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This article discusses the benefits of IP-
based system infrastructure for NGN
system architectures with VoIP/packet
processing resource boards. In addition,
it discusses state-of-the-art technology
for PICMG 2.16-based COTS solutions,
which provides an immediate roadmap 
to 2000 channels per board and a
paradigm shift for VoP architectures.

Are you still paying $50-$100 per
channel for a VoIP board product?
Then read on because times have

changed. The market is leveraging new
networking technology and higher density
chips to provide up to 2000 channels per
board during 2002. And now density is
not the only name of the game for leading-
edge technology, because who wants that
many channels without redundancy and
uninterrupted service features? To be
more exact, the market for DSP boards is
moving toward communication system
products with integrated uninterrupted
services, and this will get here more
quickly than you may expect.

Traditional VoIP media gateway appli-
cations consisted of a combination of a
DSP board, an I/O board (PSTN and IP),
an H.100 (or H.110, SCbus, MVIP, etc.)
system bus combined with a set of drivers
and host CPU for PCI/ISA or Com-
pactPCI systems (see Figure 1). Such
systems typically scale from a few DS-0
to 16 DS-1 interfaces per system. Limit-
ations for higher density include low-
density DSP chips, space restrictions for
interfaces, and the limitation of PCI with
only seven I/O slots in CompactPCI and
only four slots in PCI/ISA. And although
this can be overcome with PCI-to-PCI
bridging, the H.110 TDM (SCbus, H.100)
bus very quickly identifies itself as the
next bottleneck with its capacity for only
4096 unidirectional channels. Addition-
ally, CompactPCI does not provide a 
no-single-point-of-failure architecture for
active components. This creates yet another
limitation – significantly increased cost.

To overcome all the limitations listed
above, today the OEM customer can
choose integrated board or system solu-
tions that offer a new system architecture
– almost designed for NGN applications –
and integration of the VoIP resources, net-
working interfaces, and the call control
protocol software in a proven 99.999-per-
cent available system platform. With this
new architecture and its integrated fea-
tures for uninterrupted services, it is now
economically attractive to move into
higher channel densities like 16 DS-1, one
to three DS-3, and OC-3/STM-1 perfor-
mance per board and slot (see Figure 2).

Because of these new features, media gate-
ways are now appropriate for use in core
network and access network applications
of the central office, whether it is VoIP,
VoATM, softswitches, 3G wireless trans-
coding, or broadband wireless access.

Technology analysis 
TDM bus migration paths
Although H.110 is a good standard, it lacks
a clear migration path. The main problem
with a successor to H.110 is that it has
never achieved critical mass. A few pro-
posals exist today, but none is really stan-
dardized and implemented in a broad way.
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Figure 1. VoIP media gateway overview on dataflow and control protocol

Figure 2. PICMG 2.16 architecture is not dependent on H.110 and 
hence is future proof (H.110 with 4096 DS-0 channels is a bottleneck 
in large configurations)



Reprinted from CompactPCI Systems / July-August 2002

This applies for multiple H.110 
or segmented H.110 (by multiple H.110).
Cellbus needs expensive hardware de-
coders (AAL1) and StarFabric, since it
requires a dedicated StarSwitch, has addi-
tional slot and cost overhead, which cur-
rent TDM architectures have not antici-
pated, aside from the fact that the StarGen
H.110 bridge device is still not generally
available and no second source vendor is
visible. Mesh network, although a propri-
etary definition, only refers to a point-to-
point packet link. Hence, by nature, it does
not address TDM transport and therefore
does not solve the H.110 question either.

Architecture paradigm 
shift to PICMG 2.16
In general, the lack of momentum to find
a successor for H.110 and its type must be
perceived as a paradigm shift of system
architectures. Technology allows for
higher density integration as well as the
integration of DSP with I/O interfaces and
most importantly, the standardization
offers a ratified system architecture based
on redundant Ethernet in the backplane
(PICMG 2.16). This architecture permits
independence from any PCI/ISA technol-
ogy limitation and offers the NGN intrin-
sic, natural communication of IP within
the system. All payload data and control
messages, which are all Ethernet or IP-
based, can be routed to any processor
minus any communication overhead.

