Aalborg Universitet AALBORG

UNIVERSITY

Characterization of coded random access with compressive sensing based multi user
detection

Ji, Yalei ; Stefanovic, Cedomir; Bockelmann, Carsten ; Dekorsy, Armin ; Popovski, Petar

Published in:
Proceedings of the 2014 IEEE Global Communications Conference (GLOBECOM)

DOl (link to publication from Publisher):
10.1109/GLOCOM.2014.7037060

Publication date:
2014

Document Version
Early version, also known as pre-print

Link to publication from Aalborg University

Citation for published version (APA):

Ji, Y., Stefanovic, C., Bockelmann, C., Dekorsy, A., & Popovski, P. (2014). Characterization of coded random
access with compressive sensing based multi user detection. In Proceedings of the 2014 IEEE Global
Communications Conference (GLOBECOM) (pp. 1740-1745). IEEE Communications Society.
https://doi.org/10.1109/GLOCOM.2014.7037060

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

- Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
- You may not further distribute the material or use it for any profit-making activity or commercial gain
- You may freely distribute the URL identifying the publication in the public portal -

Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.


https://doi.org/10.1109/GLOCOM.2014.7037060
https://vbn.aau.dk/en/publications/8725ddf7-9d87-4d06-bc83-934667c67038
https://doi.org/10.1109/GLOCOM.2014.7037060

Downloaded from vbn.aau.dk on: December 15, 2025



arXiv:1404.2119v1 [cs.IT] 8 Apr 2014

Characterization of Coded Random Access with
Compressive Sensing based Multi-User Detection

Yalei JiV), Cedomir Stefanovi®), Carsten Bockelmarh, Armin Dekorsy!), Petar Popovski
(' Department of Communications Engineering University oéfBen, Germany
{ji, bockelmann, dekorsy@ant.uni-bremen.de
(2)Department of Electronic Systems Aalborg University, Denkn
{cs, petarp@es.aau.dk

Abstract—The emergence of Machine-to-Machine (M2M) com- captures and IC. In that case, the analysis and design oficode
munication requires new Medium Access Control (MAC) scheme  SA schemes requires incorporation of the capture effedtén t
and physical (PHY) layer concepts to support a massive numbe \,qqe| that is inspired by erasure coding. A brief treatment
of access requests. The concept of coded random access, datr . i .
duced recently, greatly outperforms other random access ntbods of tr_]e capture effect in C,‘?de‘?' SA was presented.in [2], |ntr0-
and is inherently capable to take advantage of the capture &ct ducing the general modification of the and-or tree evaluatio
from the PHY layer. Furthermore, at the PHY layer, compressive  [4], a tool used to assess the asymptotic performance of the
sensing based multi-user detection (CS-MUD) is a novel teofque  erasure codes when decoded by the iterative BP algorithm.
that exploits sparsity in multi-user detection to achieve ajoint This analysis was extended further [l [5], showing how to

activity and data detection. In this paper, we combine coded .
random access with CS-MUD on the PHY layer and show very actually evaluate the asymptotic performance of coded 3A fo

promising results for the resulting protocol. narrowband systems and Rayleigh fading.
Besides the work on MAC random access protocols there
. INTRODUCTION has also been a renewed interest in multi-user detection

] (MUD) in the context of random access. In classical MUD, it

In recent years there has been a revival of the reseafghyssumed that the set of active users is known a priori ad th
interest in random access protocols, instigated by the #ovyocys on reliable data detection. However, in random access
of machine-to-machine (M2M) communications. This is pakchemes the main ingredient is the uncertainty about the set
ticularly valid for cellular networks, where the random @€  of active users, such that both the user activity as well & da
mechanisms are used to establish the initial connection bgye to be estimated. Considering that the setup leads to so-
tween the terminals and the base station (BS), and faeilitaly||edsporadic communication the active users only constitute
access to data services. Cellular random access is commplima|l subset of all users, such that the problem is inhigrent
based on the traditional slotted ALOHA (SA), a simple dissparse and motivates the use of compressive sensing (CS) to
tributed access method that provides satisfactory pedoo®@ facilitate a low-overhead PHY scheme for low data rate M2M
for human-oriented traffic. However, the M2M traffic hagommunication. This novel compressive sensing based -multi
fundamentally different requirements, primarily seen e t \ser detection (CS-MUD) achieves a joint detection of égtiv
expected number of accessing terminals, and using traltiogng data of the subset of active users in a slot and exhibits
SA may create bottlenecks already in the access network. performance close to the genie-upper bound when the user

