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1

HANDLING TRACKING AREA UPDATE
REJECT WITHOUT EXTENDED DELAY

Matter enclosed in heavy brackets [ ] appears in the -
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions

made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held

invalid by a prior post-patent action or proceeding. 10

RELATED APPLICATION

[This application was originally filed as PCT Application
No. PCT/FI2013/05492 filed May 6, 2013, which claims 1>

priority benefit from U.S. Provisional Application No.
61/644,763, filed May 9, 2012 ]

The instant application is an application for reissue of
U.S. Pat. No. 9,918,292, which corresponds to U.S. patent
application Ser. No. 14/396,253, fied Oct. 22, 2014, which is 20
a U.S. National Phase application of PCT Application No.
PCT/FI2013/050492 filed May 6, 2013, which claims pri-
ority benefit from U.S. Provisional Application No. 61/644,

763, filed May 9, 2012.
25

FIELD

An example embodiment of the present invention relates
to the field of mobile wireless communication, particularly

to signaling procedures involved in handling of tracking area 3"
update (TAU) reject without extended delay.

BACKGROUND

When multi-radio user equipment (UE) moves to long 35
term evolution (LTE) (e.g. due to reselection procedure), and
does not have Packet Data Protocol (PDP) context but has
made a circuit-switched (CS) location update and optionally
packet switched (PS) attachment to the operator network
(NW), a problematic sequence follows. UE establishes a 40
radio resource control (RRC) connection 1 order to do a
tracking area update (TAU). The network (NW) rejects TAU
due to the missing PDP context. Then an RRC connection
release message 1s sent to UE. The UE RRC layer will start
handling 1t but 1t will delay processing the message for 60 45

ms 1n order to send a confirmation of the message reception
to the NW (via radio link control acknowledgement (RLC

ACK)). That 1s when the NW knows that it can release UE
contexts 1n the evolved Node B (eNB) handling the NW to
UE link. 50
Immediately upon receiving the RRC release message,
UE starts an ATTACH procedure i order to obtain PDP
context, but because the RRC connection 1s being released,
ATTACH fails. The failure 1s reported to the non-access
stratum (NAS) layer. In the NAS layer, an AT TACH retry 55
timer (13411, 10 seconds) 1s started. The fixed 10 second
retry timer causes a greater than 10 second delay 1n getting,
service 1n evolved universal mobile telecommunications
service  (UMTS) terrestrial radio access network

(E-UTRAN). 60

BRIEF SUMMARY

In one embodiment, a method comprises receiving a
downlink signal from a network entity indicating that a 65
tracking area update (TAU) was rejected, recerving a down-
link signal from a network entity commanding radio

2

resource control (RRC) release, and beginning RRC release.
The method may further comprise notifying non access

stratum (NAS) that RRC release 1s ongoing, placing NAS
into hold status while RRC release 1s ongoing, notifying
NAS that RRC release 1s complete, 1ssuing an Attach request
from NAS when RRC release 1s complete, and beginning
random access signaling to establish a communications link
with a network entity.

In another embodiment an apparatus comprises at least a
pProcessor, a memory containing computer code instructions,
said 1nstructions when executed by the processor cause the
apparatus to: process a downlink signal from a network
entity indicating that a tracking area update (TAU) was
rejected, process a downlink signal from a network entity
commanding radio resource control (RRC) release, and
beginning RRC release. The instructions, when executed by
the processor, may further cause the apparatus to notify non
access stratum (NAS) that RRC release 1s ongoing, place
NAS into hold status while RRC release 1s ongoing, notify
NAS that RRC release 1s complete, 1ssue an Attach request
from NAS when RRC release 1s complete, and begin random
access signaling to establish a communications link with a
network entity.

In another embodiment a computer program product
comprises a non-transitory computer-readable medium with
program code 1nstructions stored therein, said instructions,
with a processor, causing a mobile terminal to execute the
steps: recerving a downlink signal from a network entity
indicating that a tracking area update (TAU) was rejected,
receiving a downlink signal from a network entity com-
manding radio resource control (RRC) release, and begin-
ning RRC release. The instructions, with the processor,
cause a mobile terminal to perform the steps: notifying non
access stratum (NAS) that RRC release 1s ongoing, placing
NAS into hold status while RRC release 1s ongoing, noti-
tying NAS that RRC release 1s complete, 1ssuing an Attach
request from NAS when RRC release 1s complete, and
beginning random access signaling to establish a commu-
nications link with a network enftity.

