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methods for wirelessly transmitting application data utilizing priority
information for each radio link control (RLC) data block transmitted.
Advantageously, the application data with a relatively high transmis-
sion priority is not substantially delayed by the transmission of applica-
tion data with substantially lower transmission priorities.
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SYSTEMS AND METHODS FOR TRANSMITTING RADIO
LINK CONTROL (RLC) DATA BLOCKS

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Patent Application
No. 61/174,229, filed on 04/30/2009.

TECHNICAL FIELD
Aspects of the invention relate to the field of wireless telecommunications.

More specifically, in one aspect, the invention relates to reducing transmission

delay for high priority RLC data biocks.

BACKGROUND
General Packet Radio Service (GPRS) is commonly available in cellular
telephone networks to transmit voice and other application data between a mobile
station (MS) (e.g., a cellular telephone) and a base station. GPRS utilizes packet
based communications. That is, application data transmitted between the MS and
the base station is grouped into packets or protocol data units (PDUs). As used
herein the term protocol data unit means data in a format specified by a protocol,
which data includes a header containing protocol control information (e.g., address
information for routing the protocol data unit) and possibly a data portion
containing application data or another protocol data unit.
As illustrated in FIG. 1, an MS 102 may include one or more processes 105
(e.g., a voice call, a web browser, and a text messaging client) that send and
receive application data to other devices attached to an external network (e.g., the

Internet) via wireless communication 116 with a base station 104. As shown in
FIG. 1, the MS 102 may typically include a multi-level GPRS protocol stack for
converting PDUs created by the processes 105 (e.g., Internet Protocol (IP)
packets) to PDUs suitable for wireless transmission over a GPRS network. The
GPRS protocol stack in the MS 102 will usually include transport / network layers
106 (e.g., TCP/IP, UDP/IP, etc.), a logical link control (LLC) layer 108, a radio link
control (RLC) layer 110 including at least one RLC engine 111 (i.e., RLC entity) for
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performing the functions of the RLC layer 110, and a media access control (MAC)
/ physical (PHY) layer 112. Each layer in the transmission protocol stack may
receive a PDU from the layer above, perform various transformations on the
received PDU (e.g., segmentation, adding additional headers, etc.), and transmit
the resulting PDU(s) to the next layer. (For receiving data, each layer may receive
one or more PDUs from the layer below, perform various transformations (e.g.,
reassembly of larger PDUs, removing headers, etc.), and provide the resulting
PDU to the layer above.) For example, a process 105 may generate application
data for transmission. The network layer 106 converts this data to a network layer
PDU (e.qg., an IP packet), the LLC layer 108 bonverts the network layer PDU to an
LLC PDU, the RLC layer converts the LLC PDU to one or more RLC PDUs (i.e.,
RLC data blocks), and the MAC / PHY layer may add a MAC header to the RLC
data blocks to generate RLC / MAC data blocks and transmit these blocks over the
physical link (e.g., the wireless antenna 114). Itis possible that some or all of the
layers may be combined. For example, although the RLC layer and MAC layer
are shown as separate layers, they may be combined to form an RLC/MAC layer.

Different categories of processes 105 may prioritize different attributes of
network resources based on the nature of the application data requiring
transmission. For example, voice conversations are highly sensitive to network
delays, but can tolerate some lost information. On the other hand, digital
computer data transfers to and from servers (e.g., downloading and interacting
with world wide web pages) may be more tolerant of brief transmission delays, but
may require that all packets are successfully delivered. These different priorities
can be generally characterized as quality of service (QoS) attributes. For
example, voice conversations may have QoS attributes reflecting a desire for
prompt transmission, but not necessarily guaranteed delivery (e.g., packets that
are unsuccessfully transmitted (i.e., dropped) may not be retransmitted or even
acknowledged as dropped by the receiving entity). On the other hand, digital
computer data transfers to and from servers may have QoS attributes
requirements reflecting that the packets may be delayed if necessary, but that any
dropped packets should be acknowledged and possibly retransmitted until

successfully received. Additional characteristics of processes 105 may suggest
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other QoS attributes, and relative delay and error tolerances may vary between
applications.

To specify each distinct set of QoS attributes required by processes 109, a
session management (SM) protocol entity in the MS 102 may request the
activation of a packet data protocol context (PDP context) from a peer SM protocol
entity in the network controlling the base station 104 wherein each activated PDP
Context corresponds to a specific process within the set of processes 105. For
example, the MS 102 illustrated in FIG. 1 requires three different QoS settings
(one for each process) and will request the activation of three distinct PDP
contexts (one for each process). Each PDP context includes specified QoS
attributes, as well as a PDP address (often an IP address) that identifies the MS
102. Following PDP context activation, when a specific process within the set of
processes 105 executing on the MS 102 needs to transmit application data, the
MS 102 will request the establishment of an uplink temporary block flow (TBF) that
reflects the QoS attributes of the corresponding PDP context.

Multiple PDP contexts having the same QoS attributes may be grouped
(i.e., aggregated) together into a single Packet Flow Context (PFC). The PFC
shares the QoS attributes of the aggregated PDP contexts, and each PFC is
uniquely identified by a packet flow identity (PFl).

When the MS 102 has application data ready to transmit for a given PFC
(e.g., a specific process within the set of processes 105 on the MS 102 has
generated one or more IP packets, which are converted to LLC PDUs by the LLC
layer 108), it may request the establishment of an uplink temporary block flow
(TBF) from the base station in order to transmit the application data. A TBF grants
the MS a portion of the time division multiple access (TDMA) resources of the
base station. For example, when assigning resources for a TBF the base station
may grant an MS 102 access to the fourth TDMA timeslot on a specific frequency.
Each TBF is identified by a unique temporary flow identifier (TFl) and supports an
RLC entity 111 operating in a mode most appropriate for supporting the QoS
attributes of the PFC supported by that TBF. (For example, an RLC entity 111
may operate in an RLC Acknowledged mode wherein dropped RLC data blocks

are retransmitted, an RLC Unacknowledged mode wherein dropped RLC data
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blocks are not retransmitted, or an RLC Non-persistent mode, wherein dropped
RLC data blocks may be retransmitted within a certain time interval, after which
the dropped RLC data block may be discarded.) Once it has acquired an uplink
TBF, the MS may then use the allocated radio resources to transmit the waiting
LLC PDU(s) for the corresponding PFC. The LLC layer 108 sends the waiting LLC
PDU(s) to the RLC layer 110, at which the appropriate RLC entity 111 divides
each LLC PDU into a corresponding set of one or more RLC data blocks. As
shown in FIG. 2, in addition to a data payload section 203, each RLC data block
includes a TFI field 201 indicating the TFl of the allocated TBF and a block
sequence number (BSN) field 202 that sequentially numbers the RLC data blocks
being transmitted in a TBF. The TFl is used to uniquely identify the TBF and
therefore the corresponding PFC for which application data needs to be
transmitted since in legacy systems there is a one to one relationship between a
TFI and a PFC. The BSN may be used by the receiving entity to detect any
dropped (lost) RLC data blocks. The RLC data blocks are then sent to the MAC /
PHY layer(s), where each may be given an additional MAC header with radio
access information (e.g., a countdown timer indicating when the MS will no longer
require the allocated resources). The RLC / MAC data blocks are then transmitted
wirelessly to the base station. When the MS has finished transmitting all of the
available application data from the processes 105, it releases the current TBF
resources, either immediately or after an extended waiting period. The MS 102
may acquire a new TBF when the MS 102 is ready to transmit one or more
additional LLC PDU(s).

