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i nvention rela od of segnmenting a re-ordering buffer
mappi ng data theretg&uostnd nore particularly, but not exclusivel ylmﬂﬂ"’”’%’lﬂ”ﬂ“’"
to a nethod of segmenting a re-orderingibuffer in a WCDVA HSDPA system a
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t hr oughput, reduce del ay and antiMappingdDatacHhenedoes. The new functionality
of hybrid ARQis involved in a MAC (Medi um Access Control) layer which is

j ust above a physical |ayer. The MAC | ayer is used to pass data received
fromthe physiraF TREINVENAONPPEr | ayer. A transport channel that the
HSDPA funcTionality uses 1S called HS-DSCH (H gh Speed Downlink Shared
Channely 20 and is controlled by the MAC-hs entity which is a part of MAC

| ayer. Thefe is only one, MAC-hs entity in a UE.(User Equi pmen The . WCDIVA
HotPA. syo B uDUSNton ARRIE8 F aRathetiat ReBrinuhyf eredtef e bier B hand! e
up to 8 HARghpingcEstacthetsto, antEmotd pakticilarBa But MatC@asiudively s rélaidepengent
and assigned an | D which represents one priority. Because of nmulti- and

i ndependeninethgdoobpegmenting § te-pelesigsbufifer inoa \WEEIMA HEPPAY systaar and| dat a
in the do ' ( | I TTl data, i.e., transmission tinme interval
data, is mébg*glgaﬁﬁh%{tgﬁghﬁuﬁe&ei ves fromthe downlink within a
prescriged transmssion tinme interval. In a WCDVA HSDPA system the above

30 trasnm ssion tinme interval s 2ns. However, the upper layer still nust
receive m%@&@ﬁ@&&%ﬁ&d&i@ﬂﬂgﬂ a re-ordering entity in the MAC- hs
to organi ze the out-of order TTlI data received fromthe HARQ entity and

deliver the re-ordered data to the upper layer. The re-ordering entity in

t he MAC- hsHEDBHA(HighaSperd Dawnlink Packet Access) is based on techniques such as
adaptive modulation and hybrid ARQ (automatic repeat request) to achieve high

15 throughput, reduce delay and achieve high peak rates. The new functionality of
hybrid ARQ is involved in a MAC (Medium Access Control) layer which is just
above a physical layer. The MAC layer is used to pass data received from the
physical layer to an upper layer. A transport channel that the HSDPA
functionality uses is called HS-DSCH (High Speed Downlink Shared Channel)

20 and is controlled by the MAC-hs entity which is a part of MAC layer. There is
only one MAC-hs entity in a UE (User Equipment).

The WCDMA HSDPA system uses a HARQ (hybrid automatic repeat request)
entity to handle up to 8 HARQ processes for a UE, in which each process is
25 independent and assigned an ID which represents one priority. Because of
multi- and independent HARQ operation, it is possible to receive out-of-order
TTI data in the downlink (UE side). Here, TTI data, i.e., transmission time
interval data, is the data that the UE receives from the downlink within a
prescribed transmission time interval. In a WCDMA HSDPA system, the above
30 trasnmission time interval is 2ms. However, the upper layer still must receive in-
order TTI data, so there is a re-ordering entity in the MAC-hs to organize the
out-of-order TTI data received from the HARQ entity and deliver the re-ordered
data to the upper layer. The re-ordering entity in the MAC-hs includes a re-



 ordering buffer for buffering and organizing the out-of order TTl data
under control froma controller in the MAC-hs. Logically, the re-ordering
buffer is conprised of up to 8 re-ordering sub-buffers (nanely, 8
re-ordering queues) to handle the out-of order TTI data fromthe 8 HARQ
processes. s The re-ordering buffer in #he HSDPA system needs to prepare up

to 8 reordering queues to handle the out-of-order TTlI data fromthe HARQ
entity, wheiderisgchuffercios uffarimgnendporganzing the cﬁutaf@ederrTT | diata . undes
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al | ocat i onhantlle m%puts@tordeém data/frem tbgeﬂdHAl?@rerqpessﬁe static algorithm
and the dynamic algorithm In the static algorithm the nenory is conposed
of nmultiple equally-sized blocks which are [arge enough to store received

