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Abstract

1t is known that multicasting is an efficient method
of supporting group communication as it allows the
transmission of packets to multiple destinations using
fewer network resources. Thus, service providers are
increasingly interested in supporting multicast
communications over wireless networks and in
particular over UMTS. Multicasting is a more efficient
method of supporting group communication than
unicasting or broadcasting, as it allows transmission
and routing of packets to multiple destinations using
fewer network resources. In this paper the three above

mentioned  methods of  supporting  group
communication are analyzed in terms of their
performance.

1. Introduction

UMTS constitutes the third generation of cellular
wireless networks which aims to provide high-speed
data access along with real time voice calls. Wireless
data is one of the major boosters of wireless
communications and one of the main motivations of
the next generation standards. The multicast
transmission of real time multimedia data is an
important component of many current and future
emerging Internet applications. The multicast
mechanism offers efficient multidestination delivery,
since data is transmitted in an optimal manner with
minimal packet duplication [8].

Several multicast mechanisms for UMTS have been
proposed in the literature. In [1], the authors discuss
the use of commonly deployed IP multicast protocols
in UMTS networks. However, in [2] the authors do not
adopt the use of IP multicast protocols for multicast
routing in UMTS and present an alternative solution.
The scheme presented in [2], can be implemented
within the existing network nodes with only trivial
changes to the standard location update and packet-
forwarding procedures. Furthermore in [3], a multicast

mechanism for circuit-switched GSM and UMTS
networks is outlined, while in [4], an end to end
multicast mechanism for software upgrades in UMTS
is analyzed. Finally, the Multimedia Broadcast /
Multicast Service (MBMS) framework of UMTS is
currently being standardized by the 3GPP [5].

In this paper, we present an overview of three
different one to many packet delivery schemes for
UMTS, namely Broadcast, Multiple Unicast and
Multicast. We analytically present these schemes and
analyze their performance in terms of the packet
delivery cost and the scalability of each scheme. The
parameters used for the evaluation of the schemes are
the number of the multicast users, the density of the
multicast users’ distribution within the cells, the
number of cells with multicast users in comparison to
those that have no multicast users and finally the
number of the total packets per multicast session.

The paper is structured as follows. Section 2
provides an overview of the UMTS. In Section 3, we
present a number of packet delivery schemes for
UMTS with the cost analysis of each scheme, while
Section 4 presents some numerical results that
characterize the schemes. Finally, some concluding
remarks and planned next steps are briefly described.

2. Overview of the UMTS

A UMTS network consists of two land-based
network segments: the Core Network (CN) and the
UMTS Terrestrial Radio-Access Network (UTRAN)
(Figure 1). The CN is responsible for routing calls and
data connections to the external networks, while the
UTRAN handles all radio-related functionalities. The
CN consists of two service domains: the Circuit-
Switched (CS) and the Packet-Switched (PS) service
domain. The CS domain provides access to the
PSTN/ISDN, while the PS domain provides access to
the IP-based networks. In the remainder of this paper,
we will focus on the UMTS PS mechanism. The PS
portion of the CN in UMTS consists of two General
Packet Radio Service (GPRS) Support Nodes (GSNs),
named Gateway GPRS Support Node (GGSN) and
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Serving GPRS Support Node (SGSN). An SGSN is
connected to the GGSN via the Gn interface and to
UTRAN via the Iu interface. The UTRAN consists of
the Radio Network Controller (RNC) and Node B, that
constitutes the base station and provides radio coverage
to a cell (Figure 1). Node B is connected to the user
equipment (UE) via the Uu interface and to the RNC
via the Iub interface. The GGSN interacts with external
Packet Data Networks (PDNs) through the Gi
interface. The GGSN provides connectivity with IP
networks. The Broadcast/Multicast Service Center
(BM-SC) serves as the entry point of data delivery for
internal sources [8]. In the UMTS PS domain, the cells
are grouped into Routing Areas (RAs), while the cells
in an RA are further grouped into UTRAN Registration
Areas (URAs) [7].

