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RLC SEGMENTATION FOR CARRIER AGGREGATION TECHNICAL FIELD 100011The present
invention relates generally to telecommunications systems, and in
particular, to methods, systems, devices and software for segmenting data
in radiocommunications systems. BACKGROUND 100021Radiocommunication
networks were originally developed primarily to provide voice services over
circuit-switched networks. The introduction of packet-switched bearers in,
for example, the so-called 2.50 and 30 networks enabled network operators
to provide data services as well as voice services. Eventually, network
architectures will likely evolve toward all Internet Protocol (IP) networks
which provide both voice and data services. However, network operators have
a substantial investment in existing infrastructures and would, therefore,
typically prefer to migrate gradually to all IP network architectures in
order to allow them to extract sufficient value from their investment in
existing infrastructures. Also to provide the capabilities needed to
support next generation radiocommunication applications, while at the same
time using legacy infrastructure, network operators could deploy hybrid
networks wherein a next generation radiocommunication system is overlaid
onto an existing circuit-switched or packet-switched network as a first
step in the transition to an all IP-based network. Alternatively, a
radiocommunication system can evolve from one generation to the next while
still providing backward compatibility for legacy equipment. 10003]One
example of such an evolved network is based upon the Universal Mobile
Telephone System (UMTS) which is an existing third generation (3G)
radiocommunication 



system that is evolving into High Speed Packet Access (HSPA) technology.
Yet another alternative is the introduction of a new air interface
technology within the UMTS framework, e.g., the so-called Long Term
Evolution (LIE) technology. Target performance goals for LTE systems
include, for example, support for 200 active calls per 5 MHz cell and sub 5
ms latency for small IP packets. Each new generation, or partial
generation, of mobile communication systems add complexity and abilities to
mobile communication systems and this can be expected to continue with
either enhancements to proposed systems or completely new systems in the
future. 100041The LTE Re1-8 standard has recently been standardized,
supporting bandwidths up to 20 MHz. However, in order to meet the upcoming
IMT-Advanced requirements, 3GPP has initiated work on LIE-Advanced. One
aspect of LTE-Advanced is to support bandwidths larger than 20 MHz in a
manner which assures backward compatibility with LTE Re1-8, including
spectrum compatibility. This implies that an LIE-Advanced carrier, which is
wider than 20 MHz, should appear as a number of LTE carriers to an LIE
Re1-8 terminal. Each such carrier can be referred to as a "component
carrier". 100051For early LIE-Advanced deployments, it is expected that
there will be a smaller number of LIE-Advanced-capable terminals in
operation as compared to many LTE legacy terminals in operation. Therefore,
it is necessary to assure an efficient use of a wide carrier also for
legacy terminals, i.e., that it is possible to implement carriers where
legacy terminals can be scheduled in all parts of the wideband LIE-Advanced
carrier. One way to achieve this objective is by means of carrier
aggregation. Carrier aggregation implies that, for example, an LTE-Advanced
terminal can receive multiple component carriers, where the component
carriers have, or at least have the possibility to have, the same structure
as a Re1-8  carrier. An example of carrier aggregation is illustrated in
Figure 1, wherein five 20 MHz component carriers 10 are aggregated to form
a single wideband carrier. 