TTl data ofheng-criésng asuffepdni theeHSDPA t@s@ﬁméedsato PrepaiePup S028. RO8.
Therefore, using the static algorithm a re ordering buffer needs to
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to be stored.' Mbré specifically, in the dynamic algorithm there are no
fixed si zeondedpgdbuffer.t he buffer and the TTI data are stored in the buffer
sequentially. A so store address for each of the TTlI data depends upon the
address of the last stored TTlI data. When the buffer rel eases one TTl data
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stored thereafter needs to be moved up so as to fill the obsol ete space
| ef t bis t hesadzinemaly) thestaticrgeritem @&d the dymamic aiggm process is called
Gar bage Collection. It can be seen that although the dynam c al gorithm can
reduce the total buffer size, it requires huge processing tine to do the
gar bage cadhlthetstatic algorlﬁm,dhehaembspised:mnpomof multipde leqUiaky-sized Bleclef or e,

th [ eed t [ t t i d ef f t
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processing tine ere are sever ficulties in i t1ng suc
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t he hardwar.e eratiaqpn, |st| Xi t nd total buffer size.
SUMVARY gquiqu ignqat Affg i“?{\é%aﬁ" HFW K& of the present

i nventjon, there is provided a 20 nmet hod of segmenti ng a re-ordering buffer

in WCDVA HSDPA system) conprising the steps of: dividing the re-ordering
buf f er i ntlo theldynpiric alggnithmn dhen amed1cngloehslc»f preydefined aize imtihe imeraotyl, ocks

S ek W4 bRl T HEARE i, B8 R AT M Bl 2
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blocks in the buffer and the TTI data are stored in the buffer sequentially. A
30 store address for each of the TTl data depends upon the address of the last
stored TTI data. When the buffer releases one TTI data which is stored in the
middle part of the buffer, all of the TTI data stored thereafter needs to be moved

up so as to fill the obsolete space left by the released data. Theoretically, the



. Typically, the size of the blocks of the first segment is 2 tines that of
the second segnent, and 4 tinmes that of the third segnent. 30 Preferably,
the size of the blocks of the first segnent is the maxi mum | ength of

recei ved TTl dat a. 4 Preferably, the size of the blocks of the first
segnent is half of the maxi num |l ength of received TTI data. s In accordance
Wi th second aspect of the present invention, there is provided a

re- or der i ngb@N§ Peacessris Kaded (garpage daelieationwiman bemeensthat aithobghphesi ng

multiple s nt s aer ej h. s i NOSE | 1 ocks with
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segrent s afieltoldedne qaAdeLetection thredartte ahsaldte spacells e badet L i onal
segnents io of the multiple segnments. In accordance with third aspect of
the present invention, there is provided a nethod of mapping TTI data to
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ona nd s; tacucss Perdaie Sablety B doisiiies 58 NeRdlel Spgration dinds. o
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1f a larger sized block is partially occupied but still has enough space
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bl ocks. ) ) )
15 time, hardware complexity and total buffer size.

SUMMARY OF THE INVENTION

In accordance with first aspect of the present invention, there is provided a

20 method of segmenting a re-ordering buffer in WCDMA HSDPA system,
comprising the steps of: dividing the re-ordering buffer into multiple segments;
dividing each segment into multiple blocks such that blocks within the same
segment have the same size while the sizes of blocks located in separate
segments are integer multiples of each other.

25
Typically, the multiple segments include a first, second and third segment.
Typically, the size of the blocks of the first segment is 2 times that of the second
segment, and 4 times that of the third segment.

30

Preferably, the size of the blocks of the first segment is the maximum length of
received TTI data.



