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Abstract

Contention-based multiple access is a crucial component in many wireless systems. It is known
that using interference cancellation techniques to receive and decode multiple packets that ar-
rive simultaneously can improve the efficiency of multiple access. However, such multi-packet
reception (MPR) schemes proposed in the literature require complex receivers capable of per-
forming advanced signal processing over significant amounts of soft undecodable information
received over multiple contention steps. In this paper, we show that local channel knowledge
and elementary received signal strength measurements, which are made by many receivers to-
day, can actively facilitate multipacket reception and even simple algorithm called Turbo-Dual
Power Multiple Access (Turbo-DPMA) that uses local channel knowledge to limit the receive
power levels to two discrete values that are carefully chosen to facilitate successive interference
cancellation. As we shall see, limiting the receive power in such a manner not only facilitates the
simultaneous reception of up to two packets, but it also enables the receiver to derive additional
useful information about the contending users from its received signal strength indicator. The re-
sulting receiver structure is markedly simpler, as it needs to process only the immediate received
signal, without having to store and process signals received previously. Even more remarkably,
the Turbo-DPMA is stable for packet arrival rates as high as 0.793 packets/slot, which is better
than all the contention algorithms known to date.
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Abstract—Contention-based multiple access is a crucial compo- separation was achieved in [6] using a rotational invariance
nent in many wireless systems. Itis known that using interference technique. In Network-assisted Diversity Multiple Access
cancellation techniques to receive and decode multiple packets(NDMA) [7], when k packets collide in a time slot, the

that arrive simultaneously can improve the efficiency of multiple twork kes the t itt t t it her 1
access. However, such multi-packet reception (MPR) schemesr?e WOrk maxes tne transmitlers 1o retransmit anomer

proposed in the literature require complex receivers capable of times. So long as the channel ghanges Sl_Jfﬁ(_?ient'y from one
performing advanced signal processing over significant amounts slot to another, thesé consecutive transmissions allow the

of soft undecodable information received over multiple contention receiver to invert the channel matrix and recoverkatollided
steps. In this paper, we show that local channel knowledge and 5 ckets. However, such channel variation can be difficult

elementary received signal strength measurements, which aret in | D | . A b th
made by many receivers today, can actively facilitate multi- 0 éensuré In low Doppléer regimes. AS can be seen, these

packet reception and even simplify the interference canceling @lgorithms also require receivers that can store and process
receiver’s design. We introduce a simple algorithm called Turbo- significant amounts of soft information about signals received
Dual Power Multiple Access (Turbo-DPMA) that uses local qver multiple transmissions.
channel knowledge to limit the receive power levels to two A more direct MPR approach uses successive interference
discrete values that are carefully chosen to facilitate successive . . .
interference cancellation. As we shall see, limiting the receive cancellation (SIC) to improve the throughput Of_ multiple ac-
power in such a manner not only facilitates the simultaneous Ce€sS [8]. In SIC, a successfully decoded packet is remodulated
reception of up to two packets, but it also enables the receiver and removed from the received signal in order to better decode
to derive additional useful information about the contending other packets that are received over the same channel at
users from its received signal strength indicator. The resulting the same time [9]. For example, the SIC Tree Algorithm
receiver structure is markedly simpler, as it needs to process . !
only the immediate received signal, without having to store and (SIC_TA) [8_] stores soft information _about the undecodable
process signals received previously. Even more remarkably, the received signal whenever the receiver detects the presence
Turbo-DPMA is stable for packet arrival rates as high as 0.793 of a message but cannot decode it successfully. This soft
packets/slot, which is better than all the contention algorithms jnformation is combined with subsequent received signals to
known to date. improve the chances of decoding all the signals received thus
|. INTRODUCTION far. When the receiver does eventually decode a packet, it
eantracts its contribution from all previously stored received
nals, and thereafter attempts to again decode them. The
ICTA protocol is stable for arrival rates up €693 pack-