[0006]LTE systems use hybrid-ARQ where, after receiving downlink data in a
subframe, the terminal attempts to decode that data and reports to the base
station whether the decoding was successful (ACK) or not (NAK). In the case
of an unsuccessful decoding attempt, the base station can retransmit the
erroneous data. Downlink transmissions are dynamically scheduled, i.e., in
each subframe the base station transmits control information on which
terminals are supposed to receive data and upon which resources in the
current downlink subframe. This control signaling is typically transmitted
in the first 1, 2 or 3 OFDM symbols in each subframe. A terminal will thus
listen to the control channel and, if it detects a downlink assignment
addressed to it, the terminal will decode the data and generate feedback in
response to the transmission in the form of an ACK or a NAK depending on
whether the data was decoded correctly or not. [0007]The HARQ protocol
employed in LTE systems uses a number of HARQ processes each having their
own identification (ID), where a HARQ process is essentially a pointer to a
logical buffer in the receiver. When retransmissions are performed for a
higher layer PDU, they are transmitted in the same HAIW process and the
receiver knows (from the HARQ process ID) that the retransmissions should
be combined with each other. When the transmitter has received an ACK for
the transmitted data it can start sending a new transmission in the HARQ
process and indicates that to the receiver with a new data indicator on the
L1/2 control channel. A stop and wait protocol is used for each HARQ
process but since transmissions can be ongoing in multiple, staggered HARQ
processes simultaneously a continuous transmission is possible. The number
of HARQ processes needed to achieve a  continuous transmission depends on,
among other things, the processing requirements in the eNodeB and the user
equipment (UE). For LTE systems, about 8 HARQ processes are needed to
provide frequency division duplex (FDD) operation. 100081One possibility
for implementing carrier aggregation is to perform coding and  hybrid-ARQ
retransmissions on a per component carrier basis. An example of this type
of carrier aggregation is illustrated in Figure 1, where data to be
transmitted to a given terminal is transmitted on three component carriers
20, 22 and 24. In the existing LIE structure, this technique would
correspond to having a transport block (or two transport blocks in case of
spatial multiplexing) per component carrier. The structure in Figure 2 uses
multiple, independent hybrid-ARQ entities 26, 28 and 30 to implement the
HARQ processes in the medium access control (MAC) layer. For hybrid-ARQ
operation, acknowledgements informing the transmitter regarding whether the
reception of a transport block was successful or not are needed. One way to
implement such acknowledgements would be to transmit multiple
acknowledgement messages, e.g., one per component carrier (in the case
where spatial multiplexing is employed, an acknowledgement message would
correspond to two bits as there are two transport blocks on a component
carrier in the first release of LTE, however in the absence of spatial
multiplexing, an acknowledgement message is a single bit as there is only a
single transport block per component carrier), but also other
implementations are possible. 



100091If carrier aggregation is performed as shown, for example, in Figure
2, this means that several transport blocks (TBs) may be transmitted per
transmission time interval (U1). If, for example, 20 MHz carriers are
aggregated to a total bandwidth of 100 MHz to achieve a I Gbps peak rate, 5
TBs per 111 need to be transmitted. If spatial multiplexing is  used this
increases to 10 TBs per TTI with the current LTE solution, which uses two
TBs per TTI when performing spatial multiplexing. If the solution for
spatial multiplexing is modified in future releases, the number of TBs per
TT! may increase even further. With the current protocol structure in LIE,
e.g., as described in the standards specification 3GPP 36.322 entitled
"Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Link Control
(RLC) protocol specification", where one RLC PDU is transmitted per TB this
implies that many RLC PDUs may need to be transmitted per TTI, which
quickly consumes RLC sequence numbers (e.g., 10 sequence numbers per TI!).
RLC segmentation for LIE is discussed in more detail below. Thus carrier
aggregation may, in some situations, result in the undesirable result of
stalling of the RLC protocol since only half of the sequence number (SN)
space may be outstanding (transmitted but not yet acknowledged) at any
given time to ensure that there is no SN ambiguity between a new
transmission and a retransmission for a particular SN.  SUMMARY
[0010]Systems, devices, methods and software according to these exemplary
embodiments provide for reducing the number of different sequence numbers
used to transmit radio link control, RLC, data blocks to avoid, for
example, sequence number stalling. This can be accomplished by, for
example, transmitting or receiving RLC protocol data unit, PDU, segments as
the initial or original instance of data communication. 



[0011]According to one exemplary embodiment, a method for communicating in
a network includes the steps of sizing at least one service data unit, SOU,
into a first plurality of radio link control, RLC, protocol data unit, PDU,
segments for the initial transmission of the at least one SDU, and
transmitting the first plurality of RLC PDU segments. [0012]According to
another exemplary embodiment, a communications node includes a processor
adapted to size at least one service data unit, SDU, into a first plurality
of radio link control, RLC, protocol data unit, PDU, segments for the
initial transmission of the at least one SDU, a transceiver, connected to
the processor, adapted to transmit the first plurality of RLC PDU segments,
and a memory device, connected to the processor, adapted to store the first
plurality of RLC PDU segments. [0013]According to yet another exemplary
embodiment, a method for communicating in a network includes the step of
receiving a first plurality of radio link control, RLC, protocol data unit,
PDU, segments as an initial transmission of data. [0014]According to still
another exemplary embodiment, a communications node includes a transceiver
adapted to receive a first plurality of radio link control, RLC, protocol
data unit, PDU, segments as the original transmission of data associated
therewith, a memory 



device adapted to store the first plurality of RLC PDU segments, and a
processor, connected to the transceiver and the memory device, adapted to
repackage the RLC PDU segments into output data.  BRIEF DESCRIPTION OF THE
DRAWINGS  100151The accompanying drawings illustrate exemplary embodiments,
wherein: 100161Figure 1 depicts carrier aggregation; 100171Figure 2 depicts
carrier aggregation with independent hybrid automatic retransmission
request (HARQ) entities; 



