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Abstract— Radio resources in the third generation (3G) overload control algorithm that considers the scarcity athb
wireless cellular networks (WCNs) such as the universal mdle  radio and database server in [2] [3]. Here, we develop the
telecommunications system (UMTS) network is limited in tem \~iarial that can be used to construct the similar set of

stgffdiagﬁcsﬁngﬁg ?:gg?; (g :_ ’anua;g‘rgs ﬁ?)?;.fiir:ra:sg:;ﬁdn algorithms with tr_le specific attention f(_)r the _UMTS network_s
data rate requirement), and has impact on quality of user da In the current literature, only a few simulation based sadi
communications where the opposite order is also true. In td  have happened on the impact of some signaling services (i.e,
paper, we provide the first step to evaluate the impact that |ocation update, paging) on user data communications [4] [5
various signaling service types have on call blocking and @oing |, 1his work, we illustrate the impact of most fundamental

call drop in the UMTS systems. The radio resource’s acquisibn . i . th lul icati I
time for various signaling services is calculated accordig to the signaling services on the cellular communications (e.gl, ¢

specifications in the UMTS standards. The maximum number S€tup, location update, and handoff). The available radio
of sessions that a signaling service type can be transmitted resources are represented by the numbers of sessions that

simultaneously is estimated along with the converting vale each of these signaling services called the saturationceate
when the other signaling service type is transmitted insted q gimyltaneously supported. The saturation rate is kel

Our analysis reduces the computational complexity in the da f h isition ti that h si i . d
admission control (CAC) and allows the preservation on clases rom the acquisition time that €ach signaling serviceé needs

of services. An example of traffic scenario is given illustring {0 Utilize the orthogonal codes in up-link and down-link.
the benefit of our study. An orthogonal code holding time can be derived from the

transmission rate of the air interface with a choice of eithe
common or dedicated control channel (CCH or DCH) and
To increase available capacity, the 3G WCNs adopt widthe signaling message length gathering from the signaling
band code division multiple access technology where uata-dprocedures discussed in [6]. We also develop a simple exquati
and signaling services are transmitted over the same fneguethat allows a conversion between the saturated number of
range. A transmission of a user data traffic can be distihguais sessions of one signaling service type to that of the other
from that of a signaling traffic through orthogonal codeservice type based on a well known signal-to-interfereate r
However, due to the limitation of the orthogonal codes an&IR) formula [4]. By realizing data traffic demand caused by
the code allocation algorithm [1], interference becomes tlservicing various signaling, we can compare the impact that
limit to the radio capacity. In the UMTS networks that use thene signaling service creates to that of the others.
frequency division duplex mode, two common types of the From this analysis, we can efficiently plan radio resource
interference are inter- and intra-band interference, auer-i allocation for various classes of signaling services. la th
and intra-cell interference. By assuming that the previisus future work, we will apply our findings with the CAC of the
insignificance, we consider only the later. UMTS system integrated with signaling overload controhat t
An increase in the heterogeneity of signaling traffic oldatabase servers, preserving classes of services at bathdai
viously degrades quality of user data communications, atite database servers. The remaining of the paper is orghnize
vice versa. Thus, radio resource must be carefully allacate as follows. In Section I, the literature on CAC is briefly
order to preserve quality of service (QoS) in signaling aseru reviewed to illustrate the need of the saturated rate estma
data traffic. Unfortunately, the radio resources is not thly o and the basis of the conversion number (i.e., based on the
scarce signaling resource in the cellular networks. Damb&IR constraint). Also, the message flow of each signaling
servers are also required to support seamless roaming anocedure along with its length is depicted. In Sectionthg
secure communications. Thus, to ensure quality of siggaliacquisition time is calculated. Followed by the approxiomat
services, the mechanisms include a CAC and a signaliofythe saturation rate that each signaling service type can
overload control must both be in place to maintain qualitye transmitted simultaneously in the air interface withie t
of voice and multimedia calls. For global system for mobileontrol interval. The analytical model is given for a corsien
communications (GSM) networks, we proposed a signalifgetween saturation rate of one signaling service type to the

I. INTRODUCTION



other. The benefit of our analysis is illustrated by an examphddress for each PDP session. These procedures are iédstra
of traffic scenario along with the analytical results in $att in Figure 1.
IV before we state our conclusions.

