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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
23 August 2007 (23.08.2007) PCT WO 2007/093879 A2

(51) International Patent Classification: [VN/FT]; Kaapelitie 4 , FIN-90603 OuIu (Fl). KASHIMA,
H04L 29/02 (2006.01) Tsuyoshi [JP/FT]; 645-40 Daimura-cho, Midori-ku, Kana-

gawa, Yokohama, 226-0014 (JP). KETTUNEN, Kimmo
(21) International Application Number:

[FIM]; Uudenkylanmaki 23 B 3, FTN-02750 Espoo (FT).
PCT/IB2007/000329

(74) Agents: SMITH, Harry, F. et al.; Harrington & Smith,
(22) International Filing Date: PC, 4 Research Drive, Shelton, CT 06484-6212 (US).

13 February 2007 (13.02.2007)
(81) Designated States (unless otherwise indicated, for every

(25) Filing Language: English kind of national protection available): AE, AG, AL, AM,

(26) Publication Language: English AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FT,

(30) Priority Data: GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
60/773,211 13 February 2006 (13.02.2006) US JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,

(71) Applicant (for all designated States except LC, US): LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,

NOKIA CORPORATION [FITFT]; Keilalahdentie 4, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,

FTN-02150 Espoo (FT). RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW

(71) Applicant (for LC only): NOKIA, INC. [US/US]; 6000
(84) Designated States (unless otherwise indicated, for every

Connection Drive, Irving, TX 75039 (US).
kind of regional protection available): ARIPO (BW, GH,

(72) Inventors; and GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
(75) Inventors/Applicants (for US only): PHAN, Vinh, Van ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

[Continued on next page]

(54) Title: APPARATUS, METHOD AND COMPUTER PROGRAM PRODUCT PROVIDING SELECTION OF PACKET SEG
MENTATION

(57) Abstract: A method, computer program, and appara
tus adaptively select a segmentation option for service data
units based on a bandwidth allocation. In general terms, one
of a first segmentation option or a second segmentation op

tion is selected based on a bandwidth allocation that is se

lected from among several possible bandwidth allocation op

tions. A service data unit is segmented according to the se

lected segmentation option and wirelessly transmitted. In an
embodiment, the first segmentation option uses a predeter
mined length such as a fixed length that may be chosen to
match an IP packet size, or a predetermined maximum length
to which the size of segmented units are constrained, and seg

mentation occurs prior to packet scheduling. In an embodi
ment, the second segmentation option uses a dynamic length
that changes per transmission time interval, and segmentation
occurs after packet scheduling and after the size of the trans
port block is determined.



European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, For two-letter codes and other abbreviations, refer to the "Guid-
FR, GB, GR, HU, IE, IS, IT, LT,LU, LV,MC, NL, PL, PT, ance Notes on Codes and Abbreviations" appearing at the begin-
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, ning of each regular issue of the PCT Gazette.
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
— without international search report and to be republished

upon receipt of that report



APPARATUS,METHOD AND COMPUTER PROGRAM PRODUCT

PROVIDING SELECTION OF PACKET SEGMENTATION

TECHNICALFIELD:

[0001] The exemplary and non-limiting embodiments of this invention relate

generally to wireless communications systems, methods and devices and, more

specifically, relate to techniques for operating a user equipment, such as a cellular phone,

with a wireless network.

BACKGROUND:

[0002] The following abbreviations are herewith defined:

3GPP Third Generation Partnership Project

AMC Adaptive modulation and coding

BS base station

DCH dedicated transport channel

DL downlink (Node B to UE)

H-ARQ hybrid automatic request/acknowledge

HSPA high speed packet access

HSUPA high speed uplink packet access

IP internet protocol

L l Layer 1 (Physical (PHY) Layer)

L2 Layer 2 (Link Layer)

LTE Long Term Evolution

MAC medium access control

Node B base station

OFDMA orthogonal frequency division multiple access

PDU protocol data unit

QoS quality of service

QPSK quadrature phase shift keying

RACH random access channel



RF radio frequency

RRC radio resource control

SC-FDMA single carrier-frequency division multiple access

SCH shared transport channel

SDU service data units

TB transport block

TTI transmission time interval

UE user equipment

UL uplink (UE to Node B)

UMTS Universal Mobile Telecommunications System

UTRA Universal Terrestrial Radio Access

UTRAN Universal Terrestrial Radio Access Network

E-UTRAN Evolved UTRAN

VoIP voice over IP

[0003] Relevant to this disclosure is 3GPP TR 25.913, V7.2.0 (2005-12),

Requirements for Evolved UTRA (E-UTRA) and Evolved UTRAN (E-UTRAN), attached

to the above priority document as Exhibit A and thereby incorporated by reference herein

as noted above.