Using the above described method for transmitting application data, it may
occur that application data corresponding to a PFC with a relatively high
transmission priority (e.g., an LLC PDU associated with a PDP context/ PFC data
having QoS attributes that indicate a low tolerance for delay) becomes ready for
transmission while application data corresponding to a PFC with a relatively low
transmission priority (e.g., an LLC PDU associated with a PDP context / PFC
having QoS attributes that indicate a tolerance for moderate delays) is currently
being transmitted. Furthermore, even though they have different transmission

priorities, it may occur that both of these PFCs can be supported using an RLC



CA 02760478 2011-10-28

WO 2010/125457 PCT/1B2010/000997

10

15

20

25

30

entity operating using the same mode. According to legacy operation, the
occurrence of this scenario will be handled by first completing the transmission of
the LLC PDU having a relatively low transmission priority using the existing uplink
TBF, releasing the uplink TBF and then establishing a new uplink TBF to be used
for transmission of the LLC PDU having a relatively high transmission priority. This
is problematic as it may result in an unacceptable delay being imposed upon the
transmission of the application data associated with the higher priority PFC. It is
further assumed that this legacy operation can be enhanced so as to avoid the
step of releasing and establishing a new uplink TBF whenever this scenario occurs
such that the problematic delay imposed upon the LLC PDU having a relatively
high transmission priority will be limited to that of first completing the transmission
of LLC PDU having a relatively low transmission priority. Assuming this
enhancement to legacy operation is applied and referring now to FIG. 3, FIG. 3
illustrates that a message flow diagram for this case. At a first time, a process
associated with a lower priority PFC creates an LLC PDU 301 containing the data
“n-o-n-e-s-s-e-n-t-i-a-I”. The transmitting RLC entity divides the LLC PDU into
several RLC data blocks and begins to transmit these RLC data blocks 302 to the
receiving RLC entity (e.g., a base station). At a later time, but before all of the
RLC blocks from the first LLC PDU 301 have been transmitted, a second process
associated with a higher priority PFC creates an LLC PDU 303 containing the data
“u-r-g-e-n-t". However, the RLC entity continues to transmit the RLC data blocks
from the low priority LLC PDU 301 until the entire LLC PDU has been transmitted.
At this point, the receiving RLC entity reassembles the low priority LLC PDU as
LLC PDU 305 and relays it to the appropriate LLC entity such that the application
data contained therein can be delivered to the peer process. After the low priority
LLC PDU 301 is completely transmitted, the RLC entity may then enable the
transmission of the RLC data blocks corresponding to the high priority LLC PDU
303 and begin transmitting those RLC data blocks 306 by continuing to use the
same RLC entity on the already established TBF. Finally, when all of the RLC
data blocks 306 have been received at the receiving RLC entity, the receiving RLC
entity reassembles the RLC data blocks of the high priority LLC PDU as LLC PDU
307 and relays it to the appropriate LLC entity such that the application data
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contained therein can be delivered to the peer process. As can be seenin FIG. 3,
the relatively higher priority application data 303 associated with high priority LLC
PDU 303 is undesirably delayed by the ongoing transmission of all of the lower

priority application data 301 associated with low priority LLC PDU 301.

SUMMARY

It is the object of the present invention to overcome at least some of the
above described disadvantages. Accordingly, in one aspect, the present invention
is able to make priority based uplink transmission decisions on the smallest
transmission unit possible (i.e. an RLC data block). Consequently, an LLC PDU
having a higher priority PFC will never be held hostage to completing the
transmission of an LLC PDU associated with a lower priority PFC when both PFCs
are supported using the same TBF and the same RLC entity. This will ensure that
a mobile station honors the relative transmission priorities to the greatest extent
possible when multiple PFCs are assigned to share a common RLC entity. A
similar multiplexing scheme can be used by the base station on the downlink when
multiple PFCs are assigned to share a common RLC entity.

In one particular aspect, the invention provides a method for transmitting
RLC data blocks. In some embodiments, the method may be performed by a
GPRS station (e.g., a mobile station (MS) or a base station (BS)) including a
logical link control (LLC) layer and a radio link control (RLC) layer with an RLC
entity operating in a given mode (e.g., RLC Acknowledged mode, RLC Non-
persistent mode or RLC Unacknowledged mode). The method may begin when
the RLC entity receives a first LLC protocol data unit (PDU) formed by the LLC
layer and corresponding to a first packet flow context (PFC). After receiving the
first LLC PDU, the RLC entity begins to transmit the LLC PDU to the receiving
station (e.g., a base station). This comprises transmitting one or more RLC data
blocks to the receiving station, wherein each of the RLC data blocks comprises a
portion of the first LLC PDU.

Before the entirety of the first LLC PDU is transmitted as RLC data blocks,
the transmitting RLC entity receives a second LLC PDU from the LLC layer. The

second LLC PDU may correspond to a second PFC. When it receives the second
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LLC PDU, in some embodiments, the transmitting RLC entity may compare the
relative transmission priorities of the first and second LLC PDUs (e.g., by
comparing the QoS attributes of the associated PDP contexts / PFCs). If the
transmitting RLC entity determines that the second LLC PDU has a higher
transmission priority than the first LLC PDU, then the RLC entity may begin
transmitting RLC data blocks corresponding to the second LLC PDU, even though
the first LLC PDU has not been completely transmitted. The transmitting RLC
entity may begin transmitting the first RLC data block corresponding to the second
LLC PDU upon completing the transmission of the RLC data block in progress
(corresponding to the first LLC PDU) or upon aborting the transmission of the RLC
data block in progress. After the RLC entity completes transmission of the second
LLC PDU as RLC data blocks, it may resume transmitting the first LLC PDU by
transmitting any remaining RLC data blocks associated with the first LLC PDU
including any RLC data blocks that were aborted immediately prior to beginning
the transmission of the first RLC data block corresponding to the second LLC
PDU.

Alternatively, if the RLC entity determines that the second LLC PDU has an
equivalent transmission priority to the first LLC PDU, then in some embodiments
the RLC entity may alternate between servicing each LLC PDU in a “round robin”
fashion by transmitting an RLC data block from the second LLC PDU, then
transmitting an RLC data block from the first LLC PDU, then transmitting an RLC
data block from the second LLC PDU, and so on, alternating between the two LLC
PDUs until one has been completely transmitted as RLC data blocks.

In some embodiments, the transmitting station may maintain a singie
temporary block flow (TBF) that supports all PFCs. In these embodiments, the
temporary flow identity (TFI) field of the RLC data blocks may store a TF| value
uniquely indicating a corresponding PFC, wherein the TF! field of each RLC data
block that contains a portion of the first LLC PDU contains a TFI corresponding to
the first PFC, and the TFI field of each RLC data block that contains a portion of
the second LLC PDU contains a TFI corresponding to the second PFC.

Furthermore, in some embodiments, the block sequence number (BSN) of

each RLC data block maintains a continuous sequence (i.e., if a transmitted RLC
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data block contains the BSN n, then the next transmitted RLC data block will
contain the BSN n+1), independent of whether the successive RLC data blocks
contain the same TFI value and therefore independent of whether the successive
RLC data blocks belong to the same PFC.

In some embodiments, the above may be achieved using a plurality of
transmission queues associated with a single RLC entity operatinginagiven RLC
mode and supported by a single TBF. After each LLC PDU is received by the
transmitting RLC entity, the RLC entity may generate the corresponding RLC data
blocks, which may be stored in a transmission queue associated with the
appropriate PFC and therefore having a common TFI. For example, the RLC data
blocks corresponding to the first LLC PDU may be stored in a first transmission
queue associated with the first PFC and each will have a common TF1 value TFl4,
and the RLC data blocks corresponding to the second LLC PDU may be stored In
a second transmission queue associated with the second PFC and each will have
a common TFIl value TFl,. Each of the transmission queues may also be
associated with a transmission priority of the corresponding PFC (e.g., based upon
the QoS attributes of the associated PFC).

The RLC data blocks stored in the transmission queues may then be
selected and transmitted individually, based upon a priority decision for each RLC
data block. For example, in some embodiments, transmitting an RLC data block
corresponding to the first LLC PDU may include selecting from the first
transmission queue an RLC data block, wirelessly transmitting an RLC / MAC data
block corresponding to the selected RLC data block, and then removing the
selected RLC data block from the transmission queue.