[00181Figure 3 illustrates elements of a radiocommunication system
according to exemplary embodiments; 100191Figure 4 shows the elements of
the radiocommunication system of Figure 3 connected to other communication
nodes; 100201Figure 5 illustrates entities associated with processing data
in communication nodes according to exemplary embodiments; (00211Figure
6(a) illustrates conventional sizing of data at the radio link layer;
100221Figures 6(b) and 6(c) illustrate sizing of data according to
exemplary 



embodiments; 100231Figure 7 depicts sizing of data according to another
exemplary embodiment; 100241Figure 8 shows a communications node according
to an exemplary embodiment; and 100251Figures 9 and 10 are flowcharts
illustrating methods of communicating according to exemplary embodiments.
DETAILED DESCRIPTION 



100261The following detailed description of the exemplary embodiments
refers to the accompanying drawings. The same reference numbers in
different drawings identify the same or similar elements. Also, the
following detailed description does not limit the invention. Instead, the
scope of the invention is defined by the appended claims. The following
embodiments are discussed, for simplicity, with regard to the terminology
and structure of LTE systems. However, the embodiments to be discussed next
are not limited to LTE systems but may be applied to other
telecommunications systems. 100271Reference throughout the specification to
"one embodiment" or "an embodiment" means that a particular feature,
structure, or characteristic described in connection with an embodiment is
included in at least one embodiment of the present invention. Thus, the
appearance of the phrases "in one embodiment" or "in an embodiment" in
various places throughout the specification are not necessarily all
referring to the same embodiment. Further, the particular features,
structures or characteristics may be combined in any suitable manner in one
or more embodiments. 100281One solution to the SN stalling problem
described above is to increase the SN space in the RLC entity. However,
this solution may be unattractive for some implementations since it implies
a new header structure, i.e., more bits to be used for sequence numbers.
Accordingly, it would also be desirable to support very high bitrates in
such communication systems (e.g., 1Gbps and beyond) with a minimum of
changes to the existing RLC protocol.  100291To provide some context for
the following exemplary embodiments related to 



the sizing of RLC data blocks and associated signaling, consider the
exemplary radiocommunication system as shown from two different
perspectives in Figures 3 and 4, respectively. To increase the transmission
rate of the systems, and to provide additional diversity against fading on
the radio channels, modem wireless communication systems include
transceivers that use multi-antennas (often referred to as a MIMO systems).
The multi-antennas may be distributed to the receiver side, to the
transmitter side and/or provided at both sides as shown in Figure 3. More
specifically, Figure 3 shows a base station 32 having four antennas 34 and
a user terminal (also referred to herein as "user equipment" or "UE") 36
having two antennas 34. The number of antennas shown in Figure 3 is
exemplary and is not intended to limit the actual number of antennas used
at the base station 32 or at the user terminal 36 in the exemplary
embodiments to be discussed below. Additionally, the term "base station" is
used herein as a generic term. As will be appreciated by those skilled in
the art, in the LTE architecture an evolved NodeB (eNodeB) may correspond
to the base station, i.e., a base station is a possible implementation of
the eNodeB. However, the term "eNodeB" is also broader in some senses than
the conventional base station since the eNodeB refers, in general, to a
logical node. The term "base station" is used herein as inclusive of a base
station, a NodeB, an eNodeB or other nodes specific for other
architectures. An eNodeB in an Lit system handles transmission and
reception in one or several cells, as shown for example in Figure 4.
10030]Figure 4 shows, among other things, two eNodeBs 34 and one user
terminal 36. The user terminal 36 uses dedicated channels 40 to communicate
with the eNodeB(s) 34, e.g., by transmitting or receiving RLC PDU segments
as according to exemplary  embodiments described below. The two eNodeBs 34
are connected to corresponding Radio Network Controllers (RNC) 42. Although
not shown as such in Figure 4, it will be appreciated that each RNC 42 may
control more than one eNodeB 32. The RNCs 42 are connected to a Core
Network 44. 100311One exemplary LTE architecture for processing data for
transmission by an eNodeB 34 to a UE 36 (downlink) is shown in Figure 5.
Therein, data to be transmitted by the eNodeB 34 (e.g., IP packets) to a
particular user is first processed by a packet data convergence protocol
(PDCP) entity 50 in which the IP headers are (optionally) compressed and
ciphering of the data is performed. The radio link control (RLC) entity 52
handles, among other things, segmentation of (and/or concatenation of) the
data received from the PDCP entity 50 into protocol data units (PDUs) This
function of the RLC 52 is of particular interest for the present
application and is discussed in more detail below. Additionally, the RLC
entity 52 provides a retransmission protocol (ARQ) which monitors sequence
number status reports from its counterpart RLC entity in the UE 36 to
selectively retransmit PDUs as requested. The medium access control (MAC)
entity 54 is responsible for uplink and downlink scheduling via scheduler
56, as well as the hybrid-ARQ processes discussed above. A physical (PHY)
layer entity 58 takes care of coding, modulation, and multi-antenna
mapping, among other things. Each entity shown in Figure 5 provides outputs
to, and receives inputs from, their adjacent entities by way of bearers or
channels as shown. The reverse of these processes are provided for the UE
36 as shown in Figure 5 for the received data. 



