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PAPER

Effectiveness of UBR VC Approach in AAL2 Networks

and Its Application to IMT-2000∗

Hiroshi SAITO†, Regular Member

SUMMARY This paper investigates the effectiveness of a
network that uses unspecified bit rate (UBR) for a virtual channel
(VC) accommodating AAL2 connections. AAL2 is a new ATM
adaptation layer that has recently been standardized. Since it is
designed to carry low-bit-rate voice signals efficiently, it should
be used in the ATM backbone for mobile networks, especially in
the IMT-2000 network (International Mobile Telecommunication
in the Year 2000 network). Normally, constant-bit-rate (CBR)
VCs or variable-bit-rate (VBR) VCs are used to accommodate
AAL2 connections. In our previous work, however, we showed
that using UBR VCs (equivalent to no VC-level bandwidth man-
agement) to accommodate AAL2 connections needs much less
VP bandwidth than using CBR or VBR VCs. In this paper,
the previous results are extended to the network and the net-
work bandwidth reduction is shown to be larger than that of the
virtual path. In addition, the bandwidth reduction achieved by
using UBR VCs is comparable with that achieved by introducing
AAL2 switching nodes. Based on these results, the core network
of the IMT-2000 is discussed.
key words: AAL2, IMT-2000, VTOA, bandwidth management

1. Introduction

Asynchronous transfer mode (ATM) networks carry in-
formation in blocks called cells. The cells have a fixed
size regardless of the actual application. An ATM adap-
tation layer (AAL) in an ATM terminal or a terminal
adapter at the network edge maps the services offered
by the ATM network to those required by the appli-
cations. The AALs that have already been defined
(AAL1, 3/4, and 5) are used to fit or segment higher-
layer information blocks into an ATM cell payload.

When low-bit-rate voice traffic is carried in, for
example, an ATM backbone for a mobile network, the
existing AALs are not appropriate. This is because
the bit rate of the voice codecs is low and the limit
on end-to-end delay does not allow enough bits of the
sampled signal of each voice source to be accumulated
to fill an ATM cell payload. Using existing AALs that
partially fill ATM cells (the remaining bits are filled
with padding) may cause unacceptable degradation in
bandwidth efficiency.

The question of how to transmit low bit-rate real-
time traffic over an ATM network without degrading
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the efficiency has thus been an active discussion topic
in the ATM Forum and ITU-T. The result was a new
AAL (AAL2) [1]–[3]. (AAL2 signaling was explained
in [25].)

In particular, an AAL2 network is a promising can-
didate for the backbone of the International Mobile
Telecommunications in the Year 2000 (IMT-2000) net-
work. Some standardization bodies assume that AAL2
will be used between a radio access node and a switch-
ing node in the core network. Thus, implementing a
cost-effective network will have a large impact on the
next-generation mobile networks.

The traffic performance of AAL2 has been dis-
cussed intensively. Several papers analyzed it by com-
puter simulation or by simple experiment [5]–[7]. Some
papers compared the performance of AAL2 with other
existing AALs [23], [24]. These comparisons used a sim-
ple model and did not cover the UBR alternative dis-
cussed below. References [2] and [3] performed rough
analyses to show the AAL2 performance, but their main
objectives were to discuss AAL2 design. In [20], the
authors have developed AAL2 voice multiplexer mod-
els, and derived the equivalent bandwidth per AAL2
voice connection for multiplexers with and without bit
dropping. Reference [8] showed some analytical re-
sults assuming the number of short packets arriving
at each time slot to be independent. In [21], sizing of
the sequence number modules was done with computer
simulation of the AAL2 voice multiplexer and by an
analysis of the backward and forward slip probabilities.
In [22], end-to-end quality of service was evaluated by
an analytical model. Although the wireless portion, as
well as the land portion using AAL2, was considered,
the bandwidth management was not discussed there.
Bandwidth reduction in the network was discussed in
[11] and [14], which also assumed a Poisson arrival
distribution and constant-bit-rate (CBR) virtual chan-
nels (VCs). Based on the results in [9], [10], references
[13], [15] showed that unspecified-bit-rate (UBR VCs)
(equivalent to having no VC-level bandwidth manage-
ment) need less virtual path (VP) bandwidth than CBR
or variable-bit-rate (VBR) VCs. Based on those results,
this paper evaluates the effectiveness of the UBR VC
approach in the network. When a network rather than
a single VP is considered, the UBR approach has an
additional advantage. This additional advantage, as
well as the VP bandwidth reduction in each VP in the
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Fig. 1 Composition of AAL2 cell.

network, enables the UBR VC approach to greatly de-
crease the bandwidth in the network. The decrease is
shown to be comparable with the bandwidth reduction
obtained by introducing AAL2 switching nodes.