In another embodiment an apparatus comprises means for
receiving a downlink signal from a network entity indicating
that a tracking area update (TAU) was rejected, means for
receiving a downlink signal from a network entity com-
manding radio resource control (RRC) release, and means
for beginning RRC release. The apparatus may further
comprise means for notifying non access stratum (NAS) that
RRC release 1s ongoing, means for placing NAS into hold
status while RRC release 1s ongoing, means for notifying
NAS that RRC release 1s complete, means for 1ssuing an
Attach request from NAS when RRC release 1s complete,
and means for beginning random access signaling to estab-
lish a communications link with a network entity.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

Having thus described example embodiments of the
invention 1 general terms, reference will now be made to
the accompanying drawings, which are not necessarily
drawn to scale, and wherein:

FIG. 1 1s a schematic drawing of a mobile wireless
network connection;

FIG. 2 1s a schematic drawing of a mobile terminal;

FIG. 3 1s Part 1 of a signaling diagram 1llustrating LTE
reselection;

FIG. 4 1s Part 2 of a signaling diagram 1llustrating LTE
reselection;
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FIG. 5 1s Part 3 of a signaling diagram illustrating LT
reselection;

FIG. 6 15 a revised Part 2 of the signaling diagram of FIG.
4 according to one embodiment of the invention;

FIG. 7 1s flow diagram of the method embodiment of the
invention.

(L]

DETAILED DESCRIPTION

Example embodiments of the present invention will now
be described more fully hereinafter with reference to the
accompanying drawings, in which some, but not all embodi-
ments of the invention are shown. Indeed, the invention may
be embodied 1n many different forms and should not be
construed as limited to the embodiments set forth herein:
rather, these embodiments are provided so that this disclo-
sure will satisty applicable legal requirements. Like refer-
ence numerals refer to like elements throughout.

As used 1n thus application, the term “circuitry” refers to
all of the following: (a) hardware-only circuit implementa-
tions (such as implementations in only analog and/or digital
circuitry) and (b) to combinations of circuits and software
(and/or firmware), such as (as applicable): (1) to a combi-
nation of processor(s) or (11) to portions ol processor(s)
soltware (1including digital signal processor(s), software, and
memory(ies) that work together to cause an apparatus, such
as a mobile phone or server, to perform various functions)
and (c) to circuits, such as a microprocessor(s) or a portion
ol a microprocessor(s), that require software or firmware for
operation, even 1f the software or firmware 1s not physically
present.

This definition of “circuitry” applies to all uses of this
term 1n this application, including 1n any claims. As a further
example, as used 1n this application, the term “circuitry”
would also cover an implementation of merely a processor
(or multiple processors) or portion of a processor and 1ts (or
their) accompanying soiftware and/or firmware. The term
“circuitry” would also cover, for example and 1f applicable
to the particular claim element, a baseband integrated circuit
or application specific integrated circuit for a mobile phone
or a stmilar integrated circuit in server, a cellular network
device, or other network device.

Referring now to FIG. 1, mobile terminals 10 may com-
municate with a network 14 utilizing an uplink from the
mobile terminal 10 to the network 14 and a downlink from
the network 14 to the mobile terminal. The mobile terminals
10 may be of various types of mobile communication
devices such as, for example, mobile telephones, personal
digital assistants (PDAs), pagers, laptop computers, or any
of numerous other hand held or portable communication
devices, computation devices, content generation devices,
content consumption devices, or combinations thereotf, gen-
crally termed ““‘user equipment” (UE). The mobile terminal
10 may communicate with a network via an access point 12,
such as a Node B, an evolved Node B (eNB), a base station
or the like, each of which comprises a radio frequency
transmitter and recerver. The mobile terminal 10 may com-
municate with various types of networks 14 including, for
example, a Long Term Evolution (LTE) network, an LTE-
Advanced (LTE-A) network, a Global Systems for Mobile
communications (GSM) network, a Code Division Multiple
Access (CDMA) network, e.g., a Wideband CDMA
(WCDMA) network, a CDMAZ2000 network or the like, a
General Packet Radio Service (GPRS) network, a Universal
Terrestrial Radio Access Network (UTRAN), a GSM Edge
Radio Access Network (GERAN) or other type of network.
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Retferring now to FIG. 2, an apparatus 20 that may be
embodied by or otherwise associated with a mobile terminal
10 may include or otherwise be 1 commumnication with a
processor 22, a memory device 24, a communication inter-
face 28, and a user interface 30.

