Dunmy paddi ng sub-header i n MAC Protocol Data Units BACKGROUND (000 11
Radi o communi cation systens, such as a wireless data networks (e.g., Third
Gener at i oNORas%asersshi p Proj ect (3GPP) Long Term Evol ut i eaT(RZBS/0@YEL ens,
spread spectrum systens (such as Code Division Miultiple Access (CDVA)
networks), Tinme Division Miultiple Access (TDVA) networks, WMAX (Worl dw de
I nteroperability for Mcrowave Access), etc.), provide users wth the
conveni ence of nobility along with a rich set of services and features.
Thi s conveni ence has spawned significant adoption by an ever grow ng nunber
of consuners as an accepted node of comuni cation for business and personal
uses. To pronote greater adoption, the telecomunication industry, from
manuf acturers to service providers, has agreed at great expense and effort
to devel op standards for cqmuni cation prqtocols that underlie_the various
servi ces and fealyl8y. P& D% Jinml}’@l%é?ottl?élogoﬁ?ttraué{ql%ﬁ 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
reliabl gA¢cRBRGEEHON. While mi nim zing overhead (i.e., maxim zing
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wi thin a header of the protocol data unit..
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 barea 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 is 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

{0002] Therefore, there is a need for an approach for selectively applying segmentation to

minimize signaling overhead.

{0003] According to one embodiment of the invention, a method comprises generating a
protocol data unit. The method also comprises inserting a dummy paddihg sub-header within a

header of the protocol data unit.



10005 j According to anot her enbodi nent of the invention, a nethod
conprises receiving a protocol data unit that includes a dummy paddi ng
sub- headewownadnismza header of the protocol data unit. 1@004BZoogxe@orddi ng to
yet anot her enbodi nent of the invention, a systemconprises a base station
configured to receive a protocol data unit that includes a dummy paddi ng

sub- header within a header of the protocol data unit. [00071 Still other
aspects, features, and advantages of the invention are readily apparent
fromthe follow ng detailed description, sinply by illustrating a nunber of

particul ar enbodi nents and i npl enentati ons, including the best node
contenplated for carrying out the invention. The invention is al so capable
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in various obvious respects, all wthout departing f the spirit
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vari ous exenpl ary enbodi nents of t i nvention; 10010 I's a diagram

of a Medin#- Access Control (MAC) protocol data unit (PDU), in accordance
wi th an enbodi nent of the invention; 100 11| FIGs. 3A-3C are exenplary MAC
PDU f or tA84&p]enc dupardiigrtyg yRacdnathts erkb&bmentodf (hRLiGYerPiDls a Gfystelinf domiipirives a base

| engt hs; 100 |21 FI 4 is a diagr f a sub-header format utjlized fo
baadi o sttRR doRbeinei e Topdve a P et Helt SHat RGO OB phing Suppesior s
and 5B awi¢hih lhheadtRbF theProtBESI@BSAS. f or padding to avoid segnentation, in
accordance with an enbodi nent of the invention; 10014} FIGs. 6A- 6D are

exenpl aryod#HC PBI foﬁfegﬂp%cﬁ,%htg}’é.spﬁlﬂﬂmaé@%iﬂwmv&ﬁion 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 invention. The

invention 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

[0008] The embodiments of the invention are illustrated 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 invention;

{0010] 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 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;



accordance wth an enbodi nent of the invention; (00 151 FIGs. 7A-7D are

di agrans of conmmuni cation systens having exenplary | ong-term evol ution
(LTE) andwB-2ubRrRa743Evol ved Uni versal Terrestrial Radi o APCEAB)008/000014
architectures, in which the systemof FIG 1 can operate, according to
vari ous exenplary enbodi nents of the invention; |0016] FIG 8 is a diagram
of hardware that can be used to inplenent an enbodi nent of the invention;
and 10017] FIG 9 is a diagram of exenplary conponents of an LTE term nal
capabl e of operating in the systenms of FIGs. 7A-7D, according to an

enbodi ment of the invention. DESCRI PTI ON OF PREFERRED EMBODI MENTS 100 181
An apparatus, nethod, and software for padding a protocol data unit are
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numer ous specific details are set forth'in order to provide a thoroug
under st aGeRTdpcswithan apinsimentaf sheoiiverttion] nvention. It is apparent, however,
to one skilled in the art that the enbodi nents of the invention may be
pract i cdti0idilt hobilGst s O3 pre ickempliet MAE PDUwtinasremsploying| dumimg rpaddigemt
hi ot her_instances, well -knov¥nf tructures and devices are shown in bl ock

di agr am¥FEFHRICH VaPen cmbpdiment of thejoxendion; i |y obscuring t he embodi ments of
the inv jon. | t hough the enbodi nents of the invention are
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i nvent i ovhicththeesyatspl pEEKG. 1 togn operatey atgopding fto carimuméexeniplany aylsidimeas f the
equi val q&%en{i&gcti onal capabilities. 10020 1 FIG 1 is a diagramof a
comuni cat1 on ’system capabl e of utilizing protocol data unit padding,

accordi 0 vapiouys. exenpl ary enpodi nents of the invention. As shown in

FIG 1, gﬁ‘é't"r ﬁﬁ‘g%déérd?%ﬂgml&%ﬁ%b“(% t qambecssiniminpplemeny anembasdimentsafahe on
103, whiigfentien;palt of an access network (e.g., WMAX, 3GPP LTE (or E- UTRAN
or 3.9G, etc.). Under the 3GPP LTE architecture (as shown in FIGs. 7A-7D),

base stapaon 108d.So denPlGd-As (ﬁne)&ﬂ{me&m%&%ntg 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

|0018] An apparatus, method, and software for padding a protocol data unit are disclosed. In
the following description, for the purposes of explanation, numerous specific detail.s are set forth
in order to provide a thoro{lgh 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.

j0019] Although' 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
embodiments of the inventions have applicabiiity to any type of communication system and

equivalent functional capabilities.