[0004] Of particular interest to the exemplary embodiments of this invention are

modern cellular networks, such as one referred to as UTRA LTE in 3GPP UMTS. Modern

cellular networks may employ multi-carrier technologies such as OFDMA in the DL and

SC-FDMA in the UL, and various advanced radio transmission techniques such as AMC

and H-ARQ. The radio interface relies on the presence of a SCH in both the UL and DL

with fast adaptive resource allocation for simple and efficient radio resource utilization

and QoS support, and no longer uses a DCH. The spectrum flexibility requirement of

E-UTRAN suggests that the system should be capable of operation in spectrum allocations

of different sizes, including 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz, 15 MHz and 20 MHz,

in both the UL and DL.



[0005] Details of this particular type of system may be found in 3GPP TR25.913,

incorporated as noted above.

[0006] For the transmissions of data packets, in particular IP packets, over the

radio interface, the link layer (L2) of the radio interface, including the MAC functionality,

is responsible for segmenting IP-based SDUs passed down by an upper layer into one or

several segments and, at the same time, packing one or multiple segments into a PDU for

further physical layer (Ll) transmission. These two processes, L2 SDU segmentation and

L2 PDU packing, although seemingly contradictory and capable of generating significant

protocol overhead, are both needed to ensure robust transmissions of IP packets with

variable packet sizes in bits or bytes over erratic radio channels with variable bit rates.

[0007] Furthermore, L2 retransmissions using an ARQ protocol operating on a L2

SDU, or segments thereof, with a packet sequence number can be used, in addition to a

HARQ at a lower level, to ensure a reliable, in-order L2 transmissions.

SUMMARY:

[0008] In accordance with one aspect of the invention is a method that includes

determining a bandwidth allocation that is selected from among several possible

bandwidth allocation options, and based on the determined bandwidth allocation, selecting

one of a first segmentation option or a second segmentation option. Then, at least one

service data unit is segmented according to the selected first segmentation option or second

segmentation option, and the at least one segmented service data unit is transmitted within

the deteπnined bandwidth allocation.

[0009] In accordance with another aspect of the invention is a computer program

embodied on a memory and executable by a processor for performing actions to adaptively

segment service data units. In this aspect, the actions include determining a bandwidth

allocation that is selected from among several possible bandwidth allocation options, and

based on the deteπnined bandwidth allocation, selecting one of a first segmentation option



or a second segmentation option. At least one service data unit is segmented according to

the selected first segmentation option or second segmentation option, and the at least one

segmented service data unit is transmitted within the dete πnined bandwidth allocation.

[001 0] In accordance with another aspect is an apparatus that includes a processor

coupled to a memory and a transmitter. The processor with the memory is adapted to

determine a bandwidth allocation that is selected from among several possible bandwidth

allocation options, and based on the determined bandwidth allocation to select one of a

first segmentation option or a second segmentation option, and farther to segment at least

one service data unit according to the selected first segmentation option or second

segmentation option. The transmitter is adapted to transmit within the determined

bandwidth allocation the at least one segmented service data unit.

[0011] In accordance with another aspect of the invention is an apparatus that

includes means for selecting one of a first segmentation option or a second segmentation

option based on the determined bandwidth allocation, and means for segmenting at least

one service data unit according to the selected first segmentation option or second

segmentation option, and further includes means for transmitting within the determined

bandwidth allocation the at least one segmented service data unit. In a particular

embodiment, the means for selecting and means for segmenting include a processor

coupled to a computer program embodied on a memory, and the means for transmitting

includes a transceiver.

[0012] These and other aspects are more fully detailed below.

BRIEF DESCRIPTION OF THE DRAWINGS:

[0013] In the attached Drawing Figures:

[0014] Figure 1 shows a simplified block diagram of various electronic devices

that are suitable for use in practicing the exemplary embodiments of this invention.