UE RNC SGSN VLR HLR
1. UE sends RRC connection request
I I : L ITERATURE REVIEW message over DCH/CCH (10 bytes)
A. Call Admission Control 2. RRC connection setup (139 bytes)

. RRC connection request complete (26 bytes)

A CAC algorithm accepts or rejects the arrival service

3. Service request (e.g., call setup - 27 bytes, location update - 29 bytes,

requests based on the current system status. We address the ~ SMg - 110100 Kbytes
existing CAC algorithms in three perspectives. First is thé Ahentcationand ciphering request (33 bytes) secury

. 5. Authentication and ciphering response (27 bytes) rocedures
method to reject new calls [7] [8]. For example, completasha 6. Inform HLR to update DE's locations
H H H H with SGSN number and SGSN address
ing allows all cl_asses of _5|gnallng services to share theesam e imerrsubsoribemdats [
pool of the available radio resources, whereas the thrdshol 8. Validate UE'RA, MM context | ocation upate
based CAC restricts services from the lower classes by using ool ot comtent ooy || GE-200 bytes

9.!Cancel old MM context, send

mu|t|p|e thresholds. 10, Service accept (e:g:, call setup =11 bytes, - locationupdate ACK 16" SGSN

. . location update - 21 bytes, SMS)
Second is the parameter that represents the status of ragiQ .. rop conext fequbst @ bytes)

resources. For example, the interference, the receivethlsig _ 12. Radio bearer agsignment
power, and the SIR. New calls are accepted only if thE-Rdebearerseuposbyes)
. .. . . 14. Radio bearer setup complete (7 bytes)
maximum or minimum of the parameter is not violated. The ™
. 15. Activate PDP context accept (31 bytes)

SIR-based CAC more accurately estimates the current syster Send data traffic
status compared to the interference-based and the powed bg!s: beactivate PDP context request (18 bytes)
CACs since it can differentiate between the received signé: beactivate PDP contextaccept (11 bytes)
power and the interference. 19. Radio bearer release reques%?é?gg:gsgearer felease

Third is the method to find the available radio resources if?- R bearer release complete (7 bytes)
terms of a representative parameter. For example, théa@nter 21 RRC connection release (3 bytes)
ence of mobiles within the same cell may be used to estimafé RRC connection release complete (2 bytes)
the number of sessions that the available radio resources
sufficiently serve, or the interference of mobiles from titleeo

cells may also be included into the estimation. However, the

representative parameter are unnecessary in some CACs thalccording to [9], these signaling procedures consist of the
directly apply the parameter into the rejection method. F@|lowing steps. In stef, the radio resource control (RRC)
example, a CAC that accepts a new call after a test pilglonnection is established over the CCH. Then, in Sethe
The SIR measured W|th|n the test p||0t iS Compared W|th thﬁd|o network Contro”er (RNC) sets up a point_to_pointimd
minimum SIR to decide the acceptance of a call. connection as well as the signaling connection to the nétwor
We propose a SIR-based CAC that pre-calculates the m@gfore sending acknowledgment back to the UE. After that, th
imum number of signaling sessions that the current avalahlg will start the attach process in steps 10 which includes
radio resources can support within the next control inerva the attach request, the identity request/response for the fi
time that the UE is attached to the network, the authentinati
request/response if the mobility management context does n
We study the following signaling services: new/end caé#xist for the UE anywhere else. Then, the PDP context will be
request, paging, location update (LU), handover, and SMS. \Aktup to characterize the radio bearer (RAB) session and RAB
illustrate the procedures of these services through theages request is setup in stepl — 15. The PDP addresses that will
flow. The signaling message length is given for the calomtati be used and stored at the UE and the GPRS supported nodes
in the code acquisition time. In the followings, the servic€GSNs) are activated. The PDP context contains mapping and
procedures on the originating/terminating side or fromkers routing information for packet transmission between the UE
to/from the core network are denoted by the subsenigtand and the gateway GSN (GGSN). After the UE finished data
term, respectively. transmission, the RAB release is initiated along with thé?PD
First, we consider the signaling services that effect thmntext deactivation and the RRC release in dtép- 22.
quality of the active user-data transmission on the up-link Second, we consider the signaling services that interfere
direction (i.e., LU, call setup, handovgg, and SMS,,). The with the user data communications in the down-link diractio
user equipment (UE) must perform a general packet radice., paging, handovgr.,,, and SM$..,,). Sometimes, a
service (GPRS) attach, the security related procedurdshen SMS,.,.,, also needs the paging service if the terminating UE
packet data protocol (PDP) context before sending the flatasiin the idle mode. In the UMTS network, the user locations
any. The GPRS attach allows the system to handle the mobikise tracked in terms of the location area (LA) for the circuit
management and to obtain the detailed location informatiseswitched domain and the routing area (RA) for the packet-
The PDP context characterizes sessions and assigns the BBiched domain. A LA consists of multiple RAs. In turn, each