The rest of this paper is organized as follows. In
Sect. 2, AAL is explained. In Sect. 3, three alterna-
tives for bandwidth management (the alternetives using
CBR, VBR and UBR VCs) are described. In Sect. 4,
numerical examles for these three alternetives and the
effectiveness of the UBR alternative are shown. Con-
clusions are in Sect. 5.

2. AAL2

AAL2 allows multiple sources to share a single cell.
A single cell consists of several short packets called
common-part sublayer (CPS) packets from different
sources. While AAL2 can be applied to multimedia
traffic, the following explanation is based on its ap-
plication to voice traffic because that will be a major
application of AAL2 (at least initially).

A voice signal is sampled in a standardized man-
ner in the mobile terminal, and assembled into a com-
pressed voice-signal burst, ranging in length from a few
bits to several hundred bits (for example, 2 to 36 bytes
for CDMA [2]). The AAL2 end system, such as a base
station of the mobile network, receives the burst. This
burst is used for a CPS packet; a CPS header is at-
tached at the AAL2 source end point in the AAL2
end system. A CPS packet header consists of the con-
nection identification (CID), the length indicator (LI),
the header error check (HEC), and the user-to-user in-
formation (UUI). CID identifies the AAL2 connection,
that is, the origin and destination of the CPS packet.
LI indicates the length of the packet payload. The us-
age of the UUI, which is reserved for use by the upper
layers, is still under discussion. These CPS packets are
placed into a standard ATM cell on a first-come first-
served (FCFS) basis at an ATM source end point in the

AAL2 end system.
The first byte of the cell payload carries the start

field, and the rest of the payload carries one or more
CPS packets. When the remaining cell payload does
not have enough space to accommodate a CPS packet,
the packet is split between cells (Fig. 1). The start field
consists of the offset field (OSF), the sequence number
(SN), and the parity. If a packet was started in the
preceding cell of this VC connection and is continuing
in the current cell, the OSF indicates the remaining
length of the packet.

In an ATM network, a cell is transmitted from
the AAL2 end system along the VC connection speci-
fied by the virtual path and virtual channel identifiers
(VPIs/VCIs). The network may have virtual chan-
nel handlers (VCHs), virtual path handlers (VPHs),
and AAL2 switching nodes. (AAL2 switching nodes
are introduced when each AAL2 end system handles a
fairly small amount of traffic and the traffic between
the same cell assembly device and the same cell dis-
assembly device is too small to make a non-partially
filled cell. An AAL2 switching node disassembles cells
into CPS packets and reassembles them into ones hav-
ing packets with the same destination (Fig. 2). That
is, the AAL2 switching node works as a switching node
with cell assembly devices, cell disassembly devices and
a CPS packet based switching function.) At the desti-
nation AAL2 end system, each cell is disassembled into
its CPS packets and converted into a voice-signal to be
transformed into speech.

3. Alternatives for Bandwidth Management

A VC connection that uses AAL2 can use one of sev-
eral ATM-layer services such as CBR, real-time VBR
(rt-VBR), or UBR [16]. This section describes band-
width management and admission control under each of
these ATM layer services. They were proposed in [13],
[15]. To simplify the explanation, the remainder of this
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Fig. 2 AAL2 switching node.

Fig. 3 AAL2 network and admission control.

paper assumes that individual AAL2 connections have
the same traffic characteristics. In addition, it assumes
that a VP is a CBR VP (deterministic VP).

