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QUALITY OF SERVICE MANAGEMENT
FOR VOICE OVER PACKET NETWORKS

FIELD OF THE INVENTION

The present invention relates quality of service (QoS)
management of call connections over packet-based net-
works.

BACKGROUND OF THE INVENTION

A global network infrastructure for voice services, using
a circuit-switching methodology, 1s supported by Public
Switched Telephone and Private Branch Exchange net-
works. These networks utilize signaling to establish call
connections and routing maps at network switches. The
ability to signal during call connection set-up provides
individual switches with the capability to reject call con-
nection requests when that individual switch can not dedi-
cate the available bandwidth to support a new call connec-
tion. Since any switch 1n a connection path may reject a new
call connection request based on available bandwidth
limitations, switched voice networks are able to provide
cguaranteed Quality of Service to established connections.
Quality of Service in switched voice networks 1s guaranteed
because the governing precept 1s that it 1s preferable to block
new call connection attempts rather than allow a new
connected call to degrade the performance of established
connected calls.

Explosive growth in Internet Protocol (IP) based intranets
and the public Internet has generated a large network 1nfra-
structure of IP based routers. Recently, this large IP network
infrastructure has begun to be utilized as a vehicle for
real-time transmission of voice over the Internet, also known
as Internet telephony. Each year, Internet telephony captures
a greater share of the telephony market. However, unlike the
case of switched voice service networks, bandwidth over
packet-based networks 1s not reserved for the real-time
transmission of packets, and therefore these networks are
subject to the vagaries of packet loss, packet delay, packet
arrival out of sequence, and jitter; each of which 1s a
disadvantage when compared to circuit-switched connec-
tions established over the Public Switched Telephone Net-
works and Private Branch Exchanges. Rather, transmission
over the Internet and other IP networks i1s often accom-
plished via a best effort transmission mode. Even when
systems are used to reserve or allocate bandwidth within IP
networks, these systems are not foolproof and certain con-
ditions can lead to inadequate bandwidth. Consequently,
telephony over IP networks does not currently provide a
Quality of Service guarantee for voice and other delay
sensitive transmissions.

SUMMARY OF THE INVENTION

A Quality of Service (QoS) provision for voice and other
delay sensitive call connections established over the Internet
and other packet-based networks 1s achieved by generating
a QoS performance parameter value corresponding to the
performance of one or more packet-based call connections
utilizing common packet network resources, comparing the
QoS performance parameter value to an acceptable range of
QoS values, and terminating one or more call connections
utilizing common packet network resources if the QoS
performance parameter value does not fall within the accept-
able range of QoS values. The invention leverages the
recognition that it 1s preferable to terminate one or more
established call connections to preserve the quality of the

10

15

20

25

30

35

40

45

50

55

60

65

2

remaining call connections, rather than to allow the degra-
dation 1n the Quality of Service provided to all of the
connected calls utilizing common packet network resources.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present imnvention
may be obtained from consideration of the following
description 1n conjunction with the drawings 1n which:

FIG. 1 illustrates an exemplary network architecture for
conveyance of voice over a packet network, and to which the
principles of the present invention may be applied;

FIG. 2 1llustrates the high level architecture of a gateway
used to implement the principles of the present invention in
one exemplary embodiment; and

FIG. 3 1s a flow diagram of the process steps performed
in an exemplary embodiment of the present invention.

DETAILED DESCRIPTION

LIST OF ACRONYMS

ATM Asynchronous Transfer Mode

DSP Digital Signal Processor

[P Internet Protocol

[SDN Integrated Services Digital Network
PCM Pulse Code Modulation

PRI ISDN  Primary Rate Interface, Integrated Services Digital Network
PSTN Public Switched Telephone Network
QoS Quality of Service

