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COMMUNICATION STATION AND METHOD FOR TRANSMITTING
ON A RANDOM ACCESS CHANNEL

RELATED APPLICATIONS

[0001] This application is related to patent applications having docket numbers
2558.054EP1 (37466-FR-EPA), 2558.055EP1 (37738-FR-EPA), 2558.056EP1 (37759-
FR-EPA), 2558.057EP1 (37760-1-FR-EPA), 2558.058EP1 (37760-2-FR-EPA), which
are all filed concurrently herewith.

TECHNICAL FIELD

[0002] Embodiments pertain to wireless communications. Some embodiments
relate to GSM networks including general packet radio service (GPRS) and enhanced
GPRS (EGPRS) networks. Some embodiments relate to communicating on a random
access chancel (RACH). Some embodiments relate to communications and data
transmissions on a RACH including small data transfer (SDT) on a RACH.

BACKGROUND

One issue with communicating data over a wireless network is the amount of
signaling overhead conventionally required for each data transfer. The signaling
overhead may include a request for bandwidth, an allocation of bandwidth on a data
channel, an acknowledgement of the data transfer and any signaling for data
retransmissions. For larger data transfers, the signaling overhead may be relatively
small compared to the amount of data, however for smaller data transfers, the signaling
overhead becomes more significant.

[0003] Another issue with communicating data as well as other information over
a wireless network is the amount of delay due to bandwidth request and allocation
process conventionally utilized for each data transfer. For smaller data transfers, the
amount of delay may be significant compared to the time required to actually send the
data.

[0004] Thus, there are general needs for communication stations, base stations,
and methods that reduce signaling overhead associated with communicating information

in a wireless network. There are also general needs for communication stations, base
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stations, and methods that reduce the delay associated with communicating in a wireless
network.
BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 illustrates a base station and mobile stations of a wireless network
in accordance with some embodiments;

[0006] FIG. 2 illustrates a frame structure in accordance with some example
embodiments; and

[0007] FIG. 3A illustrates the timing of a transmission by a communication
station when a timing advance is not known in accordance with some embodiments;

[0008] FIG. 3B illustrates a legacy access burst structure;

[0009] FIG. 3C illustrates the timing of a transmission by a communication
station when the timing advance is known in accordance with some embodiments;

[0010] FIG. 4 is a functional block diagram of a communication station in
accordance with some embodiments;

[0011] FIG. 5 is a procedure for transmitting on an enhanced RACH in
accordance with some embodiments;

[0012] FIG. 6 is a functional block diagram of a base station in accordance with
some embodiments; and

[0013] FIG. 7 is a procedure for receiving transmissions on an enhanced RACH
in accordance with some embodiments.

DETAILED DESCRIPTION

[0014] The following description and the drawings sufficiently illustrate specific
embodiments to enable those skilled in the art to practice them. Other embodiments
may incorporate structural, logical, electrical, process, and other changes. Portions and
features of some embodiments may be included in, or substituted for, those of other
embodiments. Embodiments set forth in the claims encompass all available equivalents
of those claims.

[0015] FIG. 1 illustrates a wireless network in accordance with some
embodiments. Wireless network 100 includes a base station (BS) 104, one or more
communication stations (CS) 108 and one or more network entities 112. In some
embodiments, the wireless network 100 may be a GSM network, including a GPRS or
an EGPRS network, although this is not a requirement. In accordance with some
embodiments, a communication station, such as communication station 102, may be
configured for transmitting small amounts of data and other information on an enhanced
random-access channel (RACH) 105. In these embodiments, the communication station

102 may receive a notification 101 from the base station 104 the existence of the
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enhanced RACH 105 that is configured for initial transmissions. The notification 101
may include parameters defining the enhanced RACH 105. The communication station
102 may perform an initial access on the enhanced RACH 105 when a timing advance
(TA) is known by the communication station 102. In these embodiments, the initial
access may comprise transmitting an initial access burst 103 that includes at least one of
an identifier and data. The identifier may be a shortened identifier which may be used to
identify the communication station 102. The data included in the initial access burst 103
may comprise user data and may have a network destination 110. The data included in
the initial access burst 103 may comprise information other than what is conventionally
transmitted on a random-access channel.

[0016] The timing advance may be an amount of time (or estimate thereof) that
the communication station 102 may advance its transmission of the initial access burst
103 so that the initial access burst 103 is received by the base station 104 within a single
time slot of the enhanced RACH 105 (i.e., rather than across more than one time slot
which may result when the timing advance is unknown). In these embodiments, the
timing advance is greater than zero. In some embodiments, the communication station
102 may delay its transmission of the initial access burst 103 based on the timing
advance so that the initial access burst 103 is received by the base station 104 within a
single time slot of the enhanced RACH 105. The timing advance depends on the signal
propagation delay between the communication station 102 and the base station 104. The
timing advance may be a timing advance that is associated with a serving cell. In some
embodiments, the timing advance may be applied to any transmitted burst desired to be
received within a time-division multiplexed uplink channel.

[0017] In some embodiments, the parameters defining the enhanced RACH 105
that are transmitted in the notification 101 may include among other things, indication
of the time slots of a physical channel that comprise the enhanced RACH 105. In these
embodiments, the communication station 102 may be notified of the time slots of a
common control channel (CCCH) which may comprise the enhanced RACH 105. These
embodiments are discussed in more detail below.

[0018] Because the enhanced RACH 105 is a random-access channel in which
communication stations 108 are not assigned specific channel resources thercon for
transmission of initial access bursts 103, collisions may occur. Embodiments discussed
in more detail below may reduce or eliminate the probability of such collisions. In some
embodiments, the enhanced RACH 105 may be a secondary RACH. A primary RACH

107 may be provided by the base station 104 for transmission of access request
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messages 109 by communication stations 108, such as communication 106, for
requesting assignment of a channel resource for a subsequent transmission of data.

[0019] Data transmitted in the initial access burst 103 on the enhanced RACH
105 may have a network destination 110 within the communication network 100 rather
than being for use by base station 104 or for use by a base station controller. The use of
the enhanced RACH 105 for the transmission of smaller amounts of data may result in a
significant reduction in the amount of network resources that are conventionally used
for transmission of data. In these embodiments, the signaling conventionally required
for channel resource requests may be reduced or eliminated and a temporary block flow
(TBF) may not need to be established. For example, the initial access burst 103 may be
transmitted on the enhanced RACH 105 when no prior connection, such as a TBF, has
been established between the communication station 102 and the base station 104. The
initial access burst 103 may be transmitted on the enhanced RACH 105, for example,
when no uplink bandwidth has been allocated for data transmission. The initial access
burst 103 may also be transmitted on the enhanced RACH 105, for example, without
permission by the network. In some embodiments discussed in more detail below, the
signaling and network resources associated with acknowledgements may also be
reduced or eliminated.