100321The MAC entity 54 offers services to the RLC entity 52 in the form of
logical channels, as shown in Figure 5. These logical channels, e.g.,
control channels and traffic  channels, can be defined based on the type of
information that they carry. For an exemplary LTE system, such logical
channels include, for example, a broadcast control channel (BCCH), a paging
control channel (PCCH), a dedicated control channel (DCCH), a multicast
control channel (MCCH), a dedicated traffic channel (DTCH) and a multicast
traffic channel (MTCH). As mentioned briefly above, the FtLC protocol in
LTE can be used to segment and concatenate higher layer service data units
(SDUs) into PDUs of appropriate size to be submitted to the MAC entity 54
for transmission. The MAC entity 54 indicates the chosen TB size to the RLC
entity 52 for each transmission opportunity such that the RLC 52 can
segment/concatenate the higher layer SDUs into RLC PDUs of a size that
matches the TB size (which in turn is selected based on the channel
conditions). The RLC 52 performs retransmissions upon reception of a status
report containing negative acknowledgements for one or more PLC PDUs. Since
the radio conditions may change between the time of transmission and
subsequent retransmission of a PDU, there is a risk that the PDU that needs
to be retransmitted is too large for the available TB size at the time of
retransmission. In this case, the RLC 52 performs a re-segmentation, which
means that a previously created RLC PDU is split into several smaller RLC
PDU segments. Each nc PDU segment gets the same RLC sequence number as the
original RLC PDU and in addition a segmentation offset is used in the
header of each RLC PDU segment to indicate which part of the original RLC
PDU that the RLC PDU segment contains. 100331For one logical channel, a
single new RLC PDU is created per TTI (in addition retransmitted PDUs can
be transmitted in the same TTI). This means that a maximum of one RLC
sequence number is "consumed" per TTI. The RLC sequence number length for
acknowledged mode RLC (AM RLC) is chosen to be 10 bits long, which is
sufficiently long to avoid sequence number stalling. However, sequence
number stalling can occur in selective repeat ARQ protocols since only half
of the sequence number space can be outstanding (i.e., transmitted but not
yet acknowledged) at any time. Moreover, as mentioned above in the
Background section, if carrier aggregation is adopted in the manner
illustrated in Figure 2, then five TBs per TT1 need to be transmitted (or
at least 10 TBs per TTI if spatial multiplexing is used), which will
exacerbate the possibility of sequence number stalling. 100341Thus,
according to exemplary embodiments, the re-segmentation functionality 



