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Abstract— Deployment of massive machine-to-machine (M2M) check. We show that the total number of successful accesses is
user equipments (UEs) in the current cellular network may cause increased by adjusting the ACB factors properly in each stage.
overload in the radio access network (RAN). Access class barring In the rest we first present the backgrounds and system model

(ACB) is an effective solution for reducing the RAN overload. In . . . . h
this letter, we propose an extended random access (RA) scheme” section Il. The details and simulation results of the proposed

to increase access success probability of M2M UEs by efficient Scheme is then discussed in sections Il and IV respectively.
use of available uplink radio resources. The proposed scheme,

allocates the available radio resources to the access-attempting
UEs in two stages. In the first stage, the evolved node B (eNB) Il. BACKGROUNDS AND SYSTEM MODEL

grants the available uplink resources to the UEs that have passed : :
the ACB check. Then in the second stage, UEs that did not pass Atthe LTE system, UEs require two uplink (UL) channels to

the ACB check utilize the remained unscheduled resources from €Stablish a connection named as physical random access chan-
the first stage. Simulation results show that the proposed scheme nel (PRACH) and physical uplink shared channel (PUSCH).
increases the number of successful requests and decreases th#he PRACH is divided into RA slots that used for transmission

total service time of a traffic burst. of RA requests. The contention based RA procedure for uplink
Index Terms— Machine-to-machine communication, Access resources is completed by the following steps: 1) When an UE
class barring, RAN overload , Random access. needs an access, it randomly selects one RA preamble from
preambles indicated via eNB and transmits its request through

. INTRODUCTION the next available RA slot of the PRACH. 2) eNB sends

Machine-to-machine (M2M) or machine-type communicat-he rqndom access responses (RARs) through the physical
tion (MTC) involves with a large number of user equipgownllnk shared channel (PDSCH) to UEs_ whose preambles
ments (UEs) that communicate autonomously with the aim %{!e decoded successiully. The RAR contains a RA preamble
. C . S . _Identifier (ID), an UL grant, a temporary cell identifier, and
Lormlng a ubiquitous and hautodmatlcfcodmmwlfucatlon Wlthr?ua time alignment (TA) command for the corresponding UES
uman intervention. MTC has diversified applications suc @ The UEs which receive a RAR corresponding to their.

e-heglth, power grid, intelligent transport system and Interntransmitted preambles, adjust their UL transmission times
of things (loTs) [1], [2]. The nature of massive access is

. according to the TAs and send the connection setup request
a challenging problem for cellular network as a currentl

adopted access technology for MTC. That is when a hué{éessages in the UL grants which are specified in the received

number of M2M UEs try to access the network simultaneousl| ARS. 4) If eNB _suc_cessfully recewes_the conne_:ctlon setup
the radio access network (RAN) becomes overloaded [3], | guest in step 3, it will send the contention resolution message
' “1q the corresponding UE. UEs which do not receive this
Several schemes are proposed for MTC RAN overloa

control in long term evolution (LTE) networks [3]. In 3GPP,message are fa|qu and should retry in a new RA procedure.
access class barring (ACB) is considered as an efficient arg folne phreamble IS seégcted by more ”!a”hof‘e rl]J_Edm the same
practically implementable scheme. Hence, there are some fe- slot the corresponding UEs tran_smlt their t Ird messages
cent researches which attempt to improve this scheme or aoI ?ugh the same UL grant. In this case, by ignoring the

it according to the underlying applications. Specifically, takin Wwer-ramping effect, we assume that eNB is not able to
into account the delay-tolerant applications, the extended g_code any of these transmissions successfully and hence does

cess barring (EAB) mechanism controls RAN overload mor%ot send an_y response to_ th(_a corrgspondlng UE.S [2]’ [5].
efficiently compared to the ACB [1]. We consider a scenario in whichy UEs exist in the

In this letter, we propose a two-stage random access (R verage area of an eNB. Each of these UEs is act!\{ated,
scheme to more efficiently allocate uplink resources to U ._th|_n the mteryal [O’th] according to a beta. prqb.ablllty
In the first stage, the number of UEs which compete for upli stribution function witho: = 3 .andﬁ = 416]. ,th IS d'V'd?d ,
resources is restricted by the dynamic ACB with a comput o wte cycles where according to the uplink transmission