[0020] 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. 1,
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(eNB). The UE 101 can be any type of nobile stations, such as handsets,
termnals, stations, units, devices, or any type of interface to the user
(such as woeasslisi430 circuitry, etc.). The base station PO3/B2o0s/evoexenpl ary
enbodi ment, uses OFDM (Ot hogonal Frequency Divisional Miltiplexing) as a
downlink (DL) transm ssion schenme and a single-carrier transm ssion (e.g.,
SC-FDVA (Single Carrier-Frequency Division Miultiple Access) with cyclic
prefix for the uplink (UL) transm ssion schene. SC-FDVA can be realized

al so using DFT-S-OFDM principle, which is detailed in 3G&G° TR 25. 814,
entitled "Physical Layer Aspects for Evolved UTRA, " v.1.5.0, May 2006
(which is incorporated herein by reference inits entirety). SCFDVA, al so

referreg badisEq ol it ' '
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MAC header (or, sub-header) or the payload part or both. The MAC | ayer
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entirety, gﬁ y..0of exanple, a Radig Link Control (RLC) sub-|ayer, as

i mpl emeﬁFe' Pf{}?t(ﬁ@g erizemiensn Diyigon Myhtiple shecess) nith cyplit) psetix Har tthe
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10022 1 T oG QoL AR dn] RASHE, | SUEPMA B B PlaPiTHES is DI 6F B
def i ned principlen whidais aletatled in 36GH TRr25ckidy eotitledofRhysicalxkayer gispectp fat Bealved

| ayer. ,0t | \la rocesses the SDU,, which in case of a Radio Link
coner o URATLPSRL M8 Hhod (PHER 3 Encolmalet heroih B tebarsniacin 1 CErpRay St o.
As a r eFDMAQf alidiereRirRi0¢®| ad N MERETEGBCIFOMAPUliowst rANEhRN MRéksOko  transmit
partitioned into one or nore PDUs. These fragnents are provided wth an RLC
header, Simpyltanequshiten differentatokande nunmber, and form the payl oad or content

of an RLC PDU. These RLC PDUs are processed i nthe MAC | ayer, which attaches
a MAC hé@ithdl . THee UEf 1@r and BBRLA3 iPolusie (packet generatdrhid05, 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) Mgdium 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, as 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.

[0022] 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 proceéses 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



MAC header) are provided as MAC SDUs to a subjacent protocol |ayer. 10023)
As evident fromthe above discussion, to allow for the transfer of variable
si ze dat awvbl2oks7430he Radi o Link Control (RLC) | ayer pr®C¢raB®os000014
segnentati on and re-assenbly nultiplexing function. The segnentation and
re-assenbly nultiplexing function reduces the size of the data unit prior
to transm ssion RLC and is used when the transferred data block is |arger
than the maxi mum al | owed Transport Bl ock (TB) size. The segnentation 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 determ ned froma sum
of the RLC PDU size, and the size of the MAC header. The paddi ng function
in MAC kiay®IAC NgyceawBitht t . SARRNE tplmgcsk i
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si gnal i IS .requjred between the UE 101 and eNB 103 to define the
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0024] In effect, using a relatively small RLC PDU results in a lower transfer data to control

information ratio, consequently resulting in a less efficient use of radio resources. Likewise, the
greater 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 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 retluired 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
in 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 (TTD).
Signaling over the radio interface iptroduces 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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accordance wth an enbodi nent of the invention. A MAC PDU 201 includes a
MAC header 203 and a MAC payl oad 205. The payl oad 205 can include MAC
Control eNermmm743one or nore MAC Service Data Units (SPOSIBZ008/g0914RLC PDU)
as well as an optional padding field. In thisexanple, the MAC Control

el ements are placed before the MAC SDUs, and the padding field is situated
at the end of the MAC PDU 201. It is noted that MAC SDUs are of dynam c
size and are built according to the size of the MAC PDU. Both the MAC
header and the MAC SDUs are of variable sizes. |002ft| As shown, the MAC
PDU header 203 includes one or nore MAC PDU sub-headers 207 for each
correspondi ng payl oad el enent, where each sub-header is defined as a

combi natexampRf thieaaAer Cotfd? lelBldnBarE gﬁﬂ‘é‘d‘ﬁéforeﬁﬁe WXC@D@%S:#H l(Eﬁea R{iq({e?{i:n% Beld is

sub- header includes the follow ng header fields: a LogicC .
(LCI D), sinatetk aleths icod obithe VMAC BRY PRk eltvedotied tisat (MRACi SRUSs ate@lynaRiRsizE had

LG D field i.dentifi he.l ogi.ca | i pst a f the rresp L ng MAC
sou or tFeobllsebingle nGecR BRMAC PHRE BaMhENEEC Brader Sod om0t ne
DL ( Dowoflvbridble gipes. UL- SCH (Up Li nk Shared Channel ), respectively. The -

I ntermedi ate sub-headers have the following format: LODE RR F L (where F

denot es [godadr mahs khld tRONVACIINIhesdeR 268 Mtk io‘ﬂlag} chfrEI zgﬂqf[?!b’suﬁlﬂea&é}? '
and L frelds. In an

sub- headers, except the last one, utilize the F _
exenpl ardd7 dotrsgh gemespording payload diemente whise qaCluswmheadder tsrdzfised bg-@ dopbinafibn

UE, I .th hysi cal |ayer categorly. 027| To, hetter )
bopr eoi S QRERE BRI SSBIR By WAYShetnEFC  ppHER e B dualiowing
respect headee rfisidss ul ladgie CHanfIQDPPLEID)| @A 38dterlsionShit Sy @fd ReserpEBRé @Y i.MAC
PDU forrﬁ;gal enconpassi ng Radi o Link Control (RLC) P of different '

| engt hs. 8dL1Pnkinld ydenfifies the|lpgigal shamnch instante ef the @osspandimy MAY R
In this ¢xa , %&i P | ' Sl us: 1
byte. This ?E{h'? ﬁ%ﬁ{% I ca fégggrz&é\glédrfﬁg E%?iteréfl %88%?& gﬁ%%@i%\ﬁ%e(rﬂ%%
i.e., nanVAL-SEeVe(Upnlink fhaad Ghanredhe ré3peitRely. STE@iﬂt&r&ﬁiaﬂf\ﬁlﬂﬂlluléadeﬁahavB%ﬁ‘%DU
SDU i s ment Su | & ne byte shorter than the allowed MA
si ze. TH® O%ﬂgﬁg%??é' g@é%@aZ@ﬁ“F dennigna Farmitniield ramd) I giepates @nbenath |
| D. field). In general, all the sub-headers, except the last one, utilize the F and 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.

10028 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 ‘
multiialexing: 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.