In some embodiments, a transmission queue may be selected based upon
its relative transmission priority. For example, in some embodiments a
transmission queue associated with a high transmission priority will be selected
unless it is empty. In other embodiments, the non-empty transmission queues
associated with the highest transmission priority will be selected. In some
embodiments, if two or more non-empty transmission queues are tied for the

highest transmission priority, they will be alternately selected in a “round robin”

fashion.
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In another aspect, the invention provides a method for receiving radio link
control (RLC) data blocks at a given receiving RLC entity supported by a given
TBF and recombining the RLC data blocks into logical link control (LLC) protocol
data units (PDUs). In some embodiments, the method may be performed by an
RLC entity of a GPRS base station or by a GPRS mobile station (MS). The
process may begin when the receiving RLC entity receives one or more RLC data
blocks, each of which corresponds to a portion of a first transmitted LLC PDU.
These RLC data blocks may belong to a first PFC identified by a first temporary
flow identity (TFI) stored in a header each RLC data block. After the RLC entity
has received one or more RLC data blocks corresponding to the first transmitted
LLC PDU, but before the RLC entity has received all of the RLC data blocks
corresponding to the first transmitted LLC PDU, the RLC entity may receive one or
more RLC data blocks, each of which corresponds to a portion of a second
transmitted LLC PDU. These RLC data blocks may belong to a second PFC
identified by a second TFI stored in the header each RLC data block. In some
embodiments, when the RLC entity has received all of the RLC data blocks
corresponding to the second transmitted LLC PDU, it generates an LLC PDU at
the receiving station and relays it to the appropriate LLC entity such that the
application data contained therein can be delivered to the peer process.
Afterward, the RLC entity may receive additional RLC data blocks corresponding
to the first transmitted LLC PDU. In some embodiments, when the RLC entity has
received all of the RLC data blocks corresponding to the first transmitted LLC
PDU, it generates an LLC PDU at the receiving station and relays it to the
appropriate LLC entity such that the application data contained therein can be
delivered to the peer process.

In another aspect, the invention provides a wireless communication
apparatus. In some embodiments, the wireless communication apparatus
includes a protocol stack comprising an LLC layer and a RLC layer including at
least one RLC entity. The RLC entity may be operable to receive a first LLC PDU
formed by the LLC layer and corresponding to a first PFC and form a first set of
RLC data blocks corresponding to the first LLC PDU. The RLC entity may be
further operable to transmit a subset of the first set of RLC data blocks formed by
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the RLC entity, wherein each transmitted RLC data block in the first set of RLC
data blocks comprises at least a portion of the first LLC PDU, which portion has
not previously been transmitted in an RLC data block. The RLC entity may be
further operable to receive a second LLC PDU formed by the LLC layer and
corresponding to a second PFC after receiving the first LLC PDU, and form a
second set of RLC data blocks corresponding to the second LLC PDU. The RLC
entity may be operable to transmit all of the second set of RLC data blocks formed
by the RLC entity after transmitting the subset of the first set of RLC data blocks,
wherein each transmitted RLC data block in the second set of RLC data blocks
comprises at least a portion of the second LLC PDU, which portion has not
previously been transmitted in an RLC data block. In addition, the RLC entity may
be operable to transmit the remainder of the first set of RLC data blocks formed by
the RLC entity but not yet transmitted, after transmitting the second set of RLC
data blocks, wherein each transmitted RLC data block in the remainder of the first
set of RLC data blocks comprises at least a portion of the first LLC PDU, which
portion has not previously been transmitted in an RLC data block.

In another aspect, the invention provides another wireless communication
apparatus. In some embodiments, the wireless communication apparatus
includes a protocol stack comprising a LLC layer and a RLC layer including a
transmitting RLC entity supported on a given TBF. The RLC entity may be
operable to receive a first LLC PDU formed by the LLC layer and corresponding to
a first PFC and form a first set of RLC data blocks corresponding to the first LLC
PDU. The RLC entity may be further operable to transmit a subset of the first set
of RLC data blocks formed by the RLC entity, wherein each transmitted RLC data
block in the first set of RLC data blocks comprises at least a portion of the first LLC
PDU, which portion has not previously been transmitted in an RLC data block.
The RLC entity may be further operable to receive at the RLC entity a second LLC
PDU formed by the LLC layer and corresponding to a second PFC after receiving
the first LLC PDU, and form a second set of RLC data blocks corresponding to the
second LLC PDU. The RLC entity may be further operable to, after transmitting a
subset of the first set of RLC data blocks, transmit an RLC data block in the
second set of RLC data blocks formed by the RLC entity, the transmitted RLC data
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block comprises at least a portion of the second LLC PDU, which portion has not
previously been transmitted in an RLC data block. The RLC entity may be further
operable to, after transmitting the RLC data block that comprises a portion of the
second LLC PDU, transmit an RLC data block formed by the RLC entity, the
transmitted RLC data block comprises at least a portion of the first LLC PDU,
which portion has not previously been transmitted in an RLC data block. The RLC
entity may be further operable to alternate between the transmission of one RLC
data block belonging to the first set of RLC data blocks and one RLC data block
belonging to the second set of RLC data blocks until completing the transmission
of all RLC data blocks for either the first or second LLC PDU.

In another aspect, the invention provides another wireless communication
apparatus. In some embodiments, the wireless communication apparatus
includes a receiving RLC entity supported by a given TBF. The RLC entity is
operable to receive a first set of one or more RLC data blocks from its peer RLC
entity (i.e. the transmitting RLC entity), each RLC data block included in the first
set corresponding to a portion of a first transmitted LLC PDU and having a first
unique TFI value. The RLC entity may be further operable to, after receiving the
first set of RLC data blocks, receive a second set of one or more RLC data blocks,
each RLC data block included in the second set corresponding to a portion of a
second transmitted LLC PDU and having a second unique TFl value. The RLC
entity may be further operable to form a first received LLC PDU corresponding to
the second transmitted LLC PDU and relaying the first received LLC PDU to an
LLC layer for processing. The RLC entity may be further operable to, after
receiving the second set of RLC data blocks, receive a third set of one or more
RLC data blocks, each RLC data block included in the third set corresponding to a
portion of the first transmitted LLC PDU and having the first unique TFi value. The
RLC entity may be further operable to form a second received LLC PDU
corresponding to the first transmitted LLC PDU and relaying the second received

LLC PDU to the LLC layer for processing.
The above and other aspects and embodiments are described below with

reference to the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated herein and form part
of the specification, illustrate various embodiments of the present invention and,
together with the description, further serve to explain the principles of the invention
and to enable a person skilled in the pertinent art to make and use the invention.
In the drawings, like reference numbers indicate identical or functionally similar
elements.

FIG. 1 illustrates a MS in communication with a base station.

FIG. 2 illustrates an RLC data block.

FIG. 3 is a message timing diagram for two LLC PDUs having different
priorities according to the prior art.

FIG. 4 is a data flow diagram illustrating a process for transmitting RCL data
blocks based upon relative priorities.

FIG. 5is a flow chartillustrating a process for transmitting RCL data blocks
based upon relative priorities.

FIG. 6 is a data flow diagram illustrating a process for transmitting RCL data
blocks based upon relative priorities

FIG. 7 is a flow chart illustrating a process for transmitting RCL data blocks
based upon relative priorities.

FIG. 8 is a flow chart illustrating a process for assembling LLC PDUs from
interleaved RLC data blocks.

FIG. 9 is a message timing diagram for two LLC PDUs having different
priorities according to some embodiments of the invention.

