Dummy padding sub-header in MAC Protocol Data Units BACKGROUND 100011Radio
communication systems, such as a wireless data networks (e.g., Third Generation Partnership Project
(3GPP) Long Term Evolution (LTE) systems, spread spectrum systems (such as Code Division
Multiple Access (CDMA) networks), Time Division Multiple Access (TDMA) networks, WiMAX
(Worldwide 1stéP8petaBility for Microwave Access), etc.), provide users witH tHERSAYEM & ce of
mobility along with a rich set of services and features. This convenience has spawned significant
adoption by an ever growing number of consumers as an accepted mode of communication for
business and personal uses. To promote greater adoption, the telecommunication industry, from

manufacturers to serqﬁgmwiﬁgﬁﬂiﬁgssagrﬁeg@&Qfﬁmg@@ﬁrg@o@mi EHestitméevelop standards for
communication protocols that underlie the various services and features. One area of effort involves

the construction of data units, which are necessary to exchange information over the network. The
fields and ass( ' fﬁwts of these data units are designed to ensure reliable transmission, while
minimizing overhead (i.e., maximizing throughput). Segmentation of the data units is a mechanism that
provides prifl8edl compalibility etrtimeupmdtios protovsl kipbres s Wifkirentdstotoeoisrize(fikaly to have

different size,regut f j‘@ﬁld)f' R.J ses
protocol ovgngyiﬁﬁﬁ%s?@%%%r%%ﬂ%o%?gandwiﬁ&g%ggﬁﬁgﬂgﬁﬁ %%%l\a;l ENTS

[0002] Therétarad tisearigrasysiemsorsash ssprede roisienebhien) apsiasy (Seeheaivads minimize
signaling overhepd[000RRIMBROrdiInG Seis! Aspeehdiheravs R ovidad waeathad comarising:

generating a protocol data unit; and inserti?f?ﬁat least one padding sub-header at the beginning of the
header partf®t MiTostsedigats) uriit-toPioatting st Yy theoroppsacomerahitie Hapsirighs only within
the header., WR 200908{430RE f¢/4132008/QQ00 hience has spawned significant adoption by

an ever growing number of consumers as an accepted mode of communication for
business and personal uses. To promote greater adoption, the telecommunication
industry, from manufacturers to service providers, has agreed at great expense and effort
to develop standards for communication protocols that underlie the various services and
features. One area of effort involves the construction of data units, which are necessary
to exchange information over the network. The fields and associated formats of these
data units are designed to ensure reliable transmission, while minimizing overhead (i.e.,
maximizing throughput). Segmentation of the data units 1s a mechanism that provides
protocol compatibility at the various protocol layers, as different protocols are likely to
have different size requirements for payload and overhead fields. However,

segmentation increases protocol overhead, and thus, wasting precious bandwidth.

SOME EXEMPLARY EMBODIMENTS
[6002] Therefore, there is a need for an approach for selectively applying

segmentation to minimize signaling overhead.

[6602a] According to a first aspect, there is provided a method comprising:
generating a protocol data unit; and inserting at least one padding sub-header at the
beginning of the header part of the protocol data unit for padding of 1 byte or 2 bytes,

wherein the padding is only within the header.
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10002blAccording to a second aspect, there is provided an apparatus comprising: a packet generator
configured to generate a protocol data unit, and to insert at least one padding sub-header at the
beginning of the header part of the protocol data unit for padding of 1 byte or 2 bytes, wherein the
padding is only within the header. (0002ciAccording to a third aspect, there is provided a method
comprising Y¥e2&ifty&‘brotocol data unit that includes at least one padding ‘SUBHEHAELHt the

beginning gbtiwekieader pashafitharicacakdalrdanibios Padeintotd e aulcbyipssingierein the
padding is only within the hea%er. [OOOZ\géAccordin% toa fogjrth aS{)ect there is_pE vid(ted an apparatus
comprising??@%@‘iﬁflﬁﬁlﬁ?fgfﬁa Y ARIFEIS B B OB G5RA At Bk AR Teds “Bhie’Badding
sub-headematiiiie: heginpidgrodtthie:Neaderpart Dilthehprdso qalrd atatinipfotopaid ditg wiid fayte or 2

bytes, _whereaig dtlrl]}e gfapging ilszoqslgewi%v 'relrtBhe tﬁgag%ixlogsoggﬁ%%rg@lgetgeggétar_embodiment, a mc_ethod
comprises Sener INg a protoco &t Unit. The method also Xomprlses inserting a dummy padding

sub-headen i) 2 eadslie prolossh gt WO ROGRIOREAPRIHIA RRARRHIAPLS
100041According to another embodiment, an apparatus comprises a packet
receiving a protocol data unit that includes at least one padding sub-header at the

beginning of the header part of the protocol data unit for padding of 1 byte or 2 bytes,
wherein the padding is only within the header.

[0002d] According to a fourth aspect, there is provided an apparatus comprising:
receiver configured to receive a protocol data unit that includes at least one padding sub-
header at the beginning of the header part of the protocol data unit for padding of 1 byte
or 2 bytes, wherein the padding is only within the header.

[6003] According to one embodiment, a method comprises generating a protocol
data unit. The method also comprises inserting a dummy padding sub-header within a

header of the protocol data unit.
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generator configured to generate a protocol data unit, and to insert a dummy padding sub-header
within a header of the protocol data unit. 100051According to another embodiment, a method
comprises receiving a protocol data unit that includes a dummy padding sub-header within a header of
the protocol data unit. 100061According to yet another embodiment, a system comprises a base
station confitfareePidF teeive a protocol data unit that includes a dummy pad8itg b %edder within a
header of t?i I tocol data ur_lf'!t. %OOOZ!Sti%lother aspects, features, atgd advantages of t@etdisclosure
are readily %ﬁga ent fro "foRBwihg o eicﬁeél;naité‘}sc:lFf]‘p‘?tlildn,Ei girﬁ%ﬁ’ﬁrgy ﬁlucé)tlpaﬁllﬁge a hdihbet of particular
embodimergenaradoineptéraensthtiogeneinttrding ehel Bestunivdad dniepap|adetor cadding ®bt the

disclosure. JhadiscipraadsRisor sarabie @ atheuand different embodiments, and its several details
can be modified in various obvious respects, all without departing from the spirit and scope of the

invention. A666dingly, thecdraispgsanacbdescrptiodiarentp bemetmxt eshaprltastrativeimnature, and
not as restrigiive. BRIEFREIGRIFIIEN Phuhiity DRAWINGSI08L TR empodipgnts,ef the

invention are illustrated by way of example, and not by way of limitation, in the figures of the
accompanyitf HAIREE#00091FIG. 1 is a diagram of a communication system capable of utilizing

[06006] According to vet another embodiment, a system comprises a base station
configured to receive a protocol data unit that includes a dummy padding sub-header

within a header of the protocol data unit.

[0007] Still other aspects, features, and advantages of the disclosure are readily
apparent from the following detailed description, simply by illustrating a number of
particular embodiments and implementations, including the best mode contemplated for
carrying out the disclosure. The disclosure is also capable of other and different
embodiments, and its several details can be modified in various obvious respects, all
without departing from the spirit and scope of the invention. Accordingly, the drawings

and description are to be regarded as illustrative in nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS
[3008] The embodiments of the invention are iHustrated by way of example, and

not by way of limitation, in the figures of the accompanying drawings:

[0009} FIG. 1 is a diagram of a communication system capable of utilizing
protocol data unit padding, according to various exemplary embodiments of the

vention;

[0010] FIG. 2 is a diagram of a Media Access Control (MAC) protocol data unit

(PDU), in accordance with an embodiment of the invention;

{6611} FIGs. 3A-3C are exemplary MAC PDU formats encompassing Radio Link
Control (RLC) PDUs of different lengths;

[0012] FIG. 4 is a diagram of a sub-header format utilized for padding, in

accordance with an embodiment of the invention;
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protocol data unit padding, according to various exemplary embodiments of the invention; 10010]FIG.
2 is a diagram of a Media Access Control (MAC) protocol data unit (PDU), in accordance with an
embodiment of the invention; [0011]FIGs. 3A-3C are exemplary MAC PDU formats encompassing
Radio Link CWHW?#QI?E?OPDUS of different lengths; [0012]FIG. 4 is a diagl?ﬁmlg?oﬁ’g%%‘éader format
utilized for padding, in accordance with an embodiment of the invention;
W02009/087430PCT/IB2008/000014 100131FIGs. 5A and 5B are flowcharts of processes for padding
to avoid segmentation, in accordance with an embodiment of the invention;

f0613]  FIGs. 5A and 5B are flowcharts of processes for padding to avoid segmentation, in

accordance with an embodiment of the invention;

j0014] FIGs. 6A- 6D are exemplary MAC PDU formats employing dummy padding, in

accordance with an embodiment of the invention;

[0015) FIGs. 7A-7D are diagrams of communication systems having exemplary long-term
evolution (LTE) and E-UTRA (Evolved Universal Terrestrial Radio Access) architectures, in

which the system of FIG. 1 can operate, according to various exemplary embodiments of the

nvention;

[0816] FIG. 8 is a diagram of hardware that can be used to implement an embodiment of the
invention; and
a7} F1G. 9 is a diagram of exemplary components of an LTE terminal capable of

operating in the systems of FIGs. 7A-7D, according to an embodiment of the invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0618] An apparatus, method, and software for padding a protocol data unit are disclosed. In
the following description, for the purposes of explanation, numerous specific deta'ills are set forth
in order to provide a thoroﬁgh understanding of the embodiments of the invention. It is apparent,
however, to one skilled in the art that the émbodiments of the invention may be practiced without
these specific details or with an equivalent arrangement. In other instances, well-known
structures and devices are shown in block diagram form in order to avoid unnecessarily

obscuring the embodiments of the invention.