Redundancy and uninterrupted
availability of services
Central Office applications require unin-
terrupted services, and PCI-based systems
or systems with separate I/O and DSP
resource cards (via traffic over H.110)
cannot provide this at commercially effi-
cient levels. In the case of PCI systems,
the single point of failure remains with the
system slot, and a complete system redun-
dancy (all with expensive I/O and DSP
cards) is necessary to remove this single
point of failure, which is the most ex-
pensive solution. In this scenario, the
“PICMG 2.13 draft specification” (known
as redundant system slot – RSS) would
have been helpful; however, the standard-
ization was terminated, and there is no rat-
ified standard and no interoperable prod-
ucts available. Among the reasons for this
is, that from its origin, PCI was not archi-
tected for system slot redundancy and did
not turn out to be the best foundation for
an uninterrupted services concept.

Communication Nodes are the latest buzz-
word, with PICMG 2.16 (known as
CompactPCI Packet-Switching Back-
plane – cPSB) redundant Ethernet com-

munication between all boards in a sys-
tem. cPSB is defined and this has proven
to be the perfect platform for redundancy
solutions and uninterrupted services.
System definitions like the Force High
Availability Architecture (HA2) support
PICMG 2.16 and specify scenarios for
Ethernet switch failures, external link fail-
ures, internal link failures, and node fail-
ures. Combined with an HA framework
that also includes system management
and the node board (the customer’s) appli-
cation uninterrupted services for media
gateways can be provided. Hence the
migration to higher density VoP resource
boards is ready for and enabled – includ-
ing commercial backing.

Figure 3 shows a VoIP media gateway
sample configuration in a PICMG 2.16
system environment with the Ethernet-
based backplane communication, 10
single-slot VoIP media gateway blades
with one onboard DS-3 interface and IP
communication over the 2.16 backplane,
and a redundant set of Ethernet switches
with dual Gigabit Ethernet uplinks. The
redundant CPU pair functions as HA mas-
ter of the system (see next paragraph for
board architecture discussion).

Resource board architecture 
with high-density DSPs
In the context of redundancy and best den-
sity for VoIP gateways, it is critical to have
a balanced ratio of onboard DSP resources
and PSTN/network interfaces. An archi-
tecture of DSP-farm boards with multiple
separate I/O boards has the disadvantage
of less density. Consequently, once the
DSP board fails, related multiple I/O
boards fail, too, unless the high-density
DSP resource board is replicated.
However, in this case, there is the disad-
vantage of a high cost of overhead for the
standby DSP-farm board. The solution to
this dilemma – which is vital to an efficient

redundancy and uninterrupted services
solution – is a small single point of failure
and only a single board as the smallest
entity for replication. The suggested archi-
tecture, therefore, has PSTN interfaces and
DSP resources in a balanced manner
implemented per single board and single
slot. With the complete dataflow being on
a single board, this configuration very
much facilitates system management in
the case of a failure and saves the cost of
HA software design and maintenance.

There are more advantages to this bal-
anced board architecture because due to
the exact knowledge of the data through-
put requirements it allows for an opti-
mized data flow with optimized DSP and
network processor dimensioning as well
as signal processing performance. The
optimization addresses both cost and slot
density.

Slightly different arguments apply for
transcoding applications because in the
absence of PSTN interfaces for this appli-
cation, the DSP farm is a very suitable
approach.

Furthermore, the suggested board archi-
tecture supports PICMG 2.9 (IPMI) with
SNMP/MIB software support and pro-
vides integration of hardware and soft-
ware in the system-wide HA framework,
including full support for hot swap and
remote management.

With the option for 100 Mbit/sec or 1
Gbit/sec Ethernet cPSB system environ-
ments, the board architecture may support
typically either up to 700 channels (single
DS-3 speed) per board within 100 Mbit/
Ethernet system environment. With the
availability of Gigabit Ethernet 2.16 in
2002, this limitation will be overcome and
will easily allow for multiple OC-3 inter-
faces and data rates per board.

Figure 3. PICMG 2.16-based media gateway configuration



Reprinted from CompactPCI Systems / July-August 2002

With the current leading-edge DSP de-
vices performing at 672 channels G.729A
or 1344 channels G.711 per CompactPCI
board implementation (in a suggested
architecture that includes network inter-
faces), the limiting factor is no longer pri-
marily the DSP technology. The limiting
factor is support of I/O connectivity and
commercial evaluations on fault scenarios
like, “Can I afford to loose a T3 VoIP line,
or do I prefer multiple DS-1s with smaller
fault zones?”