. s BRI EF DESCRI PTI ON OF THE DRAW NGS Enbodi nents of the invention will now
be described, by way of exanple, with reference to the acconpanying
drawings, in which: s Fig. 1 schematically illustrates a segnmentation
structure of a re-ordering buffer at 3.6M/s UE class according to a first
enbodi nent of the present invention; antl io Fi g. 2 schematically
illustrates a segnentation structure of a re-ordering buffer at 3.6Mls UE
cl ass according to a second enbodi nent of the present invention. DETAILED

orosent | rhiSToTEbl: 4R Se B e EPRs, Grihs bt SRlmiens (NG B Bl o, <

i n order t|@n?ﬁ~p¢maewbgmim_pl e of the invention, the case of U E support
of the 3.6Mdl s class during comrunication in the WCDVA HSDPA 20 systemi s

used as an exanple. Therefore, the maxi numlength of TTlI data is 7300 bits.

TTl data, @Qr r j i: - DS . er,
v he apdl adiastiee it SRioBhd SRbeleofi kbnt ATBRISE QI DRYAIREE - |
stored in feherdeeingrisier for bioringr TTisdAAGNHA/CIIMA EHISDF7adystegn, ddmprisinge
maxi mum dat a, . si ze stored i.n the byffer is 7296 bits ?s Fi.q. té )
Schemat | calL{iPle Segmenfs.avhere SE9DRNL S comBPsed, of mytile, blecks Withyf ¢ er

at 3. 6Mo/ 2SS di t i e IEAEN S i

i nventi on%ﬂ%&&'@'dggﬁcgﬁaﬁﬁgf @foghl tt{licthkss, 6igI)“cﬁj ﬂggt geg@ewgﬁg{r?l%t mﬂ%{? hi gh
speed, andségmente aretinteger hastiples afjthecsizies obtheublocks bhadditionaleskegimentdat a i s
expected t tBe selptI 30 to tthe UE. However, even if the network does not
have eH’ougq?F BARUHRERFIEMSr the UE, it is still possible to send nedi um
to small-sized TTI data to the UE. The nunber of TTlI data to be stored in
re-ordering buffer will be very small as there are few re-transm ssions
needed. Talki accardaneeith thindoaspenti efethgt pesent invengonnhhererist pronisiedi aent |,

the re-or i ] t i.N J:

segnent _cansiTL8 miibing I3 4R B\ ey BB FESrdEME RiFer, WG 3Fe

rel ati onshéteparsingeteérenifingea sizet tutegoycisb thé TTie daty; ecornpanmyithe siagel v,
the size of the blocks_of one segnent is a nultiple of the sizes gf t he

bl ocksl%f Gategeryehibe Thydaid with sizas,ef the blocksif dhadiret segraent ard dhet he
bl ocks of ] i : ; ti t of
cegnmont 3. ALHOGHH) seghierkdd fd B ina@ingBlose MFtbring HRETTOMI, (BFAqhe

vari at i onsTTisdafa iasthehmatching biockhié abl empty ofatshiggeiockl isc founde hbibriferot i nes

of segnent_2 and six t]| .of_se nt .whj.ch l,LIs within the scape of
Che "t nven RO Tatatin blGehdS o dRR I Sonbie TTErtafy e Bty Wi RERES

bl ocks (L)Iarg‘éiQﬁﬁnQﬁe%EBfeg%r@%f'ﬁ?éjﬂ'q"lnd&lté’,%&ih%/khealfﬂ ddiase a‘?j‘%ac%?@”e“t 3
as small blocks (S). Therefore,” the sizes of the Dblocks of the three
segments heloeks, lifssuchla bleick gvithed larpensiae is unavaileplevie4* S, nore specifical ly,
the sizes of the blocks of segnent is 1, segnment 2 and segnent 3 can be
7296 bits, 3648 bits and 1824 bits, respectively. Based on the segnmentation

struct ure Pfeférably, ehe st ofndetbriininyg Rasayedi ovd tHepsizbaoffthe T Aabwdndehe, a
rule for ma_ppigg one TTlI data to the re-ordering buffer is 20 defined as