RTP Real Time Protocol

SS7 Signaling System 7

SIP Simple Internet Protocol

VoIP Voice over Internet Protocol

VoP Voice over Packet

Referring to FIG. 1, there 1s shown an exemplary network
architecture for conveyance of voice over a packet network
110, and to which the principles of the present invention may
be applied. For the purposes of the instant description,
assume that a user of phone 102 wishes to establish a call
connection with phone 112. A Public Switched Telephone
Network (PSTN) switch 104, servicing the subscribing user,
1s utilized to establish a circuit-switched connection from
phone 102 to Gateway 106. Similarly, at the call-terminating
end, a PSTN switch 114 1s used to establish a circuit-
switched connection from phone 112 to Gateway 116. In
addition to traditional gateway functionality, Gateways uti-
lized 1n conjunction with voice over packet transport have
additional functionality and capability for packetizing the
circuit-switched signal received from the PSTN switch, and
thus enabling transport over the packet network 110,
whether that network is an IP network, FR (Frame Relay)
network, AI'M network, or any other packet-based network.
If the circuit-switched voice connection received at the
Gateway 106 for transport over the packet network 110 1s
analog, then the Gateway 106 also performs an analog to
digital (A/D) conversion of the analog signal to allow for
packetization of the digitized signal (conversely, D/A con-
version at the terminating end).

Gatekeepers 108,118 function to provide terminal and
gateway registration, address resolution, bandwidth control
and other well-known network admainistration functions.
Typically, Gatekeepers 108,118 message and signal via a
packet network 110, here illustrated as the same packet
network 110 over which the call connection between phone
102 and phone 112 1s to be completed. Although not shown
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in the mstant 1llustration, 1t 1s also recognized that messaging
and signaling between Gatekeepers 108,118 may be pro-
vided over a network separate and distinct from the packet
network 110 used to convey the call itself. Therefore, 1n an
exemplary embodiment of the present invention, messaging
and signaling between Gatekeepers 1s provided over an X.25
network, while a voice call i1s transported, at least for a
portion of 1ts call connection path, as a voice over Internet
(also known as a voice over IP, or VoIP) call. Such an
example 1s presented as merely 1llustrative, and the present
invention 1s not to be construed as being so limited, since 1t
1s a matter of design choice as to whether one or more packet
networks are utilized. Similarly, although the packet net-
work 110 over which a voice call 1s conveyed 1s sometimes
described as being the Internet or other IP network for
illustrative purposes, the present invention applies equally as
well when utilized 1n conjunction with any packet-based
network.

A description of the steps involved 1n establishing a voice
over packet (VoP) call connection using the network and
devices shown 1n FIG. 1 follows. Phone 102 goes off-hook
and the subscribing user enters the telephone number cor-
responding to phone 112. PSTN switch 104 receives the
entered telephone number, creates a Q.931 call setup
message, and conveys the call setup message to the servicing
Gateway 106. Q.931 1s a well-known message-oriented
signaling protocol for the Primary Rate Interface (PRI)
Integrated Services Digital Network (ISDN) D-channel. The
protocol describes the signaling and messaging type and
content, and provides for call setup and tear down, called
party number and information, bearer capability, status
checking, integration of voice and circuit-switched data
tratfic, to name but a few Q.931 functions. Although Q.931
1s used 1n conjunction with an ISDN channel, 1t would also
be apparent to those skilled 1n the art that other signaling and
messaging schemes and protocols may be used, and there-
fore the present invention 1s not limited to a single embodi-
ment in which the Q.931 protocol 1s used. For example, one
such alternative embodiment 1s utilized 1n conjunction with
a network supported by the well-known Signaling System 7
(SS7). In network using SS7, the PSTN switch 104 conveys
messaging and signaling over the SS7 packet network (not
shown) to the Gatekeeper 108, without first being directed to
the servicing Gateway 106.

