Call Admission Control Algorithm for IDMA System

Based on SINR Evolution

Xin Ge, Wen-Jing Kang, Xing-Peng Mao and Gong-Liang Liu

School of Information Science and Engineering
Harbin Institute of Technology (Weihai)
Weihai 264209, P.R.China
liugl@hit.edu.cn

Abstract—Call admission control (CAC) is one of the most
important issues for radio resource management of wireless
communication systems, which has been widely investigated.
However, the computational complexity of the CAC algorithm is
still a stringent concern. The performance of interleave-division
multiple-access (IDMA) system can be assessed by tracking
signal-to-interference-plus-noise ratio (SINR) evolution of the
iterative chip-by-chip (CBC) detection process. Based on this
semi-analytical technique, a novel CAC algorithm, which makes
resource estimation in advance by using the solution obtained
from SINR evolution, is proposed to give a simple solution
without compromising performance for CAC algorithm in IDMA
systems. Besides, the effect of the base station multiuser detection
(MUD) on the CAC algorithm is evaluated. It is shown that with
the high efficiency of CBC MUD, a high throughput and a low
blocking and dropping probability for multimedia users can be
expected.

Keywords-IDMA, mutiuser detection, call admission control,
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I. INTRODUCTION

Interleave-division multiple-access (IDMA)[I] is a recently
proposed multiple access scheme, which employs random
interleavers as the only method for user separation. As a
particular case of CDMA, IDMA inherits many distinguished
features of well-studied CDMA. Furthermore, it allows a
low-cost turbo-type multiuser detection (MUD) algorithm
applicable to system with a large number of users, which is
crucial for high-rate multiple access communication.

Call admission control (CAC) is one of the most important
issues for radio resource management of wireless
communication systems. The objective of CAC is to guarantee
that the QoS of the admitted users in both the local cell and the
adjacent cells will not be violated by the admission of a new
user. According to our knowledge, most of the research on
CAC is focused on TDMA and CDMA systems. As an newly
arisen technique, IDMA has been widely investigated at
physical layer, whereas the CAC algorithm, as well as other
QoS guarantee techniques, is urgently desiderated to build an
integrated IDMA-based next-generation wireless
communication system. Besides, the computational complexity
of the CAC algorithm is still a stringent concern in
quasi-orthogonal CDMA system. Much research effort has
been devoted to this issue in pursuit of simpler solutions
without compromising performance. IDMA with a
chip-by-chip (CBC) iterative multiuser detector can overcome

This project is sponsored by 973 Program (No. 2007CB310606),
SRF for ROCS, SEM. and Development Program for Outstanding
Young Teachers in Harbin Institute of Technology (HITQNIJS.
2008.063).

both inter-cell and intra-cell multiple access interference (MAI)
problem efficiently’®). With the aid of the simple and efficient
CBC iterative MUD in the base station, the decision of
admission control is expected to be much simpler in IDMA
systems. This paper is completely devoted to the investigation
of call admission control issue in IDMA systems. Based on a
simple semi-analytical technique, called
signal-to-interference-plus-noise ratio (SINR) evolution, a
novel CAC algorithm is proposed.

The rest of this paper is organized as follows. In section II,
IDMA-CBC MUD algorithm and SINR evolution is illustrated
respectively. And then, a novel CAC algorithm based on SINR

evolution is proposed for IDMA systems in section II. In

section IV simulation results are presented. Finally, conclusions
are drawn in section V.

II. MULTI-USER DETECTION AND SINR EVOLUTION IN
IDMA SYSTEMS

A. IDMA-CBC MUD

Similar to Turbo decoding, IDMA-CBC MUD®! is an
iterative procedure with two decoding components, elementary
signal estimator (ESE) and a posteriori probability (APP)
decoder (DEC). During each iteration they exchange extrinsic

informantion about x,(j) which is the output of the user

dependent permutation. The CBC detection for IDMA can be

concluded as follows':

E(xk (])) = tanh (eDEC (xk (J))/z) M

(i) = Var (%, () = 1-(E(x (1)) )

E(¢.())= Z hE(x, () 3)

Var(g’k (])) = Z |hk,]2 Var(xk, (j))+o‘2 @)

k'=1
k'#k

r(N-E(()
var(¢. (J))

where ¢, (j) is the distortion contained in r(j) with

Crsp (xk (J)) = th > Vk,j (5)



respect to user-k, A, is the channel cofficient for user-k.

DEC; generates {eDEC (xk (j)),\'/k,j} , which are used to

update mean and variance of {xk ( J )} Bl

B.  Semi-analytical performance evaluation method based on
SINR evolution

The performance analysis for a conventional CDMA MUD
scheme requires the knowledge of the correlation
characteristics among signature sequences. It is a quite
complicated issue and the sophisticated large random matrix
theory has been adopted in the past to tackle the problem.
However, IDMA does not involve signature sequences, which
greatly simplifies the problem. On this basis, a simple and
efficient performance assessment technique is derived as
follows! !, This method is semi-analytical since some of the
funtions involved are pre-calculated by simulation.