A promising approach for enhancing the performance @ttivities are known a prior[ [6]=[8].
SA by using interference cancellation (IC) was demongtrate |, this paper we focus on the coded SA with capture
recently in [1]-[3]. In brief, application of IC potentigll effect in broadband, MUD systems, which, to the best of our
unlocks the collision slots, radically boosting the thrbpgt of knowledge, has not been analyzed in the literature availsbl
SA. Of a particular importance is Liva's papef [2], where &sw far. First, we show how to generally model and incorporage th
shown that the use of successive IC in SA for recovering USfpture effect in MUD systems into the and-tree evaluation,
transmissions is analogous to the iterative belief-prafiag applicable to any coded slotted ALOHA scheme. In the next
(BP) erasure decoding, promoting the use of the erasuregoditep we deviate from the simple PHY-layer, commonly used
theory to design “coded slotted ALOHA" schemes. in ALOHA schemes, and introduce the details of the receiver

Despite the similarities, there are important differencesased on CS-MUD. Finally, we apply the obtained analytical
between erasure coding and SA with IC due to the effe@dd numerical results to the frameless ALOHA, a simple but
of the wireless medium in the latter. When the power of ongffective variant of coded SA [3][]9], and demonstrate how
of the colliding signals is stronger than the rest, a captugige capture effect and features of the CS-MUD impact the
effect may occur, i.e., the corresponding transmission b®y design and performance of the scheme.
successfully received. Therefore, the capture effect rigmjifs The paper is organized as follows. Sectloh I introduces

icantly affect both the access scheme design and perfoenange most important concepts of coded SA and capture effect.
as the collision slots may potentially be exploited botlottyh
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b (ii.d.), i.e., Q,; = Q. As shown in[[2], [9], the probabilities

|u] Is1] Q, I > 0, can be approximated by a Poisson distribution:
23} S1
l
O ~ ﬁ_efﬁ, 1)
Uy S2 !
where 3 = E[|s;]], 1 < j < M, i.e, S is the average slot
u3 53 degree. The same assumption is typically used in sporadic

communication setups with CS-MUD][6], enabling the com-
bination of the two approaches.

Uy Sy B. Capture Effect

Fig. 1: Graph representation of coded slotted ALOHA. As already stated in the introductory section, a captueceff
occurs when one or more user transmissions may become

Sectionl] elaborates the system model. The analysis of tfRFovered despite the interference originating from otisers.
proposed access method is performed in Se€fion IV. Sior{r‘/narrowband syster_ns,. the ca.ptu.re effect leads to recmfery
presents the asymptotic performance of frameless ALOHRSiNgle user transmission, while in broadband MUD systems

with CS-MUD. Finally, the paper is concluded in Section y|it may lead to recovery of more than just one transmission.
The capture effect has been extensively studied in the tra-

Il. BACKGROUND ditional SA framework, both in narrowband and in broadband
A. Coded Sotted ALOHA systems; c.f. [11]-—[1_6]._A typical pre_mise is _that the captu
) o ] ] occurs for all transmissions whose signal-to-interfeeeplus-

The basic principles of coded SA are illustrated in thggise ratio (SINR) is above capture threshbjdvhereb > 1
example presented in Fi@l 1a). The contention processgis narrowband, and < 1 for broadband systems [14]
depicted by a bipartite graph, where nodes on the left reptesiig) However, the features of the CS-MUD receiver studied
users (i.e., contending terminals), the nodes on the right his paper and presented in detail in SectionJII-B, can
represent slots, and the edges connect users with the 8lotjd; pe described by such a simplistic model. Specifically,
which they transmitted (for instance, uses transmitted in he considered receiver exploits compressive sensingjtand
slotss; ands,). Each time the user makes a transmission, Yo formance depends on the sparsity of the input obsenvatio
is the replica of the same data packet that, in addition @08t 55 \ve|l as the correlation among users’ spreading sequences
the information in which slots the other replicas (_)CC'Erdd and noise. We note that these dependencies pose significant
traditional SA with no capture effect, only the singletontsl gpaytical difficulties and we therefore numerically etk
s4 IS usable and the packet ot becomes recovered, denotegne capture probabilities for the CS-MUD receiver and the

by (i) in Fig. [da); the collision slots; and s; and the idle gcenario of interest, as presented in SedforlIV-C.
slot sy are wasted. On the other hand, the use of interference

cancellation allows for removal of packet replicaugffrom s; 1. SYSTEM DESCRIPTION

