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Abstract— Although Request-To-Send Clear-To-Send (RTS-CTS)
has been introduced as a uniform improvement over Carrier Sense
Multiple Access (CSMA) in a wireless LAN environment it is not.
As it tries to solve the hidden-stations problem of CSMA, it creates
new problems derived from the interaction among its control and
data packets. In this paper, we systematically identify and classify the
sequences of events where CSMA and RTS-CTS depart from an ideal
behavior, and we define a reference configuration and an analytical
model on the basis of which a comparative study of protocol
performance is made. The results show that RTS-CTS falls short of
an ideal protocol, in some cases performing even worse than CSMA.
This is especially noticeable in situations where the interaction
between control packets in RTS-CTS prevents transmissions that
under CSMA could occur concurrently and successfully.

I. I NTRODUCTION

In wireless LANs, irrespective of whether operating in ad-hoc
or infrastructure mode, the spatial structure of the network may
result in partial connectivity, where stations are unaware of activity
outside their direct neighborhood. In order to achieve an efficient
channel utilization, the choice of a good multiple access protocol
becomes essential. An ideal multiple access protocol for wireless
LANs should not prevent successful transmissions from taking
place nor should it allow collisions.

Currently, the two most common multiple-access protocols
used in wireless LANs are Carrier Sensing Multiple Access [1]
(CSMA) and Request-To-Send Clear-To-Send [2] (RTS-CTS),
both adopted for the IEEE 802.11 standard [3]. It is well-known
that CSMA falls short from an ideal protocol, because its operation
may both unnecessarily inhibit stations from transmitting in the
vicinity of a transmitting station (exposed-station problem) [4]
and allow the start of transmissions by a station that will either
destroy an ongoing reception by neighboring stations or become
destroyed themselves by an already ongoing transmission (hidden-
station problem) [5]. Although less widely noticed, the RTS-CTS
protocol falls short of an ideal protocol as well, as it inhibits even
more potentially successful transmissions than CSMA [6] while
still suffering from collisions due to hidden stations [7] — even
in the perfect situation of zero propagation delay and negligible
control information overhead.

In this paper, we study the departure of CSMA and RTS-
CTS from an ideal protocol. For this purpose, we systematically
identify and classify the sequences of transmission events where
CSMA and RTS-CTS deviate from the ideal behavior, and we
define a reference configuration and an analytical model on
the basis of which we make a comparative study of protocol

performance. The configuration considered consists of a wireless
LAN comprising two interfering cells and subject to several traffic
scenarios. The analytical model builds on the work of [8] and [9]
and, in contrast to most existing analytical work on RTS-CTS,
accurately describes the space and time dependencies between the
transmission activity at different stations in the network.

The paper is organized as follows. In Section II, we state the
operation of an ideal protocol and closely examine the shortcom-
ings of CSMA and RTS-CTS. Next, in Section III, we describe
our modelling approach and the underlying analytical model. In
Section IV, we discuss the network capacity for various traffic
scenarios under CSMA and RTS-CTS, point out the impact of
their weaknesses, and contrast their performance with that of the
ideal protocol. We conclude the paper in Section V.

II. SHORTCOMINGS OFCSMA AND RTS-CTS

An ideal protocol allows a station, that is not currently re-
ceiving or transmitting a packet, to transmit if and only if (i)
this transmission does not destroy any ongoing transmission,
and (ii) the destination of the new packet is able to receive it
free from interference from the ongoing transmissions. Such a
protocol is ideal in the sense that both it is collision-free and
allows any potentially successful transmissions to take place. This
protocol is introduced here mainly as a bench-mark; for a possible
implementation we refer to [6], [10].

A. CSMA

Under CSMA a station listens to the channel (carrier sensing)
before transmitting. A station defers a transmission if it senses the
channel busy, and transmits its packet only when the channel is
sensed idle.

