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AbstractN Existing cellular wireless systems operatevith
a predominantly network controlled, connection oriented
frame based protocol architecture A User Terminal (UT)
is required to signal the networkfrequently to maintain its
connectivity, and makesrequess for uplink bandwidth to
transmit packets. In such systems, for emerging
applications, such as machingo-machine (M2M), where
small packets are transmitted sporadically, the bandwidth
required for signaling is much more than the actual
bandwidth to transmit the data In this paper, we propose
a novel connectionlessuplink simultaneous accessg
technique without the need ofstrict synchronization. UTs
pick an uplink (UL) resource which is advertsed by the
network as a common radio resource for small packet
transmissions and transmit the data packets. The data
packet includes a preamble sequence andnetwork
assigned identity. The transmitted packets from each UT
may not be in perfect synbronization with the UL system
timing. The base station (BS)uses novel multi-user
detection technique to separate these transmissions.
Simulation results of the proposedmethod for an OFDM
based systenare shown bepromising.

Keywords Simultaneous access, Multiser detectin, Connecionless radio
access

. INTRODUCTION

A variety of applicationsare envisioned to besupported by
future cellular systemsFor someof theseapplications, the
bandwidth used for signaling (to set @md maintainthe
connection, requestingadio resourcesetc.) is more than the
bandwidth used for transmitting the actual datdith the
increasingproliferation of smart phones and tberresponding

In [3], a coded expanded random accessthodhas been
proposed. In this methpd contention windovis used during
which theUTs contend for the resourc#sat areavailable in a
non-contention window. A new contention based access
(CBA) for machine type communications for 3GPP LTE has
been presented ifd], wherein the base station (BS) can
broadcast a resource grant for multiplds to contend. The
UTs will also include their temporary identity assigned by the
network when the data is transmitted over the resource. The
temporary identity igprotected by robust coding for reliable
detection at the BS. If the BS detects a collismdgdicated
resource grant is given to théTs in the next instantSmall

and sporadic packet transmissions from maddys can
overload the physical resource dedéch for the random
access channel. 2], a novel method to eliminate the
congestion onRandom Access ChanneRACH) has been
presented. A joint estimation and atention resolution
protocol for random access has been presentg®]inThe
proposed contention protocol operates in rounds that are
divided into equal durationlds. The emphasis is that the
initial round is used to reliably estimate the number of users
and the subsequent rounds are used to resolve the
transmissions. In[6], a contention mechanism has been
proposed which relies on the BS broadcasting the rate ahwhic
the UTs can initiate or reinitiate the random access procedure.

In this paper, we@roposean approach where multiple UTs can
simultaneously transmit thetata packets without strict UL
synchronization. The BS broadcasts an available set of radio
resources for applications which transmit small and sporadic
data packets. Furtheio distinguish various transmissigrise

BS broadcasts a set of preamble seqasnwhich are inserted

in to the packetsransmittedby the UTs. The position of these

dearth of spectrum, there is a need to consider efficient meaB?eamble sequences with the data packets is also optionally

of allowing multiple users to access the samsouece

without imposing stringent connection oriented network

control.

Applications such as Machiste-Machine (M2M) can cause
severe congestiowhile using cellular radio systenj4][2].
The reason for congestion can be attributed to
overwhelming number of lowit rate User Terminals YTs)

trying to maintain network connectivity and further sending system

scheduling requests (SR&r transmittingsmall packets.To

specified by the B&andmay be U specific. The BS can use
novel iterative multi-user MU) techniques to dett the
individual burstsThe complexity of the proposed scheme is at
the BS further making itvery attractivefor applications such
as M2Mcommunications

the

The paper is organized as follows. Section Il contains the
description for the proposed gachronous
simultaneous access scheme for small packet transmission.

circumventthis congestionone carconsidercontention based Tha transmission model employed at 1€ is described in

radio access mechanisms. Howewetrpntention based access Section 1l

mechanism, if not properly configured, ynaause many
collisions.

Section IV provides details on the receiver
processing at the BS. Section V contains pegformance
resultsfor the proposed schemend Section VI provides the
conclusions.
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The category of UTs considered in this paper may be LR e
infrequentlyuploading small packets to the network. This is a,parer 1 | 0t fandit f [0 mE ()L rt

typical scenario with manyhew applications, such a#
machine to machine communications. The UTs register wit
the network via any cellular network, such as LT\He
assume that the UTs are not sending any extra signaling to t
network for maintaining connectivitgndparticularly may not
be maintaining UL ynchronization.The BS assigns some of
the available UL radio resources to small and sporadic pack
transmissions from the UTSWhenevera UT wantsto send a
packet,it listens to the DL fom broadcast messadeom the
BS, with the descriptor of theommonradio resourcegor
small packets. It theforms apacketand transmits ovethe

n! pointInverse Discrete Fourier TransfordDET) is then
erformed to obtaih' ! 11£11 1 11111 —11 as

he
where! | represents ah point Discrete Fourier Transform
(DFT) operation.

et is transmitted after prependirigwith a cyclic prefix ofL.p
symbols.