(i), which reducess; to a singleton slot and enables recovery |4 this paper we adopt the frameless ALOHA strategy
of the packet ofu3 (iii). In_the same way, the packet replica of[3J, [9]. We assume that there am¥ users in the system,
uz is removed froms; using IC (iv), enabling recovery of the gy nchronized on a slot basis. The users contend for the aicces
packet ofu; (v). The above representation and the successi@the hase station (BS) by transmitting replicas of the same
application of IC are analogous to the representation 0880d nacket in randomly selected slots of the contention pefibe.
on-graphs and iterative BP erasure-decoding. start and end of the contention period are denoted by doknlin

We now briefly introduce the notation used in the rest gfeacons sent by the BS, as shown in Eig. 2. The duration of the
the paper. Denote users by, 1 < i < NN, and slots bys;, contention period in slots, denoted By, is a priori unknown
1 < j < M, see FiglILb). Byu;| (|s;|) denote the degree of 3ng chosen such that the expected throughput is maximized.
u; (s;), where the degree is the number of edges incident gQery user transmits with a predefined activation probgbili
the nodd Further, denote by\; . (2;,) the probability that ,,, — B/N in every slot of the contention period, whefe
a degree of user (slot) node s(). An important feature of s a suitably chosen constant. Therefore, the probalsilitg,
coded SA is that one can design only the user degregs are the same for all usets, and it can be shown that:
1 < i < N, while the slot degree$;|, 1 < j < M, are L
random, being outcomes of the contending process. A typical Ajp = Ap ~ (1 +¢)B) e P 1<i<N )
assumption is that users select slots in which they transmit " k! T T
with a uniform probability [2], [8], [9], [10]. This implieshat \wheree = % — 1. The average user degree is:
|sj], 1 < j < M, are independent and identically distributed ,

Ef|ui|]] = (1 +€)8, 1 <i < N. (3)

1A practical way how to achieve this is elaborated[ih [3]. . . .
2Henceforth, we use notions of user/user node, slot/sloé modl transmis- To ease the fOHOW'ng analyt|ca| as well as numerical

sion/edge interchangeably. investigations the following assumptions are made: (i) the



Sensg"r nodes . where A summarizes the influences of channel and medium
1

‘ |_®| mi | ! access. The stacked multi-user vectocontains all symbols

P from all N user nodes in one slot, independent of their activity

L@m in that slot. Due to the probabilistic activity of users,. e

L@ ! number of active users in one slot is given by the random slot
: , degree, the activity in the system is unknown at the BS and
 Beacon h needs to be estimated. Accordingly, inactive users who do no
BS L@lD m Im slots transmit any data are mode_led as “transmitting” a framé of
T CS-MUD zeros. Active users transmit frames bfdata symbols from
a discrete modulation alphabgt Thus, the elements of the
Fig. 2: Sporadic uplink_transmission of multiple devices conedll multi-user vector arec A&N with A, being the so-called
by BS beacons. Each time slot corresponds to one data frahee. -Elugmented alphabet given byd, = A U 0. For simplicity,
system is assumed to be synchronous. - Do .
we assume that BPSK is applied in our system, which leads
user channels are assumed to be i.i.d. and constant for thedy = {£1,0}. However, this is not a general restriction
duration of a contention period, (ii) channel state infotiora and higher order modulations are easily incorporated.llgina
is perfectly known at the BS and (iii) the received power ah; denotes additive white Gaussian noise with zero mean and
all users is the same on average, e.g., through power contualriances? and the vectoy; represents the measurements of
o _ the signalx available at the receiver in slat.
A. Receiving Operation at BS In sporadic communication the basic assumption is inter-
In every slots;, 1 < j < M, the BS receives and mittent (sporadic) user activity, which usually leads tavea#
stores the composite signg}, which combines the colliding number of active users compared to the total number of users.
transmissions and the noise, and executes the followipg:steHere, the SA scheme determines how many users are accessing
1) All previously recovered transmissions whose replicgsSI0t at any given time, which may lead to less sparse systems
occur ins; (if there are such), are removed frosm, compared to th_e current CS-MUD Ilterature_._Nonetheless,
i.e., the BS performs thinter-slot IC. many_elements ik may be zero or, more specmcall)_/, block-
2) The BS applies the CS-MUD algorithm. zero in blocks of L consecutive symbols. In CS literature