FIG. 10 is a block diagram of an RLC entity.
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DETAILED DESCRIPTION

Referring to FIG. 1, FIG. 1 illustrates a mobile station (MS) 102 and a base
station 104 according to one aspect of the invention. As illustrated in FIG. 1, an
MS 102 may include one or more processes 105 (e.g., a voice call process, a web
browser, and a text messaging client) that send and receive application data to
other devices attached to an external network (e.g., the Internet) via wireless
communication 116 with a base station 104. As shownin FIG. 1, the MS 102 may
include a multi-level GPRS protocol stack for converting PDUs created by the
processes 105 to PDUs suitable for wireless transmission over a GPRS network.
The GPRS protocol stack in the MS 102 will usually include transport / network
layers 106 (e.g., TCP/IP, UDP/IP, etc.), a logical link control (LLC) layer 108, a
radio link control (RLC) layer 110 including at least one RLC engine 111 (i.e., RLC
entity) for performing the functions of the RLC layer, and a media access control
(MAC) / physical (PHY) layer 112. The base station 104 may also include its own
protocol stack (e.g., a MAC / PHY layer 118, an RLC layer 120 including a peer
RLC entity corresponding to the RLC entity 111 in the MS, etc.) for receiving the
MAC / RLC data blocks from the MS 102 and reconstructing LLC PDUs from
received RLC data blocks. Those LLC PDUs may then be transmitted to other
nodes in the network where they are transformed into network PDUs (e.g., IP
packets) and be transmitted to devices connected to a remote network (e.g., the
Internet).

Referring now to FIG. 4, FIG. 4 illustrates a process 400 for transmitting
GPRS data blocks according to priority information (see FIG. 5, which illustrates a
data flow diagram for the process 400 and further illustrates the MAC/PHY layer).
The process 400 will herein be disclosed as being performed by the MS 102.
However, the invention is not so limited and may be performed, for example, by
the base station 104 when transmitting application data to a MS 102.

The process 400 may begin at step 402, where the MS 102 obtains a
temporary block flow (TBF) and temporary flow identity (TFI) for each packet flow
context (PFC) that corresponds to a packet data protocol context (PDP context) of
the MS 102. For example, in FIG. 5, three processes are illustrated, each of which

may each have its own PDP context associated with a distinct PFC (i.e. each has
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its own unique PFI1). Accordingly, at step 402 the MS 102 may obtain an uplink
TBF, an indication of what type of RLC entity to use on the uplink TBF and a
unique TFI corresponding to each PFC supported by the uplink TBF, from the
base station 104.

At step 404, the MS 102 allocates a transmission queue for storing RLC
data blocks corresponding to each PFC. For example, as shownin FIG. 5, the MS
102 may allocate three transmission queues in 112, each corresponding to a
distinct PFC used by the MS 102. In other embodiments, the number of
transmission queues may vary as necessary to accommodate the number of
PFCs.

As shown in FIG. 4, in some embodiments the following steps 412 through
416 may be performed by an LLC layer 108 of the MS 102. At step 412, the LLC
layer 108 determines whether any application data has been generated by the
processes 105 (e.g., IP packets) for transmission. In the case that no application
data is available, the LLC layer 108 may wait at step 412. In the case that data Is
available, at step 414 the LLC layer 108 generates an LLC PDU 501 including the
application data. For example, in some embodiments the LLC layer 108 may
append an LLC header to an IP packet generated by an executing process 105.
The MS 102 also maintains an association between the generated LLC PDU 501
and the PFC associated with the process 105 that generated the application data.
At step 416, the LLC layer 108 transmits the generated LLC PDU 501 to the
appropriate RLC entity 111 (e.g., the LLC layer 108 may place the generated LLC
PDU 501 in an RLC layer queue). After the LLC PDU 501 is generated and
provided to the RLC layer, the LLC layer 108 returns to step 412 to process any
additional data generated by a process 105.

As shown in FIG. 4, in some embodiments the following steps 422 through
428 may be performed by an RLC entity 111 of the MS 102. At step 422, the RLC
entity 111 determines whether any LLC PDUs 501 are waiting for transmission. In
the case that no LLC PDUs 501 are ready, the RLC entity 111 may wait at step
422. In the case that an LLC PDU 501 is ready, at step 424 the RLC entity
generates one or more RLC data blocks 502. Each RLC data block 502 contains
a portion of the LLC PDU 501, as well an RLC header including a block sequence
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number (BSN) field and a TFI field. At step 426, the RLC entity 111 sets the TFI
field of each of the RLC data blocks 502 to the value that designates the PFC
associated with the LLC PDU 501. The BSN field of each RLC data block is set to
a preliminary sequence number, which reflects the sequence position of each RLC
data block with regard to that PFC. At step 426, the RLC entity 111 provides the
generated RLC data blocks 502 to the MAC / PHY layer 112. For example, the
generated RLC data blocks may be placed in a queue 503, where the data blocks
will wait to be processed by the MAC/PHY later. After the RLC data blocks 502
are generated and provided to the lower layer, the RLC entity 111 may return to
step 422 to process any additional LLC PDUs 501.

As shown in FIG. 4, in some embodiments the following steps 432 through
458 may be performed by the MAC / PHY layer 112 of the MS 102. At step 432,
the MAC / PHY layer 112 determines whether any new RLC data blocks 502 have
been produced by the RLC entity 111. In the case that no new RLC data blocks
502 are ready, the MAC / PHY layer may wait at step 432. In the case that RLC
data blocks 502 are ready, at step 434 the MAC / PHY layer 112 will store the RLC
data blocks 502 in an appropriate transmission queue 503, 504, 505
corresponding to the PFC indicated by the TFI stored in the RLC data blocks 502
(in an alternative embodiment, the RLC entity 111 may place the RLC data blocks
in the appropriate queue based on the PFC). For example, as illustrated in FIG. 5,
RLC data blocks indicating TFl, are stored in a first transmission queue 503
(Queue 1), RLC data blocks indicating TFl, are stored in a second transmission
queue 504 (Queue 2), and data blocks indicating TFl; are stored in a third
transmission queue 505 (Queue 3). After the RLC data blocks 502 are stored in
the appropriate transmission queue, the MAC / PHY layer 112 may return to step
432 and monitor for any new RLC data blocks.

As the MAC / PHY layer 112 or RLC entity 111 is storing the RLC data
blocks 502 in transmission queues 503, 504, 505, the MAC / PHY layer 112 may
also be transmitting RLC data blocks over the wireless interface 116 to the base
station 104. At step 442, the MAC / PHY layer 112 checks whether any of the
transmission queues 503, 504 and 505 have RLC data blocks to transmit. In the

case that all of the transmission queues are empty, the MAC / PHY layer 112 may
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wait at step 442. In the case that at least one of the transmission queues is not
empty, at step 444 the MAC / PHY layer 112 checks the transmission priority of
each non-empty transmission queue to determine the non-empty transmission
queue with the highest priority. This may comprise examining the quality of
service (QoS) attributes of the PFC associated with each non-empty transmission
queue. If there are two or more non-empty transmission queues that are tied for
the highest transmission priority, at step 446 the MAC / PHY layer 112 selects one
of these transmission queues based upon a “round robin” rotation scheme. If
there is only one non-empty transmission queue with a uniquely high priority, then
at step 448 the MAC / PHY layer 112 selects that transmission queue.

For example, if three non-empty transmission queues 503, 504 and 505
(e.g., Queue 1, Queue 2, and Queue 3) have distinct relative priority levels (low,
high, and medium, respectively), then at step 448 the MAC / PHY layer 112
selects the transmission queue with the highest transmission priority (e.g., Queue
2). On the other hand, if three non-empty transmission queues included non-
distinct relative priorities (e.g., low, high, and high, respectively), then at a first
occurrence of step 446 the MAC / PHY layer 112 would select one of the queues
with the highest relative propriety (e.g., Queue 2), at the next occurrence of step
446 the MAC / PHY layer 112 would select another of the queues with the highest
relative propriety (e.g., Queue 3), and on subsequent occurrences of step 446 the
MAD / PHY layer 112 may continue to alternate between the transmission queues
with the highest relative priority (e.g., Queue 2 and Queue 3), to ensure that
application data from neither of the corresponding PFCs is waiting for the other to
be completely transmitted.

