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(57) Abstract: A traffic concentrator (40) aggregates traffic in a radio access network. The traffic concentrator comprises an Asyn-
chronous Transfer Mode (ATM) switch (42) and a control node (44) associated with the ATM switch. The Asynchronous Transfer
Mode (ATM) switch which performs a switching operation for switching unspecified bit rate (UBR) virtual channels (VCs) carrying
user traffic between plural virtual paths (VPs). The user traffic is transported as ATM Adaptation Layer 2 (AAL?2) connections over

the unspecified bit rate (UBR) virtual channels (VCs). The control node is arranged to process AAL?2 signaling messages which con-
cern the AAL2 connections included in the VCs for which the ATM switch performs the switching operation. The AAL?2 signaling
messages are carried in virtual channels which do not carry the user traffic and which are either originated or terminated at the control
node. In one example implementation, the traffic concentrator aggregates traffic of plural base stations of the radio access network.
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CONCENTRATOR FOR USER AAL2 TRAFFIC
CARRIED ON UBR VIRTUAL CHANNELS

BACKGROUND

[0001]FIELD OF THE INVENTION

[0002] This invention pertains to telecommunications, and particularly concentration of
user traffic in a radio access network.

[0003]RELATED ART AND OTHER CONSIDERATIONS

[0004]In a typical cellular radio system, wireless user equipment units (UEs)
communicate via a radio access network (RAN) to one or more core networks. The
user equipment units (UEs) can be mobile stations such as mobile telephones
(“cellular” telephones) and laptops with mobile termination, and thus can be, for
example, portable, pocket, hand-held, computer-included, or car-mounted mobile
devices which communicate voice and/or data with radio access network.
Alternatively, the wireless user equipment units can be fixed wireless devices, e.g.,
fixed cellular devices/terminals which are part of a wireless local loop or the like.

[0005] The radio access network (RAN) covers a geographical area which is divided
into cell areas, with each cell area being served by a base station. A cell is a
geographical area where radio coverage is provided by the radio base station equipment
at a base station site. Each cell is identified by a unique identity, which is broadcast in
the cell. The base stations communicate over the air interface (e.g., radio frequencies)
with the user equipment units (UE) within range of the base stations. In the radio
access network, several base stations are typically connected (e.g., by landlines or
microwave) to a radio network controller (RNC). The radio network controller, also
sometimes termed a base station controller (BSC), supervises and coordinates various
activities of the plural base stations connected thereto. The radio network controllers
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are typically connected to one or more core networks. The core network has two
service domains, with an RNC having an interface to both of these domains.

[0006] One example of a radio access network is the Universal Mobile
Telecommunications (UMTS) Terrestrial Radio Access Network (UTRAN). The
UMTS is a third generation system which in some respects builds upon the radio access
technology known as Global System for Mobile communications (GSM) developed in
Europe. UTRAN is essentially a radio access network providing wideband code
division multiple access (WCDMA) to user equipment units (UEs). The Third
Generation Partnership Project (3GPP) has undertaken to evolve further the UTRAN
and GSM-based radio access network technologies.

[0007] The transmission infrastructure of cellular mobile access networks is expensive,
mainly because it carries the traffic of a large number of bases stations. In order to
reduce transmission costs, traffic concentrator nodes are placed in the access networks.
These nodes are able to aggregate the traffic of base stations over large links, such that
a significant statistical multiplexing gain can be achieved on those large links.

[0008]1If a concentrator node is introduced in the network, the cost of the concentrator
node should be smaller than the cost saving that results from the traffic concentration.
Also, introduction of the concentrator node should not deteriorate the end-to-end

performance.

[0009] Asynchronous Transfer Mode (ATM) is becoming increasingly used in
communication networks. ATM is a packet-oriented transfer mode which uses
asynchronous time division multiplexing techniques. Packets are called cells and have
a fixed size.

[00010] As illustrated in Fig. 1, an ATM cell consists of 53 octets, five of which form a
header and forty eight of which constitute a “payload” or information portion of the
cell. The header of the ATM cell includes two quantities which are used to identify a
connection in an ATM network over which the cell is to travel, particularly the VPI
(Virtual Path Identifier) and VCI (Virtual Channel Identifier). In general, modern
communication networks can cross connect traffic flows to form logical end-to-end
connections between all origin-destination pairs and thus create fully meshed logical
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networks. Such logical connections are known as virtual path (VP) connections (VPC).
The virtual channel (VC) is one specific connection on the respective virtual path.

[00011] Between termination points of an ATM network a plurality of nodes are
typically situated, such as switching nodes having ports which are connected together
by physical transmission paths or links. The switching nodes each typically have
several functional parts, a primary of which is a switch core. The switch core
essentially functions like a cross-connect between ports of the switch. Paths internal to
the switch core are selectively controlled so that particular ports of the switch are
connected together to allow a cell ultimately to travel from an ingress side of the switch
to an egress side of the switch. The switch changes the identifiers of the ATM cells
(VPI and VCI) and routes the cells towards the appropriate physical interface.

[00012] Various aspects of ATM-based telecommunications are described in the
following: U.S. Patent Applications SN 09/188,101 [PCT/SE98/02325] and SN
09/188,265 [PCT/SE98/02326] entitled “Asynchronous Transfer Mode Switch”; U.S.
Patent Application SN 09/188,102 [PCT/SE98/02249] entitled “Asynchronous Transfer
Mode System”; United States Patent Application Serial Number 09/188,102, entitled
“Asynchronous Transfer Mode System Handling Differing AAL Protocols”; United
States Patent Application Serial Number 09/188,097, entitled “Centralized Queuing for
ATM Node”; United States Patent Application Serial Number 09/188,340, entitled
“Cell Handling Unit and Method for ATM Node”; United States Patent Application
Serial Number 09/188,347, entitled “ATM Time-Stamped Queuing”; United States
Patent Application Serial Number 09/188,344, entitled “Coordinated Cell Discharge
From ATM Queue”; United States Patent Application Serial Number 09/188,096,
entitled “Combined Header Parameter Table for ATM Node”; United States Patent
Application Serial Number 09/134,358, entitled “Cell Selection for ATM Switch
Having Redundant Switch Planes"; United States Patent Application Serial No.
09/213,897, entitled "Internal Routing Through Multi-Staged ATM Node”; United
States Patent Application SN 08/893,507, entitled “Augmentation of ATM Cell With
Buffering Data”; United States Patent Application SN 08/893,677, entitled “ Buffering
of Point-to-Point and/or Point-to-Multipoint ATM Cells”; and United States Patent
Application SN 08/893,479, entitled “VP/VC Look-Up Function”, all of which are
incorporated herein by reference in their entirety.
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[00013] A protocol reference model has been developed for illustrating layering of
ATM. The protocol reference model layers include (from lower to higher layers) a
physical layer (including both a physical medium sublayer and a transmission
convergence sublayer), an ATM layer, and an ATM adaptation layer (AAL), and higher
layers. The basic purpose of the AAL layer is to isolate the higher layers from specific
characteristics of the ATM layer by mapping the higher-layer protocol data units (PDU)
into the information field of the ATM cell and vise versa. There are several differing
AAL types or categories, including AALO, AAL1, AAL2, AAL3/4, and AALS.

[00014] AAL?2 is a standard defined by ITU recommendation 1.363.2. An AAL2
packet is shown in Fig. 2 as comprising a three octet packet header, as well as a packet
payload. The AAL2 packet header includes an eight bit channel identifier (CID), a six
bit length indicator (LI), a five bit User-to-User indicator (UUI), and five bits of header
error control (HEC). The AAL2 packet payload, which carries user data, can vary from
one to forty-five octets.

[00015] Fig. 3 shows how plural AAL2 packets can be inserted into a standard ATM
cell. In particular, Fig. 3 shows a first ATM cell 20; and a second ATM cell 20,. Each
ATM cell 20 has a header 22 (e.g., cell 20, has header 22, and cell 20, has header 22,).
The payload of the ATM cells 20 begin with a start field 24 (e.g., cell 20; has start field
241 and cell 20, has start field 24,). After each start field 24, the ATM cell payload
contains AAL2 packets. For example, the payload of ATM cell 20; contains AAL2
packets 26, and 26, in their entirety, as well as a portion of AAL2 packet 26;. The
payload of cell 20, contains the rest of AAL2 packet 263, and AAL2 packets 264 and
265 in their entirety. In addition, the payload of cell 20, has padding 28. The start field
facilitates one AAL2 packet bridging two ATM cells.