ACB factor. Then in the second stage, UEs which were barr andwidth of the cell and the framing structure of the system,
éggach cycle contains some resource blocks (RBs). The RBs

in the first stage are contending to exploit the unschedu h ! located to PRACH and PUSCH and
uplink resources in the first stage by passing a new Al each cycle are allocated to an an
we assume a certain amount of them are reserved for 4-
This paragraph of the first footnote will contain the date on which yostep RA procedure of MTC [7]. Taking into account the
submitted your paper for review. It will also contain support informationastimated number of required RBs for non-M2M UEs and
including sponsor and financial support acknowledgment. For example, "This d M2M UE hich h d link
work was supported in part by the under Grant BS123456”. T. C. Author EonneCte S whic ave granted uplink resources,

with the Electrical Engineering Department, University of , (e-mail: author@gNB determines the number of RBs that can be allocated
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for 4-step RA procedure of new activated UEs. The objectivé — k=)< Therefore, given thalV,, is known, the expected
of this work is efficient utilization of PUSCH resources thahumber of idle preambles\/;, is M} = M(1 - %)Nk_
are used in the RA procedure. The allocated RBs to PRACHTo maximize the uplink resource utilization in the dynamic

and PUSCH are exploited for preamble transmission in stagB, RBs should be allocated to the PRACH and PUSCH
1 and connection setup request or straight small data packgth that the number of PUSCH opportunitiés, be equal
transmission in step 3 of RA procedure, respectively [8fg the sum of expected number of successful and collided
The number of PUSCH RBs used for transmitting the thirgreambles. By this choice the expected number of successful
message by an UE is called a PUSCH opportunity. requests would be equal to the number of successful preambles
Let M and H denote the number of preambles and PUSCkjnce sufficient PUSCH resources are available for assigning
opportunities constructed from available RBs for 4-step Rfy successful and collided preambles [9]. Therefore, and to be
procedure of MTC in each CyC|e, respectively. Each activatqegtr in Comparisons, in both dynamic ACB and the proposed
UE tries to transmit its request at the beginning of each cyalgo-stage schemes the splitting of uplink resources to PRACH
and remains active until the transmission of its connectigthd PUSCH is done according to this principle.
setup request or small data packet successfully. The requiredthe main idea of the proposed two-stage scheme against
number of cycles to serve all UEs, i.e., the number of cyclgge-stage dynamic ACB is that in each cycle the number of ac-
in which all UEs in a traffic burst send their RA requeStS tﬂve UEs which passed the ACB check and select preamb|es is
the eNB successfully, is called total service time (TST).  more restricted in the first stage. Hence, the number of collided
It is probable that the UEs which contend in each cycle fgfreambles decreases significantly which avoids wasting the
UL resources select the same preamble and retransmit tI'FQIJ'SCH opportunities by not schedu”ng these opportunities
requests in the next cycles which leads to RAN overloagbr collided preambles in this stage. We should note that the
To overcome this problem in the ACB scheme, each UE {fecrease in the number of successful preambles in the first
allowed to select preamble according to a probabjlityhich  stage is much less than the decrease in collided preambles.
is called ACB factor and broadcasted by eNB. The barrgthen in the second stage, we allocate these unscheduled
or failed UEs repeat the ACB check in the next cycles [LRUSCH opportunities to active UEs which were barred in the
This mechanism relieves the RAN overload by reducing thgst stage after passing a new ACB check. Using this scheme
number of UEs participating in RA procedure. The barringhe total number of successful requests is increased compared
factor should be adaptively adjusted according to the numhgrthe one-stage dynamic ACB. The UEs which passed and

of access-attempting or active UEs in each cycle. those which were barred at the first stage ACB check are called
Let Ny and p;, denote the number of active UEs and th@rimary and secondary UEs.
ACB factor in thek' cycle, respectively. Given thaV, is  |n the two-stage scheméy/ — 1 preambles are devoted

known, the expected number of preambles which are selectgdthe primary UEs and one special preamble is assigned to
by only one UE in the:*" cycle is given byS, = Nypr(1—  the secondary UEs. At the first stage, UEs compete for non-
g "~ Note that the final number of successful requessgpecial preambles. In the second stage, by selecting the special
depends on the number of available PUSCH opportunities fatreamble, the secondary UEs attempt to utilize unused PUSCH
allocating to the selected preambles. Then, provided that eNBportunities which are remained from the first stage.
knows the value ofN., the optimal ACB factor which is
denoted bypj; is given bypj = min{1, ) [6]. . A Proposed Algorithm

In a real scenario, however, the number of active UEs is not ) .