[0029] 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 (VoIP); as well as any

RLC unacknowledged mode (UM) or acknowledged mode (AM) data if the RLC PDU is shorter
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[0029] In another enbodinent, a MAC PDU 307 has the follow ng header fields
309: LAODERRFLLODE R R As such, the MAC PDU size totals the size
of the RIWORDN/@IBopl us 4 bytes. This MAC PDU 307 hol dspaTnBioas/inooelsy
reduced RLC PDU 311 and can be used e.g., for various real-tine
applications, such as Voice over Internet Protocol (VolP), as well as any
RLC unacknow edged node (UM or acknow edged node (AM data if the RLC PDU
is shorterthan the requested (for instance, a last RLC SDU of a data burst
or shorter Vol P packet). The F field, as a single bit, can be set (e.g., to
“1") to indicate the size of the Length field. It is noted that one F field
is utilized per MAC SDU, with the exception of the IaEl;t(HeMAC SDUE mog;?)l I n
the exanpirethefredubbie® Qo #ifancd @ 1RAGH OSD of'¢ BAE BursYot £ V- he F
paddi ng of one (gﬂs}tge Pgrutl l'i Zed afteérI inserting the RLC PDU ang %ée)s
necessarfigldvas arfingle bitf ¢ag| hgssef (et DYoE/1F) R mditare/ thy SIZEhxf$hecIa¢ngﬁeﬁekdpl Ieiensted

oaciai ng tPteney TSR wio SERIRC Sris §Th baBRtip I et ATE UG fo&E: PDU

Paddi dded t he C nor e paddin
necded |GHE° | “irg? ex?rpeﬁ&f%pﬁ@tﬁggm B PRER FoRoetre. Baf b BUAG:

SDU or  Maddisg vifrddk l%lt@i@ﬁ‘ﬂihz(eﬁ dher indRrthp! BE)RLAGINY HnAGhé ﬂe&:@?ar? WA ﬂ?
there is_one L fiel C SDU i ncluded in the MAC PDU 307, except

the | ast wM@dLé,BD/E/BéR am&/@ni“h@waelmmlsmemtﬁé hyr&kimgf:dleoﬁormal lMAlGahelader
t
o i it B 5o RS Ok pBAGR 0 BRdd B ffing i o e

speci fi ead ofitteMACRIDE. Paddiflg botes aferddenit thdeddef tNOMAE IR whéh tndee b h@(ilg§
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t he assd%f’%?fiﬁ‘g Format field (F)/Length field (L). For instance, if E is set
to "1," F/L and another set of LODR R E fields follow However, if Eis
set to '3 lejt hee Lofigddndipates theNpeth witthe comespanding MAGaSUNy MAG tCattrod he
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LC PDU is 1 byte shorter than MAC PDU, then no
ngﬁg![ Egﬁ%sggc?ﬁsgtj @eﬁ@gwg pen on the type of MAyC Control element. The size of the L field is

indicated by the F field.

[0032] 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 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= “1”) 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. 30),
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, aApadding
‘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
field 319.



since the TB size indicates the length. If the difference is 4 bytes or
nore (as shown in FIG 3C), then nornal (already agreed and specified)
paddi ng caio 20@/08%d in the MAC PDU 313, i.e., LCI D + E=PcIpBmiod/n@si4 hat 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 foll ows;
therefore, a padding header is needed (LCID=I 1111 is reserved for
padding). Also, an Eis set to O to indicate that data follows. The header
315 is followed by an RLC PDU 317 and the correspondi ng padding field
319.10034) If the difference of RLC PDU and MAC PDU is 2 or 3 bytes, it is
not possible to indicate with the existing standard. In other words, the
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MAC sub- hea I ncl udes four header fields 403: LCOCDE R R The LCID
field i §1ZF§S§W/ llngrcaf’%éltlycatl ng whether padding is utilized. In an

exenpl ar gbodl nment,, padding is placed at the end of the transport bl ock
(TB) if! %’a?g T hYQid theunieeessiy segrentalien o mInsecssery ingreasenf MAG eader and

and 5B are %’?%&‘E%‘%@‘%?*“L‘?B@E 3 Mool ‘%Pfﬁé&a&% ow byt es, o0, . i 05A
St ep S0l Ehe 105-¢ %Qﬂﬁgﬁﬁﬁﬁ‘%ﬁvﬂgﬁgféﬁﬁﬁ B0TEY pallinke Freiicatrin o
gener at embaditheat Mcﬂhetmt/hatonl nA was au‘tdhéaﬂetl Mot ineludes YRCHEAAS fidds 403:
transm iﬁﬁ&/{{ﬁ{t hﬁleUEC%O:Lﬁelc? I1s ?ésgrefec? Ofgr m%lcgltjurpgw wlﬁ:%l(lje(zlpna dlsnlébls hliﬁldzg(ri II?l 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. SA 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. vao 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,



inserted by the padding logic 111 at beginning of the header field, e.g.,
to avoid segnentation. In step 505, the eNB 103 transmts the data unit
wi t h t he waddiwg743such that no segnmentation is perforneagCTihzogbyoi4

m ni m zing the protocol overhead. 10038 1 On the receive side, when the UE
101 receives the data unit, as in step 5 11, the UE 101 renoves the paddi ng
(per step 513). It should be noted that the transmtter can al so be the UE
and the receiver the eNB, in fact, this nmay be a nore typical case. | 003 |
FI Gs. 6A- 6D are exenplary MAC PDU formats enpl oying dnmmy paddi ng, in
accordance with an enbodi nent of the invention. Two cases are shown in

FI Gs. 6A and 6B, wherein the differences in PDU sizes (i.e., MAC PDU size -
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i nvol ve$Déot), mamngg sfallepsige han thei RIeC RDEDOOA, msgalm)lrm:hlded ovebs MAGIRDUA108. by
elimnating Format (F) field and Length (L) fields; the maxi mum RLC PDU
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anot her b§lﬂ§hﬁé%by bypTSmEEeRMRatation hesesding hQuSNltaheS cersaievedr optimaeal ﬁoeahh: mghd) he
header 3 fc%lséﬁrlv(s)mthe special value of LCID (=1 1111) that next
sub hea I % i mredi ately (without F and L fields). In this instance,