[0020] FIG. 2 illustrates a frame structure in accordance with some
embodiments. The frame structure may be used by GPRS and EGPRS embodiments of
wireless network 100 (FIG. 1). In these embodiments, a multiframe 200 may comprise a
plurality of frames 202 and each frame 202 may comprise a plurality of time slots 204.
In this example, the multiframe 200 comprises twenty-six frames 202 and each frame
202 comprises eight time slots 204. FIG. 2 also illustrates a normal-burst format 205
which may be used for transmissions within at least some of time slots 204. In some
embodiments, one or more of the time slots 204 of a frame 202, such as time slot 203,
may comprise the enhanced RACH 105 (FIG. 1). These embodiments are discussed in
more detail below. Some of the other time slots 204 may be designated as the primary
RACH 107 (FIG. 1) as well as control and data channels, although this is not a
requirement.

[0021] In some embodiments, the normal-burst format 205 may be used for
transmissions within at least some of time slots of the enhanced RACH 105. In these
embodiments, the initial access burst 103 (FIG. 1) may be configured as a normal burst
in normal-burst format 205 and may, for example, include data portions 207 as

tllustrated.
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[0022] The primary RACH 107 may be a conventional RACH which is an
uplink-only channel in which access is contention-based and access does not require a
known timing advance. The enhanced RACH 105, on the other hand, may be an uplink-
only channel in which access is contention-based using a known or estimated timing
advance. With contention-based access, communication stations 108 may autonomously
select when to transmit on a RACH as there is no device-specific scheduling. Access on
the primary RACH 107 may assume the timing advance is not known. The primary
RACH 107 may be a logical channel that forms part of a CCCH, which is a bi-
directional channel (i.e., carrier + timeslot) in which an uplink portion is used for the
primary RACH 107. Contention-based access on the primary RACH 107 permits
communication stations 108 to trigger a request for uplink resources based on
requirements rather than, for example, being scheduled periodic uplink resources which
may not be needed. With contention-based access, there is a risk that access bursts of
two or more communication stations 108 overlap and collide. With contention-based
access, there is also a risk that two or more communication stations 108 transmit within
the same timeslot of a RACH.

[0023] FIG. 3A illustrates transmission by a communication station when a
timing advance is not known in accordance with some embodiments. A transmission
302 from base station 104 may be received by communication station 108 after a one-
way signal propagation delay 311. Because a communication station 108 may
synchronize its time-base 303 (an observed time-base) with transmissions received by
the base station 104, the transmission 302 may be received within a single time-slot at
the communication station 108. A transmission 304 from the communication station
108 to the base station 104, on the other hand, may be received at the base station 104
within more than one time slot when the timing advance value is not known by the
communication station 108. Accordingly, during an initial access phase, two contiguous
time slots 305 may be conventionally allocated for initial access transmissions a RACH,
such as on the primary RACH 107 (FIG. 1). Conventionally, bursts that are significantly
shorter than a time slot may be used during the initial access phase so that the burst can
be received within a single time slot. In some GSM embodiments, when the timing
advance is not known, timeslots may be paired and transmissions may be transmitted in
accordance with a reduced transmission time interval (RTTI) mode.

[0024] A communication station 108 may transmit access request messages 109
(FIG. 1) using conventional access bursts which include additional guard bits to
mitigate the unknown signal propagation delay at the communication station 108. As a

result, a conventional access burst on primary RACH 107 is limited in the amount of
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useful information that may be included therein due to this long guard period. In GSM
and EDGE networks, this amount of useful information may be limited to eight or
eleven bits.

[0025] Transmission 302 may be a normal-burst transmission from the base
station 104 and may be used by the communication stations 108 to synchronize its time-
base 303, although this is not a requirement. The communication stations 108 may use
other base station transmissions, such as synchronization transmissions from the
network, to synchronize their time-base 303.

[0026] The network may determine and assign a timing advance value to a
communication station 108 after the initial access procedure which may be part of an
initial timing advance estimation procedure so that subsequent communications on the
control and data channels are received within designated time slots. In this way, normal
bursts may be used and the use of significant guard bits can be avoided. The network
may also regularly update the timing advance value based on the timing variance of
access bursts sent on the uplink control channel. In case of GPRS and EDGE configured
networks, the timing advance may be updated using packet timing advance control
channels (PTCCH) based on the timing variance of access bursts sent on the uplink
PTCCH. This is a continuous timing advance update procedure that may require
additional signalling. The network may also monitor the delay of normal bursts and
access bursts sent by the communication station 108 on various control channels (e.g.,
in case of explicit polling by network for the access bursts).

[0027] In some alternate embodiments, two contiguous time slots may be
assigned to a RACH to allow access bursts that are configured in a normal-burst format
205 to be received when the timing advance is not known. For example, the enhanced
RACH 105 may comprise two contiguous time slots to allow an initial access burst 103
configured in normal-burst format 205 to be received when the timing advance is not
known.

[0028] FIG. 3B illustrates a legacy access burst structure. An access burst in
accordance with burst structure 320 may be used to request and establish a packet data
connection using the primary RACH 107 (FIG. 1). Burst structure 320 may be used for
transmitting an access request message 109 (FIG. 1) using the primary RACH 107 when
the timing advance is unknown by a communication station. The synchronization
sequence field 322 may be the same for all communication stations 108 and may be
used by the network to evaluate the distance of the communication station. The data
field 324 may contain a predetermined number (e.g., 8 or 11) of information bits

depending on the coding scheme used, and the guard time field 326 may be used to help
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guarantee that the base station 104 can properly receive the data field 324 within a time
slot. Burst structure 320 may also include tail bits 328. In GPRS and EGPRS wireless
networks, a communication station 108 may request resources by transmitting an access
request message 109, which may be referred to as channel request message or an
EGPRS packet channel request message, on the primary RACH 107. In these
embodiments, the primary RACH 107 may be a conventional RACH.

[0029] The access request message 109 transmitted on the primary RACH 107
may include information for use in establishing a subsequent connection in the data
field 324 rather than data having a network destination 110. For example, data field 324
may include an establishment cause, a request for either a one-phase or a two-phase
access and/or a random reference. Since the data field 324 is part of an access request
message 109, the data field 324 does not include data that is destined for a network
destination 110 (FIG. 1). Data field 324 may include information for use only by the
base station 104 or a network controller, such as a base station controller (not shown in
FIG. 1), which may be used for allocating resources (e.g. timeslots, carriers, spreading
codes, etc.) for a subsequent transmission of data that may be destined for a destination
within the network.

[0030] One issue with transmitting a conventional access request message, such
as the access request message 109, on the primary RACH 107 is that it does not include
identification information that may uniquely identify the transmitting station. Although
the access request message 109 may comprise one or more random bits, the same
random bits may be sclected by two communication stations transmitting
simultancously on the primary RACH 107. As discussed in more detail below, an
identifier, such as a shortened identifier, may be transmitted in the initial access burst
103 on the enhanced RACH 105 to uniquely identify the transmitting station.

[0031] A conventional access request message may be retransmitted (for
example, in case no response is received from the network) up to a maximum number of
times which may be indicated by the network in a RACH control parameter information
clement. The spacing between successive attempts may be configured to reduce or
minimize collisions with other communication stations. After transmitting a
conventional access request message, a communication station 108 may listen to a
broadcast channel (BCCH) and to a downlink common control channel timeslot for an
immediate assignment message from the network for assignment of network resources.
The network may also send an immediate assignment reject message, for example when

no resources are available.
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[0032] In accordance with some embodiments, the initial access burst 103 that
may be transmitted on the enhanced RACH 105 may comprise an enhanced access burst
in which at least some guard bits of guard time 326 are replaced with bits conveying the
data. In these embodiments, the enhanced access burst may be configured in accordance
with a legacy access burst structure 320. In these embodiments, the data conveyed
within some or all of the guard bits may be data having a network destination 110 rather
than control data for use by the base station 104, although this is not a requirement. In
these embodiments, an enhanced access burst configured in accordance with the legacy
access burst structure 320 may be transmitted with a known timing advance to be
received within a single time slot of the enhanced RACH 105 to help ensure that the
data bits are properly received.

