the pre-
sented buffer zone algorithm can be improved and ex-
tended, using other criteria apart from distance to classify
neighbor nodes as safe or unsafe.
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