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Abstract

QoS routing is the key to support multimedia services in
mobile ad hoc networks (MANETs). It is known that re-
source reservation is one of the best technique to guarantee
QoS in MANET:s. Lots of the reservation-based QoS routing
protocols have been proposed before. However, the effective
bandwidth calculation problem and the bandwidth reserva-
tion problem have not been addressed seriously. Here, we
proposed an on-demand bandwidth reservation QoS rout-
ing protocol for TDMA-based multihop MANETs. We pro-
pose an algorithm to guide the destination to choose the
route that is most likely to satisfy the QoS requirement and
an algorithm to reserve the proper time slot and thus keeps
more free time slots for other requests. Simulation results
show that our protocol can achieve high route establishment
probability and low packet loss rate.

1 Introduction

The design of efficient routing protocols is a critical is-
sue for all types of networks. Compared with the tradi-
tional wired network, the mobile ad hoc network (MANET)
has no fixed topology. Therefore, the source-initiated on-
demand routing protocol [10], which establishes the route
between the source and destination only when the source
demands that, becomes the most popular routing protocol
in the MANET. However, these on-demand routing proto-
cols use the best-effort approach to transmit message and
can not guarantee the quality of the transmission.

As the bandwidth of the wireless channel increased, mul-
timedia services can be provided in the wireless network.
These services require the guarantee of a certain bandwidth
or a bounded delay, otherwise, the quality of these services
will be unacceptable. Therefore, quality of service (QoS)
becomes an important issue in the MANET and the QoS
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routing is the most important issue.

In the MANET, since the radio signals within two hops
may interfere with each other, channel reservation is one of
the best approach to avoid interference. It is shown in [1]
that the best technique to guarantee QoS is attained only
with appropriate resource reservation. Therefore, several
works provide QoS guaranteed transmissions by reserving
resources for the Time Division Multiple Access(TDMA)
based MANETS [4], [9], [8], [7], [5], [2], [11], [12]. These
protocols can avoid contentions and collisions and thus are
more efficient than the other QoS protocols, but they require
the MANET to be synchronized. The major drawback of
these protocols is that they do not provide a clear guide to
reserve proper time slot and thus lower down the route es-
tablishment probability.

To improve previous work, we propose a novel on-
demand bandwidth reservation QoS routing protocol for
TDMA-based MANETSs. Our goal is to discover a stable
route, which satisfies the bandwidth requirement. The ma-
jor contributions of this paper are: first, we propose an al-
gorithm to reserve the proper time slot and thus raises the
route establishment probability. Second, we propose an al-
gorithm to guide the destination host to choose the route
that is most likely to satisfy the QoS requirement.

Our QoS routing protocol consists of two phases: The
route discovery and bandwidth reservation phases. In the
route discovery phase, we propose a novel algorithm to cal-
culate the available bandwidth of the possible QoS routes,
so that the destination host can choose the route that is most
likely to satisfy the QoS requirement. After the QoS route
has been chosen, the bandwidth reservation phase follows.
In the bandwidth reservation phase, we propose a novel al-
gorithm to calculate the weight of each available time slot.
The hosts in the QoS route will reserve the time slot with the
lowest weight, which will block the fewest number of free
time slots of neighboring hosts, and thus raises the route
establishment probability. Simulation results show that our
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protocol can achieve much higher route establishment prob-
ability and lower packet loss rate than those of the Forward-
ing Algorithm(F' A) [12].

The rest of this paper is organized as follows. System
model is given in Section 2. In Section 3, we present our
QoS routing protocol. Simulation results are presented in
Section 4. Section 5 concludes this paper.

