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Analysis of Call Admission Control
for Joint Transmission-Based LTE-Advanced Systems

Seung-Yeon Kim®, Hyong-Yoo Lee, Seung-Wan Ryuo
ABSTRACT

Coordinated multi-point transmission (CoMP) is considered to be a promising technique to improve
the throughput for LTE-Advanced systems. One important approach for CoMP is Joint Transmission
(JT). However, the analytical model of JT has not been fully studied, as user equipments (UEs)
receiving the desired signals from an adjacent base station (BS) as well as serving BS, or only serving
BS were not distinguished. We derive a new analytical model to describe the call admission control in
JT based systems. The performance measures of interest are the call blocking probability, and resource
utilization.  Furthermore, we compare the performance of JT-based systems and non-JT- based

systems. The analytical results are in reasonable agreement with the simulation results.

Key Words : LTE-Advanced, call admission control, coordinated multi-point transmission (CoMP), joint
transmission (JT), Markov chain.

. Introduction systems, each user equipment (UE) is
basically served by just one BS. In this case,
Long Term Evolution (LTE) -Advanced, signals coming from other BSs interfere with
as the evolved version of LTE to further the  UE. CoMP techniques can coordinate
improve  the performance of the system, other  BSs in such a way that the
adopts advanced techniques such as carrier transmission  signals from/to other BSs do
aggregation, enhanced MIMO techniques, not incur serious interference, or can even be
wireless  relays, and  enhanced inter-cell exploited as a meaningful signal™”.
interference coordination (eICIC). In particular, One important approach for CoMP is the
coordinated  multi-point  transmission  (CoMP) Joint Transmission (JT) scheme. JT can be
can utilize multiple base stations (BSs) to broadly described as a simultaneous
achieve the spectral efficiency requirements transmission of data to a UE  from
for LTE-Advanced system'"". cooperating  transmission BS  (CTBS) by
In traditional wireless communication converting the interfering signal to a desired
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signal, as shown in Fig. 1. The JT scheme
uses techniques like single frequency network
or cyclic delay diversity schemes, which
target  diversity gains and also  enable
increased transmission power to the UE. To
enable JT, the UEs estimate the channel
state information (CSI) for neighboring BSs
in downlink (DL) wusing a CSI reference
signal (CRS), and deliver CSI feedback to
their serving BS. Based on the measurement
report, the serving BS determines the CTBS,
and conveys the information, including the
same resources and radio configuration in
terms of time, frequency, modulation and
coding to CTBS. A UE sends a channel
quality indicator (CQI) to the CTBS which
contains  the  co-phasing  information  for
CTBS, and then it can receive the desired
signal from CTBS as well as from its serving
BS™.

In the literature, the performance of the JT
scheme has been reported in [5, 6, 7]. In one
study, for DL, JT was reported to improve
cell edge performance as well as total cell
throughput[S]. In the study of Kim et al. the
JT scheme was applied to an enterprise
network

femtocell systems and showed

similar  results to [5]. However, earlier
investigations of the JT scheme heuristically
addressed, showing the performance of the
JT scheme only in simulations. Even though
an analytical model was developed in [7], JT
based systems are still not fully studied as
UEs either

desired signal from an adjacent BS as well

simultaneously ~ receiving  the
as a serving BS, or only a serving BS.

In this paper, we derive an analytical
method to calculate the performance measures
of interest, i.e., new call blocking probability
and resource utilization. Specifically, we give
a  2-dimensional =~ Markov  chain  analysis.
Additionally, we compare the performances of
JT and non-JT schemes.

This paper is organized as follows. In

section 2, we present the system model. In

536

section 3, we introduce an analytic model for
the evaluation of performance of JT based
LTE systems. Section 4 presents numerical
results, and concluding remarks are given in

section 5.

Serving cell Cooperative transmmssion cell
Serving UE 2 UE 1
Cell -
Resource Block
Cooperative
Transmission UE 3 UE 2
Cell

Y

Resource Block

Fig. 1. A scenario for the cooperative transmission
technique.

II. System Model

2.1. Model Descriptions
JT-based LTE-Advanced

system is considered. There is one BS in the

A cell in a

center of the celll. A number of UEs can
initiate multiple calls, occupying radio
resources, where the basic wunit of radio
resources is referred to as a  Physical
Resource Block (PRB). For the sake of
simplicity, we assume that the BS has C
PRBs, and it can only assign one PRB to a
UE at the time it initiates a call, and the
data rate of each call with one PRB is fixed,
regardless of its location within the cell via a

signal power improvement by JT.

2.2. New Call Arrival Process and Call
Holding Time
We assume that the new call arrival

process within a cell is a Poisson process
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a;(0,C — 1)

n; =C-—1

ny; =2

a;(0, 1)

n; =1

Fig. 2. The 2-dimensional Markov chain model for JT scheme

J

a;(n;n;) = {)\’ni—i_nj <G
L 0, otherwise,

a;(n

j n

7'

0,

with a mean request rate of A calls/sec, and the
UEs are uniformly distributed over a cell. We
also assume that the holding time of a call is
exponentially distributed with mean u_l sec”.