In some example embodiments, the processor 22 (and/or
co-processors or any other processing circuitry assisting or
otherwise associated with the processor) may be in commu-
nication with the memory device 24 via a bus for passing
information among components ol the apparatus 20. The
memory device 24 may include, for example, one or more
non-transitory volatile and/or non-volatile memories. In
other words, for example, the memory device 24 may be an
clectronic storage device (e.g., a computer readable storage
medium) comprising gates configured to store data (e.g.,
bits) that may be retrievable by a machine (e.g., a computing
device like the processor). The memory device 24 may be
configured to store information, data, content, applications,
instructions, or the like for enabling the apparatus to carry
out various functions in accordance with an example
embodiment of the present invention. For example, the
memory device could be configured to bufler input data for
processing by the processor. Additionally or alternatively,
the memory device 24 could be configured to store mnstruc-
tions for execution by the processor 22.

The apparatus 20 may, in some embodiments, be embod-
ied by a mobile terminal 10. However, 1n some embodi-
ments, the apparatus may be embodied as a chip or chip set.
In other words, the apparatus may comprise one or more
physical packages (e.g., chips) imncluding materials, compo-
nents and/or wires on a structural assembly (e.g., a base-
board). The structural assembly may provide physical
strength, conservation of size, and/or limitation of electrical
interaction for component circuitry included thereon. The
apparatus may therefore, in some cases, be configured to
implement an embodiment of the present invention on a
single chip or as a single “system on a chip.” As such, 1n
some cases, a chip or chipset may constitute means for
performing one or more operations for providing the func-
tionalities described herein.

The processor 22 may be embodied 1n a number of
different ways. For example, the processor may be embodied
as one or more of various hardware processing means such
as a coprocessor, a microprocessor, a controller, a digital
signal processor (DSP), a processing element with or with-
out an accompanying DSP, or various other processing
circuitry including integrated circuits such as, for example,
an ASIC (application specific integrated circuit), an FPGA
(ield programmable gate array), a microcontroller unit
(MCU), a hardware accelerator, a special-purpose computer
chip, or the like. As such, in some embodiments, the
processor may include one or more processing cores con-
figured to perform independently. A multi-core processor
may enable multiprocessing within a single physical pack-
age. Additionally or alternatively, the processor may include
one or more processors configured 1n tandem via the bus to
cnable independent execution of instructions, pipelining
and/or multithreading. In the embodiment in which the
apparatus 20 1s embodied as a mobile terminal 10, the
processor may be embodied by the processor of the mobile
terminal.

In an example embodiment, the processor 22 may be
configured to execute instructions stored in the memory
device 24 or otherwise accessible to the processor. Alterna-
tively or additionally, the processor may be configured to
execute hard coded functionality. As such, whether config-
ured by hardware or software methods, or by a combination
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thereot, the processor may represent an entity (e.g., physi-
cally embodied 1n circuitry) capable of performing opera-
tions according to an embodiment of the present invention
while configured accordingly. Thus, for example, when the
processor 1s embodied as an ASIC, FPGA or the like, the
processor may be specifically configured hardware for con-
ducting the operations described herein. Alternatively, as
another example, when the processor 1s embodied as an
executor of software instructions, the nstructions may spe-
cifically configure the processor to perform the algorithms
and/or operations described herein when the instructions are
executed. However, 1n some cases, the processor may be a
processor of a specific device (e.g., a mobile terminal 10)
configured to employ an embodiment of the present inven-
tion by further configuration of the processor by instructions
for performing the algorithms and/or operations described
herein. The processor may include, among other things, a
clock, an arithmetic logic umit (ALU) and logic gates con-
figured to support operation of the processor.

