woO 2011/111015 A2 I 10K OO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

o TN
(19) World Intellectual Property Organization /g [} 1M1 AN A0 00100 00 OO 00 R A
ernational Bureau S,/ ‘ 0 |
. .. _ S (10) International Publication Number
(43) International Publication Date \,!:,: o
15 September 2011 (15.09.2011) WO 2011/111015 A2
(51) International Patent Classification: (74) Agent: BONNANS, Arnaud; Santarelli, 14 avenue de la
HO04W 56/00 (2009.01) Grande-Armée, F-75822 Paris Cedex 17 (FR).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/IB2011/051006 kind of national protection available). AE, AG, AL, AM,
(22) Imternational Filing Date: ég’ éﬁ’ ég’ CAI\ZI, CBS ? CBRB’ CBI(J}, g;l’ DB]IE{ ? DBI\(V ’];313[{ ? ]];é’
10 March 2011 (10.03.2011) Dz, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
. KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(26) Publication Language: Enghsh ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(30) Priority Data: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
10290131.1 12 March 2010 (12.03.2010) EP SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicants (for all designated States except US): RE- . o
SEARCH IN MOTION LIMITED [CA/CA]; 295 (84) Designated States (unless otherwise indicated, for every

Phillip Street, Waterloo, Ontario N2L 3W8 (CA). kind of regional protection available): ARIPO (BW, GH,
KREUZER, Werner [AT/DE]; Birkenstr. 7, 85625 GM, KE, LR, LS, MW, MZ, NA, 8D, SL, 82, 12, UG,
Baiern (DE). ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(72) Inventors; and EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(75) Inventors/Applicants (for US orly): HOLE, David LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Philip [GB/GB]; 13 Launcelyn Close, Southampton SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
Hampshire SO52 INP (GB). FAURIE, Rene [FR/FR]; GW, ML, MR, NE, SN, TD, TG).

Immeuble Le Colisee, 10/12 avenue de I'Arche, F-92419

Courbevoie (FR). BORSELLA, Remo [IT/CAJ; 295 Yublished:
Phillip Street, Waterloo, Ontario N2L 3W8 (CA). —  without international search report and to be republished
HANOV, Steven Michael [CA/CA]; 295 Phillip Street, upon receipt of that report (Rule 48.2(g))

Waterloo, Ontario N2L 3W8 (CA). VENKOB, Satish
[IN/CA]; 295 Phillip Street, Waterloo, Ontario N2L 3W8
(CA).

(54) Title: TIMING ADVANCE ENHANCEMENTS FOR CELLULAR COMMUNICATIONS

(57) Abstract: Described are modifications to the operating behavior of a mobile station in a cellular communications network
that reduce the extent procedures for updating a timing advance value used to compensate for propagation delays in transmitting
to a base station. The mobile station is configured to operate in either a moving mode or a stationary mode, where usual timing ad-
vance updating procedures are followed in the moving mode and modified in the stationary mode.



WO 2011/111015 PCT/IB2011/051006

TIMING ADVANCE ENHANCEMENTS FOR CELLULAR
COMMUNICATIONS

RELATED APPLICATIONS

[0001] This application is related to and incorporated by reference in their
entirety patent applications having docket numbers 2558.054EP1 (37466-FR-EPA),
2558.055EP1 (37738-FR-EPA), 2558.053EP] (37760-FR-EPA), 2558.057EP1
(37760-1-FR-EPA), 2558.058EP1 (37760-2-FR-EPA), which are all filed

concurrently herewith.
BACKGROUND

[0002] Cellular wireless communications systems such as those defined by
the General Packet Radio Service (GPRS) and its successors provide
communications for mobile systems (MS) (e.g., phones, computers, or other
portable devices) over a service provider’s core network or backbone by means of
base stations (BS) connected to the core network that relay communications to and
from the MS via a wireless link. The geographic area over which a particular BS is
able to communicate wirelessly (i.e., via the air interface) is made up of one or more
zones of radio coverage referred to as cells. In order to perform a data transfer, an
MS connects to the network in a serving cell hosted by a specific BS of which it is
in range. The connection may move to other cells served by the same or by a
different BS when conditions warrant (¢.g., a change of location as the MS moves
from one cell to another) with a handover process.