[T 9] Although the embodiments of the inventior; are discussed with respect to a
communication network having a Third Generation Partnership Project (3GPP) Long Term
Evolution (LTE) architecture, it is recognized by one of ordinary skill in the art that the
embodiments of the inventions have applicabifity to any type of communication system and

equivalent functional capabilities.

(0204 FIG. 1 is a diagram of a communication system capable of utilizing protocol data unit

padding, according to various exemplary embodiments of the invention. As shown in FIG. i,



100141FIGs. 6A- 6D are exemplary MAC PDU formats employing dummy padding, in accordance with
an embodiment of the invention; 100151FIGs. 7A-7D are diagrams of communication systems having
exemplary long-term evolution (LIE) and E-UTRA (Evolved Universal Terrestrial Radio Access)
architectures™H WRTER A system of FIG. 1 can operate, according to var%%gigﬁg?ﬁﬂ?g?fﬁembodiments
of the invention; 100161FIG. 8 is a diagram of hardware that can be used to implement an
embodiment of the invention; and 100171FIG. 9 is a diagram of exemplary components of an LTE
terminal capable of operating in the systems of FIGs. 7A-7D, according to an embodiment of the
invention. DESCRIPTION OF PREFERRED EMBODIMENTS 100181An apparatus, method, and
software for padding a protocol data unit are disclosed. In the following description, for the purposes of
explanation, numerous specific details are set forth in order to provide a thorough understanding of the
embodimesreaf thetnveamtignipmnb{peseht ] homevencideomehskibad smtioe 408 1Hvettitha epabadiments of
the inventiqp iceanmhout ifi JS Qr Wi \Y ra In
other instances,%vxx}gﬁ’liﬁnﬂogvéi% Structures %@?ﬁ’éﬁe@%ﬂ@mﬁ ?EI%IE)%E gt%%réﬁng %rr?tnﬁ?n or e?‘r;[ct)Eavoid
unnecessafTshissBURies tOWmBbERHanTd ofiMebizsresigbpn 103 is denoted as an enhanced Node B

(eNB). The UE 101 can be any type of mobile stations, such as handsets, terminals, stations,
uﬁits, devices, or any type of interface to the user {such as “wearable” circuitry, etc.). The base
station 103, in an exeniplary embodiment, uses OFDM (Orthogonal Frequency Divisional
Multiplexing) as a downlink (DL) transmission scheme and a single-carrier transmission (e.g.,
SC-FDMA (Single Carrier-Frequency Division Multiple Access} with cyclic prefix for the
uplink (UL) transmission scheme. SC-FDMA can be realized also using DFT-S-OFDM
principle, which is detailed in 3GGP TR 25.814, entiﬂed “Physical Layer Aspects for Evolved
UTRA,” v.1.5.0, May 2006 (which is incorporated herein by reference in its entirety). SC-
FDMA, also refex_red to as Multi-User-SC-FDMA, allows zﬁultiple users to transmit

simultaneously on different sub-bands.

{0621]  The UE 101 and eNB 103 include packet generators 105, 107 for generating data
units (e.g., data packets). According to one embodiment, each of the packet generators includes
padding logic 109, 111, which can operate at the Medium Access Control (MAC) layer to
perform padding of a MAC PDU either by padding the MAC header (or sub-header) or the
payload part or both. The MAC layer protocol is further detailed in 3GPP TS 36.321, entitled
“Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio
Access (E'-UTRA) Medium Access Control (MAC) protocol specification,” v.2.0.0 (Release 8);
which is incorporated herein by reference in its entirety. By way of example, a Radio Link
Control (RLC) sub—layer,-és implemented by the packet generator 105, 107, uses dynamic PDU

sizing to build each PDU according to the requested size by a lower layer protocol.

[6G22] In general, a Service Data Unit (SDU) of a protocol layer is defined within a data unit,
and is received from a next higﬁer protocol layer. The protocol layer proce:;,ses the SDU, which
in case of a Radio Link Control (RLC) protocol, may require segmentation of the SDU into
fragments. As a result of the protocol processing, the SDU is transformed or partitioned into one
or more PDUs. These fragments are provided with an RLC header, which contains a sequence

number, and form the payload or content of an RLC PDU. These RLC PDUs are processed in



100191Although the embodiments of the invention are discussed with respect to a communication
network having a Third Generation Partnership Project (3GPP) Long Term Evolution (LTE)
architecture, it is recognized by one of ordinary skill in the art that the embaodiments of the inventions
have applica%fﬁtf/ﬂf’glgl%fﬂ/pe of communication system and equivalent fuhctiona (f:séogg%ﬁﬁties.
100201FIG. 1 is a diagram of a communication system capable of utilizing protocol data unit padding,
according to various exemplary embodiments of the invention. As shown in FIG. 1, one or more user
equipment (UEs) 101 communicate with a base station 103, which is part of an access network (e.g.,
WIMAX, 3GPP LIE (or E-UTRAN or 3.9G), etc.). Under the 3GPP LTE architecture (as shown in FIGs.
7A-7D), base station 103 is denoted as an enhanced Node B (eNB). The UE 101 can be any type of
mobile stations, such as handsets, terminals, stations, units, devices, or any type of interface to the
user (sucht@g NiaGrkayer: criidhsitackey. TN Gabeadentichhesaftor, dheRSG PR e Mbddimerithories
OFDM (OrtagonaldersansneyiByislnalMBin exingbasa,doiikigRl) transmission scheme and a
single-carrier transmission (e.g., SC-FDMA (Single Carrier-Frequency Division Multiple Access) with
cyclic prefiyotexithe Uﬁﬁ%{#&) ﬁaéasﬂﬂéls%iove&ﬁb@ﬂworﬁﬁrﬁm\ﬂﬁf@ﬁ?l%q@zgdl ASaHISIKge dataf
DFT-S-OFDM pringi ich is.detailed.in P TR 25.814, entitled "Physical Layer Aspects for
evoived U TG, T B4 L8 (RITEh ERHCr e Hadkin by FERFBILST T Rergon
SCFDMA, aisltiphene duegenMiite Uepied@ibDivdd ralloasbhuttipléplsdrg fartcdos midsinsuliasizeusly
on diferent el it SREr-TRE WE 0K RTE SNBGindhde RRRKSL RSB A0 AT
generating data units (e.d., data pac etsf. ccording to one embo |men§, cach of the pac et

generatorsiii@itisesaraaumgiioyed Donsptt MpekH ERhsinserbhe sgamemadigiusizaeeehs dStmmbiqdIAC)

layer to pedgrn: Rt ObaMeCiRIY €itsy Ry Padding thaMAL wadeROE sibdhepder Ardhe
payload part or both. The MAC layer protocol is further detailed in 3GPP IS 36.321, entitled "Technical

Specificati&%e@&ﬁbp% BayRe detriminetifrany 8 198 ofiRe REF TN strs) 1rddhs Aizeddhe MARA)
Medium AdeagsrC ahisg4ddig fipiatosdhyadieatiominaded théRaleasechomiighdsda iR riad
herein by reference in.its entirety. By way of example, a Radio Link Cantrol C) sub-layer, as
impIementé’g%?ﬁlﬁ’g&gg&g{lé'e%%rr% or B%?@g%lﬁs%gi&?r@h%zﬁm %i%%goi‘é%}&?(éréﬁﬁﬁ size
according to theldegouk $tBY sizthbyegueriedrsiay by photooalr E3622 EhvlgBDEr ahrahSesvintPrt S G
(SDU) of a ' ' ithin. it [ [ f a next higher. protocol
layer. The g%ﬁ#gxe?gﬁﬁesggﬁ%é%ﬁﬁﬁ% r?%{;gs%%{%%go \éﬁd?g ﬁﬁ%%‘n%?’?ﬂ?&s&%tocm,
may requirgisegmentatignaf tReSPHIMRFagReRECADUTRSHIEOLB SRS a50L RIQGES HiNGiRg SDU
is transformed or partitioned into one or more PDUs. These fragments are provided with an RLC

header, whiti EBHMEUC: SHRRSAREPHN HSUAEHR RIS FE P dst Wrradinestontcss Rikeweny trnese
RLC PDUsgn¢atqirtheatisieeetive between the transferred data block size and the next larger allowed TB size

results in lowering the transfer data to used physical resources ratio consequently resulting in a
less efficient use of radio resources. Therefore, maximizing the TB size is desired. The
segmentation causes decreasing the size of the TB, thereby increasing RLC and MAC signaling
overhead. Radio Resource Control (RRC) signaling is required between the UE 101 and eNB
103 to define the attributes of each established transport channels, including a list of potential
transport block (TB) sizes. Altematively; the list of TB sizes may be speciﬁed in the standard (as
mm High-Speed Downlink Packet Access (HSDPA) or High-Speed Uplink Packet Access
(HSUPA)). Each transport block unit is transmitted in a given Transmission Time Interval (TTI).
Signaling over the radio interface introduces system overhead, which reduces the physical

resources available for user data transmission.