IRHET TR Tt LR L e o
reser vedvellHRwav@er subthdader(LEIDAIRIR P! 18 thiQ sp&SAH& with padding (LCID=11111) E=1
does not indicate that F and L follow, but only that another sub-header (LCID/E/IUR) 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. Howe_ver, if e.g., in‘ FIG. 6A, the order of the sub-headers were changed, i.e., the
LCID indicating the 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 wére
changed to E=1, then F and L should follow. Thus the dummy padding sub-header in these cases
has to be at the beginning of the header.

j0044] The normal padding is indicated by inserting the paddlng 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,



another LCID for this purpose. 10043 1 In principle, the special (dummy)
paddi ng sub-header could be in any position within the header. However, if
e.g., iInWDGw¥R7430he order of the sub-headers were chamrgedB20os/ewpi4 he LClI D
i ndicating the real |ogical channel 1D were first, then having E=0O

I ndicates that data follows, and the paddi ng sub-header woul d be
interpreted as data. If the extension flag were changed to E=lI, then F and
L should follow. Thus the dummy paddi ng sub-header in these cases has to be
at the beginning of the header. 10044 j The nornmal padding is indicated by
inserting the paddi ng sub-header (LCD=I 1 1 11, E=O) at the end of the MAC
header. It indicates that the extra bytes at the end of the MAC PDU not
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of the MAC header. 10045 1 Alternatively, padding of 1 or 2 bytes can be
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block size. In this alternative, the F flag and the follow ng L wth

speci al veledeseped)for b ¢/, E5HRR0000RA9000QD erulrid 1pabdiln gl Klub-Theagedial vEhiesoftly pe

of du Nl - | t he end of t header, 621. 047 | A
comon gac?%gg “gicl)(?ale%ﬁgégl%g%ﬁ%rsg%hegﬁeﬁ%&%gﬂd%at Fﬁégﬁé& ge@g‘é & F"TSJSB%I and
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any (data), padding bytes at the end of the MAC PDU. Thus, the dummy Ead I ng

sub- hea@@i)j dhe tollpwingle ﬁplﬁénighgmcwb(rgﬁerved) value constitute the dummy padding sub-header.
This type of dummy padding sub-header is at the end of the header 621.

j0047] A common feature for these different dummy padding sub-headers described above is
that the MAC PDUs with the dummy padding 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 header.in
the form of the normal padding sub-header, and the rest can be in the payload part at the end of
the MAC PDU.

10048] 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 base
station 103 and the UE 101 can communicate in system 700 using any access scheme, such as
Time Division 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

10



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
paddi ng cao 2o@/i8m3vhe MAC header in the form of the nor malr/ipzidsinogi4

sub- header, and the rest can be in the payload part at the end of the MAC
PDU. j0048 1 FIGs. 7A-7D are diagrans of communication systens having
exenpl ary long-termevolution (LTE) architectures, in which the system of
FIG 1 can operate, according to various exenplary enbodi nents of the

i nvention. By way of exanple (shown in FIG 7A), the base station 103 and
the UE 101 can conmuni cate in system 700 using any access scheme, such as
Time Division Miultiple Access (TDWVA), Code Division Miltiple Access (CDMWA),
W debangyEpiea Di i ah&neM(é 66 ey A0 SORBIMET SR Gwnlink
Division Miultiple Access (O ) or Single rrier Frequency vision

Mul ti pl etibeesdIDMPOMA) (SC- FDMA) or a conbination of thereof. In an

exenpl ary embodi ment, both uplink and downlink can utilizeWCDVA. I n another
exenpl aj§040irbodlreMME Mobilk Minagéras Evity)BdhvinpiGdti@v 48 Wolli K coitrideteasd the
OFDVA. 1004 1 The MVE (Mbil e Managenent Entity)/ Serving Gateways 701 are
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Aut hori zati on and Accounting system (AAA) 705 to securely determ ne the
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bearer actjvation/deact)vation process and is responsible for selecting the
SGW ( SeAdsdUEAFackig) and, paging progedymg dnelrding etransmissionsn d Ao, therMME 70T is

i ntra- LERoRRAGAEE bédChdtivaGor LRt MRoA et Sd ﬁor(é?pdfngﬂb?é: ?otrisgﬁcting the SGW
(Serving Gateway) for a UE at the initial attach and at time of intra-LTE handover involving
Core Network (CN) node relocation.

-7

[0050] 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.

{0051] 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 funcﬁonality (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 indgpendént scaling of,

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

11



| 0050 A nore detailed description of the LTE interface is provided in 3GPP
TR 25.813, entitled "E-UTRA and E-UTRAN. Radi o Interface Protocol Aspects,"”
whi ch i s wocorymsrapved herein by reference in its entiretgI/iBoogioodid n Fl G
7B, a comuni cation system 702 supports GERAN (GSM EDGE radi o access) 704,
and UTRAN 706 based access networks, E-UTRAN 712 and non-3GPP (not shown)
based access networks, and is nore fully described in TR 23.882, which is

i ncorporated herein by reference in its entirety. A key feature of this
systemis the separation of the network entity that perforns control-plane
functionality (MVE 708) fromthe network entity that perforns bearer-plane
functionality (Serving Gateway 710) with a well defined open interface
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plane MME 708. The E-UTRAN 712 al so perforns a variety of functions
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708 is & \pxelvedh in the bprar aqtivaten/Jeactivationaeedsy and bralorrseponsibimfor ichoeding

respons 'Sgi’v?né @Eteww 9%h 3 the UE 101. MME 708 functions include Non Access Stratum (NAS)
signaling and related security. MME 708 checks the authorization of the UE 101 to camp on the
sérvice provider’s Public Land Mobile Network (PLMN) and enforces UE 101 roaming
restrictions. The MME 708 also provides the 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.

[0054] The SGSN 714 is 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. |

[0055]  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
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Serving Gateway 710 for the UE 101. MMVE 708 functions include Non Access
Stratum (NAS) signaling and rel ated security. MVE 708 checks the

aut hor i zavoanosafs743he UE 101 to canp on the service proviedenBmogoiwbiac Land
Mobi | e Network (PLWMN) and enforces UE 101 roaming restrictions. The MVE 708
al so provides the control plane function for nobility between LTE and 2d 3G
access networks with the S3 interface termnating at the MVE 708 fromthe
SGSN (Serving GPRS Support Node) 714. 10054 1 The SGSN 714 is responsible
for the delivery of data packets fromand to the nobile stations within its
geographi cal service area. Its tasks include packet routing and transfer, -
nmobi I ity managenent, | ogical |ink managenent, and authentication and
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Anchor f i { Servjng, Gat 7 00561 _The S12 is an interface..
bet ween a‘?ﬁ%ﬁg{;ﬁg&g né Sé?‘gp?{d O%aﬁiblﬁaéﬁ Pgaeway %?‘slﬁataﬁt Rhaareor obility
Gat eway béth@ep3GPPIaR mABERE té¢hiiologies fifth ddBViNIAx hid 8&PEP tebMAGkEnd 8L BO
net wor ks b){ bei ng theggm nt of exit and entry of traffic for the UE 101.