[00016] Thus, in ATM networks, cells are transported along predefined paths using the
VPI/VCI (virtual path and virtual channel identifier) fields in the ATM header. For
AAL2, each specific AAL2 connection within an ATM VC is identified by the CID
(connection identifier) field in the AAL?2 header. A CU timer (T¢y) determines how
long the multiplexer should wait for arriving AAL?2 packets before transmitting a partly
filled ATM cell. Therefore, multiplexing efficiency also depends on the value of T¢y.
In the case of highly utilized links, this dependency can be neglected.
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[00017] In ATM/AAL2-based UMTS access networks (UTRANS), traffic
concentration can be implemented by various combinations of different ATM and
AAL?2 features. The major issues involved are (1) the type of ATM Virtual Channels
(VCs) to be used, i.e., CBR (Constant Bit Rate), VBR (Variable Bit Rate), or UBR
(Unspecified Bit Rate), and (2) whether AAL2 switching or only ATM VC switching is

to be used. Usually CBR Virtual Paths (VPs) are used. Four switching alternatives--

alternative A through alternative D are described below with reference to Fig. 4A - 4D,
respectively.

[00018] Alternative A (illustrated in Fig. 4A) uses ATM VC switches and CBR / rt-
VBR VCs for traffic aggregation. Alternative A also utilizes end-to-end VCs, with VC
capacities being defined such that the AAL2 Connection ID-limit (a maximum of 248
AAL2 connections can be multiplexed in a VC) is taken into account. If the VCs are
too large, the CID limit may preclude full use of the VC capacity (having many narrow-
band connections). On the other hand, if the VCs are too small, packet-level statistical
gains are decreased and also granularity problems arise.

[00019] Alternative B (illustrated in Fig. 4B) uses AAL2 switches and CBR / rt-VBR
VCs for traffic aggregation. Alternative B is similar to Alternative A, but there are no
end-to-end VCs. As a result, in a concentration node AAL?2 connections are switched
from one VC to another.

[00020] Alternative C (illustrated in Fig. 4C) uses AAL2 switches and UBR VCs (but
CBR VPs) for traffic aggregation. Alternative C is similar to Alternative B, but (in
Alternative C) UBR VCs are used. Since there is no bandwidth assigned to UBR VCs,
in Fig. 4C, 1 the ‘pipe’ of the VCs is not depicted. In the concentration nodes AAL2
connection admission control (CAC) over the VP resources can easily be done, because
there are always AAL2 switches there. Alternative C is expected to have the best
performance from statistical multiplexing point of view.

[00021] The use of VBR is problematic for several reasons. A first reason is that
resource allocation for VBR is very complex in general. A second reason is that in
UTRAN the AAL?2 traffic descriptors do not contain enough information for VBR
resource allocation. Therefore the use of CBR or UBR (in CBR VPs) is more
straightforward.
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[00022] Alternative A is simple, however, significant statistical multiplexing gains can
not be achieved. With Alternative B and Alternative C the significant gains can be
achieved, but the concentrator node (AAL2 switch) may be expensive, because AAL2
de-multiplexing and multiplexing needs to be done in the AAL2 switches as illustrated
in Fig. 5. Furthermore, AAL2 switching introduces delays, which can be avoided if
only VC switching is used. From the node implementation point of view, large AAL2
switches may be difficult to realize because, e.g., a large amount of processing capacity

1s needed.

[00023] Alternative D (illustrated in Fig. 4D) uses ATM VC switches and UBR VCs
(but CBR VPs) for traffic aggregation. The CID limit is not a problem for alternative
D, because there is no bandwidth associated with the UBR VCs. Using alternative D,
AAIL?2 connection admission control (CAC) needs to be done over the CBR VP
resource. A benefit of using alternative D is that AAL2 switching is avoided, but the
same statistical multiplexing gain (as with AAL2 switching) can be achieved. A
disadvantage with alternative D is that since only VC switching is done, the number of
VCs used for transmitting AAL2 traffic is not reduced.

[00024] Alternative D is described, to some extent, in the following: (1) H. Saito,
"Effectiveness of UBR VC Approach in AAL2 Networks and Its Application to IMT-
2000", IEICE Transactions on Communications, Vol. E83-B, No. 11, 2000; and (2) H.
Saito, "Performance Evaluation of AAL2 Switch Networks", IEICE Transactions on
Communications, Vol. E§2-B, No. 9, 1999.

[00025] A basic problem with Alternative D is that the AAL?2 standard assumes that
AAL2 endpoints can reside at places where the ATM VCs are terminated. Alternative
D does not satisfy this assumption. Rather, Alternative D can only be implemented in
an AAL2 endpoint which (1) has information about all the AAL2 connection requests
and (2) knows the topology and the configuration of the network. In other words, the
alternative D can only be implemented at a point which can do admission control for
essentially the whole network. Such a location can be a radio network controller
(RNC) node if the network has a tree topology. Therefore, it is not good practice, and
extremely difficult to arrange, a concentrator point (comprising an ATM switch)
configured to use alternative D while bandwidth management functions of the virtual
channels are located elsewhere (at an RNC). If the network does not have a tree
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topology, alternative D is even more problematic. Thus, it is perplexing how to process
AALZ2 signaling messages in alternative D while performing AAL2 CAC in such a
manner that the ATM infrastructure is not touched.

[00026] What is needed, therefore, and an object of the invention, is an efficient traffic
concentrator for a telecommunications network such as a radio access network, for
example.

BRIEF SUMMARY

[00027] A traffic concentrator aggregates traffic in a radio access network. The traffic
concentrator comprises an Asynchronous Transfer Mode (ATM) switch and a control
node associated with the ATM switch. The Asynchronous Transfer Mode (ATM)
switch performs a switching operation for switching unspecified bit rate (UBR) virtual
channels (VCs) carrying user traffic between plural virtual paths (VPs). The user traffic
is transported as ATM Adaptation Layer 2 (AAL2) connections over the unspecified bit
rate (UBR) virtual channels (VCs). The control node is arranged to process AAL2
signaling messages which concern the AAL2 connections included in the VCs for
which the ATM switch performs the switching operation.

[00028] The control node preferably comprises an AAL?2 signaling processor; one or
more VC handler units; one or more connection admission control (CAC) units; and,
one or more ATM consistency configuration check units. The AAL?2 signaling
processor initiates or receives the AAL2 signaling messages. Each of the plural virtual
channels involved in the switching operation is handled or managed by one of the VC
handler units. Each of the plural virtual paths involved in the switching operation is
served by one of the connection admission control (CAC) units. The connection
admission control (CAC) unit makes decisions regarding allocation of resources in a
transport network. Each of the plural virtual paths involved in the switching operation
is served by one of the ATM consistency configuration check units. The ATM
consistency configuration check unit ensures that switching occurs between appropriate
virtual channels (VCs).

[00029] The AAL?2 signaling messages are carried in virtual channels which do not
carry the user traffic and which are either originated or terminated at the control node.
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For example, in an illustrative implementation the AAL2 signaling messages are carried
in at least one constant bit rate (CBR) virtual channel.

[00030] The ATM switch and control node of the traffic concentrator may be situated
in a variety of configurations. For example, the ATM switch and control node may be
co-located at a same node of the radio access network. In fact, the control node may
reside on a board connected to appropriate switch ports of the ATM switch.
Alternatively, the ATM switch and control node may reside at differing physical nodes
of the radio access network.

[00031] In an alternate configuration, one control node may actually comprise plural
traffic concentrators by serving plural concentrator-included ATM switches. As an
enhancement in some configurations, the control nodes may perform connection
admission control (CAC) not only with respect to virtual paths (VPs) which originate
from the ATM switch with which the control node is paired to form a traffic
concentrator, but with respect to virtual paths (VPs) which originate from other ATM
switches as well.

[00032] In one example implementation, the traffic concentrator aggregates traffic of
plural base stations of the radio access network.

BRIEF DESCRIPTION OF THE DRAWINGS

[00033] The foregoing and other objects, features, and advantages of the invention will
be apparent from the following more particular description of preferred embodiments as
illustrated in the accompanying drawings in which reference characters refer to the
same parts throughout the various views. The drawings are not necessarily to scale,
emphasis instead being placed upon illustrating the principles of the invention.

[00034] Fig. 1 is a diagrammatic view showing the format of an ATM cell.

[00035] Fig. 2 is a diagrammatic view showing the format of an AAL?2 packet.