2 System Model

In this paper, we intend to design an on-demand band-
width reservation QoS routing protocol for TDMA-based
multihop MANETSs. Our goal is to provide a total solution
for bandwidth guaranteed service. Since the MANET has
no fixed topology, it is almost impossible to guarantee QoS
in a high mobile environment [1]. Therefore, our QoS rout-
ing protocol is designed for a MANET with low mobility.
We assume that each host maintains the information of its
neighbors, including the availability of time slots. The in-
formation is gathered by broadcasting the hello packet pe-
riodically. The MANET is synchronized according to the
protocols proposed in [3], [6]. The TDMA-based channel
is divided into several frames with fixed length. Each frame
consists of two sub-frames: the control frame and the data
frame. In the control frame, each host has a dedicated con-
trol time slot and thus can avoid contention and collision.
The host can reliably transmit the control packets in its ded-
icated control time slot, such as the hello packet, the route
request packet, the route reply packet, and the route error
packet. As for the data frame, it consists of a fixed number
of data time slots. The set of the data time slots is denoted
as S = {sl,s2,...,sk}, where k is the number of data
time slots in a data frame. When a host wants to transmit
(or receive) data packets, it may use its control time slot to
reserve the desired data time slots, use the reserved time slot
to transmit (or receive) data packets, and no acknowledge-
ment is needed.

3 Our QoS Routing Protocol

Our QoS routing protocol consists of two phases: The
route discovery phase and the bandwidth reservation phase.
In the route discovery phase, we adopt the AODV or DSR-
like on-demand routing protocol to discover the feasible
route and the min-max approach to choose the route that
is most likely to satisfy the QoS requirement. In the band-
width reservation phase, the hosts in the chosen path cal-
culate the weight of each available time slot according to
how many neighboring hosts’ free time slots are blocked by
this time slot. The time slot with the lowest weight will be
reserved and thus leaves more free time slots for other re-
quests. In the following subsections, we will show the data
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Figure 1. Tables 7'S and RS of hosts A, B, C,
and D

structures and the basic rules those are used in our proto-
col and then we will describe the route discovery and band-
width reservation phases of our protocols. Finally, we will
describe the maintenance of the QoS route.

3.1 Data Structures

For any host = in the MANET, host z needs to maintain
two n X k tables as follows, where n is the total number of
hosts within host 2’s communication range (including host
) and k is the total number of data time slots in a data
frame.

e TS.[1..n,0..k]: a table which records the availability
of the transmitting time slots. The ¢ds of the neigh-
boring hosts are recorded in column O of the table. If
the pth neighbors of host z can not use the gth time
slot for transmission then TS, [p,q] = 0, otherwise,
TS:[p,q] = 1.

e RS;[1..n,0..k]: atable which records the availability
of the receiving time slots. The ids of the neighboring
hosts are recorded in column O of the table. If the pth
neighbors of host z can not use the gth time slot for
reception then RS, [p, q] = 0, otherwise, RS..[p, q] =
1.

The contents of tables 7'S and RS of hosts A, B, C,
and D are shown in Fig. 1. For the ease of maintaining
tables T'S and RS, we can combine the two tables with
the neighbor list, that each record of the neighboring host
consists of three fields: the id of the neighboring host, the
transmitting time slot availability and the receiving time slot
availability of the neighboring host. To save space, we can
use a bitmap to represent the time slot availability. If the ith
bit equals to 1, it indicates that the 7th time slot is available;
otherwise, it is not available.

The data structures of the route request (RREQ) and
route reply (RRE P) packets are shown as follows:
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e RRECQ) packet: contains 7 tuples:

< sre,dest,b,seq-no, LS Table, BN, TTL >,
where src and dest are the ids of the source and
destination, respectively, b is the required bandwidth,
seq-no is the sequence number of the QoS session, the
LS _Table records the time slot availability of the pre-
vious five links those the RRE(Q packets has passed
through, BN is the minimum effective bandwidth of
all the links in the path, and the life time of the packet
is recorded in T'7T'L.

o RRFEP packets contains 8 tuples:
< sre, dest, b, seq_no, previous_hop, T'S,, RSy,
tra_slots >, where previous_hop is the M AC
address of the host in the previous hop of the QoS
route, tra_slots is the set of the time slots that the host
reserves for transmission.