Fig. 1. The GPRS attach and a PDP context [6]

B. Signaling Procedures



TABLE |

RA consists of multiple UTRAN registration areas (URAS) THE CHANNEL ACOUISITIONTIME

each of which consists of multiple cells.
In the packet-switched domain, the UE stays in the idle

mode when a UE does not establish any connection. The UE Service MSG length | Acquisition time
locations are tracked with the accuracy in the level of RAe Th type (bytes) (ms)
UE state is moved to cell-connected only when the connection DCH [ ccH [ bCH | CCH |
is established. If later the UE is inactive longer than tioteo SMS 1180 | 1000 | 204.4 | 133.3
the UE state is moved to the URA connected and the tracking Location update | 394 | 214 | 816 | 386
o o . ) Call setup 652 | 472 | 1489 | 889
accuracy is in the level of URA. If the terminating UE is not in End call 689 | 500 | 1553 | o3s
the RRC cell-connected state, the HLR will be queried for the Paging ) 9 } 2.0
availability, the billing information, the available séces, and Inter-RNC Handoff | - 17 - 2.71
the last known LA or RA of the UE. Then, the core network UE offline 199 45 37.7 | 366

pages all cells within the UE's LA or RA over the paging
channel (PCH). The larger the location area, the larger the
paging but the smaller load of the location update. Aftet,tha _ - . .
the UE sends the response to the BS in the random acc@&assummg ”69"9"0'9 the interference and noise and f[he
control channel (RACH), which triggers the BS to assigﬁq”"“‘I recelv_ed sggnal power from all users, signal to noise
the traffic channel to the UE. Then, the RRC connection rgtio (SNR) IStv"1)s where N IS the tf’ta' number of USers
established following with the delivery of the SMS messad@ the cell ands denotes the received signal power. SIR which
(for SMS service). IS energyjper-blt to noise power spectral de_nsn S~ 57w

We note here that PCH, RACH, and another forward acce¥8ereW is the total radio frequency bandwidth, afids the

control channel (FACH) is later referred to as CCH. baseband information bit rate. .
In this work, we consider arrivals within each control
[1l. PERFORMANCEANALYSIS interval. We assume that only the signaling service type
A. The Acquisition Time initiated at the beginning of the control interval time beem
. . . . . t —1tot. Let ST be the received signal power of the active
Most of signaling services can be delivered over either the ~ . ; L o ) .
signaling services initiated within the previous contrakirval

CCH or the DCH, leading to the different code vaUISIt'opneasured at time which concerns the period of time before

time. The CCH benefits from fast transmission since it do?s_ 1 The requirement of the SIR for a sianaling service tvoe
not require call setup or tear-down, and the ability to share _ q 9 g yp

code. Also, the interference is introduced only when the SIR; can be calpulated as ;hown in Eq. 1. Nc_>te here that
. : . . : . . . our analysis here is also applicable for data traffic.

signaling services is transmitted, not in the idle periotiken

in DCH. However, it lacks of fast power control which

anticipates higher interference than CCH. On the other hangr . _ Si/ R

the DCH allows fast power control, but the interference is = ((1 — @)Lin + Sout + No)/W

always generated even when channel is idle. W s, W
According to the study in [10], the CCH is more suitable to = (—) :

lower burst size compared to the DCH. More specifically, the Ri) Ri(1 = o)[ST + (Ni = DS + Sour + No