in the RLC entity 52 is used to create and transmit RLC PDU segments at the
time of the first (i.e., initial or original) transmission of that data by
either an eNodeB 3401 a UE 36, to thereby enable the transmission of one
RLC PDU segment per TB. This reduces the amount of consumed sequence
numbers since all RLC PDU segments which are transmitted in a given 171
will have the same sequence number. More specifically, according to these
exemplary embodiments, a number of RLC PDU segments can be created (e.g.,
all of the segments having the same sequence number but different
segmentation offset values) prior to the first transmission of the data.
The segmentation offset value indicates the starting location of each PDU
segment within a given PDU sequence. For example, assuming that 10 TBs are
transmitted in a TTI, the RLC entity 52 at the transmitter would, for
example, create 10 RLC PDU segments, each using the same sequence number,
such that one RLC PDU segment is transmitted in each TB. In this way only
one sequence number is used according to this exemplary embodiment instead
of 10 sequence numbers which would have been used if each TB was
transmitted using its own, different sequence number. 100351These concepts
associated with exemplary embodiments will be better understood by
comparing Figure 6(a), wherein concatenation as performed by a conventional
RLC entity is shown, with Figure 6(b), wherein concatenation according to
an exemplary embodiment is illustrated. Starting with Figure 6(a), a number
of higher layer SDUs 60 are concatenated with one another by an RLC entity
52 to form the data part of an RLC PDU 62. This RLC PDU 62 is then
transmitted, e.g., as part of a number of PDUs including PDU 64 which was
generated based on a concatenation of the SDUs 63. It will be appreciated
by those skilled in the art, that other RLC PDUs may be generated by
segmenting larger SDUs into multiple RLC PDUs, although this process is not
shown in Figure 6(a). Each RLC PDU 62, 64 has its own, different sequence
number (SN) assigned thereto. If, for example, RLC PDU 62 needs to be
retransmitted, e.g., because the RLC entity associated with the
transmitting eNodeB 34 or UE 36 has received a NACK associated with RLC PDU
64, then that RLC PDU 64 can be segmented into RLC PDU segments 66 and 68
(if needed) and subsequently retransmitted. The segments 66 and 68 have the
same SN, but a different segment offset (SO) value. Note that, for each RLC
PDU which is transmitted as part of the original transmission, a different
sequence number is needed and used. Thus two sequence numbers are used to
transmit these two groups of SDUs 60 and 63. 100361Looking now at Figure
6(b), the same SDUs 60 and 63 are shown as they can be processed in
accordance with these exemplary embodiments. Therein, the first group of
SDUs 60 is concatenated to form the data portion of a first RLC PDU segment
70 and the second group of SDUs 63 is concatenated to form the data portion
of a second RLC PDU segment 72. It can be seen that according to this
exemplary embodiment, the RLC entity 52 directly forms a number of RLC PDU
segments for original transmission of SDUs without going through the
intermediate step of first forming RLC PDUs as in Figure 6(a). The RLC PDU
segments 70 and 72 have the same sequence number but different sequence
offset  



values. These RLC PDU segments 70 and 72 are then transmitted as the first
(original) transmission of this data, e.g., by an eNodeB 34 or UE 36. Thus
the same data that was originally transmitted in the example of Figure 6(a)
using two sequence numbers, is originally transmitted using only one
sequence number in the exemplary embodiment of Figure 6(b) by using
segmentation offsets. As mentioned above, the technique shown in Figure
6(b) can be applied in the same way for segmentation as for concatenation,
e.g., splitting an SDU into multiple data parts which are carried by
different RLC PDU segments having the same sequence number, but different
segment offset values, for their original transmission. Generically,
segmentation and concatenation are referred to jointly herein as "sizing"
operations. 100371If an originally transmitted RLC PDU segment according to
these exemplary embodiments is received erroneously, the receiver may
request retransmission of that segment. For example, as shown in Figure
6(b) if the RLC PDU segment 70 is received erroneously, the receiver may
transmit a NAK message back to the transmitter requesting retransmission of
the RLC PDU segment 70. In response, the transmitter may retransmit the
data part associated with originally transmitted RLC PDU segment 70 as two
new RLC PDU segments having the same SN as was originally used to transmit
the RLC PDU segment 70, but two new segment offset values SO'l and S0'2 as
shown in Figure 6(b). The number of RLC PDU segments used to perform the
retransmission may vary based on, for example, the conditions of the radio
channel at the time of retransmission. 100381According to another exemplary
embodiment, illustrated in Figure 6(c), even when using RLC PDU segments
for the original transmission of data, an RLC PDU can first be formed by
the RLC entity 52 based on the amount of data that shall be transmitted.
This  may be useful in order to, e.g., determine to which PDU segments the
same sequence number belongs and since the SO values may refer to the RLC
PDU. The formation of the RLC PDUs may be as a purely logical construct or
may be physically stored as chucks of data but are not transmitted as shown
in Figure 6(c). Instead, as a subsequent step, the RLC PDUs are re-
segmented into corresponding RLC PDU segments for original transmission. If
retransmission is needed, it can be performed as described above with
respect to Figure 6(c). 100391To achieve a bit rate of I Gbps, and to
provide backward compatibility as 