The PDNUEylatenDae M+ or ns policy enforcement, packet filtering for each
user, char%i ng supgor.t, | awful interception and packet screening. Another
rol e of 19451 PDNIIEaBAviaterfag® pfayides tramsfen oft QeS aobibprand ehargig riley fioet RERF

3GPP an - i _ a | Max d 3GR X and _
CEvol ot CAaie Chah 5y R8I o 20 5 P R s SR POR (FEH
policy amtheaN Giapgvayyi8s TheBGiRGRHa(ER the interfiste BatidthiBe RONSGH MY 1288 khe’ 20
to Policy and Chargi.ng Enforcenment. Function SPCEF)
operator’s IP sefvices 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.

{0058] 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
includes 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.

[0059] The eNB 103 communicates with the aGW 701 (Access Gateway) via an S1 interfice.
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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in the PDN Gateway 718. The SG interface is the interface between the PDN
Gateway and the operator's I P services including packet data network 722.
Packet dawe @080k 722 nay be an operator external publPCE/IBZOORDIBL €
packet data network or an intra operator packet data network, e.g., for
provision of IM5 (IP Miltimedia Subsysten) services. Rx+ is the interface
bet ween the PCRF and the packet data network 722. 100581 As seen in FIG

7C, the eNB 103 utilizes an E-UTRA (Evol ved Universal Terrestrial Radio
Access) (user plane, e.g., RLC (Radio Link Control) 715, MAC (Medi a Access
Control) 717, and PHY (Physical) 719, as well as a control plane (e.g., RRC
721)). The eNB 103 also includes the follow ng functions: Inter Cell RRM

(Radi 0 BeeQkesik gg;m@yg h}fggnégvs I?gg @%ﬁlk@ grtéég%lw&%ggggze& AbtwrR. suldh o R 0

Bear er) Oontro ntr sur enent
Conf i gulteien743nd Provi sion 731, and Dynanmi c Resource Allocation
(Schedul er) 733. 10059) The eNB 103 comrunicates with the aGWN 701 (Access

Gat eway J0aiof aninShn iahﬁeﬁraflaeeemﬂaﬁﬁna(ﬁNaZChhgwﬁCimng a711hJsm][e PD@P_E‘(ﬁzQ:kat DHia a
Control plane 701b. The contraol plane 701b provides the follow.n
conpone toaverggiee Pegtocel),fugatignal é&t“ﬁ? gesdegndhe eNB Bater thawtthe IGWg@lar@thﬁM

(Mobi | e sVANBRPIRI da @&hk}t théJB ﬁTrgﬁoHé@FFI@ @@em?gl wfdeldqggliéa{% cthigacket

Dat a Conver gence Prot ocol’) 739 and a user plane tlons 'S not ed

that th nct i t 7 ation
of a se \)/(“1l gamg\%é S%(&g%\&f IJgﬁida"ag‘lv Jac cetf(%glt %hiri\g’te %eeﬁ WM@‘C@M %‘i
can al s®acket €ofe)deproivideda Ipalnkekamﬁ'ewadnlo protocol eashltebﬁlré of EIIDTBRANE@ prédided J
In an al_ternative enbo s shown in FIG .7 t he PDCP, (Packet Data
Conver g&fceprsst Blegs )ang Jﬂgt"PBﬁ plage-c £h mass |dt9€“lf3ﬁi) depaintion ofpthe rarehscture 4,
the GW pkidddingaGrpen3¢.Bo¢ PDCP capability, the eNB functions of FIG 7C
are also provided in this archltecture | 00<>I] In the systemof FIG 7D, a

functi ongle2$P! 1§ ( | ded

In thi srﬂgx)a?}p | e, éjggl o pr Ot oco ar chi Eg(ioutlﬁé%o}lﬂggﬁ%&%ﬁl g@%ﬁ%l\l/llc g&ﬁ&és

user pl Mabibtyd Aummrurg\tfundtlopl a#e. Acvondingded athisedraiétectniept thonMME! (Mobility

archit e?\}[eynragerlr)gntpén%\{)ll)d‘?% Ippovll)’(gp PSA-&IE (ggstgrg 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. 8.

[0064] - 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
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[0062] The eNB 103 interfaces via the SI to the Serving Gateway 745, which
I ncl udes a Mobility Anchoring function 747. According to this architecture,
t he MVE (Wbhkwédvasy43vanagenment Entity) 749 provi des SAE ( BgsuBmosio@hi4 ect ure
Evol ution) Bearer Control 751, ldle State Mbility Handling 753, and NAS
(Non- Access Stratum) Security 755. 10063 1 One of ordinary skill in the art
woul d recogni ze that the processes for padding may be inplenented via
software, hardware (e.g., general processor, Digital Signal Processing
(DSP) chip, an Application Specific Integrated Grcuit (ASIC), Field
Programmabl e Gate Arrays (FPGAs), etc.), firmmare, or a conbination _
thereof. Such exenplary hardware for perform ng the described functions is

det ai | edhp@b@iSk of opASPARK, bRolbl 18ehd BRI (5F Fersfichlil USRI RRRARSPLA Y

har dwar e upon whi ch various enbodi nents of the i1hvention can

i npl enemsé@ctignsconput i ng system 800 includes a bus 801 or other

communi cati on nechani sm for comuni cating information and a processor 803
coupl ed [#®5] he Buscaintihgsypen 866 snayde cobipledaia thabusl® toardisplaygl & katles 800

I i ncl | 805, ch.as a_rapdom access nenory (RAM or
ot her  cF SYSHLN SR UVAchES maBin saie o HOHURRHB GHoRRAIoT 101 Yhgr. AR imput
i nf or matdeide 819 Juk ta ld%iyﬁd(ij‘a‘%d ti&l&ﬁné’?é&ﬁﬂﬁlﬁﬂerﬂyar{dh&hﬁr%sﬁ% bé%uglgr&'ta the

menory 805 can al so be uSed for storing tenporary variables” or ot
i nt er mediaBe!ifar commuinisating infognatioacand comwand selections itorike pyocesser $08c eShor