{0025} FIG. 2 is a diagram of a Media Access Control (MAC) protocol data unit (PDU), in
accordance with an embodiment of the invention. A MAC PDU 201 includes a MAC header
203 and a MAC payload 205. The payload 205 can include MAC Control elements, one or more |
MAC Service Data Units (SDUs) {e.g., RLC PDU) as well as an optional padding field. In this
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WO 2009/087430PCT/IB2008/000014 the MAC layer, which attaches a MAC header. Thereatfter, the
RLC PDUs (with or without MAC header) are provided as MAC SDUSs to a subjacent protocol layer.
100231As evident from the above discussion, to allow for the transfer of variable S|ze data blocks, the
Radio Link d@ﬂt?&?g(ﬂ‘f@flayer provides a segmentation and re- assembl;}) %ml%?e% ing %hction. The
segmentation and re-assembly multiplexing function reduces the size of the data unit prior to
transmission RLC and is used when the transferred data block is larger than the maximum allowed
Transport Block (TB) size. The segmentation size can be determined by the difference between the
RLC PDU size and the header size of the RLC PDU. The size of the MAC PDU may be determined
from a sum of the RLC PDU size, and the size of the MAC header. The padding function in MAC layer
increases the data block or segmented data block size by padding with extra or "dummy" bits to fit a
TB size. Thexauds st Myér GontraBlonuints ayeninaes deforeDle d fe Y8 isesrddivizendiinkdikddvir layer.

Each PDU gan.ave MuRIe:SRUs A2epierBatap Eaiemﬂamﬁ@@ﬁﬂgm YRR Qge%m@'oyed
to fit within a given TB size. 100241In effect, u5|d%mre latively small RLC PDU results in a lower

transfer dafiaGUBRGeATHRs fAdhe sirans %%‘éﬁ y Rodhfisdvii& hesd arrdihe iAo RYIs are
resources. bfkawis® dfzesgreater the difference between the transferred data block size and the next
larger allowed TB size results in lowering the transfer data to used physical resources ratio
consequentlfw%ﬁ;ultingsishadmsslﬁmmtm héar@aii@ﬂieiimludemihefefme Nh@@imﬂ&'hgzﬂna&i&eﬁze is

desired. Thfogefgrme%actglon causes deC{’oa %3 %rgf th gl “ﬁgae ybaengr%%sm% %i Iﬁﬁg MAC

signaling overhead- esou ) signa |ng IS req tire ween 1 9hd eNB
103 to defiré mmwﬁem@m@mmbl@Medawaafsp*mpltaﬁhelsahrfcﬂmnglaiuécs)ﬂpotteﬂnaflmg

transport bigcla4T BYgizesy AlRIIeNeHS l(fat@b? 'Eﬁ%ﬂ%@ﬁ% qﬂ@%@éﬂ%&%@gﬂp as in
High-Speed Downlink Packet Access (HSDPA) or f—hg Epe;ﬁ Uplink Packet Access (HSU . Each

transport bIbERURRRr dhenkitHd field ddoatifiesahefomsrl shamnel Mttanss of 1y omemandisedite radio
interface InBD@@ﬁ&éM%i@Hfﬂié&fB@ wdligh Nﬂ@@ﬁﬁhﬁ@éﬁ&ﬁ@kw&ﬁg%au@mmmlu%ﬂgata

i accoraar il S BdaTReHEBR e PO SPARIRR PO ST HEA R DRI e 983 and

a MAC paylotdwdfp fhinepd(dadEZRIRCEA, iehete RddtofesntrBoatasnield aﬂne[pdmm ¥ Aengibrvice

Data Units Ei%BS‘JS)hg gﬂblRaj_%FBy )s€l§ l%%ye%s ncgﬁti&réallagta gxgé,n sl ?zlg t!ln 'Ind L fields. In an
exemplary embodiment, a maximum of one MAC PDU can be transmitted per TB per UE,
depending on the physical layer category.

[0027]  To better appreciate the padding mechanism, MAC PDUs are further described with
respect to encapsulation of RLC PDUs.

[0028]  FIGs. 3A-3C are exemplary MAC PDU formats encompassing Radio Link Control
(RLC) PDUs of different lengths. A MAC PDU 301 employs the following header fields 303:
LCID/E/R/R. In this example, the MAC PDU size is the size of the RLC PDU 305 plus 1 byte.
This is the typical case when there is only one RLC PDU per MAC PDU, i.e, no MAC level
multiplexing: the RLC PDU size is selected (i.e., RLC SDU is segmented) such that it is one byte
shorter than the allowed MAC PDU size. Then only one byte MAC header is enough telling the
logical channel ID.

j0029] In another embodiment, a MAC PDU 307 has the following header fields 309:
LCID/E/R/R/F/L/LCID/E/R/R. As such, the MAC PDU size totals the size of the RLC PDU 311
plus 4 bytes. This MAC PDU 307 holds a relaﬁv_ély reduced RLC PDU 311 and can be used e.g.,
for various real-time applications, such as Voice over Internet Protocol (VolP); as well as any

RLC unacknowledged mode (UM) or acknowledged mode (AM) data if the RLC PDU is shorter



example, the MAC Control elements are placed before the MAC SDUSs, and the padding field is
situated at the end of the MAC PDU 201. It is noted that MAC SDUs are of dynamic size and are built
according to the size of the MAC PDU. Both the MAC header and the MAC SDUs are of variable
sizes. 10026 AR 3the MAC PDU header 203 includes one or more MACEES P Utheaders 207
for each corresponding payload element, where each sub-header is defined as -a combination of
header information elements. By way of example, the sub-header includes the following header fields:
a Logical Channel ID (LCID), an Extension bit (E) and Reserved bits (R) i.e., LCID/E/RJR. The LCID
field identifies the logical channel instance of the corresponding MAC SDU or the type of the
corresponding MAC Control element or padding for the DL (Down Link) and UL-SCH (Up Link Shared
Channel), respectively. The intermediate sub-headers have the following format: LCID/E/R/FUF/L
(where F déhastéheaaquentest (fetdmstrde delaot ®LE SERGUT fislan hugeoesariat Yodispiehepddis; Bxcept
the last on ili I empplary. | i f one MAC PDU can
be transmi?&:%aﬁ)é? %%ﬁl[;%%% lc Eai%qég%g{igaa%hqéh? &@g%%$%%gﬁ%%g%%% %‘F géwbezgtﬂ’ésr Iz]t;{jp?f')%eciate

the paddinghffetednfishd ipmitizoposs MaG P, vitk threerepiien efeelass Md@S&lihtion of RLC
PDUs. 100 ]?FIGS. qu-BC are exem _I%%/ MAC PDU formats encompassing Radio Link Control (RLC)

PDUs of diffefaht lendtfiBe fxfmrte 8HYAb £ B8l the i rdte i e dACHBIEAYR. In
this examplipadiie bR GR Dijsizeus!thel siterdhtbrif RPRLE3PBPIuA ivtecddiads Meatypisalgase

hen there i I PD CPDU, i.e. MAC., level multi ing: t PDU size i
celectot ( S0 EETFITL e P i o Tl S R BB S A S8,
size. Then &g pyidingC G derisendngadéiing tredhdivahchmandpiidibgiR9tanatibe
embodimeniad MACNTRPHA amdh andngeagsrdie dn 3 GIRGBURM RIS, A

such, the MAC PDU size totals the sizé of the RLC PDU 311 plus 4 bytes. This MA
relatively reddieedPRLC PDU 311 and can be used e.g., for various real-time applications, such as

Voice over |nternet Protocol (VolP), as well as any RLC unacknowledged mode (UM) or acknowledged
mode (AM)lgé%aﬂif nd B '%!%U §ﬁ‘8ﬁ§etlfaﬁ‘hw‘éfr@aﬁ§f8%?mﬂééﬁ& SRS RLEGSHEPL data
burst or shaitenviblfe. packétyteEhe Adietdimsta sitglenbiidieatnhalnet (8.gnetd."Se)dpindicae Bmsize of
the Length figdally S RLHARARRRS fof Lt PSS REMMAC S VAR BRI MRS, 83! MAC
presence of an L field depends on the type of MAC Control element. The size of the L field is

indicated by the F field.

{I032] The Extension (E) field is a flag that specifies whether more ﬁel&s are present in the

. MAC header. The E field can be used not only for the extension of the next LCID/E/R/R, but
also for the associated Format field (F)/Length field (L). For instance, if E is set to “1,” F/L and
another set of LCID/R/R/E fields follow. However, if E is set to “0,” either a MAC SDU, a
MAC control element or padding start at the next byte. In this example, the difference in length
of the MAC PDU based on the setting of the extension field (i.e., E= “0” and E= “17) is 2-bytes
due to the F and L fields, and 1-byte due to the sub-header indicating padding,

0033 If a single RLC PDU is 1 byte shorter than MAC PDU, then no length field is needed -
since the TB size indicates the length. If the difference is 4 bytes or more (as shown in FIG. 3C),
then normal (already agreed and specified) padding can be used in the MAC PDU 313, ie,
LCID + E=1 specifies that L follows and that length field indicates the length of RLC PDU. In
the header 315, with E set to 1, this indicates that another LCID+E follows; therefore, a padding
.header is needed (LCID=11111 is reserved for padding). Also, an E is set to 0 to indicate that

data follows. The header 315 is followed by an RLC PDU 317 and the corresponding padding
fieid 319.