mentioned above, and assuming that 1 TTI corresponds to 1 ms, 125 Kbytes
need to be transmitted per TTI according to this exemplary carrier
aggregation embodiment. However, the current segmentation offset values in
existing RLC entities 52 are 15 bits in size, which can therefore only
indicate values up to 32 Kbytes. One way to address this issue is to
increase the size of the segmentation offset values from 15 bits to, e.g.,
17 bits. However, it may be unattractive to increase the size of the
segmentation offset field in the RLC protocol. Accordingly, another way to
support these very high bitrates without modifying the size of the
segmentation offset values is to create a number of RLC PDU segments for
use in the original transmission of data in a rn, but to avoid that the
segmentation offset needs to indicate values larger than 32 Kbyte. For
example, if a total of 125 Kbyte is transmitted in a TTI the transmitter
can, for example, use 4 RLC sequence numbers such that the created RLC PDU
segments correspond to 4 separate RLC PDUs of 32 Kbyte each (in such an
example the RLC PDUs would typically not be transmitted; only the
corresponding RLC PDU segments). An example of this embodiment is
illustrated as Figure 7, where the number of RLC PDU segments (n, m, p and
q) associated with each of the four sequence numbers may be the same or may
be different for a given TTI.  100401Other variations are contemplated. For
example, since the RLC PDU segment header is slightly larger than the
normal RLC PDU header, the foregoing exemplary embodiments will slightly
increase signaling overhead. Thus, according to another exemplary
embodiment, the foregoing techniques may be used only some of the time,
e.g., when there is a perceived risk of SN stalling. For example, the
transmitter could determine whether to use RLC PDU segments for original
transmission based on the currently used SN space for that transmitter,
e.g., a predetermined SN usage threshold could be provided at the
transmitter which, when exceeded, could trigger the usage of RLC PDU
segments for original transmissions instead of RLC PDUs. For example, the
threshold could be set to 256 of 1024 SN. If more than 256 RLC PDUs are
outstanding, it would be triggered that RLC PDU segments are used for
original transmissions. Alternatively, if more than a certain number of SNs
are needed to transmit data in a particular TTI, e.g., if 4 SNs are needed,
then RLC PDU segments could be used instead of RLC PDUs for that
particular, original transmission. This latter alternative could also be
combined with the SN space threshold, e.g., RLC PDU segments could be used
for original transmission if more than a predetermined number of SNs are
needed for transmitting RLC PDUs in a particular TTI and if a predetermined
number of SNs are in use for that transmitter's SN space. Moreover, the
present invention is not limited to these various alternatives for
determining when to switch in (or out) original transmissions via RLC PDU
segments, as other techniques may be used instead. Thus, according to this
exemplary embodiment, a transmitter may transmit original data using RLC
PDUs during a first period of time and may later transmit original data
using RLC PDU segments during a second period of time, e.g., after it is
determined that the likelihood of sequence stalling has increased above a
threshold value. Similarly, a transmitter may  transmit original data using
RLC PDU segments during a first period of time and may later transmit
original data using RLC PDUs during a second period of time, e.g., after it
is determined that the likelihood of sequence stalling has fallen below a
threshold value. 100411An exemplary base station 32, e.g., an eNodeB, which
receives or transmits RLC PDU segments as original data transmissions is
generically illustrated in Figure 8. Therein, the eNodeB 32 includes one or
more antennas 71 connected to processor(s) 74 via transceiver(s) 73. The
processor 74 is configured to analyze and process signals received over an
air interface via the antennas 71, as well as those signals received from
core network node (e.g., access gateway) via, e.g., an SI interface. The
processor(s) 74 may also be connected to one or more memory device(s) 76
via a bus 78. Further units or functions, not shown, for performing various
operations as encoding, decoding, modulation, demodulation, encryption,
scrambling, precoding, etc. may optionally be implemented not only as
electrical components but also in software or a combination of these two
possibilities as would be appreciated by those skilled in the art to enable
the transceiver(s) 72 and processor(s) 74 to process uplink and downlink
signals. A similar, generic structure, e.g., including a memory device,
processor(s) and a transceiver, can be used (among other things) to
implement communication nodes such as UEs 36. 



100421Thus, a method for communicating in a network according to an
exemplary embodiment includes the steps illustrated in the flowchart of
Figure 9. Therein, a first plurality of service data units, SDUs, are sized
(e.g., segmented and/or concatenated) into a first plurality of radio link
control, RLC, protocol data unit, PDU, segments for the initial
transmission of that data at step 90. Then, the first plurality of RLC PDU
segments are transmitted at step 92. Similarly, in Figure 10, another
method for communicating in a  network includes the step 100 of receiving a
first plurality of radio link control, RLC, protocol data unit, PDU,
segments as an initial transmission of data. 100431Based on the foregoing,
it will be apparent that these exemplary embodiments provide for flexible
usage of resegmentation to, among other things, address SN space issues. In
order for the receiver to recognize whether incoming transmissions are
formatted as RLC PDUs or RLC PDU segments, a resegmentation flag can be
provided in the header information. The resegmentation flag indicates how
to interpret the header bits that are provided after the SN field. When the
resegmentation field is set tol, this indicates that the data unit is an
RLC PDU segment and that one of the following header fields provide the
corresponding SO information. When it is unset, the resegmentation flag
indicates that the data unit is an RLC PDU and that no SO information is
provided. 100441The above-described exemplary embodiments are intended to
be illustrative in all respects, rather than restrictive, of the present
invention. For example, although the exemplary embodiments described above
provide techniques whereby one SN and multiple sequence offsets are used to
transmit RLC PD!.) segments in each TI' I, it is also possible to use
resegmentation for original transmission wherein one SN is used across
multiple TTIs, e.g., transmitting one RLC PDU segment per TFI with the same
SN but different SOs. 



