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A FLEXIBLE SEGMENTATION SCHEME FOR COMMUNICATION
SYSTEMS

TECHNICAL FIELD:

[0001] The exemplary and non-limiting embodiments of this invention relate
generally to wireless. communication systems and, more specifically, relate to

segmentation schemes,

BACKGROUND:

[0002] The following abbreviations are herewith defined:
[0003] 3G Third Generation Mobile Network

[0004] AR access router

[0065] ARQ automatic fepeat request

[0006] BS  base station (also referred to as a Node B)..
[0007] E-UTRAN  Evolved Universal Terrestrial Radio Access Network
[0008] HSDPA High Speed Downlink Packet Access
[0009] IP internet protocol

[0010] L1 Layer 1 (Physical Layer)

[0011] L2 Layer 2 (MAC Layer)

[0012] LCID logical channel identity

[0013] MAC Medium Access Control Layer :(L2)

[0014] PHY Physical Layer (L1)

[0015] PDU protocol data unit
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[0016] QoS quality of service
[0017] RNC radio network controller ,
[0018] SDU  service data unit
[0019] SSN  service data unit (SDU) sequence number
[0020] TB  transport block
[0021] TCP  transmission control protocol
[0022] UDP  user datagram protocol
[0023] UE  user equipment
[0024] UL uplink
' [0025] UTRAN Universal Terrestrial Radio Access Network
[0026] VoIP voice over internet protocol
[0027] WCDMA Wide-Band Code-Division Multiple Access
[0028] WLAN wireless local area network
[0029] In E-UTRAN, application flows with different QoS requirements are

served over the wireless path by different logical channels in the MAC protocol layer.
MAC SDUs, which are higher layer packets such as IP packets, are queued in priority
queues, which are arranged for the logical channels. The amount of data to be
transmitted for each logical channel is determined for every radio frame transmission,
attempting to meet the QoS requirements of each IP traffic flow. Then, for each UE,
MAC multiplexes (concatenates) the scheduled data from the priority queues into one
TB. In this process, MAC may need to segment MAC SDUs to make them fit into the
TB. After triggering TBs from MAC, PHY multiplexes TBs from different UEs into a

radio frame.

[0030] In prior art cellular systems (e.g., 3G), the SDUs are segmented and

+ concatenated to constant size PDUs, which are defined per transport channel. This adds

2
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segmentation and multiplexing overhead. The reasoning is that the transmission
capacity of a radio link varies in time and small payloads are often available. Thus the
constant size PDU typically needs to be small. A small PDU fits well with the small rate
channels, but will cause a lot of overhead when segmenting large SDUs into the small
PDUs. On the other hand, many small PDUs need to be created for the high rate
channels, which will cause multiplexing overhead. Optimally, the PDU size would be
modified depeﬁding on the capabilities of the transport channel and its temporary
conditions. However, modification of the PDU size, in 3G, requires a heavy

peer-to-peer procedure and re-segmentation. Hence, it is typically not preferred.

[0031] In prior art wireless systems (e.g., WLAN), SDUs are transmitted as full
packets. The multiple access is based on random access/collision detection in uplink
and scheduling in downlink. Thus, once a transmission resource is indicated for a given
user, it is allowed to use the full bandwidth for a short period of time as required for the
transmission of the entire SDU available. In such a manner, there is less segmentation
and multiplexing overhead. However, large expectéd multi-wusérv rﬁultiplexing gains

will not be available.

[0032] The problems of these prior art segmentation schemes are even more
evident in newer cellular and wireless systems, where the available bandwidth is large,
bandwidth flexibility is large and the symbol rate is high, but varying radio conditions
impose receiver-dependent and time/frequency-dependent characteristics on the
transmission of each radio link. On the other hand, for any receiver, gains available by
frequency scheduling, gains available by exploiting the frequency diversity present in
the channel and gains available by adaptive transmission bandwidth selection are
significant. Yet, multi-user gains, which are realized by allocating indebendent radio
links efficiently in time and frequency are significant as well. Thus, the segmentation
scheme should be flexible and efficient to allow usage of any of these kinds of
transmission techniques. Neither of the mentioned prior art schemes, i.e. a fixed PDU
size and a trivial segmentation scheme, can efficiently meet these contradictory
requirements. In such conditions, full SDU transmissions are feasible and generally
preferred for low overhead. However, segmentation may still be necessary for large

SDUs to be received on difficult low bit-rate radio links.
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[0033] In conventional segmentation approaches for WCDMA and HSDPA,
segmentation is performed before a TB size is decided. Hence, the system can only
deliver fixed size or at least ready-made segments and thus has to concatenate segments
to fill the TB efficiently. This increases the amount of headers and complicates the

procedure by trying to match segments to the tail of the TB.

[0034] In another prior art segmentation scheme, SDU retransmissions using
the SSN is employed. However, full SDU retransmission is generally inefficient and
may lead to problems in low bit-rate radio link conditions. The efficiency also depends
on the traffic class and the size distribution of data. If the application generates large
TCP/UDP segments in the IP packets and the system bandwidth is narrow, one SDU
must be segmented into many small segments. For example, the maximum
transmission unit (MTU) or maximum segment size (MSS) for an IP packet over
Ethernet is typically 1500 bytes, and one sub-frame over a 1.25 MHz system with
1/2-coding rate and Quadrature Phase Shift Keying (QPSK) modulation only has about
450 inférmatioh bits. This means that, for this syéfem, one SDU will be segmented into
28 segments, thus increasing the probability of SDU error. A large SDU in such a
system would likely be re-transmitted one or more times. Not only will the throughput
of the radio link be significantly reduced but, in addition, the cell throughput will be

reduced since retransmissions are typically prioritized.
SUMMARY:

[0035] In an exemplary aspect of the invention, a method is provided. The
method includes: determining a size of a transport block based on criteria including a
size of at least one data block to be transmitted, wherein the transport block size is
determined such that the transport block will include at least one segment of a data
block of the at least one data block; segmenting the data block of the at least one data
block into a plurality of segments including the at least one segment; and populating the

transport block with at least the at least one segment.

[0036] In another exemplary aspect of the invention, a computer program
product is provided. The computer program product includes program instructions

embodied on a tangible computer-readable medium. Execution of the program
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instructions results in operations including: determining a size of a transport block
based on criteria including a size of at least one data block to be transmitted, wherein
the transport block éize is determined such that the transport block will include at least
one segment of a data block of the at least one data block; segmenting the data block of
the at least one data block into a plurality of segments including the at least one

segment; and populating the transport block with at least the at least one segment.