100301In the example of MAC PDU 301, no padding is needed. With the MAC PDU 307, padding of
one byte is utilized after inserting the RLC PDU and the necessary MAC header fields (LCID/E/R/R
and F/L). This can be implemented by adding the normal MAC header indicating padding (LCID
reserved for B‘%m%{wﬁ%m, but no actual padding is needed at the end StAHERFAY BPY. Padding
bytes are added at the end of the MAC PDU when more padding is needed. 100311The L field
indicates the length of the corresponding MAC SDU or MAC Control element (e.g., in bytes).
According to one embodiment, there is one L field per MAC SDU included in the MAC PDU 307,
except for the last MAC SDU. For MAC Control elements, the presence of an L field depends on the
type of MAC Control element. The size of the L field is indicated by the F field. 100321 The Extension
(E) field is a flag that specifies whether more fields are present in the MAC header. The E field can be
used not ofPfdt the Exherdiferafcah efRkCLEDD/EAR/MASLPRBOiOE thelddsgesjatdd farpmtifitido

(F)/Length {figf ) ripst if B toyl,. n r of LCID/R/R/E fields follow.
However, if E%ertggl"(%gée%%%nag I\%\%dsds?%u,hg R/It}ﬁé\% ggg%?bl% eersﬁjgrr?]%%orspgldg{ﬁgﬁstgnﬁ éitl e hext byte.
In this exarPpTEcIhEGIEMH B sizsrdohaBINGRD P Bigepia Seand 3 theteseeanuob bthenpposiedisnthield

(i.e., E= "O'tiandbove YekdSieadd MSsroHes 1Q:thSur %ﬁﬂyﬁﬁ@g%n@ﬁ@tﬂeﬂyt%g%éﬁﬁmcﬁu&éﬁéﬂgﬁon o
indicating padding. 100§§1If a single RLC PDU Is 1 byte shorter than MAC PDU, thenno length field is
needed sinE‘é"ﬁ?ég%@"ﬁ AharcHfeRaneiemylrren M ifDErveeicaddhusalsodesger (BB sevwitbEIG.

3C), then nowdalltairéndypagutiydiardistheitiodniaiddinereanchenpsedrnitiaiM e PRiAL&ebR:, LCID
+ E=1 spegif] at.l follo nd that length field,indicates the length of RLC PDU. In the header 315,
P e e T S e ST 1o o asn A eadee

with E set to 1, this’indicates thatahother
(LCID=1119z¢iés s mastiiecpeatding). Also, an E is set to 0 to indicate that data follows. The header
315 is followed by an RLC PDU 317 and the corresponding padding field 319. WO
2009/08743YBET /11 320019/ 0be 1RNRSES AT FEFN S BR BFRICSS D Dt a ik BB bdaderand bytes,

it is not poggillestee, an enhancement for the padding mechanism is proposed. '

00364 | FIG. 4 is a diagram of a sub-header format uﬁlized for padding, in accordance with an
embodiment of the invention. A MAC sub-header 401 includes four header fields 403:
LCID/E/R/R. The LCID field is reserved for indicating whether padding is utilized. In an
exemplary embodiment, padding is placed at the end of the transport block (TB) if padding bits
are present. The MAC sub-header 401 can be used to implement the dummy padding

mechanism, as next explained.

j0037]  FIGs. 5A and 5B are flowcharts of processes for padding by a few bytes, e.g., to
avoid segmentation, in accordance with an embodiment of the invention. In step 501, eNB 103
(of FIG. 1), for example, generates via the packet generator 107 a packet that includes a data unit
(e.g., MAC PDU) for transmission to the UE 101. In step 503, a dummy padding sub-header is
inserted by the padding logic 111 at beginning of the header field, e.g., to avoid segmentation. In
step 505, the eNB 103 transmits the déta unit with the padding, such that no segmentation is

~ performed, thereby minimizing the protocol overhead.

j0038) On the receive side, when the UE 101 receives the data unit, as in step 511, the UE
101 removes the padding (per step 513). It should be noted that the transmitter can also be the

UE and the receiver the eNB, in fact, this may be a more typical case.

[0039]  FIGs. 6A- 6D are exemplary MAC PDU formats employing dummy padding, in
accordance with an embodiment of the invention. Two cases are shown in FIGs. 6A and 6B,

wherein the differences in PDU sizes (i.e., MAC PDU size — RLC PDU size) are 2 and 3 bytes,
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indicate with the existing standard. In other words, the scenarios in which the difference between the
MAC PDU size and the RLC PDU size is 2 and 3 bytes cannot be supported with the above described

approach without applying segmentation. As mentioned, segmentation incr rhead.
AIternativerWé)lé?E;%Egl%lifA PDU size, and thus also larger TB size, can b%%%?}%%@zﬁ{’?s? 4(’gspecially true

in the downlink where the eNB can decide the TB size freely. However, the use of a larger TB size
simply to accommodate a (unnecessary) larger MAC header size is also wasting capacity. 100351To
avoid the unnecessary segmentation or unnecessary increase of MAC header and PDU size, an
enhancement for the padding mechanism is proposed. 100361FIG. 4 is a diagram of a sub-header
format utilized for padding, in accordance with an embodiment of the invention. A MAC sub-header
401 includes four header fields 403: LCID/E/R/R. The LCID field is reserved for indicating whether
padding is tesRgedy iy arfekEtp R ebiboamvdas, paBiAd B 162 dut the g wing depdas Sistdslock

(TB) if padqipghiRARe ML ELTH/ENE R APheUR-heast 400 RaRdE hReth 1 ANPIGRIE Hligndisn Ay

padding mechanism, as next explained. 100371FIGs. 5A and 513 are flowcharts of processes for
padding byPadeResnd s dteatedal e beapningeattrt o heddffaftB A -an embodiment of the
invention. In step 501, 3(of F , for ex le, generates via the packet generator 107 a
packet thatWilies hdth SRS CRE o PRt R B Tt ars ey
dummy padidiadgrs olb IHERNE RERN sks tembil) i EnpairdingHdginitis atddgyignangl of theltiagdekdi®bCe.g., to

2void seamastalPr i e S840 NRLIA Rpsis . deins I s gadkleoe st no

segmentation is pefform ereby minimizing the protocol’ ea e receive side,

when the UgelQ{ receiygsdhagaiaginih@sdn stemo MathebEs16d: rempussuidereaddingenstep
513). It should be noted that the transmitter can also be the UE and the receiver the eNB, in fact, this

may be a nfBRE it padding pesbanismdrelvesrieromining Ssheriaad BERIIGPHRE EhibfolARgSHummy

padding, indaesadancaiwitamag eathed (Retiafldhelisvanton AEHe casas:amshRMI FI GEe@inand
68, be achieved by bypassing segmentation according to what is considered optimal for the radio

TCEOUrCe usage.

[0042] Normally the extension flag E=1 indicates that an F-flag and a length field follow as
~well as another sub-header (LCID/E/R/R). In this special case with padding (LCID=11111) E=1
does not indicate that F and L follow, but only that another sub-header (LCID/E/RJR) follows.

‘ Thus the receiver when reading the header notices from the special value of LCID (=11111) that

| next sub-header follows immediately (without F and L fields). In this instance, it is assumed that
the same LCID value as for normal padding is used also in this special case. This has the
advantage that no extra LCIDs need to be reserved. However, it is also possible to reserve

another LCID for this purpose.

|0043) In principle, the special (dummy} padding sub-header could be in any position within
the header. However, if e.g., inl FIG. 6A, the order of the sub-headers were changed, i.e., the
LCID indicating fhe real logical channel ID were ﬁrsf, then having E=0 indicates that data
follows, and the padding sub-header would be interpreted as data. If the extension flag were
changed to E=1, then F and L should fellow. Thus the dummy padding sub-header in these cases
has to be at the beginning of the header.

0044} The normal padding is indicated by inserting the padding sub-header (LCID=11111,
E¥0) at the end of the MAC header. It indicates that the extra bytes at the end of the MAC PDU
not included in the MAC header, MAC control PDUs or MAC SDUs (=RLC PDU) are padding.



wherein the differences in PDU sizes (i.e., MAC PDU size - RLC PDU size) are 2 and 3 bytes,
respectively. A MAC PDU 601 includes an RLC PDU 603 and the following header fields: LCID/E/R/R
and LCID/E/R/R. The first set of sub-headers has an LCID field designated as padding and is situated
at the beginnthg H*&48t the MAC PDU 601. 100401In FIG. 6B, a MAC B‘ESVL”J%@ P\@?ﬂ&es header
fields 609, which encompass three sub- headers of LCID/E/R/R. As seen, the first two sub-headers
are designated as padding. An RLC PDU 611, having a smaller size than the RLC PDU 603, is also
included in the MAC PDU 607. 100411 Traditionally, segmentation of the MAC PDUs 601, 607 would
be required. By contrast, the padding mechanism involves determining the payload size according to
the lowest data rate by eliminating Format (F) field and Length (L) fields; the maximum RLC PDU size
can be achieved by bypassing segmentation according to what is considered optimal for the radio
resource ué&ged%@%&ﬂdmaﬂﬁbth@@uamdiﬂggfwﬁm ioatesibnabtan danflage ahe miengpedisld

follow as Wg&g@&f}%@gqyﬁp Q%re%%&/ﬁ/@@e er gk{)grgs ng padding (LCID=11111)

E=1 does not indicate that F an L fol but only tRat a er (LCID/E/R/R) follows. Thus
the receiveywben readinemiiedigasianngtioes m%w ¥rdgef &Ed%ﬁﬂlléé)omfs?ses
he same

sub-header fqllow filmmedlatel?/ﬂ W|thout F and L fields). In this instance, it is assumed that

LCID value B HBmigsa el d-sFiossueelrinlime Byisoraraingeis Prrdvhd rRyldchebfertfihico
extra LCIDsndtetktehbestsely adldHoleue itlis. alsadpbesibleda iesandd aanik)es. 4. ClPJordhis or

purpose. 1 inciple the sgﬁg d ) addln sub:h in an osjtion within
the headerqH%%/algagf ﬁse% in F Ekfhéﬁg'g grﬂgls e & o’h%1 39%&/\? ﬁﬁ]géd‘ AREEEID
indicating tlﬁéie‘athdgfdéﬂd:hhhrvdhub i Erdofiret, theRREVIYLEST indicates that data follows and the
padding sub-header would be interpreted as data. If the extension flag were changed to E=1, then F

and L shoul§4dfibw. Thwalads éﬂfnﬁh%d&dm@ sOBndbRl M IHERE Gk satagriplpE athﬁ@d%éi%ﬂnmg of
the header. whereby if padding of 2 bytes is _needed, F could be set to indicate long L field (F=1) and special

value reserved for L, e.g., L=000000000000000 or L=111111111111111. The special value of L
field then indicates that no further sub-headers follow and that no real length field is present; and
thus, the length of RLC PDU is calculated from transport block size. In this alternative, the F flag
and the following L field with special (reserved) véluc constitute the dummy padding sub-header.
This type of dummy padding sub-header is at the end of the header 621.