All such variations and modifications are considered to be within the scope
and spirit of the present invention as defined by the following claims. No
element, act, or instruction used in the description of the present
application should be construed as critical or essential to the invention
unless explicitly described as such. Also, as used herein, the article "a"
is intended to include one or more items.  CLAIMS: 1. A method for
communicating in a network comprising:       sizing at least one service
data unit, SDU, into a first plurality of radio link control, RLC, protocol
data unit, PDU, segments for the initial transmission of said at least one
SDU; and transmitting said first plurality of RLC PDU segments. 2. The
method of claim 1, wherein said step of sizing further comprises: sizing
said at least one service data unit, SDU, into at least one radio link
control, RLC, protocol data unit, PDU, and       re-segmenting each of the
at least one RLC PDUs into said first plurality of RLC PDU segments for the
initial transmission of said at least one SDU. 



3. The method of claim 1 or 2, further comprising:       receiving an
indication that at least one of said first plurality of RLC PDU segments
needs to be retransmitted; and retransmitting said at least one of said
first plurality of PLC PDU segments. 4.The method of claim any one of
claims 1-3, further comprising:         assigning only the same sequence
number for use in originally transmitting said first plurality of RLC PDU
segments during a transmission time interval, VT!, wherein each of said
first plurality of RLC PDU segments also includes a different segment
offset value. 5. The method of any one of claims 1-3, further comprising:
assigning a plurality of different sequence numbers for use in originally
transmitting said first plurality of RLC PDU segments during a transmission
time interval, TI!, wherein each of said first plurality of RLC PDU
segments which has a same sequence number also includes a different segment
offset value. 



6. The method of any one of claims 1-3, further comprising:       assigning
only one sequence number for use in originally transmitting said first
plurality of RLC PDU segments during a plurality of different transmission
time intervals, Ills, wherein each of said first plurality of RLC PDU
segments which has a same sequence number also includes a different segment
offset value. 7. The method of any one of claims 1-6, further comprising:
determining that a likelihood of sequence number stalling has dropped below
a threshold value; sizing a second at least one SDU into at least one RLC
PDU for initial transmission; and transmitting said at least one of RLC
PDUs.  



8. The method of any one of claims 1-7 further comprising:
determining that a likelihood of sequence number stalling has exceeded a
certain threshold value; transmitting said first plurality of RISC PDU
segments in response to said determining step.  9. The method of any one of
claims 1 and 3-8, wherein said step of sizing further comprises:
directly sizing said at least one service data units, SDU, into said first
plurality of radio link control, RLC, protocol data unit, PDU, segments
without first sizing said at least one SDU into at least one RLC PDU.
ICI.The method of any one of claims 1-9, wherein said first plurality of
RLC PDU segments each include a resegmentation flag which is set to a value
of one. 



11.A communications node comprising:       a processor adapted to size at
least one service data unit, SDU, into a first plurality of radio linIc
control, RLC, protocol data unit, PDU, segments for the initial
transmission of said at least one SDU;       a transceiver, connected to
said processor, adapted to transmit said first plurality of RLC PDU
segments; and       a memory device, connected to said processor, adapted
to store said first plurality of RLC PDU segments,   12. The communications
node of claim 11, wherein said processor is further configured to size said
at least one service data unit, SDU, into at least one radio link control,
RLC, protocol data unit, PDU, and to re-segment each of the at least one
RLC PDUs into said first plurality of RLC PDU segments for the initial
transmission of said at least one SDU.  13. The communications node of
claims 11 or 12, wherein said processor is further adapted to receive an
indication that at least one of said first plurality of RLC PDU segments
needs to be retransmitted; and wherein said transceiver is further adapted
to retransmit said at least one of said first plurality of RLC PDU
segments.  14. The communications node of any one of claims 11-13 wherein
said processor is further adapted to assign only the same sequence number
for use in originally transmitting said first plurality of RLC PDU segments
during a transmission time interval, TT1, wherein each of said first
plurality of RLC PDU segments also includes a different segment offset
value. 