Multiple access (MA) of nodes contending for a shar
medium such as a wireless channel is a fundamental probl

in wireless communications [1], [2]. The first, and best knowrT,

contention-based algorithm is the ALOHA protocol, in whicf?tS/SIOt' This is_substantially bgtter thar_1 the First-come-first-

the nodes transmit packets independently. In ALOHA, tRerve (FCFES) blnary_ tree algorithm, which becomes unstable

transmission is successful if no packet collisions occur, i. _1hen the packe_t arrival rate excee@ids7 packets/slot [10].’

if only one packet is received by the destination at any tim :.Ll]' Hoyvever, like all otr_\er MPR. schemes, SIC.:TA requires
Multiple access algorithms that use Multiple Packet Rébe receiver to store soft information of the_ recelve'd 5|gnal of

ception (MPR), in which multiple packets — from single oF‘” previously undecodable messages. This also implies that

multiple transmission attempts — are received and successfdl ”%dic?g sucgessivelyl thz polssibl):j rr|1any packets that have
separated by the receiver, are provably more efficient th&fced over time can eac to ong delays.

ALOHA [3]-[5]. However, MPR often requires receivers that . Another important consideration is the feedback message
are capable of advanced signal processing. For exampﬁ@,e' While “idle (0)", Success (1), and “collision (&)

by means of a polynomial phase-modulating sequence, {h§SSagdes are fed back in most protocols, the set of messages

cyclostationarity of different received packets was used SICTA includes “0”, "¢, and, in addition, the number of

color-code packets from multiple transmissions [4]. Signg@ckets that were finally resolved in the previous time slot.
This number can be arbitrary large, and requires allocation of

t A. F. Molisch is also at Lund University, Sweden. more bits for feedback signaling.



In this paper, we propose a new and simple multiple accdassa time-slotted manner; it is assumed that all packets have
paradigm that usekcal channel state information (CSgt the same size. Without loss of generality (wlog), the duration
the transmitter to control the power received at the destinatioh a slot is set to unity. The channel power gain between
from each node (or, equivalently, the node’s transmit powedransmitting nodeé and the message sink is denotedhyand
so as to actively facilitate MPR. This local CSI can bé assumed to be known at the transmitter. This assumption
easily obtained using channel reciprocity in time divisiors similar to the one made in channel-aware ALOHA [13],
duplex systems [2], and has been exploited in other multigl€7]. To facilitate analysis, we assume a Poisson packet arrival
access schemes [12]-[14]. While the receiver still uses Si@pcess with a mean arrival rate (over all users)\ofWe
a key advantage is that it does not need to store signalso make the standard assumption that each new packet is
from previous transmissions, which significantly reduces itenerated at a unique node [8], [10], [11].
memory and processing requirements. Instead, the receiveket P; denote the power received from node(We shall
effectively utilizes elementary information about the totahenceforth call it ‘receive power’). The sink can decode the
received signal strength/power (RSSl)a capability that is packet from nodei successfully if its received signal to
present in many commercial receivers already [15], [16]. Asterference and noise ratio (SINR) exceeds a threshold:
we show, not only is this paradigm more efficient than the P,
best multiple access schemes known to date, but its receiver m
is also significantly simpler than the advanced ones required J# I
by other MPR algorithms. where o2 is the noise power ang > 1 is a threshold that

In particular, we propose the Turbo Dual Power Multiplglepends on the modulation and coding used for the packet
Access (Turbo-DPMA) algorithm in which the nodes transmitansmission [18]. Thus, a packet can be decoded successfully
such that their receive power takes on one of two power levedsien when two or more users transmit simultaneously.