[0047] A common feature for these different dummy padding sub-headers described above is
that the MAC PDUs with the dummy f:adding sub-header do not have any (data) padding bytes
at the end of the MAC PDU. Thus, the dummy padding sub-headers introduce the padding of
the MAC PDU into the MAC header instead of the normal padding at the end of the MAC PDU
in the payload part. It is noted that one byte of the normal padding can be in the MAC headerin

the form of the normal padding sub-header, and the rest can be in the payload part at the end of
the MAC PDU.

{0048} FIGs. 7A-7D are diagrams of communication systems having exemplary long-term
evolution (LTE) architectures, in which the system of FIG. 1 can operate, according to various
| exemplary embodiments of the invention. By way of example (shown in FIG, 7A), the bas.e
station 103 and the UE 101 can communicate in system 700 using any access scheme, such as
Time Division Multipie Access (TDMA), Code Division Multiple Access (CDMA), Wideband
Code Division Multiple Access (WCDMA), Orthogonal Frequency Division Multiple Access
(OFDMA) or Single Carrier Frequency Division Multiple Access (FDMA) (SC-FDMA) or a

combination of thereof. In an exemplary embodiment, both uplink and downlink can utilize

10



100441The normal padding is indicated by inserting the padding sub-header (LCID-11111, E=0) at the
end of the MAC header. It indicates that the extra bytes at the end of the MAC PDU not included in the
MAC header, MAC control PDUs or MAC SDUs (=RLC PDU) are paddingp The dummy padding
sub-header, y&a?mf?ﬁ"l’é‘bertain embodiments, can use the same special Vailerrye 4.11111, and
be placed at the beginning of the MAC header. 100451Alternatively, padding of | or 2 bytes can be
indicated through the use of a special value of the length field L. For example, if one byte padding is
needed, F could be set to F=0 to indicate that short L field follows; and L could be set to a reserved
value, e.g., L=0000000 or L=1111111 as shown in FIG. 6C. Under this scenario, the MAC PDU 613
provides a header 615 with L=1111111, which is followed by a RLC PDU 617. 100461Similarly (as
shown in FIG. 6D), the MAC PDU 619 can employ a header 621 whereby if padding of 2 bytes is
needed, F §&0IONbA . setrtoamdicatetomp b fietchfbdit)eat) duphiméiaktiddere $€SEREhfowhile. dgwnlink
L=000000Q%99LQQ%W&:11111111_1111111. The special value of L field then indicates that no
further sub-headers follow and that no real length field is present; and thus, the length of RLC PDU is

calculated figiranspritiitaek &l Whis alatRRERG IS iy GReTh P wing dnfigldyithgpecial

(reserved) value constitute the dummy padding sub-header. This type of dummy padding sub-header

is at the enBIAE BN 6P P2 B /295R eHEHIRHENEBINFISE BYFE APRCHE P RRId AR ork
sub-headexg.g¢satéaed BRaveLiS(thRhEIRMATOR DBt aisiensny drardingm/paagas doaet have
irocuce WIS DABGHRTSRUE DR BT e WAL AEbAc! Ie{EHETER s PP BFBadHR A e nd
of the MACrEx et aylb setiphitg biSthptad thatsophyié OF twebibtyn Sipedtiagivan 108 wedhe MAC
neader 1 1e PN " AR IHIS- B BETRAMNS: FH WS IPLARL GO RN
include an Access, Authorization and Accounting system (AAA) 705 to securely determine the
identity and privileges of a user'and to track each user’s activities. Namely, the MME Serving
Gateway 701 is the key control-node for the LTE access-network and is responsible for idle
mode UE tracking and paging procedure including retransmissions. Also, the MME 701 is
involved in the bearer activation/deactivation process and islresponsible for selecting the SGW
(Serving Gateway) for a UE at the initial attach and at time of intra-LTE handover involving

Core Network (CN) node relocation.

{(}(}5()5 A more detailed description of the LTE interface is provided in 3GPP TR 25.813,
entitled “E-UTRA and E-UTRAN: Radio Interface Protocol Aspects,” which is incorporated

herein by reference in its entirety.

10051 In FIG. 7B, a communication system 702 supports GERAN (GSM/EDGE radio
access) 704, and UTRAN 706 based access networks, E-UTRAN 712 and non-3GPP (not
shown) based access networks, and is more fully described in TR 23.882, which is incorporated
herein by reference in its entirety. A key feature of this system is the separation of the network
entity that performs control-plane func_ﬁonality (MME 708) from the network entity that
performs bearer-plane functionality (Serving Gateway 710) with a well defined open interface
between them S11. Since E-UTRAN 712 provides higher bandwidths to enable new services as
well as to improve existing ones, separation of MME 708 from Serving Gateway 710 implies
that Serving Gateway 710 can be based on a platform optimized for signaling transactions. This
scheme enables selection of more cost-effective platforms for, as well as ind_ependént scaling of,

each of these two elements. Service providers can also select optimized topological locations of

11



100481FIGs. 7A-7D are diagrams of communication systems having exemplary long-term evolution
(LTE) architectures, in which the system of FIG. 1 can operate, according to various exemplary
embodiments of the invention. By way of example (shown in FIG. 7A), the base station 103 and the
UE 101 can SOAAHaHEALS in system 700 using any access scheme, such S Rl Ty Multiple
Access (TDMA), Code Division Multiple Access (CDMA), Wideband Code Division Multiple Access
(WCDMA), Orthogonal Frequency Division Multiple Access (OFDMA) or Single Carrier Frequency
Division Multiple Access (FDMA) (SC-FDMA) or a combination of thereof In an exemplary
embodiment, both uplink and downlink can utilize WCDMA. In another exemplary embodiment, uplink
utilizes SC-FDMA, while downlink utilizes OFDMA. 100491 The MME (Mobile Management
Entity)/Serving Gateways 701 are connected to the eNBs 103 in a full or partial mesh configuration
using tunn&limgr@/SrapackEttraitkipotitamsiwork (edgpehdminet fRedtoatdb Ry dMIdy K 68 oEdeeraplary

functions o;&nﬁé\/(l) Eﬁ%ﬁ\éﬁggd%}wP&@mg%ﬂw&#gﬁ%%ﬂ%%@ﬁ%w to the eNBs 103,

termination of U-plane packets for paging reasons, a -plane for support of UE mobility.

Since the GW$:701 381y AR IRV EHE AR IS KSnihifs R ASLAURIYARLARIWREKS
703, the GWs 701 include an Access, Authorization and Accountln%rsgstem (AAAi 705 to securely

determine HRERARKHS, 4B BaVRdGER NG 8e e b (0 % dtterdanes waly VR ditde NEFnERy, thBeMivE
Serving GatetRayN7 IR isufiipkey TRRitdhtipfiedandifcludesuaesons ebvaik@nddsriespansibir kaidle

de UE tracki d paging procedure includi jssions. Al E 701 is involved i
the bearer BEyRIE iSSP S BE e e R Lo LBs RS S A SRR e Areway)
fora UE atvthzeimited] @ua:dwran@lahsﬁﬁng qﬁqﬁnrae&frﬁchanmqugmmtgl\@d@@m Netwvork {Gruinge
relocation. éﬁ@ﬁ%&éﬂ@ﬁ&ﬁ&p\éﬁ&ﬁ ﬁﬁﬁﬁﬂﬁfﬂﬁf} ARG U 6HRGE %P UGN AR IR R3F 13

entitled "E-UTRA and E-UT! Radio Interface Profocol Aspects,” which is incorporated hereih by
reference iFIRBEBREERFPIOUEA DinUSEG . CPEIPECEURH ABHIEETBIODSE orOolink Gpd rp Ik RiAR plane