The transmit powerof the payload is adjusted such that the
receivedpower at the BS meets the targeteivepower level
as broadcasted by the BShis can be performed by

[
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commonresources. The UL timing is adjusted based on theneasuring the patless on the downlink.

DL receive timing.

As illustrated inFig. 1, for examplein a 10 MHz LTE system,
some ofthe frequencytime resources can be allocated to small
packet transmission#& bandwidth of 180 kHz in a subframe
of 1 msmay form a basic unit of radio resource for this

purpose Suliframes in which these resources are available

may be defined in the system information broadoastsage
Guard timée . and a guard band. are provisionedased
on the deployment scenario.
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Fig. 1. Radio esource grants foconnedionless transmissions in a 10
MHz LTE uplink.

Ill.  TRANSMISSIONMODEL

UT-¢ forms its transmission payload as illustratedFig. 2
The Medium Access ControlMAC) payloadconsists ofthe
Radio Link Control RLC) Protocol Data Unit RDU) along
with a network assigned UT ID. Byclic Redundancy Check
(CRQ) is calculated ad appended to the MAC PDU. A
physical layer PDU is formed by applying forward error

correction and subsequent symbol mapping. A network

assigned set of preamble sequence symbo{s I
P — 1} are inserted into the physical layer PDU every

n symbds starting from the symbol'. The transmitted
symbol vector can be expressed as follows:

RLC PDU | CRC |

>

Coding and
symbol mapping

MAC-PDU _>| UT ID |

" u bits

4—»<—>v

IPHY PDUI Py IPHY PDUI Py IPHY PDHI

<

IPC,,IPHY PDUI

! symbols

I CP I Payload for transmission

Fig. 2. Packet structure for small packet transmission

UT-! adjusts its uplink transmission timing and transnait
suitablepower level by listening tohe DL transmission from
the BS €.g., by usingthe cell specific reference symbols
transmitted by the B# LTE systemy

Preamble assignment:

UT-! is assigned a preamble sequeBteselected from a set
of available preamble sequencég! ), v! ! I IN, -1,
The UTs can be differentiated by the preamble sequanite
receiver

V.

As described in the previous sections, since the UL
transmissions from the 1§ are not perfectlgynchronizedn
reaching théS, the received signal can be expressed as a sum

of time shifted packets from eathl as
N-1D-1

L, (n) = Z Z hf(M)st ;. o ()

21 =0
for m=01,..,L—1+L¢p

RECEIVERPROCESSING

)

wherer, (!) and!, (!) represent thé th sample of the

received signal and the thermal noise plus other interference
received at thath receive antenna of tH&S, respectiely: N

is the number of simultanedys transmitting UTs; sf
represents theéth transmitted sample from the #th UT;
{h{(m),i =0,..11 | 1} are the channel coefficients of the



channel between thdT-! and the th receive antenna of the ! form=01,..,L+Lcp—1

BS; and!, represents the relative receive time difference

between theUT-! and theUT-! transmissions (i.d., ! !). whereg), (1) is the! th sample of the output of tHeth
Without loss of generality, we assume tHi&s are ordesd  correlator, andp;(u),i = 0,1,...,C — 1} is theC point IDFT
such thatUT-0Ogransmissions arrive first and so on.

. Fc
The corresponding frequency domaiersion of the received of theuth preamble sequence, i.g(u) < P(u). The
|

| supescript” indicates complex conjugate operation.
signal,! & !, can be expressed as follols represents the
DFT operation) When|g},‘10(n)|2 > VE[||r,,(m)I?], m, is declaed as one of
N-1 ' 3) the _candidate positions_ for the preamble_sequd?(ae),. The
| (n) = Z HE (n)S? e;anAek N () scaling factow is a design parameter which is selected such
Tk - k k ! that the performance and computational complexity are
¢=0 _ optimized. These candidate positions,(u), are collected
fork=0,1,..,L — 1! . . .
over the received signals from all the receive antennas.

Here we assume that tiFT window is synchronized with
the received packefrom UT-!. The symbols in uppecase
and lower case represent the frequedognain and time
domain representationespectively.

