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METHOD AND APPARATUS FOR QUEUED
ADMISSIONS CONTROL IN A WIRELESS
COMMUNICATION SYSTEM

FIELD OF THE INVENTION

[0001] The present invention relates generally to wireless
communication systems, and more specifically to queued
admissions control in a wireless communication system.

BACKGROUND OF THE INVENTION

[0002] Resource management is a key component of mis-
sion critical Push-to-Talk (PTT) systems. There is an expec-
tation that PTT systems can manage wireless resources and
grant calls if the required resources are available and queue
calls if the required resources are not. Further, there is an
expectation that PTT communication should be available via
broadband systems, such as a 3GPP (Third Generation Part-
nership Project) LTE (Long Term Evolution) communication
system. In this environment, a call controller is no longer
tightly coupled to a radio access network (RAN), making
resource management more difficult. This is especially true
when individual unicast bearers need to be established for
each broadband subscriber.

[0003] Somebroadband cellular radio systems, such as sys-
tems that operate pursuant to the 3GPP LTE and WiMAX
(Institute of Electrical and Electronics Engineers (IEEE) 802.
16) standards, use a Quality of Service (QoS) resource man-
agement approach in which a request for establishment of a
Guaranteed Bitrate (GBR) bearer ina cell is either admitted or
denied. However, the standards do not provide a capability for
maintaining a queue of pending requests for radio frequency
(RF) channel resources, instead providing that blocked calls
are cleared from the system. This “Blocked Calls Cleared”
(Erlang-B) approach is generally adequate for handling tele-
phone calls. A call establishment request which occurs when
no resources are available is provided a “fast busy signal,”
which is also known as a “reorder” indication. By contrast, a
PTT voice call establishment request in a trunked radio sys-
tem, when no resources are available, has traditionally been
placed in a queue of pending requests. This is referred to as a
“Blocked Calls Queued” (Erlang-C) approach. Further,
3GPP LTE manages resource congestion by using an Alloca-
tion and Retention Priority (ARP) preemption mechanism,
which allows a higher priority call to preempt an existing
lower priority call. However, such preemption may be more
objectionable to end users than would incurring extra delay
while the call is being established.

[0004] It is difficult to add queuing functionality for
blocked calls to a standard 3GPP LTE cellular system for
several reasons. The 3GPP LTE cellular standards do not
define a method which would allow an eNodeB base station to
indicate when channel capacity has become available in one
of its RF cells that could be used to establish a new GBR
bearer. Further, there is the additional challenge that indepen-
dent LTE Application Function (AF) network elements, using
separate LTE Policy and Charging Rule Functions (PCRFs),
could compete for resources in a single congested LTE cell.
There is no standardized LTE protocol which would allow
independent AFs to coordinate their resource requests so that
a single common queue of pending requests for resources in
a congested cell could be maintained.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The accompanying figures, where like reference
numerals refer to identical or functionally similar elements
throughout the separate views, together with the detailed
description below, are incorporated in and form part of the
specification, and serve to further illustrate embodiments of
concepts that include the claimed invention, and explain vari-
ous principles and advantages of those embodiments.

[0006] FIG.1 is a block diagram of a wireless communica-
tion system in accordance with various embodiments of the
present invention.

[0007] FIG. 2 is a block diagram of a user equipment of
FIG. 1 in accordance with an embodiment of the present
invention.

[0008] FIG. 3 is a block diagram of an application server of
FIG. 1 in accordance with an embodiment of the present
invention.

[0009] FIG. 4 is a block diagram depicting an application
layer of the communication system of FIG. 1 including mul-
tiple application servers in accordance with another embodi-
ment of the present invention.

[0010] FIG. 5A is a logic flow diagram of a method
executed by the communication system of FIG. 1 in queuing
a bearer establishment request in accordance with some
embodiments of the present invention.

[0011] FIG. 5B is a continuation of the logic flow diagram
of FIG. 5A illustrating a method executed by the communi-
cation system of FIG. 1 in queuing a bearer establishment
request in accordance with some embodiments of the present
invention.

[0012] FIG. 6 is a block diagram of an exemplary bearer
establishment request queue in accordance with an embodi-
ment of the present invention.

[0013] FIG. 7 is a block diagram of an exemplary bearer
establishment request queue in accordance with another
embodiment of the present invention.

[0014] FIG. 8 is a logic flow diagram of a method executed
by the communication system of FIG. 1 in transferring a
bearer establishment request record between bearer establish-
ment request queues in accordance with various embodi-
ments of the present invention.

[0015] FIG. 9 is a block diagram illustrating a transfer of
bearer establishment request between bearer establishment
request queues in accordance with various embodiments of
the present invention.

[0016] Skilled artisans will appreciate that elements in the
figures are illustrated for simplicity and clarity and have not
necessarily been drawn to scale. For example, the dimensions
and/or relative positioning of some of the elements in the
figures may be exaggerated relative to other elements to help
to improve understanding of various embodiments of the
present invention. Also, common but well-understood ele-
ments that are useful or necessary in a commercially feasible
embodiment are often not depicted in order to facilitate a less
obstructed view of these various embodiments of the present
invention. It will further be appreciated that certain actions
and/or steps may be described or depicted in a particular order
of occurrence while those skilled in the art will understand
that such specificity with respect to sequence is not actually
required. Those skilled in the art will further recognize that
references to specific implementation embodiments such as
“circuitry” may equally be accomplished via replacement
with software instruction executions either on general pur-
pose computing apparatus (e.g., CPU) or specialized process-
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ing apparatus (e.g., DSP). It will also be understood that the
terms and expressions used herein have the ordinary technical
meaning as is accorded to such terms and expressions by
persons skilled in the technical field as set forth above except
where different specific meanings have otherwise been set
forth herein.

DETAILED DESCRIPTION OF THE INVENTION

[0017] To address the need that exists for coordination of
resource requests, a method and services network element are
provided that provide for queued admissions control in a
wireless communication system by receiving a bearer estab-
lishment request associated with a user equipment, determin-
ing that a cell where the user equipment is located is con-
gested, in response to determining that the cell is congested,
creating a bearer establishment request record (BERR) asso-
ciated with the user equipment and the bearer establishment
request, wherein the BERR comprises priority information
associated with the BERR, and adding the BERR to a queue,
wherein the queue is associated with a cell serving the user
equipment, wherein the BERR is positioned in the queue
based on the priority information, and wherein bearer estab-
lishment requests associated with BERRs in the queue are
submitted based on a position of the BERRs in the queue.
Further, coordination of queued resource requests among
multiple services network elements is provided.

[0018] Generally, an embodiment of the present invention
encompasses a method for queued admissions control in a
wireless communication system. The method includes
receiving a bearer establishment request associated with a
user equipment, determining that a cell where the user equip-
ment is located is congested, in response to determining that
the cell is congested, creating a bearer establishment request
record (BERR) associated with the user equipment and the
bearer establishment request, wherein the BERR comprises
priority information associated with the BERR, and adding
the BERR to a queue, wherein the queue is associated with a
cell serving the user equipment, wherein the BERR is posi-
tioned in the queue based on the priority information, and
wherein bearer establishment requests associated with
BERRs in the queue are submitted based on a position of the
BERRs in the queue.

[0019] Another embodiment of the present invention
encompasses a services network element that provides for
queued admissions control in a wireless communication sys-
tem. The services network element includes a processor that
is configured to receive a bearer establishment request asso-
ciated with a user equipment, determine that a cell where the
user equipment is located is congested, in response to deter-
mining that the cell is congested, create a bearer establish-
ment request record (BERR) associated with the user equip-
ment and the bearer establishment request, wherein the
BERR comprises priority information associated with the
BERR, and add the BERR to a queue, wherein the queue is
associated with a cell serving the user equipment, wherein the
BERR is positioned in the queue based on the priority infor-
mation, and wherein bearer establishment requests associated
with BERRs in the queue are submitted based on a position of
the BERRs in the queue.