[0033] FIG. 3C illustrates a transmission by a communication station when the
timing advance is known in accordance with some embodiments. A transmission 302
from base station 104 may be received by communication station 108 after a one-way
signal propagation delay 311. A transmission 306 may be transmitted by
communication station 108 with known timing advance (TA) 309 so that the
transmission 306 is received by the base station 104 within single time slot 307.
Transmission 306 may be transmitted on the enhanced RACH 105 (FIG. 1). The known
timing advance 309 may compensate for the one-way propagation delay 311 between
communication station 108 and the base station 104. In these embodiments, the
transmission 306 may be configured to be almost as long as a slot time. In some
embodiments, transmission 306 may be configured in normal-burst format 205 (FIG. 2)
and transmitted on enhanced RACH 105 (FIG. 1), although this is not a requirement.

[0034] In accordance with some embodiments, timeslot 307 may be a time slot
of the enhanced RACH 105 (FIG. 1). In these embodiments, a communication station,
such as communication station 102 (FIG. 1), may perform an initial access on the
enhanced RACH 105 when the timing advance is known by transmitting an initial
access burst 103 (FIG. 1). In these embodiments, the initial access burst 103 may be
configured for receipt within a single time-slot 307 of the enhanced RACH 105. The
initial access burst 103 may include a shortened identifier for use in identifying the
mobile station and/or data destined for a network destination 110.

[0035] Referring back to FIG. 1, in accordance with some embodiments, the
notification 101 from the base station 104 may indicate that the enhanced RACH 105 is
configured for initial access transmissions. The notification 101 may include parameters
defining the enhanced RACH 105 and the communication station 102 may perform an

initial access on the enhanced RACH 105 when a timing advance is known by the
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communication station 102. In these embodiments, the communication station 102 may
have enhanced-RACH capability and may have previously indicated to the base station
104 (or the core network) that it has enhanced-RACH capability, for example during a
prior registration process.

[0036] In some example embodiments, the enhanced RACH 105 may be
configured for small data transfer (SDT). The notification 101 may include parameters
defining the enhanced RACH 105 for SDT. In these embodiments, the user data
transmitted on the enhanced RACH 105 may comprise a SDT. These embodiments are
described in more detail below.

[0037] In some embodiments, different physical channels may be used for the
primary RACH 107 and the enhanced RACH 105. The primary RACH 107 may be
defined by a plurality of time slots and a first carrier frequency of a physical channel.
The enhanced RACH 105 may be defined by one or more time slots and one or more
carrier frequencies of a physical channel. In these embodiments, the primary RACH 107
may comprise most or all time slots of a physical channel, while the enhanced RACH
105 may comprise only a few time slots per frame or per multiframe of a physical
channel, although the scope of the embodiments is not limited in this respect.

[0038] In some alternate embodiments, the same physical channel may be used
by both the primary RACH 107 and the enhanced RACH 105. In some of these
embodiments, the primary RACH 107 and the enhanced RACH 105 comprise different
time slots of the same physical channel. In some of these embodiments, the primary
RACH 107 may use an entire physical channel (e.g., timeslot 0 on a particular carrier in
every frame), the enhanced RACH 105 may either partially or fully overlap the primary
RACH 107 and the base station 104 may detect the different bursts. In some
embodiments, the base station 104 may use blind detection to detect the different bursts.

[0039] In some embodiments, the primary RACH 107 and the enhanced RACH
105 may comprise logical channels that share one or more physical channels. Physical
channels may comprise by one or more carrier frequencies which may include hopping
carrier frequencies, although this is not a requirement.

[0040] In some embodiments, the primary RACH 107 may be used by
communication stations, such as communication station 106 without an enhanced-
RACH capability for transmitting access request messages 109 for an assignment of a
channel resource for a subsequent transmission of data irrespective of the amount of
data the communication station 106 may have to send. The enhanced RACH 105 may
be used by communication stations having an enhanced-RACH capability, such as

communication station 102, for transmitting the initial access burst 103 when an amount
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of data for transmission does not exceed an amount that can be transmitted in a single
burst for receipt within a single time slot on the enhanced RACH 105. In some
embodiments, when the amount of data for transmission exceeds the amount that can be
transmitted within a single burst on the enhanced RACH 105, a communication station
may cither use the primary RACH 107 to transmit an access request message 109 for an
assignment of a channel resource for subsequent transmission of the data, or may
transmit the data in multiple bursts on the enhanced RACH 105.

[0041] In some embodiments, the enhanced RACH 105 may be used by
communication stations having enhanced-RACH capability when the amount of data for
transmission exceeds the amount that can be transmitted in a single burst. In these
embodiments, data with a network destination 110 may be transmitted in multiple initial
access bursts 103 on the enhanced RACH 105.

[0042] In some embodiments when data is transmitted on the enhanced RACH
105 in multiple initial access bursts, the network may respond with an assignment or an
allocation of channel resources if one or more of the initial access bursts are not
properly received (e.g., due to collisions). In these embodiments, the receipt of a subset
of the data may be treated by the network as a request for resources to send the
complete set of data. In these embodiments, when the data is transmitted in multiple
initial access bursts, sequence numbers, for example, may be used to determine if any
one or more of the bursts are not properly received.

[0043] In some embodiments when data is transmitted on the enhanced RACH
105 in multiple initial access bursts, the data from the multiple bursts may be combined
at the base station 104 to reduce the amount of overhead (e.g., headers, etc.) associated
with sending segmented data over the network. In some embodiments, the combining
may be done at a relatively low level such as the radio-link control (RLC) or medium-
access control (MAC) layers, although this is not a requirement.

[0044] In some embodiments in which data is transmitted in multiple bursts on
the enhanced RACH 105, the frequency at which the multiple bursts are transmitted
may be restricted so that other communication stations may be able to utilize the
enhanced RACH 105 and to reduce the probability of collisions.

[0045] The primary RACH 107 may also be used by communication stations
with enhanced-RACH capability when the timing advance is unknown or when a
transmission using the enhanced RACH 105 is not appropriate given a quality-of-
service (QOS) level requirement associated with the data.

[0046] Communication stations, such as communication station 106, without an

enhanced-RACH capability may be referred to as legacy communication stations.
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Communication stations, such as communication station 102, with the enhanced-RACH
capability may be referred to as non-legacy communication stations.

[0047] The access request messages 109 transmitted by legacy communication
stations on the primary RACH 107 do not include data that has a network destination
110. Information transmitted within an access request message 109 transmitted in
primary RACH 107 may be limited to information for establishing and operating a
subsequent connection (such as a TBF or voice call) rather than data having a network
destination 110. Information regarding the primary RACH 107 may be broadcast
regularly by the base station 104 on a broadcast channel.