As depicted irFig. 2 the preamble symbols are separateg by
data symbols. Therefore, in the time domain if the preamble is
found at positionn,, the positionsn, + C,my + 2C, ..., my +

(n — 1)C are also expected to have time domain response of
the preamble sequence. Thus, the candidate positions can be

Fig. 3 illustrates the various steps involved at the BS in g T .
detecting the transmitted packets from the UTs. As indicateffduced i, (w) = mod(m,(w),C). For all these candidate
timing positions, the following metric is calculated:

in equation(3), the first step in the detection process is to 2
estimate the tative time offsets! , between the UT packet 1t ®)
transmissions. Subsequently, based on these estimated ty(n) ! Zrmﬂc_i(n)pf (w)
candidate offsets, the channel weights for each of these 1=1 i=0
transmissions are estimated. Finally the channel weights and for m € fiy(u)
the corresponding time offsets are dise detect the data.
') p(i),i [ Based gn thde ;netrr]m(ng, the cand_idate pos_itr:onﬁo(zrt]),
T TEEE] et fll o o v il ecowe snmas
"$%&'@&) | .. > )(+.6-# Wy T (II" ] ultip \Y% :
X v the_cand|da_te positions for the same prea_mble are obtained as
I"# NG G N an intersectionof the two candidate position sets on each
"S%&I(&) |r(n) antenna.
Combination
sets of
p(i).! i posonstoral From all the candidate positions estimated for all Mpe
eaenine preambles, N,, combination sets of candidate positions
*7,8&(+# {x(v),v=0,1,..,N, —1}, are formed by picking one
> 3-'14,'1%8# candidate position for each preamble. For example, if the
24 length of fig(w) is py, Ny = T10% " p;-
In this paper, we asswanthat channel is constant over the
Detected radio resources allotted for one packet, 1L80KHz in 1 ms
> L#HCO01%E& # [ The channel weights for each preamble are estimated for each
> candidate set(v) as follows:
Fig. 3. Block diagram of the receiver processing at the BS . 1 noc-1 (6)
o | - B2 el )
As shown inFig. 3 the received base band signal is corrdlate n= =
with the set of available preambles to find the approximate I"tme x(u) andu=0,1,...,Np — 1

timing of the data packet from each of the UTs. Thisldeally, preamble sequences are expected to have very small
correlation function can be performed either in time domain ocrosscorrelations with each other both in frequency domain
frequency domain. The received signal in the time domain caand time domain. However, practical sequences (for example,
be correlated wit an ! point IDFT of each preamble ZadoffChu Sequences) often have nwegligible cross
sequence. For example, the correlator outputs forl the correlation terms. Tése cros€orrelation terms can cause the
receive antenna can be expressed as follows: quality of channel estimation to degrade significantly. Since

! (4)  the transmitted preambles aaepriori known at the receiver,

! Z Lo (O @ this effect can be compensated as follows:
1=0



h=1'1% (7 V. SIMULATION RESULTS
whereh a column vector consisting of the channel estimate3he performance of the proposegstemis evaluated thragh

for all the preambles computed according to equationh(8); computer simulations. Irhé simulations, we assunaepacket

column vector consisting of the cressrrelationcompensated ©f l€ngth, 96 symbols24 symbols of preamble and 72
channel estimates afti= ¢¢' ; ¢ = [p(0)! (1) ..p(Np — symbols of data. The modulation scheme used by all the user

T. ; o terminals isQPSK. The preamble is & 2ymbolZadoff-Chu
tlh); &I:r(]w[;?ezrrr]%\?é vzzt(;)l;:ggi:?!n)g :f[;gl ;?esggnjtj]o .Is -fl-rr?? sequence[7] which is created from 2%ngth ZadoffChu
matrix T~ can be precalculated at the receiver. sequence truncated to 8tmbols The roots used to generate
theseZadoffChusequences are 5, 7, 13 and 19. The roots are
selected such that theoots and differences of the rocdse

x(v), and computes the frequency domain samgflethe prime to the length of the sequen@ée transmitpower of the
recei’ved vector as follows: preamble and data symbols is assumed to be equal in our

R(n) = F, ({1, (1), oy r (), o Ty (D) (g  evaluation.
forn=20,1,..,N—1

For data detection, the receiver picks the lowest inatexaf

In the simulations, we assume two receive antennas at the BS.

The chta symbols can be estimatedsing the maximum 'I_'he numbew of_ UTs _that are S|multaneo_us transmitting are
fixed for each simulation run and are var@gdossN = 2,3

likelihood rule. We assume that thaeformation data and the and4. For simplicity, the channel is assumedhe constant

interfering dataare QPSK modulatedfor simplicity. It is  gyer one paket transmission, i.e. 180kHz in s The
straight forward to generalize the above estimate for othgsroposed method can be easily extended to the frequency
modulation schemesAn ML data estimator evaluates the selective channel. Further the channel model is assumed to
following expression: quastistatic, i.e. the channel is constant for each packet
transmission and an independent chameht is generated
. ZiAip(Rk /St = d‘li) (9) for each packet transmissioﬁhe average received_ power at
= . the BS from eaclT is assumed to be the same. Since the UT
2:ip(ka/Sk = ‘ﬂi) listers to the DL transmission before transmitting the data
, packet on the ULjt can adjusthe transmit power suclthat
whereA; € {i%ié} and E the path losds compensated to meet the required received
p(Rk /S}{) (10) power level at the BS.