At step 452, the MAC / PHY layer 112 selects an RLC data block from the
selected queue. At step 454, the MAC / PHY layer 112 updates the preliminary
BSN of the selected RLC data block to the actual BSN that corresponds to the
relative position of the RLC data block in the contiguous sequence of RLC data
blocks transmitted by the MAC / PHY layer 112. Thus the RLC data blocks
transmitted by the MAC / PHY layer will exhibit sequentially numbered BSNs,
regardless of which PFC is associated with each RLC data block. The MAC /PHY
layer 112 may also add a MAC header to the RLC data block to generate a MAC /
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RLC data block, and at step 456 the MAC / PHY layer 112 wirelessly transmits the
MAC / RLC data block to the base station 104. After the MAC / RLC data block
has been transmitted, at step 458 the MAC / PHY layer may remove the
transmitted RLC data block from its corresponding transmission queue, and then
may return to step 442 for selecting and transmitting the next RLC data block.
Alternatively, if the mode of operation of the RLC entity allows for retransmission
of RLC data blocks (e.g. RLC Acknowledged mode), a transmitted RLC data block
may continue to be buffered at the MAC / PHY layer until the peer RLC entity
confirms its reception.

According to the above method, transmission priority decisions may be
made at the RLC data block granularity. This ensures that once RLC data blocks
comprising an LLC PDU having a relatively high transmission priority are ready for
transmission (i.e., the RLC data blocks are stored in one of the transmission
queues), they will not be delayed by waiting for a lower priority LLC PDU to finish
transmitting.

FIGS. 4 and 5 illustrate an embodiment of the invention wherein the
queuing and selection of RLC data blocks occurs in the MAC / PHY layer 112, that
is, the RLC entity 111 creates RLC data blocks 502 from an LLC PDU 501 and
transmits the RLC data blocks 502 to the MAC / PHY layer 112 without substantial
delay. In another embodiment, the queuing and selection of RLC data blocks 502
may occur within the RLC entity 111.

Referring now to FIG. 6, FIG. 6 illustrates a process 600 for transmitting
GPRS data blocks according to priority information (see FIG. 7, which illustrates a
data flow diagram for the process 600). The process 600 will herein be disclosed
as being performed by the MS 102. However, the invention is not so limited and
may be performed, for example, by the base station 104 when transmitting data to
a MS 102.

The process 600 may begin at step 602, where {he MS 102 obtains an
uplink temporary block flow (TBF), an indication of what type of RLC entity to use
on the uplink TBF and a unique temporary flow identity (TFI) corresponding to
each PFC supported by the uplink TBF, from the base station 104. Alternatively



CA 02760478 2011-10-28

WO 2010/125457 PCT/1B2010/000997

10

15

20

235

30

-18-

step 602 and 604 may be performed at any point after application data has been
generated by any of the processes 1095.

At step 604, the MS 102 allocates a transmission queue for storing RLC
data blocks corresponding to each PFC.

As shown in FIG. 6, in some embodiments the following steps 612 through
616 may be performed by an LLC layer 108 of the MS 102. At step 612, the LLC
layer 108 determines whether any application data has been generated by the
processes 105 (e.g., IP packets) for transmission. In the case that no application
data is available, the LLC layer 108 may wait at step 612. In the case that
application data is available, at step 614 the LLC layer 108 generates an LLC PDU
501 including the application data. For example, in some embodiments the LLC
layer 108 may append an LLC header to an IP packet generated by an executing
process 105. The MS 102 also maintains an association between the generated
LLC PDU 501 and the PFC associated with the process 105 that generated the
application data. At step 616, the LLC layer 108 sends the generated LLC PDU
501 to the appropriate RLC entity 111. After the LLC PDU 501 is generated and
sent, the LLC layer 108 returns to step 612 to process any additional application
data generated by the processes 105.

As shown in FIG. 6, in some embodiments the following steps 622 through
658 may be performed by an RLC entity 111 of the MS 102. Atstep 622, the RLC
entity 111 determines whether any LLC PDUs 501 are waiting for transmission. In
the case that no LLC PDUs 501 are ready, the RLC entity 111 may wait at step
622. In the case that an LLC PDU 501 is ready, at step 624 the RLC entity
generates one or more RLC data blocks 502. Each RLC data block 502 contains
a portion of the LLC PDU 501, as well an RLC header including a block sequence
number (BSN) field and a TF! field. At step 626, the RLC entity 111 sets the TFl
field of each of the RLC data blocks 502 to the value that corresponds to the PFC
associated with the LLC PDU 501. The BSN field of each RLC data block is set to
a preliminary sequence number, which reflects the sequence position of each RLC
data block with regard to that PFC.

At step 634 the RLC entity 111 will store the RLC data blocks 502 in an

appropriate transmission queue 703 corresponding to the PFC indicated by the
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TFI stored in the RLC data blocks 502. After the RLC data blocks 502 are stored
in the appropriate transmission queue 703, the RLC entity 111 may return to step
622 to process any additional LLC PDUs 501.

As the RLC entity 111 is storing the RLC data blocks 502 in an appropriate
transmission queue 703, 704, 705, it may also, in parallel, be transmitting RLC
data blocks to the MAC / PHY layer 112 as resources become available.
Accordingly, at step 642, the RLC entity 111 checks whether the MAC / PHY layer
112 is ready to transmit an RLC data block. In the case that the MAC / PHY layer
112 is unavailable (e.g., if it is currently transmitting or receiving other data), the
RLC entity 111 may wait at step 642. In the case that the MAC / PHY layer 112 is
ready to transmit an RLC data block, at step 644 the RLC entity 111 checks the
transmission priority of each non-empty transmission queue to determine the non-
empty transmission queue with the highest priority. If there are two or more non-
empty transmission queues that are tied for the highest transmission priority, at
step 646 the RLC entity 111 selects one of these transmission queues based upon
a “round robin” rotation scheme. If there is only one non-empty transmission
queue with a uniquely high priority, then at step 648 the RLC entity selects that
transmission queue.

At step 652, the RLC entity 111 selects an RLC data block from the
selected queue. At step 654, the RLC entity 111 updates the preliminary BSN of
the selected RLC data block to the actual BSN that corresponds to the relative
position of the RLC data block in the contiguous sequence of RLC data blocks
transmitted by the RLC entity 111. Thus the RLC data blocks sent by the RLC
entity will exhibit sequentially numbered BSNs, regardless of which PFC is
associated with each RLC data block. At step 656 the RLC entity 111 sends the
RLC data block to the MAC / PHY layer 112 for wireless transmission to the base
station 104. After the RLC data block has been sent, at step 658 the RLC entity
111 may remove that RLC data block from its corresponding transmission queue,
and then may return to step 642 for selecting and transmitting the next RLC data
block. Alternatively, if the mode of operation of the RLC entity allows for

retransmission of an RLC data block (e.g. RLC Acknowledged mode), an RLC
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data block sent to the MAC / PHY layer may continue to be buffered at the RLC
layer until the peer RLC entity confirms its reception.

Referring now to FIG. 8, FIG. 8 illustrates a process 800 for re-assembling
LLC PDUs from received RLC data blocks whereby a contiguous sequence of
RLC data blocks as determined by BSN may include RLC data blocks having
different TFI values. The process 800 may be performed, for example, by a
receiving RLC entity in a base station 104, or an RLC entity 111 in a MS 102.

At step 802, the receiving RLC entity determines whether any new RLC
data blocks have been received. In the case that no new RLC data blocks have
been received, the receiving RLC entity may wait at step 802. In the case that a
new RLC data block has been received, at step 804 the receiving RLC entity
stores the RLC data block in a buffer.

At step 806, the receiving RLC entity checks the TF! field of the received
RLC data block to determine the corresponding TBF, and the corresponding PFC.
At step 808, the receiving RLC entity groups the received RLC data block with any
other previously received RLC data blocks in the buffer that have the same TFI.