The key lies in setting the two power levels carefully so as to Consider now the specific case where every ngdehich
enable MPR using SIC at the receiver. As mentioned, DPMAas local CSI, adjusts its transmit power so that its receive
does not requirghe receiver to store soft information of anypower, P;, is eitherqy or ¢, (wlog, let ¢: > go). When two
undecodable signals over time — MPR is achieved Simpﬂy)des each transmit a packet, one with receive p@tyand

by the use of successive interference cancellation of packatther withg,, both packets can be decoded successfully
receivedin the same time sloUsing four possible feedbackusing SIC if
messages, Turbo-DPMA is stable for arrival rates up.®3

packets/slot. This is better than all algorithms proposed in the
literature to date.

As mentioned, the use of local CSI to improve multiplé checksum field in the packet will enable the receiver to
access has been looked into previously. For example, dgtermine whether it has successfully decoded the packet or
channel-aware ALOHA [12], each user transmits only if it§Ot.
channel gain exceeds a system-determined threshold. Thahe power level settings in (2) can be generalized to handle
Opportunistic ALOHA (O-ALOHA) protocol [13] sets the simultaneous transmissions by more than two users. Note that
probability of transmission as a function of local channdl® packet can be decoded successfully if more than one user’s
knowledge. In [14], the time required for identifying the/©CEIVE POWET Ig;. However, if only one user’s receive power
user with the highest priority through multiple access wds ¢1. and if the power levels are set as follows:
substantially reduced by ensuring that the receive power levels & 2_ _ = 2y _ -
were discrete. However, a key difference is that all the above o =07 and ¢ =7(ag +07) =qlay+1), ()
algorithms assumesingle packet receptigrin which at most then the packet with receive power can be decoded so long
one packet is successfully decoded at any time and no packetthere are at most users with receive power af. The
is decoded when multiple nodes transmit simultaneously. Parameter is called theadversary order The assignment of
the best of our knowledge, DPMA is the first algorithm to useeceive power levels to nodes is determined as per the Turbo-
local CSI and RSSI to actively facilitate MPR and simplifyfDPMA algorithm, which is developed in the next section.
receiver design. In this paper, we restrict ourselves to using only two power

The remainder of the paper is organized as follows. The syevels, as this arrangement allows the feedback messages to
tem model is described in Sec. II. The Turbo-DPMA algorithrbe just 2 bits long. This enables a fair comparison with
and its analysis are presented in Sec. Ill. Section IV describegsting protocols that also require 2-bit (0/1/e) feedback.

> 7, @)

q1
qo + o2

>5 and L >4, )
g

simulations results. Our conclusions follow in Sec. V. As we shall see, even the use of two power levels leads to
substantial gains. Furthermore, modern wireless transmitters
Il. SysTEM MODEL and receivers can easily support the dynamic range required

We consider a wireless network consisting of a number bf/ the two power levels so long as the adversary ouadsrnot
packet-generating nodes that need to transmit packets textéraordinarily large. For example, the mobile station transmit
message sink. The packets of each node are assumed to apoveer dynamic range is 35 dB in GSM systems [19] and 74 dB
at unique times. The packets are transmitted from the nodesthird generation WCDMA systems [15]. Thus, even after



accounting for variations in signal strength due to fading, a2) q¢ + 02 < RRP< q; + ¢2: This implies that a packet

20 dB difference betweef, andg¢; can be easily supported. with a receive power ofy, if present, was decoded
For example, form < 5 and¥y = 10, gy and¢; are separated successfully, and at least two packets had a receive
by at most 17 dB. power of go and could not be decoded. The receiver

therefore feeds back Resolved-High (RHjnessage.