(GSM/EDGRdiadi-3446 588 PadiaTshid ERAN-FQR bBsRrEaraasemetworks, E-UTRAN 712 and

non-3GPP (not shown) based access networks, and is more fully described in TR 23.882, which is
incorporatej@iieviein ihechEMBCROR) ifs ankieetyodirsbvdaatuseredpghisisistormndbgfepasbiing ofthe
network enti t perfaorms control-plane functionality (MME 708) from the network entity that
performs bR e R o R SR BRSNS WBween
them S11. $bde EVOITRIAN tﬁ&@q@rm@éxdﬁigﬁéc@a'md&mmmsemme reywegpruisiddedonvhib ering
Improve exisliog e RaRwepABIBR AL MM Fo ORI et GRIGIANY NEIARLES WRLGRYOEs)
Gateway 710 can be based on a platform optimized for signaling transactions. This scheme enables

selection oftiEEsed anletad repratiorMIMBrT Y ek hmerepemertiensidhad 5t | €héh GmResetifio
elements. Servige proVifers PaniRIspasalavlentimzedian o]l lasationseESerrintGaemways 710

within the network independent of the locations of MMEs 708 in arder. to reduce optimized bandwidth

latencies aRFEE/S0 MMFE&%O?I]'&% Bﬂ‘gﬁﬁ?ethe control plane function for mobility between LTE
~ and 2G/3G access networks with the S3 interface terminating at the MME 708 from the SGSN

(Serving GPRS Support Node) 714.

| 06054 The SGSN 714 1s responsible for the delivery of data packets from and to the mobile
stations within its geographical service area. Its tasks include packet routing and transfer,
mobility management, logical link management, and authentication and charging functions. The
S6a interface enables transfer of subscription and authentication data for
authenticating/authorizing user access to the evolved system (AAA interface) between MME 708
and HSS (Home Subscriber Server) 716. The S10 interface between MMEs 708 provides MME
relocation and MME 708 to MME 708 informatidn transfer. The Serving Gateway 710 is the
node that terminates the interface towards the E-UTRAN 712 via S1-U. |

[6055]  The S1-U interface provides a per bearer user plane tunneling between the E-UTRAN

712 and Serving Gateway 710. It contains support for path switching during handover between

iz



100521 The basic architecture of the system 702 contains following network elements. As seen in FIG.
7B, the E-UTRAN (e.g., eNB) 712 interfaces with UE 101 via LTE-Uu. The EUTRAN 712 supports LTE
air interface and includes functions for radio resource control (RRC) functionality corresponding to the
control planev’l\?l\%@%é‘?z‘?he E-UTRAN 712 also performs a variety of funtGSAEAME NG radio
resource management, admission control, scheduling, enforcement of negotiated uplink (UL) QoS
(Quality of Service), cell information broadcast, ciphering/deciphering of user,
compression/decompression of downlink and uplink user plane packet headers and Packet Data
Convergence Protocol (PDCP). 100531-The MME 708, as a key control node, is responsible for
managing mobility UE identifies and security parameters and paging procedure including '
retransmissions. The MME 708 is involved in the bearer activation/deactivation process and is also
responsibleifdschidosifey SérintgiGstewaidesbdostholate 1ot MvEl 2e8tfuhetid msdpitiydeppont

Access STBMRINASSpARBGOYBIEH SRR JOR tgpteorguihorization of the UE

101 to camp on the service provider's Public Land Mobile Network (PLMN) and enforces UE 101

roaming regtuiséipns. TikeshiMEad O iaecpepwisias e sRNod plarriuRstondosmabilivabeivesn LTE
and 2G/3G ccgég ékeém s with the S3 interface termjnating at the MME 708 from the SGSN

(Serving GPR¥ A8 47 o BER I ecames s R taeddhsih oraHerpdivarkerditta
packets fromatemckschhiecing e riati ofisxitithid dsrgedgrafiiidal feriiBelateaT iRk Snehslerpacket
routing and_transfer, mability management, logical link management, and authenticagion and charging
functions. ﬂ%le%%ég ﬁ% ace enables ¥rang éi?t% 8 gosrcerlaﬁ Ion ahg %ﬁﬁérﬁﬁ%ﬁ%o’ﬁﬁd‘éﬁ (I)]'QrermphOJ{1
authentica#ng /eask igipeninger Arebssrriaht the SRRUGswan TANA inteitfas€)cmivher foMbBi)8 and

HSS (Homg.RHRRCSIERP SRIVRI- {68 B SHACE RRIWERNLMMBS FARRIRNIIES MIME({BlgCation

and MME 708 to MME 708 information transfer, The Serving Gateway 710 is the node that terminates
the interfad&YSip4rINE BolYPRAN 712 via SI-U. 100551The Sl -U interface provides a per bearer

path SitoH Buring Nersdo TP GRS BER R SEALS. T R OUREES LS dar B kRt

related contPoliapdm Gbiityisg Bpbe Foettied VSQR6 Rolhity aidthe SePFhnehemiunaticino {BEE¥Ng

cateway Tt PR GOy 192 UGS RENED HERAY {0 AR VBNGRRA I T
operator’s IP services including packet data network 722. Packet data network 722 may be an
operator external public or private packet-data network or an intra operator packet data network,
e.g., for provision of IMS (IP Multimedia Subsystem) services. Rx+ is the interface between the

PCRF and the packet data network 722.

58] As seen in FIG. 7C, the eNB 103 utilizes an E-UTRA (Evolved Universal Terrestrial
Radio Access) (user plane, e.g., RLC (Radio Link Control} 715, MAC (Media Access Control)
717, and PHY (Physical) 719, as well as a control plane (e.g., RRC 721)). The eNB 103 also
inciudes the following functions: Inter Cell RRM (Radio Resource Management) 723, |
Connection Mobility Control 725, RB (Radio Bearer) Control 727, Radio Admission Control

729, eNB Measurement Configuration and Provision 731, and Dynamic Resource Allocation
(Scheduler) 733.

10059) The eNB 103 communicates with the aGW 701 (Access Gateway) via an S intefface.
The aGW 701 includes a User Plane 701a and a Control plane 701b. The control plane 701b
provides the following components: SAE (System Architecture Evolution) Bearer Control 735
and MM (Mobile Management) Entity 737. The user plane 701b includes a PDCP (Packet Data
Convergence Protocol) 739 and a .user plane functions 741. It is noted that the functionality of

the aGW 701 can also be provided by a combination of a serving gateway (SGW) and a packet
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Network (PDN) Gateway 718 provides connectivity to the UE 101 to external packet data networks by
being the point of exit and entry of traffic for the UE 101. The PDN Gateway 718 performs policy
enforcement, packet filtering for each user, charging support, lawful interception and packet screening.
Another role%pﬂﬁ@%ﬁs&ateway 718 is to act as the anchor for mobility 8§W§§Ra§/gpwéand
non-3GPP technologies such as WiMax and 3GPP2 (CDMA 1X and EvDO (Evolution Data Only)).
100571The S7 interface provides transfer of QoS policy and charging rules from PCRF (Policy and
Charging Role Function) 720 to Policy and Charging Enforcement Function (PCEF) in the PDN
Gateway 718. The SGi interface is the interface between the PDN Gateway and the operator's IP
services including packet data network 722. Packet data network 722 may be an operator external
public or private packet data network or an intra operator packet data network, e.g., for provision of
IMS (IP Multitaediw@kiHBIR{E (i s e liiceas WX F0is dine disterfdodabe wten packPiGRFvarkd shehpadket data
network 72¢, 100583As seen in FIG. 7C, the. eNB 103 utilizes an E-UTRA (Evolved Universal
Terrestrial Radio Access) (user plane, e.g., RLC (Radio Link Control) 715, MAC (Media Access

Control) 7Linand PHY @Rhysigaktivé %embodpieat asantrehpianels. o7pRREe 30p Tira&MBHIAS also

includes the foIIowing functions: Inter Cell RRM (Radio Resaqurce Management) 723, Connection
Mobility ColiB{e7eBcRBroRs b By iy fbrerise R e NBN KL Tathes dhtrb g eng! - Other
Measure meginGais fEatapabilthP oy S féndiar ¢ TRGamicaResal ipeeviitddatibl (htiheduler) 733.
100591The eNB 103 communicates with the aGW 701 (Access Gateway) via an Sl interface. The
aGW 701 ifidadies alodhe Prstam 20T Gndlx € bemebbpihnplit bebyernctebiiiRdi¥lané ZBTI Brolidés the

following comRANeRfs) S dR¥aeH ﬁ&%ﬂ%@&?é&%‘ﬂi&@éﬁ%ﬁ&%@ £V ke

Management) Entity 737. The user plane 701b includes a PDCP (Packet Data Convergence Protocol)
739 and a d¥efisiane oieacRs Hhq cRuirelorbinehattieorsrisiaieditfestint G the 1ard eicots

provided by ¢eabinatier pEasenong gateway (SGW) and a packet data network (PDN) GW. The
aGW 701 can also interface with a packet network, such as the Internet 743. 100601In an alternative
embodimentas jshovihe r¥BG FDinthel 2 B3GR (BaKe tdia S2oviverGances P st cothitn biiduddityacan

reside in th 103 rather than the G 01.,0ther than this PDCP. c biljty, t functions of
FIG. 7C argl a gioﬁ : ro%?&%gqrﬁ%h%néﬁ:%ﬁteﬁée. A%Ol%rmg % 15 ar m&&%’ {% MM{P&S’
Management Entity) 749 provides SAE (Systern Architecture Evolution) Bearer Control 751,

Idle State Mobility Handling 753, and NAS (Non-Access Stratum) Security 755.

10063 One of ordinary skill in the art would recognize that the processes for padding may be
implemented via software, hardware (e.g., general processor, Digital Signal Processing (DSP)
chip, an Application Specific Integrated Circuit (ASIC), Field Programmable Gate Arrays
(FPGAs), etc.), firmware, or a combination thereof. Such exemplary hardware for performing

the described functions is detailed below with respect to FIG. &.

