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Abstract

In this paper, we develop a detailed approach modeling to study how channel quality, as represented by the Signal-to-Noise Ratio (SNR),
impacts on the path life of the route and the network throughput performance. Based on this fact, we proposed an adaptive algorithm for
routing protocol with a cross-layer scheme based on SNR. This proposed scheme is an enhancement of reactive routing protocol Ad-hoc
On-demand Distance Vector (AODV), which we call AODV SNR+. We use a combination of the preset SNR threshold and the minimum
SNR threshold in the route discovery process. With this combined scheme, the routing protocol can select an appropriate route with quality
channel aware and be more adaptive when path break often occur in the network. We compare AODV SNR+ with AODV and AODV
SNR-SR (Selective Route). The simulation results showed that AODV SNR+ outperform AODV. We found that AODV SNR+ suitable in
dynamic networks, while AODV SNR-SR can gain advantage in high traffic with stable channel quality.
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1. Introduction

In the future, routing protocol will play more important role in device-to-device (D2D) and machine-to-machine (M2M) communication,
as one of the key technologies of 5G (S. Mumtaz et al, 2014). Recently, availability and quality became an important research in the routing
protocol. One of the promising methods to solve these problems is a cross-layer approach, which is divided based on the general and
specific solutions (R. Edirisinghe et al, 2014). In principle, they are two basic parameters of routing quality, i.e. based on service quality
and based on channel quality. Researchers have proposed service quality aware routings, such as

effective estimated throughput as a metric to find the best path (K. Kunavut, 2013), expected transmission count (D. De Counto et al, 2003),
expected transmission time (R. Draves et al, 2004), and medium time metric (B. Awerbuch et al, 2006). Other proposals for quality of
channel aware include using receive power to find the chosen path (Fuad A., 2011), improving multi-hop routing with signal-to-noise ratio
(R. Aguero et al, 2009; B. Amiri et al, 2011), routing metric using average weight SNR (M. Elshaikh et al, 2012), and routing metric using
expected path bandwidth (Xiaoheng D. et al, 2013).

In this paper, we proposed an enhanced version of AODV (C.E.Perkins et al, 1999) based on SNR, with cross-layer scheme, which we call
AODV SNR+. The important aspect of this enhancement unaddressed in previous work, is that we combine SNR threshold and minimum
SNR threshold in the route discovery process. This combination is used for adaptive routing in AODV SNR+ when Route Error (RERR)
occurs. With this algorithm, the average path life of the route can be improved when the path breaks often occur. To give more explanation,
we developed path life modeling based on SNR to show the correlation between the throughput performance with path life and channel
quality.

2. Methods

Throughput and path life model

We build throughput modeling with correlation between path life and the SNR of the link. Intuitively, the throughput performance will
depend on how long the path establishes to deliver the data from source to destination. Another study (Fan Bai et al, 2004) has used path
duration model, but in different routing protocol and scope. We develop a model of the AODV routing protocol with path life as shown in
Figure 1.
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Fig. 1: The model of routing protocol AODV with path life.

The total time of the simulation is T, and actual data transfer time at the maximum rate is T,;,¢,. Due to mobility and weakened signal, the
link breaks often occur in the path. The intermediate node will generate a RERR notification to the source, and enter a route discovery
process by broadcasting the route request (RREQ) when the source does not have an alternative route. After RREQ arrives at destination,
route reply (RREP) is generated and sent to the source. If the total time needed to repair broken path is T,,,, while the total time spent to

repair a broken path each time is t,.,,, and f as the frequency of path breaks, then we can write the relation between T, Tgq4, and T, as

T =Taata + Trp- [1]
Because the total time required to repair broken path is affected by total frequency of path break, where T,., = ft,,, then we can find the
time used to transfer data as Tgq:, = T — (f typ). If K is total data transferred during simulation, then throughput B is given by
_ K
" Taata + (f trp)
For each source to destination pair, the data rate R is K /T 4:4. Hence, from [1] and [2], we can write

Bt <7T —U tr”)) = <1 - fﬁ)R. 3]

B Tdata T T

B [2]

If the average path life of transmission line formed in data transmission is 1 p;, then we can express ¥p, = T/f, S0 we can rewrite [3] as

B=<1—;ﬂ)R. [4]