3) The BS removes all the newly recovered transmissiolfyS Property is called *block-sparse” and enables impdove
in step 2) froms,, i.e., performsintra-slot IC. detection algorithms which exploit this structure. Thuse t

4) The BS removes all the replicas of the newly recoverdp@rse multi-user detection problei (4) can be solved by CS,

transmissions in step 2) from all the previous slots wheWhich facilitates a joint activity and data detection. A yer
they occur, i.e., performater-sot IC in s;, 1 < k < interesting feature of this CS-MUD is thdil (4) may even be

j—1. highly under-determined. The reconstruction soffrom the
5) The BS repeats steps 2)-4) until there are no nevx)i&?isy received signay; is still possible due to the sparsity of
X.

recovered transmissions . ) _ )
Furthermore, steps 2)-5) are also executed on all the sjots For the remalndgr of the paper, CDMA .W'". be gpphed as
an exemplary medium access scheme, which is quite atteactiv

<k<j-— i inter- i [ . : X i
L<k =J L th"’.‘t expgnenced mterl slotIC in Previous MNSe, . \1oM communications due to its adaptive and flexible
potentially resulting with new candidate slots on which thgupport of different number of devices. as well as variable
same operation cycle, i.e., CS-MUD, intra- and inter-s@©t | :

. . ) . uality of Service. SpecificallyA describes the spreadin
is executed again. The processing at the BS_ ultimately sto§t5X gy user-specific preal-valli/ed PN sequences pwhich %re
when there are no new S.IOtS _affected py the mter-s_lot IC. assumed to be known at the BS and could serve :;15 a user ID.
. An assumption made n this paper is that bothllnt_er- aRll transmitted frames are assumed to have the same length
intra-slot IC are perfect, i.e., the recovered transmissiand of I chips after spreading each of tiesymbols by a PN
their replicas are removed leaving no residual interfegenc sequence with spreading factdt. Here, the spreading factor
B. Physical Layer CSMUD N; determines Fhe resource efficiency of the PHY layer. As
i i i . the slot degreé is typically much smaller thaiv, we choose
For a general introduction to CS-MUD in sporadic comMUy, - n which leads to an overloaded CDMA system. In
nication p_Iease refer to[[6]. Here, we focus on a summary FP'ﬁs case,[[4) is an under-determined linear equation msyste
the most important parts. We model the physical layer transgher, the matrixA also describes the convolution with the
mission through a typical simplified synchronous basebaﬂger-specific channel impulse responkese CE+ of length
description, in which a linear input-output relation is dge of L. After convolution 7 = F + Ly, — 1 chips will be
express the multi-user wireless transmission in slofd7]: received. ThusA € CF'*NL summarizes both the spreading
4) and channel convolution.
The details of CS-MUD algorithms are not our main focus

3In [2] it was demonstrated that this assumption holds undederate-to- and readers who are interested may refer(to [6]. In order
high SNRs.