fol l ows: (Sizgs pEigiblecksef thesegmeantsiccording to its size, According to the
met hod of the present enbodi nent, TTlI data having a size of 2s between 3649
bits and 7296 bits is ranged in the |large category; TTlI data having a size
whi ch 155 Heteferably] 8RB bieps ohrsford®y&héi TTI idata dangadblook twith reedarger csizegor y;

ot eqory.  canpases Berstené o6 s Brasr azed Biack s partdlySedibiedout BEREs whi ch
mat ches t haloufh ﬁ}gce%f]fhetﬁ tQ%t%)ﬁfg@Ehe datd intt‘ﬂ@ 6[3+k;%fd‘(3!{ kach angkféri n the

| ar ge cat egor en the matching I's a large block ) In segnent 1.
| f the TTIsized black is tngealiable, stafingriheal Hotatg in alfeeenblock witly alasgér size.a

medi um bl ock (M in segnent 2. If the TTI data is ranged in small category,
the matching block is a nmediumblock (S) in segnent 3. s

30 Preferably, the step of storing the TTI data in adjacent blocks comprises a step

of storing the TTI data in a minimum number of adjacent blocks.



- (3) if (2) is unsuccessful, which means that all the matching blocks are
full, then mapping the TTlI data so that it shares a block with other data
or occupi es the fewest blocks) possible, nore particularly, io (3-1)
buffering large size TTlI data, (3-1-1) looking for two adjacent nmedium

bl ocks in segnment 2; (3-1-2) if (3-1-1)s5is unavail able, |ooking for four
adj acent small blocks in segnent 3; is (3-2) buffering nediumsize TTI
data, (3- Z?MEFI%' REPFION OF -aﬁggghkwmgg segnent 1 which is partially
occupi ed, medi um si ze TTl data, and still
has enough space for the TTI data (3 2-2) if (3-2-1) is unavail able,

| ooki f | hl 2 ' hal f of th
bl ock: ( o~ Bribphents oG ndériiar il BoN be ASSRILRG 1 Wl ke ame Wil |
bl ocks in e@aeﬁeé_téthéﬁcéamawuﬁg uwlﬁge ih vwhigg: TT! data, 2s (3-3-1)

| ooki ng for a nmedium bl ock 1n 'segnent Wwhich i's partially occupied, i.e.,
occupi ed by another small-size TTI data, and still has enough space for the

TTl dat 2 , Ki f : '

Bl ock i n skBrarsenemiatl Al syl HARORereldh siriRire 9 =l Gy R AT ™)

i s unavai | g GMH/9UE eagsOaCidriiAG IS éﬂfmlﬂemboélﬂﬁmrﬁf the Wresént invertidr; al | y
occupi ed and still has enough space for the TTlI data) and occupyi ng a front

part of th&hdpace; 8 (3-3-4) if (3-3-3) is unavailable, |Iooking for a

free large block in segnent 1 and occupying a first quarter of the bl ock.
According to the specification, Joint RAN W 1 and RAN W5 2 neeting on s
HSDPA {ec hlnngcal schepnativally IRRGEEOA segniematich Strictuvedia redorlering ayufidr

condi tions, i s assuned that only one HARQ process, which is at the

hi ghest sp%tec'l’ §MBiss HE s¢lass qfscoé@f‘gv@ ari@coRfs embodireent of e Paesenti ze UE
need to CORg n. Then, the re-ordering buffer size is calculated as Nx16.
G ven that UE supports 3.6Mps class, the re-ordering buffer size is
7300x16 bits. 10 Gven the above, accordl ng to the rret hod proposed |n t he
first enbodj . , 0 f ;
Segnment 1:=F SEGHEN S+ . 2

LJS:‘PQ {he FFNEN"I‘H)NU' es disclosed in th| S enbodl ment the re-orderi ng
uf fer

Although the present invention can be applied for any of the classes which UE
supports, in order to explain the principle of the invention, the case of UE
support of the 3.6Mb/s class during communication in the WCDMA HSDPA

20 system is used as an example. Therefore, the maximum length of TTI data is
7300 bits. TTl data, or MAC-hs PDU (protocal data unit), comprises a MAC-hs
header, MAC-hs SDUs (Service Data Unit) and a Padding (optional). What
needs to be stored in the re-ordering buffer is MAC-hs SDUs and Padding.
Thus, the maximum data size stored in the buffer is 7296 bits.