CCH performs better than DCH for a signaling service session« is the orthogonal factor in the down-link and the interfer-

which transmits signaling messages of size approximafely @nce reduction scheme in the up-link. There is no synchasniz

to 250 bytes. Because the CCH access time is shorter th#@n among users in the up-link, so there is no orthogonality

the setup time of DCH. In the up-link, the maximum dat¥Ve assume that the transmission in one direction have no

rate for the CCH and DCH aré0 kbps and48 kbps for a impact to the data rate in the other direction. Only intri-ce

spreading factor 082. In the down-link, the CCH and DCH and inter-cell interference is included in the calculatidp,

can accommodate the maximum transport channel rag$ of andS,,; are defined as the interference caused by transmission

kbps and28.8 kbps for a spreading factor ®¥L. of other services within the same cell and within the other
Table | summarizes the acquisition time which can beells, respectively. In fact/;, is only S”, and S,.: is the

derived from the total message length according to [6], as¢mmation ofl;, from the neighbor cellsV; denotes the

the channel data rate. Location update considered heremgximum number of sessions that signaling service tygen

the periodic location update where GPRS attach and secuR§ supported simultaneously by the available radio ressurc

command are not performed. We use the maximum |ength\@|thin the control interval R; be the baseband information bit

SMS messagel,Kbytes. rate of the signaling servics;.
_ ) _ . _ The BS can simply monitor the received signal power for
B. The Maximum Signaling Service Sessions an analysis of the up-link transmission. For the down-Ithle,

In this section, we roughly estimate the maximum amoungceived signal power is calculated according to [12] ativ
of the signaling service sessions that can be conveyed by mé&am the transmitted signal power in Table Il and the path
of a SIR analysis, based on the basic equation adopt from [1libss model adopted from [13F = P, — max(P, — G,C)).



S and P, are the received and transmitted power in dBnBy using the induction method, Eg. 5 becomes Eq. 3 when
G denotes the antenna gain in the BS (11dB), éhds the X = 0. With the similar assumption above, Eq. 5 below is the
maximum coupling loss (70dB). The path loss denoted’by general form ofV;; where X, X»,... X7, signaling service
is 128.1+ 37.6logr in dB wherer is the distance between thesessions 0fSy, Sy, ..., St, is transmitted over the control

UE and the BS in km. interval for the total ofI’, signaling service types.
In the interference limit system such as the UMTS, noise
is negligible compared to the interferendé; — 0. We can R; S, F — fi(T,)
find N; as follows. Vij = (—) (—) (;) (6)
R ! R )\ Si ) \Fj = [;(Ty)
N — w 5T Sewt No L1 (where: F; = aS;i—(b+c)R; +1
Ri(l — a)SIRZ SIZD (1 — Oé)Sl RlSZ Fj — aSj _ (b + C)Rj +1
N;, = L_S__M_Fl fl(Ty) = RiSi(X1+...+Xj,1+Xj+1—|—...—XTy)
Ri(l — a)SIRZ Si (1 — Oé)Sl _ S
“ b . fj(Ty) = Rj i(Xl—l—...—f—Xj_l +Xj+1 +---_XTy)
Ni = R Si S; +1 2) From the analysis results, we can promptly plan types
here : q — w bo P o Sout of signaling services and its amount that will be accepted
WA e T ) SIR, VT " “T 1-a  based on its class at the beginning of the control interval

desplte large signaling service types in the near future. At
&/ery control interval (e.g.ls for signaling services), the
computatlon complexity is reduced fro@(7})) to O(T))
whereT), is the number of signaling service type. R@(Tz)

all Nl,NQ,.. Nz, must be calculated first before the cal-

Let N; be the maximum number of sessions that signali
service typei alone can be supported by the available radio
resources within the control interval, arig; indicates the
value that convertsV; to NN;.