[0020] Yet another embodiment of the present invention
encompasses an apparatus that provides for queued admis-
sions control in a wireless communication system. The appa-
ratus includes a first services network element that is config-
ured to receive a bearer establishment request associated with
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a user equipment, determine that a cell where the user equip-
ment is located is congested, in response to determining that
the cell is congested, create a bearer establishment request
record (BERR) associated with the user equipment and the
bearer establishment request, wherein the BERR comprises
priority information associated with the BERR, and add the
BERR to a first queue, wherein the first queue is associated
with a cell serving the user equipment, wherein the BERR is
positioned in the first queue based on the priority information,
and wherein channel capacity is allocated to BERRs in the
first queue based on their position in the first queue. The first
services network element further is configured to determine
that the user equipment has moved to a new cell and, in
response to determining that the user equipment has moved,
transferring the bearer establishment request record (BERR)
associated with the user equipment, along with the associated
priority information, to a second services network element.
The apparatus further includes a second services network
element that is configured to maintain a BERR associated
with another user equipment in a second queue, wherein the
first queue and the second queue are for a same congested cell,
wherein the first services network element and the second
services network element are configured to operate the first
queue and the second queue as a single virtual bearer estab-
lishment request queue that preserves a desired ordering of a
set consisting of the union of the queued BERRS in the first
and second queues.

[0021] Turning now to the drawings, the present invention
may be more fully described with reference to FIGS. 1-9.
FIG. 1 is a block diagram of a wireless communication sys-
tem 100 in accordance with various embodiments of the
present invention. Communication system 100 includes mul-
tiple wireless user equipment (UEs) 102,-102,,, 104,-104,
for example but not limited to a cellular telephone, a radio-
telephone, or a Personal Digital Assistant (PDA), personal
computer (PC), or laptop computer equipped for wireless
voice communications. Each UE 102,-102,, 104,-104,
includes one or more application layer clients which commu-
nicate with a corresponding element 152, 156 of a services
network 150 via an intervening Evolved Packet Core 130 of
an infrastructure, 160 of communication system 100.

[0022] More particularly, infrastructure 160 of communi-
cation system 100 includes an access network comprising
multiple eNodeBs 110,-110,, that each provides wireless
communication services to users equipment (UEs) located in
a corresponding cell 112,-112,, via a corresponding air inter-
face 114,-114,. For example, as depicted in FIG. 1, UEs
102,-102,,reside incell 112, and are served by eNodeB 110,
and UEs 104,-104, reside in cell 112, and are served by
eNodeB 110,. Each air interface 114,-114,, includes a for-
ward link that includes multiple traffic channels, that is, bear-
ers, and forward link common and dedicated signaling chan-
nels. Each air interface 114,-114,, further includes a reverse
link that includes multiple traffic channels, that is, bearers,
and reverse link common and dedicated signaling channels.
Although in this figure an eNodeB is associated with a single
cell, in alternative configurations a single eNodeB may be
associated with several adjacent cells, typically three.

[0023] Infrastructure 160 of communication system 100
further includes an Evolved Packet Core (EPC) 130 residing
between the access network and a services network 150. EPC
130 includes a Mobility Management Entity (MME) 132,
multiple gateways 134, 136, such as a Serving Gateway 134
and a Public Data Network Gateway (PDN GW) 136, a Policy
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Control and Charging Rules Function (PCRF) 138, and a
Home Subscriber Server (HSS) 140. EacheNodeB110,-110,,
is coupled to MME 132 via an ‘S1-MME’ interface and to
Serving Gateway 134 viaan ‘S1-U” interface. In turn, Serving
Gateway 134 is coupled to PDN Gateway viaan ‘S5’ interface
and to MME 132 via an ‘S11” interface. MME 134 further is
coupled to HSS 140 via an ‘S6a’ interface, HSS 140 is
coupled to PCRF 138 via an ‘Sp’ interface, and PCRF 138 is
coupled to PDN Gateway 134 via a ‘Gx’ interface.

[0024] Services network 150 comprises one or more Appli-
cation Servers (ASs) or other services network elements
implementing an Application Function (AF) (collectively
referred to herein as an AF) 152, 156 (two shown). Each AF
152, 156 may have a bearer connection with PDN Gateway
136 via an ‘SGi’ interface and have a signaling connection
with PCRF 138 via an ‘Rx’ interface. From the perspective of
the 3GPP (Third Generation Partnership Project) LTE (Long
Term Evolution) standards regarding Evolved Packet Core
130, a network entity with which PCRF 138 communicates
using the Rx protocol is considered to be an Application
Function. In FIG. 1, each Application Server 152, 156 is also
acting as an LTE Application Function. Further, each AF 152,
156 implements a corresponding Queued Admission Control
(QAC) function 154 158 that controls a queuing of bearer
establishment requests, for example, associated with Push-
to-Talk (PTT) calls.

[0025] The above-listed interfaces are all known in the art
and will not be described in greater detail herein. Further-
more, although single interfaces have been described herein
between many of the network elements of communication
system 100, each interconnection among elements may com-
prise multiple interconnections and/or interfaces, such as one
or more of a signaling interface, for example, an interface for
an exchange of SIP, ISUP, MAP, or Megaco messages, and a
bearer interface or path, such a path for an exchange of voice
information.

[0026] Referring now to FIGS. 2 and 3, block diagrams are
provided of a UE 200, such as UEs 102,-102,, and 104, -
104, and of an AF 300, such as AFs 152 and 156, in accor-
dance with various embodiments of the present invention.
Each of UE 200 and AF 300 includes a respective processor
202, 302, such as one or more MiCroprocessors, Microcon-
trollers, digital signal processors (DSPs), combinations
thereof or such other devices known to those having ordinary
skill in the art, which processor is configured to execute the
functions described herein as being executed by the UE and
AF. Each of UE 200 and AF 300 further includes a respective
at least one memory device 204, 304, such as random access
memory (RAM), dynamic random access memory (DRAM),
and/or read only memory (ROM) or equivalents thereof, that
is coupled to the processor and that maintains data and pro-
grams/instructions that may be executed by the associated
processor and that allows the UE and AF to perform all
functions necessary to operate in communication system 100.

[0027] At least one memory device 204 of UE 200 further
maintains one or more application layer clients 206 (one
shown) that, when executed by processor 202, communicates
with a corresponding application executed by an AF, such as
AFs 152 and 156. For example and with reference to FIG. 4,
the one or more application layer clients 206 may include a
Priority Manager (PM) client that would communicate with a
PM 406 and/or a PTT client that would communicate with
PTT AS 402. UE 200 further includes a radio frequency (RF)
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receiver 208 and an RF transmitter 210 capable of exchanging
wireless messaging with each of eNodeBs 110,-110,,.

[0028] AF 300 further maintains, in the corresponding at
least one memory device 304 of the AF, a QAC function 306,
such as QAC functions 154 and 158, which QAC function is
executed by the processor 302 of AF 300 and that performs
queue-based QAC. QAC function 306 maintains multiple
queues 308,-308, of bearer establishment request records
(BERRS), wherein each such queue (also referred to herein a
BERR queues) is associated with a corresponding cell 112, -
112, served by the AF. In various embodiments of the present
invention, cells 112,-112, may be of a single geographical
region or of multiple geographical regions. When AF 300
services multiple geographical regions and comprises mul-
tiple QAC functions where each is associated with cells of a
region of the multiple geographical regions, a QAC function
used to establish a bearer for a UE may be selected by the AF
based on a geographical region, of multiple geographical
regions, where the UE’s cell is located. In still other embodi-
ments of the present invention, a cell of a UE may be unknown
and a BERR associated with the UE may be maintained in a
BERR queue that contains only this BERR and is not associ-
ated with any cell at all. In this event, an associated bearer
establishment request would be resubmitted based on an expi-
ration of a resubmission timer as described herein.

[0029] The queues 308,-308,, may be implemented as pri-
ority queues, which are well known in the field of computer
science. More particularly, each bearer establishment request
queue 308,-308, maintains a set of records of bearer estab-
lishment requests, which are ordered within a queue based on
one or more of the parameters associated with each such
record/request and which requests are associated with UEs
served by the corresponding cell 112,-112, whose requests
could not be granted at the time the request was received by
the QAC function, for example, due to a lack of available
bearers in the cell. Parameters which may be considered to
determine the ordering of requests within the queue include
but are not limited to a combination of queuing priority
parameter associated with a request, an LTE Allocation and
Retention Priority (ARP) of a request, and a time at which the
request was submitted to the queue. Thus, the bearer estab-
lishment request records (BERRs) maintained in each queue
308,-308, are available to AF 300 for subsequent bearer
establishment request grant reconsideration. In one embodi-
ment of the present invention, a queue 308,-308, may be
temporary, thatis, may be established when a first such bearer
establishment request is received and may be terminated
when no further bearer establishment requests remain
queued. The queue then may be re-established when a sub-
sequent such bearer establishment request is received. In
another embodiment of the present invention, the queues
308,-308, may be pre-programmed into the AF 300 and may
be populated when such bearer establishment request are
received, and emptied as such bearer establishment requests
are granted or terminated.