[0037] In a further exemplary aspect of the invention, another method is
provided. The method includes: segmenting a data block into a plurality of segments,
wherein each segment of the plurality of segments has a data block identifier, a length
value and an offset value, wherein the data block identifier has an identification of the
segmented data block, wherein the length value has the length of the segment, wherein
the offset value has the boundary of the segment as compared to the segmented data

block, wherein the segmented data block is to be transported by a plurality of transport

blocks; populating a transport block of the plurality of transport blocks with'at least one - -

segment of the pluiality of segments; and in response to receiving a retransmission
notice indicating a segment of the plurality of segments, retransmitting the indicated
segment, wherein the retransmission notice includes the data block identifier, the length

value and the offset value of the indicated segment.

[0038] ' In another exemplary a computer program product is provided. The
computer program product includes program instructions embodied on a tangible
computer-readable medium. Execution of the program instructions results in
operations including: segmenting a data block into a plurality of segments, wherein
each segment of the plurality of segments has a data block identifier, a length value and
an offset value, wherein the data block identifier has an identification of the segmented
data block, wherein the length value has the length of the segment, wherein the offset
value has the boundary of the segment as compared to the segmented data block,
wherein the segmented data block is to be transported by a plurality of transport blocks;
populating a transport block of the Vplurality of transport blocks with at least one
segment of the plurality of segments; and in response to receiving a retransmission
notice indicating a segment of the plurality of segments, retransmitting the indicated

segment, wherein the retransmission notice includes the data block identifier, the length
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value and the offset value of the indicated segment.

[0039] In a further exemplary aspect of the invention, an electronic device is
provided. The electronic device includes: a memory configured to store at least one
data block to be transmitted by a transport block; and a data processor coupled to the
memory, wherein the data processor is configured to perform operations including:
determining a size of the transport block based on criteria including a size of a data
block of the at least one data block, wherein the transport block size is determined such
that the transport block will include at least one segment of the data block; segmenting
the data block into a plurality of segments including the at least one segment; and
populating the transport block with at least the at least one segment and the at least one
full data block.

[0040] In another exemplary aspect of the invention, an information block is
provided. The information block is to be transmitted from a first node to a second node
and is stored on a tangible computer-readable medium prior to transmission. The
information block includes: a portion of a data block, wherein the portion of the data
block does not include the complete data block; a data block identifier having an
identification of the data block; a length value having a size of the portion of the data
block; and an offset value having a boundary of the portion of the data block as

compared to the complete data block.

[0041] In a further exemplary aspect of the invention, an electronic device is
provided. The electronic device includes: a data processor; and a transmitter coupled to
the data processor. Thg transmitter is configured to transmit a retransmission notice
indicating a segment of a plurality of segments. The retransmission notice includes a
request for retransmission of the indicated segment. The plurality of segments include
a segmented data block. The retransmission notice has a data block identifier, a length
value and an offset value of the indicated segment. The data block identifier has an
identification of the segmented data block. The length value has a length of the
indicated segment. The offset value has a boundary of the indicated segment as

compared to the segmented data block.
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BRIEF DESCRIPTION OF THE DRAWINGS:

[0042] The foregoing and other aspects of embodiments of this invention are
made more evident in the following Detailed Description, when read in conjunction

with the attached Drawing Figures, wherein:

[0043] Figure 1A shows a simplified block diagram of various electronic
devices, as connected to a wireless network, that are suitable for use in practicing the

exemplary embodiments of this invention;

[0044] Figure 1B shows a simplified block diagram of various electronic
devices, as connected to a base station that is itself connected to a network with one or
more access routers, that are suitable for use in practicing the exemplary embodiments

of this invention;

[0045] Figure 2. illustrates an exemplary segment structure of a segment as

employed by exemplaiy embodiments of this invention;

[0046] Figure 3 depicts the data flow for practicing an exemplary embodiment

of this invention;

[0047] Figure 4 shows-a detailed message signalling chart for downlink data

transmission procedures of an exemplary embodiment of this invention;

[0048] Figure 5 shows a detailed message signalling chart for uplink data

transmission procedures of an exemplary embodiment of this invention;

10049] Figure 6 illustrates a detailed message signaling chart for uplink data
transmission procedures of an exemplary embodiment of this invention in a longer time

scale than Figure 5;

[0050] Figure 7 illustrates a detailed message signaling chart for uplink data
transmission procedures of another exemplary embodiment of this invention in a longer

time scale than Figure 5;

[0051] Figure 8 represents an exemplary embodiment of the invention with a
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vector delivery arranged per logical channel;

[0052] Figure 9 shows a message sequence chart for an exemplary embodiment

of the invention using the LCIDs and SDUs of Figure 8;

[0053] Figure 10 illustrates an exemplary embodiment of the invention wherein

a SDU is segmented based on a determined TB size;

[0054] Figure 11 illustrates a further implementation of the exemplary
embodiment of Figure 10 wherein the SDU is further segmented based on another

determined TB size;

[0055] Figure 12 depicts a flowchart illustrating one non-limiting example of a

method for practicing the exemplary embodiments of this invention; and

[0056] Figure 13 depicts a flowchart illustrating another non-limiting example

of a method for practicing the exemplary embod1ments of this invention,
DETAILED DESCRIPTION:

[0057] Exemplary embodiments of the invention i mmprove both the efficiency of
the transmission and the efﬁcuency of the segmentation by providing an intelligent TB
size determination method and a flexible segmentation scheme for retransmission. The
- description focuses on downlink transmission and is primarily for the BSs, although
these serve as non-limiting exemplary embodiments of the invention. Additional
non-limiting exemplary embodiments of the invention include respective applications
of the method to a UE and UL transmission. In the downlink transmission exemplary,
the receiver functionality is in the UE. In the uplink transmission exemplary, the
receiver functionality is in the BS. Note that this invention can be applied to any
protocol layer that has segmentation and retransmission functionalities. As a

non-limiting example, it may be applied to the L1/L2 interface for E-UTRAN.

[0058] Reference is made first to Figure 1A for illustrating a simplified block
diagram of various electronic devices that are suitable for use in practicing the
exemplary embodiments of this invention. In Figure 1A, a wireless network 1 is

adapted for communication with a UE 10 via a Node B (base station) 12. The network
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1 may include a RNC 14, which may be referred to as a serving RNC (SRNC). The UE
10 includes a data processor (DP) 10A, a memory (MEM) 10B that stores a program
(PROG) 10C, and a suitable RF transceiver 10D (having a transmitter (TX) and a
receiver.(RX)) for bidirectional wireless communications with the Node B 12, which
also includes a DP 12A, a MEM 12B that stores a PROG 12C, and a suitable RF
transceiver 12D. The Node B 12 is coupled via a data path 13 (Tub) to the RNC 14 that
also includes a DP 14A and a MEM 14B storing an associated PROG 14C. The RNC
14 may be coupled to another RNC (not shown) by another data path 15 (Tur). At least
one of the PROGs 10C, 12C and 14C is assumed to include program instructions that,
when executed by the associated DP, enable the electronic device to operate in
accordance with the exemplary embodiments of this invention, as will be discussed

below in greater detail.