[0015] Figure 2 depicts a logic flow diagram in accordance with an aspect of the

exemplary embodiments of this invention.

[001 6] Figure 3 depicts a logic flow diagram in accordance with a further aspect of

the exemplary embodiments of this invention.

[001 7] Figure 4 illustrates one suitable embodiment of basic data flow at the MAC

layer.

DETADLED DESCRIPTION:

[0018] Reference is made first to Figure 1 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 1 a wireless network 1 is adapted for

communication with a UE 10 via a Node B (base station) 12. The network 1 may include

at least one network control function (NCF) 14. The UE 10 includes a data processor (DP)

1OA, a memory (MEM) 1OB that stores a program (PROG) 1OC, and a suitable radio

frequency (RF) transceiver 1OD 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 to the NCF 14 that also

includes a DP 14A and a MEM 14B storing an associated PROG 14C. At least one of the

PROGs 1OC 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.

[0019] The UE 10 is assumed to include and implement a protocol stack 1OE

containing at least layers L l (PHY, Physical), L2 (RLL, Radio Link Layer, containing the

MAC functionality) and L3 (RNL, Radio Network Layer), and typically higher layers as

well (e.g., an IP layer). The Node B 12 is assumed to include and implement a protocol

stack 12E also containing at least layers L l (PHY), L2 (RLL) and L3 (RNL), and typically



also the higher layers as well (e.g., an IP layer). Figure 4 illustrates one suitable and

non-limiting embodiment of basic data flow at the MAC layer.

[0020] In general, the various embodiments of the UE 10 can include, but are not

limited to, cellular telephones, personal digital assistants (PDAs) having wireless

communication capabilities, portable computers having wireless communication

capabilities, image capture devices such as digital cameras having wireless

communication capabilities, gaming devices having wireless communication capabilities,

music storage and playback appliances having wireless communication capabilities,

Internet appliances permitting wireless Internet access and browsing, as well as portable

units or terminals that incorporate combinations of such functions.

[0021] The MEMs 1OB, 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 1OA, 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) and processors based on a multi-core

processor architecture, as non-limiting examples.

[0022] Before discussing the exemplary embodiments of this invention, the

following introductory description is presented.

[0023] In the current development of L2 concepts for E-UTRAN, several options

for MAC protocol structures and functions, including segmentation and retransmission,

may be considered. In general, these options differ in the area of SDU segmentation.

[0024] A first option follows a more or less similar approach as used in the current

HSPA in UTRAN, wherein semi-static segmentation sizes for certain logical channels are

used, and where segments may have a fixed size or a fixed size limit that is adjusted



according to user-specific characteristics and averaged radio conditions. The size

limitation implies a possible case in which only SDUs that have a size exceeding the size

limit are segmented and, otherwise, a variable segment size is allowed.

[0025] One potential drawback to this approach is that the segmentation setting is

preferably made somewhat conservative (the segment size is set to a small, conservative

value) and, therefore, the performance in terms of protocol overhead and effective

throughput can be reduced. A clear benefit to the use of this approach is that segmentation

can be performed beforehand and independently from the packet scheduling and L l

operation. This reduces complexity and saves running time for other related processes that

need to be executed within the required TTI.

[0026] A second option proposes a dynamic, on-the-fly segmentation per TTI. In

this approach any required segmentation is performed after the scheduling decision is

made, and the available TB size has been determined.

[0027] A potential drawback to the use of this approach is the more stringent

processing time budget for required L1-L2 operations within a TTI. A benefit of this

approach is that the segmentation can be optimized for the available TB size, thereby

minimizing protocol overhead and the processing load of performing unnecessary

segmentation operations.

[0028] A consideration is now made of several comparative examples that will

serve to place into context the benefits of the use of the exemplary embodiments of this

invention. The current HSPA of UTRAN is used as the reference due to the fact that

E-UTRAN system requirements, described in TR25.913, also use UTRAN HSPA as the

main reference. In general, however, the exemplary embodiments of this invention do not

rely on the presence or use of UTRAN HSPA.