To reduce the size of the RRE(Q packet, we can use a
bitmap to represent the LS table. If there are k data time
slots in a data frame, the maximum size of the LS table is
only 5k bits.

3.2 Fundamental Rules

In the TDMA-based MANET, the mobile host can re-
serve a free data time slot to transmit or receive data packets
and no acknowledgement is required. Therefore, the neigh-
boring hosts may reserve the same time slot for transmission
or reception. A data time slot can be reserved for transmis-
sion or reception if it satisfies the following conditions:

C1 The time slot is not used by the sender and receiver.

C2 None of the sender’s neighboring host has reserved this
time slot for reception.

C3 None of the receiver’s neighboring host has reserved
this time slot for transmission.

Condition C1 must be satisfied because a time slot can
not be used for transmission and reception simultaneously;
condition C2 must be satisfied; otherwise, the data packets
sent by the sender will collide with the data packets sent
to the sender’s neighbors; condition C3 must be satisfied;
otherwise, the data packets sent to the receiver will collide
with the data packets sent by the receiver’s neighbors.

For any two neighboring hosts = and y, assume that hosts
x and y’s time slot availability are recorded in the ¢th and jth
rows of host x’s tables (T'S,, and RS, ), respectively. Host
x updates its 7'S and RS tables according to the following
rules:

R1 If host z is going to reserve time slot g for transmission,
host z sets T'S;[i, ¢] and all RS, in column ¢ as 0.

R2 If host z is going to reserve time slot g for reception,
host x sets all T'S, in column ¢ and RS, [i, g] as 0.

R3 If host y notifies host x that it is going to reserve time
slot g for transmission, host z sets RS, [¢, q], T'Sz[J, q],
and RS, [j, q] as 0.

R4 If host y notifies host x that it is going to reserve time
slot ¢ for reception, host x sets T'S;[i, q], T'Sz[J, q].
and RS, [j, q] as 0.

For example, in Fig. 1, host A has reserved time slot s1
for transmitting data packets to host B. Hosts A and B can
only use time slot s2 for transmission and reception because
time slot s1 has been reserved. Host C' can not use time slot
s1 for reception; otherwise, the reception will collide with
the transmission of host A. However, host C' can use time
slot s1 for transmission. Similarly, host D can not use time
slot s1 for transmission; otherwise, the transmission will
collide with the reception of host B. However, host D can
use time slot s1 for reception.

3.3 Route Discovery Phase

The goal of the route discovery phase is to discover a
QoS route that is most likely to satisfy the QoS requirement.
Assume that there are k£ data time slots in a data frame, the
required bandwidth is b, host x’s receiving time slot avail-
ability is recorded in the ith row of table RS, (denoted as
RS, (7)) and host y’s transmitting time slot availability is
recorded in the jth row of table T'S;(denoted as TS, (7)),
where y is the neighboring host of z. The time slot avail-
ability (denoted as SL,_,, which contains £ bits) of link
< y,x > can be calculated as SL,_, = RS, (i) NT'S;(j).
If the mth bit of SL,_, equals to 1, it indicates that the
mth time slot is available for host y to transmit data packets
and host z to receive data packets, and thus can be used for
transmission in link < y, z >. In the beginning of the route
discovery phase, the source host s broadcasts the RRE(Q)
packet. On receiving the RRE(Q) packets from host y, host
x works as follows:

If (host x is not the destination and has not broadcasted
its own RREQ packet) or (host x is the destination
and has not transmitted its own RRE P packet) then

If it is the first time that host = received the
RREQ packet then host x sets BN (s,z) = 0,
where BN (s, ) is the minimum effective band-
width of all the links in the path < s,z >.

Endif
Calculate the number of free time slots in link
< y,x > (denoted as Sy(y,x)) by counting

the number of 1Is in SL,_,, where SL,_, =
RS, (1) N TSz (j).
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If (S¢(y,x) < b) then discard the RREQ
packet.