Returning now to the description of an embodiment
incorporating a PRI ISDN interface between the PSTN
switches 104,114 and their respective Gateways 106,116,
once the Q.931 call setup message 1s received at the origi-
nating Gateway 106, the Gateway 106 launches the call
setup message to the originating Gatekeeper 108, typically
utilizing H.323 or Simple Internet Protocol (SIP), by way of
example, although not to be construed as being limited to
these protocols. The originating Gatekeeper 108 queries its
inter-zone table to locate a terminating Gatekeeper 118
servicing the terminating PSTN switch 114 which 1n turn
services the destination phone 112 to which the call con-
nection 1s to be completed. The origmating Gatekeeper 108,
via either the Internet or a separate signaling and messaging,
network, launches the call setup message to the terminating
Gatekeeper 118. The terminating Gatekeeper 118, upon
receipt of the call setup message, queries its intra-zone
routing table to determine call setup routing. In some
implementations, the terminating Gatekeeper 118 and origi-
nating Gatekeeper 108 negotiate to insure reasonable prob-
ability of adequate QoS across packet network 110. The
terminating Gatekeeper 118 then forwards the call setup
message to the terminating Gateway 116. The terminating
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Gateway 116 formulates a Q.931 call setup message and
forwards that message to the terminating PSTN switch 114.
At this point, the call, setup message has been conveyed
from end to end. The terminating PSTN switch 114 responds
by returning an Alert message followed by a Connect
message back to the terminating Gateway 116. The termi-
nating Gateway 116 conveys these messages back to the
originating Gateway 106 via the terminating Gatekeeper
118, packet network 110, and originating Gatekeeper 108.
Originating Gatekeeper 108 then allows call admission and
the call 1s commenced end to end with an established media
stream between originating and terminating Gateways 106,
116. The terminating Gateway 116, upon receiving VoP
packets from the originating Gateway 106, resequences the
received packets, decodes the information in the packets
received to recreate the pulse code modulated (PCM) or
analog signal, and launches the signal over the circuit-
switched connection with PSTN switch 114 for delivery to
the destination phone 112.

In addition to the above-described functionalities, Gate-
ways may be equipped to monitor and evaluate Quality of
Service (QoS) performance. The character and type of QoS
parameters monitored depend upon the type of packet net-
work and the protocols utilized. As an 1llustrative rather than
exhaustive example, monitored QoS parameters may
include (1) packet loss, (i1) packets received out of sequence,
(111) excessive network delay (delay), and (iv) excessive time
between received packets (jitter), just to name a few. By way
of specific example, one such well-known QoS parameter
utilized in conjunction with Real Time Protocol (RTP)
transport 1s packets received out of sequence. Packets trans-
ported utilizing RTP include a sequencing number 1ncluded
in the packet payload, and therefore may be resequenced at
the terminating point, regardless of the order in which the
packets were received. Packets received out of sequece
indicate lost packets or excessive delay.

FIG. 2 illustrates one exemplary embodiment for the
gateway architecture used to implement the principles of the
present mvention. A gateway 200 1s comprised of a call
control processor 202, a data storage device 204, a packet
network signaling interface 206, a media processor 208, a
circuit-switched network signaling interface 210, and a
circuit-switched network circuit interface 212. The circuit-
switched network circuit interface 212 provides Gateway
200 access to the circuit-switched network for circuit-
switched voice and other channel connections, such as a T-1
or other well-known links. The circuit-switched network
signaling interface 210 provides a Gateway 200 interface for
circuit-switched signaling, such as an ISDN signaling inter-
face. Alternate embodiments of the present invention, appli-
cable for example when used in conjunction with a circuit-
switched network using the SS7 signaling system, may have
the circuit-switched signaling interface 210 functionality
resident at the Gatekeeper instead of the Gateway. The call
control processor 202 performs all call control processing
function for the Gateway 200, including, but not limaited to,
processing the signaling information, establishing the media
strcam, and other call processing functions. It would be
understood by those skilled 1n the art that the call control
processor 202 may reside 1n a single processor, or that the
processing functionality may be distributed amongst a plu-
rality of processing devices. The call control processor
performs 1ts functions in conjunction with instructions and
data stored 1n the data storage device 204. The packet
network signaling interface 206 provides packet network
bearer information, such as call setup and call tear down
information, to the call control processor 202. For example,
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signaling exchanged between the Gateway 200 and the
Gatekeeper typically utilizes the packet network signaling
interface 206. The media processor 208 1s typically incor-
porated within a digital signal processor (DSP), although
that functionality may alternatively be incorporated as an
auxiliary function of the call control processor 202 1n
conjunction with the data storage device 204. One exem-
plary function of the media processor 208 1s to provide for
signal conversion between the packet and circuit-switched
networks. The media processor 208 1s tasked with construct-
ing packets from the analog or PCM signal received from the
originating PSTN switch when acting as the originating
Gateway, or alternatively, constructing an analog or PCM
signal for delivery to the terminating PSTN switch when