At step 810, the receiving RLC entity determines whether the received RLC
data blocks stored in the buffer which share that TFl comprise an entire LLC PDU.
In the case that the RLC data blocks with that TFI do not yet comprise an entire
LLC PDU, the receiving RLC entity returns to step 802 waiting for additional RLC
data blocks.

In the case that the RLC data blocks with that TFl do comprise an entire
LLC PDU, at step 812 the receiving RLC entity reassembles the RLC data blocks
to generate an LLC PDU which is then relayed to the LLC layer at step 813. At
step 814, the receiving RLC entity removes the RLC data blocks from the queue
that were used to generate the new LLC PDU and may return to step 802 to wait
for new RLC data blocks.

Additionally, after generating the LLC PDU the receiving RLC entity relays
the new LLC PDU to the LLC layer. In this way, the receiving RLC entity can
receive the RLC data blocks for two or more LLC PDUs interleaved and still

reassemble the appropriate LLC PDUs based on the TFI values in the RLC data

blocks.
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Using the above described methods for transmitting application data, a
situation where relatively higher priority application data is undesirably delayed by
the concurrent transmission of the lower priority application data may be avoided.
Referring now to FIG. 9, FIG. 9illustrates a message flow diagram in this case. At
a first time, a process associated with a lower priority PFC creates an LLC PDU
901 containing the application data “n-o-n-e-s-s-e-n-t-i-a-I". The transmitting RLC
entity divides the LLC PDU into several RLC data blocks and places the RLC data
blocks into a relatively low priority transmission queue. Because no other
transmission queues have application data to transmit, the RLC entity begins to
transmit the low priority RLC data blocks 902 to the receiving RLC entity (e.g., an
RLC entity in a base station). At a later time, but before all of the RLC blocks from
the first LLC PDU have been transmitted, a second process associated with a
higher priority PFC creates an LLC PDU 903 containing the application data "u-r-g-
e-n-t’. The transmitting RLC entity divides the LLC PDU into several RLC data
blocks and places the RLC data blocks into a relatively high priority transmission
queue. When the RLC entity is ready to transmit the next RLC data block, it
selects an RLC data block from the non-empty, high priority transmission queue.
The RLC entity continues to transmit the RLC data blocks 904 from the high
priority LLC PDU 903 until the entire LLC PDU has been transmitted. At this point,
the receiving RLC entity reassembles the high priority LLC PDU as LLC PDU 905
and processes it according to the appropriate PFC. After the high priority LLC
PDU 903 is completely transmitted, when the RLC entity is ready to transmit the
next RLC data block, it selects an RLC data block from the low priority
transmission queue, as the high priority transmission queue is now empty. The
RLC entity may transmit the remaining RLC data blocks 906 corresponding to the
low priority LLC PDU 901. When all of the RLC data blocks 902 and 906 have
been received at the receiving RLC entity, the receiving RLC entity reassembles
the RLC data blocks into the low priority LLC PDU and processes that LLC PDU
according to the appropriate PFC. As can be seen in FIG. 9, the relatively higher
priority application data 903 is not significantly delayed by the transmission of the

lower priority application data 901.
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Referring now to FIG. 10, FIG. 10 is a functional block diagram of RLC
entity 111 according to some embodiments of the invention. Although RLC entity
111 is shown as a component of the RLC layer in MS 102, the RLC entity 111 may
also be a component of the RLC layer 120 in base station 104. As shown in FIG.
10, RLC entity 111 may comprise a data processing system 1002 (e.g., one or
more microprocessors, one or more integrated circuits, such as an application
specific integrated circuit (ASIC), Field-programmable gate arrays (FPGAs), etc.
and any combination of these), a data storage system 1006 (e.g., one or more
non-volatile storage devices) and computer software 1008 stored on the storage
system 1006. Configuration parameters 1010 may also be stored in storage
system 1006. The RLC entity 111 can communicate with an LLC layer 108 for
exchanging application data with processes 105, and with a MAC / PHY layer 112,
118 for transmitting application data to and receiving application data from other
wireless stations. The software 1008 is configured such that when the processor
1002 executes the software 1008, the RLC entity 111 performs steps described
above (e.g., steps describe above with reference to the flow charts). For example,
software 1008 may include: (1) computer instructions for receiving a first LLC PDU
corresponding to a first PFC and forming a first set of RLC data blocks
corresponding to the first LLC PDU; (2) computer instructions for transmitting a
subset of the first set of RLC data blocks, wherein each transmitted RLC data
block comprises at least a portion of the first LLC PDU, which portion has not
previously been transmitted in an RLC data block; (3) computer instructions for
receiving a second LLC PDU corresponding to a second PFC and forming a
second set of RLC data blocks corresponding to the second LLC PDU; (4)
computer instructions for transmitting the second set of RLC data blocks, wherein
each transmitted RLC data block comprises at least a portion of the second LLC
PDU, which portion has not previously been transmitted in an RLC data block; and
(5) computer instructions for, after having transmitted the second set of RLC data
blocks, transmitting the remainder of the first set of RLC data blocks, wherein each
transmitted RLC data block comprises at least a portion of the first LLC PDU,
which portion has not previously been transmitted in an RLC data block. In other

embodiments, data processing system 1002 is configured to perform steps
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described above without the need for software 1002. That is, for example, data
processing system 1002 may consist merely of one or more ASICs. Hence,
features of the present invention described above may be implemented in
hardware and/or software.

While various embodiments of the present invention have been described
above, it should be understood that they have been presented by way of example
only, and not limitation. Thus, the breadth and scope of the present invention
should not be limited by any of the above described exemplary embodiments.
Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated
herein or otherwise clearly contradicted by context.

Additionally, while the processes described above and illustrated in the
drawings are shown as a sequence of steps, this was done solely for the sake of
illustration. Accordingly, it is contemplated that some steps may be added, some
steps may be omitted, the order of the steps may be re-arranged, and some steps

may be performed in parallel.
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CLAIMS

1. In a wireless communication apparatus comprising a protocol stack comprising a
logical link control (LLC) layer and a radio link control (RLC) layer comprising an RLC
entity, a method for transmitting RLC data blocks, the method comprising:

(a) receiving at the RLC entity a [first LLC protocol data unit (PDU) formed by the
LLC layer and corresponding to a first Packet Flow Context (PFC) and forming a first set of
RLC data blocks corresponding to the first LLC PDU;

(b) transmitting a subset of the first set of RLC data blocks formed by the RLC
entity, wherein each transmitted RLC data block comprises at least a portion of the first LLC
PDU, which portion has not previously been transmitted in an RLC data block;

(C) after step (a), receiving at the RLC entity a second LLC PDU formed by the
LLC layer and corresponding to a second PFC and forming a second set of RLC data blocks
corresponding to the second LLC PDU;

(d) after step (c), determining rclative priorities of the first and second PFCs;

(e) after step (b) and in response to determining that the second PFC has a higher
priority than that of the first PFC at step (d), transmitting all of the second set of RLC data
blocks formed by the RLC entity, wherein each transmitted RLC data block comprises at least
a portion of the second LLC PDU, which portion has not previously been transmitted in an
RLC data block; and

() after step (¢), transmitting t'he remainder of the first set of RLC data blocks
formed by the RLC entity but not transmitted in step (b), wherein each transmitted RLC data
block comprises at least a portion of the first LLC PDU, which portion has not prcviously

been transmitted in an RLC data block,

wherein each RLC data block includes a block sequence number BSN field and a
temporary flow identity (TFI) field, the TFI field of the RLC data block that comprises the

portion of the respective LLC PDU contains a value indicating a respective TFI value

- associated with the respective PFC;

wherein the BSN field of each RLC data block stores a value such that the values
stored in the BSN fields of any two successive RLC data blocks experiencing a first

transmission follow a predetermined sequential relationship independent of a TFI value

indicated by those RLC data blocks, and
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wherein the TFI valucs indicated by thc transmitted RLC data blocks allow re-
assembly of the LLLC PDUs upon reception of the RLC data blocks.