[0030] QAC function 306 further maintains multiple bearer
lists 310,-310,,, wherein each list 310,-310,, is associated
with a corresponding eNodeB 110,-110,, or cell 112,-112,,
served by the AF and wherein each list 310,-310,, comprises
identifiers of bearers that are currently allocated channel
capacity in the cell. Similar to queues 308,-308,, each list
310,-310,, may be temporary, that is, may be established
when a first such bearer establishment request is granted and
may be terminated when no further bearers remain allocated
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at that eNodeB/cell. The list then may be re-established when
a subsequent bearer establishment request is granted. In
another embodiment of the present invention, the lists 310, -
310, may be pre-programmed into the AF 300 and may be
populated when such bearer establishment requests are
granted, and emptied as such bearers are released.

[0031] In various embodiments of the present invention,
and referring now to FIG. 4, an AF 300 may comprise an AF,
an AS, or both an AF and an AS, for example, an AS such as
a Push-to-Talk (PTT) server 402 in communication with a
network element, such as another server, implementing an AF
such as a Priority Manager (PM) 406, one or more of which
may include a corresponding QAC function 404, 408. In the
preferred embodiment, the QAC function is located in only
one of these entities and not simultaneously in both.

[0032] Referring again to FIG. 3, AF 300 further includes
multiple timers 312, 314, 316 that are coupled to processor
302 or that may be implemented by processor 302 based on
data and instructions maintained in at least one memory
device 304. A first timer 312 of the multiple timers may be a
bearer establishment timer that counts down a first time
period that is associated with an establishment of a bearer. A
second timer 314 of the multiple timers may be a bearer
establishment request resubmission timer that counts down a
second time period that is associated with a resubmission of
bearer establishment request, which time period is based on a
bearer establishment request retry rate maintained by QAC
function 306. A third one or more timers 316 of the multiple
timers 312, 316 are queue timers that each counts down a third
time period associated with a queued time of a corresponding
bearer establishment request or BERR, and more particularly
counts down a total time that the BERR has been queued in
one or more of bearer establishment request queues 308, -
308,,. That is, each bearer establishment request/BERR may
be associated with a queue timer of the set of queue timers
316, which queue timer counts down a total time that the
BERR has been queued, in one or multiple queues. Upon
expiration of a queue timer associated with a bearer estab-
lishment request/BERR, the BERR corresponding to the
bearer establishment request is deleted from whatever queue
308,-308, it resides in. In response to deleting the BERR, AF
300 may notify a device/application sourcing the correspond-
ing bearer establishment request of the dropping of the
request.

[0033] The functionality described herein as being per-
formed by UE 200 and AF 300 is implemented with or in
software programs and instructions stored in the respective at
least one memory device 204, 304 associated with the UE and
AF and executed by a processor 202, 302 associated with the
UE and AF. However, one of ordinary skill in the art realizes
that the embodiments of the present invention alternatively
may be implemented in hardware, for example, integrated
circuits (ICs), application specific integrated -circuits
(ASICs), and the like, such as ASICs implemented in one or
more of the UE, IMS core network gateway, and application
server. Based on the present disclosure, one skilled in the art
will be readily capable of producing and implementing such
software and/or hardware without undo experimentation.
[0034] InorderforaUE, suchas UEs102,-102,,and 104, -
104, to engage in a communication session via an eNodeB,
such as eNodeBs 110,-110,, each of UEs 102,-102,, and
104,-104, and network 160 operates in accordance with
known wireless telecommunications protocols. Communica-
tion system 100, as illustrated herein, is a Third Generation
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Partnership Project (3GPP) Long Term Evolution (LTE) com-
munication system that provides packet data communication
services to UEs serviced by network 160; however, other
applicable packet data networks include but are not limited to
a 3GPP2 communication system or derivatives of a 3GPP2
communication system, WiMAX packet data networks, and
packet data networks that operate in accordance with the
IEEE (Institute of Electrical and Electronics Engineers) 802.
xx standards, for example, the 802.11, 802.15, or 802.16 or
802.20 standards. To ensure compatibility, radio system
parameters and call processing procedures are specified by
the standards, including call processing steps that are
executed by an UE and an access network serving the UE and
between the access network and associated elements of the
infrastructure.

[0035] Communication system 100 provides for imple-
mentation of a QAC function, or capability, 306 in a services
network connected to a 3GPP LTE (or similar) radio system.
The approaches described assume that information regarding
the cell in which a UE, such as UE 102, is located is available
to the AF QAC function with which it is associated. More
particularly, communication system 100 provides for a QAC
function 154, 158, for example, in a network element identi-
fied as an “Application Function” (AF) within the LTE stan-
dards. For example, FIG. 4. depicts two locations in which the
QAC function could be located; either in PTT Application
Server 402 as QAC function 404, or alternatively, in Priority
Manager Application Function 406 as QAC 408. If imple-
mented in Priority Manager Application Function 406, the
QAC function may act as an intermediary between one or
more user application servers making bearer establishment
requests and an LTE PCRF, such as PCRF 138. In this case,
the QAC function in the Priority Manager Application Func-
tion 406 would need to determine an identifier of a cell (for
example, a cell identifier (ID)) of the UE to which the bearer
is to be established.

[0036] In one embodiment of the present invention, com-
munication system 100 provides for a AF comprising a com-
bined PTT AS and PM AF (AF) 152, 156 to obtain an iden-
tifier of a cell where UE 102 is located via extensions to the Rx
interface, that is, to the communication protocol implement-
ing the Rx interface between the AF and PCRF 138 allowing
the AF to access the UE’s location information maintained by,
or accessible by, the PCRF. In another embodiment of the
present invention, communication system 100 provides for
AF 152, 156 to obtain an identifier of a cell where UE 102 is
located directly from a client function implemented by the
UE, which client function would report the UE’s cell identi-
fier, for example, cell ID, back to QAC function 154, 158 in
the AF. For example, this might be done via an enhancement
to the Motorola Solution, Inc., Public Safety LTE product’s
Priority Manager (PM) to PM-Client protocol. In the latter
instance, the PM, which implements a role of an L'TE AF, may
implement the QAC function.

[0037] In response to receiving a bearer establishment
request associated with a communication session, such as a
Push-to-Talk (PTT) call, when the request cannot be granted,
QAC function 154, 158 determines the cell where the UE is
located and creates and queues, in a queue 308,-308,, associ-
ated with that cell, a bearer establishment request record
(BERR). The BERR includes the information that is included
in the bearer establishment request, for example, identifiers of
the source/UE/application associated with the request and
bearer-type information, and further includes a priority of the
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request. QAC function 154, 158 then may request channel
capacity, as it becomes available, using bearer establishment
requests based on the position of the corresponding BERR in
the queue. Thus, QAC function 154, 158 provides for priori-
tization of access to channel resources by a queuing of
requests.

[0038] Referring now to FIGS. 5A and 5B, a logic flow
diagram 500 is provided that illustrates a method performed
by communication system 100 in queuing a bearer establish-
ment request record (BERR) in accordance with various
embodiments of the present invention. Logic flow diagram
500 begins (502) when a QAC function, such as QAC func-
tion 154, implemented at an AF, that is, AF 152, that is outside
of EPC 130, receives (504) a bearer establishment request
associated with a communication session involving a UE,
such as UE 102,. While logic flow diagram 500 is described
with reference to a particular UE, AF, and QAC function, that
is, UE 102,, AF 152, and QAC function 154, among other
elements of communication system 100, one of ordinary skill
in the art realizes that the method applies to any of the mul-
tiple UEs 102,-102,,and 104,-104, of communication sys-
tem 100 and to any QAC function implemented by an AF or
AS, such as QAC functions 158 implemented by AF 156, or
one of QAC functions 404 and 408 implemented by AS 402 or
AF 406, respectively.