_ o 3) RRPe {mq; + 02 : m > 2,m € Z}: This implies that
For the case of the two receive power levels specified in (3),  no packet is received at/negy, and the receiver cannot
an SIC receiver that processes only the signal received in the  resolve the packets received at power The receiver

A. Relevant SIC Receiver Properties

current time slot exhibits the following properties: therefore feeds back Resolved-Low (RLjnessage.
« If only two packets are received, one with powgrand 4) RRP>q; +0? and RRP¢ {mq; +0%:m € Z}:
the other with poweg;, then both can be decoded. This implies that at least one message was received
« If only one packet is received with poweg, then it can with power ¢; and the receiver could not decode any
be decoded. of the messages. The receiver therefore feeds back a
« If one packet is received with powey, then it can be Resolved-None (RNhessagé.

decoded so long as no other packet is received with powerrhese four messages are sent instead of the traditional 0/1/e

q1 and the number of packets with receive powgroes message set; both message sets require 2 bits of feedback.
not exceed the adversary order

« Otherwise, none of the received packets can be decodBd.Queueing, Gating and Contention Resolution Interval
B. Benefit of Received Signal Strength Information (RSSI) When anew packet anves, the system may be in the process
_ - ] 7 of resolving the contention due to previously transmitted
The total receive power, specified by the received signghckets. In this case, the new packet is stored in its local queue
strength information (RSSI) at the receiver, is the summatigfith its arrival time stamp, and it awaits the completion of the
of the receive power of each received packet in a time Sl@yrrent contention process. Consider the time slot in which the
Since the receive power of each packet takes only two valug§siem clears thék — 1)-th contention. Thek-th contention
g0 andq;, the receiver can extract useful side information froffago|ution interval (CRI) begins at this time. Ligt denote the
RSSI regarding the number of packets received at each of figmber of time slots with unresolved packets at this time.
two power levels. We will use this side information in the The system uses a time-limited gated access strategy [11],
development of the Turbo-DPMA algorithm. - ~ which allows packets in anaximuminterval of ¢, time slots
We also define a quantity called the tResidual Receive t enter thek-th CRI. That is, ifby, is smaller thart, then all
Power (RRP)which can be derived from the RSSI after thnresolved packets (in the queue) participate initith CRI.
receiver successively performs SIC. RRP is defined as i@¢nerwise, only the packets with time stamps in the figst
power of the received signal that remains after all decodalige siots participate in the-th CRI. The other packets remain
messages have been cancelled from it. For example, if {éthe queue until a future CRI. Adopting the terminology of
receiver gets two packets, one at powgrand the other at the part-and-try algorithm [11], we refer tg as theinitial
power go, the RRP is on the order of the noise powef, tried interval Such a gating mechanism is well suited for a
as both packets will be successively decoded and canceliggitiple packet reception protocol such as ours; the parameter
from the received signal. Consider another case in whigh ;|| play an important role in optimizing the protocol’s
the receiver gets three packets, one at powerand tWo performance.
at powerqg, for a > 2. Then, it decodes the packet @t
successfully, and it fails to decode the remaining two packées Formal Definition of Turbo-DPMA Algorithm
at qo. Therefore, the RRP is noRg, + 2. Finally, when no  We first provide a formal definition of the Turbo-DPMA al-
packet is received, the RRP is on the ordewof gorithm and then explain the reasoning behind it. An example
. TURBO-DPMA is also proyided to iIIust_rate its vari_ous po_ssible steps. _
To specify the algorithm, we first define the following
A. Feedback Messages of Turbo-DPMA terminology. LetX = [min, Tmax) denote a contiguous time
As mentioned, the possible values of RRP shed usefoterval. Let U be a stack of unresolved contiguous time
light on the contention process. The following four scenaridstervals. The operatiod/.push(X) pushes the intervalX
provide a complete characterization of all the possible RRP

values and the information that can be derived from it and fec Another possibility that can lead to RRPmgy + o2, m € Z, is when
af leasta”y + 1 packets are received at powgs. However, as we shall see

back by the receiver: later, for typical SINR threshold values suchas= 10 dB, the probability
1) 0 < RRP< qg + o2: This implies that all transmitted of this happening is in the order @b ~10 and is negligibly small. This event