[0059] Figure 1B shows a simplified block diagram of various electronic
devices that are suitable for use in practicing the exefnpiary embodiments of this
invention. As in Figure 1A, Figure 1B deioicts a wireless network adapted for
communication with a UE 10 via a Node B (base station) 12. The UE 10 includes a data
processor (DP) 10A, a memory (MEM) 10B that stores a program (PROG) 10C, and a
suitable RF transceiver 10D (having a transmitter (TX) and a receiver RX)) for
bidirectional wireless communications with the Node B 12, which also includes a DP
12A, a MEM 12B that stores a PROG 12C, and a suitable RF transceiver 12D. The
Node B 12 is coupled via a data path 16 to a network 17. The network 17 contains one
or more. access routers (AR) 17A, 17B, and 17C to facilitate the connection with Node
B 12. At least one of the PROGs 10C and 12C is assumed to include program
instructions that, when executed by the associated DP, enable the electronic device to
operate in accordance with the exemplary embodiments of this invention, as will be

discussed below in greater detail.

[0060] In general, the various embodiments of the UE 10 can include, but are
not limited to, cellular phones, personal digital assistants (PDAs) having wireless
communication capabilities, portable computers having wireless communication
capabilities, image capture devicés such as digital cameras having wireless
communication capabilities, gaming devices having wireless communication
capabilities, music storage and playback appliances having wireless communication

9
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capabilities, Internet appliances permitting wireless Internet access and browsing, as

well as portable units or terminals that incorporate combinations of such functions.

[0061] The embodiments of this invention may be implemented by computer
software executable by the DP 10A of the UE 10 and other DPs such as the DP 12A, or

by hardware, or by a combination of software and hardware.

[0062] The MEMs 10B, 12B and 14B may be of any type suitable to the local
technical environment and may be implemented using any suitable data storage
technology, such as semiconductor-based memory devices, magnetic memory devices
and systems, optical memory devices and systems, fixed memory and removable
memory. The DPs 10A, 12A and 14A may be of any type suitable to the local technical
environment, and may include one or more of general purpose computers, special
purpose computers, microprocessors, digital signal processors (DSPs), processors,
based .on a mulﬁ-core processor architecture, and Application Specific. Integrated

Circuits (ASICs), as non-limiting examples.

[0063] Exemplary embodiments of this invention provide a TB size
determination method that takes the SDU boundaries into account, and a flexible
segmentation scheme that allows flexible segment retransmission. ,According to
exemplary embodiments of the invention, TB size is determined taking the SDU
boundaries into account and segmentation is performed after the TB size has been
determined. Given a TB size and SDU boundaries, the MAC segments MAC SDUs to
fit them into the TB by considering the MAC SDU boundary. For example, if the MAC
SDU is very small, such as for a VoIP packet, the MAC does not segment the SDU at
all. Another non-limiting example of a small MAC SDU is a TCP acknowledgement.
In addition, if the remaining part of the SDU is very small, further segmentation is
avoided, if possible. As many full, non-segmented SDUs as possible are delivered by
each TB. In the remainder of the TB, that is, the portion that cannot be filled by
complete SDUs, a sequence of bytes (variable length segments of SDUS) is inserted to
fill the TB. Note that the headers, as overhead of the payload, may be subtracted from
the variable length SDU size filling the TB exactly.

[0064] In relation to the retransmission technique, exemplary embodiments of

10
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this invention provide a segment structure using offset and length fields. "Offset" and
"length" refer to the starting position of the segment in the original SDU and the length
of the segment (e.g., in byte resolution), respectively. The receiver is configured to
maintain a receiver window for the full SDUs by having an offset and length signaled
for the segments of partially transmitted SDUs. The receiver window indicates which
SDUs are missing, which SDUs have been fully received, which SDUs have been
partially received, and which part(s) of the SDUSs are missing. The partially received
SDUs may have one or several segments missing. However, once a later segment is
correctly received, the receiver is enabled to track between which offsets it has missing
data. In fact, the receiver does not need to know whether the transmitter originally tried
to deliver the missing part in one or more segments. When generating an ARQ status
report, the receiver calculates the missing data between the received offsets for any
partially received SDU. Thus, the retransmission request is indicative of a portion from
(offset (early) + length) to offset (late), which is announced as a retransmission request;
offset = offset (early + length) and length - offset (late) — (offset (early) + length). After
the transmitter receives an ARQ status report or negative-acknowledgements
(NACKSs), it retransmits missing data for the requested missing full SDUs and for the
requested partially missing SDUs. The transmitter may decide to retransmit the full
SDU or only the missing segments. Employing the invention's segmentation scheme,
" the retransmission of missing segments is not bound to the original segment sizes and
the transmitter may append them to the TB transmission either in larger numbers of
smaller segments or in smaller numbers of larger segments, as compared to the original
transmission. This choice may also depend on the TB size, which is determined at the

time based on frame scheduling (multi-user scheduling) and logical channel priorities.

[0065] As a non-limiting example, one approach that may be utilized in
conjunction with the exemplary embodiments of the invention comprises using the
segment sequence number to indicate re-numbering of the segments (i.e., the offset
value). Generally, using the segment sequence number for retransmission requests
independently of aspects of the exemplary embodiments of the invention is not
preferred as the segment size may change depending on radio link conditions and their
retransmission by segment sequence number would require re-segmentation and

re-numbering. However in this case, the segment sequence number (of the

11
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re-segmented segment having a re-numbered segment sequence number) may be
employed in conjunction with aspects of the exemplary embodiments of the invention,
for example, by using the segment sequence number as the offset value comprising a

boundary of the indicated segment.

[0066] For a large SDU requiring retransmission, the transmitter may simply
segment the missing parts of the large SDU and attempt to deliver them again,
potentially as a sequence of smaller segments. (Note that re-segmentation is not
necessary as the non-segmented full SDUs reside in the priority queues contrary to the
prior art) Such smaller segments would consume marginal capacity from the
sub-frame and cell throughput would be maintained by the other served radio links,
even if the throughput of that spemﬁc radio link appears to drop. Further, it is possible
to apply more robust transport formats (low order modulation, low rate channel code,
increased dlversrcy mode) to the smaller segments as compared to the transport format
“selection for larger segments or full SDUs. Note that a retransmission without adaptmg‘
to smaller segments or a more robust transport format is also feasible and is within the

scope of the exemplary embodiments of this invention.