2.3. Call Admission Control

When a new call is originated, it will
attempt to occupy a PRB from the serving
BS. If all PRBs are in use by ongoing calls,
it will be blocked, called initial call block. If
at least one PRB is available, it will be
admitted in the serving BS. In order to use
JT, then, this call with PRB i (i = 1, .., O
will also attempt to occupy a PRB i in
CTBS. If a PRB i is in use by ongoing call
in CTBS, the call will be blocked, called JT
call block. Hence, the calls in each cell are
distinguished in two types: The one for the
JT call (UE 2 in Fig. 1.) which uses not

= A(1—Pé){—0_ s+ )

e

},ni+nj< C,

C

otherwise.

only the PRB assigned from the serving BS
but also the PRB assigned from CTBS, and
the other for the non-JT call (UE 1 and UE
3 in Fig. 1.) which uses the only PRB
assigned from the serving BS.

. Traffic Analysis for Joint Transmission

3.1. Traffic Analysis

For CAC of JT, the state transition
diagram is described by an integer pair (N,
Nj) as shown in Fig. 2, where N; and N;
denote the number of PRBs used for own
calls in serving cell and the number of PRBs
used for neighboring calls in the neighboring
cell, respectively. Suppose that ax(m, ny) is
the state  transition rate of the two
dimensional Markov chain for the arrival

process dependent on N; = m; and N, = n;
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Throughout our analysis subscriptions i and j

are used for own UE and neighboring UE,
respectively. As shown in Fig. 2, transition
rates due to call arrival for the own calls

and the neighboring calls are defined, respectively,
as (1). In (1), Pli;, denotes the initial call

blocking probability in the serving cell, and
C—(n;+n;)/C is the probability that PRB i
of the serving cell is assigned for call in a
neighboring cell which is using PRB i of its cell.

Let P(m, nj) be the steady state probability.
From Fig.2, the following set of balance
equations can be obtained:
(i) Three extreme points :
ai(0,0)-}-aj(0,0)P(0,0)

= pP(1,0)+ pP(0,1)

CuP(0,C)=a,;(0,C—1)P(0,C—1)
CuP(C,0)= ai(C'— 1,0)P(C—1,0)
(i) =0, 0 < m; < C :
{ai(O,nj)%-aj(O,nj)+nju}P(0,nj)
= (n; + 1)pP0,n; + 1)+ pP(1,n;)
+a;(0,n;—1)P(0,n;—1)
Giii)) n; = 0, 0 < m < C :
{ai (n,l,o) + a; (ni,O) + niM}P(n ,0)
=puP(n,+1,1)+ (n,+1)uP(n,+1,0)
+a,(n;—1,0)P(n;— 1,0)
(1V)O<ni<C,0<nj<C,ni+nj<C:
{ai (nln]) +a; (ni,nj) + (nl + nlj)u}P(ni,nj)
= ai(ni— 1,n )P(ni— 1,nj)
+ (nj + l)uP(ni,nj +1)
+ (nz +nj)uP(ni + 1,nj)
—I—aj(n,l-,nj— 1)P(ni,nj— 1)
v)0<n<C0<n<C, ntn =C:
(n; +n;)pP(n;n;)

@

By solving the balance equations together with

the normalization condition,

c C—n;
> Y Plgn) =1, 3)

n;=0n;=0
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we can get the steady state probability.

3.2. Performance Measure

As performance measure, we consider the
resource  utilization and the call blocking
probability.

From P(n;, n), the mean occupied number

of PRBs used for own UEs, /V,

;» and used for

neighboring UEs, Nj, are respectively obtained,

. c C—n;
N=EN]= Y] Y nPlnyn), @)
n;=0n;=0
c C—n;
N,=E[N,] = ngongoan(nl,nJ) Q)

c ok
= 2k 3, Plnk—n)). @
k=0 n,=0

It is also given by ﬁﬁ- N] Then, the resource
utilization for its own UEs, p,, and that for
neighboring UEs, p;, which is also the PRB

occupancy rate, and the overall resource utilization

of JT based system, p, are respectively obtained,

N %
C

Pi= o T , P= ™

Q\2|

where p is also given by p;+p;. For a given
resource utilizations, in the cell, the resource
utilization of the non-JT call UEs,p,,,_ ;7» and
that of the JT call UEs, p;s, are derived in the

appendix, and the results show that

Pron—Jr — P * Pi» Pjr— (1_p) * P (8)

where p ;7 is also given by p;.