acting as the terminating Gateway. A QoS acceptance value
range (AVR) field 214 is maintained by the data storage
device 204. The QoS AVR field 214 contains the acceptable
limits and threshold values for aforementioned monitored
QoS parameters. Actual transport values that fall outside of
the QoS acceptable limits and values are indicative of a
discernible degradation in network performance 1n trans-
porting the VoP stream. The QoS acceptance value range
field 214 illustratively may include limitations governing (1)
number of packets lost, (i1) number of packets received out
of sequence, (ii1) excessive network delay (delay), and (iv)
excessive time between received packets (jitter), to name
just a few.

FIG. 3 1s a flow diagram of the process steps performed
in an exemplary embodiment of the present invention.
Assume that the previously described VoP Gateway 106 to
Gateway 116 call setup 1s complete (302). Once the call is
established, the Gateway 106,116 (originating, terminating,
or both) monitors QoS performance parameter data and
stores the data as QoS events records (304). Stored QoS
events are processed to obtain a QoS parameter value (306).
As previously mentioned, the stored QoS events may be of
any number of performance-indicating types, including but
not limited to, packet loss, packets recerved out of sequence,
network delay, jitter, or other performance data.
Additionally, 1t would be understood by those skilled 1n the
art that the number of combinations and permutations for
processing or shaping the raw data which comprises the QoS
events to obtain QoS parameter values 1s nearly unlimited,
and 1s merely a matter of design choice and system capa-
bilities. However, by way of example and not limitation, in
one speciiic embodiment of the present invention in which
the defined QoS event 1s packet loss, a QoS parameter value
1s produced by summing the total number of lost packets 1n
a one second period. The applicable QoS acceptance value
range (AVR) field 214 maintained in the data storage device
204 is dipped to obtain the QoS acceptance value (308). The
QoS acceptance value represents the acceptable limits
(range or threshold) associated with the specified QoS
parameter value. The QoS parameter value 1s next compared
to the QoS acceptance value (310). If the QoS parameter
value 1s within the acceptable range then no corrective
action 1s taken, and 1n one particular embodiment of the
mvention illustrated 1in accordance with FIG. 3, the QoS
performance parameter data 1s persistently and asynchro-
nously monitored.

If however, the QoS parameter value falls outside of the
QoS acceptance range or beyond the threshold QoS accep-
tance value, then the possibility of corrective action via the
termination of connected calls 1s explored. This type of
radical corrective action 1s explored because established
QoS criteria, for at least one connected call, 1s not being met.
Therefore, 1n accordance with the principles of the present
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mvention, tear down or termination of established connected
calls may be warranted 1n order to preserve the QoS for the
remaining call connections utilizing common resources. In
onc embodiment of the present invention, connected calls
utilizing common resources are first identified (312). As an
illustrative example, all connected calls established between
a common pair of gateways, or alternatively all calls utiliz-
ing a common router, links or router queue, may be 1denti-
fied. Of the group of connected calls identified as utilizing
a common resource or resources, a subset of one or more
calls are selected for termination (314). Calls that are
selected, by whatever means used for the selection process,
are then terminated (316). In some implementations, it may
also be desirable for the gateway to exchange information
with a gatekeeper to determine eligible calls for termination.