803. Th ' syst e 00 may further .include a rea ly menory (ROM
807 or  SIELTRYEL 72 BT BRI e colbhbRieh #Ee Fipbed ssFRbbalL s SRR digtion
static ikeys) feredonBuradiding @retibhl ihftafion atdeonn eI RAioROR- thépicésd 803 ayd ce
809, such as anpmagnetic disk or optical disk, is coupled to tge bus 801 for
per si st dPfrqoptrellipgichesor mesementioathediapizi8 Fucti ons. 10065) The conputing
system 800 may be coupled via the bus 801 to a display 8 1 1, such as a
liquid dP40dd al Hrepsdiag to yarieust ¢mleodimentsof dhe plva%t,lorf, dhe Etosgds,ag/dcsgnbfd C}ix_erem

i nf or matj A0 i nput  devi c 13, such as,a keyboard.inc I ng

al phan uﬁcrehr? :B(e:tpg%‘ad%{f Eg fh 83/131,’&#1%5}'%%“& g?fg B §eSPIFEHE tBﬁgr%)éisof (§53 cxécuting an

communi eatngegdn b insatétivhs @bakamed iR Athis flefly 805 BocH MBrRstRME £8P be 3021 infd1e
i nput devi.ce 813 can jnclude a cursor control, such as a nouse,

a
t r ackbalfain Ghemary b Hpmeanothsh cRewputerrepdablemedinmasidigasitheetenagn device 809.
I nf or Matp@ButRAd of WEBRGn Snh &t L O RRtrbQidnl CcdMARES $0 'm AR 3mBR8ry 805 causes the

processor 803 to perform the process steps described herein. One or more processors in a muiti-
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 implement 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 its 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] The 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 peripheraf interface
devices, such as a Universal Serial Bus (USB) interface, a PCMCIA (Personal Computer

Memory Card International Association) interface, etc.
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for controlling cursor novenent on the display 8 11. 10066) According to
various enbodi nents of the invention, the processes described herein can be
provi ded W9 2bdvaseosnput i ng system 800 i n response to thePpTaBBE®S/0000803
executing an arrangenent of instructions contained in nmain nmenory 805. Such
I nstructions can be read into main nenory 805 from anot her _
conput er -readabl e nedi um such as the storage device 809. Execution of the
arrangenent of instructions contained in main nmenory 805 causes the
processor 803 to performthe process steps described herein. One or nore
processors in a nulti processing arrangement may al so be enployed to
execute the instructions contained in main menory 805. In alternative
enbodi meadek| hatkls YdcBshof 1808 Uhdy ¥xdba¥ B€ tﬁﬁl@ﬁ%& QA&C\%hﬁ% bg{[} ' RcGOLP hgbt ON
with software instructions to i'npl enent the enbodi nent of t & S°RUERt FOR I n
anot her stoxethsl code inethersfarager device 808y ovether munetvlatile Foedgd fBr lagt aremmiibe. Gatlids

Al FPGAs be use IbR~Whi ch the functional.it nd gonnecti on
ool ogy e e @ihgtfing Sikiem 5Pa iy SPisin Snalicion St feBmm of S Pzt yobg
] menpry | ook up tables, Thus, enbodi nents of the invention are
hot 1+ mi Dl ¢ onﬁ'i*@;teé’&elé‘? Rt glehle; MEAUBY” #n petaherciai &F fip \Any rgedium; that e
10067 1 ; ty j . 0on i.catjon
nter f aBatUERENN rodaREShARIGEGN © R protehr 803 br LEASloR " SuBP TRICLGR AT
a two- wégkedataay c ommgniincludiog moupdti iqrited ® menwoldtilé imkdi@,nwbllaﬁtmme)dia,Tb@q
[ lLon .interfa 81 nds..and, recei ves el ectrical, el ectronagnetic,
or "opt i CaP B gRARE Ao e Rr G e Br Erilheonsphatpent dpkh 0L 2
types ofthd stbRgeRIliea 80bUrVdletile héta GRITMEHyhaii@mehidhE!udk &s $an aRtnd)Hosde
peri pheral interface devices, such as a Universal Serial Bus (USB)
i nt er f adéanspigseapengdia moluderrpxiabeablasepoppeimvsirg awh fiklen optiss.rin¢lndinglthe wires that
As I at.} Bt e : S 03 may .execut e the
tr anem coatst MebaeRlt. Chisndiiin bndlif cBf BRECRRE (Y FoE $h EFiMen ablifal ape
devi ce 8B@tromagmticeravesnsuchlaatthdse @hératggeiuﬁ@g rhtiﬂibeﬁecﬁ&ﬂ&gumafqrhnhi itnl;]rhtefﬂ (IR) f
nner, th ting system 800 may obtain a i cation code in e formo
. carr | 8P, g ITSHDE. Thamman,forSe hf RoBTuI el mediauipeiuds, (s cexamale 4
¢ . . o b Covi di . ' ons |
b 0cess CPRDYSKES NUAble iR Sk ARbGR L apkf BN SBOmaBRtc HiCd: 72 (- REM,
but not DRW 8D anymther optital needieuli inclv odrds,ipapemtepk, aptical ehark sheets, any other

physical medium with patterns of holes or other optically recoghizable indicia, a RAM, a PROM,

and EPROM, a FLASH-EPROM, any other memory chip or cartridge, a carrier wave, or any

other medium from which a computer can read.