PL

Link life and link availability based on channel quality

Path life depends on link life based on quality of link connection. If there is a broken link, then the formation of the path also ends. To
understand the correlation between path life and quality of link in terms of SNR, we used mobility and connection models. Our model is
developed from the prediction-based link availability estimation (Shengming J, 2005). In this study, two mobile Nodes 1 and Node 2 move
along solid line during a random time interval with the angle ¢, and nodes speeds are v; and v,. In this model the SNR values have deter-
ministic approach, where SNR = 10log B./N, with receive signal strength is B. and assume noise value (N) is constant and equal on all
the nodes. If i represents nodes position between Node 1 and Node 2 in time i from the first time connection, ¢,, to the last time position
T;, then t; = to + T;. If SNR is proportional to square of the distance, then we can calculate the SNR in time i (SNR;) as

SNR; = (a+v;T)*+ (b +v,T)? —2(a + v T))(b + v,T;) cos g, [5]

if values of v,, v,, a, b, and ¢ are constant against T; during time T, and the change rate of those values are constant, where
02SNR;/9?T; = 0, then we can simplify [5] as

SNR; = AT? +aT; +B. [6]

Using [6], we can find SNR; between Node 1 and Node 2 at t; = to + T;. For t, = 0, the value of SNR, = . After finding SNR,, the
value of 1 and a can be calculated by

_ (SNRy t; —SNR; t1) — SNRy(t; — t1)

tt2 — tyt2

A [7]

(SNR, t? — SNR, t?) — SNR(t? —t?)
a = .

tits — tyt?

(8]

Now we can find the value of SNR; for t; < T. If ty is the last time a link has been connected at SNR, where tz = t, + Tz and t, = 0,
then we can calculate tg from [6] as

_ Ja? +41ASNRy—4 1B -« [9]
B 22 ’

next we can calculate the time of link life as T}y Life iN @ connection. If a connection is established, and the last time of a connected link
is tg, then we can find the link life of connection from time t; by Ty 1ire (t1, tg) = tgr —t;. We can calculate the quality of link con-
nection, Qink, from the trend of SNR value for the first time t; connecting until the last time of connection tz, as Qi (ti, tg) =

(SNR;, t;) — (SNRg, tg). The link quality will get optimal when the link connection has maximum SNR, which is Qi —max (ti, tr)- While
in time T the connection will have average link quality, Qink—avr(ti, tr). Statistically, the link quality estimation can be measured by

tr
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Quink—avr (ti tg)
o = —nk—avr b R [10]
lek Qlink—max (tir tR)
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Figure 2: Throughput performance (a) with SNR average and the link life minimum (b) with path life and time to repair broken path.

in our study, the average path life 1p, will depend on the link life Ty 1ire and link quality Q5. Hence, for node x and node y at time
t; t0 tg, the link life is the length of the time interval between t; and tg. If Ty Life (ti, tr) = tg —t; and n is the number of nodes, then
we can calculate the path life as the function link quality and link life as ¥p;, = Quink 1sl}'{'lsirrll_1 Timiwire(ti(Xn yn), tr (Xn, yn))- S0, [4] can
be express as

t
B=(1- _ L R. [11]
Quink | TIN Tiinkvire (8 (Xn, Y1), tr (Xn, Y1)

It can be seen from [11] that throughput has strong correlation with path life. While path life itself depends on link life and link quality.
The throughput will increase when the link has both longer link life and higher SNR connection as shown in Figure 2.a. The network can
gain higher throughput with longer path life as shown in Figure 2.b.