Meanwhile, the communication interface 28 may be any
means such as a device or circuitry embodied in either
hardware or a combination of hardware and software that 1s
configured to recerve and/or transmit data from/to a network
12 and/or any other device or module 1n communication
with the apparatus 20. In this regard, the communication
interface may include, for example, an antenna (or multiple
antennas) and supporting hardware and/or software for
enabling communications with a wireless communication
network. Additionally or alternatively, the communication
interface may include the circuitry for interacting with the
antenna(s) to cause ftransmission ol signals wvia the
antenna(s) or to handle receipt of signals received via the
antenna(s). In order to support multiple active connections
simultaneously, such as 1n conjunction with a digital super
directional array (DSDA) device, the communications inter-
face of one embodiment may include a plurality of cellular
radios, such as a plurality of radio front ends and a plurality
of base band chains. In some environments, the communi-
cation interface may alternatively or also support wired
communication. As such, for example, the communication
interface may include a communication modem and/or other
hardware/soitware for supporting communication via cable,
digital subscriber line (DSL), universal serial bus (USB) or
other mechanisms.

In some example embodiments, such as instances in
which the apparatus 20 1s embodied by a mobile terminal 10,
the apparatus may include a user interface 30 that may, in
turn, be in communication with the processor 22 to receive
an indication of a user input and/or to cause provision of an
audible, visual, mechanical or other output to the user. As
such, the user interface may include, for example, a key-
board, a mouse, a joystick, a display, a touch screen(s), touch
areas, soit keys, a microphone, a speaker, or other mput/
output mechanisms. Alternatively or additionally, the pro-
cessor may comprise user interface circuitry configured to
control at least some functions of one or more user interface
clements such as, for example, a speaker, ringer, micro-
phone, display, and/or the like. The processor and/or user
interface circuitry comprising the processor may be config-
ured to control one or more functions of one or more user
interface elements through computer program instructions
(e.g., soltware and/or firmware) stored on a memory acces-
sible to the processor (e.g., memory device and/or the like).

In the apparatus embodied by a mobile terminal 10, the
processor 22 1s the means for executing various functions
that may be specified for preparing the mobile terminal for
network communications. The memory device 24 may con-
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tain program code instructions causing the processor to
execute the various functions, or the processor may have
memory associated with it that contains the program code
instructions. Thus, the means for executing various func-
tions 1n the mobile terminal may include the memory with
computer code nstructions stored therein. The communica-
tions interface 28 1s the means for recerving signals from a
network entity that are then processed to determine appro-
priate functions to be executed by the processor.

Referring to FIG. 3, the UE condition that leads to the
difficulty that example embodiments of the present invention
are directed to solving i1s illustrated. The 1nitial conditions 30
are that UE 1s 1n a 2G or 3G configuration. The location
update for the UE 1s complete. There 1s no Packet Data
Protocol (PDP) context established vet. Idle Mode Signaling
(ISR) 1s not active. Reselection of the UE to Long Term
Evolution (LTE) begins.

FIG. 3 shows the first part (of three parts) of the signaling
sequence. UE and a network node (eNB) exchange several
signals 1n the LTI reselection sequence. The sequence also
involves a network Mobility Management Entity (MME)
and the Source GPRS Support Node (SGSN) (where GPRS
1s the General Packet Radio Service). While the 1illustrated
sequence of signals 1s exchanged, the end user of a mobile
device 1s without service waiting for the connection to be
established/updated.

During the LTE reselection signaling, radio resource
control (RRC) setup 1s completed 32 and the Non Access
Stratum (NAS) layer 1ssues a Tracking Area Update (TAU)
request 34. The TAU request 36 1s directed by the node to
the MME.

The MME 1ssues an SGSN context request 38 to the
SGSN, which 1s returned to the MME 40 demied because
PDP context 1s missing. That leads the MME to reject the
TAU request 42 through the node to the UE in a downlink
message 44. The node then directs that RRC be released 46.
To this point, the sequence has taken about two hundred and
fitty (250) milliseconds.

Retferring to FIG. 4, the sequence continues with UE
simultaneously taking two actions. It begins the RRC con-
nection release procedure 48 while NAS mitiates an Attach
request 50 to obtain the PDP context that led to the TAU
rejection. But, because RRC 1s being released, the Attach
fails 51. An NAS Afttach retry timer 1s automatically acti-
vated 52, which interposes a ten (10) second delay into the
sequence.