CSMA suffers from the exposed-station problem, under which
possibly successful transmissions are inhibited. These are the
simultaneous transmissions by stations that can hear each other
and where each station wants to transmit to a destination out of
range of the other transmitters. An example of such a situation
is given in Fig. 1a, where the nodes represent stations, the edges
indicate hearing relationships between stations, and the arrows
imply packet transmissions. The example shows that while a
data packet transmission from stationB to A takes place, a
transmission from stationC to D cannot start, since stationC is
exposed to the former transmission. Notice that the ideal protocol
does not inhibit this successful transmission.



1 2

12

(a)

(c)

(b)

(d)

B CA D

B CA D

B CA D

B CA D

(e)

B CA D E2 3a

3b

1

3a

1

2
x

x
2

1

Fig. 1. Shortcomings of CSMA and RTS-CTS (the numbering of the arrows
indicates the order of the transmissions).

In addition, CSMA suffers from collisions due to the hidden-
station problem. This problem arises when stations that cannot
hear each other possess a common neighbor. CSMA allows those
stations to transmit simultaneously, which may lead to a collision
event at the neighboring station. Fig. 1b shows an example:
during the transmission from stationA to B, stationC, which
is hidden fromA, is allowed to initiate a transmission toD,
thereby destroying the packet that is being received at stationB. A
similar collision event occurs if the order of these transmissions
is reversed as in Fig. 1c: during the transmission from station
C to D, station A, which is hidden fromC, may start a new
transmission toB although stationB is not able to receive the
packet free from interference.

It becomes clear that CSMA falls short of the ideal protocol
since its operation both inhibits potentially successful transmis-
sions and allows packet collisions to take place.

B. RTS-CTS

The (RTS-CTS) protocol stems from the work of Karn [2]. It has
become especially well-known because of its adoption in the IEEE
802.11 standard [3]. Before a data-packet transmission can actu-
ally start, the protocol imposes a successful handshake between
sender and receiver by means of an exchange of control packets.
The sender broadcasts an RTS packet, containing in its control
fields both the intended destination of the ensuing data packet
and the amount of channel time required for its transmission. If
the RTS packet arrives successfully at the intended receiver, the
latter broadcasts a CTS packet, containing also the channel time
required for the new packet, to inform the sender of the RTS
of the acceptance of the transmission and to inhibit neighboring
stations from interfering during that period. Of course, a station
is only allowed to send an RTS packet if none of its neighbors
are transmitting and the station has not heard a CTS covering the
time instant when it wants to transmit.

The RTS-CTS protocol also deviates from the ideal protocol,
inhibiting potentially successful transmissions and allowing colli-
sions to occur. In addition to the exposed-station problem, arising
from the use of carrier sensing, there are other situations where
RTS-CTS prevents potentially successful transmissions to take
place. Regarding collisions, even though RTS-CTS was designed
to solve the hidden-station problem, there are still situations
where collisions due to hidden stations occur. Both situations are
illustrated below.

1) The gagged-station problem:The employment of control
packets inhibits successful transmissions that would be allowed
not only under the ideal protocol, but also under CSMA [6];
namely, transmissions in a situation where stations that are not
interfered by any ongoing transmission and that want to receive
a data packet from a neighbor are inhibited from sending a CTS,
because they previously heard a CTS sent by a station out of range
of their intended transmitter that covers the time of the desired
data-packet reception. Fig. 1d clarifies this situation: suppose that
during an ongoing transmission from stationA to B, stationD
wants to initiate a transmission toC. On hearingD’s RTS packet,
stationC is not allowed to reply with a CTS because of the CTS
previously heard fromB, although it is not exposed to any ongoing
transmission in its vicinity. We refer to this consequence of the
inhibitory nature of RTS-CTS as thegagged-station problem.