Else

If host y’s LS table contains 5 rows then
delete the first row from host y’s LS table

Endif
Temp = Calculate_Bottleneck(z,y)
If Temp # invalid and (Temp >

BN(s,x)) then BN(s,x) = Temp,
previous_hop = y, and x’s LS table= y’s
LS table USLy_,

Endif
Endif

If (BN(s,x) > 0) and (host 2’s dedicated con-
trol time slot arrives) then

If host x is the destination then host x trans-
mits its RRE P packet with empty tra_slots
to previous_hop and starts the bandwidth
reservation phase

Else host x broadcasts its own RREQ
packet.

Endif
Endif

Else discard the RRE(Q) packet.

Endif

The major idea of the above algorithm is that, host x
chooses the neighboring host y, that has the greatest value
of BN (s, x), as its previous hop and combines host y’s LS
table with its own L.S table before host = broadcasts its own
RREQ packet. The destination waits for a certain period of
time and then chooses the route that is most likely to satisfy
the QoS requirement. When the RRE P packet is transmit-
ted along the previous_hop, a QoS route can be reserved.
The key issue of the above algorithm is the calculation of
the effective bandwidth of the bottleneck for a given path.
In a path, the links within two hops can not use the same
time slots. Therefore, when calculating the effective band-
width of a link, we need to gather the time slot availability
of previous and next two hops. However, if the path length
is less than 5, we will only consider the time slot availabil-
ity of all the links in the path. Assume that the LS_table
contains r rows, where 0 < r < 5. The details of the
Calculate_Bottleneck algorithm is shown as follows:

If (x is the destination) then

Calculate the minimum effective bandwidth (de-
noted as BW) of the last r links.

Return the minimum BW of the last r links.
Else return invalid.
Endif

Else

If z is the destination then calculate the mini-
mum effective bandwidth (denoted as BW) of
the last three links.

Else calculate the effective bandwidth of the link
whose time slot availability is recorded in the
(r — 2)th row of z’s LS _Table.

Endif
Return min(BN (s,y), BW)

Endif

The key issue of the above algorithm is the calculation
of the effective bandwidth of a given link. Since the time
slot availability of the previous r links is recorded in the
LS table, the effective bandwidth of a given link can be
derived from the LS table. The number of 1s in a row is the
number of free time slots in the link. The number of 1s in
a column within previous and next two rows is the number
of hosts those share the same time slot. Assume that the
time slot availability of link < ¥, z > is recorded in the ¢th
row of x’a LS Table, where 1 < t < r. The algorithm
to calculate the effective bandwidth of the link < y,z > is
shown as follows:

Algorithm: Calculate_Bandwidth(t)

Initial: n = 0 and BW = 0, where n is the number of
hosts those share the same time slot, BW is the effec-
tive bandwidth of the link, and r is the number of rows
in x’s LS _Table.

For =1 to k do
If the ith bit of the ¢th row in 2’s LS_Table is 1

then
If(r <4andt < 3)thenu =1
Elseu =t —2
Endif

For j=u to r do if the ith bit of the jth row
inxz’s LS Tableis 1 thenn =n + 1

Algorithm: Calculate_Bottleneck(z,y) Endfor
2’s LS_Table = y’s LS table USL,_, Endif
_ 1
If (r < 3) then BW =BW +
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Endfor

Return BW.