The proposed scheme consists of six steps as follows:

available at eNB and therefore, we use the heuristic algorithm

in [6] for adjusting the ACB factor in each cycle. This heuristic SteP 1: At the biaginni?g of each cyfle, eNB b:oadjﬁelslts the
scheme uses this fact that the ratio of the collided to the tofifB factor according tg;, = min(1, 6p;), wherep;, = =

number of preambles will have a specific value in cyeié py, and j is a parameter used for maximizing the total number
adjusts by the optimal value. So, it increases or decreases ShesUccessful access requests in the two-stage scheme. By
ACB factor slightly in each cycle by comparing the averag@PPlyingd the number of access-attempting UEs in the first

number of collided preambles in the previous three cycles wii9€ Of the proposed scheme is more restricted compared to
the expected optimal value as a threshold. the one-stage dynamic ACB and the wasted PUSCH resources

due to collisions in this stage is decreased. By proper utilizing
of these resources in the second stage, the total number of

I1l. PROPOSED RANDOM ACCESS PROCEDURE successful requests is maximized.

In each cycle and at the end of the RA procedure, we canStep 2: The active UEs perform the ACB check. The UEs
divide preambles into three groups: 1) Successful preambladich pass the ACB check select one of the non-spédial 1
preambles that are selected by only one UE. 2) Collidgoieambles randomly and send their requests to the eNB. The
preambles: preambles that are selected by more than one bfaer active UEs select the special preamble.

3) Idle preambles: preambles that are not selected by any UEStep 3: eNB detects active preambles, schedules PUSCH
In the k' cycle each UE which passes the ACB check seleatssources for them, and sends the corresponding RARs for
each preamble with probability/A/. Hence, the probability all active preambles except the special preamblep;lfis

that a given preamble, named, is selected by an UE i equal to 1, all active UEs are belonging to the primary UEs
andthe probability that the preamble remains idle is given bgnd the procedure continues as the traditional one-stage RA
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. . 1 i First stage
procedure lf p} is less than 1, eNB determines how many g Unscheduled PUSCH opportunity o
[l Scheduled PUSCH opportunity

unscheduled PUSCH opportunities are available and conside Primary group
these opportunities for secondary UEs which had selected th 5
special preamble. Let the number of unscheduled PUSCH 2l 2 <
opportunities be, r > 0. eNB assigns RARs to the special e
preamble and sends those through downlink. The preamble ll| , &

& L M-1 non special preambles .....I

(g
vvvvy

of these RARs is special preamble while the assigned PUSCI[ ¢ & {2793 El PUSCH

opportunity is different in each RAR. ActiveMMUEs " | 5 | B specia P'ea"'b'espec,fyunschedu.ed\Ls(gcond
Step 4: Each primary UE which receives a RAR on the { Secondary group Puscriopponuntiesyly stage

downlink with the preamble ID similar to its selection, sends no ccond\y, Yes

the connection setup request or its small data packet on th \/

PUSCH opportunity indicated by RAR message.

Step 5: The secondary UEs will receive RARs corre- Fig- 1. Two-stage random access procedure.
sponding to the special preamble on the downlink. Using the
broadcasted ACB factor in the first stage, these UEs know o5
the total number of active UEs sind€, = %. Hence
each secondary UE can compute the expekcted number of
secondary UEs)V}, which is given byN; = Ny (1 — p}.).
Therefore, the optimal ACB factor for each UE in the second
stage barring is given by? = min(1, ). Notice that eNB
just broadcasts the first stage ACB factor at the beginning
of each cycle and each secondary UE finds the second stage
barring probability independently and contends with other UEs
by randomly selecting one of the PUSCH opportunities with T
probability p?. The secondary UEs that do not pass this check e
or their transmissions are collided retry in the next cycle.