However, new DSP devices are on the
way, like the TI5444 next-generation
devices from Texas Instruments or the
MSC8102 from the Motorola StarCore
family. Both devices promise a perfor-
mance advantage during the second half of
this year, which will result in OC-3/STM-
1 board solutions of 2000 channels.

The race for the DSP market is expected
to not only be decided on by performance,
but also by the software support and
related business model. While Telogy is
the market leader for TI DSP software and
has a broad installed base and can provide
compatibility on an API level, the market
for MSC DSP software can be expected to
be more open and more competitive with
multiple software vendors competing for
market leadership. This may enhance
timely software availability for support of
new DSP devices, which may be espe-
cially interesting for niche markets or new
applications.

Referencingchannels per board as perfor-
mance criteria is popular. However, for
VoIP solutions it is not suitable as the 
only performance value. In essence, there
are two criteria that need to be reflected:
Codecs and IP processing. For the
Codecs, it is essential to state the echo tail
(echo cancellation, typically 32 msecs)
and for the IP processing, it is important to
reference the packet delay. A short packet
delay requires shorter and therefore more
packets, and the respective load on the
network processor for IP processing will
be higher. Therefore, the suggested per-
formance for a 700-channel VoIP board
solution at 10 msecs packet delay is
140,000 packets/sec.

Control software 
for media gateways
The architectural beauty of media gate-
ways is that they are controlled only by
packet-based messages, and the application
interface is well defined as IP based.

Required protocol stacks are MGCP,
MeGaCo (H.248), and H.225/H.245 (parts
of H.323), whereas the call set-up protocols
H.323 or SIP and SS7, respectively, are
provided separately at the MGC network
element (see Figure 4). It is well possible to
also include the MGC in the same system
as the media gateway, which then repre-
sents an entry level implementation of a
softswitch. Bare protocol stacks are avail-
able from dedicated vendors for integration
with the board and system environment.

Provisioning the control software is cru-
cial, it needs to be adopted and integrated
into the HA framework for providing a
platform able to perform uninterrupted
services.

Signaling requirements typically vary a
lot. Therefore, the suggested board also
includes dedicated DSP resources in the
signaling path that are optional for DTMF
and R1/R2 call control.

Force Media TransPorter™
VoP Architecture
High-performance, high-density board
architecture
The Force Media TransPorter architecture
is defined according to the previous dis-
cussion (see Figure 5). Its core is a high-
performance network processor with more
than 140,000 packets per second processing
performance. Line interfaces are optionally
on the front panel or on a rear-transition
board and support eight, 16, or 24 DS-1
interfaces or one DS-3 interface for TDM,
as well as a 100 Mbit Ethernet service inter-
face. A central TDM switch connects the
TDM interfaces to H.110, the data process-
ing module (DSP farm), or a signaling
CPU. The signaling CPU holds DSP cores
for DTMF recognition, as well as micro
engines for MTP (SS7) or HDLC pro-
cessing. An optional ATM OC-3 interface
connects directly to the network processor.
All packet interfaces are either Utopia or
PosPhy giving the Force Media TransPorter
an unparalleled up to 800 Mbit/sec internal
bandwidth. H.110 is supported for clock
synchronization, PSTN-to-PSTN switch-
ing, or for legacy connectivity support.

The data processing module provides the
DSP resources or optionally enhanced
AAL1, 2 support. Due to a generic packet
software interface, this modular approach
allows Force to support different DSP tech-
nologies; initial support will be for Texas
Instruments TI5444 and Motorola StarCore
8101. The TI version will allow customers

to reuse their Telogy-based software. Force-
integrated media gateway OEM solutions
based on StarCore DSPtechnology target at
a board cost below $10 USD per channel.

This modularity allows for cost efficient
configurations for:

■ Media gateways – including all
protocol software and HA system
solutions

■ Transcoding – especially 
3G wireless – including Codecs and
API access

■ Broadband wireless access – including
AAL1, 2 support, and 
API-based ATM drivers

The board level software of a media gate-
way configuration is shown in Figure 6. It
matches the functionality of the media gate-
way system shown in Figure 1 and illus-
trates the easy scalability of PICMG 2.16-
based Media gateway blade cards.

A key feature of the Media TransPorter
design is its compliance to Force’s sophisti-
cated HA2 (High Availability Architecture)
definitions and Service Availability
Forum’s architecture definitions. Therefore,
the instant support of the Media TransPorter
for PICMG 2.16-based Ultra Availability
system configurations.