The simplest and most fundamental alternative is
CBR. A VC connection has a fixed bandwidth defined
by the peak cell rate (PCR), and the cell transmission
is scheduled at this cell rate at the output queue. This
means that the VC’s bandwidth must be able to accom-
modate the total bandwidth of the AAL2 connections in
the VC. When a call is set up, AAL2 connections must
be established between two AAL2 systems along VCs
whose PCRs have been determined in advance (Fig. 3).
When an AAL2 connection is set up, admission control
is performed at the AAL2 systems (AAL2 end systems
and AAL2 switching nodes) to determine whether there
is enough bandwidth for this incoming call in the VC
with a given PCR. (If there is not enough bandwidth,
the call is lost. This is similar to the situation in the
existing network where there are no idle trunk circuits.)
The VCHs and VPHs do not play a role in the band-
width management if the VC bandwidth is fixed and
the AAL2 connection admission control for each VC is
appropriately performed at the AAL2 systems. Only
AAL2 systems handle AAL2 traffic descriptors and the
setup and release of AAL2 connections.

An example [13], [15] of admission control under
this CBR alternative is shown here. (VCs in a VP

are multiplexed in the VP multiplexing buffer. In the
following, let K ′ be the buffer size including the cell
that is currently being transmitted (Fig. 4)).

For the CBR VC, the admission control uses as a
parameter the maximum number Nmax of AAL2 con-
nections that can be admitted to the VC. This maxi-
mum number can be derived using the analytical for-
mula shown in [9], [10] or by intensive simulation to sat-
isfy the cell loss ratio (CLR) in the transmission queue
when the timeout, buffer size, and PCR of the output
VC are given.

This VC is containd in a VP and the admission
control of this VC into the VP is needed. (This admis-
sion control can be executed as a part of network provi-
sioning.) Admission of CBR VCs in a VP of bandwidth
(PCR) C is judged using

C(1− ε) ≥
∑

i

PCRi, (1)

where PCRi is the PCR of the i-th VC connection in
the VP and ε is a margin for ATM multiplexing that
is normally set to about 2%–5%. (In the numerical
examples in this paper, ε is set to 0 for simplicity.)

The second alternative is to use rt-VBR. The
bandwidth of a rt-VBR VC connection is specified by
three traffic parameters: PCR, the sustainable cell rate
(SCR), and either the burst tolerance (BT) or the max-
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Fig. 4 Cell assembly device and VP multiplexing buffer for CBR and rt-VBR VCs.

imum burst size (MBS). SCR is the upper bound of the
average cell rate of the VC, and VBR VCs can achieve
higher statistical multiplexing than CBR VCs. How-
ever, the statistical multiplexing of VBR VCs requires
more complicated techniques than that of CBR VCs.
Thus, there is a tradeoff between the complexity and
efficiency.

For a rt-VBR VC, the admission control uses the
maximum number Nmax, which is the same number as
in the admission control for a CBR VC and is derived
using the same formula. In addition, another analytical
formula in [9], [10] or intensive simulation can be used
to derive the maximum number N ′

max, such that the
total average cell rate of N ′

max AAL2 connections is less
than or equal to the SCR of the VC. Admission control
admits at most min(Nmax, N ′

max) AAL2 connections to
the rt-VC.

This admission control satisfies the CLR at the
transmission queue, given the buffer size, the timeout,
and the PCR of the VC. The actual PCR of the VC is
the same as the specified PCR because the cell trans-
mission is scheduled by the specified PCR of the VC.
The SCR of the VC is satisfied because the admitted
AAL2 connections are limited to N ′

max.
The admission control algorithm proposed in [18]

is assumed to apply to the admission control of VCs
to a VP. By using the CLR upperbound formula, this
algorithm guarantees the CLR in the VP multiplexing
buffer for the worst cell arrival pattern satisfying the
PCR and SCR of each VC. First, the admission control
of rt-VBR VCs uses the same checking formula (Eq. (1))
as the CBR VCs, and accepts the VC if it is satisfied.
Otherwise, the admission control applies this formula
of CLR upper bound using the PCR and SCR of each
VC [12], [18], and accepts the VC if it is less than the
CLR objective. Otherwise, it rejects the VC.

The third alternative is UBR for each VC, which
means not performing bandwidth management at the
VC level. Instead, the total bandwidth of AAL2 con-
nections in a deterministic VP (that is, a CBR VP)

Fig. 5 Example of AAL2 network.