[0048] In some embodiments, the enhanced RACH 105 may also to be used by
communication stations having enhanced-RACH capability for transmitting access
request messages for an assignment of a channel resource for a subsequent transmission
of data. One advantage to the use of the enhanced RACH 105 rather than the primary
RACH 107 for transmission of an access request message is that the probability of
collisions may be lower on enhanced RACH 105 than with primary RACH 107. In these
embodiments, when the timing advance is known, a communication station with
enhanced-RACH capability may include additional information in the access request
message because the timing advance is known, and hence additional information may
be transmitted while ensuring the access request message is received within a single
time slot of the enhanced RACH 105. Furthermore, there would only be contention
between communications stations with enhanced-RACH capability on the enhanced
RACH 105.

[0049] In some embodiments, when the timing advance is unknown, the primary
RACH 107 may be used for transmitting access request messages 109 for an assignment
of a channel resource for a subsequent transmission of data. When the timing advance is
unknown, a communication station with enhanced-RACH capability may refrain from
transmitting an initial access burst 103 on the enhanced RACH 105.

[0050] In some embodiments, a communication station with enhanced-RACH
capability may be a non-mobile communication station having a fixed geographic
location. In these embodiments, the same or a predetermined timing advance may be
used for data transfers over the enhanced RACH 105. In these embodiments, the non-
mobile communication stations may transfer data within an initial access burst 103 over
the enhanced RACH 105 and the initial access burst 103 may be configured by the non-
mobile communication station to be no longer than a time-slot of the enhanced RACH
105. The initial access burst 103 may be configured to be in normal-burst format 205

(FIG. 1), although this is not a requirement.
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[0051] In some of these embodiments, the non-mobile communication stations
may comprise fixed nodes such as sensor nodes that report data over the network 100.
Examples of sensor nodes include environmental sensors, electric and gas meters and
other similar devices whose purpose is to report data such as sensor data. In some
embodiments, machine-type communications (MTC) may be communicated over the
enhanced RACH 105. MTC are generally, communications that do not involve a human
user and may be communicated by MTC communication stations. In these
embodiments, the same timing advance may be used by a communication station for all
data transfers over the enhanced RACH 105 as long as the location of the
communication station and the serving base station do not change their relative
locations. In some of these embodiments, these non-mobile communication stations
may be programmed with a predetermined timing advance, although this is not a
requirement. In some embodiments, a particular cell may be dedicated for MTC
communications and access may be configured for MTC-capable communication
stations.

[0052] When the communication station 102 is a mobile communication station
that does not have a fixed geographic location, the mobile station may determine
whether the timing advance is currently known. In these embodiments, when the timing
advance is known, the enhanced RACH 105 may be used for an initial access and
transmission of data. When the timing advance is not known or when a known timing
advance is not valid, the primary RACH 107 may be used for transmission of an access
request message 109 and a subsequent transmission of data. A mobile station may
determine whether the timing advance is currently known or has changed based on, for
example, cell identification information transmitted by the base station 104,
accelerometer data, global-positioning system (GPS) data, time and speed data, current
or neighbor cell power level data, as well as other data that can be used to determine
whether the timing advance is known. In some embodiments, when the timing advance
is unknown, the mobile station may be able to determine the current timing advance so
that it may use the enhanced RACH 105. In these embodiments, a mobile station may
use conventional techniques, such as ranging, to measure the propagation delay and
determine a current timing advance. The mobile station may also receive downlink
channels from the base station 104 to determine the timing advance and may receive a
timing advance update value from the network 100 for use in determining its timing
advance.

[0053] In some embodiments, the enhanced RACH 105 may be configured as a
normal-burst RACH (NB-RACH). The notification 101 received from the base station
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104 may provide notification of existence of the NB-RACH and a communication
station with enhanced-RACH capability may configure a burst size of an initial access
burst 103 to be no greater than a time-slot of the NB-RACH. In these embodiments,
initial access burst 103 may be configured as a normal burst in normal-burst format 205
(FI1G. 2).

[0054] In some embodiments, data transmitted by communication station 102 on
the enhanced RACH 105 may comprise data having either a low-latency requirement or
a quality of service (QOS) level requirement that does not require an acknowledgement.
In these embodiments, communication station 102 may use the enhanced RACH 105 for
transmission of data that does not need to be acknowledged immediately by the network
100 or data that does not need to be acknowledged at all. The use of the enhanced
RACH 105 may permit a very fast transmission of data when no acknowledgement is
required because TBF setup is avoided. Sensor data and MTC, for example, may not
require acknowledgements (e.g., because battery consumption of a sensor node may be
more important than receiving an acknowledgment of the data). Some other examples of
low-latency data and data that do not require an acknowledgement may include
indications of message sent, indications of message read, status update and instant
messages. Embodiments that do not utilize or require acknowledgements at a particular
protocol layer may be referred to as operating in accordance with an unacknowledged
(UNACK) mode. In some cases, acknowledgements (ACK) may be provided by high-
layers rather than being provided by a physical layer or by protocols terminating within
the radio access network or within the mobile network in general. For example,
acknowledgements may be provided by higher-layers for some protocols that are not
terminated within the network entities such as the base station or a serving GPRS
support node (SGSN).

[0055] In some embodiments, the shortened identifier that may be included in
the initial access burst 103 on the enhanced RACH 105 may be determined by either the
communication station 102 or the base station 104 based on a full-length (e.g., a 32-bit)
identifier that uniquely identifies the communication station 102, either globally or
locally (e.g., within a routing area). In these embodiments, the shortened identifier may
be based on a 32-bit international mobile subscriber identity (IMSI), a temporary logical
link identifier (TLLI), a temporary mobile subscriber identity (TMSI), or some other
identifier of the communication station 102. For example, the shortened identifier may
comprise the last 5 bits of the full-length identifier. In these embodiments, the shortened
identifier may be determined by either the communication station 102 or the base
station 104.
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[0056] In some embodiments, the shortened identifier may be substantially
shorter than a full-length identifier. Because only communication stations that are
known by the base station 104 to have enhanced-RACH capability transmit on the
enhanced RACH 105, the shortened identifier may be used to uniquely identify each of
these communication stations and reduce contention resolution. In these embodiments,
the shortened identifier needs only to be long enough, in terms of the number of bits, to
be able to distinguish communication stations with enhanced-RACH capability that may
transmit on the enhanced RACH.

[0057] In some embodiments, the shorted identifier may be assigned by the
network and may be determined based on the particular cell or cell ID. In some
embodiments, a partial identifier may be used in combination with a RACH group
(discussed below) to identify the communication station. In some embodiments, a hash
function may be used (i.c., a hash of the full-length identifier or a shortened identifier.
In some alternate embodiments, the full-length identifier may be used in the initial
access burst 103 on the enhanced RACH 105.

[0058] In some embodiments, the notification 101 may include the shortened
identifier for use by the communication station 102 to identify the communication
station in the initial access burst 103. In these embodiments, the base station 104 may
provide a shortened identifier to the communication station 102 for use on the enhanced
RACH 105, although this is not a requirement. In some embodiments, the shortened
identifier may be provided in addition to or instead of the parameters defining the
enhanced RACH 105 transmitted in the notification 101.