2) The masked-station problem:The RTS-CTS protocol solves
the hidden-station problem in some, but not all, situations, as under
RTS-CTS hidden stations can still interfere with neighboring
transmissions and cause data packets to collide. The reason for
these collisions is that a CTS sent by a station may not always
be heard by all its neighbors, since the latter might already be
interfered by an ongoing transmission in their vicinity, thus leading
to a hidden-station problem. This problem has only recently been
examined in [7], where it is known as themasked-node problem.

The masked-station problem only occurs in topologies with
five or more stations, an example of which is given in Fig. 1e.
Starting from a quiescent situation, suppose that stationD initiates
a transmission toE. A successful RTS-CTS exchange takes place,
the transmission starts, and stationC becomes blocked by the
RTS. During this data transfer, a new transmission fromA to B is
initiated. The corresponding RTS-CTS exchange is successful and
the transmission starts. However, stationC was not able to hear the
CTS broadcast byB because of the ongoing transmission byD,
and in this wayC does not become blocked by the transmission
from A to B: station C is now masked. As soon as stationD
completes its transmission, stationC becomes unblocked and two
types of collision events can take place: (i) stationC initiates
a transmission to either stationB or D, and this destroys the
ongoing transmission fromA to B by an RTS packet, or (ii) station
D sends an RTS packet to start a transmission toC, whereupon
a CTS reply byC destroys the the ongoing transmission fromA
to B. In the second case not only the data packet at stationB
is destroyed, butB is also unable to hear the CTS packet from
stationC, thus becoming itself masked. In this way neighboring
stations may become masked and give rise to long sequences of
data-packet collisions.

The shortcomings of RTS-CTS presented above make clear that
also this protocol is far from ideal as it inhibits transmissions that
could have been successful and still does not prevent data packets
from colliding.

III. A NALYTICAL FRAMEWORK

In this section we present the framework for the performance
comparison of the various protocols and the underlying analytical
model for the link throughput computation.



Assume a network topology is given on which to compare
the maximum throughput for different protocols. We study the
protocol performance by determining the network capacity under
a giventraffic pattern, i.e., by specifying the proportions between
the traffic volumes carried in the network links and then finding the
maximum throughput attainable under those restrictions. Further
assume the existence of an analytical model which gives the link
throughput as function of some vector~p of network operation
variables. The determination of the network capacity then involves
the solution of the non-linear optimization problem:

max
~p

S (1)

s.t. S =
S1(~p)
α1

= . . . =
SL(~p)
αL

,

whereL is the number of links in the network,Si, i = 1, . . . , L,
is the throughput over linki, and(α1, . . . , αL) = ~α is the traffic
pattern.

The analytical model used is based on earlier work on the
throughput computation for CSMA in multihop packet-radio
networks [8], later generalized in [9] to other multiple-access
protocols. We further extend this methodology to enable the
throughput computation for the RTS-CTS protocol. Our approach
contrasts with most other analytical network models for RTS-
CTS in the sense that instantaneous interference dependencies
between stations due to ongoing transmissions are taken into
account, whereas most other work integrates the consequences
of interference in an averaging fashion. Here, we shall not go
into all the modelling details, but resort to a concise description
containing the most relevant analytical ingredients.

A. General model

A network is described by a directed graph withN nodes,
corresponding to stations, interconnected by a set of (directed)
links describing the hearing relationships between nodes: ifn and
l are two nodes, link(n, l) belongs to the graph if nodel can hear
noden. In this situation, noden is called thesourceand nodel
the sink of the link.

Links with nonzero packet traffic are calledused links. Each
such link has associated with it an infinite supply of packets to
be sent from its source to its sink. Used links alternate between
two states:active or inactive. A link becomes active at the time
its source starts a transmission of a data packet (destined to its
sink), and inactive at the time a transmission is completed.