[0003] A BS may provide uplink channels and/or downlink channels for
mulitiple MS’s by time division and frequency division multiplexing. In a GPRS
system, for example, the BS may periodically broadcast bursts of control dataon a
defined broadcast control channel (BCCH) over one or more frequency channels

that divide time into discrete segments called frames and contain time slots used for
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data transmission between the BS and an MS. The time slots of each frame on each
defined frequency channel constitute the physical channels through which data
transfer between an MS and a BS takes place. Logical channels, defined by the type
of information they carry, may be further defined as corresponding to particular
physical channels and are used to carry traffic (i.e., voice or packet data) and control
data in uplink and downlink directions. The MS listens to control signals broadcast
by the BS and maintains synchronization therewith in order to receive and transmit
data over particular logical channels.

[0004] In order for an MS to initiate access to the network, either to initiate
a data transfer or respond to a page from the BS sent over a paging channel, it may
contend for medium access by transmitting an access request message to the BS on
a particular channel defined for that purpose, referred to in GPRS as a random
access channel (RACH). Ifthe access request message is successfully received, the
BS responds over an access grant channel and assigns downlink and/or uplink
channels that are used to transfer data between the BS and MS.  The assigned
downlink or uplink channels constitute a virtual connection between the BS and MS
that lasts for the duration of the data transfer in the cell the MS is camped, referred
to as a temporary block flow (TBF).

[0005] Although the MS can maintain synchronization with downlink
frames received by it from the BS, synchronization of uplink frames transmitted by
the MS with the BS requires that the propagation delay be taken into account. The
MS may therefore transmit its data with a specified timing offset that corresponds to
the time it takes for a signal to reach the BS, referred to as the timing advance (TA).
The TA is essentially a negative offset, at the MS, between the start of a received
downlink frame and a transmitted uplink frame. The BS can determine the
appropriate TA from the arrival times of signals transmitted by the MS with a
predetermined TA (e.g., a TA value of 0 corresponding to no timing advance or

some other predetermined TA value) and communicate this information to the MS.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 illustrates a mobile-originated transfer in the moving mode;
[0007] FI1G. 2 illustrates a mobile-originated transfer in the stationary mode;
[0008] FIG. 3 illustrates a mobile-terminated transfer in the moving mode;
[0009] FIG. 4 illustrates a mobile-terminated transfer in the stationary mode;
[0010] FIG. 5 illustrates a mobile-terminated transfer in the stationary mode

with immediate assignment of downlink and uplink channels; and

[0011] F1G. 6 shows the components of an exemplary mobile station.
DETAILED DESCRIPTION
[0012] In GPRS/EDGE systems, the RACH is a logical channel that is the

uplink portion of a bidirectional common control channel (CCCH). Access to the
RACH is contention-based, meaning that a device autonomously selects when to
transmit on the channel and there is the possibility of collisions between
transmissions from different devices. Contention-based access permits devices to
trigger a request for uplink resources based on requirements rather than, for
example, being scheduled periodic uplink resources which may not be used. When
transmitting data to the BS, the MS may transmit the data in the form of what are
referred to as normal bursts that are almost as long as a time slot. Due to the
propagation time from the MS to the BS, it is necessary for an MS transmitting
normal bursts to use the appropriate TA value. This appropriate TA value is not
known, however, by the MS during the initial access phase when transmitting over
the RACH. Therefore the current GSM/EDGE procedure requires the MS to use
access bursts instead of normal bursts over the RACH. Access bursts have a guard
interval that is sufficiently long to cover for the unknown propagation delay in
traveling to the BS and necessarily carry less information than a normal burst. The
network assigns an appropriate TA value to the MS after the initial access

procedure, which can be referred to as an initial timing advance estimation
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procedure. The network may also update the TA value using packet timing advance
control channels (PTCCH channels) based on the e.g. timing variance of the training
sequence of access bursts sent on the uplink PTCCH, which can be referred to as
continuous timing advance update procedures. Both procedures are an overhead
signaling expense that it would be desirable to avoid if the appropriate TA value is
known by the MS prior to the initial access and/or it could be assumed that this TA
value has not changed.