[0067] When determining the TB size for each radio link (UE) at a given
sub-frame instance, SDU boundaries should be taken into account in addition to other
factors such as the expected channel conditions of the radio links, the amount of data to
be transmitted from each of the priority queues of the logical channels and the priority
of the UEs, as non-limiting examples. The amount of data to be transmitted may be any
quantity from the minimum guaranteed data to all available data in the queues. This
becomes feasible due to the great degree of freedom that the scheduler and allocation
functions have, either to schedule fewer UEs per sub-frame with larger payloads less
frequently or to schedule more UEs per sub-frame with smaller payloads more
frequently. These choices lead to different gain factors of transmission and different

amounts of segmentation and multiplexing overhead.

[0068] In exemplary embodiments of the invention, two methods, herein

identified as (A) and (B), may be employed when requesting data transmission.

[0069] (A)  The amount of data to be transmitted for each traffic flow

12
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(priority queue) and the MAC SDU boundaries closest to these values are provided.
Then, the TB size allocated for each UE is determined by utilizing all available

information so that the block size contains SDUS with minimum or no segmentation.

[0070] (B)  The amount of data to be transmitted from each traffic flow
(priority queue), herein referred to as the SDU-aligned data amount, is calculated based
on the scheduling decision and is aligned to the SDU boundaries as much as possible.

When requesting data transmission, the SDU-aligned data amount is provided.

[0071] Using either method, given the information, the block size is determined
so that segmentation is avoided as much as possible. However, this is merely a
guideline and the block size or requested data size need not always be aligned to the

SDU boundaries if, for example, the discrepancy is large.

[0072] For method (A) above, a vector comprising the minimum amount of
data to be transmitted and MAC SDU boundaries closest to the minimum amount (the
elements of which correspond to traffic flows) are provided using the interface. Other

parameters, such as priority, may also be provided using the interface.

[0073] For method (B) above, a vector of SDU-aligned data amounts (the
elements of which correspond to traffic flows) are provided. Other parameters, such as

priority, may also be provided using the interface.

[0074] Given a TB size, segmentation is performed, when necessary, for
packing SDUs into the TB. Each segment comprises the SDU sequence number, length,
and partial SDUs, wherein the partial SDUs additionally include the segment offset
inside a full SDU. As noted above, "offset" indicates the starting position of the
segment in the original SDU and ("length" indicates the length of the segment, which

may be in byte resolution.

[0075] Figure 2 illustrates an exemplary segment structure of a segment 20.
Segment 20 contains a segment header 21 and a payload 26. The segment header 21
comprises the SDU sequence number (SSN) 22, the length value of the segment 23, the
offset value 24 (optional), and other fields in the segment header (OF) 25, if necessary.
Payload 26 contains information from the SDU.

13
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[0076] When retransmission is necessary, the receiver may request the
retransmission of a missing SDU by indicating the SSN. The receiver may request the
retransmission of a missing part of a SDU by indicating the SSN, offset and length of
the missing part. These retransmission requests are signalled in an ARQ status report.
When retransmission is requested and the given, new TB size cannot accommodate the
original segment size, the transmitter may perform segmentation, to any size, by using

the length and offset fields.

[0077] Figure 3 depicts the data flow. Starting from logical channel queues 30,
34, MAC SDUs are segmented if necessary 31, 35, and multiplexed (concatenated) 32,
36 into a transport block 33, 37 for each UE. Then, TBs 33, 37 are multiplexed 38 into
a physical radio frame 40, sent out through .1 39. As illustrated in the figure for TB-n
37, TBs 33, 37 comprise a header with a combination of one or more SDUs, noted in the
figure as SDU1 and SDU2, and/or a segmént. Radio frame 40 comprises a header with
one or more multiplexed'TBs, indicated in the figure by TB-1 and TB-n.

[0078] Figures 4 and 5 illustrate detailed message signalling charts for
downlink and uplink data transmission procedures, respectively. Depending on the
scheduling (e.g., at the MAC layer), the amount of data to be transmitted for each
logical channel of each UE is determined. Then, the MAC provides vector information
for the data amount (which can be either option (A) or (B) as noted above), each
element of which corresponds to each logical channel. In this vector information, the
SDU boundaries are taken into account. Then, the allocation unit (e.g., at PHY)
determines the TB size by using the given information comprising the data amount and
radio link conditions, among other factors, and returns the TB size information to the
MAC layer for each of the active radio links. Given the TB size, MAC starts
segmentation by taking the SDU boundaries into account. The segment structure can
be as shown in Figure 2. The retransmission (at the MAC layer) can use flexible

segment size according to the invention.

[0079] For the above signalling procedure, the primitives are defined as follows
in Table 1.
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Parameters

Generic Name Y
Request Indication | Response | Confirm

PHY _BS_DL Schedule | Radio link Radio
D, link ID,
Vector of TB size
{minimum
data size,
SPI}
available
data size,

PHY_BS_UL_Schedule | Radio link
ID,

Vector of
{minimum
data size,
SPT}
available
data size,

PHY UE UL Schedule TB size

[0080] Table 1

[0081] Figures 6 and 7 illustrate two different candidate message signalling
charts for uplink data transmission procedures, shown in a longér time scale than Figure
5. In order to realize the uplink packet scheduling in BS as shown in Figure 5, UE
informs the BS of the uplink data amount to be scheduled in the next uplink scheduling
period. In these candidate examples, the uplink scheduling period is set to be several
radio frames. For this uplink data indication from UE to BS, RRC message (e.g., a
Capacity Request Message) and MAC control PDU (e.g., an Uplink Buffer Status
Report) are used in Figures 6 and 7, respectively. Either one of these may be used in

exemplary embodiments of this invention.

[0082] An overview of the flexible segmentation method, including the
retransmissions, is shown in Figure 8. This figure shows the invention with a vector
delivery arranged per logical channel. "KSx,y" and "LSx,y" denote the y-th segment of
the K-th logical channel of SDU number x and the y-th segment of the L-th logical
chanmel of SDU number x, respectively. For different logical channels K and L, the
SDU boundaries are taken into account. For the retransmission, the use of offset and
length enables fully flexible segment sizes. The method employed favors transmission

of complete SDUSs, but it further allows for the segmentation of SDUs into any byte
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aligned size, which is decided at the transmission instant. Thus, for any retransmission,
the segment size may be freely changed. Included is an ARQ status report, which, in
addition to a full SDU error bitmap, may announce the offset and length of the missing .

segments of partially received SDUs.