Each used linki has coupled with it a Poissonscheduling point
processwith rateλi > 0, at whose event times its source node will
apply the rules specified by the access protocol in order to try to
initiate a data-packet transmission over linki; at each such point in
time the node may beblocked(i.e., prevented) from transmitting,
or it may initiate a data-packet transmission that may itself be
successful or unsuccessful (i.e., collided with). The scheduling
processes associated with different links are independent. A data-
packet transmission over linki occupies a random amount of
channel time with an exponential distribution with mean1/µi,
µi > 0, where it is assumed that the durations of different

transmissions are independent1. Further assumptions are zero
propagation delays and zero turn-around times between receiver
and transmitter modes. It is also assumed that control packets have
a negligible duration, however their capability to cause collisions
is accounted for in the model.

With the above assumptions, a model can be constructed for a
discrete-state system evolving through discrete events regulated by
exponential clocks, thus giving rise to a continuous-time Markov
chain. The system state has to be chosen such that, at any time
instant t, it is possible to determine which links are allowed by
the protocol to start a transmission. The information to be kept
in the state is thus protocol-dependent. Denote a generic state by
D and let A(D) and U(D) be the set of links that are active
and the set of links that are not blocked, respectively, when the
system state isD. We then have that, in the interval(t, t+τ), link
i ∈ U(D) becomes active, and the system enters the corresponding
new state, with probabilityλiτ+o(τ), and linkj ∈ A(D) becomes
inactive, and the system enters the corresponding new state, with
probability µjτ + o(τ), independently of its history prior tot.

1) State description:The work in [9] considered protocols
where the knowledge about which links are active and which re-
ceivers are successfully receiving packets is sufficient to determine
whether a given inactive link can start a new transmission. CSMA
is a particular case of such protocols: for CSMA, the setX (t) of
the links active att is a sufficient state description, and given state
D we have thatA(D) = D, and thatU(D) is the set of inactive
links whose source nodes cannot hear any of the source nodes of
the links active in stateD.

For the present study, thatlink activation modelhas been
adapted to allow the study of RTS-CTS, for which more complex
state information is required: the state informationD now contains
(i) the set ofactive links, and (ii) for eachinactive link, the set
of active links whose CTSs the sink of the inactive link under
consideration successfully heard. In this way, the setU(D) of links
unblocked when the system is in stateD is given by the subset
of the inactive links whose sources or sinks do not possess any
currently transmitting neighbor nor have heard a CTS associated
with a currently active link. The setA(D) is simply the set of
links that are active in stateD.

2) State space and equilibrium distribution:The state spaceS
is defined as the set of all states that can be reached starting from
an inactive network by means of link activations and deactivations.
The state space does not have in general a simple characterization,
and has to be algorithmically determined, e.g., by means of a
Breadth-First Search [12, Sec. 7.3] applied to the directed graph
whose nodes are the states and whose arcs represent the possible
state transitions.

The equilibrium probabilitiesQ(D) are obtained in the usual
way, by balancing for each stateD ∈ S the rate of transitions
into and out of the state. Since the chain is finite and, by
construction, the state space is irreducible, the chain possesses
a unique stationary distribution. In general this distribution has to

1This model assumes the redrawing of packet lengths when retransmissions are
performed; it is somewhat similar to Kleinrock’s independence assumption for
point-to-point store-and-forward networks [11].



be computed numerically, but a product form solution is available
when the chain is reversible (see [9]). Reversibility of the chain
is linked to the existence of symmetry properties in link blocking,
which is the case with both CSMA and the ideal protocol.

3) Throughput equations:Define the throughputSi over link i
as the long-term fraction of time that linki is involved in
successful data-packet transmissions. It is shown in [9] that the
throughput can be expressed as a function of the transition rates
λi and the equilibrium probabilities,Q(D), of being in stateD,
as follows:

Si = λi

∑

D∈Us(i)

Q(D)T (D, i) , (2)

where Us(i) is the set of statesD ∈ S in which link i is
not blocked from becoming active. The termT (D, i) denotes
the expected duration of successful channel usage by a packet
sent over linki given that link i was activated from stateD,
i.e., it is the expectation of a random variable defined as the
packet transmission time, if the packet is successful, and as
zero, otherwise. In the case where a packet is always successful
(e.g., in collision-free protocols) this term is equal to1/µi. In
general, the termsT (D, i) are obtained from an auxiliary Markov
chain derived from the original chain, containing a “successful
termination” absorbing state and an “unsuccessful termination”
absorbing state, by determining the statistics of the time to
absorption in the “successful termination” state (see [9]).