[0039] In various embodiments of the present invention,
QAC function 154 may receive the request from the associ-
ated UE, that is, UE 102, or from an application running on
AF 152. The bearer establishment request includes an iden-
tifier of the UE, such as a subscriber unit identifier (SUID), an
International Mobile Subscriber Identifier (IMSI), a mobile
equipment identifier (MEID), or any other identifier known in
the art that may be used to identify a UE, and further includes
application-related information as known in the art, such as a
Quality of Service (QoS) request by the application.

[0040] In response to receiving the bearer establishment
request, QAC function 154 forwards the bearer establishment
request to PCRF 138 and the PCRF determines one or more
bearer parameters associated with the request, such as Quality
of Service (QoS) parameters (for example, Allocation and
Retention Priority (ARP), Guaranteed Bit Rate (GBR) v.
non-GBR, Maximum Bit Rate (MBR), and QoS Class Iden-
tifier (QCI)) associated with the bearers that will be allocated
to the session. PCRF 138 then provides this information,
along with the bearer establishment request, to PDN GW 136
and the PDN GW initiates a procedure to set up the requested
bearers by conveying a request to MME 132 to set up one or
more associated bearers. In response to receiving the bearer
establishment request from PDN GW 136, MME 138 con-
veys (506) a bearer setup request or a bearer reservation
request to the eNodeB serving UE 102, that is, eNodeB 110, .

[0041] When eNodeB 110, receives the bearer setup
request or the bearer reservation request, the eNodeB deter-
mines (508) whether channel capacity is available for alloca-
tion to a bearer allocation request, for example, whether there
is available, unallocated channel capacity in a cell, for
example, cell 112,, in which UE 102, is located, such that a
radio bearer can be allocated to fill the bearer establishment
request of the communication session. That is, the cell may be
determined to be congested (and, correspondingly, there
being a lack of available, unallocated channel capacity at the
cell) when a lack of available channel capacity prevents a
radio bearer from being established to fill the bearer estab-
lishment request.
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[0042] When eNodeB 110, determines (508) that channel
capacity is available for the bearer establishment request, the
eNodeB allocates (510) the requested channel capacity to fill
the request. This triggers signaling which causes the UE
associated with the request, that is, UE 102 (which may have
requested bearer establishment via the QAC function) to be
notified. In one embodiment of the present invention, in
response to allocating channel capacity to the bearer estab-
lishment request, eNodeB 110, also may generate a signaling
message which causes AF 152 to be informed of the bearer
establishment, and thereby QAC function 154 is informed of
the allocated bearer. In another embodiment of the present
invention, in response to receiving the bearer setup request/
bearer reservation request, eNodeB 110, may only inform AF
152 when a bearer cannot be allocated (as opposed to when a
bearer can be allocated), for example, by conveying a nega-
tive acknowledgement (NACK) of the bearer establishment
request back to the AF. In such an embodiment, in response to
conveying the bearer establishment request to PCRF 138, AF
152, and in particular QAC function 154, may start a bearer
establishment timer 312, which timer counts down a prede-
termined time period associated with bearer establishment.
When bearer establishment timer 312 expires prior to AF 152
receiving information that the requested bearer cannot be
allocated, for example, prior to receiving a NACK, the AF,
that is, QAC function 154, assumes that a bearer has been
allocated. Optionally, in response to determining, by being
informed or by assuming, that the eNodeB, that is, eNodeB
110, has granted, or allocated, channel capacity to the bearer
establishment request involving UE 102, AF 152 may add
(512) an identifier of the UE, that is, UE 102, to the appro-
priate bearer list 310,-310,, associated with cell 112, , that is,
bearer list 310,. The bearer lists 310,-310,, are per cell lists of
bearers which have been established via the QAC mechanism
in each cell. Logic flow 500 then ends (538).

[0043] When eNodeB 110, determines (508) that channel
capacity is not available for allocation to the request, the
eNodeB so informs MME 132, which MME in turn informs
PDN GW 136 that channel capacity is not available for the
bearer establishment request. In response to being informed
that channel capacity is not available, PDN GW 136 notifies
PCRF 138 that channel capacity is not available for the bearer
request and the PCRF, in turn, notifies AF 152 of the same.
Again, in various embodiments of the present invention, the
notification that channel capacity is not available may com-
prise a NACK, as disclosed above, or may be an event noti-
fication as known in the art.

[0044] In various other embodiments of the present inven-
tion, the determination that that channel capacity is not avail-
able may be performed by QAC function 154, for example, in
response to receiving an indication that a cell is congested, for
example, from a message sourced by a UE in the cell. For
example, if the QAC function 154 maintains a populated
BERR queue in association with the cell, then the QAC func-
tion can determine that the cell is congested. Or QAC function
154 may determine that one or more cells are congested
(again, for example, by receiving an indication from a UE)
and transmit an announcement identifying the congested
cells, for example, transmitting a list of congested cells when
there is more than one. A UE then may report an indication of
its location to the QAC function when, in response to receiv-
ing the transmission, the UE determines that the UE is in, or
is entering, the one or more congested cells.
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[0045] Invarious embodiments ofthe present invention, the
bearer setup request, bearer reservation request, or bearer
establishment request be associated with a Guaranteed Bit
Rate (GBR) bearer and the eNodeB or QAC function may
determine whether the cell is congested based on whether
uplink capacity, downlink capacity, or both uplink and down-
link capacity, which are specified in the request, can be
granted to the request due to a lack of available capacity in the
uplink and/or downlink channel. For example, QAC function
306 may maintain separate BERR queues for requests that
require only uplink capacity or only downlink capacity.
[0046] In response to being informed or self-determining
that channel capacity is not available for the bearer establish-
ment request, AF 152, and in particular QAC function 154,
determines (514) the corresponding cell serving UE 102,
that is, cell 112,. In one such embodiment of the present
invention, in response to being informed that channel capac-
ity is not available for the bearer establishment request, AF
152 may query PCRF 138, via the Rx interface, for the iden-
tity of the eNodeB and cell serving UE 102, . In response to
receiving the query from AF 152, PCRF 138 may retrieve,
from HSS 140 and in the event that the PCRF does not already
maintain such information, an identifier of a cell which serves
UE 102, that is, cell 112,, and provides the maintained/
retrieved cell identifier to AF 152. For example, the cell
identifier may comprise one or more of a Physical Cell Iden-
tifier (PCI), a Target Cell Identifier (TCI), and a E-UTRAN
Cell Global Identifier (ECGI). PCRF 138 then provides the
retrieved cell identifier to AF 152 via an enhanced version of
the Rx interface.

[0047] In another such embodiment of the present inven-
tion, the notification that channel capacity is not available
may include an identifier associated with the cell serving UE
102, that s, cell 112,. For example, MME 132 may identify
cell 112, when informing PDN GW 136 that channel capacity
is not available, and the PDN GW then informs PCRF 138,
and the PCRF in turn informs AF 152, of the identity of the
serving cell.

[0048] Inresponse to determining the cell serving UE 102,
AF 152, and in particular QAC function 154, creates (516) a
bearer establishment request record (BERR) associated with
the bearer establishment request and UE 102, and adds (518)
the BERR to a bearer establishment request queue 308, main-
tained by the QAC function and associated with the identified
cell, that is, cell 112,. For example and as described above,
the BERR includes the information that is included in the
bearer establishment request, for example, identifiers of the
source/UE/application associated with the request and
bearer-type information, and further may include priority
information associated with the bearer establishment request,
for example, a time that the request and/or BERR is created
and/or added to a bearer establishment request queue, a ser-
vice prioritization associated with the request, such as a QoS
associated with the bearer establishment request or a priority
of'the application associated with the request (for example, a
public safety or emergency responder application would have
a higher priority than a standard user application), and/or an
LTE Allocation and Retention (ARP) priority. BERRs are
positioned in bearer establishment request queues 308,-308,,
to provide a queue ordering which is based on one or more of
the parameters associated with the request. Channel capacity,
as it becomes available at an eNodeB/cell as described below,
is allocated to BERRs in a corresponding bearer establish-
ment request queue based on each BERR’s position in the
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queue, for example, first to the BERR at the top (head) of the
queue, then to the BERR that is next in line in the queue, and
so on. In one embodiment, when a bearer needs to be estab-
lished for a UE in a particular cell and the bearer establish-
ment request queue for that cell is not empty, the BERR of'the
new request is entered into the queue in an appropriate loca-
tion and does not cause a bearer establishment request to be
submitted to the eNodeB ahead of higher priority requests
which are already waiting in the queue. Some of the benefit of
this approach may be obtained by using another approach in
which a new bearer establishment request is only entered into
the appropriate per cell queue if its initial request fails to
obtain resources. However, this latter approach does not pro-
vide priority ordering as reliably as the former approach.