One such method for selecting VoP network calls for
termination when the call connection QoS criteria 1s not met,
1s to apply an 1terative probabilistic algorithm to all the calls
sharing the common resource(s), although the principles of
the present invention apply equally, regardless of the par-
ticular selection scheme utilized. Referring again to FIG. 1,
suppose a call 1s established between an originating phone
102 and destination phone 112. A portion of the connection
1s conveyed over the packet network 110, between Gateway
106 and Gateway 116. Further, suppose that a monitored
QoS parameter value for a connected call exceeds a packet
network 110 QoS threshold value or falls outside of a QoS
acceptance range (for purposes of the instant example,
assume that the QoS parameter considered 1s packet loss
between gateways 106,116). Thus, the instant embodiment
of the present invention removes a fraction of the voice
generated load when packet loss 1s detected. The voice load
1s removed by the packet network 110 Gateways 106,116
acting to disconnect established voice connections, and then
subsequently acting to limit new attempts to establish a call
connection over common network resources.

Let L(T) be the rate of packet loss during the time interval
T. Therefore, packet loss must fall within the fractional
limitations described by:

0=<L(T)<1,

with L(T)=0 being no detected packet loss, and L(T)=1
being complete loss of all packets. Then, let R(L(T)) rep-
resent a function of L(T), a function corresponding to the
desired rate of load reduction that we wish to achieve when
we observe a packet loss rate of L(T). For example, if there
is no packet loss (L(T)=0), then voice load over packet
network 110 need not be reduced and neither Gateway 106
nor Gateway 116 need terminate or tear down an existing
call connection. However, as L(T) becomes increasingly
greater 1n value (L('T)>0) QoS begins to degrade and either
Gateway 106,116 terminates existing call connections. The
number of terminations of existing call connections 1s deter-
mined 1n accordance with the severity of the packet loss rate
(L(T)).

In one embodiment of the present invention, calls are
selected for termination through random selection from
among those calls identified as utilizing common resources
within the packet network 110. Those skilled in the art would
also realize that other termination schemes may also be
successfully utilized. One such alternative termination
scheme favors termination of recently established call con-
nections; that 1s, the most recently established call connec-
fion 1s the first to be terminated when a termination 1is
required, the next most recently established call connection
1s next to be terminated, and so on, until the requisite VoP
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load reduction 1s achieved. Another alternative termination
scheme, distinguishes calls based on their class of service
and, for example, disconnects calls 1n the lowest priority
class first. Yet another alternative termination scheme favors
preservation of recently established call connections; that 1s,
the longest established call connection 1s the first to be
terminated when a termination 1s required, the next longest
established call connection 1s next to be terminated, and so
on, until the requisite VoP load reduction 1s achieved.
Additionally, although one embodiment of the present
invention utilizes conventional tear down of a VoP connec-
tion to effectuate a call termination, other methods for call
termination may also be used, including 1n a most extreme
case, dropping a call or calls with no tear down messaging
or signaling at all between Gatekeepers 108,118. In a less
extreme alternative embodiment, a gatekeeper tears down
the requisite number of call connections, and rejects future
call connection requests between gateways for a specified
fime 1nterval. Alternatively, rather than disconnecting the
call, the gateway reroutes the call to an announcement
platform or peripheral that plays an announcement such as
“Please hold on—your call will be reestablished shortly™.

The foregoing description merely 1llustrates the principles
of the mnvention. It will thus be appreciated that those skilled
in the art will be able to devise various arrangements which,
although not explicitly described or shown herein, embody
the principles of the invention and are included within its
spirit and scope. Furthermore, all examples and conditional
language recited are principally mtended expressly to be
only for pedagogical purposes to aid the reader 1n under-
standing the principles of the mvention and the concepts
contributed by the mventor to furthering the art, and are to
be construed as bemng without limitation to such specifically
recited examples and conditions. Moreover, all statements
herein reciting principles, aspects, and embodiments of the
invention, as well as specific examples thereof, are intended
to encompass both structural and functional equivalents
thercof. Additionally, 1t 1s intended that such equivalents
include both currently known equivalents as well as equiva-
lents developed 1 the future, 1.€., any elements developed
that perform the same function, regardless of structure.