2. The method of claim 1, wherein

the transmission of RLC data blocks includes retransmission of RLC data blocks for
which the first transmission is attempted but does not result in those RLC data blocks being
successfully delivered to a recetving wireless communication apparatus, and

the set of RLC data blocks transmitted 1n stcp (f) may include rctransmission of RLC

data blocks not successfully delivered to the receiving wireless communication apparatus in

step (b).

3. The method of claim 1, wherein the number of RLC data blocks in the subset
transmitted in step (b) is based upon a time interval between the beginning of step (b) and the

point at which the second PFC is determined to have a higher prionity than that of the first
PEFC.

4. The method of claim 1, wherein the first TFI value does not equal the second TFI
value.
. The method of claim 1, further comprising:

(g)  prior to step (b), queuing the first set of RLC data blocks in a first transmission
queue associated with a first transmission priority value associated with the first PFC;
(h)  prior to step (€), queuing the second set of RLC data blocks 1n a second

transmission queue associated with a second transmission priority valuc associatcd with the

second PFC, wherein
transmitting RLC data blocks comprises
selecting an RLC data block from a transmission queue;

after selecting the RLC data block, wirelessly transmitting a data block corresponding
to the selected RLC data block; and

after wirelessly transmitting the data block and determining that retransmission is not

needed, removing the selected RLC data block from the transmission queuc.

L
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6. The method of claim 1, wherein the wireless communication apparatus 1s a mobile

station.

7. The method of claim 1, wherein the wireless communication apparatus 1s a base

station.

8. In a wireless communication apparatus comprising a protocol stack comprising a
logical link control (LLC) layer and a radio link control (RLC) layer comprising an RLC
entity, a method for transmitting RLC data blocks, the method comprising:

(a) receiving at the RLC entity a first LLC protocol data unit (PDU) formed by the
LLL.C layer and corresponding to a first Packet Flow Context (PFC) and forming a first set of
RLC data blocks corresponding to the first LLC PDU;

(b) transmitting a subset of the first set of RLC data blocks formed by the RLC
entity, wherein each transmitted RLC data block comprises at least a portion of the first LLC
PDU, which portion has not previously been transmitted in an RLC data block;

(¢) after step (a), receiving at the RLC entity a second LLC PDU formed by the
LLC layer and corresponding to a second PFC and forming a second set of RLC data blocks
corresponding to the second LLC PDU;

(d)  after step (c), determining relative priorities of the first and second PFCs; and

(e) in response to determining that the second PFC has the same priority as that of
the first PFC in step (d): |

(el) transmitting an RLC data block formed by the RLC entity, the
transmitted RLC data block comprises at least a portion of the second LLC PDU, which
portion has not previously been transmitted in an RLC data block;

(e2) after step (e1), transmitting an RLC data block formed by the RLC
entity, the transmitted RLC data block comprises at least a portion of the first LLC PDU,

which portion has not previously been transmitted in an RLC data block; and

(e3) after step (e2), transmitting an RLC data block formed by the RLC
entity, the transmitted RLC data block comprises at least a portion of the second LLC PDU,
which portion has not previously been transmitted in an RLC data block,

wherein each RLC data block includes a block sequence number BSN field and a

tcmporary flow idcntity (TFI) field, the TFI field of the RLC data block that comprises the

- 26 -
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portion of the rcspective LLC PDU contains a value indicating a respective TFI value

associated with the respective PFC;
wherein the BSN field of each RLC data block stores a value such that the values

stored 1n the BSN fields of any two successive RLC data blocks experiencing a first

5 transmission follow a predetermined sequential relationship independent of the TFI value

indicated by those RLC data blocks, and
wherein the TFI values 1ndicated by the transmitted RLC data blocks allow re-

assembly of the LLC PDUs upon reception of the RLC data blocks.

10 9. The method of claim 8, further comprising:
(e4) alternating between steps (€2) and (e3) until all RLC data blocks corresponding

to the first or second LLC PDU have been transmitted at which point the transmission of all

remaining RLC data blocks for the uncompleted LLC PDU proceeds.

15 10.  The method of claim 8, wherein:
the transmission of RLC data blocks may include retransmission of RLC data blocks

for which the first transmission 1s attempted but does not result in those RLC data blocks
being successfully delivered to the receiving wireless communication apparatus,

the RLC data block transmitted in siep (€2) may include retransmission of an RLC

20  data block not successfully delivered to the receiving wireless communication apparatus in

step (b), and
the RLC data block transmitted in step (e3) may include retransmission of an RLC

data block not successfully delivered to the receiving wireless communication apparatus in

step (el).

25
11. The method of claim 8, wherein the number of RLC data blocks in the subset

transmitted 1n step (b) 1s based upon a time interval between the beginning of step (b) and the

point at which the second PFC is determined to have the same priority as that of the first PFC.

30 12.  The method of claim 8, wherein the first TFI value does not equal the second TFI

value.

_ 927 -
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13. A method performed by radio link control (RLC) entity of a wireless communication
apparatus for processing RLC data blocks, comprising:

(a) receiving, at the RLC ent'ity, a first set of one or more RLC data blocks, each
RLC data block included 1n the first set corresponding to a portion of a first transmitted
logical link control (LLC) protocol data unit (PDU) and having a first unique temporary flow
identity (TFI) value;

(b)  after step (a), receiving, at the RLC entity, a second set of one or more RLC
data blocks, cach RLC data block included in the second set corresponding to a portion of a
second transmitted LLLC PDU and having a second unique TFI value;

(¢) after step (b), forming, at the RLC entity, a first received LLC PDU
corresponding to the second transmitted LLLC PDU by grouping the received RLC data blocks
that have the sccond unique TFI and providing the first rccetved LLC PDU to an LLC layer
for processing;

(d) after step (c), receiving, at the RLC entity, a third set of one or more RLC data
blocks, each RLC data block included in the third set corresponding to a portion of the first
transmitted LLC PDU and having the first unique TFI value;

(e) after step (d), forming, at the RLC entity, a second received LLC PDU
corresponding to the first transmitted LLC PDU by grouping the received RLC data blocks
that have the first unique TFI and providing the second received LLC PDU to the LLC layer
for processing,

wherein each RLC data block includes a block sequence number BSN field; and

wherein the BSN field of each RLC data block stores a value such that the values

stored 1n the BSN fields of any two successively received RLC data blocks follow a

predetermincd sequential relationship independent of the unique TFI value indicated by those
RLC data blocks.

14.  The method of claim 13, whercin wireless communication apparatus 1s a basc station.
15. The method of claim 13, wherein wireless communication apparatus 1s a mobile
station.

- 28 -
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16. A wireless communication apparatus comprising a protocol stack comprising a logical
link control (LLC) layer and a radio link control (RLC) layer comprising an RLC entity,
wherein the RLC entity 1s operable to:

(a) receive a first LLC protocol data unit (PDU) formed by the LLC layer and
corresponding to a first Packet Flow Context (PFC) and form a first set of RLC data blocks
corresponding to the first LLC PDU;

(b)  transmit a subset of the first set of RLC data blocks formed by the RLC entity,
wherein each transmitted RLC data block comprises at least a portion of the first LLC PDU,
which portion has not previously been transmitted in an RL.C data block;

(©) receive at the RLC entity a second LLC PDU formed by the LLC layer and
corresponding to a second PFC after receiving the first LLC PDU, and form a second set of
RLC data blocks corresponding to the second LLC PDU;

(d)  determine relative priorities of the first and second PFCs;

(e) in response to determining that the second PFC has a higher priority than that
of the first PFC, transmit all of the sccond set of RLC data blocks formed by the RLC entity
after transmitting the subset of the first set of RLC data blocks, wherein each transmitted RLC
data block comprises at least a portion of the second LLC PDU, which portion has not
previously been transmitted in an RLC data block; and

(f) transmit the remainder of the first set of RLC data blocks formed by the RLC
entity but not transmitted in step (b) after transmitting the second set of RLC data blocks,
whereln each transmitted RLC data block comprises at least a portion of the first LLC PDU,
which portion has not previously been transmitted in an RLC data block,

wherein each RLC data block includes a block sequence number BSN field and a
temporary flow identity (TFI) field, the TFI field of the RLC data block that comprises the
portion of the respective LLC PDU contains a value indicating a respective TFI value
associated with the respective PFC;

wherein the BSN field of each RLC data block stores a value such that the values
stored in the BSN fields of any two successive RLC data blocks experiencing a first

transmission follow a predetermined sequential relationship'indcpendent of the TFI value

indicated by those RLC data blocks, and

wherein the TFI values indicated by the transmifted RLC data blocks allow re-
assembly of the LLC PDUs upon reception of the RLC data blocks.