[0049] In one embodiment of the present invention, the
position of a BERR in a bearer establishment request queue
may be based on an age of the BERR, wherein the older the
bearer establishment request, the closer the BERR is to the
top of the queue. That is, in such an embodiment, a BERR at
the top of the queue would be the oldest (in time) BERR and
a BERR at the bottom (tail) of the queue would be the newest
(in time) BERR. For example and referring now to FIG. 6, an
exemplary block diagram is provided of bearer establishment
request queue 308, . As depicted in FIG. 6, one or more of the
UEs served by cell 112, that is, UEs 102,-102,,, has a cor-
responding bearer establishment request (BERR) stored in
bearer establishment request queue 308,, wherein
BERR,, , represents a bearer establishment request record
associated with UE 102,, BERR ,, , represents a bearer
establishment request record associated with UE 102,,
BERR,,, ,represents a bearer establishment request record
associated with UE 102;, and so on. As depicted in FIG. 6,
since the bearer establishment request record associated with
UE 102, that is, BERR |, , is the newest bearer establish-
ment request record in bearer establishment request queue
308,, BERR |, , is positioned at the bottom of the bearer
establishment request queue and since the bearer establish-
ment request record associated with UE 102,, that is,
BERR,, »,1s the oldest bearer establishment request record
in bearer establishment request queue 308,, BERR, , is
positioned at the top of the bearer establishment request
queue.

[0050] By way of another example, in another embodiment
of the present invention, a position of a BERR in a bearer
establishment request queue may be based on one or more
QoS parameters associated with the corresponding bearer
establishment request and/or a prioritization of a service, or
application, associated with the bearer establishment request.
That is, a BERR positioned at the top of the queue would be
the BERR associated with a highest associated QoS or a
highest priority service or application, and a BERR posi-
tioned at the bottom of the queue would be the BERR asso-
ciated with a lowest associated QoS or a lowest priority ser-
vice or application. For example and referring now to FIG. 7,
an exemplary block diagram illustration is provided of bearer
establishment request queue 308, wherein a position of a
BERR in the bearer establishment request queue is based on
QoS, service, or application, prioritization. Similar to FIG. 6,
in FIG. 7 one or more of the UEs served by cell 112, that is,
UEs 102,-102, , has a corresponding BERR stored in bearer
establishment request queue 308, wherein BERR , ; rep-
resents a bearer establishment request record associated with
UE 102,, BERR,,, , represents a bearer establishment
request record associated with UE 102,, BERR, 5 repre-



US 2014/0274080 Al

sents a bearer establishment request record associated with
UE 1025, and so on. Note that this and other examples in this
document show the case in which a single UE has only a
single BERR in the queue, but this approach does not pre-
clude the case in which a single UE has submitted multiple
bearer establishment requests that are simultaneously
queued.

[0051] As depicted in FIG. 7, since the bearer establish-
ment request record associated with UE 102, that is,
BERR,q,_, is associated with a higher QoS or a higher pri-
ority service/application, than a bearer establishment request
associated with UE 102,, that is, BERR |, ,, BERR,, | is
positioned higher in bearer establishment request queue 308,
than BERR,, ,eventhough BERR,,, , may benewer than
BERR,, ,. On the other hand, since BERR ,, , is associ-
ated with a lower QoS, or a lower priority service/application
than a bearer establishment request associated with UE 102,
thatis, BERR,,, 3, BERR,,, ,ispositioned lower in bearer
establishment request queue 308, than BERR,, ; even
though BERR,,, ; may be older than BERR ;5.

[0052] While FIGS. 6 and 7 depict two possible schemes
that may be used to position BERRs in a bearer establishment
request queue, the scheme used to position BERRs in a queue
is up to a designer of communication system 100 and nearly
an unlimited number of different prioritization schemes are
possible, as any prioritization parameter(s) and/or position-
ing algorithm utilizing a combination of prioritization param-
eters may be used herein as may occur to one of ordinary skill
in the art.

[0053] Referring again to logic flow diagram 500, upon
adding the BERR associated with UE 102, thatis, BERR,,,
1> to bearer establishment request queue 308,, QAC function
154 starts (520) a queue timer 316 that is associated with
BERR,, ;. The queue timer counts down a time period that
the BERR,, ; has been queued in bearer establishment
request queue 308,. As described above, upon expiration
(522) of the queue timer 316 associated with BERR ,, ;,
QAC function 154 deletes (524) BERR,,, , from bearer
establishment request queue 308, .

[0054] Intermittently, for example, periodically or non-pe-
riodically, in response to an occurrence (526) of a resubmis-
sion trigger event, QAC function 154 resubmits (530), to a
corresponding eNodeB, that is, eNodeB 110, a bearer estab-
lishment request associated with a BERR at the top of the
bearer establishment request queue, that is, bearer establish-
ment request queue 308, to PCRF 138 for bearer allocation.
In response, the PCRF arranges for a resubmission of a cor-
responding bearer setup request or bearer reservation request
to eNodeB 110, via PDN GW 136 and MME 138.

[0055] For example, suppose BERR |, , is at the top of
bearer establishment request queue 308, . Intermittently, and
assuming that the queue timer 316 associated with
BERR,,, , has not expired (or else BERR,, ; would have
been deleted from the queue), QAC function 154 resubmits a
bearer establishment request associated with BERR, ;| by
generating a bearer establishment request associated with the
BERR and conveying the bearer establishment request to
PCRF 138. In response to resubmitting the bearer establish-
ment request, QAC function 154 then may defer deletion of
BERR,,, , from bearer establishment request queue 308,
until confirming that bearers have been allocated to the bearer
establishment request. If not included in the bearer establish-
ment request, PCRF 138 may again determine one or more
bearer parameters associated with the request, such as QoS
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parameters, and provide this information, along with the
bearer establishment request, to PDN GW 136. In response to
receiving the bearer establishment request, PDN GW 136
again initiates a procedure to set up the requested bearers by
conveying a request to MME 132 to set up the request bearers.
In response to receiving the request from PDN GW 136,
MME 138 then conveys a bearer setup request or a bearer
reservation request to eNodeB 110,.

[0056] In one embodiment of the present invention,
wherein QAC function 154 periodically automatically resub-
mits (530) a bearer establishment request in response to a
trigger event comprising an expiration of a resubmission
timer 314, QAC function 154 may restart (528) the resubmis-
sion timer each time the QAC function submits a bearer
establishment request. Upon expiration of the resubmission
timer, QAC function 154 resubmits (530) a bearer establish-
ment request to eNodeB 110, based on the bearer establish-
ment request retry rate maintained by the QAC function. The
retry rate may be static or may be dynamically determined
based on a priority (for example, age, QoS parameters, or
service/application priority) of the BERR at the top of the
bearer establishment request queue. For example, bearer
establishment requests that have a high priority could be
retried more frequently than bearer establishment requests or
the retry rate for a bearer establishment request could increase
the longer the request is in the bearer establishment request
queue.

[0057] In another embodiment of the present invention,
instead of or in addition to periodically automatically resub-
mitting a bearer establishment request, a bearer establishment
request may be resubmitted (530) in response to an occur-
rence (528) of a trigger event that may not be periodic, such as
a determination, by the QAC function, that channel capacity
is available for allocation to the bearer establishment request.
For example, QAC function 154 may determine, at step 526,
whether any UE in the bearer list 310, has released channel
capacity which had been assigned to one of its bearers in this
cell and resubmit (530) a bearer establishment request if and
when a UE in this cell (in the list 310,) releases channel
capacity which would cause sufficient capacity to be available
to meet the needs of the BERR at the top of the bearer
establishment request queue, that is, bearer establishment
request queue 308,. In such an embodiment, the determina-
tion of whether any bearer in the bearer list 310, has released
channel capacity in this cell may be made intermittently or
periodically. In response to determining (526) that no channel
capacity or insufficient channel capacity is currently available
for allocation in this cell, the corresponding BERR, that is,
BERR,, ;, remains (536) on top of bearer establishment
request queue 308, and logic flow 500 then returns to step
522. In response to determining (526) that sufficient channel
capacity is currently available for allocation in the cell, QAC
function 154 resubmits (530) a bearer establishment request
to eNodeB 110, via EPC 130.