Thus, for example, 1t will be appreciated by those skilled
in the art that the block diagrams herein represent conceptual
views of 1llustrative circuitry embodying the principles of
the invention. Similarly, 1t will be appreciated that any flow
charts, flow diagrams, state transition diagrams,
pseudocode, and the like represent various processes which
may be substantially represented in computer readable
medium and so executed by a computer or processor,
whether or not such computer or processor 1s explicitly
shown.

The functions of the various 1illustrated or described
clements, including functional blocks labeled as
“processors,” may be provided through the use of dedicated
hardware as well as hardware capable of executing software
1In association with appropriate software. When provided by
a processor, the functions may be provided by a single
dedicated processor, by a single shared processor, or by a
plurality of individual processors, some of which may be
shared. Moreover, explicit use of the term “processor” or
“controller” should not be construed to refer exclusively to
hardware capable of executing software, and may implicitly
include, without limitation, digital signal processor (DSP)
hardware, read-only memory (ROM) for storing software,
random access memory (RAM), and non-volatile storage.
Other hardware, conventional and/or custom, may also be
included.
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In the claims hereof any element expressed as a means for
performing a speciiied function 1s intended to encompass
any way of performing that function including, for example,
a) a combination of circuit elements which performs that
function or b) software in any form, including, therefore,
firmware, microcode or the like, combined with appropriate
circuitry for executing that software to perform the function.
The 1nvention as defined by such claims resides 1n the fact
that the functionalities provided by the various recited
means are combined and brought together in the manner
which the claims call for. Applicant thus regards any means
which can provide those functionalities as equivalent as
those shown herein.

What 1s claimed 1s:

1. A method for maintaining quality of service (QoS) for
a plurality of call connections utilizing common resources
within a packet network, said method comprising the steps

of:
generating a QoS performance parameter value corre-
sponding to the performance of at least one of said
plurality of call connections;

comparing sald QoS performance parameter value to a
range ol acceptable QoS values; and

if said QoS performance parameter value 1s not included
within said range of acceptable QoS values, then select-
ing a subset of said plurality of call connections for
termination;

wherein said generating step further comprises the sub-
steps of:

monitoring a QoS parameter associated with said at least
one of said plurality of call connections;

periodically quantifying a monitored value for said QoS
parameter;

storing a plurality of said periodically quantified moni-
tored values to form a QoS event record; and

calculating said QoS performance parameter value,
wherein said QoS performance parameter value 1s
determined as a function of the values contained within
said QoS event record.
2. The method m accordance with claim 1 further com-
prising the step of:
terminating call connections selected from said subset of
said plurality of call connections selected for termina-
tion.
3. The method 1n accordance with claim 2 wherein said
step of terminating 1s accomplished using call connection
tear down signaling to notily said common resources of said

packet network that said subset of said plurality of call
connections will be terminated.

4. The method 1n accordance with claim 2 wherein said
step of terminating 1s accomplished by dropping said call
connections at a gateway to said packet network without first
launching a signal from said gateway that said subset of said
plurality of call connections will be terminated.

5. The method 1n accordance with claim 2 wherein said
step of terminating 1s accomplished by transferring an
originating party and a destination party of ones of said
subset of said plurality of call connections selected for
termination to an announcement platform until said common
resources ol said packet network can again support main-
tenance of said quality of service.

6. The method 1 accordance with claim 1 wherein said
packet network 1s an Internet Protocol based network.

7. The method 1n accordance with claim 6 wherein said
Internet Protocol based network 1s the Internet.

8. The method 1n accordance with claim 1 wherein said
packet network 1s an ATM based network.
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9. The method 1n accordance with claim 1 wherein said
network 1s a Frame Relay network.