[0029] UTRAN HSPA employs, in a general sense, the first option discussed

above. It is noted in this regard that the minimum TTI in the current HSPA of UTRAN is



2ms, whereas in E-UTRAN the TTI is proposed to be 0.5ms or 1.0 ms. This means that,

assuming the same available TB size, the scheduled data rate in E-UTRAN should be

about four times greater than that of HSPA. The potential gain of the second option, in

terms of reducing protocol overhead, is more notable if the available TB size in E-UTRAN

is made larger than that of the HSPA counterpart, that is, the scheduled data rate for a user

at any given time can be greater than about four times of HSPA. This is foreseeable only

when the system bandwidth available for E-UTRAN operation is at least the same as for

UTRAN, i.e., 5 MHz, as E-UTRAN has a higher spectrum efficiency requirement.

[0030] Considering now additional numerical examples, consider a case of

E-UTRAN where the scheduled data rate for a TTI is about 2Mbps (million bits per

second). Thus, the TB size is about lOOObits (assuming a TTI=O.5ms), which is not much

greater than what can be set for the MAC PDU size of the DCH transmitted over

HS-DSCH. In this case, the gain derived from the use of the second option is not

particularly significant. In another case, E-UTRAN operates in a 1.25 MHz system

bandwidth with 1/2 coding rate and QPSK modulation. In this case there are only 450

information bits available for a TTI of one sub-frame duration (assuming 0.5 ms). A

typical large IP packet has a length of about 1500 bytes = 12000 bits, and such an packet

will need to be segmented into at least 25 MAC segments. In these exemplary examples,

and depending on the platform capabilities, it can be seen that the first option, with

semi-static segmentation size setting, can be more feasible and practical to implement.

[0031] It can be noted that, in addition to the two options described above, the

optimization of TB size for given user traffic characteristics (e.g., MAC SDU sizes, arrival

and serving patterns, etc.) may result in similar efficiency gains related to system

performance. However, this is generally considered to be an element of optimized

packet-scheduling design, which has a larger scope and requires much more processing

and complexity than the problems addressed and the solutions provided by the exemplary

embodiments of this invention.

[0032] Hence, considering the various tradeoffs between simplicity and efficiency



that are considered by the two options discussed above, the exemplary embodiments of

invention provide an ability to make selective use, in an informed manner, of these options

as they relate to L2 packet segmentation and retransmission. An aspect of the use of the

exemplary embodiments of this invention is an adaptation to the configurable and flexible

spectral bandwidth of the system.

[0033] It should be noted that the MAC PDU structures can be designed for each

of the above options, and in such a way that allows for both the above options to be used

without any modification.

[0034] In accordance with the exemplary embodiments of this invention the

spectral bandwidth of the system is constrained to the spectrum flexibility requirement as

currently specified in the incorporated document 3GPP TR25.913 Section 8.2, which

currently includes: a) support for spectrum allocations of different sizes such as 1.25 MHz,

2.5 MHz, 5 MHz, 10 MHz, 15 MHz and 20 MHz in both the UL and the DL; and b)

support for diverse spectrum arrangements.

[0035] More specifically, 3GPP TR25.913 Section 8.2, Spectrum Flexibility

currently states:

a) Support for spectrum allocations of different size

1) E-UTRA shall operate in spectrum allocations of different sizes,

including 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz, 15 MHz and 20

MHz. in both the uplink and downlink. Operation in paired and

unpaired spectrum shall be supported.

2) Unnecessary fragmentation of technologies for paired and unpaired

band operation shall be avoided. This shall be achieved with

minimal additional complexity.

b) Support for diverse spectrum arrangements

1) The system shall be able to support (same and different) content

delivery over an aggregation of resources including Radio Band



Resources (as well as power, adaptive scheduling, etc) in the same

and different bands, in both uplink and downlink and in both

adjacent and non-adjacent channel arrangements.

2) The degree to which the above requirement is supported is

conditioned on the increase in UE and network complexity and cost.

3) A "Radio Band Resource" is defined as all spectrum available to an

operator.

[0036] In accordance with the exemplary embodiments of this invention, and

depending on the system bandwidth allocation and the achievable spectral efficiency,

either the first option or the second option discussed above are adopted for use. For

example, and referring to the logic flow diagram of Figure 2:

[0037] Block 2A. If the allocated system bandwidth is less than 5 MHz, use the

first option;

i . in a case where a fixed length is used for segmentation, a length field is

omitted from a control header (CH) of PDUs;

ii. in a case of where P -based applications, such as VoIP, are being served,

i.e., those having fixed and relatively small packet sizes, the segmentation

size is set to be the same IP packet size (SDU size) thereby avoiding actual

segmentation; otherwise, when IP applications have relatively small, but

variable, packet sizes, the segmentation is performed using the

pre-determined segment size. The segment size can be semi-statically

controlled and optimized by the control function based on the application

characteristics.