[0058] For example, QAC function 154 may determine, by
reference to bearer lists 310,-310,,, that another UE, such as
UE 102,, last served by a given eNodeB and cell, such as
eNodeB 110, and cell 112,, serving UE 102, and which UE
102, is currently allocated channel capacity at that eNodeB
and cell, has one or more of been handed over to another cell
or has relinquished its allocated channel capacity associated
with a bearer. In various such embodiments, QAC function
154 may determine whether UE 102, has been handed over by
periodically querying PCRF 138 for a location of UE 102,, or
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by subscribing to an event package at the PCRF requesting to
be informed when UE 102, is handed over. In the former
instance, PCRF 138, if the PCRF does not already maintain
such information, may retrieve an identifier associated with
the eNodeB/cell currently serving UE 102, from HSS 160
and provide the maintained/retrieved eNodeB/cell identifier
to AF 152. In other such embodiments, QAC function 154
may determine whether UE 102, has relinquished its allo-
cated channel capacity associated with a bearer by querying a
corresponding server-based application in regard to whether
the application is engaged in a communication session with
the UE, or by receiving, from a client in the UE, a notification
when the channel capacity associated with the bearer is
released. In still another embodiment of the present invention,
QAC function 154 may broadcast an announcement to UEs
that includes a list of cells that are believed to be congested. A
UE then would respond if it enters or exits a cell on that list.
Ifa UE, such as UE 102, exits such a cell and QAC function
154 determines, by reference to bearer lists 310,-310,,, that
the UE is allocated channel capacity associated with a bearer
in that cell, the QAC function may determine that channel
capacity in that cell has, or is about to, free up and may
resubmit a bearer establishment request stored in a bearer
establishment request queue 308,-308,, associated with that
cell.

[0059] When, at step 530, QAC function 154 resubmits a
bearer establishment request, eNodeB 110, in response to
receiving a corresponding bearer setup request or bearer res-
ervation request, determines whether any channel capacity is
available for allocation to the request.

[0060] When eNodeB 110, determines that the requested
channel capacity is not available in the cell for allocation to
the request, the eNodeB so informs MME 132, which MME
in turn informs PDN GW 136 that channel capacity is not
available for assignment to the bearer establishment request.
In response to being informed that channel capacity is not
available, PDN GW 136 notifies PCRF 138 that channel
capacity is not available for assignment to the bearer estab-
lishment request and the PCRF, in turn, notifies (532) AF 152
of the same. Assuming that the queue timer 316 associated
with BERR |, ; has not expired, BERR,,, , remains (536)
on top of bearer establishment request queue 308, and logic
flow 500 then returns to step 522.

[0061] When eNodeB 110, determines that channel capac-
ity is available for assignment to the bearer establishment
request, the eNodeB allocates the requested channel capacity
to the request and informs UE 102, of the allocated bearer. In
one such embodiment of the present invention, in response to
allocating channel capacity to the bearer establishment
request, eNodeB 110, also may inform (532) AF 152 via the
EPC 130, and thereby QAC function 154, of the assignment
of'channel capacity which caused successful bearer establish-
ment and, in response, QAC function 154 deletes (534) the
BERR from queue 308, and the lower positioned BERRs are
correspondingly moved up in the queue. In another such
embodiment of the present invention, in response to receiving
the bearer setup request/bearer reservation request, eNodeB
110, may only inform AF 152 when a bearer cannot be estab-
lished (as opposed to when a bearer can be established), for
example, by conveying a negative acknowledgement
(NACK) of the bearer establishment request back to the AF. In
such an embodiment, in response to conveying the bearer
establishment request to PCRF 138, AF 152, and in particular
QAC function 154, may start a bearer establishment timer
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312, which timer counts down a predetermined time period
associated with bearer establishment. When bearer establish-
ment timer 312 expires prior to AF 152 receiving information
that the requested bearer cannot be established, for example,
prior to receiving a NACK, the AF, that is, QAC function 154,
assumes (532) that a bearer has been established and the
corresponding requested channel capacity has been allocated.
In response to determining that channel capacity has been
assigned to the bearer establishment request involving UE
102, QAC function 154 then deletes (534) the BERR from
queue 308, and the lower positioned BERRs are correspond-
ingly moved up in the queue. Logic flow 500 then ends (538).
[0062] Inorderto provide a feature of fairness for a UE that
is handed off among eNodeBs/cells, so that a UE with a
pending bearer establishment request record does not have to
restart a waiting period every time it moves to a new eNodeB/
cell, communication system 100 further provides for such a
UE to transfer it’s BERR, along with the priority of the
BERR, to a bearer establishment request queue associated
with the new eNodeB/cell.

[0063] Referring now to FIG. 8, alogic flow diagram 800 is
provided of method executed by communication system 100
in transferring a queued BERR between bearer establishment
request queues in accordance with an embodiment of the
present invention. Logic flow diagram 800 begins (802) when
AF 152, and in particular QAC function 154, determines
(804) that a UE, such as UE 102, associated with a BERR
that is queued in a first bearer establishment request queue
associated with a serving cell, that is, bearer establishment
request queue 308, associated with cell 112,, has been
handed over to a new cell, for example, to cell 112,. In one
such embodiment, AF 152 may periodically query PCRF 138
for a location of UE 102 when the UE has a queued bearer
establishment request. In response, PCRF 138, if the PCRF
does not already maintain such information, retrieves aniden-
tifier associated with the cell currently serving UE 102, from
HSS 160 and provides the maintained/retrieved cell identifier
to AF 152.

[0064] Inresponse to determining that UE 102, has roamed
to anew cell, thatis, from cell 112, to cell 112,, QAC function
154 transfers (806) the queued BERR associated with UE
102,, that is, BERR ,, ,, including all of the priority infor-
mation associated with the BERR, from the first bearer estab-
lishment request queue associated with cell 112,, that is,
bearer establishment request queue 308, to a second bearer
establishment request queue that is associated with cell 112,
that is, bearer establishment request queue 308,. As part of
moving BERR  , , from bearer establishment request queue
308, to bearer establishment request queue 308, QAC func-
tion 154 places (808) BERR,,, , in a position in bearer
establishment request queue 308, based on, that is, in corre-
spondence to, the transferred priority information of the
BERR. Logic flow diagram 800 then ends (810).

[0065] For example and referring now to FIG. 9, when the
position of a BERR in a bearer establishment request queue is
based on an age of the BERR, that is, a length of time that the
BERR has been queued, QAC function 154 places the trans-
ferred BERR, that is, BERR,,, ;, in a position in bearer
establishment request queue 308, such that BERR,,, , is
positioned above BERRs (for example, BERR,,, ,,
BERR,, i, and BERR,,, , that are associated with UEs
104,, 104, and 104, respectively) that have been queued in
bearer establishment request queue 308, for a shorter period
of'time, that is, that are newer BERRs, than the period of time
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that the transferred BERR was queued in bearer establish-
ment request queue 308,, and below BERRs (for example,
BERR,, , that is associated with UE 104,) that have been
queued in bearer establishment request queue 308, for a
longer time, that is, that are older BERRs, than the period of
time that BERR,,, , was queued in bearer establishment
request queue 308, .

[0066] Similarly, by way of another example, when the
position of a BERR in a bearer establishment request queues
308, and 308, corresponds to a QoS or a prioritization of the
service or application associated with the corresponding
bearer establishment request, then transferred BERR,,,
would be positioned in the bearer establishment request
queue 308, above BERRSs that are already stored in bearer
establishment request queue 308, and that are associated with
alower QoS or service or application prioritization, again for
example BERR,, ,, BERR,y, ;, and BERR,, ,, and
below BERRs that are already stored in bearer establishment
request queue 308, and that are associated with a higher QoS
or service or application prioritization, again for example
BERR,, ,.