Note that, even when the path length is less than 5, we
can still apply the above algorithm to calculate the effec-
tively bandwidth of a certain link. Fig. 2 shows the con-
tents of the LS table and how we calculate the bottleneck
of a path. Host A is the starting point of the path and host
G is the destination. The set below the link contains the
free time slots of the link, which can be derived from ta-
bles 7'S and RS. When the RRE(Q) packet has been trans-
mitted from host A to hosts B and C, since hosts A, B,
and C have no enough information to calculate the effec-
tive bandwidth of any link, the value of BN is set as in-
valid. However, when the RRE(Q) packet has been trans-
mitted to host D, host D has gathered the time slot avail-
ability of links < A, B >, < B,C >, and < C,D > and
thus has enough information to calculate the effective band-
width of link < A, B >. In link < A, B >, time slots
sl and s2 can be used for transmission. Time slot sl is
not shared by other links in the path, so its effective band-
width is 1; time slot s2 is shared by link < C,D >, so
its effective bandwidth is 0.5, and the total effective band-
width of link < A, B >(denoted as BW (A, B)) is 1.5.
The bottleneck of path < A, B >(denoted as BN (A, B))
is 1.5. Similarly, when host F has received the RREQ
packet, it has enough information to calculate the effec-
tive bandwidth of link < B,C >. In link < B,C >,
time slot s4 can be used for transmission. Time slot s4
is shared by link < D, E >, so its effective bandwidth
is 0.5. We have BW(B,C) = 0.5 and BN(4,C) =
min(BW (A, B), BW(B,C)) = min(1.5,0.5) = 0.5.
We can calculate BN (A, D), BN(A, E), BN(A, F) and
BN(A,G). BN(A,QG) is the effective bandwidth of the
bottleneck in the path. The destination can choose the QoS
route according to the BN value of different routes.

3.4 Bandwidth Reservation Phase

After the destination discovers the QoS route and trans-
mits the RREP packet, the bandwidth reservation phase
starts. The goal of the bandwidth reservation phase is to re-
serve the proper time slots for each link in the QoS route so
that more free time slots are left for other requests and thus
raises the route establishment probability. Assume that b is
the required bandwidth. On receiving the RRE P packet
from host z, where host 2’s previous_hop is y and host y’s
previous_hop is x, host y works as follows:

Update the T'S,, and RS, tables according to the T'S’,,
RS, and tra_slots of the RRE P packet sent by host
z. Update SL,_, according to the new T'S, and RS,,.

S={sl,s2 53, 54}
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Figure 2. An example of calculating the bot-
tleneck of a path

Calculate the number of free time slots in link < y, z >
(denoted as S¢(y, 2)).

If (S¢(y, %) < b) then transmit the fail_to_reserve
packet to host x.

Else

LetTS,, = TS,UT'S, and RS,, = RS,URS..
Calculate the weights of all the free time slots in
link (y, z).

Select b time slots with the least total weights for
reservation.

Update the T'S;, and RS, tables according to the
reservation.

Add the ids of the reserved time slots to host y’s
tra_slots.

If host y is not the source then transmit the
RREP packet to host x.

Else the bandwidth reservation phase is over and
start to transmit data packets in the reserved time
slots.

Endif
Endif

When host z overhearing the RRE P packet sent by host
Yy, host z will reserve the time slots in tra_slots for recep-
tion and will notify its neighboring hosts about the reser-
vation in its dedicated control time slot. The other neigh-
boring hosts overhearing the RREP packets will update
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their 'S and RS tables according to the T'S,, RS, and
tra_slots of the RREP packet. If host x receives the
fail_to_reserve packet, it will forward the packet to its
previous_hop until it reaches the source. If the source re-
ceives the fail_to_reserve packet or does not receive the
RREP packet for a certain period of time, it will consider
that the route establishment is fail. The key issue of the
above algorithm is to evaluate the weight of a given free
time slot in a given link. Assume that we want to evaluate
the weight of the ¢th time slot in link < y, z >, the details
of the algorithm is shown as follows:

Algorithm: Calculate_ Weight(y, z, 1)

Count the total number of the ith bit (denoted as
Weight) in tables T'S,, and RS, that needs to be
updated when the ith time slot is going to be reserved
by host y for transmission and host z for reception.

Return Weight.