Be

Figure 1. Packet delivery in UMTS

3. One to many packet delivery schemes
for UMTS

In this section we present an evaluation, in terms of
the telecommunication costs, of three different one to
many delivery schemes. These schemes include the
Multiple Unicast, the Broadcast and the Multicast
scheme. More specifically, we consider a general
UMTS network topology providing a flexible
mechanism to differentiate the user distribution.

The analysis presented in the following paragraphs,
covers the forwarding of the data packets between the
BM-SC and the Node Bs. Regarding the transmission
of the packets over the Uu interface, it may be
performed on common (ex. Broadcast Channel - BCH),
dedicated (Dedicated Channel - DCH) or shared
transport channels (ex. High Speed Downlink Shared
Channel - HS-DSCH). DCH is a point-to-point channel
and hence, it suffers from the inefficiencies of
requiring multiple DCHs to carry common data to a
group of users. BCH, is a shared channel, thus, even
with a large number of multicast receivers, only one
BCH is required for a multicast service in the cell.

Furthermore, a transport channel named HS-DSCH has
been introduced as the primary radio bearer in Release
5 of UMTS with better performance than BCH.[8].

We consider a subset of a UMTS network
consisting of a single GGSN and Nsgsy nodes
connected to the GGSN. Furthermore, each SGSN
manages a number of N,, RAs. Each RA consists of a
number of N,,, RNC nodes, while each RNC node
manages a number of N,,, URAs. Finally, each URA
consists of N,,4p cells. The total number of RAs,
RNCs, URASs and cells are:

Nrve = Nsasn - Nra ()

Nrve = Nsasn - Nra+ Nrne (2)

Nura = Ns6sn - Nya* None + Nura 3)
Nvopes = Nscsn - Nra+ Nine - Nura - Nnodeb 4)

The total transmission cost for packet deliveries
including paging is considered as the performance
metric. The cost for paging is differentiated from the
cost for packet deliveries. We make a further
distinction between processing costs at nodes and
transmission costs on links, both for paging and packet
deliveries. Similar to [6], we assume that there is a cost
associated with each link and each node of the
network, both for paging and packet deliveries. We
apply the following notations:

Dy, Transmission cost between GGSN and SGSG
Dy, Transmission cost between SGSN and RNC
D, Transmission cost between RNC and Node B
Dpcy Transmission cost over the air with BCHs
Dpcey Transmission cost over the air with DCHs
Dys.pscy Transmission cost over the air with HS-DSCHs
Ssr Cost of paging between SGSN and RNC

Srp Cost of paging between RNC and Node B

Sa Cost of paging over the air

De Processing cost of packet delivery at GGSN
Ds Processing cost of packet delivery at SGSN
Pr Processing cost of packet delivery at RNC

Db Processing cost of packet delivery at Node B
ag Processing cost of paging at SGSN

a, Processing cost of paging at RNC

ap Processing cost of paging at Node B

The total number of the multicast UEs in the
network is denoted by Nyg. For the cost analysis, we
define the multicast session arrival rate as A, and the
total packets per multicast session as N,. In particular,
multicast session arrival rate follows a Poisson
distribution with A=/,. Furthermore, we assume that the
probability that a UE is in PMM detached state is Ppgr,
the probability that a UE is in PMM idle/RRC idle
state is Pgy, the probability that a UE is in PMM
connected/RRC URA connected state is Pygy, and
finally the probability that a UE is in PMM
connected/RRC cell-connected state is Py

In the following analysis, we present a probabilistic
method that calculates the number of multicast users in
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the network (Nyg), the number of SGSNs that serve
multicast users (nsgsy), the number of RNCs that serve
multicast users (nzyc) and finally the number of Node
Bs that serve multicast members (nyopgs).

As in [3], we classify the RAs into Lg, categories.

For 1 < i < Lgy there are N RAs of class i.
Therefore, the total number of RAs within the network
isN,, = Z,L:Rf N™ . Suppose that the distribution of
the multicast users among the classes of RAs follows
the Poisson distribution with 4 =6"*" . In general, the

probability that & exactly multicast users reside in the
RAs of class i is calculated as follows:

_g(RD) ( (RA) k
e’ -6 )
(RA) ) — i
o) =———  ©
Thus, the probability none of the RAs of class i
serves multicast users is p(0,6%)=¢™"", which in

turn means that the probability at least one multicast
user is served by the RAs of class i

isp=1-p(0,6")=1-"""

Since every class i consists of N** RAs, the total
number of the RAs in the class i, that serve multicast

users is N (1 —e " ) . Thus, the total number of the

RAs of every class that serve multicast users is:

My, = IL: N (l—e’dm) (6)

where 8" represents the number of multicast users

for the N RAs of class i.