10. The method 1n accordance with claim 1 wherein said
QoS performance parameter value 1s a value corresponding
to the packet loss of said at least one of said plurality of call
connections.

11. The method 1n accordance with claim 1 wherein said
QoS performance parameter value 1s a value corresponding
packets received out of sequence for said at least one of said
plurality of call connections.

12. The method 1n accordance with claim 1 wherein said
QoS performance parameter value 1s a value corresponding
to packet delay associated with said at least one of said
plurality of call connections.

13. The method 1n accordance with claim 1 wherein said
QoS performance parameter value 1s a value corresponding
to the jitter associated with said at least one of said plurality
of call connections.

14. The method 1n accordance with claim 1 wherein said
plurality of call connections are voice call connections.

15. The method 1n accordance with claim 1 wherein said
selecting step randomly selects individual ones of said
plurality of call connections utilizing common resources to
form said subset of said plurality of call connections for
termination.

16. The method 1n accordance with claim 1 wherein said
selecting step preferentially weights most recently estab-
lished call connections, from amongst said plurality of call
connections utilizing common resources, to form said subset
of said plurality of call connections for termination.

17. The method 1n accordance with claim 1 wherein said
selecting step preferentially weights longest established call
connections, from amongst said plurality of call connections
utilizing common resources, to form said subset of said
plurality of call connections for termination.

18. The method 1n accordance with claim 1 wherein said
selecting step preferentially weights call connections based
on different levels of service, from amongst said plurality of
call connections utilizing common resources, to form said
subset of said plurality of call connections for termination.

19. A device for maintaining quality of service (QoS) for
a plurality of call connections utilizing common resources
within a packet network, said device comprising:

means for generating a QoS performance parameter value
corresponding to the performance of at least one of said
plurality of call connections;

means for comparing said QoS performance parameter
value to a range of acceptable QoS values; and

means for selecting a subset of said plurality of call
connections for termination, should said QoS perfor-
mance parameter value fall outside of said range of
acceptable QoS values;

wherein said means for generating further comprises:

means for monitoring a QoS parameter associated with
said at least one of said plurality of call connections;

means for periodically quantifying a monitored value for
said QoS parameter;
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means for storing a plurality of said periodically quanti-
fied monitored values to form a QoS event record; and

means for calculating said QoS performance parameter
value, wherein said QoS performance parameter value
1s determined as a function of the values contained

within said QoS event record.

20. A packet network gateway for maintaining quality of
service (QoS) for a plurality of call connections utilizing,
common resources within a packet network, said gateway
comprising:

a processor; and

a storage device connected to said processor and 1nclud-

ing 1nstructions for controlling said processor, said
processor operative with said mstructions to;
generate a QoS performance parameter value corre-

sponding to the performance of at least one of said
plurality of call connections;

compare said QoS performance parameter value to a
range of acceptable QoS values; and

select a subset of said plurality of call connections for
termination, should said QoS performance parameter
value fall outside of said range of acceptable QoS
values;

wherein said generate step further comprises instructions
to:

monitor a QoS parameter associated with said at least one
of said plurality of call connections;

periodically quantify a monitored value for said QoS
parameter;

store a plurality of said periodically quantified monitored
values to form a QoS event record; and

calculate said QoS performance parameter value, wherein

said QoS performance parameter value 1s determined as

a Tunction of the values contained within said QoS
event record.

21. A method for maintaining quality of service (QoS) for

a plurality of call connections utilizing common resources

within a packet network, said method comprising the steps

of:

monitoring a QoS parameter associated with at least one
of said plurality of call connections;

periodically quantifying a monitored value for said QoS
parameter;

storing a plurality of said periodically quantified moni-
tored values to form a QoS event record; and

calculating a QoS performance parameter value, wherein
said QoS performance parameter value 1s determined as
a function of the values contained within said QoS
event record,

comparing said QoS performance parameter value to a
range of acceptable QoS values;

selecting a subset of said plurality of call connections for
termination, should said QoS performance parameter
value fall outside of said range of acceptable QoS
values.
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