[0013] In current GPRS/EDGE systems, the appropriate TA value for an MS
is calculated by the BS and communicated to the MS upon each initial access of the
network by the MS in order to take account of possible movement by the MS. The
TA may also be continuously updated during a TBF by requiring the mobile station
to transmit access bursts in the uplink at specific occasions and the network to
estimate the timing variance of these bursts over the PTCCH or the PACCH. These
current initial timing advance estimation and continuous timing advance update
procedures are not efficient and may not be needed, however, for MS’s that are
either fixed at a certain location or whose movement is expected to be confined
within a certain area. Described below are modifications to the operating behavior
of the BS, MS, and/or network that reduce the extent of these TA updating
procedures for such fixed MS’s. The MS may be configured to operate in either a
moving mode or a stationary mode, where current TA updating procedures are
followed in the moving mode and modified in the stationary mode. Although the
description is with reference to a GPRS/EDGE system, the modifications could be

incorporated into other similar services as appropriate.
1. Fixed TA value for mobile-originated (MQO) transfers in stationary mode

[0014] In the stationary mode, the initial timing advance procedure is not to
be performed on every initial access to radio resources in a given cell as is done in
the moving mode. In this context, "initial access" means the first transmission

associated with the transmission of data from the MS to the network in that cell,
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when no other data transfer is ongoing. For example, a transmission on the RACH
used as part of TBF establishment in response to receiving data from higher
protocol layers for transmission is an initial access. An initial access could also
occur during contention-based data transfers with no TBF being established.
Rather, in the stationary mode, the MS stores the TA value received during an
earlier access in the cell and uses this TA value for subsequent data transfer on that
cell. In addition to performing the initial timing advance estimation procedure
during initial accesses, additional triggers for doing so may also be defined such as
resetting and power cycling of the device or upon receipt of a trigger signal via a
specific user interface provided to permit the user to trigger the initial timing
advance estimation procedure when needed. The normal initial TA estimation may
also be performed if a threshold number of attempts to access resources (using a
stored TA) on a cell fail. It also should be noted that modifications to the TA
estimation and updating procedures described here are not intended to modify the
existing procedures for maintaining or acquiring synchronization with the cell (e.g.,
by monitoring the appropriate synchronization channels).

[0015] Since the TA is associated with a given cell, the normal initial TA
estimation procedure (RACH with access bursts, etc.) needs to be performed after
cell reselection before transmitting data (i.c. any transmission other than using
existing access bursts). Due to the possibility that the device moves between the
time of cell reselection and data transfer, the TA is only estimated once the device is
ready to start data transmission. However, for an MS operating in the stationary
mode, the additional delay and signaling associated with TA determination that
normally immediately precedes data transmission can be avoided by performing TA
determination in advance. In addition or alternatively, a periodic TA estimation
(e.g., by means of RACH with access bursts) may be performed so as to not lose
synch with a given cell, for example, due to encountering changes in the channel
conditions or the radio environment, or to update the TA in the case of movement
by the MS. A TA estimation procedure may also be performed only if a data

transfer is initiated but the last TA estimation is older than a specified time interval
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in order to avoid accessing the RACH just to acquire a new TA value. By having the
TA available in advance of needing to transmit data, features which use knowledge
of the TA when transmitting data such as using normal bursts over the RACH to

transmit data or using modified access can be incorporated into the system.
2. Fixed TA value for mobile-terminated (MT) transfers in stationary mode

[0016] In the GMM ready state, the network knows the cell in which the
mobile is camped, and therefore can immediately transmit an assignment message in
that cell that may immediately assign a downlink channel to the MS. Fig. | shows
the legacy situation that also applies when the MS is operating in the moving mode.
In response to the immediate assignment message, the MS transmits access bursts
over the RACH to acquire a TA value and acknowledge the assignment. The MS
can then request an uplink channel on which it can transmit using normal bursts
with the acquired TA value. Fig. 2 shows the situation when the MS operates in the
stationary mode with a stored TA value. The TA acquisition step with access bursts
is skipped as the MS requests an uplink channel using normal bursts with its stored
TA value. In the GMM standby state, the network only knows which routing area /
location area the device is in, and hence has to page in multiple cells. Fig. 3 shows
the legacy situation that also corresponds to the MS operating in the moving mode.
The MS responds to a paging request by requesting a downlink channel and a valid
TA value using access bursts over the RACH. Fig. 4 shows the situation when the
MS operates in the stationary mode to receive an immediate assignment of a
downlink channel with the page and responds with normal bursts using the stored
TA to receive assignment of an uplink channel. In this case, the paging procedure
may be modified to include data in the paging channel, and the response (which
may acknowledge the downlink data and/or request uplink resources) is sent with
normal bursts using the stored TA. Avoiding TA update signaling in these

situations may reduce the time for uplink TBF establishment and/or completion of
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the TBF for downlink data transfer since the acknowledgement information sent by
the MS cannot be transmitted until the TA is known in the legacy case.