. . causes one of the nodes to stop contending in the current CRI. However, the
packets, if any, have been resolVedihe receiver there- impact of this is marginal as the node joins the next CRI by resetting its

fore feeds back &esolved-All (RAjnessage. packet's arrival time stamp to a uniformly chosen random value in the next
CRI interval.
1The upper limit is set tag + o2 to enable the readers to readily see how 3Since the noise power is a random variable, in practice, the RN message
the four cases are separated. In practice, a better upper limit would be atzhauld be fed back when the RRP values are wittiiror so of the specified
q0/2. discrete valuesng, + 02, m € Z.



into the stack. The operatioll.pop returns the interval that
last entered in the stack, and also eliminates it from the
stack. We define the functiond (X) and L(X) to split the
interval X into two equal-sized ‘higher’ and ‘lower’ intervals,
respectively, as followsH (X) = [(zmin + Tmaz)/2, Tmaz)

and L(X) = [zmin; (Imin + Imar)/2)

Let 7 denote the current time slot number, asiddenote
the latest time stamp that was included in a CRI. At system
initialization, we setr = 1 andd = 0, so that the packets with
arrival time stamps if0, 1) have not entered any CRI.

At the beginning of each CRI, the algorithm computes the
number of backlogged time slots= 7 — d. As per the gating
mechanism, the algorithm set§ = {[d,d + min(b,ty)}, SO
that all packets that arrived within a interval, over a duration
of at mostt, slots, participate in the CRI. Thereafter, we
updated to d 4+ min(b,ty). At each time step of the CRI,
all the transmitting nodes and the receiver (sink) implement®
the Turbo-DPMA algorithm as follows. (Which part of the
algorithm is implemented by whom is clear from context.)

o Transmission rulelet W = U.pop. Every node with a
packet arrival time stamp in the intervBl(W) transmits

St [ 1T [ 2 [ 3[4 576 ]
a ABC| A | - | B [DE| D
% DE |BC| A | c| - | E
[Feedback] RN | RN | RA | RA | RL | RA |

TABLE |
THE DYNAMIC OF DPMA, WHEN a = 1.

the nodes with packets i (17), transmit with receive
powers of either or ¢q; as per the Transmission Rule.

« A feedback of RL implies that at least two packets were

received at powey;, and none aty, (which means that
no more unresolved packets remainZi(i¥')). Hence, in
the next slot, two receive power levels will be assigned
to packets that are currently received at power

Finally, a feedback ofRN implies that packets were
received at both powerg, and g;. PushingL(WW) and
then H (W) leads in subsequent time slots to the packets
in H(W) being resolved first followed by packets in
L(W).

so that its receive power ig;, and every node with a g |jystrative Example

packet arrival time stamp il.(W) transmits so that its
receive power isy.

We now demonstrate how the algorithm works by means

« Feedback generationThe receiver determines its feed-Of an example, the parameters of which are artificially chosen

back as per Sec. Ill-A, and broadcasts it to all nodes.
« Response to feedback:

1) If feedback= RA and W = (), then continue.

2) If W = 0 and feedback= RA, then terminate
current CRI.

If feedback= RH, thenU.push(L(W)).

If feedback= RL, U.push(H(W)).

If feedback= RN, thenU.push(L(W)) followed
by U.push(H(W)).

3)
4)
5)

to exercise the many scenarios defined in the algorithm. In
Table I, we consider a specific scenario consisting of 5 nodes
contending in a CRI, and an adversary ordese= 1. Wlog,
assume that their time stamps initially lie betwe@mnd 1.

The arrival time stamps of these nodes, labeledB, C, D,

and E, are set a$.2, 0.3, 0.4, 0.55, 0.6 respectively.

In the first slot, packets from nodes with time stamps that
lie in the range[0,0.5), namely, A, B and C, arrive with
receive powely;. And, packets from remaining nodes whose
time stamps lig0.5, 1), namely,D and E, arrive with receive

« At the end qf a CRI:The.cur.rent timer is updateq t0 power ¢o. This results in an RRP diq, + 2qo -+ o2, which
be the next time slot (which is also the slot in which thes |arger thang,. Thus, the receiver feeds back tResolved-

next CRI begins).