y]' = 1&)(—’-1‘1]'7



a) user node b) slot node The analysis of the probability updates performed in slots

is more involved, due to the way that receiver operates. The
q k-1 -1 r - . : .
probability that the outgoing eddge recovered is:
Q) L 5 -1
’ 7 tma=oo(' oot @
Fig. 3: And-or tree evaluation. t=0

wheret is the number of unrecovered incoming eddes] —¢
to have reasonable complexity and exploit the discussedthe number of incoming edges that have been recovered
group sparsity, we choose the well studied Group Orthogorial other slots and removed via inter-slot 1C(t) is the
Matching Pursuit (GOMP) as our detection algorithm. Usgyallprobability that the outgoing edge is recovered whamre-
physical layer algorithms are analyzed by bit or frame erropvered edges remain, ar@b;l) is a combinatorial argument
rate plots over the signal-to-noise ratio. However, hereavee representing the symmetry of the problem setting. We deal
more interested in the capture probability of this specifityP with computation ofC(¢) in Section 1V-B.
layer setup for the overall evaluation of coded random acces Averaging [8) over slot degrees yields:
with CS-MUD. In Section IV-C, we will detail how these - 1 -
robabilities are numerically obtained. - I-1—t ¢
P y qﬂ—ZmZaﬂt)uw> ', (9)
IV. ANALYSIS =t =0
wherew; denotes the probability that an edge is connected to

A. And-or Tree Evaluation a slot of degreé [18]:
For the general introduction to the and-or tree evaluation 10,
in the erasure coding framework, we refer the readef to [4], wy = ﬁ (10)
v=1 v

[18]. Hereafter, we focus on the most relevant aspects tieat a o _
subject to the properties of the proposed access method &@mbining {1), [(ID) and{9) yields:

the CS-MUD receiver. 00 a1 . —g l—1
. . . " pite? -1 11—t t
And-or tree evaluation provides the asymptotic probapilit ¢ =1 — E T E C(t)< ; >(1 —r) 7t (12)
(i.e., when number of userd — oc) of user transmission 1=1 (= t=0

recovery. The evaluation is based on the graph that refEesen rina|ly, the and-or tree evaluation is performed in an itera
the contention process, Fid. 1b), and it is performed viaite tjye manner:

tive updates of the probabilities of transmission recagseover
the corresponding graph edges. As elaborated in Sectipn Il g =1; (12)
the access strategy is uniform both over users and slotss’use Tm = f(@m-1) andgq,, = g(rm), m > 1, (13)

channels are statistically equivalent, and the expectezived i i )
¥ & P re the subscript denotes the iteration number,fgndand

powers for all users are the same. Therefore, we can model i X -
and-or tree evaluation through a message exchanges am?)gﬁ are given by((b) and.{9), respectively. The probability of

a referent (exemplary) user and slot, depicted in Elg. 3. HET ransmission recovery is:

Fig. [3a), ¢ denotes the probability that a user transmission Pr=1— lim 7, (14)

corresponding to the incoming edge not recovered in the m—e0

incident slot in the previous iteration. Therefore, theladoil- A central measure of system efficiency is the throughput
ity » that a replica corresponding to the outgoing edgeot  defined as the number of recovered users withinslots of

recovered is' = ¢*~!, i.e., the outgoing edge is not recoverethe contention periodl’ can be computed as:

if all the incoming edges are not recovered. Averaging over NPg Pr
user degrees vyields: T=—r=1 e (15)
= B. Derivation of Capture Probabilities
r=3" At (5) P o |
1 Assume that, users are active in the slot, i.e., there are

. . t =ty — 1 interfering transmissions from the perspective of
where )\, denotes the probgbmty that an edge is con.nec.ted ttﬁe referent outgoing edge. Denote fais|ta) the probability
a user node of degrde which can be calculated as [18]: .
thats users out of, have been recovered from the slot using
kA ©6) CS-MUD. Further, byc(s|ta) denote the probability of the
Yoo oAy event that among theseis the user that corresponds to the
. .. outgoing edge. Likewise, by(s|ts) denote the event among
For frameless ALOHA, usind 2) anfl(6) transforrb (5) mtos; recovered users is not the one corresponding to the outgoing

oo k—1 H .
r = Me_(l+€)6qk—l _ e—(1+€)6(1—q). (7) edge' ObVIOUSIy'

= (k-1) plslta) = c(slta) +u(sta). (16)

Ak =



) . . 1 T T T
The recovery of the outgoing edge can happen in any chain 1 1 1 T 1 A1

of fortunate successive applications of the CS-MUD and the 0gl© ta=5 ||
intra-slot IC, as elaborated in Sectién 1l-A, which can be o—ta = 10
stated as: 0.6 |- ——ta =15 [|

p(slta)

