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Abstract—Driven by advances in the signal processing and o I=
antenna technology, it has become possible for wireless nesl S =} @
to simultaneously transmit and receive a packet through sél Ve 53 P
interference cancellation using multiple antennas. Thiss known @/ @/ e \@
as a full-duplex communication. In this paper, we propose a MC ' R

protocol with immediate acknowledgement (ACK) for single- R R

channel full-duplex wireless networks. The proposed scheen
in a full-duplex communication can solve the hidden termina
problem by using the immediate ACK. That is, the proposed
scheme ensures that the transmission of a packet that is bejn
correctly received is continued, and prevents the transmision of this collision. During packet transmission, the sendeam c
of an already failed packet. To evaluate the performance of |isten for the collision notification and can then stop the
the proposed scheme, we carried out extensive simulationsi@ ,q4ing transmission. However, CSMA/CN suffers from the
subsequently showed that the proposed scheme Slgnlflcantlydisadvanta e that a packet that’is being correctly recaiaad
improves the network throughput. g P > g9 e y
be stopped because of the collision notification due to the

|. INTRODUCTION interference caused by packet transmission to anotheiwegce
- . . To overcome this disadvantage and to maximize the efficiency
In a traditional wireless network environment, all nodeg; full-duplex communication, we propose a MAC protocol
can simultaneously either transmit or receive a packett Tr}ﬁat uses immediate acknowledgement (ACK) and negative

is, a node cannot receive information transmitted from 'OthﬂCK (NACK): the former ensures the transmission of packet
nodes until its own packet transmission to another node t is correctly being received is continued, while théelat

.co.mpleted. .If. another packet is Irgceived at the .node wh Borts the transmission of the already failed packet.
it is transmitting a packet, a collision occurs. This onerwa

communication system is called a half-duplex communicatio 1. PROPOSEDMAC PROTOCOL WITHIMMEDIATE ACK

which is common in wireless networks. In this paper, we consider a single-channel full-duplex
With increasing advancement in the signal processing afiteless network that consists of a sender and receiver with
antenna technology, it has become possible for nodestf@ antennas each, and Fig. 1 shows an example of this
transmit and receive a packet simultaneously through selfetwork. Each node has two antennas for transmitting and
interference cancellation using multiple antennas. Tlsis rieceiving packets. The dashed lines in Fig. 1 denote the
called full-duplex communication. In particular, the dig wireless links between the nodes that can communicate with
channel full-duplex system driven by recent technologicghch other. To transmit a packet, a node performs carrier
developments uses Only one Channel, unlike eXiSting meth%nsing and a random backoff process, as is done in IEEE
that use more than two channels for transmission and recgp2.11. In order to fully exploit the advantage of full-deypl

tion. Therefore, the existing medium access control (MAGmmunication, we design a new MAC protocol using self-
protocols such as IEEE 802.11 are not efficient in singlgtterference cancellation.

channel full-duplex systems. Here, we design a new MAC )
protocol for single-channel full-duplex wireless netwerk A Self-Interference Cancellation

Many studies have been conducted on MAC protocols For a full-duplex communication, we assume that all the
for single-channel full-duplex systems. Chaiial. proposed nodes have more than two antennas and that they are ca-
antenna cancellation and digital interference canceliator pable of carrying out self-interference cancellation. Ble#-
the self-interference cancellation required for a fulpx interference cancellation technique that uses two angeina
communication [1]. Jairet al. presented a balun cancella-and RX) can receive another signal while transmitting agioth
tion method to reduce the number of antennas and extdmd subtracting the signal transmitted by TX antenna from
the bandwidth in full-duplex systems [2]. In [3], Sest the incoming signal on RX antenna. This becomes possible
al. proposed a carrier sense multiple access with collisid@iecause the signal transmitted by TX antenna located at a
notification (CSMAJ/CN) using self-interference cancediat very short distance is very strong, and such a strong signal
When a packet received in a wireless network collides witan be removed almost completely from the signal received
another packet, the receiver immediately notifies the sendy RX antenna [1], [2].

Fig. 1. An example of single-channel full-duplex wirelestwmorks.
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Fig. 2. Operation of the proposed scheme under the netwqldgy as
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shown in Fig. 1. In case of receiver, both transmission amepion are 005 01 015 02 025 03 035 04 045 05
presented. Transmission Probability

Fig. 3. Average throughput of proposed scheme, CSMA/CN48{ IEEE
802.11 with respect to transmission probability and frapss Iratio.

B. Detailed Procedure of Proposed Scheme

The main feature of the proposed scheme is that the ACK
or NACK is immediately transmitted to the sender as sod\B. For comparative verification, we compared the proposed
as the header of the transmitted packets is received or JAC protocol with CSMA/CN and IEEE 802.11. All nodes
transmission fails, respectively. An immediate ACK soltles Were uniformly distributed, and the network parameters are
hidden terminal problem, while an immediate NACK abortget to the values defined in the IEEE 802.11 standard.
the transmission of an already failed packet. The proceoure Fig. 3 shows the average throughput of the proposed scheme

the proposed scheme is as follows. with respect to the transmission probability, when the gam
1) Sender: loss rate in wireless channepd) is 0 and 0.15. As the
(S1) RX antenna is always in a listening state. transmission probability increases, the performancedhapi

(S2) If ACK is received from RX by transmission of othefCréases in the beginning and gradually converges. The pro
nodes, the sender sets a network allocation vectePSed scheme exhibits a significant performance improvemen
(NAV) for the time indicated in the ACK. as compared to the IEEE 802.11, and it also outper_forms

(S3) If NAV is zero and the channel is idle, the transmiseSMA/CN that uses full-duplex, because the transmission of
sion of DATA frame begins through TX antenna. 2 packet that is correctly being received is continued kenli

(S4) During packet transmission through RX antenna: what is done by CSMA/CN. In particular, as the frame loss

(S4-1) If ACK is received, the sender continues the ongoifgli© increases, the performance degradation of the pespos
transmission. scheme becomes smaller than CSMA/CN and IEEE 802.11,

(S4-2) If NACK is received or ACK is not received for ACK Pecause the proposed scheme can immediately cope with
timeout, the sender stops the ongoing transmissii@Me 10ss by using immediate NACK.
immediately and returns to the initial state for re- IV. CONCLUSION AND FUTURE WORK

transmitting failed packet. The main objective of the proposed scheme was to improve

2) Receiver: the network throughput by exploiting full-duplex wireless
(S1) RXantenna is always in a listening state. networks. To do so, we proposed a MAC protocol to solve
(S2) When the header of a DATA to be transmitted ighe hidden terminal problem by using immediate ACK, and

received from RX antenna: to abort the transmission of an already failed packet bygusin

(S2-1) If the desired recipient is the receiver itself, thgnmediate NACK. We could obtain a significant performance
receiver transmits its own ACK through TX antennamprovement as compared to CSMA/CN and IEEE 802.11.
and continues to receive DATA frame. For empirical verification, we intend to perform throughput

(S2-2) Otherwise, the receiver transmits the same ACK gfalysis and various experiments using the USRP platform.
the intended receiver would transmit through TX
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