_ 20 .
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17.  The apparatus of claim 16, wherein

the transmission of RLC data blocks may include retransmission of RLC data blocks
for which the first transmission is attempted but does not result in those RLC data blocks
being successfully delivered to a receiving wireless communication apparatus,

and the RLC entity 1s further operable to:

(g) transmit the remainder of the first set of RLC data blocks formed by the RLC
entity bul not successlully delivered to the receiving wireless communication apparatus 1n

step (b) after transmitting the second sct of RLC data blocks.

18.  The apparatus of claim 16, wherein the number of RLC data blocks in the subset
transmitted in step (b) is based upon a time interval between the beginning of step (b) and the
point at which the second PFC is determined to have a higher priority than that of the first
PFC.

19.  The apparatus of claim 17, wherein the first TFI value does not equal the second TFI

value.

20.  The apparatus of claim 17, wherein the RLC entity 1s further operable to:

queue the first set of RLC data blocks 1n a first transmission queue associated with a
first transmission priority value associated with the first PFC;

queue the second set of RLC data blocks in a second transmission queue associated
with a second transmission priority value associated with the second PFC,

wherein the RLC entity is configured such that the RLC entity transmits RLC data
blocks by: |

selecting from a transmission queue an RLC data block; and
providing the selected RLC data block to a lower protocol layer which then transmits a

corresponding data block; and
after wirelessly transmitting the data block and determining that retransmission is not

needed, removing the selected RLC data block from the transmission queue.

21.  The apparatus of claim 16, wherein the wircless communication apparatus 1s a mobilce

station.

130 -
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22.  The apparatus of claim 16, wherein the wireless communication apparatus 1S a base
station.
23. A wireless communication apparatus comprising a protocol stack comprising a logical

link control (LLC) layer and a radio link control (RLC) layer comprising an RLC entity,
wherein the RLC entity 1s operable to:

(a) receive a first LLC protocol data unit (PDU) formed by the LLC layer and
corresponding to a first Packet Flow Context (PFC) and form a first set of RLC data blocks
corresponding to the first LLC PDU;

(b) transmit a subset of the first set of RLC data blocks formed by the RLC entity,
wherein each transmitted RLC data block comprises at least a portion of the first LLC PDU,
which portion has not previously been transmitted in an RLC data block;

(C) receive at the RLC entity a second LLC PDU formed by the LLC layer and
corresponding to a second PFC after receiving the first LLC PDU, and form a second set of
RLC data blocks corresponding to the second LLC PDU;

(d) determine relative priorities of the first and second PFCs; and

(e) in response to determining that the second PFC has the same priority as that of
the first PFC:

(e1) after transmitting a subset of the first set of RLC data blocks, transmait
an RLC data block formed by the RLC entity, the transmitted RLC data block comprises at
least a portion of the second LL.C PDU, which portion has not previously been transmitted 1n
an RLC data block; and

(e2) after transmitting the RLC data block that comprises a portion of the

second LLC PDU, transmit an RLC data block formed by the RLC cntity, the transmitted
RLC data block comprises at least a portion of the first LLC PDU, which portion has not

previously been transmitted in an RLC data block,

wherein each RLC data block includes a block sequencc number BSN ticld and a
temporary flow identity (TFI) field, the TFI field of the RLC data block that comprises the
portion of the respective LLC PDU contains a value indicating a respective TFI value
associated with the respective PFC;

wherein the BSN field of each RLC data block stores a value such that thc valucs

stored in the BSN fields of any two successive RLC data blocks experiencing a first
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transmission follow a predetermined sequential relationship independent of the TFI value
indicated by those RLC data blocks, and

wherein the TFI values indicated by the transmitted RLC data blocks allow re-
assembly of thc LL.C PDUs upon reception of the RLC data blocks.

24,  The apparatus of claim 23, wherein the RLC entity is further configured to:

(e3) alternate between steps (el) and (€2) until all RLC data blocks corresponding
to the first or second LLC PDU have been transmitted; and

(e4) after all RLC data blocks corresponding to the first or second LLC PDU have
been transmitted, transmit of all remaining RLC data blocks for the uncompleted LLC PDU.

25.  The apparatus of claim 23, wherein:

the transmission of RLC data blocks may include retransmission of RLC data blocks
for which the first transmission is attempted but does not result in those RLC data blocks
being successfully delivered to the receiving wireless communication apparatus, and

the RLC entity is further contigured to:

after transmitting the RLC data block that comprises a portion of the second LLC
PDU, transmit an RLC data block formed by the RLC entity, the transmitted RLC data block
comprises at least a portion of the first LLC PDU, which portion has not previously been
successfully delivered to the receiving wireless communication apparatus; and

after transmitting the RLC data block that comprises a portion of the first LLC PDU,
transmit an RLC data block formed by the RLC entity, the transmitted RLC data block
comprises at least a portion of the second LLC PDU, which portion has not previously been

successfully delivered to the receiving wireless communication apparatus.
26.  The apparatus of claim 23, wherein thc number of RLC data blocks in the subsct

transmitted in step (b) 1s based upon a time 1nterval between the beginning of step (b) and the

point at which the second PFC is determined to have the same priority as that of the first PFC

27.  The apparatus of claim 23, wherein the first TFI valuc does not equal the second TFI

value.
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28. A wireless communication apparatus including a radio link control (RLC) entity,
wherein the RLC entity 1s operable to:

(a) receive a first set of one or more RLC data blocks, each RLC data block
included 1in the first set corresponding to a portion of a first transmitted logical link control
(LLC) protocol data unit (PDU) and having a first unique temporary flow identity (TFI)
value;

(b)  after receiving the first set of RLC data blocks, receive a second set of one or
more RLC data blocks, each RLC data block included in the sccond set corrcsponding to a
portion of a second ‘transmitted LLC PDU and having a second unique TF1 value;

(C) form a first received LLC PDU corresponding to the second transmitted LLC
PDU by grouping the received RLC data blocks that have the second umique TFI and
providing the first received LLC PDU to an LLC layer for processing;

(d)  after receiving the second set of RLC data blocks, receive a third set of one or
more RLC data blocks, each RLC data block included in the third set corresponding to a
portion of the first transmitted LLC PDU and having the first unique TFI value;

(e) form a second received LLC PDU corresponding to the first transmitted LLC
PDU by grouping the received RLC data blocks that have the first unique TFI and providing
the second received LLC PDU to the LLC layer tor processing,

wherein cach RLC data block 1ncludes a block sequence number BSN ficld; and

wherein the BSN field of each RLC data block stores a value such that the values
stored in the BSN fields of any two successively received RLC data blocks follow a

predetermined sequential relationship independent of the unique TFI value indicated by those

RLC data blocks.

29.  The apparatus of claim 28, wherein wireless communication apparatus is a base

station.

30.  The apparatus of claim 28, wherein wireless communication apparatus is a mobile

station.
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