The call blocking probabilities of initial call

and JT call are respectively obtained as follows

www.dbpia.co.kr
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c
P, = E P(n,,C—n;), PL=0p . ©)

n; =0

IV. Numerical Results

In this the simulation

results and compare them with our analysis. For

section, we present

the performance measures, these are obtained
by an iterative process of Eq. (2), (3) and (9).
For all results, it is assumed that C = 12.

Fig. 3
and the resource utilization according to the
offered load from 0.0 to 1.0.

the curves are numerically obtained from the

shows the call blocking probability

In this figure,

equations given in the preceding analysis,
whereas the symbols indicate the
corresponding  simulation results. From this
figure, we can observe that the analytical

results  very
the JT-calls
higher call blocking probability than
Since the JT calls
the same PRB, with PRB number assigned in
from CTRBS, have the
blocking
utilization, we can see that the

match the simulation

We can also observe that

results
well.
suffer
initial-calls. have to select
serving BS these
greater call probabilities. For
resource
calls and
When the
offered load is low, the resource utilization of
JT calls than that of non-JT-calls,
and when the high, the
resource utilization of non-JT calls is higher
than that of JT-calls. is that the

blocking probabilities of JT

resource utilizations of JT

non-JT-calls are not balanced.
is higher
offered load is

The reason
increased call
calls lead to low resource utilization.

Additionally, we compare the performance
of JT and Fractional Reuse Partitioning
(FRP). Since the FRP scheme, which has
been proposed for LTE systems as an

inter-cell  interference  coordination  technique,

efficiency of a cell

. . 8
compared with conventional frequency reuse 81

increases the spectral

we adopt FRP as a non-JT scheme. In order to

obtain the maximum throughput, we
consider that the ratio of the number of cell-edge
PRBs to the total number of PRBs is 1/3 and the

ratio of the area of cell-edge region to the total

system

area of a cell is 0.64"
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Fig. 4. Initial call blocking probabilities and resource
utilizations versus offered load with various schemes.

Fig. 4 initial call blocking
probabilities and the utilizations of JT and FRP

schemes with respect to the offered load from 0.0

shows the

to 1.0. From this figure, we can observe that the
initial call blocking probability of the JT scheme
is lower than that of the FRP scheme. Then, for
p;> it is higher than the utilization of the FRP

scheme. From the user perspective, the JT scheme
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offers the improved call level quality of service.
For the overall resource utilizations of two
schemes, we can see that the utilization of JT is
higher than that of the FRP scheme. As offered
load increases, the difference between utilizations
of JT and FRP increases. The reason is that, for
the JT scheme, the additional PRBs in serving BS
are shared by the UE that belong to CTBS. From
the point of view of inter-cell interference®, the
increased resource utilization can lead to a higher
interference than FRP.

V. Conclusion
In this paper, we have derived the call

blocking

utilization for the JT scheme using a Markov

probability, and the resource
chain analysis. The analytical results are in
good agreement with the simulations. We
have  shown that the  performances  of
JT-calls and non-JT-calls are not balanced.
Numerical comparisons among JT and FRP
schemes have shown that, for a lightly
loaded system, JT would provide more
benefit than FRP.

One of the possible research topics is to
consider a JT-based cellular system in the
interference  scenario. In reality, the system
throughput may be calculated by the signal
to interference ratio, depending on the level
of interference power received from
neighboring cell. Therefore, it is worthwhile
to study the cases where one UE or BS may
have interference signals from neighboring
BSs or other UEs.

Appendix

In order to find the resource utilizations of
non-JT and JT calls, let N is the number of
PRB used for their own UEs in the serving
Nuon—r + Njr , and Nyow—r

and N,r are number of PRBs wused for

cell, where N =

non-JT and JT calls, respectively. From P(#n;,

n), we can obtain the marginal steady state
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probability, P(n),
nj

For N = i, the probability that Nyon.sr=k is

P(N an*JT)

n

= ZP[Nnon,—JT: k|N: Z]P(N: Z)
A-(2)

where P[NV,

T

wn—JT k|N_ Z]
= (,i)p’“(l—p)““

Then, using the total probability law, A-(2) can

be written as

C /.
P(jvnon - JT) = E (;)Pk(l - p)l_ k. A-(3)
i=0

From A-(3), the expectation of Nynsr can be
obtained by

= ZkP(Nn(m—JT: k)

—EkZ( ) TEp(N=1)

i=k

- ;EE non—JTlN— Z]P(N: 'L)

A-(4)

E[NIOTL—JT]

n

where ZE non — JTlN— 2] - Zp
Then, we can obtain

C
E[ non — 7T E - 7/ A'(S)

Finally, by the definition of the resource

utilization of non-JT call,

iP(N=
E[NnoanT] pz:EO

Pron— JT — C = C
=P P

A-(6)

Similarly, for the resource utilization of JT call, it

is obtained as below
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(1]

(2]

(3]

[4]

[5]

[6]

[7]

C
(1—p)Y3iP(N=1)
i=0
Pir = C =(1—p) e« p
A-(7)
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