The above modelling approach can in principle be applied
to any network topology. However, the throughput computation
becomes hard for large topologies as the size of the state space
grows exponentially in the number of used links.

IV. RESULTS

In this section, we present the network model and define the
set of traffic patterns used in the ensuing capacity analysis of the
protocols.

A. Network topology

We analyze the overall throughput performance in the two-cell
wireless LAN depicted in Fig. 2. Each cell has an access point:
the one on the left comprises also a single mobile station, whereas
the one on the right comprises two mobile stations. The mobile
station in the left cell can hear—and hence interfere—with one
of the mobile stations in the right cell. This topology, on the one
hand, models a realistic situation and, on the other hand, strikes
a good balance between analytical complexity and the exhibition
of the several types of shortcomings of CSMA and RTS-CTS.

The arrows in the figure represent used links. The odd and even
numbered links correspond to downlinks (from access point to
mobile station) and uplinks (from mobile station to access point),
respectively. This numbering of used links is followed throughout
the remainder of the paper.

B. Traffic pattern and network capacity

The performance measure of interest is the maximum amount
of throughput, or capacity, in the network subject to a given traffic
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Fig. 2. The two-cell wireless LAN topology.

pattern. We define the system throughput as the average utilization
of the two cells as follows:

S =
1
2

(S1 + S2 + S3 + S4 + S5 + S6) , (3)

where we note thatS1+S2 ≤ 1 andS3+S4+S5+S6 ≤ 1. In order
to study the protocol behavior under various traffic scenarios, we
introduce two parameters for each pair of used links. Define for
each link pair(2i− 1, 2i), i = 1, 2, 3, the fraction of the overall
throughput pertaining to that link pair:

γi =
S2i−1 + S2i

S1 + S2 + S3 + S4 + S5 + S6
, i = 1, 2, 3 . (4)

In addition, let thedownlink ratio of link pair (2i − 1, 2i), i =
1, 2, 3, be defined as the fraction of its throughput corresponding
to the downlink direction:

δi =
S2i−1

S2i−1 + S2i
, i = 1, 2, 3 . (5)

The traffic pattern~α is expressed as a function ofγi andδi:

~α = 2 (δ1γ1, (1− δ1)γ1, δ2γ2, (1− δ2)γ2, δ3γ3, (1− δ3)γ3) .
(6)

Capacity results are obtained by solving the Lagrange multiplier
formulation (see, e.g., [13, Sec. 10]) of the throughput maximiza-
tion problem (1) subject to the traffic pattern constraints (6). In the
case of collision-free situations with protocols leading to reversible
Markov chains, simple expressions are available for the capacity.
In the remaining cases, numerical computation has to be resorted
to.

C. Configuration I: Network capacity in scenarios without masked
stations

In this first configuration, links 5 and 6 do not carry traffic
(γ3 = 0). Exploiting the reversibility of the Markov chain and the
absence of collisions it becomes possible to obtain a closed-form
expression for the capacity of the ideal protocol as a function of
γ1, γ2, δ1 andδ2:

Smax =
1
2
· 1
max{δ1γ1, δ2γ2}+ max{(1− δ1)γ1, (1− δ2)γ2} .

(7)
In addition, it is readily seen that the RTS-CTS protocol has a

capacity equal to0.5 independently ofγ1, γ2, δ1 and δ2. This is
because with RTS-CTS only one of the four links 1, 2, 3, and 4,
can be active at any given time: the gagged-station problem pre-
vents two simultaneous downlinks; the exposed-station problem
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Fig. 3. Network capacity in the case of identical cells (δ1 = δ2; γ1 = γ2 = 0.5).

prevents two uplinks; and the desirable RTS-CTS effect prevents
the coexistence of a downlink and an uplink transmission.