After the ten second pause, the NAS triggers a second
Attach request 54 attempting to register to LTE. UE trans-
mits a random access preamble 56 in an uplink message to
the node, which sends a random access response 38 1n a
subsequent downlink message. Referring to FIG. 5, the
connection sequence continues routinely to 1ts conclusion
where the UE 1s 1n service 60, attach complete. However, the
entire sequence required about eleven (11) seconds to com-
plete while the end user waits without network service.

There are several options for avoiding the ten second
delay 1n the LTE reselection process. First for consideration
are options that are UE based.

UE-Based Solutions

The object of a UE-based solution 1s to avoid activation
of the NAS Attach retry timer so that the ten second delay
does not activate. In the illustrated sequence of FIG. 4, the
retry timer activates when an NAS Attach 1s attempted 31
while the RRC release procedure 1s ongoing. So, the mnitial
solution 1s to prevent activation of the NAS Attach proce-
dure during the RRC release procedure. This can be accom-
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plished in more than one manner, each of which will be
labeled 1n the following description.

RRC could indicate to NAS that the RRC release 1s 1n

progress (Option 1a). During the period that the RRC release
1s active, NAS would not 1nitiate an Attach, but rather would
wait some period of time. Either a fixed timer could run (set
within UE programming) (Option 1a(1)) or RRC could
indicate to NAS that the connection release 1s complete
(Option 1a(11)).

Alternatively, 1 RRC receirves an Aftach, or any NAS
message, during the RRC connection release procedure,
RRC could delay sending the message until the connection

1s released and then starts establishing new RRC connection
(Option 1b). Or, 1f RRC indicates to NAS that the RRC
connection 1s released during the ATTACH procedure (or
any ongoing NAS procedure requiring RRC to convey the
NAS message), NAS could immediately restart the Attach
without delay or according to a specific timer (which could
be specified or left to the UE implementation) (Option 1c).

UE and NW-Based Solutions

Because the absence of packet data protocol (PDP) con-
text 1s the reason that the tracking area update (TAU) 1s
denied (leading to the NAS Attach failure), a solution to that
problem 1s for the network not to try TAU if the PDP context
1s missing (Option 2). When UE re-selects to E-UTRAN and
does not have PDP context, UE would send. Attach instead
of attempting TAU.

Alternatively, the UE could eliminate the sixty millisec-
ond delay 1n handling the RRC connection release (see FIG.
3) (Option 3). That would cause a new RRC connection
establishment for the NAS Attach. However, a drawback of
this solution 1s that the network would not necessarily
receive confirmation of RRC connection release reception
and the network could continue trying to reach the UE.
Theretore, this solution though possible may not be favored.

NW-Based Solutions

Addressing the problem from the network side only, the
network function could be amended such that the network
would not release the RRC connection when TAU 1s rejected
for the missing PDP context (Option 4). This approach
would require the provision of an indication of TAU {failure
to the eNB (Option 4a). Or, alternatively, in the request from
MME to release the connection a new “cause” value could
be defined to delay the release for some time (Option 4b).
The time could be specified or left to NW implementation—
or configurable by the MME.

Consideration of these alternative solutions requires an
objective assessment of the impact of each solution on the
specifications and programming of each of the aflected
entities (user equipment, network). Reducing that consider-
ation to its simplest terms (bi1g or small impacts), the result

1s 1llustrated in Table 1.

TABLE 1

Impacted entities of the different solution alternatives

UE RRC UE NAS NW RRC NW NAS

Solutions Alternatives impact impact impact impact
UE 1 a), small small - -

alternative 1

1 a), small small - -

alternative 11

1 b) big — — —

1 c) small small — —
UE + 2 big big b1g big
NW 3 small — b1g —
NW 4 a) — — b1g big

4b) — — b1g big
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Overall, 1t would appear that a UE based solution 1s best
because 1ts impact 1s confined to UE and the relative
difficulty of implementing the solution 1s small. Narrowing
the focus to Options 1a, 1b and 1c, 1t 1s determined that
Option 1a(i1) would be the most effective solution with the
least impact on UE.

Referring to FIG. 6 the Option 1a(11) solution 1s illustrated
in a signaling diagram. After the eNB receives the TAU
reject signal, 1t notifies UE to release the RRC connection 46
as before. In the revised process, RRC would send a new
indication to the NAS layer immediately when RRC Con-
nection Release 1s received from eNB alerting NAS that
RRC release has started 100. Receiving that information
from RRC, NAS goes mto a “hold” state 110 (rather than
attempting Attach, as before).