[0038] Block 2B. If the allocated system bandwidth is equal to 5 MHz, and the

achievable spectral efficiency is only a minimum requirement, that is, about two times

greater than that of HSPA in UTRAN, use the first option.

Block 2C. Otherwise, use the second option.



[0039] In addition, for a case that considers more generic system conditions such

as that the system allows more a flexible length of the TTI as an interleaving interval of a

TB (note that the above discussion has assumed a rather short TTI of about half of a

millisecond), or that the system spectral efficiency need not be exactly four times greater

than HSPA, the criteria for choosing segmentation options may be, as non-limiting

examples, as follows (see Figure 3):

[0040] Block 3A. If the product TTI*Allocated__System_Bandwidth*G is less

than 2 ms*5 MHz, where G is the relative spectral-efficiency gain of the E-UTRAN system

vs. HSPA of UTRAN taking a value between two and four as required in 3GPP TR25.913,

use the first option;

Block 3B. Else, use the second option.

[0041] To further reduce complexity, while still maintaining adequate efficiency

when possible, the exemplary embodiments of this invention also provide for the

possibility of omitting segmentation altogether when the scheduled bandwidth exceeds

10MHz or, more generally, when the scheduled TB size is foreseen as being much larger

than the maximum SDU size. Note in this regard that the TB size in E-UTRAN can be up

to tens of thousand bits and, typically, the IP-based maximum SDU size is about 12,000

bits.

[0042] The exemplary embodiments of this invention also provide for the

possibility of making optional the use of the length indicating field and the position-offset

indicating field that are included in the control header of a MAC SDU segment (which are

needed for segmentation control and operation). These can be omitted in the case that the

first option with a fixed segment size is selected, but also considering whether it is the first,

intermediate or last segment of a SDU and/or padding is needed. The fixed segment size,

in that case, is assumed to be signaled between the transmitter and the receiver beforehand.

The sequence number field in the segment header needed for segmentation control and

ARQ operation, in the first option with pre-segmentation, may also be mutually

understood by the transmitter and the receiver as a segment sequence number (otherwise



defined as the SDU sequence number).

[0043] The use of the exemplary embodiments of this invention may employ

signaling of certain L2 configuration parameters (e.g., information concerning SDU size,

segmentation size, and/or the segmentation size limit), and the receipt and interpretation

of certain cell configuration parameters at the UE 10 via, e.g., broadcast system

information such as, but not limited to, operating system bandwidth(s).

[0044] Additional details regarding the signaling of infoπnation and data

structures related to the MAC SDUs in E-UTRAN systems to support the aforementioned

exemplary embodiments of this invention may be found in a commonly owned U.S.

Provisional Patent Application 60/773,208, filed on February 13, 2006, entitled

"Apparatus, Method and Computer Program Product Providing Simple and Effective

In-Band Signaling and Data Structures for Adaptive Control and Operation of MAC in

E-UTRAN Systems", by Vinh Van Phan, Tsuyoshi Kashima, Kimmo Kettunen and Mcka

Ranta.

[0045] The exemplary embodiments of this invention allow for a most efficient

hardware and software implementation of the advanced features for E-UTRAN, and also

provide a selection mechanism that is amenable to standardization in regard to L2

segmentation and data structure design.

[0046] Note further that the use of the exemplary embodiments of this invention do

not require any significant changes in existing structures and procedures of the radio

interface and, in particular, of L2.

[0047] As should be apparent at this point, disclosed above are a number of

practical techniques for adaptive MAC packet segmentation and transmission depending,

for example, on the size of the allocated system bandwidth in MHz, TTI and spectrum

efficiency. This is subject to an optimal trade-off between simplicity and efficiency in

system design and performance. The disclosed techniques include the pre-segmentation



approach, in which all the segmentation is done beforehand and independently from the

packet scheduling and Ll operation in a semi-static fashion, and the post-segmentation

approach, in which the segmentation is done per TTI on a necessity basis optimized for an

allowed TB size. The allowed TB size is preferably large and determined after the

scheduling and allocation decision is made for the current TTI.