Integrated 5-nines-available 
media gateway system
Up to this point, this article covered many
board and system features for the purpose
of meeting application and performance
requirements. This section will discuss con-
figuration of the system platform in order to
tolerate faults and to provide uninterrupted
services. The discussion is based on Force
Computers’ advanced specification of HA2

for Ultra Availability systems – an open-
standards-based set of definitions and pro-
cedures securing a system platform to pro-
vide the infrastructure for the service
availability solution (by the Service
Availability Forum) – a system delivering
uninterrupted services.

An Ultra Availability media gateway is
described in two parts:

1) The high-availability platform with sys-
tem management, error reporting,
inventory, and hot swappability 

2) The system service, i.e., the OEM
customer application and its HA frame-
work interoperation with fault manage-
ment and service continuity

S P E C I A L  F E A T U R E
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Ultra Availability definitions
System management of blade servers is cru-
cial. Hence, IPMI (PICMG 2.9) is essential
to be supported by the boards and by the
platform controller.

Figure 7 shows a PICMG 2.9 and 2.16
implementation according to Force’s HA2

with redundant Ethernet switches and
platform controllers. The platform con-
troller has MIB and SNMP agents and
provides remote access to hardware status

information and status control (hot swap
signals, IPMI). It also allows for inventory
management with serial numbers, slot 
Ids, etc., and redundancy management.
The Ethernet switch is a managed Layer 2
switch with VLAN (IEEE-802.1Q), Span-
ning Tree support (IEEE-802.1d), and Pri-
ority Class support (IEEE-802.1P). This
setup allows for system internal IP address
definitions, which are essential for geo-
graphic IP addresses and management of
communication in case of a link failure.

The IPMI allows control of the process of
hot swapping a resource board. It allows
for remote power-down or reset, and like-
wise allows control of the boot process of
the board and application.

The second part of the system design is
responsible for the continuity of the media
gateway service. This includes the OEM
customer application (call control) and
already includes the HA framework and
the integration of the VoP resource boards
into the HA framework.

Figure 8 shows the software layers
respective to the underlying hardware
components. On the right-hand side two
CPUs are indicated that operate as VoP
resource cards and that run a real-time
operating system. A preinstalled HA
client secures communication with the
HA master (a Linux-based Intel board),
while the MGCP running on the VoP
resource card is modified for heart-beat-
ing and check-pointing to assure its call
control states are permanently stored in
the HA framework’s consistent storage.
In case of a fault on a VoP resource card,
this setup allows the HA framework to
restart the application with the exact same
call status and so continues its media
gateway service.

System example configuration
A reference configuration of a media gate-
way based on PICMG 2.16 and HA
framework is shown in Figure 9. A
medium-size 9U system holds up to 12
VoPresource cards with a 1x T3 interface
each, resulting in more than 8000 chan-
nels of VoIP per system. Later in 2002, a
12U large media gateway configuration
will serve more than 34,000 channels.

Summary
New technologies are setting the scene for
today’s media gateway designs. In partic-
ular the combination of new system archi-
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Figure 4. Media gateway control related protocols for respective function 

Figure 5. Force Media TransPorter board architecture (single slot)

Figure 6. VoIP and media gateway software integrated on Force Media
TransPorter



tectures, higher DSP densities, and open
standards high-availability middleware
provide a basis for the lowest cost per
channel, now enabled by open standards
and easy integration by OEMs.

PICMG 2.16 with onboard PSTN inter-
faces and DSPs is an ideal architecture
and platform for VoIP and media gate-
ways. It resolves the need for a PSTN bus
and removes the limitations of H.110. As
new DSP devices become available that
allow for a new level of channel density
and for new system architectures, they
will also have better cost, and most impor-
tantly OEM-ready HA media gateway
system models and pre-configured HA
frameworks. The Force Media Trans-
Porter architecture addresses this and
offers 700 and 2000 channels of G.711/
G.726/G.729 with integrated VoIP control
software and HA system client software
with the choice of either TI5444 or MSC
8101 DSP devices. The Media Trans-
Porter architecture also supports transcod-
ing, such as for 3G wireless and broad-
band wireless access.
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Figure 7. Hardware system architecture according to HA2
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Figure 8. HA software system architecture for media gateways

Figure 9. Ultra Availability Media Gateway system with integrated
control protocols for medium-size 9U system requirements –
benchmarked and tested for riskless OEM sourcing