[00036] Fig. 3 is a diagrammatic view showing plural AAL?2 packets in ATM cells.

[00037] Fig. 4A - Fig. 4D are diagrammatic views of differing switching alternatives.
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[00038] Fig. 5 is a diagrammatic view showing an AAL2 switch which is preceded by
an AAL?2 multiplexer and an AAL2 demultiplexer.

[00039] Fig. 6 is a diagrammatic view of a concentrator which includes an ATM switch
and a control node.

[00040] Fig. 7 is a diagrammatic view of a particular, non-limiting example
implementation of a control node of a concentrator.

[00041] Fig. 8A, Fig. 8B, Fig. 8C, Fig. 8D, and Fig. 8E are diagrammatic views
showing differing example, non-limiting configurations for situating an ATM switch
and control node of a traffic concentrator.

[00042] Fig. 9A is a diagrammatic view showing a configuration in which a control
node has the ability to perform connection admission control (CAC) with respect to
virtual paths (VPs) which originate from an ATM switch with which the control node is
not paired to form a traffic concentrator, and thus contrasts with Fig. 9B which is a
diagrammatic view showing a configuration in which a control node has the ability to
perform connection admission control (CAC) only with respect to virtual paths (VPs)
which originate from an ATM switch with which the control node is paired to form a
traffic concentrator.

[00043] Fig. 10 and Fig. 11 are schematic views showing topologies for illustrating
performance of differing switching alternatives.

[00044] Fig. 12 and Fig. 13 are graphs showing performance results of differing
switching alternatives.

DETAILED DESCRIPTION OF THE DRAWINGS

[00045] In the following description, for purposes of explanation and not limitation,
specific details are set forth such as particular architectures, interfaces, techniques, etc.
in order to provide a thorough understanding of the present invention. However, it will
be apparent to those skilled in the art that the present invention may be practiced in
other embodiments that depart from these specific details. In other instances, detailed
descriptions of well-known devices, circuits, and methods are omitted so as not to
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obscure the description of the present invention with unnecessary detail. Moreover,
individual function blocks are shown in some of the figures. Those skilled in the art
will appreciate that the functions may be implemented using individual hardware
circuits, using software functioning in conjunction with a suitably programmed digital
microprocessor or general purpose computer, using an application specific integrated
circuit (ASIC), and/or using one or more digital signal processors (DSPs).

[00046] Fig. 6 shows portions of a radio access network, and particularly a traffic
concentrator 40 which aggregates traffic in a radio access network. The traffic
concentrator 40 comprises an Asynchronous Transfer Mode (ATM) switch 42 and a
control node 44 associated with the ATM switch 42. The ATM switch 42 is typically
connected by an ATM network to other ATM switches, such as ATM switches 42’ and
42” illustrated in Fig. 6.

[00047] The Asynchronous Transfer Mode (ATM) switch 42 performs a switching
operation for switching unspecified bit rate (UBR) virtual channels (VCs) carrying user
traffic between plural virtual paths (VPs). Fig. 6 shows, in representative fashion,
ATM switch 42 performing its switching operation between three constant bit rate
(CBR) virtual paths (VPs) 50;, 50,, and 505, also illustrated as VP;, VP,, and VP; It
just so happens that the traffic concentrator 40 is concentrating the traffic from the
virtual channels (VCs) carried by VP; and VP, into VP3; by switching the connections
carried by VP, and VP, into VP;. It may be, by way of example utilization, that the
connections carried by VP; are uplink transmissions from a first base station, while the
connections carried by VP; are uplink transmissions from a second base station, and
that VP5 is ultimately connected to a radio network controller (RNC) node which
controls both the first base station and the second base station.

[00048] It should be understood that, although traffic concentrator 40 with its ATM
switch 42 are illustrated for sake of simplicity as switching between only three virtual
paths (VPs), a greater number of virtual paths (VPs) may be involved in other
embodiments. For example, traffic from more than one base station may be
concentrated toward an radio network controller. Moreover, the use of traffic
concentrator 40 on an uplink between base station nodes and a radio network controller
(RNC) node is just one example of how the traffic concentrator 40 may be utilized in a
radio access network. Traffic concentrators of the type disclosed herein can be utilized
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in other locations and contexts, e.g., in which admission control is performed in an
AAL?2 network.

[00049] In similar manner as alternative D described above with reference to Fig. 4D,
the user traffic is transported as ATM Adaptation Layer 2 (AAL2) connections over the

| unspecified bit rate (UBR) virtual channels (VCs). To this end, Fig. 6 shows two nodes

52, and 52, connected to virtual path 50; and virtual path 50,, respectively. Each of the
nodes 52 includes an AAL2 multiplexer 54 which multiplexes AAL2 cells for
respective AAL2 connections into the ATM cells carried in the virtual channels (VCs)
of the respective virtual paths (VPs). That is, node 52, has AAL2 multiplexer 54,
which multiplexes AAL2 cells for AAL2 connections 56;.; through 561.,, while node
52, has AAL2 multiplexer 54, which multiplexes AAL?2 cells for AAL2 connections
56,1 through 56, 4.

[00050] As explained in more detail subsequently, the control node 44 is arranged to
process AAL?2 signaling messages which concern the AAL2 connections included in
the VCs for which the ATM switch 42 performs the switching operation. Moreover,
the AAL2 signaling messages are carried in virtual channels which do not carry the user
traffic and which are either originated or terminated at the control node. That is, the
AAL?2 signaling messages are carried in different virtual channels than the virtual
channels which carry the user traffic. Such signaling VCs are also herein referenced as
SAAL (Signalling AAL) VCs.

[00051] The control node 44 thus serves as an endpoint for the SAAL (Signalling
AAL) VCs. The nodes 52 in Fig. 6 also serve as endpoints of the SAAL (Signalling
AAL) VCs. Accordingly, in addition to the AAL2 multiplexer 54, each of the nodes 52
includes an AAL?2 signaling processor 57 and an AAL2 connection admission control
unit 58.

[00052] The control node 44 is arranged to process AAL2 signaling messages which
concern the AAL?2 connections included in the VCs for which the ATM switch 42
performs the switching operation. To this end, the control node 44 preferably
comprises an AAL?2 signaling processor 60. The AAL?2 signaling processor 60 initiates
or receives the AAL2 signaling messages. In addition, control node 44 comprises a VC
handling function 62 (see Fig. 7) comprising one or more VC handler units; a
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connection admission control (CAC) 64 comprising one or more connection admission
control (CAC) units; and, an ATM consistency configuration check function 66
comprising one or more ATM consistency configuration check units.

[00053] Thus, the traffic concentrator 40 combines the AAL2 signaling processors and
AAL?2 resource management functions (i.e., AAL2 Connection Admission Control)
with the functionality of an ATM switch such as ATM switch 42.

[00054] Returning now to the topic of AAL2 signaling, the AAL?2 signaling is not done
within the UBR VCs which carry user traffic. It would be very expensive and
cumbersome to transport the AAL?2 signaling within the VCs carrying the user traffic,
since in such case the AAL?2 packets containing the signaling messages would have to
be demultiplexed from the VCs (and multiplexed into the VCs) much in the manner
depicted in Fig. 5. Moreover, if the signaling VCs were transported in UBR VCs and in
a common VP with the user-plane traffic, the connection admission control would not
be able to make proper decisions.

[00055] Therefore, as explained above, the AAL?2 signaling messages are transported in
separate SAAL-type VCs. AAL?2 signaling is designed to be signaling bearer
independent, so that an operator can opt for whatever signaling bearer the operator
prefers to transport the AAL2 signaling messages. The protocol architecture allowing
this bearer independence is documented in ITU-T Standard Q.2630.1. In order to use a
particular signaling bearer, a bearer converter is necessary for converting the generic
primitives documented in Q.2630.1 into the primitives offered by a particular bearer
technology. Bearer converters for SAAL and MTP3 are documented in ITU-T
standards Q2150.2 and Q.2150.1. Even if SAAL is preferred, SAAL can be deployed
on top of a dedicated ATM VC or on a specific AAL2 CID in the same ATM VC which
carries the AAL2 payload.