16664] - FIG. 8 illustrates exemplary hardware upon which various embodiments of the
invention can be implemented. A computing system 800 includes a bus 801 or other
communication mechanism for communicating information and a processor 803 coupled to the
bus 801 for processing information. The computing system 800 also includes main memory 805,
such as a random access memory (RAM) or other dynamic storage device, coupled to the bus
801 for storing information and instructions to be executed by the processor 803. Main memory
805 can also be used for storing temporary variables or other intermediate information during
execution of instructions by the processor 803. The computing system 800 may further include a
read only memory (ROM) 807 or other static storage device coupled to the bus 801 for storing

static information and instructions for the processor 803. A storage device 809, such as a

14



100611In the system of FIG. 7D, a functional split between E-UTRAN and EPC (Evolved Packet Core)
is provided. In this example, radio protocol architecture of E-UTRAN is provided for the user plane and
the control plane. A more detailed description of the architecture is providggd.| TS 36.300.
100621The eNB Bt aces via the SI to the Serving Gateway 745, Whﬁ%ﬁlﬂllf%: u%gﬂgi%\/lobility
Anchoring function 747. According to this architecture, the MME (Mobility Management Entity) 749
provides SAE (System Architecture Evolution) Bearer Control 751, Idle State Mobility Handling 753,
and NAS (Non-Access Stratum) Security 755. 1006310ne of ordinary skill in the art would recognize
that the processes for padding may be implemented via software, hardware (e.g., general processor,
Digital Signal Processing (DSP) chip, an Application Specific Integrated Circuit (ASIC), Field
Programmable Gate Arrays (FPGAS), etc.), firmware, or a combination thereof. Such exemplary
hardware ferageetisrdiiiqorrpien citfe dsfopiniondadhechan &8 b &onewistendspsening MIGBatign aBi 1 FIG.
8 illustratesg,gramlary hardware upon which various embodiments of the invention can be
implemented. A computing system 800 includes a bus 801 or other communication mechanism for
communicatingsinformadiosane i BIeeass00 8Q seupiptbinvienbbeAl ferppRssing  isfermation.
The comp tin}%dsxste n 800, also includes maindm%mor 805, such as.a random access memor t(RAM)
or other dyHamit SEFGERRICE AOtIEBRHEBR b1 ML MBI dhifst/dBiiBRE o be
executed byethesf bt essbr 803k dyiavariheriodng0bplamaiso hend sebkefdresto ringy tbengansled varibbles or
other inter igte ipformation.during: | instructions. 1€ ProCRSS o] ting
system 80?%1ay ?u%e?%%ﬁlegaié%%ﬁ%%&r@gr%gg M@hﬁ%%é@%?ﬁﬁe@ s%ig{gt%ogr%gpe-gﬁe%ic@%%upled
to the bus Salfelesiesifdstatidnelisratioroamantislsesbis fomgvspoteakin BOB crpifstiiuvice
809, such aga fﬁﬁg&ﬁﬂﬁgi'éi‘ti%é griialHistods ARMMSE (oriaehy SRR SR BAHRIHIRRIS®I8Gnd
information and instructions. 10065]The computing system 800 may be coupled via the bus 801 to a
display 81 1f:0§ﬁgﬁt@éh§g cursor movement on the display 811.

{066}  According to various embodiments of the invention, the processes described herein
can be provided by the computing system 800 in response to the processor 803 executing an -
arrangement of instructions contained in main memory 805. Such instructions can be read into
main memory 805 from another computer-readable medium, such as the storage device 809.
Execution of the arrangement of instructions contained in main memory 805 causes the
processor 803 to perform the process steps described herein. One or more processors in a multi-
processing arrangement may also be employed to execute the instructions contained in main
memory 805. In alternative embodiments, hard-wired circuitry may be used in place of or in
combination with software instructions to implemenft the embodiment of the invention. In
another example, reconfigurable hardware such as Field Programmable Gate Arrays (FPGAs)
can be used, in which the functionality and connection topology of ifs logic gates are
customizable at run-time, typically by programming memory look up tables. Thus, embodiments

of the invention are not limited to any specific combination of hardware circuitry and software.

[0067} 'fhe computing system 800 also includes at least one communication interface 815
‘coupled to bus 801. The communication interface 815 provides a two-way data communication |
coupling to a network link (not shown). The communication interface 815 sends and receives
electrical, electromagnetic, or optical signals that carry digital data streams representing various
types of information. Further, the communication interface 815 can include peripheral'interface
devices, such as a Universal Serial Bus (USB) interface, a PCMCIA (Personal Computer

Memory Card International Association) interface, etc.
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liquid crystal display, or active matrix display, for displaying information to a user. An input device 813,
such as a keyboard including alphanumeric and other keys, may be coupled to the bus 801 for
communicating information and command selections to the processor 803. The input device 813 can
include a curd& Y8 *Cuch as a mouse, a trackball, or cursor direction ﬁg%ﬁ?g 8é{())or?]ﬁr]nq‘unicating
direction information and command selections to the processor 803 and for controlling cursor
movement on the display 811. 100661According to various embodiments of the invention, the
processes described herein can be provided by the computing system 800 in response to the
processor 803 executing an arrangement of instructions contained in main memory 805. Such
instructions can be read into main memory 805 from another computer-readable medium, such as the
storage device 809. Execution of the arrangement of instructions contained in main memory 805
causes thelpié8essoil BOFecerseio it meap rocestestep &rdesatiicd d-hdy eifi © heing morevpiozsisors in a
multiprocesing ik BN  MALEIEARE AIIPIYERLIGSRSHMIG 3L HSiiaN: EQIANRY IR RN

memory 805. In alternative embodiments, hard-wired circuitry may be Used in place of or in
combinatioP 4R sBRCamRPIHIREREEHL $0impYapiein telicationdipde e SrafrmmoEatanianvesther
example, reconfigurable hardware such as Field Programmable Gate Arrays (FPGAS) can be used, in

which the fEdnalityEnE @O FRERIPSFHIRYS Sr9tUBgicy dnsd Lt SRt o rs it pically
by programpaitigipaesniorploaking iadresichius, thenpodissen®ofdreiveendion siengmiediied igagny

specific combination of.hardware circuitry an ftware, 100671 qggcom uting system 8Q0 als
includes att east ong c%’rlﬁrrlﬁljrff%:ca‘tll%ﬁ nEJea; a%‘% qug\%%{u rg?eél 6] gﬂ% 1%%@’00%?%%%% |olﬁ’inafré%rface
815 providésrsmissinandiita domiaidativdiccngig foreenstwinlolitikalrotrahgwny. ditks, such as

communicaﬂe%@%&%@%wn%%@erﬁ%ﬁim&%tﬁﬁﬂnﬁ@ﬁ%ﬁ{y@g@smamﬁﬂ%éﬁgg%shat

carry digital data streams representing various types of information. drt_her_, the communication
interface 8iEsasamisragdRodi inskidn saaxish cabipsyRapPosUire aadhibmvatics selndis hevamss theérface,

a PCMCIAfRgrsenalCommier Memamistandniaiesnatio BRb AR Gl goninta iREAs@IC opHEdl, or
2009/0874%%ECT/1132008/000014 100681The proc sgsor 803 ma%execute the transmitted code while

being recei7EGRABI LD LA BB 7Y e BragaEe I e08dty ?ﬂB?‘Wéfrﬁ%?a?ﬂg Azt Fiater
execution. tathisomamnantibescoMpiting SyaienvBaompaieohiaiabappliciitiondadt fthadarpicpha
carrier wave, 100691The term " utersreadable medium” as used herejn refeys to a [um that
participatesﬁfcr)PB}[og\/liS |h§?lﬁ§f§3%ﬁ%%r§%8r %%fo%fet se(?prcéﬁ%efoarngxoeﬂéﬁrtirgﬁ . ljﬁlghmae‘%}rﬁue%ﬁm%r%%e
many form& iRt dihgBumathienivptiod modinmlgtitacineddits, pojetifernagitca mbtkosiseiis signathedia.

Non-volatilgyedia INGIHAS WOk GXAARIG: ARICAL BARREHE kS HHENAR G SINAq J9MEENE09-

Volatile media include dynamic memorg, such as main membory 805. Transmission media include

coaxial cabtéd, BBRpRMnarELetHibE &M e TRCMETYiFRP (P fatidsfise SRETBLE/BOY O any