15. The communications node of any one of claims 11-13 wherein said
processor is further adapted to assign a plurality of different sequence
numbers for use in originally transmitting said first plurality of RLC PDU
segments during a transmission time interval, TTI, wherein each of said
first plurality of RLC PDU segments which has a same sequence number also
includes a different segment offset value.   16. The communications node of
any one of claims 11-13, wherein said processor is further adapted to
assign only one sequence number for use in originally transmitting said
first plurality of RLC PDU segments during a plurality of different
transmission time intervals, TTIs, wherein each of said first plurality of
RLC PDU segments which has a same sequence number also includes a different
segment offset value.  17. The communications node of any one of claims
11-16, wherein said processor is further adapted to determine that a
likelihood of sequence number stalling has dropped below a threshold value
and to then size a second at least one SDU into at least one RLC PDU for
initial transmission; and wherein said transceiver is further adapted to
transmit said at least one RLC PDU.  18. The communications node of any one
of claims 11-17, wherein said processor is further adapted to determine
that a likelihood of sequence number stalling has exceeded a certain
threshold value and to then transmit said first plurality of RLC PDU
segments in response to said determination.  19. The communications node of
any one of claims 11 and 13-18, wherein said processor is further adapted
to directly size said at least one service data unit, SDU, into said first
plurality of radio link control, RLC, protocol data unit, PDU, segments
without first sizing said at least one SDU into at least one RLC PDU. 



20. The communications node of any one of claims 11-19, wherein said first
plurality of RLC PDU segments each include a resegmentation flag which is
set to a value of one.  21. The communications node of any one of claims
11-20 wherein said communications node is a user equipment.  22. The
communications node of any one of claims 11-20 wherein said communications
node is a base station.  23. A method for communicating in a network
comprising:       receiving a first plurality of radio link control, RLC,
protocol data unit, PDU, segments as an initial transmission of data.  24.
The method of claim 23, further comprising:       transmitting an
indication that at least one of said plurality of RLC PDU segments needs to
be retransmitted; and 



receiving a retransmission of said at least one of said plurality of RLC
PDU segments.  25. The method of claim 23 or 24, further comprising:
receiving only the same sequence number in each of said plurality of RLC
PDU segments during a transmission time interval, TT1, wherein each of said
RLC PDU segments also includes a different segment offset value.   26. The
method of claim 23 or 24, further comprising:       receiving a plurality
of different sequence numbers in said plurality of RLC PD!.) segments
during a transmission time interval, T1'1, wherein each of said RLC PDU
segments which has a same sequence number also includes a different segment
offset value. 27. The method of claim 23 or 24, further comprising:
receiving only one sequence number in said plurality of RLC PD!.) segments
during a plurality of different transmission time intervals, 7T1s, wherein
each of said RLC PDU segments which has a same sequence number also
includes a different segment offset value. 



28. The method of any one of claims 23-27 wherein said first plurality of
RLC PDU segments each include a resegmentation flag which is set to a value
of one.  29. A communications node comprising:       a transceiver adapted
to receive a first plurality of radio link control, RLC, protocol data
unit, PDU, segments as the original transmission of data associated
therewith; a memory device adapted to store said first plurality of RLC PDU
segments; and       a processor, connected to said transceiver and said
memory device, adapted to repackage said RLC PDU segments into output data.
30. The communications node of claim 29, wherein said processor is further
adapted to determine that at least one of said plurality of RLC PDU
segments needs to be retransmitted; and wherein said transceiver is further
adapted to transmit a request for retransmission of  said at least one of
said plurality of RLC PTYLT segments, 



31,The communications node of claims 29 or 30 wherein said transceiver is
further adapted to receive RLC PDU segments having only the same sequence
number for said data. during a transmission time interval, TTI, wherein
each of said Rif HAI segments also includes a different sepient offset
value. 32.The communications node of claims 29 or 30, wherein said
transceiver is further adapted to receive RLC PDU s'gnents having a
plurality of different sequence numbers for said data during a transmission
time interval, TTI, wherein each of said RLC PDIJ segments which has a same
sequence number also includes a different segment offset value. 33,The
communications node of claims 29 or 30, wherein said transceiver further
adapted to receive RLC PDU segments having only one sequence number for
said data during a plurality of different transmission Mine intervals, TEN,
wherein each of said RIX PDU segments which has a same sequence number also
includes a different segment offset value. $4.The communications node of
one of claims 29-34, wherein said first plurality of 



RLC PDU segments each include a resegmentation flag which is set to one. 