In contrast, the presence of collisions in CSMA leads to a
complicated expression for its capacity, and only numerical results
will be given.

1) Equal cell downlink ratios:First we consider a scenario of
equal downlink ratios (δ1 = δ2 = δ) and equal traffic (γ1 = γ2 =
0.5) at both used link pairs. The results for the network capacity
are presented in Fig. 3 as a function ofδ.

The ideal protocol attains a capacity of one independently of
δ since it leads to a mode of operation where at any time either
both uplinks or both downlinks are active simultaneously without
idle channel time. As previously discussed, the RTS-CTS protocol
has a constant capacity of0.5. As for the CSMA protocol, if
there is only uplink traffic (δ = 0) only one of the links can
be active at any given time (exposed-station problem) leading to
a capacity of0.5. As the fraction of downlink traffic increases,
the capacity initially decreases, though slightly, because of the
increasing number of collisions due to hidden stations. But, as
the fraction of downlink traffic draws closer to one, an increasing
degree of concurrency between downlink transmissions and a
decreasing number of collisions is obtained, and the capacity
approaches one.

In short, the performance of RTS-CTS and CSMA is similar for
low downlink ratios (δ < 0.5), and significantly below that of the
ideal protocol, whereas CSMA performs much better than RTS-
CTS for high downlink ratios (δ > 0.6), mostly because RTS-CTS
suffers from the gagged-station problem.

2) Unequal cell downlink ratios:In this scenario we assume
the downlink ratioδ2 fixed at 0.5. The capacity is plotted as
a function of δ1 in Fig. 4. The scenario models the effect on
the network capacity of having different applications (with their
specific traffic requirements) running in neighboring cells.

The capacity of the ideal protocol becomes in this case

Smax =
1

1 + |δ1 − δ2| . (8)

Note that the capacity reaches one only if the downlink ratios
match in both cells: if they do not, the restriction of having
different throughputs in the downlinks, together with the fact that
one downlink and one uplink cannot occur simultaneously, forces
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Fig. 4. Network capacity in the case of unequal downlink ratios (δ2 = 0.5;
γ1 = γ2 = 0.5).

the downlink with the lower desired throughput to be inactive
in part of the time when the other downlink is active, with a
similar argument applying to the uplinks. The capacity of RTS-
CTS remains at 0.5 as discussed before, whereas the capacity of
CSMA exhibits a behavior similar to that of the ideal protocol but
penalized by both exposed- and hidden-station problems.

D. Configuration II: Network capacity in scenarios with masked
stations

We take now the traffic on links 5 and 6 to be nonzero (γ3 >
0). The capacity of RTS-CTS is no longer amenable to a simple
expression, and only numerical results are presented.

1) Only downlink traffic: The first situation assumes only
downlink traffic, that is, only links1, 3 and5 are used. Under RTS-
CTS, this scenario is prone to both gagged- and masked-station
problems, but no exposed-station problems. Figure 5 shows the
capacity as function of the traffic splitγ2/(γ2+γ3) between links3
and5 for equal traffic amounts in each cell(γ1 = γ2 +γ3 = 0.5).
As expected, both the ideal protocol and CSMA have a capacity
of one, as these protocols allow simultaneous transmissions over
link 1 and over either link3 or link 5.

The capacity of RTS-CTS is also one when there is only
traffic over link 5, since links 1 and 5 are completely decoupled.
However, a transmission starting over link 1 while link 5 is active
masks station MS2. Therefore, as the fraction of traffic over link
3 starts increasing, the CTSs sent by the masked station MS2
destroy the packets of link 1, justifying the sharp decrease in
capacity witnessed in the figure. At the extreme case of no traffic
over link 5(γ2/(γ2+γ3) = 1), the capacity is limited at 0.5 by the
gagged-station problem only. The fact that the capacity of RTS-
CTS gets below 0.5 for a traffic splitγ2/(γ2 + γ3) between 0.45
and 1 is a clear indication of collisions due to the masked-station
problem.