25
Fig. 1 schematically illustrates a segmentation structure of a re-ordering buffer
at 3.6Mb/s UE class according to a first embodiment of the present invention.
Under ideal channel conditions, TTI data is transmitted at high speed, and if the
network has enough code resource, large-sized TTI data is expected to be sent

30 to the UE. However, even if the network does not have enough code resource
for the UE, it is still possible to send medium to small-sized TT! data to the UE.
The number of TTI data to be stored in re-ordering buffer will be very small as
there are few re-transmissions needed. Taking the above into consideration, in



. can buffer a total of 16 large TTlI data, 32 nedium TTl data, or 64 small
TTI data, which is within the UE capability defined in the 3GPP
specification. 20 Wth respect to Fig. 2, the second enbodi ment of the
invention will be explained. In the second enbodi ment, a variation of the
first enbodiment is considered. In 2s psactice, under bad channel
conditions, nediumto small TTlI data is expected to be sent to the UE even

it networ ktrfeafirst embpaiAeht 16! rré-‘brdéﬁhig bbﬁemisrwjm@rﬁteaﬂhtdinﬁée tseghents,or ed

inthe re-ordering buffer will be a little larger, since a few
re-transni WHERIR each srarment eomwaﬁemgnwlh@leawaobs withoeaealssiger Zhewnis An t he
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nanely, the sizes of the blocks of the three segrrents are nultiple-rel ated.
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t he sizes he_ bl ocks f t hr e seg nts hav e.f IIovmn
ol at 1 onahblocks of pesmeny T ean ke Infes Siries Chregmen abdaix Ses distgrannts of
segnent 1' 3, @ﬁgﬁffgﬁs @lthﬁ\rlﬁe%%gﬁg%?tﬁé inveAtitye 3648 bits, 1824 bits and 912

bits, respectlve Mand S are the sanme sizes as in the first
enbodl nent . |o USI ng the deflnltlon of large block in the first enbodi nent,

we can hav fu relatiopship_in terns of bl si,Ze,

LS5 e Bt rinarhtis cut shimiih of el Tesfmed T 4% s Hiockacle 1ot 9t

buf f er aCC@ég?lhéﬂt 2 %sﬁhéd@ﬁﬁ@lb@k@é’h?darﬁ@moseaoﬁ séﬁnémrs EEWhéIDb@&Rs {8y. data

to the re-ordering buffer is is ined as foll ows: % Rangi ng the TTI
ae

dat a accor dhergfere, ithe sizeseof the blepksgot the mreﬁesme@ﬂs e Jellqwing
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bits is range arge cat egory; aving a size of betwe
1825 biss dhdedmédt (2 tamdi segrmeptd icannbeli 7206C ditsg36HS bite ahtl 1824abitsivi ng a
size of between 912 and 1824 bits is ranged in small category; and the TTI
dat a havi n{fSReSHIVRY.of bel ow 912 bits is ranged in tiny category. 25 (2') If
the TTI data to be buffered large in size, |ooking for two adjacent bl ocks
in

Based on the segmentation structure of the re-ordering buffer according to the

first embodiment, a rule for mapping one TTI data to the re-ordering buffer is

20 defined as follows:
(1) Ranging the TTI data according to its size,

According to the method of the present embodiment, TTI data having a size of

25 between 3649 bits and 7296 bits is ranged in the large category; TTI data
having a size which is between 1825 bits and 3648 bits is ranged in the medium
category; and TTI data having a size which is below 1824 bits is ranged in small
category.