[0048] Viewed in another way, the adaptive operation of MAC, in particular MAC

segmentation functions, may be optimized for a certain type of traffic, application or

service such as VoIP. This type of traffic typically exhibits a small, fixed or variable,

packet size and in general should preferably not be MAC segmented for achieving efficient

transmission over the radio interface SCH. This particular case can be referred to as the

non-segmentation approach.

[0049] Note that the exemplary embodiments of this invention can be used in the

DL and in the UL.

[0050] 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 implemented 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 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.

[0051] 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.

[0052] Programs, such as those provided by Synopsys, Inc. of Mountain View,

California and Cadence Design, of San Jose, California automatically route conductors

and locate components on a semiconductor chip using well established rules of design as

well as libraries of pre-stored design modules. Once the design for a semiconductor circuit

has been completed, the resultant design, in a standardized electronic format (e.g., Opus,

GDSII, or the like) may be transmitted to a semiconductor fabrication facility or "fab" for

fabrication.

[0053] 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. However, any and all modifications of the teachings of

this invention will still fall within the scope of the non-limiting embodiments of this

invention.

[0054] Furthermore, some of the features of the various non-limiting embodiments

of this invention maybe 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 and exemplary embodiments of this invention, and not in limitation

thereof.



CLAIMS :

We claim:

1. A method comprising:

determining a bandwidth allocation that is selected from among several possible

bandwidth allocation options;

based on the determined bandwidth allocation, selecting one of a first segmentation

option or a second segmentation option;

segmenting at least one service data unit according to the selected first

segmentation option or second segmentation option; and

transmitting within the determined bandwidth allocation the at least one segmented

service data unit.

2. The method of claim 1, wherein the several possible bandwidth allocation options

are selected from the group 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz, 15 MHz, and 20 MHz.

3. The method of claim 1, wherein selecting one of the first segmentation option or

the second segmentation option is based on a size of the determined bandwidth allocation.

4 . The method of claim 3, wherein the first segmentation option comprises

segmenting prior to and independent of packet scheduling for the transmitting; and

wherein the second segmentation option comprises segmenting after packet scheduling for

the transmission and after a transport block size is determined.

5. The method of claim 1, wherein the first segmentation option comprises a

predetermined length; and wherein the second segmentation option comprises a dynamic

length that changes per transmission time interval.

6. The method of claim 5, further comprising packing the at least one segmented

service data unit into a protocol data unit, and wherein transmitting the at least one



segmented service data unit comprises transmitting the protocol data unit,

wherein for the case where the first segmentation option is selected a length field is

omitted from the protocol data unit and for the case where the second segmentation option

is selected the length field is included in the protocol data unit.

7. The method of claim 5 wherein the predetermined length is the same as a size of an

internet protocol packet.

8. The method of claim 5, wherein the predetermined length comprises a maximum

length and the service data unit is constrained not to exceed the maximum length.

9. The method of claim 1, wherein determining a bandwidth allocation comprises

determining the bandwidth allocation size and a spectral efficiency;

and wherein selecting one of the first segmentation option or the second

segmentation option is based on the determined bandwidth allocation size and the spectral

efficiency.

10. The method of claim 9, wherein the second segmentation option comprises

segmenting to a length defined per transmission time interval TTI, and wherein selecting

is based on a function of TTI, bandwidth allocation size, and relative spectral efficiency.

11. The method of claim 10, wherein the function is TTI*bandwidth allocation size*G,

wherein G is the relative spectral efficiency gain of E-UTRAN as compared to high speed

packet access of UTRAN that takes a value between two and four, and wherein the first

option is selected when:

TTI * bandwidth allocation size * G < 2 msec * 5 MHz.

12. A computer program embodied on a memory and executable by a processor for

performing actions to adaptively segment service data units, the actions comprising:

determining a bandwidth allocation that is selected from among several possible

bandwidth allocation options;



based on the determined bandwidth allocation, selecting one of a first segmentation

option or a second segmentation option;

segmenting at least one service data unit according to the selected first

segmentation option or second segmentation option; and

transmitting within the determined bandwidth allocation the at least one segmented

service data unit.