[00056] Thus, the SAAL VCs do not “disturb” the user-plane traffic. These separate
SAAL-type VCs can be of any service category, CBR, 1t-VBR or UBR, etc. In an
example illustrative implementation, the AAL2 signaling messages are preferably
carried in at least one constant bit rate (CBR) virtual channel. The CBR VCs used for
SAAL VCs may, however, be carried on a common VP with user traffic virtual
channels (VCs).
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[00057] Fig. 6 illustrates by broken lines 70 the AAL?2 signaling occurring between
endpoints of the SAAL (Signalling AAL) VCs. For example, broken line 7060.57¢1)
represents the AAL2 signaling sent from AAL2 signaling processor 60 of control node
44 to AAL?2 signaling processor 57, of node 52,, while (in the opposite direction)
broken line 70s7¢1y.60 represents the AAL2 signaling sent from AAL2 signaling
processor 57; of node 52; to AAL?2 signaling processor 60 of control node 44.
Similarly, broken line 70¢0.s7(2) represents the AAL2 signaling sent from AAL2
signaling processor 60 of control node 44 to AAL?2 signaling processor 57, of node 52,,
while (in the opposite direction) broken line 70s7¢;).¢0 represents the AAL2 signaling
sent from AAL2 signaling processor 57, of node 52, to AAL2 signaling processor 60 of
control node 44. While the broken lines 70 appear to directly connect the processors 60
and 57, it will be understood that the AAL?2 signaling represented by lines 70 is instead
included in the appropriate SAAL VCs which are routed between nodes 52 and AAL2
signaling processor 60 via ATM switch 42. In order for the AAL?2 cells which
comprise the AAL2 signaling to be transported to and from control node 44, the ATM
switch 42 has (at least one) outgoing switch port connected to an incoming port of
control node 44, and (at least one) incoming switch port connected to an outgoing port
of control node 44. The connections between the aforementioned ports of ATM switch
42 and control node 44 are represented by lines 72.

[00058] The signaling VCs from nodes 52 are routed to control node 44. The control
node 44 terminates these signaling VCs, and originates new signaling VCs (catried by
VP; in the Fig. 6 illustration) towards the next signaling hop (control node or AAL2
end-point). These new signaling VCs are then also switched by the ATM switch en
route to the next signaling hop.

[00059] The AAL2 protocol is described in the ITU Q.2630.1 Recommendation. For
example, Table 7-5 of the ITU Q.2630.1 Recommendation provides a list of AAL2
signaling messages; Figure 5-1 of the ITU Q.2630.1 Recommendation illustrates AAL2
signaling protocol reference architecture. The AAL2 type signaling protocol provides
the signaling capability to establish, release and maintain AAL type 2 point-to-point
connections across a series of ATM VCCs that carry AAL type 2 links. These services
are accessible via the AAL type 2 served user service access point (A2SU-SAP). The
AAL type 2 signaling protocol also provides maintenance functions associated with the
AAL type 2 signaling. An AAL type 2 signaling endpoint can control AAL type 2
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links on more than one AAL type 2 path. These AAL type 2 paths may be contained on
different ATM VPCs (Virtual Path Connections), which in turn may be carried on
different ATM physical interfaces. Two peer AAL type 2 signaling entities rely on the
generic signaling transport service to provide assured data transfer between them and
service availability indications. These services are accessible via the Generic Signaling
Transport Service Access Point (GST-SAP). Primitives over the A2SU-SAP, GST-
SAP, and LM-SAP are used for descriptive purpose only, and do not imply a specific
implementation. Both peer AAL type 2 signaling entities provide the same set of
services. The AAL type 2 signaling entity is subdivided into protocol entities and nodal
functions (as shown in Figure 5-1 of the ITU Q.2630.1 Recommendation). At each
AAL type 2 service endpoint, the AAL type 2 signaling entity communicates with the
AAL type 2 served user. At an AAL type 2 switch, the AAL type 2 signaling entity
does not communicate with an AAL type 2 served user.

[00060] Turning again to certain constituent elements of traffic concentrator 40, the
person skilled in the art will appreciate the general structure and operation of ATM
switch 42, examples of which have already been referenced. In Fig. 6, the ATM switch
42 concentrates the traffic of VP1 and VP2, with the concentration being supervised or
controlled by the control node 44.

[00061] In Fig. 6, the AAL?2 signaling processors interpret and generate AAL?2
messages. At control node 44, AAL?2 signaling processor 60 initiates/receives and
processes the AAL2 signaling messages (such as those listed in the Table 7-5 of the
ITU Q.2630.1 Recommendation) which are carried over the SAAL VCs. The AAL2
signaling processor is a logically different unit than other functionalities of control node
44, although these functionalities may be performed by the same processor as AAL2
signaling processor 60. The AAL?2 signaling processor 60 works in conjunction with
other functions of control node 44, such as connection admission control (CAC) 64.
For example, at connection setup request (i.e., when the “Establish request” — ERQ
message is sent along the AAL2 signaling path), the AAL?2 signaling processor 60
receiving an ERQ asks the AAL2 CAC 64 to perform admission control. The answer
of the AAL2 CAC 64 is either an acceptance of the connection or (in the case of
insufficient resources) a rejection of the connection.
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[00062] Each of the plural virtual paths involved in the switching operation is served by
one of the connection admission control (CAC) units comprising connection admission
control (CAC) 64. The connection admission control (CAC) function 64 makes
decisions regarding allocation of resources in a transport network. To ensure quality of
service (QoS) requirements, AAL2 connection admission control (CAC) is executed
before a new AAL2 connection is set up in the system. Connection admission
decisions are made based on traffic descriptors and QoS requirements assigned to the
connections. AAL2 admission control allocates resources (VC and VP resources) for
AAL?2 connections in the transport network. Ifthe amount of resources is not sufficient
for accommodating a new connection, the connection is rejected. Typically, if AAL2
connections are transported in end-to-end VCs with resource allocation, AAL2 CAC is
executed only at the end point of the VCs. If the resources along the path of an AAL2
connection are not allocated end-to-end, CAC decisions are made up of hop-by-hop
link admission control (LAC) decisions. Inthe UBR VC case, AAL2 connections are
transported in end-to-end UBR VCs, but still, given that concentrator points exist in the
network, CAC has to be executed in these points too (not only at the end-points).

[00063] Each of the plural virtual paths involved in the switching operation is served by
one of the ATM consistency configuration check units comprising ATM consistency
configuration check function 66. The ATM consistency configuration check function
66 ensures that switching occurs between appropriate virtual channels (VCs). In the
particular situation depicted in Fig. 6, the ATM switch 42 in the concentrator 40 has to
inform the AAL2 CAC 64 in the control node 44 about the ATM VC/VP configuration.
Specifically, the ATM switch 42 has to inform the AAL2 CAC 64 which VCs will use
VP;3, and what is the capacity of VP; that is available for these VCs. If the person who
sets the ATM configuration makes a mistake, and mixes VCs carrying AAL2
connections (controlled by the CAC 64) with not CBR VCs not carrying AAL2
connections (not controlled by the CAC 64), the QoS may not be guaranteed by the
CAC 64. It is for the purpose of avoiding such situations that the ATM Configuration
Consistency Check function 66 is implemented in the control node 44. The ATM
consistency configuration check function 66 detects and sends an alert regarding a
wrong configuration, if it is not ensured that AAL2 connections conirolled by the CAC

64 are multiplexed over a CBR resource.
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[00064] As evident from the foregoing, the bandwidth management functions for
AAL?2 connections reside in control node 44. The control node 44 has the ability to
receive and send AAL2 signaling messages. The AAL?2 signaling traffic is transported
on a separate CBR VC (separate from user plane traffic). The control node 44 performs
consistency check of the ATM configuration and provides a notification if the
configuration is incorrect. If the ATM switch or a VC goes down, the AAL2 endpoints
realize or know it, and upon such realization send a state reset to the control node 44.
The control node 44 in such case is able to connect to many ATM switches, and the
AAL?2 signaling among the AAL2 bandwidth management entities associated with
those ATM swtiches is implemented in software within the control node 44.

[00065] Fig. 7 is a diagrammatic view of a particular, non-limiting example
implementation of a control node 44(7) of a concentrator. The example control node
44(7) of Fig. 7 controls n number of VCs and k number of VPs. The control node 44(7)
comprises AAL2 signaling processor 60. The AAL?2 signaling processor 60 has one or
more ports 80; for receiving incoming SAAL VCs and one ore more ports 80, for
transmitting outgoing SAAL VCs. The VC handling function 62 of control node 44(7)
comprises n number of VC handling units 62, through 62,, with each of the plural
virtual channels involved in the switching operation is handled or managed by one of
the VC handling units. The VC handling units store configuration information,
knowing which VC is mapped onto which VP. Thus, if a request arrives, the VC
handling units invoke the appropriate connection admission control (CAC) unit(s),
receive a response (either acceptance or rejection) from the connection admission
control (CAC) unit(s), and then send an accept or reject message as appropriate.