The RRC Release process 48 takes about sixty (60)
milliseconds. Once RRC release 1s complete, NAS receives
that indication from RRC 120. Only then does NAS trigger
a lirst Attach request 130. As FIG. 6 indicates, the Attach
process then proceeds with random access signaling 56, 58
between UE and the eNB to establish the connection.

In the revised protocol of FIG. 6, the sequence labeled
Part 2 takes about seventy (70) milliseconds rather than over
ten seconds. In all, the revised signaling process of FIGS. 3,
6 and 5 together would cause the end user of UE a wait of
less than one second for LTE network connectivity.

FIG. 7 illustrates a flowchart of an example method,
and/or computer program product according to example
embodiments of the invention. It will be understood that
cach block or operation of the flowcharts, and/or combina-
tions ol blocks or operations 1n the flowcharts, can be
implemented by various means. Means for implementing the
blocks or operations of the flowcharts, combinations of the
blocks or operations in the flowchart, or other functionality
of example embodiments of the present invention described
herein may comprise hardware, and/or a computer program
product comprising a computer-readable storage medium
having one or more computer program code instructions,
program instructions, or executable computer-readable pro-
gram code 1nstructions stored therein.

In this regard, program code instructions may be stored on
a memory device, such as memory device 24 (FIG. 2), of an
example apparatus, such as example apparatus 20, and
executed by a processor, such as the processor 22. As will be
appreciated, any such program code instructions may be
loaded onto a computer or other programmable apparatus
(e.g., processor 22, memory device 24) from a computer-
readable storage medium to produce a particular machine,
such that the particular machine becomes a means for
implementing the functions specified in the flowcharts’
block(s) or operation(s). These program code instructions
may also be stored 1n a computer-readable storage medium
that can direct a computer, a processor, or other program-
mable apparatus to function 1 a particular manner to
thereby generate a particular machine or particular article of
manufacture. The 1nstructions stored in the computer-read-
able storage medium may produce an article of manufacture,
where the article of manufacture becomes a means for
implementing the functions specified in the flowchart
block(s) or operation(s). The program code instructions may
be retrieved from a computer-readable storage medium and
loaded 1nto a computer, processor, or other programmable
apparatus to configure the computer, processor, or other
programmable apparatus to execute operations to be per-
formed on or by the computer, processor, or other program-
mable apparatus. Retrieval, loading, and execution of the
program code instructions may be performed sequentially
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such that one instruction i1s retrieved, loaded, and executed
at a time. In some example embodiments, retrieval, loading
and/or execution may be performed 1n parallel such that
multiple mstructions are retrieved, loaded, and/or executed
together. Execution of the program code instructions may
produce a computer-implemented process such that the
instructions executed by the computer, processor, or other
programmable apparatus provide operations for implement-
ing the functions specified in the flowchart block(s) or
operation(s).

Accordingly, execution of instructions associated with the
blocks or operations of the flowchart by a processor, or
storage of instructions associated with the blocks or opera-
tions of the flowchart in a computer-readable storage
medium, support combinations of operations for performing
the specified functions. It will also be understood that one or
more blocks or operations of the flowchart, and combina-
tions ol blocks or operations in the flowchart, may be
implemented by special purpose hardware-based computer
systems and/or processors which perform the specified func-
tions, or combinations of special purpose hardware and
program code 1nstructions.

Expressed as a method for avoiding the activation of the
NAS Attach retry 10 sec timer, the method would take the
form illustrated in FIG. 7. Initially, UE receives a signal 610
from the eNB to release the RRC connection after the TAU
request 1s rejected. In the UE, RRC notifies NAS that RRC
release has begun 620. NAS enters a “hold” status 630,
avoiding the execution of an Attach attempt and retry timer
activation. RRC connection release runs 640 for a period of
about sixty (60) milliseconds. When the RRC connection
release 1s complete, RRC informs NAS that the release 1s
concluded 650. NAS 1s then free to trigger an Attach
Request 660. That request causes the UE to begin Random
Access Signaling 670 to re-establish a network connection.
The end user has network service in about seventy milli-
seconds rather than eleven seconds.

The following list of abbreviations 1s included for refer-
ence to clarily any abbreviations that appear 1n the Detailed
Description, the Figures, and that may appear 1n the claims.