10017] In either a ready state or standby state mobile-terminated transfer, if
the network is aware that a bi-directional data transfer {(e.g., by means of an uphink
and downlink TBF) is required (e.g., based on knowledge that the device operates
only for short data transfers which are always acknowledged by a peer entity), both
an uplink and downlink channel can be assigned with an immediate assignment as
shown in Fig. 5. Again, there is no need for a resource request and subsequent
assignment before uplink data can be transmitted.

[0018] Since a non-mobile MS may not need to do as many cell reselections
as a fully mobile MS and power constraints may not be as stringent, an MS in the
stationary mode may be configured to perform a cell update procedure on cell
reselections even in the standby state. This would allow the network to be always
aware of the cell in which the MS is camped so that the network can use the
downlink assignment procedure described above even in the standby state. As a
fallback procedure the network can backup to a normal paging mechanism if the MS
for any reason does not answer to the immediate assignment. Alternatively, an MS
in the stationary mode may be configured to operate only in a ready state with no
standby state so as to perform cell updates in the usual manner per the current

GPRS/EDGE specification,
3. Reversion to moving mode from stationary mode

[0019] An MS can be configured to decide to perform the optimized
procedures described above or perform procedures as currently defined if it
determines that the TA value has changed from its last known value. That is, the
MS may be configured to revert from the stationary mode to the moving mode if i
determines that its stored TA value is probably not correct (or if it cannot determine
that the stored TA value probably is correct) and that a new TA value is required.

Techniques for determining a change in the correct TA value could be based upon
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elapsed time and/or sensor measurements indicating movement by the MS. A rough
estimate of if the correct TA value has changed can be made based on the time a
data transfer is initiated in relation to either the time the stored TA value was last
updated or the time at which last successful data transfer occurred to validate the
stored TA value. Received signal strength measurements from neighbor cells can
be used as a location "fingerprint", such that if they have not changed (within some
tolerance), there is high probability that the device has not moved so far that its
correct TA in the serving cell is changed. An example algorithm could be

performed by the MS as follows:

L. MS successfully establishes TBF (and therefore knows timing advance).

2. Atend of TBF, MS stores TA plus serving cell ID plus one or more of® a) a
neighbor cell list with corresponding signal strength measurements and b) a
timestamp

3. When new data is to be transmitted; MS [ooks for serving cell [D in its stored
list. If not present, MS uses normal RACH procedures. If present and time_now
— timestamp < threshold and/or neighbor cell and signal measurement list are
within threshold of stored list, MS uses stored TA

[0020] Another technique for detecting movement by the MS could use an
accelerometer to detect if the device has moved significantly enough to possibly
cause the stored TA wvalue to be invalid. For example, an MS$ could use an
accelerometer to determine whether at least some motion has occurred or not such
that if some motion is detected, then the previous TA value is considered invalid.
Alternatively, accelerometer input may be used to trigger further evaluation (such as
based on neighbor cell measurements, GPS, etc.) to determine whether the TA has
changed. Alternatively, GPS or other satellite-based navigation may be used to
determine the location of the device, both when the TA is determined and when the
subsequent data transfer is to be initiated.

[0021] Besides reverting to the moving mode in order to acquire a new TA
before a data transfer, the MS may perform such reversion and TA updating may be

performed when it is convenient. Also, since an MS may perform cell reselection

8



WO 2011/111015 PCT/IB2011/051006

without actually moving, it may store multiple valid entries for different serving

cells simultaneously.

4. Low-rate PTCCH

[0022] Currently, the PTTCH channel is used for MSs in packet transfer
mode to receive continuous timing advance updates. In the uplink, on periodic
designated frames in the PTCCH (i.e. on a designated PTCCH sub-channel), the MS
transmits an access burst. In response to this, the network indicates whether the TA
needs to be increased or decreased. For MS’s operating in the stationary mode, less
frequent PTCCH sub-channel occurrences could be provided by the network that
provides no TA updating when the MS in packet transfer mode is almost certain not
to have moved between consecutive PTCCH sub-channel occurrences as specified
by the existing standards but still allow for variations over time. A similar (but
possibly occurring even less frequently) PTCCH sub-channel could be used by an
MS in the stationary mode and in packet idle mode to allow the MS to validate or
modify a stored TA value. This would be beneficial as it may increase the
likelihood of a valid TA being available, and hence permit the use of optimized

schemes such as sending data on an RACH-like channel without setting up a TBF.