D. Explanation

None (RN)message to all nodes.
In slot 2, only the high power nodes of slot 1 transmit. Now
A has a receive power af; (its time stamp lies irf0, 0.25)),

Turbo-DPMA is basically a splitting algorithm. Once packand B andC' have a receive power af, (their time stamps lie

ets collide in a slot, the algorithm splits the arrival time spagg [0.25,0.5)). Sincea = 1, A cannot be decoded successfully
in half, and makes nodes that lie in the two halves of thg this slot, and the receiver feeds back RN again.

Space to transmit and resolve each other in different time SlOtS]n slot 3, on|y one node — the h|gh power nodeof slot

Specifically,

2 — transmits as only its time stamp lies[in125,0.25). It is

« A feedback of RA implies that every packet that waseceived at powet,. The receiver can now decodgs packet
transmitted has been successfully resolved. Therefore, successfully, the RRP is less thap and the receiver feeds
packets remain in the intervdl” being handled in the back Resolved-All (RA)In slot 4, both the low power nodes
current slot. Hence, the algorithm proceeds to resoled slot 2, B and C, end up getting resolved simultaneously
packets in the arrival time intervals remaining in the stacks they are received at powers and qq, respectively. (Their
In the event that the stack is empty, the resolution of dilme stamps lie if0.25,0.375) and[0.375, 0.5), respectively).
packets in the current CRI has been completed, and thke RRP is again less thag, and another RA is fed back.

next CRI begins.

In slot 5, the low power nodes of slot 1D(and F)

« A feedback of RH implies that at least two packets werteansmit such that their receive powergis(time stamps lie in
received at powery (and all the packets that arrived[0.5,0.625)), and no packet gets decoded. As the RRP does not
H(W) have been resolved). Hence, in the next slobave anyg, component, the receiver feeds baclRasolved-



Low (RL)message. (From this information one can infer that

the remaining nodes are iH(W).) B o

0.8 1,=250,1=0.793 3<a<d g
<a<

Finally, in slot 6,D and FE transmit and both their packets
are decoded successfully resulting in the RA feedback mes- 7 N
sage. This also leads & = (), which terminates this CRI. In A
the next slot, a new CRI then commences to handle packets
in the queue, up to a maximum interval f time slots.

t,=2.42,A=0.782

Maximum stable value of A
o
3
3

F. Analysis =297, =073
In this section we briefly outline the throughput analysis and O
give the final results; a more detailed derivation is in [20]. N
We first consider the expected number of sldts, required Pt sz m e

to resolve a simultaneous transmission /bynodes. Clearly,
when only zero or one packet is received in a slot, it takeésy. 1. The boundary of the stability region of Turbo-DPMA for different
exactly one slot to resolve the packet. Thiig, = L; = 1. Vvalues ofa. Also shown for each line are the optimal valuesoéndto.
When two packets are received in a slot, the system needs one

slot for transmitting with the current power level, and possibly 10
(depending on the RRP) additional slots to resolve collisions.
Taking into account all possible receive power combinations,
it can be shown that

L2:1+212<<§>L2+<;)L2>, 4)

which, when solved, give&, = 2.
Similarly, if n > 3 packets are transmitted, the duration for
packet resolution can be shown to be

2" —npl(a>n—1)+ 37"} (M) (Ly—i + L) :
n (5) 10° . . . . . . . )
2n — 2 0 01 02 03 04 05 06 07 08
. . . . Packet Arriave Rate (\)
For a Poisson packet arrival process with mean arrival rate
A, and a time interval of slots is included in a CRI, the
expected number of slots required to resolve a CRI is

Average Delay
[
o>-
T

L, =

Fig. 2. Average delay of Turbo-DPMA algorithm as a function)of

0 M) re— A
ROM) =) %Ln- (6)  The termAt, denotes the expected numbers of packets in
n=0 ’ the CRI when the maximum initial tried intervgl is used.
The following Lemma characterizes the stability region of For a givena, we can numerically evaluate the stability
the multiple access protocol. region of the DPMA algorithm in terms af, and A. Figure 1