[00066] The connection admission control (CAC) unit makes decisions regarding
allocation of resources in a transport network. The connection admission control
(CAC) 64 of control node 44(7) has one connection admission control (CAC) unit for
each VP, e.g., CAC;, CAC,, ... CAC. Each of the plural virtual paths involved in the
switching operation is served by one of the connection admission control (CAC) units.

[00067] Each of the plural virtual paths involved in the switching operation is served by
one of the ATM consistency configuration check units 66, 66,, ...66 included in ATM
consistency configuration check function 66. As mentioned before, the ATM
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consistency configuration check function 66 ensures that switching occurs between
appropriate virtual channels (VCs).

[00068] Since one control node, such as control node 44(7), may control many
concentrator ATM switches (as described subsequently), one VC handling unit 62 may
be associated with more than one connection admission control (CAC) unit 64.

[00069] The ATM switch and control node of the traffic concentrator may be situated
in a variety of configurations. For example, and as shown in Fig. 8A, the ATM switch
and control node may be co-located at a same physical node N(8A) of the radio access
network. The particular ATM switch 42 shown in Fig. 8A comprises a switch core 80
having switch core ports 82. Each of the plural switch core ports 82 is connected to a
switch port interface circuit (SPIC) 84, the plural switch port interface circuits (SPICs)
84 also forming a part of ATM switch 42. Each switch port interface circuit 84 can be
realized by a board connected by a bidirectional link to a corresponding port 82 of the
switch core, with the board having appropriate hardware in accordance with the
functions performed by the particular switch port interface circuit 84. In Fig. 8A, one
of the switch port interface circuits 84, i.e., switch port interface circuit 84, is
connected to control node 44. Thus, both ATM switch 42 and control node 44 are
located at a same physical node N(8A) of the radio access network.

[00070] Fig. 8A and other figures do not attempt to provide a detailed depiction of
ATM switch 42, nor of the switch port interface circuits (SPICs) 84. It will be
appreciated that (for illustration purposes only) four switch port interface circuits 84 are
shown in Fig. 8A, and that the number of switch port interface circuits 84 is not limited
by this illustration. Details of the switch core 80 and switch port interface circuits
(SPICs) 84 are known to those skilled in the art, some examples having already been
cited.

[00071] Not only may the ATM switch 42 and control node 44 be co-located at the
same physical node of a radio access network, but (as shown in Fig. 8B) the control
node 44 may reside on a board connected to appropriate switch ports of the ATM
switch. The board comprising the control node 44 is connected to an outgoing switch
port of switch core 80 and an incoming switch port of switch core 80, each such pair of
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switch core ports being referenced as 82 in Fig. 8B. The board on which control node
44 resides is particularly connected to switch core ports 825 in Fig, 8B.

[00072] As yet another alternative, the ATM switch 42 and control node 44 may reside
at differing physical nodes of the radio access network. For example, Fig. 8C shows
ATM switch 42 residing at network node N(8C-1), while the control node 44 resides at
a physically distinct network node N(8C-2). The network nodes N(8C-1) and N(8C-2)
are not necessarily neighboring nodes, as intermediate nodes such as other switches
may be connected therebetween.

[00073] In an alternate configuration, one control node may actually comprise plural
traffic concentrators by serving plural concentrator-included ATM switches. For
example, control node 44(8D) of Fig. 8D may serve both ATM switch 42-1 and ATM
switch 42-2. In this configuration, control node 44(8D) working together with ATM
switch 42-1 may function as a first concentrator 40-1(8D), while control node 44(8D)
working together with ATM switch 42-2 may function as a second concentrator 40-
2(8D).

[00074] In the configuration shown in Fig. 8D, ATM switch 42-1 is physically situated
at network node N(8D-1) and ATM switch 42-2 is physically situated at network node
N(8D-2). The control node 44(8D) is shown in example fashion as being situated at yet
another network node, i.e., node N(8D-3). Such nodular distribution is merely an
example, it being understood that other variations are also possible. For example, in
Fig. 8E the control node 44(8E) is situated physically at network node N(8E-1) in like
manner as Fig. 8E, and yet control node 44(8E) functions with ATM switch 42-1 of
Fig. 8E to constitute a first concentrator 40-1(8E) and with ATM switch 42-2 of Fig. 8E
to constitute a second concentrator 40-2(8E).

[00075] The control nodes thus perform connection admission control (CAC) with
respect to virtual paths (VPs) which originate from the ATM switch with which the
control node is paired to form a traffic concentrator. For example, the control node 44
of Fig. 6 performs connection admission control (CAC) with respect to virtual path 50;
which originates from ATM switch 42. As an enhanced optional capability, the control
nodes may be able to perform connection admission control with respect to virtual
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paths (VPs) in addition to those which originate from the ATM switch with which the
control node is paired to form a traffic concentrator.

[00076] In the above regard, in Fig. 9A control node 44(9A) is responsible for
guaranteeing QoS (i.e. running CAC) in VP2, VP3 and VP4. It is to be noted that
virtual path 50yp3.94 and virtual path 50vpsga originate from ATM switch 42945, and
that control node 44(9A) is not paired with ATM switch 42¢4., for forming a
concentrator node (rather, control node 44(9A) is paired with ATM switch 429,.;. Fig.
OA illustrates two AAL2 sources, i.e., AAL2 source 90(9A-1) and AAL2 source 90(9A-
2). AAL?2 source 90(9A-1) is connected by virtual path 50yp;.a to ATM switch 4294_;;
AAL2 source 90(9A-2) is connected by virtual path 50vps.o4 to ATM switch 429,..
Two AAL2 endpoints, i.e., AAL2 endpoint 92,.; and AAL2 endpoint 929,., are
connected by virtual paths 50yps.94 and 50yps.0a, respectively, to ATM switch 429,.
The ATM switch 42941 sends cells over virtual path 50yps.94 to ATM switch 4294,
while cells are carried in the opposite direction between ATM switch 4294.; and ATM
switch 4294, over virtual path 50yp7.9a.

[00077] As shown by the arrowhead lines in the Fig. 9A embodiment, the AAL2 source
90(9A-1) and AAL2 source 90(9A-2) both must have a signaling connection with the
control node 44,,. In this regard, Fig. 9A shows signaling connection 94(9A-S1) from
AAL?2 source 90(9A-1) to control node 4444, and signaling connection 94(9A-S2) from
AAL2 source 90(9A-2) to control node 4495. Further, control node 4444 must have a
signaling connection towards the AAL2 endpoints of the AAL2 traffic of these
connections (e.g., AAL2 endpoint 9294.; and AAL2 endpoint 929,.,). Fig. 9A shows
signaling connection 94(9A-E1) from control node 4494 to AAL2 endpoint 9294.;; and
signaling connection 94(9A-E2) from control node 4444 to AAL2 endpoint 929, .

[00078] In the Fig. 9A example, the signaling VCs are transmitted within the same VP
as the AAL2 user traffic. For simplicity, some of the signaling VCs and Traffic VPs in
the backward direction are not depicted, it being understood that the backward
signaling VCs must follow the same direction backwards.

[00079] In the Fig. 9A configuration, when a connection establish request arrives from
an AAL2 source (e.g., AAL2 source 90(9A-1) or AAL?2 source 90(9A-2)) to the control
node 44,,, the control node 449, runs connection admission control (CAC) for all
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corresponding VPs. In other words, if a request arrives from AAL?2 source 90(9A-1) to
AAL2 endpoint 9294, for example, CAC is executed by control node 449, for VP2 and
VP4,

[00080] Fig. 9B illustrates a situation which contrasts with Fig. 9A, i.e., the control
node 44(9B)' is not given responsibility or ability to perform connection admission
control (CAC) for virtual path 50yp3.94 and virtual path 50ypy, (the virtual paths (VPs)
which originate from ATM switch 429,.,). Thus, in Fig. 9B, control node 44(9B)
performs connection admission control only for VPs originated from its associated
ATM switch (e.g., VPs which originated from ATM switch 4294.;).

[00081] The Fig. 9A and Fig. 9B scenarios are transparent for the AAL2 sources AAL2
source 90 and endpoints 92. In the Fig. 9A scenario (in which only one control node
44(9A) is needed) the control node may perform connection admission control for more
than one VP when the control node 44(9) receives a connection establishment request.