Ct)=Clta—1)= Y ulsalta)u(salta —s1)---

0o 2 4 6 8 10 12 14 16 18 20

S

whereg is the number of intra-slot IC steps and: Fig. 4: Probability of s users recovered from a slot of degreg
q for 1/02 = 10 dB, andZsim = 10? simulations.
ta>1,1<q<ta, Y s <ta, 1 <s1<ta,

— In order to numerically evaluate the capture probability fo

j—1 the and-or tree evaluation, we choose a specific physicat lay
1<s; <tp— Zsi’ for2<j<q. setup. As mentioned in Secti¢nllll, the capture probabditi
= are decided by the performance of the CS-MUD scheme. Thus,

In other words, the pivotal idea if_({17) is that the chain ogw choices of the length of PN sequeriégand average slot

the events, whose probabilities constitute summands, epds egrees highly impgct the numerical resullts. In CS theory,
with the outgoing edge being recovelbd. the properties ofA in (@) strongly determine the recovery

As all the transmissions colliding in the slots are statisty performance. The correlation of columns Anis determined

. . by PN sequences and user-specific channels and should be
equivalent, probabilities(s|t4) can be obtained from(s|ta) myinimal toq achieve the best p%rformance However, for the
in the following way: : )

sake of resource efficiency the spreading fad¥grshould be
(tg‘__ll chosen as small as possible, which requires a compromise.
WP(S“A)’ (18) Finally, due to the interaction of CS-MUD and coded SA
s optimization in terms of average slot degrees the overall

for 4 > 1 and1 < s <ta; u(s|ta) can be obtained using optimum choice ofN, is unknown and beyond the scope of
(I8). The analytical derivation of probabilitiggs|ts) for the  this paper.

considered CS-MUD receiver represent a formidable task thaTherefore based on the general description given in Sec-
is out of the paper scope. Instead, we obtain them numeyicajly, MIB] we focus on a basic setup to gain insight into

as described in the next subsection. the complex interaction of SA and CS-MUD. We assume
an overloaded CDMA system wittv = 128 users and PN

. ) ) spreading sequences of length 8f = 32 and L = 8
We focus on the physical layer processing with CS-MURympols per frame. Furthermore, the transmit data will be

in one slot, as described in Sectién 10-B. In general, thg,coded by a convolutional code with code rdte — 0.5
performance of physical layer algorithms is analyzed byobit 514 modulated to BPSK symbols. All user specific channels
fr.ame error rate results, which are (_)btained by Monte Caig the BS are modeled ds, = 6 independent and identically
simulations. Here, however, we define the eventsaisers Rayieigh distributed taps with an exponential decaying grow
being successfully decoded & in a slot of degreels. gelay profile. At the receiver, GOMP is applied as the CS-
Then, the capture probability can be numerically evaluated \,up algorithm andTsm = 10* simulations are performed

extending the usua_l average frame error rate evalljatioh SY§ approximate the capture probability. All the parametees
that all user framewithout frame error in the sense cE* are  pgsen according the general system modelin [6].

counted. Evaluatin@sim Monte Carlo simulations, the capture Fig. [@ presents an example of the obtained probability

probability can be approximated as: p(slta) for 1/02 = 10 dB with different slot degrees,.
_#{ER} 19 If there is only one active user, i.e.,y, = 1, the probability
plslta) ~ Tsim (19)  of recovering this isp(1]1) ~ 0.85. Furthermore, increasing

where #{Z!1} counts how many times the event has ha ta leads to lower capture probability. Particularly, the t@gh

pened; this approximation enhances with increasifg,. dAeCIrse’;Shees Itehsesf)ilgr]aellSs%?:z:selztsyscgr;;za\j/l?[;m”n @), which

According to [I¥)p(s|ta) is required for all combinations of Based h babilit ided by CS-MUD
slot degreesa = 1,2,...,tmax and captures = 1,...,ta, ased on the capture probabiiities provided by '
wheretmax should be sufficiently high to evaluate all non-zero
probabilitiesp(s|ta) up to the achievable accuracy.

c(slta) =

C. Numerical Evaluation of Capture Probabilities

The and-or tree evaluation method implicitly assumés— oo, which
cannot be evaluated with specific PHY layer processing. hewdig.[4 and
Fig.[d clearly show a strong decrease in the probability gtwa such that
4It can be also shown that the summanddid (17) are mutuallysixe. the results are a reasonable indication of the limit pertorce.