[12] is managed. This alternative comes from the fol-
lowing observations: Let us consider the case where a
call using VC1 between a pair of CLADs is set up in
Fig. 5. Assume that the numbers of calls established in
VC2 and VC3 are small, and that VP1 and VP2 have
enough unused bandwidth. Under these assumptions, a
call set up using VC1 is rejected and lost in the first and
second alternatives if VC1 does not have any remain-
ing bandwidth. If we can remove the VC-level band-
width management and directly judge whether there is
enough bandwidth in the VP accommodating the call
(AAL2 connection), then the call setup using VC1 can
be accepted because VP1 and VP2 do have enough re-
maining bandwidth. In practice, even in a single VP,
bandwidth reduction can be expected. This is because
the AAL2 connections in VP1 need not satisfy any con-
straint other than the bandwidth of VP1 while they
must satisfy the PCR (the SCR and the BT) of VC1
or VC2 under the CBR (VBR) alternative in addition
to the VP bandwidth constraint. Thus, more AAL2
connections can be accepted in VP1. This gain (or
equivalently, bandwidth reduction) was shown in [13],
[15].

In this alternative, AAL2 systems and VCHs have
bandwidth management functions for AAL2 connec-
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Fig. 6 Cell assembly device and VP multiplexing buffer for
UBR VCs.

tions, and they perform admission control for each
AAL2 connection to determine whether the remaining
bandwidth of each VP connection along the AAL2 con-
nection is sufficient to admit the connection.

For UBR VCs in a VP, two-fold admission control
(admission control for AAL2 connections into a VC and
that for VCs into a VP) reduces to simply the admission
control of AAL2 connections into a VP, and the trans-
mission queue and the VP multiplexing buffer reduce
to a single queue (Fig. 6).

The reduced admission control is, in principle, the
same as the admission control of AAL2 connections to a
CBR VC. That is, it uses the maximum number Nmax

of AAL2 connection in the VP. This number Nmax for
UBR VCs can be derived using the same formula as
used for CBR VCs [9], [10]. But there are four differ-
ences in the derivation of Nmax: The first one is the
number of the cell assembly queues offering cells to the
transmission queue. In UBR VCs, this number may be
more than one, but in the other alternatives it is one.
The second difference is the buffer size. In the other
alternatives, the VP multiplexing buffer and the trans-
mission queue are separate, but in this alternative the
VP multiplexing buffer is integrated into the transmis-
sion queue. Thus, the transmission queue’s buffer can
be larger than in other the alternatives if the delay in
the buffer/queue is limited. The third difference is that
the CLR objective allocated to each transmission queue
can be larger in this alternative than in the other al-
ternatives, which must allocate objectives to the trans-
mission queue and the VP multiplexing buffer. The
fourth difference is that the bandwidth (or PCR) in
the formula is the VP bandwidth, whereas it is the VC
bandwidth in the other alternatives.

4. Numerical Examples

As described in the previous section, the UBR alterna-
tive may achieve a large gain in a network. This gain
comes from a different mechanism from the gain for a

Fig. 7 Network models.

single VP. The former comes from the ability to use un-
used bandwidth in another VC while the latter comes
from fewer constraints on each VC in a VP. That is,
they come from the network and the individual VPs in
the network, respectively. However, the network gain
has not been evaluated yet. This section evaluates the
gain based on the admission control described in the
previous section.

4.1 Conditions of Numerical Examples

To clarify the sensitivity of parameters such as traffic
volume and number of AAL2 end systems to the gain
for the UBR VCs, this section investigates a network
having one, two, or three VCHs (Fig. 7). In the fol-
lowing examples, the timeout is assumed to be fixed
at 4ms; the number of CPS packets in a cell is also
assumed to be fixed at 2 and any CPS packet is not
divided between cells for simplicity. According to the
limit of CID (8 bits, 256 channels including reserved
channels), multiple VCs are assumed to be provided
when the number of AAL2 connections in a VC is larger
than 240 and they accommodate an equal number of
AAL2 connections. For CBR and rt-VBR VCs, the
buffer size K for the transmission queue is 3ms, the
VP multiplexing buffer size K ′ is 3ms, and the CLR
objectives at the transmission buffer and the VP mul-
tiplexing buffer are both 10−4. For the UBR VCs, the
size of the transmission buffer is 5ms and the CLR ob-



SAITO: EFFECTIVENESS OF UBR VC APPROACH IN AAL2 NETWORKS
2491

Fig. 8 UBR vs. CBR and VBR (single VCH network).

jective there is 10−4. This subsection also assumes that
the blocking probability objective of a voice call at each
VP under the UBR alternative is 1%, and that at each
VC consisting of n VP links under the CBR or VBR al-
ternative is n%. Blocked calls are lost. Here, the voice
call is assumed to arrive in a Poisson process. Thus,
for a given voice traffic, the well-known Erlang-B for-
mula is used to derive the number of AAL2 channels
that accommodate the voice traffic meeting the block-
ing probability objective.