[00082] Each of the Fig. 9A and Fig. 9B scenarios have advantages and disadvantages.
For example, the Fig. 9A scenario has the advantage of requiring just one control node,
with the concomitant advantages of less hardware and a smaller number of signaling
messages generated. Note, by way of contrast with the Fig. 9A scenario, that with the
Fig. 9B scenario there is an additional signaling VC (which goes through VP2). The
Fig. 9A scenario “emulates” this extra VC by execution two connection admission
control operations, and is especially advantageous in case of tree topology (e.g. the
control traffic does not have to by-pass like in the case of the second AAL?2 source ).
The Fig. 9B scenario is advantageous from the standpoint of minimizing the number of
signaling VCs per VP (e.g. on VP2 there is one VC instead of two VCs; on VP7 there
are no signaling VCs).

[00083] From the foregoing it will be appreciated that using a single control node to
serve in conjunction with more than one ATM switch has repercussions from the
perspective of a signaling entity. These repercussions involve, for example, how
connection admission control procedures are related (e.g., more than one connection
admission control procedure may be invoked for one connection establishment). One
hop in the user plane (one VC link) can be many hops in the signaling (control) plane
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[00084] It may occur, in some implementations (such as the control node being a
standalone box), that the internal interface to the ATM layer management (LM) plane is
lost, because the primitives are not sent out to the network. For example, if there is a
failure in the ATM switch controlled by a control node, there are no internal LM
primitives to ask the control node to initiate resets towards signaling peers. This is not,
however, a significant problem, and a control node can function without such internal
interface capability. The ATM VC end-points will know about the error, and the ATM
VC end-points advise the AAL2 end-points, which in turn can initiate resets.

[00085] The foregoing embodiments and scenarios show implementations of the switch
alternative D which was initially described, e.g., with reference to Fig. 4D. The same
AAL2 connection admission control method can be used for alternative D as is used for
alternative C (AAL2 switching, depicted in Fig. 4C), because AAL2 connection
admission control over the VP resource in case of alternative D results in approximately
the same resource allocation as the AAL2 connection admission control over the VP
resource in case of alternative C.

[00086] To demonstrate the foregoing, Fig. 10 shows a scenario utilizing switching
alternative C of Fig. 4C (thereby having an AAL2 switch) and traffic descriptors of
considered traffic classes (source types) found in Table 1. In Table 1, the SSCS level
bitrate is calculated as: Activity - Packet Size - 8 / TTI. In UTRAN, the packet size, the
activity and the TTI are the traffic descriptors of an AAL2 connection. The packets are
sent periodically, and the period is called the transmission time interval (TTI). TTI is
basically a radio interface parameter, but the effect is that in the transport network also
periodic traffic has to be transported, and therefore the traffic descriptors, CAC, etc.,
are designated for periodic traffic.

[00087] Table 1

I Packet . . SSCS level

D Name size activity | TTI bitrate

1 | Voice 39 byte 0.55 20ms | 8.58 kb/s
64kb/s

2 data 173 byte |1 20ms | 69.2 kb/s

[00088] In the Fig. 10 scenario, AAL2 traffic flows (connections) are transported in
different VCs. In case of AAL2 switching, flows from VCs A, B and C (see Figure 10)
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are switched to VCs Y and Z. The number of connections in the simulations with
AAL?2 switching (alternative C) for the scenario of Fig. 10 is shown in Table 2. Table 2
thus shows a mix admitted by the connection admission control into UBR VPs. In the
AAL2 multiplexers, the value of the multiplexing timer Tcy was set to 1 ms.

[00089] Table 2

Flow goes to VC “Y” “z”
Source type 1 2 T rate 1 2 | Zrate
g N A7 134 11.1360.9]40 |1 | 4124
§ § "B” 132 |1 [343.8]34 |2 | 4301
&
S

{00090] In contrast to the switching alternative C shown with the example
implementation of Fig. 10, Fig. 11 shows a scenario or topology of implementing
switching alternative D of Fig. 4D. The graph of Fig. 12 indicate that alternatives C
and D exhibit very similar performances. The y-axis of the graph of Fig. 12 shows the
0.1% quantile of the measured delay values on the different flows.

[00091] To further demonstrate the foregoing, a comparison can be made between the
switching alternative B of Fig. 4B (using UBR and CBR VCs and AAL2 switching)
and switching alternative D of Fig. 4D. The scenario on Figure 10 is also applicable to
this comparison, as well as the traffic descriptors in Table 1. The simulated number of
connections for switching alternative B are as shown in Table 3. That is, Table 3 shows
the number of sources on different flows (with reference to Fig. 10), a mix admitted by
the connection admission control in CBR VCs.

[00092] The comparative results of switching alternative B and switching alternative D
are shown in Fig. 13. Since the use of CBR VCs means that the maximum bit rates are
constrained per VC, if there are available resources on a VC, other VCs within the same
CBR VP can not utilize these resources. Therefore it is natural that from the delay
point of view the use of UBR VCs has advantages over CBR ones.



10

WO 2004/039018 PCT/SE2003/001667

23

[00093] Table 3

Flow goes to VC “Y” “Z”
Source type 1 ]2 112
o | A7 3510 {501 0
a % k {135
.E § 2 B 3712 139 2
S& |« |42]0 [25] 0

[00094] The embodiments and implementations described herein avoid AAL2
switching, therefore achieving significant cost savings. Yet the QoS and the
multiplexing efficiency achieved is comparable to that of AAL?2 switching. Moreover,
advantageously existing CAC algorithms can be reused. In some implementation
scenarios, one control node can control more ATM switches. As another advantage,
modifications are not needed in AAL2 signaling.

[00095] While the invention has been described in connection with what is presently
considered to be the most practical and preferred embodiment, it is to be understood
that the invention is not to be limited to the disclosed embodiment, but on the contrary,
is intended to cover various modifications and equivalent arrangements.
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WHAT IS CLAIMED IS:

1. A traffic concentrator (40) which aggregates traffic in a radio access network,
the traffic concentrator (40) being characterized by:

an Asynchronous Transfer Mode (ATM) switch (42) which performs a switching
operation for switching unspecified bit rate (UBR) virtual channels (VCs) carrying user
traffic between plural virtual paths (VPs), the user traffic being transported as ATM
Adaptation Layer 2 (AALZ2) connections over the unspecified bit rate (UBR) virtual
channels (VCs);

a control node (44) associated with the ATM switch (42), the control node (44)
being arranged to process AAL?2 signaling messages which concern the AAL2
connections included in the VCs for which the ATM switch (42) performs the
switching operation.

2. A radio access network comprising plural ATM Adaptation Layer 2 (AAL2)
source nodes and an AAL2 endpoint node (92), characterized by:

a traffic concentrator (40) which aggregates user traffic transmitted from the
plural AAL?2 source nodes to the AAL2 endpoint node (92), the traffic concentrator
(40) comprising:

an Asynchronous Transfer Mode (ATM) switch (42) which performs a
switching operation for switching unspecified bit rate (UBR) virtual channels (VCs)
carrying the user traffic between plural virtual paths (VPs), the user traffic being
transported as ATM Adaptation Layer 2 (AAL2) connections over the unspecified bit
rate (UBR) virtual channels (VCs);

a control node (44) associated with the ATM switch (42), the control node
(44) being arranged to process AAL2 signaling messages which concern the AAL2
connections included in the VCs for which the ATM switch (42) performs the
switching operation.

3. The apparatus of claim 1 or claim 2, wherein the control node (44) comprises
an AAL2 signaling processor (57) which initiates or receives the AAL2 signaling
messages.

4. The apparatus of claim 1 or claim 2, wherein each of the plural virtual
channels involved in the switching operation has a VC handler unit (62) which
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comprises the control node (44), and wherein the VC handler unit (62) stores
configuration information.

5. The apparatus of claim 1 or claim 2, wherein each of the plural virtual paths
(50) involved in the switching operation has a connection admission control (CAC) unit
(64) which comprises the control node (44), and wherein the connection admission
control (CAC) unit (64) makes decisions regarding allocation of resources in a transport
network.

6. The apparatus of claim 5, wherein the connection admission control (CAC)
unit (64) makes decisions regarding allocation of resources for a virtual path (50) which
originates from the ATM switch (42) with which the control node (44) is paired to form
the concentrator.