100

F 5 T e===5 maximum user resolution probabilitd’;, the corresponding
F h— maximum expected throughpdt* and the corresponding
2l \; optimum average slot degre& for which P; andT™* are
s 10 s 5 obtained, as functions of the ratio of the numbers of useds an
& - : slots M/N.
10-2 1 i Fig. [6 shows the asymptotic performance fofo? =
Hl—1/02 =5 dB . 5 and10 dB; obviously, the trends are the same for both
o 1/02 = 10 dB i values. However, the increase af/o> highly affects the
10—3 ; performance due to the higher capture probabilities VASV
0 5 10 15 20 25 30 . ) . . o
increasespy; steeply increases at first and then saturates; this
t behavior is analogous to the typical behavior of iterative B
Fig. 5: Capture probabilit’(t) for and-or tree evaluation ayo? = €rasure decoding [19]. Correspondindly, at first increases
5 and 10 dB. and then, after some criticaM/ /N, starts to drop. This
@ critical value of M/N actually defines the asymptotically
1 — ‘ optimal length of the contention period, for which the oVera
081 | maximum expected throughput can be achieved; Elg. 6c)
shows whichg* should be used for the giveld /N, in order
e 0.6 . | to achieve this overall maximum expected throughput. For
0.4 —_ 12-5a8 | | example, if one choosed/ =~ 0.023N and 8* ~ 37 when
021 4 /U’; h - 1/02 = 10 dB, then the expected throughputli§ ~ 24. The
olll 1 T 1/on =10 dB | critical value of M /N is higher for lowerl /o2, due to slower
0 0.05 0.1 0.15b0.2 0.25 0.3 0.35 0.4 increase inPj.
(b) A closer inspection of the results reveals the followingt Fo
25 T T T T T T T 1/02 =10 dB, using [() it can be shown that for the critical
20 | ,’l‘\\ (M/N #0.0234, T ~ 24) | M/N the expected user degree, i.e., the average number of
151 3 IR | transmitted replicas per user, is only about 0.87. Thisalgtu
' v AM/N ~0.0703, T" = 8) means that there are not enough replicas to exploit interSI
10 1. | and that most of the throughput gain is achieved through-intr
5 | = a slot IC. On the other hand, fdr/o2 = 5 dB, the expected user
0 L | | | | 1 | degree is about 1.83 for the criticAd /N, implying that both
0 0.05 0.1 0~15(C9'2 0.25 0.3 0.35 0.4 inter- and intra-slot IC contribute to throughput perforroa.
Finally, the optimum average slot degregs are signifi-
50 — T T T R D N T cantly higher in comparison to scenarios with no capture or
P RIS e | narrowband capture effect![5].][9]. This could be expected,
X +(M/N = 0.0234, 8* ~ 37) MUD receivers generally favor higher degrees of collision.
= 30 i ! VI. CONCLUSION
201 ! | In this paper we presented a study of the coded slot-
10 ! ted ALOHA (SA) with capture effect combined with a a

| | | | | | | | |

0 0.050.10.15 0.2 0.25 0.3 0.35 0.4 broadband Compressive Sensing based Multi-user Detection
M/N (CS-MUD) scheme. This novel access method for coded SA

Fig. 6: a) Maximum user resolution probabiliti;, b) maximum With iterative interference cancellation (IC) exhibits@plex

expected throughput™, c) optimum average slot degre®’, as interaction of MAC and PHY layer processing. We analyze

functions of M/N, at1/o} = 5 and 10 dB. the scheme using and-or tree evaluation and the numerically

btained capture probabilities of CS-MUD. The results show

the probabilityC(t) for and-or tree evaluation can be obtaineﬁ1at the proposed access method significantly improves the

via (I7). Fig.[® present€(t) for 1/02 = 5 and10 dB. . .
Obviously, the probabilities of a transmission recoverg a}hroughput performance by increasing the number of decoded
users per slot for coded slotted ALOHA.

higher for higher SNR. Furthermore, the range of the numb
of interfering users for which the transmission recovey(t) ACKNOWLEDGEMENT
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