[0067] In another embodiment of the present invention,
separate QAC functions implemented in two different AFs,
such as a first QAC function 154 and a second QAF function
158 respectively implemented at a first AF 152 and a second
AF 156 of a respective first services network element and
second services network element, may be competing for
bearer allocation at a same congested cell served by an eNo-
deB. For example, AF 152 may comprise a State Public
Safety Department PTT server coupled to a State Public
Safety Department Priority Manager that implements a first
QAC function, and AF 156 may comprise a Federal Public
Safety Department PTT server coupled to a Federal Public
Safety Department Priority Manager that implements a sec-
ond QAC function. Each of QAC function 154 and QAC
function 158 may contain queued BERRs associated with
bearer establishment requests for a same congested cell, such
as cell 112,.

[0068] In one such embodiment of the present invention,
the separate bearer establishment request queues for the same
congested cell may be coordinated and operated as a single
virtual bearer establishment request queue that preserves the
desired ordering of the set consisting of the union of their
queued requests. In order to facilitate doing so, communica-
tion system 100 may implement a queue coordination proto-
col, for example, at an AF in services network 150 that is
associated with either of the QAC functions, at both AFs
wherein functions of the queue coordination protocol are
shared among the AFs, or at PCRF 138, between the QAC
functions 154, 158.

[0069] In another embodiment of the present invention, a
reduced likelihood that a lower priority BERR at the head of
one bearer establishment request queue would obtain
resources when there is simultaneously a higher priority
BERR at the head of a bearer establishment request queue for
the same cell in a different QAC function may be achieved by
using a retry rate, in the corresponding QAC functions, for the
BERR at the head of a bearer establishment request queue that
is based on the pending request’s priority. A pending BERR
using a higher retry rate has a higher likelihood of bearer
establishment than does a pending BERR at the head of a
different queue using a lower retry rate. This approach helps
to improve a priority ordering among separate QAC func-
tions, such as a first QAC function 154 and a second QAC
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function 158, for example, when implemented at a respective
first and second services network element, but it is still pos-
sible that a high priority request at the tail of a long queue
could be admitted later than a low priority request at the head
of a different, shorter queue for the same cell. If priority
ordering is not needed, First-In First-Out (FIFO) ordering
among separate queues could be encouraged by applying a
faster retry rate for a first BERR, at a head of a first bearer
establishment request queue, which has been waiting a longer
period of time than a retry rate applied for a second BERR, at
a head of a second, different bearer establishment request
queue, which second BERR has been waiting a shorter period
of time. The separate QAC functions may be configured to
both use a same retry rate when the same priority level is used
in each QAC function. However, one may note that there may
be practical limits on the maximum and minimum retry rates
based on the signaling capacity and response time of the EPC
and the access networks, as well as the potential delay that can
be introduced with a low retry rate.

[0070] In the foregoing specification, specific embodi-
ments have been described. However, one of ordinary skill in
the art appreciates that various modifications and changes can
be made without departing from the scope of the invention as
set forth in the claims below. Accordingly, the specification
and figures are to be regarded in an illustrative rather than a
restrictive sense, and all such modifications are intended to be
included within the scope of present teachings.

[0071] The benefits, advantages, solutions to problems, and
any element(s) that may cause any benefit, advantage, or
solution to occur or become more pronounced are not to be
construed as a critical, required, or essential features or ele-
ments of any or all the claims. The invention is defined solely
by the appended claims including any amendments made
during the pendency of this application and all equivalents of
those claims as issued.

[0072] Moreover in this document, relational terms such as
first and second, top and bottom, and the like may be used
solely to distinguish one entity or action from another entity
oraction without necessarily requiring or implying any actual
such relationship or order between such entities or actions.
The terms “comprises,” “comprising,” “has”, “having,”
“includes”, “including,” “contains”, “containing” or any
other variation thereof, are intended to cover a non-exclusive
inclusion, such that a process, method, article, or apparatus
that comprises, has, includes, contains a list of elements does
not include only those elements but may include other ele-
ments not expressly listed or inherent to such process,
method, article, or apparatus. An element proceeded by
“comprises . .. a”, “has...a”, “includes . . . a”, “contains . .
.a” does not, without more constraints, preclude the existence
of additional identical elements in the process, method,
article, or apparatus that comprises, has, includes, contains
the element. The terms “a” and “an” are defined as one or
more unless explicitly stated otherwise herein. The terms
“substantially”, “essentially”, “approximately”, “about” or
any other version thereof, are defined as being close to as
understood by one of ordinary skill in the art, and in one
non-limiting embodiment the term is defined to be within
10%, in another embodiment within 5%, in another embodi-
ment within 1% and in another embodiment within 0.5%. The
term “coupled” as used herein is defined as connected,
although not necessarily directly and not necessarily
mechanically. A device or structure that is “configured” in a
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certain way is configured in at least that way, but may also be
configured in ways that are not listed.
[0073] It will be appreciated that some embodiments may
be comprised of one or more generic or specialized proces-
sors (or “processing devices™) such as microprocessors, digi-
tal signal processors, customized processors and field pro-
grammable gate arrays (FPGAs) and unique stored program
instructions (including both software and firmware) that con-
trol the one or more processors to implement, in conjunction
with certain non-processor circuits, some, most, or all of the
functions of the method and/or apparatus described herein.
Alternatively, some or all functions could be implemented by
a state machine that has no stored program instructions, or in
one or more application specific integrated circuits (ASICs),
in which each function or some combinations of certain of the
functions are implemented as custom logic. Of course, a
combination of the two approaches could be used.
[0074] Moreover, an embodiment can be implemented as a
computer-readable storage medium having computer read-
able code stored thereon for programming a computer (e.g.,
comprising a processor) to perform a method as described
and claimed herein. Examples of such computer-readable
storage mediums include, but are not limited to, a hard disk, a
CD-ROM, an optical storage device, a magnetic storage
device, a ROM (Read Only Memory), a PROM (Program-
mable Read Only Memory), an EPROM (Erasable Program-
mable Read Only Memory), an EEPROM (Electrically Eras-
able Programmable Read Only Memory) and a Flash
memory. Further, it is expected that one of ordinary skill,
notwithstanding possibly significant effort and many design
choices motivated by, for example, available time, current
technology, and economic considerations, when guided by
the concepts and principles disclosed herein will be readily
capable of generating such software instructions and pro-
grams and ICs with minimal experimentation.
[0075] The Abstract of the Disclosure is provided to allow
the reader to quickly ascertain the nature of the technical
disclosure. It is submitted with the understanding that it will
not be used to interpret or limit the scope or meaning of the
claims. In addition, in the foregoing Detailed Description, it
can be seen that various features are grouped together in
various embodiments for the purpose of streamlining the
disclosure. This method of disclosure is not to be interpreted
as reflecting an intention that the claimed embodiments
require more features than are expressly recited in each claim.
Rather, as the following claims reflect, inventive subject mat-
ter lies in less than all features of a single disclosed embodi-
ment. Thus, the following claims are hereby incorporated into
the Detailed Description, with each claim standing on its own
as a separately claimed subject matter.
What is claimed is:
1. A method for queued admissions control in a wireless
communication system, the method comprising:
receiving a bearer establishment request associated with a
user equipment;
determining that a cell where the user equipment is located
is congested;
in response to determining that the cell is congested, cre-
ating a bearer establishment request record (BERR)
associated with the user equipment and the bearer estab-
lishment request, wherein the BERR comprises priority
information associated with the BERR; and
adding the BERR to a queue, wherein the queue is associ-
ated with a cell serving the user equipment, wherein the
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BERR is positioned in the queue based on the priority
information, and wherein bearer establishment requests
associated with BERRs in the queue are submitted based
on a position of the BERRs in the queue.

2. The method of claim 1, further comprising subsequent to
adding the bearer establishment request record (BERR) to the
queue, submitting a bearer establishment request associated
with the BERR based on the position of the BERR in the
queue.

3. The method of claim 2, wherein submitting a bearer
establishment request associated with the BERR based on a
position of the BERR in the queue comprises submitting the
bearer establishment request based on a retry rate and
wherein the retry rate is based on the priority information
associated with the BERR.

4. The method of claim 2, wherein submitting a bearer
establishment request associated with the bearer establish-
ment request record (BERR) comprises determining that
channel capacity is available at the cell associated with the
queue and submitting the bearer establishment request in
response to determining that channel capacity is available.