5. Additional concepts

[0023] The use of the optimized procedures using a stored TA value by an
MS as described above may be made dependent on network permission (e.g., as
received in broadcast system information or sent point-to-point). An MS may
indicate its ability to use these procedures in its capabilities that are signaled to the
network For example, the MS may indicate to the network that it is capable of
operating in the stationary mode, and the network would then apply any or all of the
procedures described above for a device capable of utilizing a stored TA value. In

another example, such MS’s may be further classified as “zero-mobility” devices
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whose position is fixed or as “low-mobility” devices whose maximum speed and/or
range of movement is below some specified threshold value. According to this
scheme, a zero-mobility device in stationary mode may operate with more of the
optimized timing advance procedures as described above than a low-mobility device
(which may operate in stationary mode from time to time). For example, after the
MS communicates its classification to the network, the network could omit the use
of existing continuous timing advance procedure for MS’s indicating zero mobility
but apply it, or a low-rate PTCCH optimized form of the procedure, for devices with
low mobility.

[0024] If an optimized procedure with a stored TA fails such that no valid
response occurs within a certain time period and/or in response to a certain number
of attempts, the MS may be configured to revert to the non-stationary mode so that
legacy procedures are applied. An MS may also autonomously determine that its
TA value is no longer valid. In that case, if the network attempts an optimized
assignment of resources, the MS may respond as per legacy paging procedures (i.c.
using access bursts on RACH).

A new cause code could be used in the corresponding request message sent over the
RACH to indicate this is a response to an optimized assignment. Once the MS has
received a TA in response to the RACH transmissions, it may then carry on using
the assigned resources.

[0025] In the embodiments described herein, a stored TA value may be
determined using conventional means (e.g., as calculated by the BS) by other
procedures such as, for example, using a combination of location information (e.g.,
GPS) combined with a cell location database (and hence calculating the distance
from the device to the BS), manual configuration, or static configuration. It should
also be appreciated that the stored TA value so determined may not be as accurate
as that that would be obtained by convention procedures, but may be a less accurate
estimation. That is, the optimized timing advance procedures described herein
should be interpreted as including both cases where the TA value is exactly known

{(within the limits of accuracy of existing TA representation/signaling) and cases
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where the stored TA value is a less accurate estimate of the actual propagation delay
compensation, for example, within some specified degree of error, since many of
the benefits can arise even when the TA is not exactly known. For example, if the
MS has no TA information at all, the bursts transmitted by the MS must be very
short in order to ensure they fit within a timeslot at the BS. Even with an estimated
(but not necessarily exact) TA value, however, the length of the burst can be
increased (and hence more data transmitted). Said another way, the optimized
timing advance procedures described herein may also apply even when the accuracy
of the determined TA is not sufficient to ensure that a conventional normal burst,
when transmitted using the determined TA, will be received by the BS within a
single timeslot. The degree of permitted error in the TA estimation depends on the
length of the burst being sent (and vice versa), In some embodiments, the length of
the burst (or equivalently, the maximum permitted TA estimation error) is specified
by the network. In some embodiments, the MS adapts the length of its burst in
accordance with a determination of the likely accuracy of its estimated TA. (e.g.,
based on time since the TA was last known to be an exact value (e.g. within the
accuracy of the conventional means of determining the TA), based on distance
moved, or based on differences in signal strength measurements of the serving

and/or neighboring cells).
Exemplary Embodiments

[0026] Fig. 6 shows the components of an exemplary mobile station 100, A
processor 10 is coupled to an associated memory 12 and controls the operation of a
wireless transceiver 20 in order to communicate via the air interface with the
network. An exemplary base station 200 contains similar components plus a
network subsystem for communicating with the network core 300. The processor
and memory may be implemented as a microprocessor-based controller with
memory for data and program storage, implemented with dedicated hardware

components such as ASICs (e.g., finite state machines), or implemented as a
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combination thereof. The MS may also be equipped with additional components
such as an accelerometer or GPS unit. As the terms are used herein, a description
that a particular device such as an MS or BS is to perform various functions or is
configured to perform various functions refers to either code executed by a
processor or to specific configurations of hardware components for performing
particular functions.