[0083] In Figure 8, five TBs are depicted, numbered 1 through 5 (i.e., TB;
through TBs). Of'the five TBs, TB, and TB; are not received. Hence, 1.S1,2 and 1LS1,3
(also referred to as 1.S1,23) are retransmitted in TBs in accordance with the éxemplary

embodiments of this invention.

[0084] Figure 9 is a message sequence chart based on the LCIDs, SDUs and
TBs of Figure 8. Transmitter (TX) and receiver (RX) windows are shown with their
respective contents as the transmissions progress. In accordance with exemplary
embddiments of the invention, the receiver initially fails to receive partial SDUs LS1,2
and LS1,3 which are subsequently retransmitted in TBs as LS1,23. As stated above, the |
request for retransmission of SDUs L.S1,23 may comprise an ARQ status report or a

NACK, as non-limiting examples.

[0085] Figure 10 illustrates an exemplary embodiment of the invention wherein

a SDU is segmented based on a determined TB size. In Figure 10(A), three SDUs are

shown, SDUj 62, SDU; 64 and SDU, 66, with each having a length Lo, L; and L,,

respectively. As indicated, Ly =100 bytes, L; =400 bytes and L, = 300 bytes. The three
- SDUs 62, 64, 66 of Fig. 10(A) are to be transmitted.

[0086] In Figure 10(B), the length (Ltg;) of a TB; 68 is determined based on
criteria including the sizes Lo, Ly, L, of the SDUs 62, 64, 66. As a non-limiting example
of this process, consider the following. It is desirable to transmit at least one complete
SDU. Thus, the TB size preferably should be no less than 100 bytes (i.e., the TB
preferably should be able to hold at least the smallest SDU, SDU, 62). However, due to
scheduling and logical channel priorities, this communication link and SDUs, for this
particular time and formation of a TB, has been allocated 200 bytes (TB; length Lg; =
200 bytes). Although shown in Figure 10(B) for illustrative purposes, the TB; 68 has
not actually been created (e.g., populated) yet.

[0087] Since it is desirable to transmit complete SDUs when possible, the TB;
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68 will comprise SDU, 62. Thus, 100 bytes-worth of length remains to be filled,
possibly by one or more segments of other SDUs, SDU; 64 and/or SDU; 66.

[0088] In Figure 10(C), based on the above-stated preference of transmitting at
least one complete SDU and further based on the determined TB; length Lzg;, an SDU,
here SDU; 64, is segmented into a plurality of segments, segment 1-1 (S.;) 70 and
segment 1-R (Sir) 72, each having a respective length of 100 bytes (L1-1) and 300 bytes
(L1wr). The SDU; 64 is purposefully segmented to produce Sy.; 70 having a length L,
of 100 bytes such that Si.; 70 is of a suitably size to fill an available portion of the TB,
68, the available portion being the remaining portion of the TB; 68 after it has been
populated with the SDUj 62. The remaining portion of the SDU1 64, namely the Sir
72, can be transmitted, in whole or in part, in another TB. (See Figure 11 and

discussion thereof below.)

[0089] In Figure 10(D), the TB; 68 is populated with the SDU, 62 and the Si-1
70. The TB 68 may then be transmitted using the method and components discussed

above in Figure 3, as a non-limiting example.

[0090] As is apparent, the size Ltg; of the TB; 68 is suitably determined by
considering the lengths L, L, L, of the SDUs 62, 64, 66. Furthermore, the allocated
size (200 bytes) of the TB; 68Ais used efficiently by enabling the segmentation of an
SDU (i.e., SDU; 64).

[0091] Figure 11 illustrates a further implementation of the exemplary
embodiment of Figure 10 wherein the SDU; 64 is further segmented based on another
determined TB size. In Figure 11, a second TB (TBy) 78 is configured and populated
using the remaining SDUs 64, 66 or portions thereof from Figure 10(A). The TB, 78 is
subsequent to the transmission of the TB; 68 discussed in F igure 10.

[0092] In Figure 11(A), the length (Litp,) of the TB, 78 is determined based on
criteria including the sizes Ly, L, of the SDUs (or partial SDUE, i.e., segments) S;p
72 and SDUj 66 that remain to be transmitted. As a further non-limiting example of
this process, consider the following. It is desirable to transmit at least one complete
SDU if any remain. Thus, the TB size preferably should be no less than 300 bytes (i.c.,
the TB preferably should be able to hold at least the smallest remmmng SDU, SDU, 66).
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Due to scheduling and logical channel priorities having changed since the
configuration and population of the first TB, TB; 68, this communication link and data,
for this particular time and formation of a TB, has been allocated 500 bytes (TB; length
L2 = 500 bytes). Although shown in Figure 11(A) for illustrative purposes, the TB,
78 has not actually been created (e.g., populated) yet.

[0093] Since it is desirable to transmit complete SDUs when possible, the TB,
78 will comprise SDU; 66. Thus, 200 bytes-worth of length remains to be filled,
possibly by one or more segments of other SDUs (e.g., a segment of S;.x 72).

[0094] In Figure 11(B), based on the above-stated preference of transmitting at
least one complete SDU and further based on the determined TB, length Ltpy, a
remaining portion of the SDU}, Sy 72, is re-segmented into a plurality of segments,
segment 1-23 (Sy.23) 80 and segment 1-4 (S;4) 82, each having a respective length of
200 bytes (Li3) and 100 bytes (L1-4). The remainder of the SDU; 64, Sl.R 72, is
purposefully segmented to produce Sy.p3 80 having a length L1»; of 200 bytes such that
S123 80 is of a suitable size to fill an available portion of the TB, 78, the available
portion being the remaining portion of the TB, 78 after it has been populated with the
SDU, 66. The remaining portion of the SDU; 64 that has not been allocated to a TB,

namely the Si4 82, can be transmitted, in whole or in part, in another TB. .

[0095] In Figure 11(C), the TB, 78 is populated with the SDU, 66 and the S123
80. The TB; 78 may then be transmitted using the method and domponents discussed

above in Figure 3, as a non-limiting example.

[0096] As is apparent, the size Lyp; of the TB, 78 is suitably determined by
considering the lengths L. and L, of the remaining portions of SDUs (S1r 72) and
SDUs (SDU, 66). Furthermore, the allocated size (500 bytes) of the TB, 78 is used
efficiently by enabling the further segmentation of a remaining portion of an SDU (i.e.,
the remaining portion of SDU; 64, the Si.x 72).

[0097] Although the exemplary SDUs and TBs of Figures 10 and 11 are
described with respect to their respective lengths, any suitable size indication may be
used. Furthermore, any suitable measurement scale and/or unit may be employed.