[0059] In some embodiments, prior to receiving the notification 101 from the
base station 104 of the existence of the enhanced RACH 105, the communication
station 102 may perform a registration process with the network (e.g., via the base
station 104). During the registration process, the communication station 102 may
indicate whether or not it has enhanced-RACH capability to support data transmission
on the enhanced RACH 105. During the registration process, the communication station
102 may provide the network with a full-length identifier that uniquely identifies the
communication station 102. The registration process is not considered a request for
channel resources and no resources are generally assigned to the communication station
102 for data transfer as part of the registration process. During the registration process,
resources to allow completion of the registration process may be allocated. In some
embodiments, the base station 104 may assign a shortened identifier to the

communication station 102 when the communication station 102 indicates that it has
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enhanced-RACH capability. The shortened identifier may be provided to the
communication station 102 in the notification 101.

[0060] In some embodiments, the initial access burst 103 may be triggered by an
upper level layer of the communication station 102 that has data to send to a network
destination 110 when the communication station 102 has no assigned resources on a
data channel, such as resources on a packet data channel (PDCH). In these
embodiments, data and the shortened identifier may be included in the initial access
burst 103 transmitted on the enhanced RACH 105. This is unlike the use of a
conventional RACH, such as the primary RACH 107, in which transmissions of data
with a network destination 110 are not permitted. This is also unlike the use of a
conventional RACH, such as the primary RACH 107, which do not include an identifier
that allows the network to uniquely determine the identity of the transmitting station.

[0061] In some embodiments, when an amount of the data for transmission
exceeds a predetermined value for transmission of the data on the enhanced RACH 105
or when the QoS requirements for the data do not meet one or more predetermined
criteria, the communication station 102 may refrain from transmitting the initial access
burst 103 on the enhanced RACH 105 and may attempt to establish a TBF with the base
station 104 for transmission of the data. In these embodiments, the TBF may be
established by sending an access request message 109 on the primary RACH 107 to
request channel resources. In some embodiments, when a communication station 108
receives data from the upper layers data which exceeds the maximum permitted data
transfer on the enhanced RACH 105, the communication station 108 may request an
uplink TBF using the one-phase or two-phase access (e.g., in accordance with 3GPP TS
44.018), or may transmit a request for packet resources on the enhanced RACH 105.

[0062] In some embodiments, when a communication station 102 is permitted to
access the enhanced RACH 105 at the time when data is received from upper layers, the
communication station 102 may initiate transmission on the enhanced RACH 105 at the
next opportunity. In some embodiments, for example if a communication station may
generates upper layer traffic at pre-determined times (e.g. every hour), the
communication station 102 may delay initial transmission by a random amount to avoid
collisions with other devices which generate traffic at the same time.

[0063] In some embodiments, when data is received from upper layers, if the
communication station 102 is not permitted to access the enhanced RACH 105 and has
no opportunity to transmit on the enhanced RACH 105 within a pre-determined time
window (e.g. within the current multiframe), the communication station 102 may

initiate transmissions on the enhanced RACH 105 at one of the next opportunities. The
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selection of which opportunity to use may be random or quasi-random. The selection of
which opportunity to use may have a predetermined probability range that any particular
opportunity is selected, although this is not a requirement. These embodiments may
avoid a situation in which multiple communication stations that have buffered traffic
and which have the same or similar restrictions on when they can transmit on the
enhanced RACH 105 initiate transmissions at the same instant. In some embodiments,
depending on various parameters such as QoS vs. next opportunity delay and data size,
a TBF may be established using primary RACH 107.

[0064] In some embodiments, the base station 104 may establish the enhanced
RACH 105 by sending an enhanced-RACH notification message on a control channel
(e.g., a PACCH) using a single block packet downlink assignment procedure. The
enhanced-RACH notification message may indicate the parameters defining the
enhanced RACH 105. In some time-division multiple access (TDMA) embodiments,
the notification may include an identification of time-slots of TDMA frames that
comprise the enhanced RACH 105. In some embodiments, the enhanced RACH
notification message may indicate particular carrier frequency or other information that
defines the enhanced RACH 105. In some embodiments, particular time slots of each
TDMA frame may comprise the enhanced RACH 105, while other time slots of the
frame may comprise other channels, such as packet data channels or the primary RACH
107. In some GSM embodiments, a TDMA frame may comprise eight time slots and
may be approximately 4.6 ms long, although the scope of the embodiments is not
limited in this respect. In an example embodiment, the third time slot, such as time slot
203 (FIG. 2) of each TDMA frame 202 may be assigned to the enhanced RACH 105.

[0065] In some embodiments, the notification 101 may be provided is a message
individually directed to particular communication stations with enhanced-RACH
capability (i.e., signaling point-to-point). In some alternate embodiments, the
notification 101 may be broadcast to indicate the existence and characteristics of the
enhanced RACH 105.

[0066] In some embodiments, the availability of the enhanced RACH may
depend on the available resources. In these embodiments, the notification 101 may
indicate that the enhanced RACH 105 is supported but is not presently available. This
may indicate that the current cell is congested and may serve as a congestion indicator.
In some embodiments, communication stations 108 that have low-latency data to
transmit, such as MTC, may refrain from transmissions on the enhanced RACH 105
until the enhanced RACH 105 is available.
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[0067] In some embodiments, the notification 101 of the enhanced RACH 105
may indicate a definition of the enhanced RACH 105, whether RACH groupings are
applicable to the enhanced RACH 105, which packet-flow contexts (PFCs) may be used
on the enhanced RACH 1035, the shortened identifier to be used by a communication
station on the enhanced RACH 105, whether pre-emptive re-transmissions are permitted
on the enhanced RACH 105, a predetermined number of bursts that comprise a
transmission on the enhanced RACH 105, any timing restrictions on the enhanced
RACH 105, restrictions on an amount of data transmitted on the enhanced RACH 105,
whether reception acknowledgements from the base station may be requested by the
mobile station, and/or a validity time of the enhanced RACH 105.

[0068] In some embodiments, any pre-emptive retransmissions (e.g., when
permitted) may be sent within a predetermined period of time (e.g., one second) of the
first transmission in the sequence. In some embodiments, data belonging to a new
sequence may be transmitted after predetermined period of time (e.g., five seconds) of
the last transmission of the previous sequence.

[0069] In some embodiments, the base station 104 or other network entity 112
such as a SGSN may associate transmissions from the communication station 102 with
a particular network destination 110. In these embodiments, the communication station
102 may refrain from including a network destination 110 address or other destination
indicator for the data include in the initial access burst 103 on the enhanced RACH 105.
The base station 104 may add the destination address to the data prior to transmitting or
forwarding the data to the network destination 110. In these embodiments, all data
transmissions over the enhanced RACH 103 by a particular communication station may
have the same network destination 110. In some embodiments, a PDP context may have
been established with the communication station 102 and be associated with a particular
destination which allows the base station 104 or other network entity such as the SGSN
to identify the target destination for the data.