The performance of IDMA-CBC MUD depends on the
amount of cancelled MAI, equivalently, the amount of variance
reduced from the {xk (/). V&, j} variables®. For each
iteration, this variance reduction is obtained in the ESE by

using all extrinsic variable {ech (xk (j)),‘v’k,j} )

For large K, simulation obervations and analysis reveal that
upon iteration convergence, e, (xk ( j)) is approximated to
a Gaussian random variable. The Gaussian mean and variance
depend on the encoder and the decoder structure. The SINR

evolution here concerns with the decoder performance at the
iteration convergence point, where

Y
V() =V, =1-tanh® [%]k =1,...K (6)

and Yn is a Gaussian random variable whose mean and variance

are determined by the SINR of the chip signal, y,, at the

convergence point. As shown in Egs. (6) , ¥, is independent
with j, since all data symbols are assumed to be independent and
identically distributed.

Suppose that for each user-, a fixed received power, S, can

be maintained under the ideal power control which aims at
achieving the SINR targets upon iteration convergence when
MAI interference is maximally cancelled. Consequently, the
following constraint must be applied at the iteration convergence:

S
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where o is the power spectral density of the AWGN
background noise and

f(}’k)=1—E[tanh2(%H, k=1,...K ®)

The function f(y,) reflects the interference cancellation

resulting from the iterative turbo decoder. It takes value in
(0, 1), and is strictly decreasing and convex.
Generally, f(y,) does not have an analytical expression

and is derived by simulation. For BPSK with repetition-code
(each bit is replicated N times over the symbol chips), it can be
shown that for large J, where chip MAI is approximately
Gaussian, Y, , is also approximately Gaussian with mean and

variance 2(N-1)y, and 4(N-1)y,, respectively”. The
funtion is depicted in Fig. 1.

| —BPSK and replicated coding with N=16
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Fig. 1. f(y) vs. chip level SINR

When all users receive the same power, i.e., S, =S,Vk,

and all users can meet the SINR requirements, i.e. ,
¥, =7,Vk , is of particular interest for the power control

problem. For this case, by f(7,),the SINR target is

S
T =S (K-S f()

III. CAC ALGORITHM FOR IDMA SYSTEM BASED ON SINR
EVOLUTION

In this part, we focus on the CAC algorithm for IDMA
systems with multiple types of services requiring different
SINR and transmission rates. The required SINR varies with
call classes, which is directly related to the total interference in
the system. Considering the performance of IDMA systems is
mainly limited by the interference among the users'®, the call
admission decision in the proposed algorithm is based on total
interference measurement. A call is admitted if the interference
level is below a certain level that guarantees the
communication quality. In addition, the proposed algorithm
guarantees the priority of handoff call requests over new call
requests.

®

With the aid of this SINR evolution technique developed
from the IDMA systems, the complicated computation of
intensive sophisticated large random matrix in making every
call admission decision can be avoided, which is necessary in
CDMA systems. The uncancelled percentage of the intra-cell
interference is referred here as the efficiency of the multiuser

detection f(y) function.

A. Estimation of System Interference Increasing

In a cellular IDMA system the same pair of frequency bands
are reused for each cell. Thus, each base station not only
receives interference from mobiles in the home cell (intra-cell



interference) but also from terminals located in adjacent cells
(inter-cell interference)”. The total interference /

total in a
home cell without MUD is
Itaml =1intra +1inter +PN (10)

with

I : The intra-cell interference from users in home cell.

intra

1

inter

: Received power from adjacent cells in home cell.
P, : The thermal background noise P, = N W .

Traditionally, the total interference contributed by a cell has
been viewed as an approximation, determined by simply
multiplying the number of users in that cell by the average
per-user inter-cell interference factor offered by that cell®. f

is defined as the ratio of the total interference power from
adjacent cells (/. ) and the interference power generated by

inter

users in the home cell (7,

intra

leimer/limm (11)

If the average interference is used, the average ratio f can
be considered as a constant 0.48, which is found analytically
for the situation without shadowing and is comfirmed by
results presented in [8]. From (10) it follows that the total
interference received in the home cell is

I ]imra +f'1imra +PN (12)

toral

), which can be written as

Required SINR,, for service type k assumed to be y, under
perfect power control can be written as

7[§_j S (13)
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where o, and S, are the activity factors and required

transmission power of an active mobile of traffic type
k=c(CBR), W(VBR) and #(UBR) respectively. Define the load
factor of a single connection as

1
L, == - (14)
1+

7R,

Then the received power S, and the total intra-cell
interference power from users in home cell can be writen as

Se =Ly L (15)

and

Lk'lmml'Nk (16)

N
Iintra
k=

where N and N, is the types of different services and

amount of users corresponding to service type k. Similarly, we
define the fractional load factor in the home cell 7 as

7=+ LN, a7

which is normally used as the home cell load indicator. Based
on (17) , the total interference received in the home cell without
MUD can be written as

Itotal =77'ltoml+PN (18)
and
P
Ly == (19)
1-n

The interference power [, increases when the fractional
load factor 7 increases.