[0070] Various 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 on a magnetic disk of a remote computer. In such a scenario,
the remote computer loads the instructions into main memory and sends the 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 énd
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 storage device either before or

after execution by processor.
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transm ssion nedia. Non-volatile nedia include, for exanple, optical or
magneti ¢ di sks, such as the storage device 809. Volatile nedia include
dynam c rwoang/083430h as mai n nmenory 805. Transm ssi on mediraBoogbesdet coaxi al
cabl es, copper wire and fiber optics, including the wires that conprise the
bus 801. Transm ssion nmedia can also take the form of acoustic, optical, or
el ectromagneti c waves, such as those generated during radio frequency (RP)
and infrared (I R) data conmuni cati ons. Comon forns of conputer-readable
medi a i nclude, for exanple, a floppy disk, a flexible disk, hard di sk,
magneti c tape, any other magnetic nedium a CD-ROVM CDRW DVD, any ot her
optical nedium punch cards, paper tape, optical mark sheets, any other

physi caliggmggi ungd té ; I r ptd calylye T i
i ndi ci a,l a M Ig P@Rég\)/laat I%lﬁrafl EPWS%%Q (ginjg/@ oIf’KEert&?rrggr%lr gi?%l?lfep o(f)r
cart ri dgperating ar the systemay ef FiGis. any7Ihtabeordimgdo amefmbodiment efthe imention.e AndaFE

o ol Stehe SR L BRlB = A B DA REROY
provi di ttuct ap r i "OfT. : :
i nst r uctGopB&qubily, Ca¥ st $iterr?bo] PRSidRafor nAlltipleCanteMBNtd PoefRY add irhhsdhit Y

be borne on a magnetic disk of a renote conputer. In such a scenario, the
renot e Stzmplst eFhe enlgnna bistann QO Lis tdoupled ita tradinediteuiteynB03; whigh saclddest mailtiple

i nstruct] . t.el ephon i usi ng_a.modem A nmodem.of g lL.ocal system
Foce! vellahBit oL ERE Sot, Rfe HRNE s SO AR Re e RpdiR el o
convert (RAEcilalifty tag vadll abiserrdd PredesdingRiclitrin SAd shdvig lhydrria(ield &idgnager-2 0
a portabl e conputing device, such as a personal digital assistant_ (PDA) or
a | apt opL2)apropessing ase PeRvidedt by undts 209eandotkla sgspectivabyut Ppiionadly; tayer-3 denchioas
the inf i . i i I 10xfA i and.:nl:

the dat SepR* P RUBEE (ARSHOUR] RTRODLE cliul i MNCIAE: Biiahs, S alif Gla

pr ocessa@alibration swdsledHd maietiiisggopdreiming thyuioterfaciag, fonexampley arc extenml timing

recei ved mai, n nor.y .optionally be or.e n, st orage. device eit

bef or o SFIEHTEE 8 FE0UD, SAEByTAce existesennPh Rinppesd. SOR g ety e LE
exenpl arymfiRAID0EnSmaticAss With 4 SsrpiiRly FARRY19, QhidP&nASd B PetBniiNGortpintLMs
of FIGs. 7A-7D, according to an enbodi ment of the invention. An LTE

t er mi nalwayketatign,cofPAgweteapnlianes; eeliular phone, ettil tipl e I nput Ml tipl e Qutput
(M M) system Consequently, an antenna system 901 provides for nultiple

ant ennad98r ec®hile therthvemtamshmstbeen described 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 claims. 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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signals. The antenna system 901 is coupled to radio circuitry 903, which
includes multiple transmtters 905 and receivers 907. The radio circuitry
enconpasswe 2add0saf3ot he Radi o Frequency (RF) circuitry agscwaBloossoobase- band
processing circuitry. As shown, layer- 1 (LI) and layer-2 (L2) processing
are provided by units 909 and 911, respectively. Optionally, |ayer-3
functions can be provided (not shown). Mdule 913 executes all MAC | ayer
functions. Atimng and calibration nodule 915 mai ntains proper timng by
interfacing, for exanple, an external timng reference (not shown).
Additionally, a processor 917 is included. Under this scenario, the LTE
termnal 900 comrunicates with a conputing devi ce 919, which can be a
personal conmputer, work station, Sﬁ“ g appl i ance, cellular phone, etc.
10072] Wile the invention has been escribed in connection with a nunber
of enbodi ments and inpl enentations, the invention is not so |imted but
covers various obvious nodifications and equi val ent arrangenents, which
fall “‘W@HRJH@QHB&HXEBSSOf the appended clainms. Although features of the
invention are expressed In certain conbinations anong the clains, it is
contenpl ated that these features can be arranged in any conblnatlon and
order. CLAI M5 MHAT IS CLAIMED I'S: 1. A nethod conprising: generating a
protocol datg &%BL erting a dummy paddi ng sub-header within a
header of the protoc A unit. 2. A nmethod according to claim1, wherein
t he protoqahamangapnnbmﬂﬂam1hhdhﬁh1Access Cbntrol (MAC) protocol data unit

i ncluding a header part gn payl oad part. A nmethod according to claim
2, wher ei nMEHREY a‘@gihﬁg Elbge%]@éﬁ’ 0y %]&‘FaGE’e%fth%Pﬁoé%“é’} datg upiggi cal

channel identifier (LOD) field to indicate padding, and an extension field
to specify whether an additional field is present. 4. A nethod according to
claim 3, VmeAQhé‘thb@%cébtﬂﬁ% eaeleind, SiHerdig aBe protdcd] el LRR idla MIBilE A RRLNY

of the header part. A met hod accordlng to claim1, wherein the padding
is only Cantral ﬁbpwgg:@bdata unit including a header part and a payload part.

3. A method according to claim 2, wherein the dummy padding sub-header includes,
areserved 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 claim 3, wherein the dummy padding sub-header is inserted at the

beginning of the header part.
5. A method according to claim 1, wherein the padding is only within the header.

6. A method according to claim 2; wherein the dummy padding sub-header includes,
a format flag (F) to indicate the length of the length (L) field, and |

areserved length field value.

7. A method according to claim 6, where the reserved length field value includes all zeros or

all ones.
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6. A nethod according to claim2, wherein the dumy paddi ng sub- header
includes, a format flag (F) to indicate the length of the length (L) field,
and a reswoveddsessgt h field value. 7. A nethod accordi ngcraBmiosibemwt, where
the reserved length field value includes all zeros or all ones.8. A nethod
according to claim2, wherein a difference in size of the MAC protocol data
unit and size of the payload part of the MAC protocol data unit is either 2
bytes or 3 bytes. 9. An apparatus conprising: a packet generator configured
to generate a protocol data unit, and to insert a dunmmy paddi ng sub- header
wi thin a header of the protocol data unit. 10. An apparatus according to
claim9, wherein the protocol data unit is a Medium Access Control (MAQ
prot ocol dat ({34 i . t .
Bopar at us. oSl Dl 69y % AREHeCPlicRee b HAYLEAS A prodblol it uni

i ncl udesnd size of the\paglohd gart af the MAGqirotoce rfatal urdt is elthdrD) byftéssdr® byped. ndi cat e
paddi ng, and an extension field to specify whether an additional field is
present. 12. An apparatus according to claim11l, wherein the dumy paddi ng
sub-headergign%nserapd at .t.he begi nning of the header part. 13. An

appar at us accoriPi

P §OCPUT®9, wherein the padding is only within the

header. 14a pAkeBgmeratdrudnAgiaod ) fihefate £pdtdBolfata WhIR!ildo irlvert QLM P pashi
sub- header includes, a format flag (F) it?o i ndi cate the length of tflg Ieﬂri%th