[0027] The MS may comprise a processor coupled to a radio transceiver for
accessing a base station (BS) via an air interface in order to communicate with the
network, wherein the processor is configured to receive transmissions from the BS
and synchronize therewith and further configured to transmit bursts using a
specified timing advance (TA) in order to compensate for propagation delay where
the specified TA value may be zero (i.e., no timing advance) or a value obtained by
various means. In one embodiment, the processor is configured to operate in a
stationary mode in which the bursts are transmitted using a previously stored TA
value when autonomously transmitting over a random access channel (RACH) or
other control channel, for example, when establishing a connection with the BS.
[0028] In another embodiment, the MS processor is configured to: [) receive
transmissions from the BS that define frames for containing time slots that may be
defined as particular logical channels for carrying traffic or control information
between the BS and MS in uplink or downlink directions; 2) transmit during the
time slot of a particular channel using a normal burst or an access burst, the latter
having a longer guard interval and shorter data field, and to transmit bursts using a
specified timing advance (TA) relative to the frame in order to compensate for
propagation delay; and 3) operate in either a moving mode or a stationary mode and
communicate its current operating mode to the BS. In the moving mode, the MS
initiates access to the network by transmitting, for example, a channel request
message, to the BS using an access burst with a zero or otherwise specified TA
value over a random access channel (RACH) or other control channel defined by the
BS. In the case where the transmission is a channel request message, the MS

receives from the BS an access grant message with a calculated TA value and

12
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assignment of one or more logical channels for further communications, stores the
calculated TA value, and continues communications over the assigned channels
with normal bursts using the stored TA value. In the stationary mode, the MS
processor initiates access to the network by transmitting e.g. a channel request
message to the BS over the RACH or other control channel using a previously
stored TA value. In the case where the transmission is a channel request message,
the MS receives from the BS an access grant message and assignment of one or
more logical channels for further communications, and continues communications
over the assigned channels with normal bursts using the stored TA value. The MS
processor may also be configured to store multiple TA values for use in different
cells.

[0029] The MS processor may, if in either the stationary or moving mode
and after receiving an access grant message from the BS, establish a virtual
connection with the BS using assigned logical channels for continuing uplink or
downlink data transfer in a non-contention based manner, referred to as a temporary
block flow (TBF). The MS processor may be further configured to, if in the
stationary mode, transfer data to the BS using normal bursts with the stored TA in a
contention based manner over an RACH or other control channel.

[0030] The MS processor may be configured to operate in the stationary
mode in preference to the moving mode if a calculated TA value has been
previously stored and to revert to the moving mode if a specified number of
attempts to access the network in the stationary mode have failed and/or if a
specified time interval has elapsed since the TA value was stored or since the last
successful data transfer occurred to validate the stored TA value. The MS processor
may be also be configured to: 1) periodically initiate an uplink access procedure in
order to update its TA value (e.g., by sending a channel request message with a
specific channel request cause or any other message that may be used or defined for
obtaining an updated TA value, by initiating a cell update procedure or any
procedure that would result in the provision of an updated timing advance by the

network)towards the BS over an RACH or other control channel and receive an
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updated TA value - the period at which such uplink accesses may be initiated being
either pre-defined, configured or controlled by the network, 2) if a specified time
interval has elapsed since the currently stored TA value was stored, transmit a TA
request message to the BS over an RACH or other control channel and receive an
updated TA value, 3) switch to the moving mode for the next network access in
order to receive an updated TA value upon reset or power cycling, and/or 4) switch
to the moving mode for the next network access in order to receive an updated TA
value upon receipt of a command from a user interface.

[0631] The MS processor may also be configured to operate in the stationary
mode in preference to the moving mode if a calculated TA value has been
previously stored and to revert to the moving mode upon detecting an indication that
movement relative to the BS has occurred. Upon reverting to the moving mode, the
MS processor may transmit a TA request message to the BS over an RACH or other
control channel, receive an updated TA value, and switch to the stationary mode.
Movement relative to the BS may be detected by: 1) measurements of the strength
of signals transmitted by neighboring cells, 2) an accelerometer, and/or 3) a GPS
unit. In one embodiment, the MS includes a GPS unit and is configured to
determine its location from the GPS unit when a TA is stored and before a network
access is initiated in order to determine if movement has occurred. In another
embodiment, the MS includes an accelerometer and a global positioning system
(GPS) unit and is configured to determine its location from the GPS unit when a TA
is stored and if triggered by accelerometer signals and/or measurements of
neighboring cell transmissions indicative of movement in order to determine if
movement has occurred.