Transmissigih#paligiearalaoMake shedonteodacesstic, optical, or electromagnetic waves, such as
those generated during radio frequency (RF) and infrared (IR) data communications. Common forms

of computeferdableviasslia imohsdd clan @t anrpidald dophis ciak, te fievdbleddiskrdvadehginlsmamigastic
oaper tape adeu ek h s, FeSXhare e et AR e R R AR BB
recognizablevatice neR miialyAR OMiand EPRODMICaRk ASHERROMpantientissnebmonemsip,or
cartridge, atﬁéqéﬁ{o%%ﬂtwﬁbﬁ{emﬁgmtwmﬁﬁ %%W&ﬁﬁ %@ﬁhgelﬁg'instructions over a
telephone line using a modem. A modem of a local system receives the data on the telephone
line and uses an infrared transmitter to convert the data to an infrared signal and transmit the
infrared signal to a portable computing device, such as a personal digital assistant (PDA) or a
laptop. An infrared detector on the portable computing device receives the information é.nd
instructions borﬁe by the infrared signal and places the data on a bus. The bus conveys the data
to main memory, from which a processor retrieves and executes the instructions. The
instructions received by main memory can optionally be stored on storage device either before or

after execution by processor.
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100701Various forms of computer-readable media may be involved in providing instructions to a
processor for execution. For example, the instructions for carrying out at least part of the invention
may initially be borne gn a magnetic disk of a remate computer. In such i0, remote
computer loade e Reiictions into main memory and sends the instruc%ﬁ%@é@g)ﬁﬁéﬁhone line
using a modem. A modem of a local system receives the data on the telephone line and uses an
infrared transmitter to convert the data to an infrared signal and transmit the infrared signal to a
portable computing device, such as a personal digital assistant (PDA) or a laptop. An infrared detector
on the portable computing device receives the information and instructions borne by the infrared signal
and places the data on a bus. The bus conveys the data to main memory, from which a processor

retrieves and executes the instructions. The instructions received by main memory can optionally be

stored on di¥tate deblée Sitirerbéifismenr efitexaxelentcarbpopatesiomn WEE2B00/i08l7 430t T8
2008/00003 A LARELA TG « 25 Slageary Al 5CIRiADAE AROIRRISiRloANde T (RURHRBhCanapiEof

operating inthe systems of FIGs. 7A-7D, according to an embodiment of the invention. An LTE

terminal 90@ R8N AR risaoenBEerddarrReRAtSIe INBUERNR e Mrfientinieys SHUMR) E3HERyuently,
an antennaceysigue@t proMeamasEiDIe aRinRnasTt? iacRivR AntiRBsMitagnaland hammianna
system 901 is coupled to radio circuitry 903, which includes multiple transmitters.9Q5 and receivers
907. The r&HB*ErcUitty wfﬁﬁé@éﬁ%ﬁﬁglﬁ%é%% Geritsy F%?rcﬁ fe/h g égﬁ%gs @é‘éﬁand
processingteirsmiityers&0Shmd nedeiyers DELI) Bncrialye vifc@ 2y procegpsings ale gfitwided byFunites39 and
911, respecfively. Optionally, Jayet-3 functions can be provided (nogshown), Madyle.9 xecutes all
VA Iayer TR dee e BB
example, afl-@kwnssssingingerpferiteddnenish?Nerand\Bbhtisermeptisebrodérisenadlyy lryndutiestiensder
this scenarigytBe LG iRETHRA AOMSOMIIIHICSS Wl RSOIRUURY MG RES NS GAR Da:

personal computer, work station, a PDA, web appliance, cellular phone, etc. 1110721While the

invention hsd1BEdivRERdbed i BBINtERE SFORFH P HETE RSB dith EHIEBIT T BIETMANHRGRS, the
invention isréetesRdiRBEShBWH RO VRIS tiRTA0YSOf siidsoRICifis aitigean djaget VRIS Bt s 088 ETES,
which fall within the purview of the appended claims. Althou Tfe ures of the inventiog-are -exgressed
in certain cITRIREL L SBM SREL AT ROTREHRE ARYASEA IRt BISESHBATE A B AR IRRMY

any combinatitnstaricng RN ACk & luipiAld4 Telfilat gHodE [BttS:
{0072]  While the invention has been deséribed in connection with a number of embodiments
and implementations, the invention is not so limited but covers various obvious modifications
and equivalent arrangements, which fall within the purview of the appended cldims. Although

features of the invention are expressed in certain combinations among the claims, it is

contemplated that these features can be arranged in any combination and order.
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1. A method comprising: generating a protocol data unit; and inserting at least one padding
sub-header at the beginning of the header part of the protocol data unit for padding of 1 byte or 2
bytes, wherein the padding is only within the header. 2. A method according to claim 1, wherein the
protocol data unit is a Medium Access Control (MAC) protocol data unit including a header part and a
payload part. 3. A method according to claim 1 or claim 2, wherein the padding sub-header includes,
a reserved logical channel identifier (LCID) field to indicate padding, and an extension field to specify
whether an additional field is present. 4. A metpgd, gggording to any one of the preceding claims ,
wherein a difference in size of the Medium Access Control (MAC) protocol data unit and size of the
Radio Link Control (RLC) protocol data unit is either 2 bytes or 3 bytes. 5. An apparatus comprising:

a packet generator_confi ‘to generate a protocol data unit, and to insert at least one padding
WY FRueR TS

sub-hea g of the header part of the protocol data unit for padding of 1 byte or 2
bytes, wherein the padding is only within the header. 6. An apparatus according to claim 5, wherein
the protocol data unit is a Medium Access Control (MAC) protocol data unit including a header part

and a paylopd Paftthod comprising:
generating a protoco! data unit; and
inserting at least one padding sub-header at the beginning of the header part of the protocol
data unit for padding of 1 byte or 2 bytes, wherein the padding is only within the header.

2. A method according to claim 1, wherein the protocol data unit is a Medium Access

Control (MAC) protocol data unit including a header part and a payload part.

3. A method according to claim 1 or claim 2, wherein the padding sub-header includes,
a reserved logical channel identifier (LCID) field to indicate padding, and

an extension field to specify whether an additional field is present.

4. A method according to any one of the preceding claims , wherein a difference in size of
the Medium Access Contro] (MAC) protocol data unit and size of the Radio Link Control
(RLC) protocol data unit is either 2 bytes or 3 bytes.

5. An apparatus comprising:

18



7. An apparatus according to claim 5 or claim 6, wherein the padding sub-header includes, a reserved
logical channel identifier (LCID) field to indicate padding, and an extension field to specify whether an
additional field is present. 8. An apparatus according to any one of claims 5 to 7, wherein a difference
in size of the Medium Access Control (MAC) protocol data unit and size of the Radio Link Control
(RLC) protocol data unit is either 2 bytes or 3 bytes. 9. An apparatus according to any one of claims 5
to 8, further comprising: a transmission module configured to transmit the data unit over a wireless
network. 10, An aratu accor n fcI t reingth e work is a
Long Term %vgf #?Ee[rél)o%rc an ‘E‘%ﬁj?r é g?%v% ged %lméggrls%a%rae\g%ﬁstﬁglngd}%%cggsig% igl{é(An
apparatus accmﬂidglgosahﬁlcﬂ@@ro&fcrhmiseslwmg afHbeehvaher appardtiripwivishikattaivhier a base
station. 12 A meihadcompiiaingoreselinaadoiasoldate snhiatinglulesaideast one padding
sub-header at e beginning of the Header part of the protcol data unit for padding of | byte or 2 bytes,
wherein the padding is only within the header.. 13 A method according to claim 12, wherein the

protocol data unit is 3 Medlum ontr otocol data unit |n Iudln ead art and a
payload par? %ﬁ“ %1%%%(; g0 t6 tla o %&%hm E?tw%erde%r? t‘ﬁe pa |ng s F?CCB

includes, a @mﬂmbd\l@xﬁ@@k@h&n@taﬂmﬂﬁmﬂdﬁg})ﬁﬁa&bwartchnétemaﬂlﬂ@gmnd

7. An apparatus according to ¢laim 5 or claim 6, wherein the padding sub-header includes,
a reserved logical channel identifier (LCID) field to indicate padding, and

an extension field to specify whether an additional field is present.

8. An apparatus according to any one of claims 5 to 7, wherein a difference in size of the
Medium Access Control (MAC) protocol data unit and size of the Radio Link Control
(RLC) protocol data unit is either 2 bytes or 3 bytes.

9. An apparatus according to any one of claims 5 to 8, further comprising:

a transmission module configured to transmit the data unit over a wireless network.

10. An apparatus according to any one of claims 5 to 9, wherein the wireless network is a

Long Term Evolution (LTE) or an E-UTRA (Evolved Universal Terrestrial Radio Access).
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an extension field to specify whether an additional field is present. 15. A method according to any one
of claims 12 to 14, wherein a difference in size of the Medium Access Control (MAC) protocol data unit
and size of the Radio Link Control (RLC) protocol data unit is either 2 bytes or 3 bytes. 16. An
apparatus comprising: receiver configured to receive a protocol data unit that includes at least one
padding sub-header at the beginning of the header part of the protocol data unit for padding of 1 byte
or 2 bytes, wherein the padding is only within the header. 17. An apparatus according to claim 16,

wherein the, deaﬁin";gga%h oefdﬁ ludes, aleseryedogical shannelidentifisrfisld to indiaate

padding, and an e nS|on eld to ec:|f whether an additional field is present. 18. An apparatus
according tmtﬂamm@mb@?ms‘@ﬁ@tams 16 to 17, wherein the apparatus is a mobile station or a base
station. '

12. A method comprising:

receiving a protocol data unit that includes at least one padding sub-header at the beginning
of the header part of the protocol data unit for padding of 1 byte or 2 bytes, wherein the
padding is only within the header..

13. A method according to claim 12, wherein the protocol data unit is a Medium Access

Control (MAC) protocol data unit including a header part and a payload part.

14. A method according to claim 12 or claim 13, wherein the padding sub-header includes,
a reserved logical channel identifier (LCID) field to indicate padding, and

an extension field to specify whether an additional field is present.

15. A method according to any one of claims 12 to 14, wherein a difference in size of the
Medium Access Control (MAC) protocol data unit and size of the Radio Link Control (RLC)
protocol data unit is either 2 bytes or 3 bytes.

16. An apparatus comprising:

receiver configured to receive a protocol data unit that includes at least one padding sub-
header at the beginning of the header part of the protocol data unit for padding of 1 byte or 2
bytes, wherein the padding is only within the header.
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17. An apparatus according to claim 16, wherein the padding sub-header includes,
a reserved logical channel identifier field to indicate padding, and

an extension field to specify whether an additional field is present.

18. An apparatus according to claim any one of claims 16 to 17, wherein the apparatus Is a

mobile station or a base station.
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