According to Yatsuzuka [19], the mean talkspurt
length is assumed to be 169.7ms and the mean silence
period is assumed to be 123.9ms. Considering recent
low-bit-rate coding methods such as CS-ACELP [4], the
voice coding rate in a talkspurt is assumed to be 8 kbps.
The number of short packets in a cell is assumed to be
2.

4.2 Numerical Results

Figure 8 plots the ratio of the required VP bandwidth
between an AAL2 end system and a VCH under the
UBR alternative to that under the CBR or VBR al-
ternative. This figure shows the results that a single
VCH is used. It also plots the ratio of the number of
AAL2 channels under the UBR alternative to that un-
der the CBR or VBR alternative. In Fig. 8, the CBR
alternative and the VBR alternative provided the same
channel ratios for (1,5) and (1,17) and the same VP
bandwidth ratio (1,5) where (i, j) denotes the number
of VCHs is i and the number of AAL2 end systems
under a VCH is j.

The VP bandwidth needed under the CBR alter-
native is much larger than that under UBR. In particu-
lar, when the traffic between AAL2 end systems is low,
the effectiveness of UBR is clear. UBR is very effective
when the number of AAL2 end systems under a VCH
is large, because many VCs are multiplexed in a VP
when there are many AAL2 end systems.

There is no difference between the CBR and VBR
alternatives when the number of AAL2 end systems is
small. As the number of AAL2 end systems increases,
the VBR alternative becomes effective. When the traf-

Fig. 9 UBR vs. CBR and VBR (multiple-VCH network).

fic between AAL2 end systems is very small, the UBR
alternative loses its effectiveness over VBR because the
main reason for performance deterioration is partially
filled cells. Generally speaking, however, the UBR al-
ternative is effective for small traffic volumes because
the statistical multiplexing gain is large when a little
traffic is greatly aggregated. Thus, the ratio under the
VBR alternative is not monotonic.

The channel ratios in Fig. 8 are between 1.0 and
1.6. This means that the UBR alternative shows addi-
tional advantage of up to 60% when it is evaluated in
the network rather than a single VP. The effectiveness
of the UBR alternative, however, comes mainly from
each VP. This is because the ratio of the AAL2 chan-
nels under the UBR alternative to that under the CBR
or VBR alternative is usually smaller than the ratio of
the requested VP bandwidths. Only when the traffic
is very small and the VBR alternative is used, the net-
work gets an effect from the statistical multiplexing of
the AAL2 channels. This is because, in this case, the
ratio the AAL2 channels is larger than the ratio of the
requested VP bandwidths.

Figure 9 shows the results for both these ratios for
a network having two or three VCHs. (Channel ratios
and VP bandwidth ratios for (3,4) and (3,2) were the
same for CBR and VBR and for the link between an
AAL2 end system and a VCH and the link between
a pair of VCHs.) These results are similar to Fig. 8.
When the number of links in the network is large, the
UBR alternative is effective. This is because the num-
ber of VCs multiplexed in a VP is large.

Now we are in a position to investigate which is
more effective: the UBR alternative or introducing
AAL2 switching nodes. As you know, the AAL2 switch-
ing nodes are introduced to aggregate traffic and avoid
the performance deterioration due to partially filled
cells. Its introduction is especially efficient in a mo-
bile network for the following reason: In a mobile net-
work on an ATM backbone, each pair of base stations
is connected via a VC connection when there are no
AAL2 switching nodes. Different traffic streams whose
originating and terminating AAL2 end points are in
the same pair of base stations can be multiplexed in
the VC. Unfortunately, however, the load of such traf-
fic is normally too small to use a single VC efficiently.
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Fig. 10 Effectiveness of introducing AAL2 switching nodes.