[0070] In some embodiments, when the notification of the enhanced RACH 105
indicates that RACH groupings are applicable to the enhanced RACH 105, the
communication station 102 may be assigned one of a plurality of RACH groups.
Communication stations of a RACH group may be restricted to transmit an initial access
burst 103 on the enhanced RACH 105 in TDMA frames assigned to the RACH group.
In this way, a shorter identifier may be used because the identifier only needs to
distinguish between communication stations in a RACH group. This is because initial
access bursts 103 from communication stations of a particular RACH group would be

received by the base station within TDMA frames assigned to that RACH group. In



10

15

20

25

30

35

WO 2011/111012 PCT/IB2011/051003

18

these embodiments, the identity of a communication station may be determined at least
in part from the time (e.g. as characterized by a TDMA frame and/or timeslot) when the
initial access burst is received. In these embodiments that use RACH groups, collisions
may be reduced to collisions between communication stations of the same RACH
group.

[0071] In some embodiments, when the notification 101 indicates that RACH
groupings are applicable to the enhanced RACH 105, the communication station 102
may be assigned one of a plurality of RACH groups. The communication stations of a
RACH group may provide a RACH group identifier along with the shortened identifier
as part of the initial access burst 103. The identify of a communication station
transmitting an initial access burst on the enhanced RACH 105 may be determined at
least in part based on the RACH group identifier allowing shorter identifiers to be used.
The use of shorter identifiers provides additional room for data within the initial access
burst 103.

[0072] In some embodiments, the initial access burst 103 may include an
indication of capabilities of the communication station 102. This indication of
capabilities may be instead of or in addition to data having a network destination
included in the initial access request 103. This indication of capabilities may be instead
of or in addition to the shortened identifier that may be included in the initial access
burst 103. These capabilities may include an indication that the communication station
102 has enhanced capabilitics, as well as other capabilities of the communication station
102.

[0073] In some embodiments, the initial access burst 103 may be configured to
include additional information, such as information about a requested data channel,
information about capabilitiecs of the communication station, and information
identifying the communication station. The initial access burst 103 may also be a
request for uplink channel resources and the additional information is other than or in
addition to an indicator for either a radio link control (RLC) acknowledge or
unacknowledge mode. In these embodiments, the request for uplink packet resources
including one or more additional fields in addition to fields of a conventional channel
request message or a conventional packet resource request message. In some
embodiments, a conventional channel request message or a conventional packet
resource request message may be used to convey this information within the initial
access burst 103 on the enhanced RACH 105. Because the initial access burst 103 is

transmitted with a timing advance to be received within a single time slot of the
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enhanced RACH 105, the initial access burst 103 can be properly received by the base
station.

[0074] In some embodiments, the information about a requested data channel
may includes at least one of an indication of an amount of data to be sent, an indication
of signal quality, radio-frequency measurements (e.g., signal strength or interference
measurements) or channel quality measurements, a priority associated with the data to
be sent, and QoS parameters associated with the data to be sent. The QoS parameters,
for example, may indicate the peak throughput or the class.

[0075] In some embodiments, the information about capabilities of the
communication station may include information for use by a base station 104 in setting
up a TBF with the communication station with parameters corresponding to the
capabilities of the communication station. In these embodiments, an indicator of
capability may be used by the network or the base station to assign uplink resources to
make use of the communication station’s capabilities when setting up the TBF.

[0076] In some embodiments, the communication station 102 may refrain from
providing the information about capabilities when the initial access burst is not
requesting TBF and when the initial access burst includes data having a network
destination. In these embodiments, since the communication station is not requesting a
TBF, there may be no need to include communication station capability.

[0077] In some embodiments, the timing advance may be an amount of time that
may allow communication 102 to transmit bursts with shorter guard times to allow for
an increase in the amount of information that may be included in a burst. In these
embodiments, the timing advance may be a less precise or rough estimate of an amount
of time to advance transmission of a burst to be sufficient to permit transmission of a
burst containing more information than is conventionally contained within an access
burst (where no timing advance knowledge is assumed). In some of these embodiments,
the more accurate the timing advance, the longer the burst that can be transmitted
allowing more information to be included within the burst.

[0078] In some embodiments, communication stations with enhanced RACH
capability may use two or more burst formats for initial transmissions. The
determination of which burst format may be based on whether or not the timing advance
is known or valid. When the timing advance is known or valid, an initial transmission,
such as initial access burst 103, may be transmitted on the enhanced RACH 105. The
initial access burst 103 may be in normal-burst format 205 although this is not a

requirement. When the timing advance is unknown or invalid, an initial transmission
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configured in accordance with access burst structure 320 may be transmitted on primary
RACH 107.

[0079] FIG. 4 is a functional block diagram of a communication station in
accordance with some embodiments. Communication station 400 may include, among
other elements, transceiver circuitry 404 and processing circuitry 406. Transceiver
circuitry 404 may be coupled to one or more antennas 408 for transmitting and
receiving signals from base stations, such as base station 104 (FIG. 1). Communication
station 400 may have enhanced-RACH capability and may be suitable for use as any of
communication stations 108 (FIG. 1) including communication station 102 (FIG. 1).

[0080] In accordance with some embodiments, the communication station 402
may be configured to transmit data on a random access channel. In these embodiments,
the processing circuitry 406 may configure an initial access burst, such as initial access
burst 103 (FIG. 1), for transmission on an enhanced RACH, such as enhanced RACH
105 (FIG. 1). The initial access burst may include at least one of a shortened identifier
and data having a network destination 110 and may be configured to be no greater than
a single time slot of the enhanced RACH 105. When the timing advance is known, the
transceiver circuitry 404 may transmit the initial access burst 103 with a timing
advance, such as timing advance 309 (FIG. 3C), to be received within the single time
slot of the enhanced RACH 105.

[0081] In some embodiments, communication station 400 may be part of a
portable wireless communication device, such as a personal digital assistant (PDA), a
laptop or portable computer with wireless communication capability, a web tablet, a
wireless telephone, a wireless headset, a pager, an instant messaging device, a digital
camera, an access point, a television, a smart phone, or other device that may receive
and/or transmit information wirelessly.

[0082] Antennas 408 may comprise one or more directional or omnidirectional
antennas, including, for example, dipole antennas, monopole antennas, patch antennas,
loop antennas, microstrip antennas or other types of antennas suitable for transmission
of RF signals. In some embodiments, instead of two or more antennas, a single antenna
with multiple apertures may be used. In these embodiments, each aperture may be
considered a separate antenna. In some multiple-input multiple-output (MIMO)
embodiments, antennas 408 may be effectively separated to take advantage of spatial
diversity and the different channel characteristics that may result between each of
antennas 408 and the antennas of a transmitting station.

[0083] Although communication station 400 is illustrated as having several

separate functional elements, one or more of the functional elements may be combined
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and may be implemented by combinations of software-configured elements, such as
processing clements including digital signal processors (DSPs), and/or other hardware
clements. For example, some elements may comprise one or more microprocessors,
DSPs, application specific integrated circuits (ASICs), radio-frequency integrated
circuits (RFICs) and combinations of various hardware and logic circuitry for
performing at least the functions described herein. In some embodiments, the functional
elements of communication station 400 may refer to one or more processes operating on
one or more processing elements. Processing circuitry 406 may comprise one or more
Processors.