13. The computer program of claim 12, wherein selecting one of the first segmentation

option or the second segmentation option is based on a size of the determined bandwidth

allocation.

14. The computer program of claim 13, wherein the first segmentation option

comprises segmenting prior to and independent of packet scheduling for the transmitting;

and wherein the second segmentation option comprises segmenting after packet

scheduling for the transmission and after a transport block size is determined.

15. The computer program of claim 12, wherein the first segmentation option

comprises a predetermined length; and wherein the second segmentation option comprises

a dynamic length that changes per transmission time interval.

16. The computer program of claim 15, the actions further comprising packing the at

least one segmented service data unit into a protocol data unit, and wherein transmitting

the at least one segmented service data unit comprises transmitting the protocol data unit,

wherein for the case where the first segmentation option is selected a length field is

omitted from the protocol data unit and for the case where the second segmentation option

is selected the length field is included in the protocol data unit.

17. The computer program of claim 15 wherein the predetermined length is the same

as a size of an internet protocol packet.

18. The computer program of claim 15, wherein the predetermined length comprises a



maximum length and the service data unit is constrained not to exceed the maximum

length.

19. The computer program of claim 12, wherein determining a bandwidth allocation

comprises determining the bandwidth allocation size and a spectral efficiency;

and wherein selecting one of the first segmentation option or the second

segmentation option is based on the determined bandwidth allocation size and the spectral

efficiency.

20. The computer program of claim 19, wherein the second segmentation option

comprises segmenting to a length defined per transmission time interval TTI, and wherein

selecting is based on a function of TTI, bandwidth allocation size, and relative spectral

efficiency.

21. The computer program of claim 20, wherein the function is TTI*bandwidth

allocation size*G, wherein G is the relative spectral efficiency gain of E-UTRAN as

compared to high speed packet access of UTRAN that takes a value between two and four,

and wherein the first option is selected when:

TTI bandwidth allocation size * G < 2 msec * 5 MHz.

22. An apparatus comprising:

a processor coupled to a memory and adapted to determine a bandwidth allocation

that is selected from among several possible bandwidth allocation options, and based on

the determined bandwidth allocation to select one of a first segmentation option or a

second segmentation option, and to segment at least one service data unit according to the

selected first segmentation option or second segmentation option; and

a transmitter coupled to the processor and adapted to transmit within the

determined bandwidth allocation the at least one segmented service data unit.

23 . The apparatus of claim 22, wherein the processor is adapted to select one of the

first segmentation option or the second segmentation option based on a size of the



determined bandwidth allocation.

24. The apparatus of claim 23, wherein the first segmentation option comprises

segmenting prior to and independent of packet scheduling for transmitting the at least one

service data unit; and wherein the second segmentation option comprises segmenting after

packet scheduling for transmitting the at least one service data unit and after a transport

block size is determined.

25. The apparatus of claim 22, wherein the first segmentation option comprises a

predetermined length; and wherein the second segmentation option comprises a dynamic

length that changes per transmission time interval.

26. The apparatus of claim 22, wherein the determined bandwidth allocation comprises

bandwidth allocation size and spectral efficiency;

and wherein the processor is adapted to select one of the first segmentation option

or the second segmentation option based on the determined bandwidth allocation size and

the spectral efficiency.

27. The apparatus of claim 26, wherein the second segmentation option comprises

segmenting to a length defined per transmission time interval TTI, and wherein the

processor is adapted to select based on a function of TTI, bandwidth allocation size, and

relative spectral efficiency.

28. The apparatus of claim 27, wherein the function is TTI*bandwidth allocation

size*G, wherein G is the relative spectral efficiency gain of E-UTRAN as compared to

high speed packet access of UTRAN that takes a value between two and four, and wherein

the first option is selected when:

TTI bandwidth allocation size * G < 2 msec * 5 MHz.

29. An apparatus comprising:

means for selecting one of a first segmentation option or a second segmentation



option based on the determined bandwidth allocation;

means for segmenting at least one service data unit according to the selected first

segmentation option or second segmentation option; and

means for transmitting within the deteπnined bandwidth allocation the at least one

segmented service data unit.

30 The apparatus of claim 29, wherein

the means for selecting and means for segmenting comprise a processor coupled to

a computer program embodied on a memory; and

the means for transmitting comprises a transceiver.
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