N; = ViN; culation of Vu,Vlg,...,VlTy. Whereas, forO(T,), only N;

a b ¢ a b ¢ and Vi, Vi3, ..., Vir, are needed. Signaling service that is

R 5_7 - 5_7 +1 =V (R - S_J - 5_7 + 1) mogt frequently ogcurr_ed (e.g.,_ location update) _shogld be
R, s, I assigned as the signaling service typeso the estlme}t|on
Vij = <R_> <S_> <FJ> (3) of the saturated rate or the maximum number of sessions can
J J E be more accurate.

where : Fj=aS;—(b+)R; +1 The actual usage of the radio resources can be very

Fi=aS—(b+o)R;+1 different from the radio resource allocation plan, as sser’

characteristics (e.g., environment, mobility, and irdezhce)
changes over times, especially in large control intervals
within the control interval, we should adjust radio res@urc
pool and allocation according to the current user’s status
(e.g., every0.33s from the total of 1s control interval). The
adjustment period can be adaptively set according to change
in the user’s statusS” becomes the received signal power of
Services within the previous control interval and the sligga
services that are already admitted within the current cbntr

Assume that only5; and.S; exists over the control interval.
From the total available number of sessid¥is the followings
are derived for the case that sessions are used I8 and
N; — X sessions of; are occupied by;. Denote the number
of sessions thaf; can be supported byv; — X sessions of
S; by N The conversion valuéf” which maps the number .
that S|gnaI|ng service typ€; can be supported by the available
radio resource to the number thitcan be supported is shown

n Eq. 4. interval in Eq. 1. Because of this adaptability need, using o
S] . . . .
| OIS N Va5 e formula'uon_ w_|II further reduces the computation comptexi
SIR; = I (4) in the admission control.
/W
IV. ANALYTICAL RESULTS
a b+c+ XS, . . .
N;, = Vyi(Vi—-X) = T +1 We use the example scenario when user either connects with
J J g low speed datd 2.2 kbps or high speed data sessi@hkbps
where ag=—"  p= SP o= 20Ut after call setup or handoff to new cell. The data rate for CCH
(1- )SIbR ‘s l-a and DCH are set as calculation in the Table I. Other parameter
, N; i % +1 are set as shown in Table II.A. From both tables, we derive the
Vij = N, - a b+c X +1 maximum number of sessions for various channel rate at the
B beginning of the control interval in Table 11.B. Low and High
- <&> <§> <ﬂ) (5) indicates low and high speed data channel. Since the cgpacit
Ri ) \Si) \Fj — XR;S is limited only by load in the down-link, we perform here only
where : Fi=aS;—(b+c)R; +1 an analysis for down-link with an assumption that load in the

down-link is higher than that in the up-link. Load in up-link
Fj=aS;—(b+c)R;j+1 is only influenced the coverage.



TABLE Il

number of signaling service sessions of one signaling servi
(A) POWERCONTROL PARAMETERS  (B) MAX. NO. OF SESSIONS 9 9 9 9

type to the other.
Our ongoing work applies the findings of this work to the

I u§er data parameters | = I Ch. | maxro.of CAC that is aware of the database servers’s available resour
Bit rate(kbps) 12.2 (LOW), 64 (HI)
Spreadlng galn 32 (UL), 64 (DL) Type sessions fOf the UMTS netWOka.
SIR requirement(dB) 2.5[4] CCH 70 TABLE IV
BS transmitting power(W)| 20 (DCH), 3 (CCH) DCH 101 THE BENEFIT OF OURDERIVATION
Orthogonal factor 0.5 Low 305
Activity factor 1 High 183
Control interval (sec) 1
Traffic Arrival Equipped Non-equipped
load (class) session Served Rejected | Served | Rejected
X ) L. rate Traffic Traffic Traffic Traffic
In the analysis, only one session of data traffic is initidted
Il setup and handoff. The average message length for e %MS (Low) 40 171z 22873 %3 !
ca p and ge 9 9 GVmeD) 150 91.14 58.86 121 29
data session is set to 1Mbytes, which means that the data. sewuprow) 10 8.8605 11395 9 1
session lasts longer thars. Table Il shows the maximum || end cali(H)) 10 238 0 9 1
number of sessions for some fundamental signaling servigesaging (MED) 15000 | 12349.225| 2650.775| 12001 | 2999
available within the control intervalls. Inter-RNC HO (HI) |~ 90 82.35 7.65 73 17
UE offline (LOW) 200 136.323 | 63.677 163 37
TABLE IlI
THE MAXIMUM NUMBER OF SIGNALING SERVICE SESSIONS(OVER 1S)
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Call setup 219 (Low), 179 (High) | 213 (Low), 179 (High)
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