The effect of CBC MUD to the system performance is taken
into account by cancelling part of the intra-cell interference.
Based on the semi-analytical SINR evolution proposed in the
section II, by (10), the total interference and fractional load in
the home cell can be derived as

Imml = f(}’)'[imm +f'1imm +PN (20)
and
=)+ Ny LN, @

where f ( 7) is the remained percentage of inra-cell
interference.
With the aid of detivative form of Egs. (19) , the increase of

the total interference level due to a new requiring user can be
estimated as follows:

1
— total AL (22)
1-n-AL
where
AL = ; (23)
- w
1+—
7Ra

is the load factor of the user requesting to be admitted into the
radio access network.

Similarly, from Egs. (20)-(22) the interference increase with
CBC MUD in IDMA systems is simply estimated as follows

_ Lol (f+f(7k))
1=n~(f+/(7))-AL

An upper bound on the capacity increase is easily derived
by comparing the total interference for systems with and
without MUD. For an IDMA system with ideal CBC MUD
where the total interference is left with

L= ( f ( y) +f ) -1, + Py, compared to the total interference

{oi

24

in the system without MUD. Since the number of users is
roughly proportional to the total interference, capacity gain



factor in IDMA systems would be ( f()+f )/ f . A typical

value for £ in cellular systems is 0.48®), leading to a maximum
capacity gain factor of 3.1.

B. Call admission algorithm

The proposed call admission algorithm is explained in Fig. 2,
where 1, is the current total received power at the home

tora,
cell base station, and A/ is the increasing interference due to
anew user.

When a new call request arrives, it will be accepted if

1 total +AI<] THRESHOLD (25 )

is satisfied, otherwise CAC is executed according to its type.
Similarly, if a handoff call arrives, the CAC algorithm decides
whether to admitted the call according to the result of

1 +AI<] threshold

total

(26)

In the proposed CAC algorithm, handoff requests have
higher priority over new calls of the same class. This is
supported by setting /o, > Irresiorn e

It is a very simple policy easily to be implemented, provided
that the total interference and the increasing interference can be
estimated simultaneously by (20) and (24). By avoiding the
complicated computation of intensive sophisticated large
random matrix in making every call admission decision, the

CAC algorithm based on the SINR evolution has the O(1)

computational complexity. After one call leaves, it refresh the
system parameter according to the traffic type.

| New arrival initiate |
X

| Determine the service type |
v
| Calculate the fractional load factor

For each cell there are three kinds of traffic. All of them share
the same bandwidth of SMHz and the thermal power spectral
density of the AWGN background noise of -169dBm * Hz''.
Based on the multimedia traffic requirements and the 3GPP
specification, we define traffic QoS as shown in Table. "', A
call request of each service arrives at BS according to Possion
process, and the arrival process of different traffic is
independent. The arrival interval and the serving time are
distributed exponentially. The average serving time of the
service is 100s. A new call is randomly determined as
Voice ,Video and Background date with probability 40%, 30%
and 30%, respctively.

Fig.3. The cell layout for simulation

1) Voice traffic is a Constant Bit Rate (CBR) under an
ON/OFF activity model, and the active factor is ¢, . During
the active time interval, the transmission rate of voice is the
desired rate R bps, while it is 0 during the idle time interval.

2) Video traffic is a Variable Bit Rate (VBR) model,
simulated by a decrete-state continous time Markov process.

3) Background traffic follows self-similar process modeled
as the Pareto process. It is an Unspecified Bit Rate (UBR)
traffic!'”.

parameters parameters

T Waiting for the T

new arrival

Fig. 2. Flowchart of the proposed IDMA CAC algorithm

IV. EXPERIMENT RESULTS

In this section, experimental results are presented to
demontrate the performance of the proposed CAC algorithm
for IDMA systems.

Considering the ideal hexagon cell system, the home cell is
surrounded by other eighteen cells, shown in Fig. 3. Only the
inter-cell interference from these eighteen cells is considered.