Step 6: If eNB successfully received the third messad@. 2. The average number of successful requests for different valugs of
transmitted in a PUSCH opportunity, it sends the contentid‘ﬁ‘e” the number of assigned RBs for RA procedure of MTC is 21.
resolution message in response to the corresponding UE. The
UE’s request is failed if it does not receive this response
message. The proposed RA procedure is illustrated in Fig.1. IV. PERFORMANCE EVALUATION

In this section, the performance of the proposed scheme is
B. Analysis of the proposed scheme evaluated in terms of the TST and the number of successful

Let the expected number of successful transmissions Igfluests in each cycle in comparison with the one-stage
primary UEs in the first stage and by secondary UEs in tif¢namic ACB. In each cycle, eNB estimates the value of

second stage is denoted By andSZ, respectively, given that the ACB factor by running the heuristic algorithm in [6]. We
N}, is known. According top). andp? we have: set 2;.,=100 in all the simulations and assume 21 RBs are

reserved for 4-step RA procedure of M2M communication in
, each cycle. Also, we assume that 24 preamble sequences are
Hy, assigned to the M2M UEs in every 6 RBs, i.e., in average,
, each preamble requires 1/4 RB [8], [9]. Therefore, based on
7’/“}, the mentioned principle for allocating RBs to PRACH and
Ny . PUSCH, we assign 6 and 15 RBs from 21 available RBs to
H. = H— (M- 1)(1 - Py )Nk). PRACH and PUS'CH, respectively. Each RB constltgtes one
M-1 PUSCH opportunity. The number of access-attempting UEs
Hj is the expected number of unused PUSCH opportunitiegs randomly drawn according to the beta distribution in each
given thatV,, is known. Since the objective is maximizing thecycle. In the following, we first assume that eNB knows
expected total number of successful transmissions in the tt@find the optimal ACB factor. Then, in order to show the
stages, we should sele€tand hence;. such that the sum of sensitivity of the proposed scheme to fine tuning of the ACB
S} and S? is maximized. By assumingV, > M and using factor we perform a simulation in which the number of access-
limg ool — %)w = e 9, we have: attempting UEs is not estimated exactly. Also, we use the
heuristic scheme in [6] for adjusting, in cycle k" for both
dynamic ACB and the proposed two-stage schemes in the rest
of simulations.
@) Fig. 2 shows the analysis results for the average number
By taking the derivative of (1) with respect i we find of total successful requests in both schemes for three sce-
that the maximum total number of successes is achieved whemios against different values @f In this simulation the
§ = 1—e L actual number of active UEs is 1000 and the results for

—e— Proposed scheme, N=1000

—— Proposed scheme, N=1100

—»— Proposed scheme, N=900

—— Dynamic ACB, N=1000
+++++ Dynamic ACB, N=1100

= = = Dynamic ACB, N=900

Number of successful requests in each cycle
®

1 1 i Ni—1 @2 2 i N/ —1
Sk:Nkpk(l_ﬁ) FL SR = Nppi (1 — )N

where  pi = min{l,

SLy 822 (M —1)de® + (H (M —1)(1— e*ﬁ))e*.
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Fig. 3. The TST vs. the number of active M2M UEs when the number dfig. 5. The average number of successful requests in each cycle when the

assigned RBs for RA procedure of MTC is 21. number of assigned RBs for RA procedure of MTC is 21 @hd= 10000.
1oo) ‘ ‘ ‘ ‘ ‘ ‘ than the corresponding successful requests in each cycle and
1000% —e— Dynamic ACB with heuristic algorithm 1 hence the TST is decreased.
o ~ # = Dynamic ACB with optimal ACB factor
N —&— Proposed scheme with heuristic algorithm
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We investigate the RAN overload issue in the cellular
network for M2M communication and propose a new RA
scheme that allocates uplink resources to the M2M UEs in two
stages. In the first stage, we grant the uplink resources to the
UEs that have passed the ACB check and in the second stage
we utilize the unused uplink resources for UEs that did not
00 - — - - — - 0 pass the ACB check in the first stage. The results show that the

Number of RBs reserved for 4-step RA procedure proposed scheme increases the number of successful requests
and reduces the TST. The proposed scheme can also be used
Fig.4. The TST vs. the number of assigned RBs for RA procedure of MTf¢ scenarios that some of M2M UEs have higher priority than
when N = 10000. . . .
others. In this case, we can allocate resources to high priority
UEs in the first stage and then in the second stage, the low
griority UEs can utilize the unused resources remained from

700~

600 -

Total service time (cycle)

500 -

400 -

N = 1000,1100, 900 are depicted which respectively reflect f
zero and plus or minus 10 percentage error in estimating ﬁ%’ Irst stage.
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