[0032] The MS processor may be configured to, if in the stationary mode
and attached to the BS in a ready state, receive an immediate assignment of a
downlink channel from the BS and transmit a request for an uplink channel using a
normal burst with the stored TA value. The MS processor may be configured to, if
in the stationary mode and attached to the BS in a standby state, receive a paging

message with an immediate assignment of a downlink channel from the BS and
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transmit a request for an uplink channel using a normal burst with the stored TA
value. The MS processor may be configured to, if in the stationary mode and
attached to the BS, receive an immediate assignment of both downlink and uplink
channels from the BS. The MS processor may be configured to, if in the stationary
mode, perform periodic cell update procedures by communicating with the BS in
cither a ready or standby state.

[0033] In one embodiment, the MS processor is configured to, , store a TA
value received from the BS and the 1D of the serving cell in a TA table that
associates the 1D with the stored TA value. If the ID of the serving cell is present in
the TA table when data is be transmitted to a BS, the MS operates in the stationary
mode with the associated TA value and operates in the moving mode otherwise. In
another embodiment, the MS processor is configured to store a TA value received
from the BS and the ID of the serving cell in a TA table that associates the 1D with
the stored TA value and with a timestamp that is reset with each successful data
transfer. If the ID of the serving cell is present in the ID list and a specified
maximum time interval has not elapsed since the associated timestamp, the MS
processor then operates in the stationary mode with the associated TA value and
operates in the moving mode otherwise. In another embodiment the MS processor
is configured to store a TA value recetved from the BS and the [D of the serving cell
in a TA table that associates the 1D with the stored TA value and with stored signal
measurements received from one or more of the serving and neighboring cells, 1f
the ID of the serving cell is present in the TA table and if a comparison of current
signal measurements from serving and/or neighboring cells with the stored signal
measurements associated with the ID is a within a specified threshold when data is
to be transmitted to a BS, the MS processor operates in the stationary mode with the
associated TA value and operates in the moving mode otherwise.

[0034) The MS processor may be configured to, in a packet transfer mode,
transmit an access burst on periodic designated frames of a packet timing advance
control channel (PTCCH) and receive from the BS in response an indication as to

whether the stored TA value needs to be increased or decreased, where the rate at
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which access bursts are transmitted over the PTCCH may be reduced for the
stationary mode than for the moving mode. The MS processor may be further
configured to, in the stationary mode, periodically transmit an access burst on
periodic designated frames of a packet timing advance control channel (PTCCH})
and receive from the BS in response an indication as to whether the stored TA value
needs to be increased or decreased. The MS processor may be further configured to,
if in the stationary mode and attached to the BS, revert to the moving mode for
responding to an immediate assignment of downlink or uplink channels from the BS
if an indication is detected that the stored TA value is no longer valid.

[0035) It should be appreciated that the various embodiments described
above may also be combined in any manner considered to be advantageous. Also,
many alternatives, variations, and modifications will be apparent to those of
ordinary skill in the art. Other such alternatives, variations, and modifications are

intended to fali within the scope of the following appended claims.
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CLAIMS

What is claimed is:

1. A method to communicate over a cellular network by a device, comprising:

retrieving a stored timing advance value;

determining if the stored timing advance value is valid based at least on whether
the device is operating in a stationary mode;

when the stored timing advance is valid, transmitting a contention-based

transmission to a network using the stored timing advance value in order to compensate

for propagation deiay.

2. The method of claim 1 further comprising transmitting bursts using the
stored timing advance value when responding fo a paging message or immediate
channel assignment message received from the network when the timing advance

value is valid based at least on whether the device is operating in the stationary mode.

3. The methed of claim 1 further comprising:
when the device is operating in a moving mode:

initiating access to the network by transmitting a channel request message
to the network using an access burst with a zero or otherwise specified timing
advance value over a random access channel (RACH),

receiving from the network an access grant message with a calculated
timing advance value and assignment of one or more logical channels for further
communications,

storing the calculated timing advance value, and

continuing communications over the assigned channels using the stored
timing advance value or a timing advance value updated during communications
with the network; and
when the device is operating in the stationary mode:
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initiating access to the network by transmitting a channel request message
to the network over the RACH or other control channel using a previously stored

timing advance value,
receiving from the network an access grant message and assignment of
one or more logical channels for further communications, and

continuing communications over the assigned channels using the stored

timing advance value.

4. The method of claim 3 wherein the access burst, during the moving mode,
has a longer guard interval and shorter data field, and the channel request message,

during the stationary mode, is transmitted using a normal burst.

5. The method of claim 1 further comprising operating in the stationary
mode in preference to a moving mode if a calculated timing advance value has been
previously stored and to revert to the moving mode if a specified number of attempts to

access the network in the stationary mode have failed.