[0084] In some embodiments, communication station 400 may be configured as
a GPRS module having a fixed geographic location that is configured for MTC. In these
embodiments, the processing circuitry 406 may configure an initial access burst for
transmission on the enhanced RACH 105. The initial access burst 103 may include data
having a network destination 110 and the initial access burst 103 may be configured to
be no greater than a single time slot of the enhanced RACH. The transceiver circuitry
404 may transmit the initial access burst with a timing advance to be received within the
single time slot of the enhanced RACH 105. In these embodiments, the data included in
the initial access burst may be a small data transfer (SDT) that is limited to a
predetermined number of bits (e.g., less than eleven uncoded bits or thirty-six coded
bits). In some of these embodiments, the initial access burst may be configured in
normal-burst format 205 (FIG. 2). In some embodiments, the GPRS module may be part
of a sensor device configured to report sensor data over a GSM network.

[0085] FIG. 5 is a procedure for transmitting on an enhanced RACH in
accordance with some embodiments. Procedure 500 may be performed by a
communication station, such as communication 102 (FIG. 1), for transmitting on an
enhanced RACH, such as enhanced RACH 105 (FIG. 1). In operation 502, the
communication station may register with a base station and may indicate that it has
enhanced-RACH capabilities. During the registration, the communication station may
provide its full-length identifier to the base station.

[0086] In operation 504, the communication station may receive a notification
from the base station of the existence of the enhanced RACH. The notification may
indicate the parameters defining the enhanced RACH including an identification of the
particular time slots of TDMA frames that comprise the enhanced RACH. The
notification may also include a shortened identifier that the communication station may

use when transmitting on the enhanced RACH. In some embodiments, the notification
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may include the timing advance for use in transmitting on the enhanced RACH,
although this is not a requirement.

[0087] In operation 506, the communication station determines whether its
timing advance is known. When the timing advance is known and believed to be valid,
operation 508 is performed. When the timing advance is unknown or not believed to be
valid, operation 510 is performed.

[0088] In operation 508, the communication station may perform an initial
access on an enhanced RACH by transmitting an initial access burst. The initial access
burst is transmitted based on the timing advance to be received by the base station
within a single time slot of the enhanced RACH. The initial access may include
additional information not normally included in a conventional access request message,
such as data having a network destination, a shortened identifier for use in identifying
the communication station, or other information such as information about a requested
data channel, information about capabilities of the communication station, and
information identifying the communication station.

[0089] In operation 510, the communication station may transmit an access
request message on the primary RACH. In operation 512, the communication station
may be allocated bandwidth on a communication channel. In some embodiments, a TBF
may be established for the transmission of uplink data from the communication station
to the base station, although establishing a TBF is not a requirement.

[0090] Although the individual operations of procedure 500 are illustrated and
described as separate operations, one or more of the individual operations may be
performed concurrently, and nothing requires that the operations be performed in the
order illustrated.

[0091] FIG. 6 is a functional block diagram of a base station in accordance with
some embodiments. Base station 600 includes, among other things, transceiver circuitry
604 and processing circuitry 606. Transceiver circuitry 604 may be configured to
transmit and receive RF signals using one or more of antennas 608. Base station 600
may be suitable for use as base station 104 (FIG. 1) although other configurations may
also be suitable.

[0092] In accordance with some embodiments, the processing circuitry 606 may
be configured to cause the transmitter circuitry 604 to receive an initial access burst,
such as initial access burst 103 (FIG. 1), from a communication station, such as
communication station 102 (FIG. 1), on an enhanced RACH, such as enhanced RACH
105 (FIG. 1). The initial access burst may include a shortened identifier to identify the

communication station. The initial access burst may alternatively or also include data.
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As discussed above, the initial access burst may have been transmitted by a
communication station with a known timing advance to be received within a single time
slot of the enhanced RACH 105.

[0093] In accordance with some embodiments, the data included in the initial
access burst and received on the enhanced RACH 105 may include data having a
network destination 110 (FIG. 1). The processing circuitry 606 may be configured to
associative additional information with the data for forwarding to the network
destination 110. These embodiments are discussed in more detail below.

[0094] Antennas 608 may comprise one or more directional or omnidirectional
antennas, including, for example, dipole antennas, monopole antennas, patch antennas,
loop antennas, microstrip antennas or other types of antennas suitable for transmission
of RF signals. In some embodiments, instead of two or more antennas, a single antenna
with multiple apertures may be used. In these embodiments, each aperture may be
considered a separate antenna. In some MIMO embodiments, antennas 608 may be
effectively separated to take advantage of spatial diversity and the different channel
characteristics that may result between each of antennas 608 and the antennas of a
transmitting station.

[0095] Although base station 600 is illustrated as having several separate
functional elements, one or more of the functional elements may be combined and may
be implemented by combinations of software-configured elements, such as processing
elements including digital signal processors (DSPs), and/or other hardware elements.
For example, some clements may comprise one or more microprocessors, DSPs,
application specific integrated circuits (ASICs), radio-frequency integrated circuits
(RFICs) and combinations of various hardware and logic circuitry for performing at
least the functions described herein. In some embodiments, the functional elements of
base station 600 may refer to one or more processes operating on one Or more
processing elements. Processing circuitry 606 may comprise one or more processors. In
some embodiments, some of the functions and operations performed by the base station
600 may be performed other network entities such as a base station controller.

[0096] FIG. 7 is a procedure for receiving transmissions on an enhanced RACH
in accordance with some embodiments. Procedure 700 may be performed by a base
station, such as base station 600 (FIG. 6), or other network entity, such as network
entities 112. In some embodiments, portions of the procedure 700 may be performed
other network entity, such as a SGSN.

[0097] Operation 702 comprises transmitting a notification, such as notification
101 (FIG. 1), of the enhanced RACH. The notification may include parameters defining
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the enhanced RACH for initial access transmissions. In some embodiments, the
parameters may include an identification of time-slots of TDMA frames that comprise
the enhanced RACH. In some embodiments, a shortened identifier may be provided to a
communication station with enhanced-RACH capability for use in a subsequent
transmission on the enhanced RACH. In some embodiments, the parameters of the
notification may indicate if the normal-burst format is to be used for initial access bursts
on the enhanced RACH.

[0098] Operation 704 comprises receiving an initial access burst from a
communication station on the enhanced RACH. The initial access burst 103 may
include a shortened identifier to identify the communication station and data, although
this is not a requirement. The initial access burst 103 may have been transmitted by the
communication station 102 with a timing advance to be received within a single time
slot of the enhanced RACH 105.

[0099] Operation 706 comprises associating information such as the shortened
identifier received in the initial access burst with a full-length identifier of the
communication station.

[00100] Operation 708 comprises associating data received in the initial
access burst with a network destination address based on an identity of the
communication station. In these embodiments, the data included in the initial access
burst received on the enhanced RACH 105 may comprise data having a network
destination. In these embodiments, the base station or other network entity may
associate additional information with the data for forwarding to the network destination.
The data may be combined with additional information, such as a source or destination
address, and/or a full-length identifier of the communication station.

[00101] In some embodiments, the data received in the initial access burst
may be associated with a network destination address based on an identity of the
communication station. In operation 710, the data with the network destination address
and the full-length identifier may be transmitted or forwarded to a network destination,
such as network destination 110 (FIG. 1).