The weight of the time slot is the number of the neigh-
boring hosts’ free time slots blocked by the reservation of
this time slot. Therefore, our goal is to choose a time slot
that has already been used or blocked by most of the neigh-
boring hosts and thus leaves more free time slots for other
requests. For example, in Fig. 1, if host C' wants to estab-
lish a QoS route to host D, host C' broadcasts an RREQ)
packet and host D may receive the RRE(Q packets from
hosts C and B. The BN of the path < C,D > is 2 and
the BN of the path < C, A, B,D > is 0.33. Therefore,
host D will choose host C' as its previous_hop and send its
RREP packet to host C'. On receiving the RRE P packet
from host D, host C' combines the 7'S and RS tables of
hosts C' and D as shown in Fig. 3(a) and then calculates the
weights of time slot s1 and s2 as shown in Fig. 3(b). The
weight of time slot s1 is 2 because reserve time slot s1 will
only block host C’s transmitting time slot and host D’s re-
ceiving time slot. The weight of time slot s2 is 6 because
reserve time slot s2 will block hosts B, C, and D’s trans-
mitting time slots and hosts A, C, and D’s receiving time
slots. Therefore, hosts C and D will reserve time slot s1
for transmission and reception, respectively. After reserved
time slots s1, time slot s2 is free for all the links. However,
if time slot s2 is reserved for hosts C' and D, there is no
free time slot for links < A,C >, < C,A >, < D,B >,
<B,D><B,A>and < D,C >.

3.5 Route Maintenance

Since the MANET has no fixed topology, the QoS route
may become broken. Only the receiver is able to realize that
the link between the sender and the receiver is broken. If
the receiver does not receive the data packet in the reserved
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Figure 3. (a) Combines 7'S and RS tables
of hosts C and D and get 7'Scp and RS¢p.
(b).Calculate the weights for reserving s1 and
52

time slot, it considers the link is broken and uses its dedi-
cated control time slot to broadcast a route error (RERR)
packet with a finite 77'L, which is set according to the mo-
bility of the mobile host. Any host in the QoS route will
forward the RERR packet to the source. On receiving
the RERR packet, the source can reestablish a new QoS
route or try to repair the original QoS route according to
any of the existing routing protocols. When a host in the
QoS route has received the last data packet, it will release
the reserved time slot by sending a bandwidth_released
packet in its dedicated control time slot. On receiving the
bandwidth_released packet, each host will updates its 7°S
and RS tables.

4 Simulation Results

To evaluate the performance of our QoS routing proto-
col, we have developed a simulator using C. We compare
the performance of our protocol with that of the F'A pro-
tocol [12], because F'A protocol is the latest and best one.
Besides, it has the same system model as our protocol. As-
sume that there are 50 hosts in the network, the area size
of the MANET is 1000m x 1000m, the transmission radius
is 250 meters, the transmission rate is 11 M bits/sec, the
packet size is 1 K bytes. There are 40 data time slots in a
data frame, and the length of a data time slot is 5 ms. In each
session, the sources and the destination are randomly se-
lected. Each simulation run lasts for 120 seconds and each
result is obtained from the average of 1000 simulation runs.

Two parameters are tunable in our simulations:

e Mobility: Host mobility follows the random way-point
model. The pause time is set to 30 seconds. When
moving, a host will move at a speed between 5 ~ 10
m/sec.
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Figure 4. Route establishment probability
vs. bandwidth requirement (50 hosts, 15
sessions, 5000 packets/session, speed = 5
m/sec)

e Bandwidth requirement: The bandwidth requirement
is 1 ~ 4 slots/session.

Two performance metrics are used in the simulations:

e route establishment probability: the total number of
successfully established routes over the total number
of requests.

o packet loss rate: (T'P — RP)/TP, where TP is the
total number of packets transmitted by the source and
RP is the total number of packets received by the des-
tination.