7. The apparatus of claim 5, wherein the connection admission control (CAC)
unit (64) makes decisions regarding allocation of resources for a virtual path (50) which
originates from an ATM switch other than the ATM switch (42) with which the control
node (44) is paired to form the concentrator.

8. The apparatus of claim 1 or claim 2, wherein each of the plural virtual paths
(50) involved in the switching operation has an ATM consistency configuration check
unit (66) which comprises the control node (44), and wherein the ATM consistency
configuration check unit (66) ensures that switching occurs between appropriate virtual
channels (VCs).

9. The apparatus of claim 1 or claim 2, wherein the control node (44) comprises:

an AAL2 signaling processor (57) which initiates or receives the AAL2
signaling messages;

a VC handler unit (62) which stores configuration information;

a connection admission control (CAC) unit (64) which makes decisions
regarding allocation of resources in a transport network; and

an ATM consistency configuration check unit (66) which ensures that switching
occurs between appropriate virtual channels (VCs).

10. The apparatus of claim 1 or claim 2, wherein the traffic concentrator (40)

aggregates traffic of plural base stations of the radio access network
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11. The apparatus of claim 1 or claim 2, wherein the AAL?2 signaling messages
are carried in virtual channels which do not carry the user traffic and which are either
originated or terminated at the control node (44).

12. The apparatus of claim 1 or claim 2, wherein the AAL2 signaling messages
are carried in at least one constant bit rate (CBR) virtual channel.

13. The apparatus of claim 1 or claim 2, wherein the control node (44)
comprises a board connected to a port of the ATM switch (42).

14." A method of operating a radio access network which has plural ATM
Adaptation Layer 2 (AAL2) source nodes and an AAL2 endpoint node (92), the method
characterized by:

associating an Asynchronous Transfer Mode (ATM) switch (42) and a control
node (44) to form a traffic concentrator (40) to aggregate user traffic transmitted from
the plural AAL2 source nodes to the AAL2 endpoint node (92);

using the Asynchronous Transfer Mode (ATM) switch (42) to perform a
switching operation for switching unspecified bit rate (UBR) virtual channels (VCs)
carrying the user traffic between plural virtual paths (VPs), the user traffic being
transported as ATM Adaptation Layer 2 (AAL2) connections over the unspecified bit
rate (UBR) virtual channels (VCs);

using the control node (44) associated with the ATM switch (42) to process
AAL?2 signaling messages which concern the AAL?2 connections included in the VCs
for which the ATM switch (42) performs the switching operation.

15. The method of claim 14, comprising initiating and receiving the AAL2
signaling messages at an AAL2 signaling processor (57) which comprises the control
node (44).

16. The method of claim 14, further comprising providing a VC handler unit
(62) at the control node (44) for each of the plural virtual channels involved in the
switching operation, and wherein the VC handler unit (62) stores configuration
information.
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17. The method of claim 14, further comprising providing a connection
admission control (CAC) unit (64) at the control node (44) for each of the plural virtual
paths (50) involved in the switching operation, and using the connection admission
control (CAC) unit (64) to make decisions regarding allocation of resources in a
transport network.

18. The method of claim 17, further comprising using the connection admission
control (CAC) unit (64) to make decisions regarding allocation of resources for a
virtual path which originates from the ATM switch (42) with which the control node
(44) is associated to form the concentrator.

19. The method of claim 17, further comprising using the connection admission
control (CAC) unit (64) to make decisions regarding allocation of resources for a
virtual path (50) which originates from an ATM switch other than the ATM switch with
which the control node (44) is paired to form the concentrator.

20. The method of claim 14, further comprising providing an ATM consistency
configuration check unit (66) at the control node (44) for each of the plural virtual paths
(50) involved in the switching operation, and using the ATM consistency configuration
check unit (66) to ensure that switching occurs between appropriate virtual channels
(VCs).

21. The method of claim 14, further comprising using the traffic concentrator
(40) to aggregate traffic of plural base stations of the radio access network

22. The method of claim 14, further comprising carrying the AAL2 signaling
messages in virtual channels which do not carry the user traffic and which are either
originated or terminated at the control node (44).

23. The method of claim 14, further comprising carrying the AAL2 signaling
messages in at least one constant bit rate (CBR) virtual channel.

24. The method of claim 14, further comprising situating the control node (44)
comprises on a board connected to a port of the ATM switch (42).



WO 2004/039018 PCT/SE2003/001667

1/15
8 7 6 5 4 3 1Bit
i 2 Octet
GFC VPI 1
VPI VCi 2
Cell
header VCl 3
VCl PT CLP} 4
HEC
Y 5
6
Payload
. (48 octets)
Fig. 1
(PRIOR ART) 5
8 7 6 5 4 ot
A 3 2 ! Octet
CID 1
Packet
header L uut 2
AAL2-CPS uuI HEC 3
-packet
4
CPS-INFO
: (1-45 octets)
Fig. 2
(PRIOR ART) Y




WO 2004/039018

PCT/SE2003/001667

2115
20, 209
e A — ™ ) —
AAL2-CPS- 6 '
264 LE CPS-packet 26, %3  Offset 4 padding 28
a \\ /) 7 /
21— g Y 171l &F | &
; »\ 4 E 1 ‘\ é 7’
ATh AAL2-CPS-packet-header / i - >< M
~header Start Field ATM-cell
229 2 265
24, 24,
Fig. 3

(PRIOR ART)



PCT/SE2003/001667

WO 2004/039018

3/15

SOA ¥FAMINg””
Yoyums z vy

&

|
i

"uuog Zyy

5 /
SOA HEA-3148D
‘Yoyms o

S

_




PCT/SE2003/001667

WO 2004/039018

4/15

<

G b4
|
_ “
€ ’B'AIV N/ Tf@’% N <—
I <
I I
AIIIE!AII\ € T!EIAI..' & 4 <
— 1 y. A
A"‘E] A €— AIIB’A" “7\ -
I | 4
49019 _
42019
Y 4oums XNN3a
A\
| 2wy
_ L
—>€— >
SIIBNLY ! sjeoed Sdn _ T —>



PCT/SE2003/001667

WO 2004/039018

515

("1 YoUMS WLV Jeyjo |

uCl

|

\. Youms |\ 1y Jayjo

ra4

€05
€dAHgD ( 1

T |_youms NIY

uoneinbiyuoo
Jus)sisuooul

T

H

b}
1
'

rmem e !
I} Josseooud Bujeuds|! %g
/. m 4
-0 VO ¢V . 8%
(2)8 095, I _

/i ﬁ
09-(2)25 !

ANNNNNN

NN

J3us)sISucy & — —
:uoneoyou >

Adugjsisuo)

uopeinbyuon N1y

NN\ /«f///////

/
/
Y T

VOZIWY . lgg

1 ____OvVOZIwW
" TR _//
—— Josssooud /.
<«—=__ Bueubis 71wy |
[ 704INOD
09

> I “lgg
.ml ~|40sseo0.d mc__mcm_m-fw
(Nig09g) | ZIvY i Do

om-::mo J



PCT/SE2003/001667

WO 2004/039018

6/15

(v

l-"'nl'l-ll-"lll.'llcl-'ll'-ll-"lu"l-"lll'

SOA
Buneubis
Buiobing

(dA pejjonu09 Jod L)
3o8yo Aouejsisuoo
‘uoneinByuos 1y

®

ey R |

(dA pajjosjuoo Jad L)
OVO ZivY

D R |

O,

(OA awen z1vy pajjonuos
lad |) sisjpuey oA

-

S

Al”|4|
[« ) Josseoolid
_. _ Buljeubis

\ ¢vvY
]