NAS=Non Access Stratum

RRC=Radio Resource Control

TAU=Tracking Area Update

NW=Network

PDP context=Packet Data Protocol context

MME=Mobility Management Entity

eNB=evolved NodeB

ISR=Idle Mode Signalling

UE=User Equipment

CS=Circuit Switched

PS=Packet Switched

LTE=Long Term Evolution

E-UTRAN=Evolved Universal Terrestrial Radio Access
Network

SRB=Si1gnaling Radio Bearer

PDCP=Packet Data Convergence Protocol

RILC=Radio Link Control

ACK=Acknowledgement

SGSN=Service GPRS Support Node

GPRS=General Packet Radio Service

Many modifications and other embodiments of the inven-
tions set forth herein will come to mind to one skilled 1n the
art to which these inventions pertain having the benefit of the
teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it 1s to be understood that
the inventions are not to be limited to the specific embodi-
ments disclosed and that modifications and other embodi-
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ments are intended to be included within the scope of the
appended claims. Although specific terms are employed
herein, they are used 1n a generic and descriptive sense only
and not for purposes of limitation.

What 1s claimed 1s:

1. A method comprising:

receiving, at a user equipment, a message recerved from
a network node, the message indicating a radio
resource control connection to be released 1n response

to a tracking area update reject;

awaiting, at a non-access-stratum layer, a notification
from a lower, radio resource control layer, the notifi-
cation idicating the radio resource control connection
release 1s completed;

executing, at the user equipment and 1n response to the

received message, a delay timer;

allowing an attach procedure to start, when the delay

timer expires; and

allowing the attach procedure to start, when the notifica-

tion from the lower, radio resource control layer 1s
received, the notification bypassing the delay timer in
order to allow the attach procedure to start.

2. The method of claim 1, wherein the attach procedure 1s
executed using an existing connection or a new connection
1s established using Random Access procedure.

3. The method of claim 2, wherein a cause value of
Tracking Area Update procedure Reject requires imitiation of
the attach procedure.

[4. The method of claim 1, wherein a cause value of the
received message is other.]

5. An apparatus comprising:

at least one processor; and

at least one memory including computer program code,

the at least one memory and the computer program code

configured to, with the at least one processor, cause the
apparatus to at least:

recerve a message, from a network node, the message

indicating a radio resource control connection to be
released 1n response to a tracking area update reject;

await, at a non-access-stratum layer, a notification from a

lower, radio resource control layer, the notification
indicating the radio resource control connection release
is completed|, the notification enabling a delay in the
start of the attach procedure]:

execute, 1 response to the received message, a delay

timer;

allow an attach procedure to start, when the delay timer

expires; and

allow the attach procedure to start, when the notification

from the lower, radio resource control layer 1s received,
the notification bypassing the delay timer i1n order to
allow the attach procedure to start.

6. The apparatus of claim 5, wherein the attach procedure
1s executed using an existing connection or a n€w Connec-
tion 1s established using Random Access procedure.

7. The apparatus of claim 6, wherein a cause value of
Tracking Area Update procedure Reject requires initiation of
the attach procedure.

[8. The apparatus of claim 5, wherein a cause value of the
received message is other.]

[9. The apparatus of claim 5, wherein a value, for the
bypass timer, 1s specified by at least one of signaling from
network, specification, and user equipment.}

10. A computer program product comprising at least one
non-transitory computer-readable storage medium having
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executable computer-readable program code instructions
stored therein, the computer-readable program code 1nstruc-
tions configured to at least:

receive a message, at a user equipment from a network

node, the message indicating a radio resource control
connection to be released in response to a tracking area
update reject;

await, at a non-access-stratum-layer, a notification from a

lower, radio resource control layer, the notification
indicating the radio resource control connection release
1s completed;

execute, 1 response to the received message, a delay

timer;

allow an attach procedure to start, when the delay timer

expires; and

allow the attach procedure to start, when the notification

from the lower, radio resource control layer 1s received,
the notification bypassing the delay timer 1n order to
allow the attach procedure to start.

11. The computer program product of claim 10, wherein
the attach procedure is executed using an existing connec-
tion or a new connection is established using Random
Access procedure.

12. The computer program product of claim 11, wherein
a cause value of Tracking Area Update procedure Reject
requires initiation of the attach procedure.
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