If there are nzs RAs that serve multicast users, the
probability an SGSN does not have any such RA is:

N RA N, ra N, RA
Pscsy =
o o

Based on eqn (7), the total number of SGSNs that
serve multicast users can be calculated as follows:

nSGSN NSGSN (1 - pSGSN ) :

The total number of multicast users is:

Ny =2 “N™Mg, (8

where 6; is the number of users in a RA of class i.

As in [2], we assume that all RNCs within a service
area of class i have the same multicast population
distribution density as in the RA case. Based on a
uniform density distribution within a single RA, the
multicast population of an RNC within the service area
of a class i RA is " =9""/N, . The total

number of RNCs of class i is N,*"0 =N N .
Assuming that the number of RA categories is equal

g, SNy =N (7)

RA —

to the number of RNC categories (Lgyc=Lr,4), the total
number of RNCs that serve multicast users is:

R = :\C NI.(RNC) (l —e " ) ©)

The same are applied to the cells within the service
area of an RNC. The average number of multicast
users for a single cell of «class i is

6" =" (N, The number of Node Bs
belonging to class i is N =N™9.N N

ura nodeb *

}’lOdLb )

Assuming that the number of the RNC categories is
equal to the number of the Node B categories
(Lryc=Lyopes), the total number of Node Bs that serve
multicast users is:

Pyopes = ZL\UDEB N ( e ) (10)

3.1. Broadcast scheme (Bs)

In this scheme the packets are broadcasted to all the
nodes of the network and no paging procedure is
required. Regarding the transmission over the air, the
transport channel that is used in this scheme is the
BCH. It is obvious that the total cost of the packet
delivery is independent from the number of the
multicast users Nyz. The total cost of the packet
delivery to the multicast users is computed as follows:

Bs=[p, + Nysy (Dgs +pv)+NRNC(

D, +p)+
‘ (11)
+N, NODEB (Drb +p,+ DBCH I, P’ ;tx

3.2. Multiple Unicast scheme (MUs)

With MUs, each packet is forwarded once to each
member of the group separately. For instance, in
Figure 1, Node B2 would receive three duplicate
copies of the same multicast packet from the RNCI. It
is obvious that the cost of a single packet delivery to a
multicast user depends on its MM and RRC state.

If the multicast member is in PMM connected/RRC
cell-connected state, then there is no need for a paging
procedure neither from the SGSN nor from the serving
RNC. In this case, the packet delivery cost is:

Cc'z'll=pg+Dgs+ps+Dsr+pr+Drb+ph (12)

If the multicast member is in PMM connected/RRC
URA connected state, then the RNC must first page all
the cells within the URA in which mobile users reside
and then proceeds to the data transfer. The cost for
paging such a multicast member is:

CURA = Nrmdeh (Srb + ab + Sa ) + Su + ab + Srb + ar (13)
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[})cell 'Cce// "N P +I:Z/RA (CURA + qe//

‘N, )+ Py (Coy+Cy N,

)+ (P,

+PURA+PRA)N,;'DDCH:|NUE'/7& (15)

cell "1 p

MUs = |:Pae11'Cueu'Np"'PURA(CURA"'qe//'Np)+PRA (CM+C<ve11']\[,;):|NL'E'/1V+”'JVODEB'DBCH'Np'/ls (16)
|:F:e/1 'Ccell 'Np +PURA (CURA +C(‘€II 'Np)+PRA (Cm +CL‘€II 'Np):|NUE /1; + Myopes 'DHS—DSCH 'Np /7« (17)
Table 1. Chosen parameters’ values
Dgs Dsr Drb DBCH DDCH DHS—DSCH Ssr Srb Sa pg ps pr pb g a. | ap j-s PRA PURAPcel
126 5] 4 2 3 5/314/3) 11| 1|1 |1|1|1]5106[02|0.1