5. The method of claim 4, wherein determining that chan-
nel capacity is available at the cell associated with the queue
comprises determining that another user equipment allocated
abearer with associated channel capacity at the cell has one or
more of relinquished the bearer, been handed over to another
cell, or had the channel capacity reduced which was allocated
to the bearer.

6. The method of claim 4, wherein determining that chan-
nel capacity is available at the cell associated with the queue
comprises:

transmitting an announcement that the cell is congested;

and

in response to transmitting the announcement, receiving an

indication from a user equipment that the user equip-
ment has left the congested cell.

7. The method of claim 1, wherein determining that a cell
where the user equipment is located is congested comprises:

transmitting an announcement that the cell is congested;

and

in response to the announcement, receiving an indication

from a user equipment that the user equipment is one or
more of in the congested cell or entering the congested
cell.
8. The method of claim 1, further comprising:
in response to adding the bearer establishment request
record (BERR) to the queue, starting a queue timer; and

inresponse to an expiration of the queue timer, deleting the
BERR from the queue.

9. The method of claim 8, further comprising:

subsequent to adding the bearer establishment request
record (BERR) to the queue, submitting a bearer request
associated with the BERR based on a position of the
BERR in the queue;

in response to submitting the bearer request, starting a

resubmission timer; and

in response to an expiration of the resubmission timer,

resubmitting a bearer request associated with the BERR
from the queue.

10. The method of claim 1, further comprising:

subsequent to adding the bearer establishment request

record (BERR) to the queue, submitting a bearer estab-
lishment request associated with the BERR based on a
position of the BERR in the queue;
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in response to submitting the bearer establishment request,
determining that channel capacity is allocated to the
request; and

in response to determining that channel capacity is allo-

cated to the request, deleting the BERR from the queue.

11. The method of claim 1, further comprising:

subsequent to adding the bearer establishment request

record (BERR) to the queue, submitting a bearer estab-
lishment request associated with the BERR based on a
position of the BERR in the queue;

in response to submitting the bearer establishment request,

determining that channel capacity cannot be allocated to
the request; and

in response to determining that channel capacity cannot be

allocated to the request, maintaining the BERR in the
queue.

12. The method of claim 1, wherein the priority associated
with the BERR comprises one or more of an age of the BERR
and a prioritization of a service associated with the bearer
establishment request.

13. The method of claim 12, wherein the priority associated
with the BERR comprises the prioritization of a service asso-
ciated with the bearer establishment request and wherein the
prioritization of a service associated with the bearer estab-
lishment request comprises one or more of a Quality of Ser-
vice (QoS) associated with the bearer establishment request
and a priority of an application associated with the bearer
establishment request.

14. The method of claim 1, wherein the queue comprises a
first queue and wherein the method further comprises:

determining that the user equipment has moved to a new

cell;

in response to determining that the user equipment has

moved, transferring the bearer establishment request
record (BERR) associated with the user equipment,
along with the associated priority information, to a sec-
ond queue associated with the new cell; and
positioning the BERR in the second queue based on the
transferred priority information, wherein bearers are
allocated to BERRs in the second queue associated with
the new cell based on their position in the second queue.

15. The method of claim 1, wherein the queue comprises a
first queue and wherein the method further comprises:

maintaining a bearer establishment request record (BERR)

associated with another user equipment in a second
queue, wherein the first queue and the second queue are
maintained by different network elements and wherein
the first queue and the second queue are for a same
congested cell; and

operating the first queue and the second queue as a single

virtual bearer establishment request queue that pre-
serves a desired ordering of a set consisting of the union
of'the queued BERRS in the first and second queues.

16. The method of claim 1, wherein the queue comprises a
first queue and wherein the method further comprises:

maintaining a bearer establishment request record (BERR)

associated with another user equipment in a second
queue, wherein the first queue and the second queue are
maintained by different network elements and wherein
the first queue and the second queue each queue for a
same congested cell; and

applying a faster retry rate for a BERR at a head of one of

the first and second queues which has been waiting a
longer period of time than a retry rate applied to a BERR
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at a head of the other of the first and second queues and
which BERR been waiting which has been waiting a
shorter period of time.

17. The method of claim 1, wherein the queue comprises a
first queue and wherein the method further comprises:

maintaining a bearer establishment request record (BERR)

associated with another user equipment in a second
queue, wherein the first queue and the second queue are
maintained by different network elements and wherein
the first queue and the second queue each queue for a
same congested cell; and

applying a faster retry rate for a BERR at a head of one of

the first and second queues which has a higher priority
than a retry rate applied to a BERR at a head of the other
of the first and second queues and which BERR has a
lower priority.

18. The method of claim 1, wherein determining that a cell
where the user equipment is located is congested comprises
determining that a lack of available channel capacity prevents
a radio bearer from being established to fill the bearer estab-
lishment request.

19. A services network element that provides for queued
admissions control in a wireless communication system, the
services network element comprising:

a processor that is configured to:

receive a bearer establishment request associated with a
user equipment;

determine that a cell where the user equipment is located
is congested;

in response to determining that the cell is congested,
create a bearer establishment request record (BERR)
associated with the user equipment and the bearer
establishment request, wherein the BERR comprises
priority information associated with the BERR; and

add the BERR to a queue, wherein the queue is associ-
ated with a cell serving the user equipment, wherein
the BERR is positioned in the queue based on the
priority information, and wherein bearer establish-
ment requests associated with BERRs in the queue are
submitted based on a position of the BERRs in the
queue.

20. The services network element of claim 19, wherein the
queue comprises a first queue and wherein the processor
further is configured to:

determine that the user equipment has moved to a new cell;

in response to determining that the user equipment has

moved, transfer the bearer establishment request record
(BERR) associated with the user equipment, along with
the associated priority information, to a second queue
associated with the new cell; and

position the BERR in the second queue based on the trans-

ferred priority information, wherein bearers are allo-
cated to BERRs in the second queue associated with the
new cell based on their position in the second queue.

21. The services network element of claim 19, wherein the
processor is configured to determine that a cell where the user
equipment is located is congested by determining that a lack
of available channel capacity prevents a radio bearer from
being established to fill the bearer establishment request.

22. The services network element of claim 19, wherein the
services network element is an Application Server.

23. The services network element of claim 19, wherein the
services network element is a network element implementing
an Application Function.
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24. The services network element of claim 19, wherein the
processor is configured to maintain separate queues for bearer
establishment requests that request only uplink capacity and
for bearer establishment requests that request only downlink
capacity.

25. An apparatus that provides for queued admissions con-
trol in a wireless communication system, the apparatus com-
prising:

a first services network element that is configured to:

receive a bearer establishment request associated with a
user equipment;

determine that a cell where the user equipment is located
is congested;

in response to determining that the cell is congested,
create a bearer establishment request record (BERR)
associated with the user equipment and the bearer
establishment request, wherein the BERR comprises
priority information associated with the BERR;

add the BERR to a first queue, wherein the first queue is
associated with a cell serving the user equipment,
wherein the BERR is positioned in the first queue
based on the priority information, and wherein chan-
nel capacity is allocated to BERRSs in the first queue
based on their position in the first queue;

determine that the user equipment has moved to a new
cell;

in response to determining that the user equipment has
moved, transferring the bearer establishment request
record (BERR) associated with the user equipment,
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along with the associated priority information, to a
second services network element;

a second services network element that is configured to:

maintain a BERR associated with another user equip-
ment in a second queue, wherein the first queue and
the second queue are for a same congested cell; and
wherein the first services network element and the second
services network element are configured to operate the
first queue and the second queue as a single virtual
bearer establishment request queue that preserves a
desired ordering of a set consisting of the union of the
queued BERRS in the first and second queues.

26. The apparatus of claim 25, wherein the first services
network element and the second services network element are
configured to apply a faster retry rate for a bearer establish-
ment request record (BERR) at a head of one of the first and
second queues which has been waiting a longer period of time
than a retry rate applied to a BERR at a head ofthe other of the
first and second queues and which BERR been waiting which
has been waiting a shorter period of time.

27. The apparatus of claim 25, wherein the first services
network element and the second services network element are
configured to apply a faster retry rate for a bearer establish-
ment request record (BERR) at a head of one of the first and
second queues which has a higher priority than a retry rate
applied to a BERR atahead of the other of the first and second
queues and which BERR has a lower priority.
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