Y
09

W

SOA bBujjeubis
Buiwoouj

/
<_
'og



PCT/SE2003/001667

WO 2004/039018

7115

A

lllllllllllllllllll

Illlllllll

JdON TOHLNOD

Y

¢v\\

Illllllllllllllllll

Y

oldS |~ )
Jm\ 340D %g”/
HOLIMS
lzg
J1ds |+ o1ds
4 J _J
®v8 08 78

———



PCT/SE2003/001667

WO 2004/039018

8/15

_ | HOLIMS WLV _ |

| | !
-~ _ _ > OIldS  |— —  0|ds A‘_I_Iv

| | tye’ 0D 2pg”/ _ |

| _ HOLIMS | _

_ _ €28 !z8 _
3dON 10YLNOD — 94—  olds Al_l_lv

| A |
\_ 4 _ .vvu\ Om\ :Vw\ _ _
(9N _ \- — _

lllllllllllllllllll[



PCT/SE2003/001667

WO 2004/039018

9115

A

— e ——— — ——

_
| | 3aon1041N0D
_

\_ 3\&

(cogN b — — — — —

M - - .. T
| HOLIMS WLV | _
[ ] | _

— 11 2 [T —| 0Ids *_I_Iv
N 00 | 7 _
|| "yg HoLms | 78 _ |
[ ] bz8 | _

| _‘ olds M N oids A._Ilv_

7 _

\_ \_ € 08/ Fvw\ | _
(08N |V — — — — — — — — _



——— e —_——— -~

PCT/SE2003/001667

WO 2004/039018

T R
e T R
\__ _ HOLIMS W1v _ || . HOLIMS W1V
F | _ | ﬂ |
| _. L )
f_l_vj olds — OIds T _ _ N olds [~ — 0IdS
| __ rpg”/ 2400 | s’ | _ ” | Tyg/ 400 Spg/

m_. | | HOLIMS _ | " || HOLIMS
el | 2 Jot L i
S | olds | olds | I olds | olds
| — J 7 !
w | v8 08 ‘v8 | _ ,.m_ | \_ m%\ o8 g™
e
|z If T =T «I.w..hﬂ. -~ T T T T
/.. (z-as)N _ - (a8 emmmTTTTTITTTTIIT
. | o
S s \_\ 3AON TOHINOD | V j
N ! (asvy L
oo’ N et
Ot~ , T s .
/,/./ ,/ (e-ag)N \\\\.\./- .\.\.\ Dw m_H_



PCT/SE2003/001667

—_— “—_— . .

WO 2004/039018

v \ -
! ,. e
||||||| i
\.“l_llll.lllll.llll__ ﬂ'llllllllll_
. /. \ lllllllll /—
.\.\_ _ HOLIMS LY _ Y ] | HOLIMS Iy 1 |
; | T2 7 1 %S _ ] l olds | | ouds __ _ 4
2 | e/ 3409 %y’ _ _ 3 | 5.7 m
! P 78 ENTol) Spg” !
__ | | RoLms _ |/ | | > | HOLims | __ i
. L / . i
—.. olds | i olds LI._I ! | || 3aon |". Fwwf | /
_ _ _ _ _ __ _ _ TOYINOD [} olds T_I_lrv
| ! !
i 4 \ J __, | _ p
“__ | e %8 8 | _ __ \_ﬁ&vv\ 7 03 ‘g~ __ _
7 T T T = — = — - \rer— — 1 ;
e gttt iun e ] = — — — \
\ 22y lf : T Iﬁ llllllll ]
_/./. \Aw\m_WVZI .................................... J N//, (1-38)N \.\\J\
@ (38)1-0



PCT/SE2003/001667

WO 2004/039018

12/15

\\l Z 924n0s <@ @_L
(2-v6)06 civv
V6GA o
(ZS-V6)¥6 \mwl
V6-LdA g
(1-v6)06 V6-FdA
/ 1dA 0S
:w.,&vvo,/ vdA
l
L Youms
L @21nos — ¢/ Uonms Jiodpus j
ZIvv ¢ WLV ) WLV T V6
LdA S SO NN 6
\ e
VeldA o LVegy : ZdA oy .& (13-ve)ve
epou VeedNog  (z3-ve)rs
M0 6)
edA z
V6
vy V6-EdA 0S wjodpus
VY j
SOA BUIBUDIS e “Vez6




PCT/SE2003/001667

WO 2004/039018

13/15

(1-96)06
A

L ©21n0S
A \A

g6-LdA

LdA

0S

| d6 b1
7| zeounos
(c-g6)06 Z2vY
86-GdA 5
SdA
. g6-vdA
Tm_va g6 .\.n_>om 0S
A J LdA vdA
L youms Z Uoums ﬁ b
. | ulodpua
NLY WLV
AAANANANNRNNN NN TV [T
N, A\ z86y, 26
v “n ¥
spou 8672dA o apou
H1O 10 edA
3 N
N
mmv-vvl\\ 86| -1, \ v Julodpus
866/ A \"A I/
z-g6
SO BUIEUDIS e Z6



PCT/SE2003/001667

WO 2004/039018

14/15

S/ o%x

L1 "bi4
Kejop painsesyy
L poumsop |
S NE—— | o ()
sposoe| 8 ()T g ()
v OAA’” - smiseaf v ()
0l b4
Kejep painsespy
< e >
m youms |
" A\
z | :
S/ 9694x2 |— |\ " g ()
A L
v ()

(2) erep s/pip9
(1) @010/

:sadA} @ainog

(2) erep s/pipy9
(1) @010A

:sadA; soinog




WO 2004/039018 PCT/SE2003/001667

15/15

Fig. 12

o
T 5
%8 A LE
9 27 & \\\/\\\\\\\\\\\\\§
R .2 \ \\\\\\\\g
7 L
s | 2 l g \\\\\\\\ 5
: || EllIsg i \\\\\\\\\\;
i 77747 I “W/ ©
- £ wk\\\\\\\\\\\\\\\ﬁ,
STst |zl| s2zzzzz?
= 877 3 vk\\\\\\\\\\\\\\i\?
g . ~ 7| qzzzzzzzzzz)®
: SN\ lé’-\\\\\\\\\\\g
E 29;// o é‘i—V/// Z
sel | | L%\\\\\\\\ -
i3 | s s022222%
%é’ ;;F( E © o ~<r>.oo (o - o
L ie

10
8
4

Delay ¢
[ms]

Flow / Source type



INTERNATIONAL SEARCH REPORT

Intern  hal Application No

PCT/SE 03/01667

IPC 7

A. CLASSIFICATION

F SUBJECT MATTER

0
HO4L12/56

According fo International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 7

Minimum documentation searched (classification system followed by classification symbols)

HO4L HO4Q

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, INSPEC, WPI Data, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

"TA 2 267 429 A (NEWBRIDGE NETWORKS CORP)

30 September 2000 (2000-09-36)

abstract; claims 13,14; figure 1
DATABASE INSPEC [Online]

INSTITUTE OF ELECTRICAL ENGINEERS,
STEVENAGE, GB;

SAITO H: "Effectiveness of UBR VC approach
in AAL2 networks and its application to
IMT-2000"

Database accession no. 6830682
XP002272586

abstract; figure 3

& TEICE TRANSACTIONS ON COMMUNICATIONS,
NOV. 2000, INST. ELECTRON. INF. & COMMUN.
ENG, JAPAN,

vol. E83-B, no. 11, pages 2486-2493,
ISSN: 0916-8516

_/--

1-24

) Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

filing date

° Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international

"L" document which may throw doubts on priority claim(s) or -
which is cited to establish the publication date of another
citation or other special reason (as specified)

"0" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but in the art,
later than the priority date claimed

invention

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

"X" document of particular relevance; the claimed invention

cannot be considered nove) or cannot be considered to

involve an inventive step when the documentis taken alone

"Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled

"&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the International search report
9 March 2004 14 0
Name and mailing address of the ISA Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2
I ——
+31- - :
R T s 131 651 epon, LISBETH ANDERSSON/MN

Form PCT/ISA/210 (second sheet) {July 1992)




INTERNATIONAL SEARCH REPORT

Inter' nal Application No

PCT/SE 03/01667

C.{Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

4 June 1998 (1998-06-04)
claim 1

Category ® | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 98 27692 A (MOTOROLA INC) 1-24

25 June 1998 (1998-06-25)

abstract; claims 1,4
A WO 98 24264 A (ERICSSON TELEFON AB L M) 1-24

Form PCTASA/210 (continuation of second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

Inter

nal Application No

PCT/SE 03/01667

Patent document Publication Patent family Publication

cited in search report date member(s) date

CA 2267429 A 30-09-20006 CA 2267429 Al 30-09-2000

WO 9827692 A 25-06-1998 AU 5167498 A 15-07-1998
CA 2274844 Al 25-06~1998
CN 1240081 A ,B 29-12-1999
EP 0947075 Al 06-10-1999
WO 0827692 Al 25-06-1998

WO 9824264 A 04-06-1998 US 6052371 A 18-04-2000
Al 5141698 A 22-06-1998
BR 9713149 A 08-02-2000
CA 2272371 Al 04-06-1998
WO 9824264 Al 04-06-1998

-----------------------------------------------------------------------

Form PCT/\SA/210 (patent family annex) (July 1992}




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