[00102] In some embodiments, prior to receiving the initial access burst in
operation 704, the base station may perform an initial registration with the
communication station to receive the full-length identifier of the communication station
and may provide the shortened identifier to the communication station in the
notification 101 of the enhanced RACH. The shortened identifier may be for use by the
base station to distinguish between transmissions on the enhanced RACH 105 from

other communication stations with enhanced-RACH capability.
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[00103] Although the individual operations of procedure 700 are
illustrated and described as separate operations, one or more of the individual operations
may be performed concurrently, and nothing requires that the operations be performed
in the order illustrated. Furthermore, there is no requirement that both operations 706
and 708 be performed as either operation may be optional.

[00104] Embodiments may be implemented in one or a combination of
hardware, firmware and software. Embodiments may also be implemented as
instructions stored on a computer-readable storage medium, which may be read and
executed by at least one processor to perform the operations described herein. A
computer-readable medium may include any tangible medium for storing in a form
readable by a machine (e.g., a computer). For example, a computer-readable medium
may include read-only memory (ROM), random-access memory (RAM), magnetic disk
storage media, optical storage media, and flash-memory devices.

[00105] Although many embodiments described herein relate to GSM
networks, including GPRS and EGPRS networks, embodiments are generally applicable
to any wireless network that uses a TDMA random-access channel.

[00106] The Abstract is provided to comply with 37 C.F.R. Section
1.72(b) requiring an abstract that will allow the reader to ascertain the nature and gist of
the technical disclosure. It is submitted with the understanding that it will not be used to
limit or interpret the scope or meaning of the claims. The following claims are hereby
incorporated into the detailed description, with each claim standing on its own as a

separate embodiment.
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CLAIMS

What is claimed is:

1. A method for transmitting on an enhanced random-access channel (RACH)
by a device such that an initial access burst is received in a single time slot by a wireless
network, the method comprising;:

determining a timing advance, the timing advance being associated with a
serving cell; and

transmitting, using the determined timing advance, the initial access burst, on
the enhanced RACH, that includes at least on¢ of an identifier or user data.

2. The method of claim 1, wherein the method is performed in a time-division
multiple access (TDMA) communication system,

wherein the method further comprises receiving a notification from a base
station indicating that the enhanced RACH is configured for initial access
transmissions, the notification including parameters defining the enhanced RACH
including an identification of time-slots of TDMA frames that comprise the enhanced
RACH, and

wherein the user data includes data having a network destination.

3. The method of claim 2 wherein the enhanced RACH is a secondary RACH,

wherein a primary RACH is provided by the base station for transmission of
access request messages by devices requesting assignment of a channel resource, and

wherein when the timing advance is unknown, the method further comprises:
using the primary RACH for transmitting access request
messages for an assignment of a channel resource for a subsequent
transmission of data; and
refraining from transmitting the initial access burst on the
enhanced RACH.

4. The method of claim 3 wherein the primary RACH is to be used by the
devices without an enhanced-RACH capability for transmitting access request
messages,

wherein the enhanced RACH is to be used by the devices having the enhanced-
RACH capability when an amount of data for transmission does not exceed an amount
that can be transmitted in a single burst for receipt within a single time slot on the
enhanced RACH.
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5. The method of claim 4 wherein when the amount of data for transmission
exceeds an amount that can be transmitted in a single burst for receipt within a single
time slot on the enhanced RACH, the method further comprises either:

transmitting the data in multiple initial access bursts on the enhanced RACH
based on the timing advance; or

transmitting an initial access request message on the primary RACH to request
an assignment of a channel resource for a subsequent transmission of the data.

6. The method of claim 4 wherein the initial access burst is triggered by an
upper-level layer of the device that has data to send to the network destination when the
device has no assigned resources on a data channel for data transmission, and

wherein when the amount of data for transmission exceeds a predetermined
amount, or when quality-of-service (QoS) requirements for the data do not meet one or
more predetermined criteria able to be met by the enhanced RACH, the method
comprises:

refraining from transmitting the initial access burst on the enhanced RACH; and

requesting a temporary block flow for transmission of the data.

7. The method of claim 1 wherein the initial access burst transmitted on the
enhanced RACH comprises an enhanced access burst in which at least some guard bits
are replaced with bits conveying the data, and

wherein the enhanced access burst is configured in accordance with a legacy
access burst structure.

8. The method of claim 1 wherein the data transmitted by the device on the
enhanced RACH comprises data having either a low-latency requirement or a quality of
service level requirement that does not require an acknowledgement from a radio access
network.

9. The method of claim 1 wherein transmissions on the enhanced RACH are to
be configured in a normal-burst format,

wherein the method further includes the device configuring the initial access
burst for transmission on the enhanced RACH in accordance with a normal-burst
format, and

wherein transmission of the initial access burst in the normal-burst format is no
greater than a time-slot of the enhanced RACH.

10. The method of claim 9 wherein the device is a non-mobile communication
station having a fixed geographic location,

wherein a same timing advance is to be used for the non-mobile communication

station for small data transfers over the enhanced RACH, and
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wherein the small data transfers comprise machine-type communications
(MTC).

11. The method of claim 2 wherein the base station and the device operate
within the wireless network,

wherein prior to receiving the notification from the base station of the enhanced
RACH, the method comprises the device indicating to the wireless network whether or
not the device has enhanced-RACH capability to support small data transmission on the
enhanced RACH and provides the wireless network with a full-length identifier that
uniquely identifies the device,

wherein the notification received from the base station includes the identifier to
identify the device from other devices with enhanced-RACH capability, and

wherein the initial access burst includes the identifier.

12. The method of claim 2 wherein the base station establishes the enhanced
RACH by sending an enhanced-RACH notification message on a control channel using
a single block packet downlink assignment procedure.

13. A device comprising a processor configured to:

configure an initial access burst for transmission on an enhanced random-access
channel (RACH) when a timing advance (TA) is known by the communication station,
the initial access burst to include at least one of an identifier and user data; and

cause transceiver circuitry to transmit the initial access burst based on the timing
advance to be received by a base station within a single time slot of the enhanced
RACH.

14. The device of claim 13 wherein the device is configured to operate within a
time-division multiple access (TDMA) communication system, and

wherein the transceiver circuitry is further configured to receive a notification
from the base station indicating that the enhanced RACH is configured for initial access
transmissions, the notification including parameters defining the enhanced RACH
including an identification of time-slots of TDMA frames that comprise the enhanced
RACH, and

wherein the user data includes data having a network destination.

15. The device of claim 14 wherein the enhanced RACH is a secondary RACH,

wherein a primary RACH is provided by the base station for transmission of
access request messages by devices requesting assignment of a channel resource, and

wherein when the timing advance is unknown, the transceiver circuitry is further

configured to:



WO 2011/111012 PCT/IB2011/051003

29

use the primary RACH for transmitting access request messages
for an assignment of a channel resource for a subsequent transmission of
data; and
refrain from transmitting the initial access burst on the enhanced RACH.
5 16. The method of claim 1 further comprising transmitting enhanced RACH
capability information associated with the device in the initial access burst.
17. A computer readable medium having instructions stored thereon that, when

executed, cause a machine to implement the method as defined in any of claims 1 to 12.

10
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