A 4 TABLEI. PARADIGM OF SERVICE CLASS
| Estimate the interference increase |
Service Service Desired SNR Active
Class Rate (kbit/s) | (dB) Factor
N
W Voice Premium 122 6 06
Accept the Drop off the Accept the Block the Video Assured 32 7 1.0
handoff call handoff call new call new call
Background Best 64 10 01
L Update the system Update the system date Effort :

Fig. 4 shows the process of CAC for 100 calls during a
simulation, from which the class of the user, the arrival time
and whether the new call or handoff call is accepted or not can
be clearly seen. For simplicity, we number the different classes
respectively.

Due to the high efficiency of CBC MUD, much of the
inra-cell interference can be cancelled. This can be explained
by the f function (see Fig. 1). Since IDMA capacity is

interference limited, any reduction in interference converts
directly and linearly into an increase in capacity. It can be seen
from Fig. 5, the fractional load keeps high all the time, leading
to a high throughput consequently, shown in Fig. 6. Here,



throughput is the average data rate served to each accepted user
and calculated as the total served bit rate divided by total
accepted calls.
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Fig. 4. The process of CAC for one simulation
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Fig. 5. The fractional load factor for one simulation
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Fig. 6. Performance comparison of throughput with and without MUD

For comparison, the performances of the blocking and
dropping probability considering the effects of MUD are shown
in Fig. 7 and Fig. 8 respectively. The lower blocking and
dropping probability can be obtained in cases with MUD and
the dropping probability is approximated to zero even at higher
load.

—e— Voice with MUD

=+ Vidco with MUD

—8— Background data with MUD
--+- Voice without MUD

= Video without MUD

-®- Background data without MUD

»
-

Blocking probability

Traffic load(Erlangs/cell)

Fig. 7 . Averaged blocking probablity for different services in IDMA systems
with and without MUD

| ——Voice with MUD
=+ Video with MUD
—e— Background data with MUD
--e- Voice without MUD
-=- Video without MUD
-o- Background data without MUD

Dropping probability
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Fig. 8. Averaged dropping probablity for different services in IDMA system
with and without MUD

It is indicated that the proposed CAC algorithm in IDMA
systems could give better performance by virtue of the effect of
the CBC MUD.

V. CONCLUSIONS

Based on the fast and relatively accurate semi-analytical
technique developed from IDMA systems, a novel CAC
algorithm is proposed in this paper. With the aid of the SINR
evolution technique, the complicated computation of intensive
sophisticated large random matrix in making every call
admission decision, which is necessary in CDMA systems, can
be avoided in the base station. Also, thanks to the high
efficiency of the station MUD, the performance of the
interference based admission control can be further improved,
and consequently a larger number of simultaneous users can
be supported.

REFERENCES

[1] Q. Guo, X. Yuan, and Li Ping, “Multi-user detectiontechniques for
Potential 3GPP long term evolution (LTE) schemes,” 6th International
Workshop on multi-carrier Spread Spectrum (MC-SS2007), Herrsching,
Germany, May 07-09, 2007.

[2] P.Li, L. H. Liu, “ Analysis and design of IDMA systems based on SNR
evolution and power allocation,” Vehicular Technology Conference,
2004. VTC2004-Fall. 2004 IEEE 60th. Volume 2, 26-29 Sept. 2004 .

[3] Bogdan Cristea, Daniel Roviras, Benoit Escrig, “Turbo receivers for
interleave-division multiple-acess systems.” IEEE Transactions on
communications, vol. 57, No. 7, July 2009.

[4] Li Ping, Lihai Liu, K. Y. Wu, and W. K. Leung. Interleave-Division
Multiple-Access [J]. IEEE Trans. on Wireless Communications, 2006,
5(4):938-947.

[5] Z. Rosberg., “Optimal transmitter power control in interleave division
multiple access (IDMA) spread spectrum uplink channels,” Wireless
Communications, IEEE Transactions on Volume 6, Issue 1, Jan. 2007
Page(s):192 — 201.

[6] Zhou, Gao Fan, Pingzhi Tu, Yifeng Hao, Li, “User capacity issues of
uncoded synchronous IDMA systems,” Wireless, Mobile and Sensor
Networks, 2007. (CCWMSNO7). IET Conference on Publication Date:
12-14 Dec. 2007.

[71 A. J. Viterbi, A. M. Viterbi, E. Zehavi, “Other-cell interference in
cellular power-controlled CDMA,” Communications, IEEE Transactions
on Volume 42, Issue 234, Feb/Mar/Apr 1994 Page(s): 1501 — 1504.

[8] K. I Kim, “CDMA cellular engineering issues,” Vehicular Technology,
IEEE Transactions on , Publication Date: Aug 1993.

[91 F.Y.Li, N. Stol, “A Priority-oriented call admission control paradigm
with QoS re-negotiation for multimedia services in UMTS”, IEEE 53rd
VTC, 2001, vol.3, pp.2021-2025.

[10] A. Adas. “Traffic models in broadband networks,” IEEE
Communications Magzine, 1997, 35(7), pp.82-89.