Since AAL2 switching nodes terminate ATM connec-
tions, however, they can aggregate traffic streams that,
for example, have originating AAL2 end points in the
same base station, but destination AAL2 end points in
different base stations.

When AAL2 switching nodes are introduced, cell
disassembly and assembly delays inevitably occur there.
For simplicity, the following examples neglect this delay.
When there is a single VC in a VP, the buffer size K for
the transmission queue is 5ms, and the VP multiplex-
ing buffer size K ′ is neglected. When there is more than
one VC, the buffer size K for the transmission queue is
3ms, and the VP multiplexing buffer size K ′ is 3ms.
The CLR objectives at the transmission buffer (and the
VP multiplexing buffer) is (are both) 10−4. Figure 10
plots the ratio of the VP bandwidth required under the
CBR or VBR alternative using AAL2 switching nodes
replacing VCHs to that the UBR alternative.

Figure 10 plots the results under the network
model shown in Fig. 7. (For all cases in Fig. 9, the CBR
and VBR alternatives needed the same amount of VP
bandwidth because the number of VCs is small. For
all cases except for (2,4) in Fig. 9, the VP bandwidth
between an AAL2 end system and an AAL2 switching
node and that between a pair of AAL2 switching nodes
was the same.)

For very small traffic between AAL2 end systems,
using AAL2 switching nodes with the CBR or VBR al-
ternative is more advantageous than the UBR alterna-
tive (Fig. 10). This is because the partially filled cells, a
major reason of the performance deterioration for very
small traffic, can be removed by introducing the AAL2
switching nodes but not by using the UBR alternative.
As the traffic increases, the UBR alternative becomes
effective. This is because the number of partially filled
cells decreases and the statistical multiplexing gain be-
comes larger under the UBR alternative than under the
CBR/VBR alternative with AAL2 switching nodes for
more than one VC. Thus, when the number of links
in the network is large, the region in which the UBR
alternative is more advantageous than the CBR/VBR

Fig. 11 Ratios of pairs of areas with small traffic in Tokyo.

alternative with AAL2 switching nodes is large. Over-
all, the UBR alternative shows similar performance as
the CBR/VBR alternative with AAL2 switching nodes.

Based on these results, the areas in which the
AAL2 switching nodes should be introduced are inves-
tigated here. Let us consider the Tokyo metropolitan
region as an example. The region is divided into 9
areas, and one mobile switching center (MSC) covers
each area if the traffic is less than the switch capac-
ity. Here, the MSC accommodates base stations (BSs)
for mobile communication, and the MSC is an AAL2
switching node and the BS is an AAL2 end system. Our
focus is on whether AAL2 switching nodes are needed
between the MSCs. As discussed above, if the traffic
between MSCs is very small (for example, less than 5
erl), then introducing AAL2 switching nodes even with
the CBR/VBR alternative may be advantageous. Oth-
erwise, the MSCs should be directly connected by the
UBR VCs.

Figure 11 shows the result, assuming that the traf-
fic between areas is proportional to the telephone traf-
fic. Total traffic is assumed to be 100,000 erl and the
switch capacity to be 10,000 erl. If traffic of an MSC is
larger than the switch capacity, the area is sub-divided.
(In practice, the core of the Tokyo region is sub-divided
into four sub-areas in this example.) As seen in the fig-
ure, only 4% of all the pairs of areas/sub-areas have
traffic less than 5 erl. Therefore, if UBR VCs are used
and VCHs have AAL2 bandwidth management func-
tions, the need to introduce AAL2 switching nodes in
the core network is limited. It becomes larger when
the total load becomes smaller or the switch capacity
becomes smaller. Conversely, when the total load be-
comes larger or the switch capacity is smaller, the need
becomes smaller.

5. Conclusions

This paper investigated the effectiveness of the UBR
alternative in the network. Through numerical exam-
ples, it was shown that the effectiveness mainly comes
from the statistical multiplexing gain in a VP. The per-
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formance of the UBR alternative is comparable to that
with AAL2 switching nodes, except when the offered
load is very small. As an example, the Tokyo metropoli-
tan region was considered and it was shown that the
UBR alternative works well without AAL2 switching
nodes in most pairs of the areas covered by mobile
switching centers. Normally, it is more difficult to im-
plement large AAL2 switching nodes than large VCHs.
Thus, this result is attractive for network operators and
switch vendors.
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