If the multicast member is in PMM idle/RRC idle
state, the SGSN only stores the identity of the RA in
which the user is located. Therefore, all cells in the RA
must be paged. The cost for paging such a multicast
member is:

Coi =N, (S, +a,)+(N,

RA rnc

: Nura : Nnudeb ) ’

(14)
(S, +a,+S,)+S,+a,+S,+a,+S, +a,

Since the paging procedure is performed on the first
packet of a data session, the total cost of the MUs is
derived from the equations 15, 16 and 17 for the three
different transport channels, where nyopgp represent the

number of Node Bs that serve multicast users.
3.3. Multicast scheme (Ms)

In Ms, the SGSN and the RNC forward a single
copy of each multicast packet to those RNCs or Node
Bs respectively that are serving multicast users. After
the correct multicast packet reception at the Node Bs
that serve multicast users, the Node Bs transmit the
packets to the multicast users via DCHs, BCHs or HS-
DSCHs. All multicast users that are in PMM idle/RRC
idle or PMM connected/RRC URA connected state
must be paged. After the paging procedure, the RNC
stores the location of any UE at a cell level. The cost
for this paging procedure is given by eqn(13) and
eqn(14) respectively. The total cost for the Ms is
derived from the eqn(18) where nggsy, Mrncs Mnopes
represent the number of SGSNs, RNCs, Node Bs
respectively that serve multicast users.

Ms =[p, +nggey (Dgs +ps)+nRNC (D, +p,)+
+ Nyopes (Drb +pb)+Y]Np ﬂ" +
+(PRA ’CRA +PURA 'CURA)NUE ﬂ«

(18)

Hyvopes * Deey  If  channel = BCH
where Y = Ny Doy i channel = DCH
Mopes " Pus_pscw if channel = HSDSCH

4. Results

We try to estimate the cost of each scheme
assuming a general network topology with Nggsy=10,
N,~10, N,,~10, N,,,=5 and N,4=5. In the following
paragraphs we evaluate the three methods in function
of a number of parameters. These parameters include:

e  The number of the packets per multicast session

e  The density of the users’ distribution in cells.

e The number of cells with multicast users

compared to those that have no multicast users.

The packet transmission cost (D,,) in any segment
of the UMTS network depends on two parameters: the
number of hops between the edge nodes of this
network segment and the capacity of the link of the
network segment. This means that D, = [/k,,
Dy,=l,/ky and D,,=I,/k,,. Parameter k., represents the
profile of the corresponding link between two UMTS
network nodes. More specifically, in the high capacity
links at the CN, the values of k,, are greater than the
corresponding values in the low capacity links at
UTRAN. For the cost analysis and without loss of
generality, we assume that the distance between the
GGSN and SGSN is 6 hops, the distance between
SGSN and RNC is 3 hops and the distance between
RNC and NODE B is 1 hop. The above parameters as
well as the values of the k,, are presented in detail in
Table 2. Regarding the transmission cost of paging
(Sx) in the segments of the UMTS network, it is
calculated in a similar way as the packet transmission
cost (D,,). More specifically, S,. is a fraction of the
transmission cost (D,,) and in our case we assume that
it is three times smaller than D,,.

Table 2. Transmission costs in the links

Link Link Number of | Transmission
Capacity hops cost
GGSN - SGSN kg =0.5 l;=6 Dy, =12
SGSN - RNC ky-=0.5 l,=3 D, =6
RNC — Node B krb =0.2 lrb =1 Drb =5

As it is shown in Table 1, the values for the
transmission costs of the packet delivery over the air
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with each of the three transport channels are different.
More specifically, the transmission cost over the air
with BCH (Dgcy) is bigger than the Dyg pscy, which in
turn is bigger than the transmission cost of the packet
delivery over the air with DCH (Dpcy). This occurs
because the BCH requires high transmission power in
order to reach all the users within the coverage area
even if they are not members of the multicast group.
Additionally, even if the HS-DSCH is shared among
the users of a specific sector, it is associated with one
DCH which means that the cost of the HS-DSCH is
bigger than a single DCH.