Although the TBs of Figures 10 and 11 are shown as comprising only SDUS or portions

18



WO 2007/077526 PCT/IB2007/000020

thereof, TBs usually comprise additional, non-SDU portions, such as portions

employed for signaling or identification purposes, as non-limiting examples.

[0098] The exemplary embodiments described in Figures 10 and 11 may also be
utilized in conjunction with retransmission, should retransmission be necessary. Each
transmitted segment would include a SSN, a length and an offset. If it were indicated
that a segment should be retransmitted, the segment would be identifiable by its SSN,
length and offset. In such a manner, only that specific portion of the SDU (i.e., the
portion that comprises the identified segment) would have to be retransmitted. In such
a manner, full retransmission of a complete SDU is unnecessary unless a TB was

populated with the complete SDU in question.

[0099] A further non-limiting example of an exemplary electronic device
suitable for use in conjunction with aspects of the exemplary embodiments of the
_invention.is provided. The electronic device comprises: a data processor; and a
~ transmitter coupled to the data processor. The transmitter is configured to transmit a
retransmission notice indicating a segment of a plurality of segments. - The
retransmission notice comprises a request for retransmission of the indicated segment.
The plurality of segments comprise a segmented data block. The retransmission notice
comprises a data block identifier, a length. value and an offset value of the indicated
segment. The data block identifier comprises an identification of the segmented data
block. The length value comprises a length of the indicated segment. The offset value
comprises a boundary of the indicated segment as compared to the segmented data
block. In other embodiments, the electronic device further cbmprises: a receiver
coupled to the data processor. In further embodiments the electronic de{fice comprises
amobile terminal. In other embodiments, the electronic device comprises a base station
in an Evolved Universal Terrestrial Radio Access Network (E-UTRAN) system. In
further embodiments, the electronic device may comprise any other aspect or

component of the exemplary embodiments of the invention as described herein.

[00100] Figure 12 depicts a flowchart illustrating one non-limiting example of a
method for practicing the exemplary embodiments of this invention. The method
includes the following steps. In box 101, a size of a transport block is determined based

on criteria. The criteria comprises a size of at least one data block to be transmitted.
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The transport block size is determined such that the transport block will include at least
one segment of a data block of the at least one data block. In box 102, the data block
of the at least one data block is segmented into a plurality of segments comprising the
at least one segment. In box 103, the transport block is populated with at least the at

least one segment.

[00101] In other embodiments, the method further comprises transmitting the
populated transport block. In further embodiments, the criteria further comprises
multi-user scheduling and/or logical channel priorities. In other embodiments, the
criteria further comprises at least one of: expected channel conditions of a plurality of
radio links, an amount of data to be transmitted from each priority queue and a priority
value of each terminal that is assigned a logical channel. In further embodiments, each
segment of the plurality of segments comprises a data block identifier, a length value
and an offset value, wherein the data block identifier comprises an identification of the
- segmented data block, wherein the length Value comprlses a length of the segment,
wherem the offset value comprlses a boundary of the segment as compared to the

segmented data block.

[00102] In other embodiments, the method further comprises: in response to
receiving a retransmission notice indicating a segment of the plurality of segments,
retransmitting the segment, wherein the retransmission notice comprises the data block
idenﬁﬁer, the length value and the offset value of the indicated segment. In further
embodiments, determining the transport block size comprises calculating an amount of
data to be transmitted for each priority queue based on a scheduling decision, wherein
the retransmission notice comprises the amount of data to be transmitted for each

priority queue.

[00103] In other embodiments, determining the transport block size comprises
providing an amount of data to be transmitted for each priority queue and a size of at
least one close data block, wherein the at least one close data block comprises at least
one data block having a size relatively close to the amount of data to be transmitted for
each priority queue, wherein the criteria further comprises the amount of data to be
transmitted for each priority queue and the size of the at least one close data block,

wherein the transport block size is determined such that the transport block comprises
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one of: whole data blocks, data blocks having minimal segmentation or a combination
of whole data blocks and data blocks having minimal segmentation. In further
embodiments, providing the amount of data to be transmitted for each priority queue
comprises providing a vector comprising a minimum amount of data to be transmitted,
wherein the sizes of the close data blocks comprise values relatively close to the
minimum amount of data to be transmitted. In other embodiments, providing the
amount of data to be transmitted for each priority queue and the size of the at least one

close data block comprises using an interface.

[00104] In further embodiments, determining the transport block size comprises
calculating an amount of data to be transmitted for each priority queue based on a
scheduling decision. In other embodiments, the amount of data to be transmitted for
each priority queue comprises a value relatively close to the size of each data block of

the plurality of data blocks. In further embodiments, determining the transport block

size further compnses providing a vector of the amount of data to be transmitted for - - *

each prlorlty queue Whereln the vector comprises elements correspondlng to each
priority queue. In other embodiments, the method is utilized in conjunction with an

Evolved Universal Terrestrial Radio Access Network (E-UTRAN) system.

[00105] Figure 13 depicts a flowchart illustrating another non-limiting example
of a method for practicing the exemplary embodiments of this invention. The method
includes the following steps. In box 151, a data block is segmented into a plurality of
segments. Each segment of the plurality of segments comprises a data block identifier,
a length value and an offset value. The data block identifier comprises an identification
of the segmented data block. The length value comprises a length of the segment. The
offset value comprises a boundary of the segment as compared to the segmented data
block. The segmented data block is to be transported by a plurality of transport blocks.
In box 152, a transport block of the plurality of transport blocks is populated with at
least one segment of the plurality of segments. In box 153, in response to receiving a
retransmission notice indicating a segment of the plurality of segments, the indicated
segment is retransmitted. The retransmission notice comprises the data block identifier,

the length value and the offset value of the indicated segment.

[00106] In other embodiments, the method further comprises transmitting the
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populated. transport block. In further embodiments, the retransmission notice
comprises an automatic repeat request (ARQ) status report. In other embodiments, the
retransmission notice comprises a negative acknowledgement (NACK). In further
embodiments, retransmitting the indicated segment comprises re-segmenting the
indicated segment into smaller segments and applying at least one of a low order

modulation, a low rate channel code and an increased diversity mode.

[00107] The exemplary, non-limiting methods shown in Figures 12 and 13 and
discussed with respect thereto may be embodied as a computer program comprising
program instructions embodied on a tangible computer-readable medium, execution of

the program instructions resulting in operations comprising the steps of the method.