For simplicity, the F'A protocol requesting 1, 2, and
4 time slots are denoted as F'A_QoS1, FA_QoS2, and
FA_QoS4, respectively. Our protocol requesting 1, 2, and
4 time slots are denoted as QA_QoS1, QA_QoS2, and
QA_QoS4, respectively. We name our protocol as the
Quantitative Approach (Q A) protocol, because in our pro-
tocol, the route selection and the time slot reservation are all
based on the quantitative calculation of the effective band-
width and time slot’s weight.

4.1 Impact of Bandwidth Requirement

To observe the impact of bandwidth requirement,
we vary the bandwidth requirement between 1 ~ 4
slots/session. As Fig. 4 shows, higher bandwidth require-
ment do decrease the route establishment probability be-
cause more time slots are reserved and thus fewer free time
slots are left. When the bandwidth requirement raised to
4 slots/session, the bandwidth is not enough to satisfy the
bandwidth requirement and thus the route establishment
probability drops sharply. Our protocol can achieve much
higher route establishment probability than the F'A proto-
col does, because our protocol can choose the QoS route
that is most likely to satisfy the QoS requirement and re-
serve the time slot that blocks least neighboring host’s free

—5—QA QoS 1 —4—QA QoS2 —*— QA QoS4
90% | —M=- FAQoS1 —=#= FAQoS2 —A= FAQoS4

P e e

70% =

— - —

Packets |
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§
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Figure 5. Packet loss rate vs. bandwidth re-
quirement (50 hosts, 15 sessions, speed = 5
m/sec)

90% QA
OFA

60%

&

2
Request bandwidth

Figure 6. Route establishment probability vs.
mobility (50 hosts, 15 sessions, 5000 pack-
ets/session, speed = 10 m/sec)

time slots. When the bandwidth requirement does not ex-
ceed 2 slots/session, the route establishment probability of
our protocol is higher than 90%.

Fig. 5 shows the impact of the bandwidth requirement
to the packet loss rate. As the bandwidth requirement in-
creases the packet loss rate raises. Higher bandwidth re-
quirement may saturate the network and thus causes higher
packet loss rate. The packet loss rate of our protocol is much
lower than that of the F'A protocol because our QoS route
is more stable and our protocol can achieve higher route es-
tablishment probability.

4.2 Impact of Mobility

Fig. 4 and 6 show the route establishment probability in
the low and high mobility environments, respectively. As
the mobility becomes higher the route establishment proba-
bility of our protocol decreases, because in a high mobility
environment, the route is more likely to break before the
route reply packet sent to the source.

The packet loss rates in the low and high mobility en-
vironments are shown in Fig. 5 and 7, respectively. The
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Figure 7. Packet loss rate vs. mobility (50
hosts, 15 sessions, speed = 10 m/sec)

higher the mobility is, the higher the packet loss rate of our
protocol becomes because the link of a QoS route in a high
mobility enviroment is more likely to break and thus raises
the packet loss rate. Our protocol performs much better than
the F’' A protocol in terms of route establishment probability
and packet loss rate no matter the mobility is low or high.

5 Conclusions

In this paper, we have proposed an on-demand band-
width reservation QoS routing protocol for TDMA-based
multihop mobile ad hoc networks. We have pointed out two
important issues, the effective bandwidth calculation prob-
lem and the bandwidth reservation problem. As far as we
know, the two problems have not been addressed seriously
in the literature. Our QoS routing protocol contains two
phases: the route discovery phase and the bandwidth reser-
vation phase. In the route discovery phase, we adopt the
AODV or DSR-like on-demand routing protocol to discover
the feasible route and the min-max approach to choose the
route that is most likely to satisfy the QoS requirement. In
the bandwidth reservation phase, we proposed an algorithm
to evaluate the weight of each available time slot according
to how many neighboring hosts’ free time slots are blocked
by this time slot. The time slot with the lowest weight
will be reserved and thus leaves more free time slots for
other requests. Simulation results show that our protocol
can achieve high route establishment probability and low
packet loss rate.
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