3. Result and discussion

Based on the analytical model above, that SNR has a strong correlation to path life and throughput performance, we proposed an enhance-
ment on the routing protocol AODV that use minimum hop-count as the routing metric, and call it AODV SNR+. We employed a cross-
layer approach between routing protocol in the network layer and the SNR ratio information from the physical layer. In this proposed
scheme, the important aspect of this enhancement, which is not addressed in previous work, is that we utilize a combination of selective
link based on SNR threshold (SNR;,) in the reverse route process and the minimum SNR threshold (SNR,,intnr) When the route error
occurs. We apply SNR threshold as the criteria for a link to be used as path, which is called AODV SNR-SR (lIstikmal, et al. 2017).
Selective link will be made in the reverse path process. When in the network path break occurs due to decreasing amount of connection
quality and there are no other available routes, RERR will be generated. In this situation, it is more difficult to find SNR connection that
meets the SNR threshold criteria. Therefore, in this proposed method called SNR+, we used SNR,,,- for normal situation, and switch to the
minimum SNR threshold when RERR is generated. In this situation, the node that receives an RREQ with fresh and higher sequence
number after route error (RERR) is generated will create the reverse route even when it does not meet the SNR;y,,- criteria. The SNRy,
will be replaced by SNR,,,;n¢nr- Figure 3 shows the proposed AODV SNR+ route discovery process. The reason behind this algorithm is
to accommodate situations where path breaks frequently occur and induce RERR.
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We evaluate AODV SNR+ using Network Simulator 2.35 (source at http://www.isi.edu/nsnam/ns/ns-build.html) in various scenarios.
Beside comparing with AODV, we also compared the AODV SNR+ with AODV SNR-SR. We assessed the throughput and routing over-
head performance. The mobility model was random waypoint with simulation area of 1,000m x 1,000m. The data packet was 512 bytes,
with channel bandwidth 2 Mb/s and simulation time 300 seconds. We used SNR Threshold 41 dB and minimum SNR threshold 33 dB.
Maximum node speeds were set at 5 m/s, 10 m/s, 15 m/s, and 20 m/s and the number of traffic were 1, 2, 5, 7 and 9 sources. The simulation
result in traffic scenarios showed that AODV SNR-SR outperformed AODV and AODV SNR+ as shown in Figure 4 (a). We observed that
AODV SNR-SR vyielded greater advantage of the throughput when the traffic was high. For example, in nine traffics, the advantage of
AODV SNR-SR was about 20% and 61% higher as compared to AODV SNR+ and AODV schemes. In this situation, AODV SNR-SR
has longest average path life as mentioned in [11]. The routing overhead of AODV SNR-SR outperforms AODV and AODV SNR+ as
shown in Figure 4 (b). AODV SNR-SR has smallest routing overhead per received data packet. With 9-source traffics, the advantage
AODV SNR-SR about 25.5% and 49.7% less overhead as compared to AODV SNR+ and AODV. To analyze routing overhead, we can
calculate the route request in the reactive routing protocol by T /1y p,; so as the path life increases, the routing overhead decreases.
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Figure 4: Average throughput (a) and routing overhead (b) comparison between AODV, AODV SNR-SR, and AODV SNR+ with increasing number of
traffic source
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Figure 5: Average throughput (a) and routing overhead (b) comparison between AODV, AODV SNR-SR, and AODV SNR+ with increasing node velocity.

In mobility scenario, the result shows that the average throughput of AODV SNR+ outperforms AODV and AODV SNR-SR as shown in
Figure 5 (a). When the node velocity increases, the throughput performance decreases. This mobility of node makes the path break fre-
quently occurs, inducing RERR and new route discovery process. In this situation, the number of SNR connections that fail to meet the
SNR;y, will increase, causing degradation of AODV SNR-SR performance. Meanwhile, AODV SNR+ can reduce the path break by using
SNRinenr» @nd get longer path life as expressed in [4, 11]. We observe that with this algorithm, AODV SNR+ can take advantages from
the situation; for example, in node velocity 20 m/s AODV SNR+ outperforms about 12% and 42% higher throughput as compared to
AODV SNR-SR and AODV respectively.

In this scenario, AODV SNR+ has longer path life with smaller routing overhead as shown in Figure 5 (b) by reducing RERR and repetition
of transmission. For example, in 20m/s, AODV SNR+ yields less overhead as much as 17.6% and 40% as compared to AODV SNR-SR
and AODV respectively. We analyze the correlation between routing overhead and RERR as follows. The routing overhead depends on
the number of route requests by AODV. If a fraction y of these requests need only one RREQ transmission to be replied by one-hop
neighbors, then for the remaining fraction, which is (1 — y), the routing overhead will depend on N transmission of the request. The route
error (RERR) will induce the source to find a new route and increasing N transmission of the request, as well the overhead. Hence, we can
express the overhead as T/vp, (1(y) + (1 — y)N(1 + nRERR)), with nRERR is the number of RERR that induces source to find a new
route.
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4. Conclusion

In this paper, we construct throughput formula based on path life and link quality. We used path life based on SNR modeling for routing
protocol improvement with a cross-layer scheme in wireless ad hoc networks. We develop routing protocol using a combination of selec-
tive link algorithm with an SNR threshold and the minimum SNR threshold for route error situation. We enhanced the reactive routing
protocol AODV, which we call AODV SNR+. From the result, AODV SNR+ and AODV SNR-SR outperform AODV. We recommend
AODV SNR-SR as more suitable for a stable mobility environment, and it can give a better advantage in higher traffic. On the other hand,
AODV SNR+ can get more advantages in high mobility situations, where connection quality is decreasing.
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