[00108] Embodiments of this invention are not limited to the protocol layers L1
(PHY) and L2 (MAC), as employed in the examples above. Rather, embodiments of
this invention may be implemented for any protocol layer simply for performing
segmentation efficiently for scheduling and resource allocation. The scheduler and
allocation functions, as relating to the invention's segmentation process, may be
included in different protocol layers having a defined interface or, alternatively, they
may be included in the same protocol layer having no such specific interface. In
addition, the scheduler and allocation functions may be included in different physical
or logical processing units (or parts thereof) or they may be included into the same

processing unit.

[00109] In one embodiment of this invention, the method described may be
implemented for interfacing MAC segmentation with the scheduling and allocation
functions of PHY. Hence, all labels of PHY/MAC/RRC, signaling flows, and
primitives are employed as non-limiting examples. As apparent to one skilled in the art,
such labels may be replaced by descriptions of any other relevant functional and/or
protocol split. As a non-limiting example, segmentation, scheduling and allocation

may take place in the same layer.

[00110] Although described above with respect to boundaries of SDUs, the
exemplary embodiments of the invention may utilize any suitable size characteristic of

the SDUs, such as length, as a non-limiting example. Furthermore, although discussed
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above with respect to an offset from the beginning of the SDU, the offset value may
comprise any suitable value that indicates the placement of the segment with respect to
the entire SDU. As a non-limiting example, the offset value could indicate
re-numbering of segments as described above. As another non-limiting example, the
offset value could indicate the boundary (i.e. end) of the segment that is nearest to the
rear end of the SDU. In addition, although the exemplary embodiments have been
discussed with respect to SDUs, the exemplary embodiments may be used in’

conjunction with the transport of any suitable collection of data (e.g., a data block).

[00111] Based on the foregoing, it should be apparent that the exemplary
embodiments of this invention provide a method, apparatus, and computer program
product(s) to improve the efficiency of segmentation by providing an intelligent TB size.

determination method and a flexible segmentation scheme for transmission.

[00112] . = While the exemplary embodiments have been described above in the
context of an E-UTRAN ‘system, it should be appreciated that the exemplary
embodiments of this invention are not limited for use with only this one particular type
of wireless communication system, and that they may be used to advantage in other
wireless communication systems such as 3G high speed packet access (HSPA)
evolution, wireless ad hoc networks, cognitive radios, beyond third generation (B3G)
systems and fourth generation (4G) systems, as non-limiting examples. Such systems
are expected to include techniques that allow for versatile methods of radio adaptation
such as bandwidth adaptation, adaptation to spectral conditions, adaptation of radio
capacity, adaptation of radio links and adaptation of transmission formats, as

non-limiting examples.

[00113] In general, the various embodiments may be implemented in hardware
or special purpose circuits, software, logic or any combination thereof. For example,
some aspects may be imf;lemented in hardware, while other aspects may be
implemented in firmware or software which may be executed by a controller,
microprocessor or other computing device, although the invention is not limited
thereto. While various aspects of the invention may be illustrated and described as
block diagrams, flow charts, or using some other pictorial representation, it is well

understood that these blocks, apparatus, systems, techniques or methods described

23



WO 2007/077526 PCT/IB2007/000020

herein may be implemented in, as non-limiting examples, hardware, software,
firmware, special purpose circuits or logic, general purpose hardware or controller or
other computing devices, or some combination thereof. Embodiments of the inventions
may be practiced in various components such as integrated circuit modules. The design
of integrated circuits is by and large a highly automated process. Complex and
powerful software tools are available for converting a logic level design into a
semiconductor circuit design ready to be etched and formed on a semiconductor

substrate.

[00114] Various modifications and adaptations may become apparent to those
skilled in the relevant arts in view of the foregoing description, when read in
conjunction with the accompanying drawings and the appended claims. As but some
examples, the use of other similar or equivalent data flows and transmission procedures
may Be attempted by those skilled in the art. However, all such and similar
‘modifications of the teachings of this invention will still fall within the scope of this

invention.

-[00115] . Furthermore, some of the features of the examples of this invention may
be used to advantage without the corresponding use of other features. As such, the
foregoing description should be considered as merely illustrative of the principles, .
teachings, examples and exemplary embodiments of this invention, and not in

limitation thereof.
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CLAIMS
What is claimed is:

L. A method comprising:
determining a size of a transport block based on criteria comprising a size of at
least one data block to be transmitted, wherein the transport block size is
determined such that the transport block will include at least one
segment of a data block of the at least one data block;
segmenting the data block of the at least one data block into a plurality of
segments comprising the at least one segment; and

populating the transport block with at least the at least one segment.

2. The method of claim 1, further comprising:
transmitting the populated transport block. .

3. The method of claim 1, wherein the criteria further comprises multi-user
scheduling.

4. The method of claim 1, wherein the criteria further comprises logical channel

priorities.

5. The method of claim 1, wherein the criteria further comprises at least one of:
expected channel conditions of a plurality of radio links, an amount of data to be
transmitted from each priority queue and a priority value of each terminal that is

assigned a logical channel.

6. The method of claim 1, wherein each segment of the plurality of segments
comprises a data block identifier, a length value and an offset value, wherein the data
block identifier comprises an identification of the segmented data block, wherein the
length value comprises a length of the segment, wherein the offset value comprises a

boundary of the segment as compared to the segmented data block.
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7. The method of claim 6, further comprising:
in response to receiving a retransmission notice indicating a segment of the
plurality of segments, retraﬁsmitting the segment, wherein the
retransmission notice comprises the data block identifier, the length

value and the offset value of the indicated segment.

8. The method of claim 7, wherein determining the transport block size comprises
calculating an amount of data to be transmitted for each priority queue based on a
scheduling decision, wherein the retransmission notice comprises the amount of data to

be transmitted for each priority queue.

9. The method of claim 1, wherein determining the transport block size comprises
providing an amount of data to be transmitted for each priority queue and a size of at

least one close data block wherein the at least one close data block comprises at least

one data block hav1ng a size relatively close to the amount of data to be transmitted for . .. .,

each priority queue, wherein the criteria further comprises the amount of data to be
transnﬁitted for each priority queue and the size of the at least one close data block,
| wherein the transport block size is determined such that the transport block comprises
one of: whole data blocks, data blocks having minimal segmentation or a combination

of whole data blocks and data blocks having minimal segmentation.

10.  The method of claim 9, wherein providing the amount of data to be transmitted
for each priority queue comprises providing a vector comprising a minimum amount of
data to be transmitted, wherein the sizes of the close data blocks comprise values

relatively close to the minimum amount of data to be transmitted.

11. The method of claim 9, wherein providing the amount of data to be transmitted
for each priority queue and the size of the at least one close data block comprises using

an interface.