6. The method of claim 1 further comprising operating in the stationary mode
in preference {0 a moving mode if a calculated timing advance value has been
previously stored and to revert to the moving mode if a specified time interval has

elapsed since the timing advance value was stored.

7. The method of claim 1 further comprising operating in the stationary mode
in preference to a moving mode if a calculated timing advance value has been
previously stored and to revert to the moving mode if a specified time interval has

elapsed since the last successful data transfer.

8. The method of claim 1 further comprising switching to the moving mode
for the next network access in order to receive an updated timing advance value upon a
device reset, a device power cycle event, or upon receipt of a command from a user

interface.
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9. The method of claim 1 further comprising, when the device is operating in
the stationary mode and is attached to the network in a ready state, receiving an
immediate assignment of a downlink channel from the network and transmitting a

request for an uplink channel with the stored timing advance value.

10.  The method of claim 1 further comprising, when the device is operating in
the stationary mode and is attached to the network in a standby state, receiving a
paging message with an immediate assignment of a downlink channel from the network
and transmitting a request for an uplink channel with the stored timing advance value.

11.  The method of claim 1 further comprising, when the device is operating in
the stationary mode, performing periodic cell update procedures by communicating with

the network.

12.  The method of claim 1 further comprising operating in the stationary mode
in preference to a moving mode if a calculated timing advance value has been
previously stored and to revert to the moving mode upon detecting an indication that
movement relative to the network has occurred using one or more techniques selected
from a group that includes: detecting movement of the device relative to the network
from measurements of signals transmitted by neighboring cells, detecting movement of
the device relative to the network from accelerometer signals, and detecting movement
of the device relative to the network using a global positioning system (GPS) unit to
determine a location of the device when the timing advance is stored and before a

network access is initiated.

13. A mobile station (MS) for communicating over a cellular network,
comprising:

a processor configured to:

retrieve a stored timing advance value;
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determine if the stored timing advance value is valid based at least on whether
the device is operating in a stationary mode;

when the stored timing advance is valid, transmitting a contention-based
transmission to a network using the stored timing advance value in order fo compensate

for propagation delay.

14.  The mobile station of claim 13 wherein the processor is further configured
to transmit bursts using the stored timing advance value when responding to a paging
message or immediate channel assignment message received from the network when
the timing advance value is valid based at least on whether the device is operating in

the stationary mode.

15.  The mobile station of claim 13 wherein the processor is further configured
to:

when the device is operating in a moving mode:

initiate access to the network by transmitting a channel request message
to the network using an access burst with a zero or otherwise specified timing
advance value over a random access channel (RACH) defined by the network,

receive from the network an access grant message with a calculated
timing advance value and assignment of one or more logical channels for further
communications,

store the calculated timing advance value, and

continue communications over the assigned channels using the stored
timing advance value or a timing advance value updated during communications
with the network; and

when the device is operating in the stationary mode:

initiate access to the network by transmitting a channel request message
to the network over the RACH or other control channel using a previously stored
timing advance value,

receive from the network an access grant message and assignment of

one or more logical channels for further communications, and
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continue communications over the assigned channels using the stored

timing advance value.

16.  The mobile station of claim 15 wherein the access burst, during the
moving mode, has a longer guard interval and shorter data field, and the channel

request message, during the stationary mode, is transmitted using a normal burst.

17.  The mobile station of claim 13 wherein the processor is further configured
to operate in the stationary mode in preference to a moving mode if a calculated timing
advance value has been previously stored and to revert to the moving mode if a
specified number of attempts to access the network in the stationary mode have failed.

18.  The mobile station of claim 13 wherein the processor is further configured
to operate in the stationary mode in preference to a moving mode if a calculated timing
advance value has been previously stored and to revert to the moving mode if a
specified time interval has elapsed since the timing advance value was stored.

19.  The mobile station of claim 13 wherein the processor is further configured
to operate in the stationary mode in preference to a moving mode if a calculated timing
advance value has been previously stored and to revert to the moving mode if a

specified time interval has elapsed since the last successful data fransfer.

20.  The mobile station of claim 13 wherein the processor is further configured
to switch to a moving mode for the next network access in order to receive an updated
timing advance value upon a device reset, a device power cycle event, or upon receipt

of a command from a user interface.

21. A computer readable medium having instructions stored thereon that, when
executed, cause a machine to implement the implement the method as defined in any of

claims 1 to 12.
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