(L) field, afub-headsswithinp headerof the profpophdateunits, An apparatus according to
claim 10, where the reserved length field value includes all zeros or al
ones. 16. An apparatus according to claim 10, wherein a difference in size

of the NAQ®ra agfiratd@h&ordihg tGBint 9Z ¥hefeir 1R MRBMWCOREhP Nt 195 MEBBuM Fccess

protocol data unit is either 2 bytes or 3 bytes.l%. An appar at us accor di ng
to cl ai froatrof (MARD prasesd dits uny incdudingm Beddss parhambalpaydoaiopeiri. gur ed t o
transmt the data unit over a wireless network. 18. An apparatus accordi ng
to claim9, wherein the wireless network is a Long Term

11. An apparatus according to claim 10, wherein the dummy padding sub;header includes,
areserved logical channel identifier (LCID) field to indicate padding, and

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

12. An apparatus according to claim 11, wherein the duminy padding sub-header is inserted

at the beginning of the header part.-

13. An apparatus according to claim 9, wherein the padding is only within the header.
14. An apparatus according to claim 10, wherein the dummy padding sub-header includes,

a format flag (F) to indicate the length of the length (L) field, and

areserved length field value.

15. An apparatus according to claim 10, where the reserved length field value includes all

zeros or all ones.

16. An apparatus according to claim 10, wherein a difference in size of the MAC protocol

data unit and size of the payload part of the MAC protocol data unit is either 2 bytes or 3 bytes.
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Evolution (LTE) or an E-UTRA (Evol ved Universal Terrestrial Radio Access).
19. An apparatus according to claim9, wherein the apparatus is a handset
or a basewetatywmsm3020. A net hod conprising: receiving arpprasmogboodat a unit
that includes a dummy paddi ng sub-header within a header of the protocol
data. 21. A nethod according to claim20, wherein the protocol data unit is
a Medi um Access Control (MAC) protocol data unit including a header part
and a payl oad part. 22. A nmethod according to claim 21, wherein the dumy
paddi ng sub-header includes, a reserved |ogical channel identifier (LCID)
field to indicate padding, and an extension field to specify whether an
additional field is present. 23. A nethod according to claim22, wherein

t he dunmy j - L S14t 09 : egi nni ng of the header
part. 24. gﬁ%%ﬁggcagg‘ﬁ?ﬁ{ét{’?a% 2? Fn%gr@é\m%@éz the padding is only.
Wi t hi n t hea tramdessior2bodie wedfimuediodmnsmitghd datz hait ové b, wirdlessaietwdrke dunmy
paddi ng sub-header includes, a format flag (F) to indicate the | ength of
the length (L) field, and a reserved length field value.26. A nethod
according to claim 21, wherein a difference in size of the MAC protoco

data unit Ehd Asi appavitus hecqrdinigo@dclpiat 19, aiherdin thMAG/ il &k arolorttaisaa Ulbing Térm
ei ther 2. bytes 3 byt 7. A_system conpri Ssing;: base station
conf i gu%@ﬂx’ﬁﬁnﬂgﬁa Qfe%‘aﬁ Ejﬂﬁ%&}@ﬁd Ié“‘éf?ﬁ@?‘?%ﬁ‘@ﬂ%ﬁ‘ﬁﬁ&“&“bumy paddi ng

sub header within a header of the protocol data unit. 28. A system
according to claim 27, wherein the protocol data unit is a Medium Access

Control ( MMOArpph@as|acediimeutictaih ¢ Wieieitthe apRAsas isttdnd Sl dr @ bRaydtaash.
part. 29. A system according to claim28, wherein the dummry paddi ng

sub- header includes, a reserved |ogical channel identifier (LCID) field to
i ndi cate padding, and an extension field to specify whether an additional
fieldis pf%s‘éﬁ‘?‘?th%&onmw em according to claim29, wherein the dumy

paddi ng suRHGRPE profocbN@f4 LR 1Rk includes a dummy padding sub-header within a header of
the protocol data.

- 21. A method according to claim 20, wherein the protocol data unit is a Medium Access

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

22. A method according to claim 21, wherein the dummy 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.

23.°A method according to claim 22, wherein the dummy padding sub-header is inserted at

the beginning of the header part.
24. A method according to claim 20, wherein the padding is only within the header.

25. A method according to claim 21, wherein the dummy padding sub-header includes,
a format flag (F) to indicate the length of the length (L) field, and

areserved length field value.
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t he begi nning of the header part. 31. A systemaccording to claim 27,
wherein the padding is only within the header. 32. A system according to

cl ai m 28, watwerwism3vhe dumry paddi ng sub- header i ncl udespcanBmosmdoofd ag (F)
to indicate the length of the length (L) field, and a reserved length field
value. 33. A systemaccording to claim?28, wherein a difference in size of
the MAC protocol data unit and size of the payl oad part of the MAC protocol
data unit is either 2 bytes or 3 bytes.

26. A method according to claim 21, wherein a difference in size of the MAC protocol data

unit and size of the payload part of the MAC protocol data unit is either 2 bytes or 3 bytes.

27. A system comprising:
a base station configured to receive a protocol data unit that includes a dummy padding sub-

header within a header of the prdtocol data unit.

28. A system according to claim 27, wherein the protocol data unit is a Medium Access

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

29. A system according to claim 28, wherein the dummy padding sub-header includes,
areserved logical channel identifier (LCID) field to indicate padding, and

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

30. A system according to claim 29, wherein the dummy padding sub-header is inserted at

the beginning of the header part.
31. A system according to claim 27, wherein the padding is only within the header.

32. A system according to claim 28, wherein the dummy padding sub-header includes,
a format flag (F) to indicate the length of the length (L) field, and

areserved length field value.

33. A system according to claim 28, wherein a difference in size of the MAC protocol data

unit and size of the payload part of the MAC protocol data unit is either 2 bytes or 3 bytes.
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