Furthermore, we have chosen appropriately the
probabilities P4, Pyrs and P,.;. More specifically, the
probability that a UE is in PMM idle/RRC idle state is
Pr=0.6. The probability that a UE is in PMM
connected/RRC URA connected state is Pyr,=0.2 and
the probability that a UE is in PMM connected/RRC
cell-connected state is P,.;=0.1.

In the analysis, we assume that we have two classes
of RAs. A class i=1 RA has multicast user population
of 8; = 1/6 and a class i=2 RA has a multicast user
population of 8, = d. If 0>>1, the class i=1 RA has a
small multicast user population and the class i=2 RA
has a large multicast user population. Let a be the
proportion of the class i=1 RAs and (1-a) be the
proportion of the class i=2 RAs. Each RA of class i €
{1,2} is in turn subdivided into N,,. RNCs of the same
class i and similarly, each RNC of class i € {1,2} is
subdivided into N, N, ., Node Bs of the same class i.

In Figure 2 we plot the cost of the three schemes in
function of a, for different values of 6. Since in our
model we consider three different transport channels
over the air for the MUs and the Ms in the following
figures only the channel with the lowest cost of each
scheme is presented and then we provide the
comparison of the costs of every scheme using
different transport channels in separate figures.
Generally, we observe from Figure 2, that the cost of
the broadcast scheme is constant, while the costs of the
other two schemes decrease as a increases. Since 6>>1,
there are not any multicast users in a RA of class i=1
and there are many multicast members in a RA of class
i=2. Furthermore, as « increases, the number of class
i=1 RAs with no multicast users increases and hence,
the costs of the MUs and the Ms decrease as it is
shown in Figure 2.

For =100 the Ms has the lowest cost while the Bs
has the higher cost independently of the value of a.
This occurs because in small values of a, there are
many RAs with large multicast users’ population (class
i=2 RAs). However, the value of 6=100 results to a
small number of multicast users within the network
and hence, the costs of MUs and Ms are kept in lower

values than the value of the cost of the Bs. In addition,
if 6=1000 (Figure 2b), the number of multicast users
within the network is increased and this results to an
increased cost for the MUs. The costs of the other two
schemes behave as follows: for a<0.45 the Bs has the
lowest cost and for a>0.45 the Ms has the lowest cost.
The latter occurs because for small values of o and
increased value of J, the number of the multicast users
within the network is increased and furthermore, there
are many class i=2 RAs in the network with large
multicast users’ population. This means that the
multicast users within the network are spread to many
RAs and hence, the cost of the paging which is
required in the Ms is increased, making the Ms
inefficient for this network topology. On the other
hand, when the value of « is increased, the number of
class i=1 RAs with no multicast users is increased and
all the multicast users are located in a small number of
class i=2 RAs. Thus, the Ms is more efficient than the
Bs as it is shown in Figure 2b.

=]

7:)( 10

B6F H -

5/ : 1
% 4r ——Broadcast .
= —&—Multiple Unicast
83t —%—Multicast e

2 L -

1L A

0 i i i i

0 0.2 0.4 0.6 0.8
alpha
(a)

——Broadcast a
—&—Multiple Unicast
—»*—Multicast

w
T

total cost

9 M il
OO 0.‘2 0.‘4 0.‘6 0.‘8
alpha
(b)

Figure 2. Total cost for the schemes against
alpha with N,=500. (a)delta=100, (b)delta=1000

Figure 3 presents the costs of the three schemes in
function of ¢ for 0=0.1 (Figure 3a) and a=0.9 (Figure
3b). Our first observation is that the cost of the Bs is
constant, while the costs of the other two schemes
increase as ¢ increases. Furthermore, if a converges to
1 (Figure 3b) the number of class i=2 RAs in the
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network is small. Thus, the multicast users are located
in a small number of RAs and as a result, the cost of
the Ms is kept in lower values than the cost of the MUs
and the Bs (Figure 3b). The later, obviously, has the
higher cost as it is shown in Figure 3b. On the other
hand, Figure 3a shows that the Ms performs efficiently
if 0<400, but it is outperformed by the Bs for 6>400.
This occurs because the value of o is small and the
number of class i=2 RAs with large multicast users’
population is increased and hence, as the number of
multicast users in a class /=2 RA increases, there are
many users among many cells in the network making

the Bs more appropriate for the packet delivery.