12. The method of claim 1, wherein determining the transport block size comprises
calculating an amount of data to be transmitted for each priority queue based on a

scheduling decision.
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13. The method of claim 12, wherein the amount of data to be transmitted for each
priority queue comprises a value relatively close to the size of each data block of the

plurality of data blocks.

14. The method of claim 12, wherein determining the transport block size further
comprises providing a vector of the amount of data to be transmitted for each priority

queue, wherein the vector comprises elements corresponding to each priority queue.

15. A computer program product comprising program instructions embodied on a
tangible computer-readable medium, execution of the program instructions resulting in
operations comprising:
determining a size of a transport block based on criteria comprising a size of at
least one data block to be transmitted, wherein the transport block size is
determined such that the transport block will include at least one
segment of a data block of the at least one data block;
segmenting the data block of the at least one data block into a plurality of
segments comprising the at least one segment; and

populating the transport block with at least the at least one segment.

16.  The computer program product of claim 15, execution of the program
instructions resulting in operations further comprising:

transmitting the populated transport block.

17. The computer program product of claim 15, wherein each segment of the
plurality of segments comprises a data block identifier, a length value and an offset
value, wherein the data block identifier comprises an identification of the segmented
data block, wherein the length value comprises a length of the segment, wherein the
offset value comprises a boundary of the segment as compared to the segmented data

block.

18. The computer program product of claim 15, wherein determining the transport

block size comprises providing an amount of data to be transmitted for each priority
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queue and a size of at least one close data block, wherein the at least one close data
block comprises at least one data block having a size relatively close to the amount of
data to be transmitted for each priority queue, wherein the criteria further comprises the
amount of data to be transmitted for each priority queue and the size of the at least one
close data block, wherein the transport block size is determined such that the transport
block comprises one of: whole data blocks, data blocks having minimal segmentation

or a combination of whole data blocks and data blocks having minimal segmentation.

19. A method comprising:

segmenting a data block into a plurality of segments, wherein each segment of
the plurality of segments comprises a data block identifier, a length
value and an offset value, wherein the data block identifier comprises an
identification of the segmented data block, wherein the length value
comprises a length of the segment, wherein the offset value comprises a
boundary of the segment as compared to the segmented data block,
wherei}l the segmented data block is to be transported by a plurality of

~ transport blocks;

populating a transport block of the plurality of transport blocks with at least one
segment of the plurality of segments; and ‘

in response to receiving a retransmission notice indicating a segment of the
plurality of segments, retransmitting the indicated segment, wherein the
retransmission notice comprises the data block identifier, the length

value and the offset value of the indicated segment.

20.  The method of claim 19, further comprising:
transmitting the populated transport block.

21. The method of claim 19, wherein the retransmission notice comprises one of an

automatic repeat request (ARQ) status report or a negative acknowledgement (NACK).

22. The method of claim 19, wherein retransmitting the indicated segment
comprises re-segmenting the indicated segment into smaller segments and applying at

least one of a low order modulation, a low rate channel code and an increased diversity
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mode.

23. A computer program product comprising program instructions embodied on a
tangible computer-readable medium, execution of the program instructions resulting in
operations comprising:
segmenting a data block into a plurality of segments, wherein each segment of
the plurality of segments comprises a data block identifier, a length
value and an offset value, wherein the data block identifier comprises an
identification of the segmented data block, wherein the length value
comprises a length of the segment, wherein the offset value comprises a
boundary of the segment as compared to the segmented data block,
wherein the segmented data block is to be transported by a plurality of
transport blocks;
~ populating a transport block of the plurality of transport blocks with at least one
segment of the plurality of segments; and
in response to receiving a retransmission notice indicating a segment,
retransmitting the indicated segment, wherein the retransmission notice
comprises the data block identifier, the length value and the offset value

of the indicated segment.

24.  The computer program product of claim 23, execution of the program
instructions resulting in operations further comprising:

transmitting the populated transport block.

25.  The computer program product of claim 23, wherein the retransmission notice
comprises one of an automatic repeat request (ARQ) status report or a negative

acknowledgement (NACK).

26.  An electronic device comprising:
a memory configured to store at least one data block to be transmitted by a
transport block; and
a data processor coupled to the memory, wherein the data processor is

configured to perform operations comprising:

29



WO 2007/077526 PCT/IB2007/000020

determining a size of the transport block based on criteria comprising a size of
a data block of the at least one data block, wherein the transport block
size is determined such that the transport block will include at least one
segment of the data block;

segmenting the data block into a plurality of segments comprising the at least
one segment; and

populating the transport block with at least the at least one segment.

27.  The electronic device of claim 26, further comprising:
a transmitter coupled to the data processor, wherein the transmitter is cohﬁgured

to transmit the transport block.

28.  The electronic device of claim 26, wherein each segmenf of the plurality of
segments comprises a data block identifier, a length value and an offset value, wherein
the data block identifier comprises an identification of fhe segmented data block,
wherein the length value comprises a length of the segment, wherein the offset value

comprises a boundary of the segment as compared to the segmented data block.

29.  The electronic device of claim 28, wherein the data processor is further
configured to perform the operation of:
in response to receiving a retransmission notice indicating a segment of the
plurality of segments, retransmitting the segment, wherein the
retransmission notice comprises the data block identifier, the length

value and the offset value of the indicated segment.

30.  The electronic device of claim 26, wherein the electronic device comprises an

access node of a wireless communication network.

31. An information block to be transmitted from a first node to a second node, the
information block being stored on a tangible computer-readable medium prior to
transmission, the information block comprising: ‘

a portion of a data block, wherein the portion of the data block does not

comprise the complete data block;
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a data block identifier comprising an identification of the data block;
a length value comprising a size of the portion of the data block; and
an offset value comprising a boundary of the portion of the data block as

compared to the complete data block.

32.  The information block of claim 31, further comprising:

at least one other complete data block.

33.  Anelectronic device comprising:
a data processor; and
a transmitter coupled to the data processor, wherein the transmitter is configured
to transmit a retransmission notice indicating a segment of a plurality of
segments, wherein the retransmission notice comprises a request for
retransmission of the indicated segment, wherein the plurality of
. .segments comprises a segmented data block, wherein the retransmission -
notice comprises a data block identifier, a length value and an offset
value of the indicated segment, wherein the data block identifier
comprises an identification of the segmented data block, wherein the
length value comprises a length of the indicated segment, wherein the
offset value comprises a boundary of the indicated segment as compared

to the segmented data block.

34.  The electronic device of claim 33, further comprising:

a receiver coupled to the data processor.

35. The electronic device of claim 33, wherein the electronic device comprises a

mobile terminal.
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