- . shows the maximum arrival rate as a functioripfor different
_!_er_nma 1: The necessary and sufficient condition for S&alues of adversary order. As increases, we see that the
bility is A maximum stable value of also increases as expected, from
R(Ago), (7) 0.743whenl < a < 2,100.782 when2 < a < 3, 0.791 when
3 <a<4,and0.793 when4 < a < 5. The maximum initial
Proof: Let the backlogh, be defind as the number 01Etried intervalty that leads to the maximum stable arrival rate

slots with unresolved packets in the system at the beginni%lgo increases fror.37 10 2.5 asa increases.

of the k-th CRI. It is clear thath, is a Markov_proc_es_s as IV. SIMULATIONS

by depends on only the state gt ;. Due to the time-limited ] ) ) ] ]
gated access design, all packets in the intebyagnter CRI We conflrrm our ana_IyS|s using Monte _Carlo_5|mulat|0ns
when b, < to; otherwise, only the packets in an interval oPVer 3 x 10° consecutive packets. Our simulation uses an

t, enter the CRI. Hence, the expected number of backloggijnite nodes assumption, where a new node is introduced
slots in the next CRI is for each new packets arriving at the system. The receiver

RO i b <t noise is assumed to bel00 dBm, and the decoding threshold
Ebr+1] = { b (_ f)+ R(Mo) :f bk ; to (8) 7 =10 dB. Hence,go = —90 dBm.

kR0 0 k=70 Fig. 2 shows the average delay of Turbo-DPMA. The
Proving stability is equivalent to showing théf is a super- simulations usez = 1.3 anda = 4.3 (which sets the value
martingale wheneveb, > ty, which results in the condition of ¢;), and the corresponding optimal maximum initial tried
in (7). W interval. As expected, the the delay increases rapidly as the

A<



10

(1]

(2]
K]

Delay
S»—\
|
|
|
>

(4]

(5]

10°

. . . . . .
2.4 2.6 2.8 3 3.2 34
Initial Tried Period b

2“2
(6]

Fig. 3.
a=4.3.

Average delay of Turbo-DPMA algorithm as a functiontgf for

(7]

packet arrival rate approaches the maximum value for stabilityg]
which is0.743 packets/slot for, = 1.3, and0.793 packets/slot
for a = 4.3.

Finally, in Fig. 3, we examine the sensitivity of the Turbo-
DPMA algorithm to the maximum initial tried intervaly, for (10]
different arrival rate values, whesm = 4.3. Only for arrival
rates close to the stability limit, is the average delay sensitiig]
to thet, value. Even wher\ = 0.60, which is higher than the
stable throughput of most contention algorithm, the average;
delay of Turbo-DPMA is 4.2 slots for a widg range.

El

[13]
V. CONCLUSIONS
[14]

We showed that exploiting local channel knowledge to limit
the range of receive power actively facilitates multi-pack
reception and also simplifies the receiver design. In particular,
we proposed a multiple access algorithm called Turbo-DPMA
that employs just two discrete receive power levels, which aré!
suitably chosen to enable immediate successful interference
cancellation and reception of up to two packets transmitted si-
multaneously. Using four feedback messages and by exploitﬁ]@]
a simple receive signal strength measurement, Turbo-DPMg;
achieves a stable throughput of 0.793 packets per slot, which
is higher than all previously known contention algorithmﬁlg]
Unlike other MPR-based algorithms, this was achieved without
the receiver having to store and process soft information from
previous time slots. (20]

Given the fundamental importance of multiple access, the
algorithm is widely applicable in wireless networks. The en-
couraging results motivate future work that involves generaliz-
ing the algorithm to handle inaccuracies in channel knowledge
and exploiting further the capabilities wider dynamic range
receivers that can support more than two power levels.
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