- The data and preambles are arranged as showkigin4
= ZZ Z Z Z p(Ry /SESL)
!!! !!! !!”!51!(”

below. The value of) is equal to 4The pilots used by each
se UT are assumed be passigned by the BShe timedomain
signal of each OFDM symbol is generated by IFFT operation,
wherel'f I {tfinfir it ey which is further appended with@yclic Prefix CP) of length
equal to 1/th of the OFDM symbolThe transmission timing
t(t, /1] 1 1)) represents the conditional probability!af . of the data packets is randomly selected for each packet or
To detect thesymboll'!, transmitted by the UT, the each p_acket burétom 0 to the du_rafuon of the CPPhis allows
o N y o us to simulate a large range of timing offset among the packets
conditional propabilityt (!, /!/!T}) is averaged over all the from different usersThe packet burst consists of multiple
possible transmitted symbols from the other UEs as showpackets transmitted coragively by the UTsFor example if
(10). The conditional probabilityis calculated over the the expected PHY payload size54 octets (which fits in 3

receiver signals over all ¢hreceive antennas follows: dat"?‘ packets), then three consecuive resource units are
assigned to the UTs.

0 ) )
—~ ! 0] 10| 1Ol PO pO| HO| HO| HO| pO|------ 0 |----- Packet fromUT-0
N O I OT R OTL }' || o8] of] o3| | S| f 8] 7 |-~ | 2,
! ! ! !
Vi H | B R el o - Packet fromUT-1
\where! | is the variance of the thermal noise as represented ir——1—H=2-1IE3ITAIES] 2 el
equation (2), i.el/ ! ! [nZ]; E[..] represents the ex_pected P02|D§|D12|D22|PE|D§|D§|D§|PZZ| ______ . Packet fromUT-2
value The detected data symbol vectors corresponding to the
minimum residual mean squared error (MS&)whicheverof |R)3|D3|D13|D23|P13|D§’|DZ|D53|PZ3| ...... Rt Packet fromUT-3

thempass CRCGamong allx(v), are selected as the recovered

Fig. 4. Simulation scenario
data.



Fig. 5depicts the average bit error rate (BER) as a function afhay be a suitable candidate for the evolution of maeftular
average signal to noise ratio (SNR). The SNR is defined as theireless networks supporting large numbers of UTs that are
avera@ received power at the BS for each UT transmission tbkely to be transmitting small paeks infrequently without

the receiverOs thermal noise power leVéle BER results the needo maintainconnection with the network all the time.
when the channel weights are perfectly known are also showfurther improvements are expected with enhanced detection
for comparison. As shown there is very small loss resultingechniques, better preamble sequences and increased receiver
from the channel estintian. The channel estimation using the complexity. The main advantage with the propossghnique
time-domain correlations refined bythe use of thématrix as  is that most of computation complexity is at the, Bfowing

stated earlier, to cancel the noegligible crossorrelation for a quasi connectionless operation on the uplink

between these sequencékhese simulations are assuming
perfect timing offset recoverjs long as the pilot detection
scheme is able to find the correct peak as one of the candide

0
peaks, our scheme would eventually be able to choose it at tt 10
end of data detection stage, as discussed edtbefiect timing
recovery is reasonable to assumehew the UTs are 10-1':\‘
transmitting the data packets continuously. In this situation — TRRE
the BS can estimate the packet timing across consecutive de S
packet transmissions. g 10 \]’;\ g
0 S i "
(0] <,
Fig. 6 shows the performance results for two simultaneous § N~
users with the effects of packet transmission timing recover < ™ \‘
mechanism as described in Section IV. When the timing i —a— Two conseculive sublrames |
recovered across migte consecutive subframes, the BER 10" —=— Three consecutive subframes R
performance improves. Here the number of candidate timin —:—Eﬁl‘;’(f::::cﬁﬂl":::g:n’:‘:: —
positions is limited to a maximum of 4. Better performance is = Known channel
expected by increasing the complexitytbé timing recovery 10‘50 5 10 15 3
circuit. Moreover, the peak detectioerformance would also Average SNR [dB]

improve if the transmit power of the preamble symbols aig ¢

. . BER performance with timing recovery over multiple subfraiihe?)
higher than transmit power of the data symbols.
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