2) Both downlink and uplink traffic:Next, we examine a
scenario with both downlink and uplink traffic, with the traffic
fractions in each link pair given byγ1 = 1/2, γ2 = 1/8 and
γ3 = 3/8, and we study the network capacity as function of
the downlink ratioδ1 for fixed values ofδ2. The capacity of the
protocols considered does not depend onδ3, since links 5 and 6 are
indistinguishable both from the point of view of their interference
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with links 1 and 2, and their blocking and masking of station
MS2.

Figure 6 shows, for each of the protocols, capacity curves
corresponding to the extreme cases of no downlink and no uplink
traffic between AP2 and MS2 (δ2 = 0 and δ2 = 1, respectively).
Take the case of the ideal protocol withδ2 = 1. Analysis yields
the capacity asSmax = 1/ max{1, 5/4 − δ1}. This equation is
easily interpreted: the fractions of time that link 2 and 3 are
successfully active areS(1− δ1) andS/4, respectively, and since
their activation is mutually exclusive, it follows thatS(1−δ1+1/4)
is less than or equal to one. A symmetry argument shows that
the capacity forδ2 = 0 is obtained by replacing in the above
expressionδ1 with (1− δ1).

Under RTS-CTS and forδ1 = 0, there are no masked stations.
Moreover, the capacity is insensitive to the downlink ratioδ2.
This is because we just have link 2 transmissions in the left-hand
cell and these transmissions cannot occur simultaneously with
transmissions on either link 3 (desired control-packet exchange
effect) or 4 (exposed-station problem). As the downlink ratioδ1

increases we start having masked stations, bringing the capacity
down. For δ2 = 0 no gagged stations exist; their presence for
δ2 > 0 accounts for the decrease in capacity witnessed in the
figure.

Under CSMA and forδ2 = 1 there are no exposed stations.

If δ1 is close to zero, there is a strong hidden-stations effect in
which the transmissions over link 2 destroy the transmissions over
link 3. As traffic over link 1 prevails over traffic over link 2 there
is a decrease in the hidden-stations problem and an increase in
concurrency over links 1 and 3, with capacity reaching one for
δ1 = 1. The capacity curve shows an opposite behavior as a
function of δ1 for δ2 fixed at 0. When δ1 = 0, the capacity is
limited by exposed-station effects between links 2 and 4. As we
trade traffic over link 2 with traffic over link 1 (δ1 increases) we
are trading exposed stations with hidden stations, with a nefarious
impact on the capacity.

V. CONCLUSIONS

The RTS-CTS protocol was originally introduced to solve the
hidden-stations problem not dealt with by the CSMA protocol. For
this purpose, every data packet transmission must be preceded by
an exchange of control packets. A close analysis of the RTS-
CTS protocol reveals that this exchange not only does it not
completely solve the hidden stations problem—there are still
remaining collisions due to masked stations—but it introduces
a different kind of problem—the gagged stations problem—not
present in CSMA.

In this work, we scrutinized the shortcomings of both RTS-CTS
and CSMA, and studied their influence on performance against
the background of an ideal protocol. The analytical model used
accurately represents the time and space dependencies induced by
the access protocols. Results were presented for the capacity in
an environment of two interfering wireless LAN cells, showing
that the protocol limitations identified have a significant influence
on their capacity as revealed by a comparison with an ideal
protocol. In addition, even neglecting the higher overhead of RTS-
CTS over CSMA, the former can perform worse than the latter,
mostly in situations where CSMA allows successful concurrency
of transmissions that are impaired by the gagged-station problem
of RTS-CTS.
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