3
Bx10

——Broadcast

sl —8—Multiple Unicast i
—*—Multicast

total cost
N w s
Y T
L L i

|

i i i i
0 200 400 600 800 1000

41| ——Broadcast
—&—Multiple Unicast
——Multicast

total cost

i i i i
0 200 400 600 800
delta

(b)

Figure 3. Total cost for the schemes against
delta with N =500. (a) alpha=0.1, (b) alpha =0.9

The costs of the three schemes in function of the
number of packets per multicast session are presented
in Figure 4 for 6=1000 and 0=0.1. Our first observation
is that as N, increases, the total cost of each scheme
increases. When a=0.1 and due to the big value of
(0=1000) the number of multicast users in the network
is increased. The increased number of multicast users
in the network makes the MUs inefficient for the data
transmission. Regarding the other two schemes, we can
observe that, for values N,<1400, the cost of the Bs is
smaller than the cost of the Ms. This occurs because
the gradient of the line representing the cost of the Ms
is smaller than the gradient of the line representing the
Bs, according to eqn(11) and eqn(18). Similarly, for

1000

values N,<1400, the Ms is more efficient than the Bs.

a
45410
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Figure 4. Costs of the schemes against N,
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Figure 5. Costs for the Ms and MUs against
alpha with N=50. (a)delta=1000, (b)delta =20

In Figure 5, the total costs for the Ms and MUs
using different transport channels in function of a, are
presented. Generally, the cost of each scheme
decreases as a increases. This occurs because the
increment of a, and the big value of J entail that the
number of RAs that have small population increases.
Thus, the total number of the multicast users decreases
and the total cost for the data transmission decreases.
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More specifically, in Figure 5a, we observe that the
cost of the Ms using DCH is bigger than the cost of
each of the other transport channels. On the other hand,
the BCH and HS-DSCH that are shared channels are
more efficient and hence, the corresponding costs are
smaller. The opposite occurs in Figure 5b where the
value of ¢ is small, which means that the number of
multicast users is small. In this case, the DCH is the

more efficient transport channel over the air.
x10°

7

6

5 //

P

IR

k\
j\

total cost

\

—
P
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—*—Multicast with HS-DSCH
T n

i i T
0 100 200 300 400 500 600 700 800 900 1000
delta

(a)

(=)
)
T
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w
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o
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T
I

——Multiple Unicast with DCH

—&—Multiple Unicast with BCH
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T

=

I
2'EﬁO 500 550 600 650
delta

(b)
Figure 6. Total cost for the Ms and MUs
against delta with N,=500. (a) alpha=0.5, (b)
alpha=0.1.

In Figure 6, the total costs for the Ms and MUs
using different transport channels over the air in
function of J are presented. More specifically, in
Figure 6a, we observe that for small values of J, the
costs are small because there is a small number of
multicast users in the network. Thus, we can use DCHs
for the data transmission over the air which reduces the
cost of the scheme. On the other hand, bigger values of
o imply bigger number of multicast users in the
network and hence, the use of shared channels such as
HS-DSCH is more appropriate. In Figure 6b, we
present only a small range of values for the parameter ¢

because the cost of the MUs using the three transport
channels is approximately the same. More specifically,
the cost for the MUs using HS-DSCH is smaller than
the other for big values of § since the number of the
multicast users is bigger and the use of shared channels
reduces the cost. On the other hand, for small values of
0, the number of the multicast users is small and hence,
the use of DCHs for the data transmission over the air
is the most efficient.

5. Conclusions and future work

In this paper, we have presented an overview of
three different one to many packet delivery schemes
for UMTS. These schemes include the Broadcast, the
Multiple Unicast and the Multicast scheme. We have
analytically presented these schemes and have
analyzed their performance in terms of the packet
delivery cost and the scalability of each scheme. The
step that follows this work is to carry out experiments
using the NS-2 simulator. This means that we have to
implement the above presented one to many packet
delivery schemes and confirm the relation of the costs.
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