30 (2) Looking for one free block in a segment, the size of which matches that of
TTI data to be buffered.



segnent 1'; if not avail able, |ooking for four adjacent small blocks in
segnent 2'; if still not avail able, |ooking for eight adjacent tiny blocks
in segnment 3'. 30 (3') If the TTlI data to be buffered is in another
category (nmedium small or tiny), |looking for one free block in a segnent,
the size of which matches that of TTI data to be buffered. 10 If the TTI
data is ranged in the nmedium category, then the matching block is a nedium

bl ock (M iftheéTTNaata is’ rangéd trhmeTé'ﬂged@étégm? ftmode matching bloekisgtirge t he
mat ching bl ock is a small gnent 2'. If the TTlI data Is
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3. 4'
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two adjacent small blocks in segnent 2'; (4'-1-2) if (4'-1-1) is

unavai | abl ' f (4'-2)
Sion 2k 8K DfestwEh KRl P ly ORoNRG ST, B

medi um bl onlappingstheEnt ddta sdhthet if sharesta block wittc offiezdiatd @r cecapiesdhe
occupi ed by an bpe 3mal | - |ze TTI data, and which still has enough space
for the T ewﬁf& ,OC%QF‘ _pgs%bqu?@p ﬁ')"af'lé unavail abl e, | ooking for a free
medi um bl ock in 20 segnment 1' and occupying half of the block; (4'-2-3) if

(4'-2-2) is unavailable, |ooking for two adjacent tiny blocks in segnent
3'. (416 3)(3nM1)ahuflfermg'ﬂ’argejalza'ledaEbuffered is tiny size, 2s (4'-3-1)

| ooking for a s I nse t d, i.e.,
occupi gd by ano@i 1)?‘?‘%}"% QZJW? “im%&i"&'@fsoﬁ;%é@%ﬁ}gﬁcgggtg folr t he
TTI data; (4'-3eR)-2)fif (#1-13-id uhaVéﬂébléW%bkﬁh?' for félﬂoéfdjééerﬁtoémall fblcﬁikssiﬁa”

bl ock in segnent 2' and occupyi ng hal f of e block; 30 (4'-3-3) if

(4'-3-2) |%egmanb$| abl e, looking for a nedium bl ock in segnent 1

15 (3-2) buffering medium size TTI data,
(3-2-1) looking for a large block in segment 1 which is partially occupied,
for example, occupied by another medium-size TTIl data, and still has
enough space for the TTI data;
(3-2-2) if (3-2-1) is unavailable, looking for a free large block in segment 1
20 and occupying half of the block;
(3-2-3) if (3-2-2) is unavailable, looking for two adjacent small blocks in
segment 3.

(3-3) buffering small size TTI data,

25 (3-3-1) looking for a medium block in segment 2 which is partially
occupied, i.e., occupied by another small-size TTl data, and still has
enough space for the TTI data;

(3-3-2) if (3-3-1) is unavailable, looking for a free medium block in segment
2 and occupying half of the block;

30 (3-3-3) if (3-3-2) is unavailable, looking for a large block in segment 1
which is partially occupied and still has enough space for the TTI data, and
occupying a front part of the space;



-which is partially occupied and still has enough space for the TTI data,
and occupying a front part of the space; 11 (4'-3-4) if (4'-3-3) is
unavai l abl e, | ooking for a free medium block in segnent 1 and occupying a
first quarter of the block. Gven that the buffer size is 7300x 16 bits as
specified in the above-nentioned s spec8fication, according to the nethod
proposed in the first enbodinent, the re ordering buffer will be segnented
as follows: Se ifl(3-3-3§ 48 whaviidbie, F6EKIRG for2a freb8adrgelbloek s sGgaeshnt 3’ :
912x32 bits. tg%smi;)ng( t_h?rr_appi ng rules digcl osed in&ﬁi S enboglgrrent, t he
re-ordering budhdpceupying arfisst auaresoféherblocat a, 32 medi um TTI data, 64
smal | TTI data, or 128 tiny TTl data, in conpliance with the re-ordering
buffer specification requirenents under bad channel conditions. is Under
wor se chanAetordinyditd tiemspeocifitationaldinfTRANIWWE 1 ainelxRAN UGt 2 rheetirgniont o UE,
and the nun%ﬁr of TTl, data stored in th re-o_rdering buffer is |large, since
all of theH R/QYeteP@D'S?HQPPH@eﬁheWWQ&né%@'qneztﬁ- ndiRdesigaalachanrels ane
time. To aghy e, ' ' I kA l.ar:

compi exi ¢y oo A cesftRicP IR Ry ShbMRd PRIGRS AfcHIE & HBTAGRER ;) o
segnent i ngspesd trappmissiorenaiadivehand dhie iasthelmmakimueh datd size ot need to

nbodi ts. T dit] | buf f jze, f. I f 09 % of  t
(rae-grijrenre inngorﬂﬁlggrer §|Pz %n%_?ngﬁasrqﬂp%ggﬁéa%g%eé% ’f@'fz)rg'aﬁgﬁlé?t}tﬁﬁnance.
25 ADVANTACE, C5 TABENTLON, SO b, R0 S al or (hm the

met hod of nt1ng mappi ng O prese I'nvention can store nore
TTI dag@. Taking the reordering buffer size of 7300x 16 bits as an exanpl e,
using the static algorithm 30 only 16 TTl data, no matter |arge, medium
smal | or tﬁ'\‘SP“s‘ih?é‘,b%’&naﬁ%orgmrt@dhemthédM@Q@%‘ﬂd@?iﬂﬁﬁ esubodiment, thee

present buff ﬁmy ; I iR 64 small or 128 tiny TTI
dat a. 12?%@@53?\9 W trﬁvﬂ?ﬁgs%pﬁ%nt%?yg%%&t algorithm the nmethod of the

present i n8egiment1i 22868 bits and faster, since it does not need garbage
collection,_ which reqires a long processing tinme. In view of the
descri pti onegmenka: 364 biéh i ncl uded herein, numerous additi onal

enbodi nent I &d i on the discussed enbodi nents of the present

i nvention %egﬁ%gggaﬁ%%ﬁbf% one of ordinary skill inthe art. It is to be
under stood that such enbodi nents do not depart fromthe present invention
and are to be considered within the scope of the invention. io 13 CLAI MVE:

1. A net holisitng thegmappinggrules dlisplenad ingthisifemabodimenohe resprlaripg shusfar
compr 1 S NIcAR BubbP Bl of°16/idiod! P b5, 93 Aefilh "Bl obr B G+ ©
data, which is within the UE capability defined in the 3GPP specification.

20
With respect to Fig. 2, the second embodiment of the invention will be

explained.

In the second embodiment, a variation of the first embodiment is considered. In
25  practice, under bad channel conditions, medium to small TTI data is expected to
be sent to the UE even if network has the code resource. And the number of
TTI data to be stored in the re-ordering buffer will be a little larger, since a few
re-transmissions are possible. Taking the above into consideration, in the
second embodiment, the re-ordering buffer is segmented into three segments,
30 wherein each segment comprises multiple blocks with equal size. There is close
relationship among the sizes of the blocks of the three segments, namely, the

sizes of the blocks of the three segments are multiple-related. In the second



- dividing each segnent into multiple blocks such that bl ocks within the sane
segnent have the sane size while the sizes of blocks |located in separate
segnents are integer nultiples of each other. 10 2. A nethod according to
claiml1, wherein the nultiple segnments include a first, second and third
segnent. 3. A nethod according to claim2, wherein the size of the bl ocks
of the first segnent is 2 tines that of the second segnent, and 4 tines

that of thenM&JdirﬁehtStr%giﬂerafthébloekaef 866mBAE Prigitne tmescbpé ﬁent@@n@' n the

size of the blocks of the first segnment 1s the maxi num | engt recei ved
TTI data. faurdimes efsegmienrtcXording to claim3, wherein the Si ze of the

bl ocks of the first segnent is half of the maxi mum|length of received TTI
data. 6. A re-ordering buffer for storing TTI data in WCDVA HSDPA system

conpri si ngHee t fhial Bloéﬁgr&rse@mefmef care earéﬂﬂeéwrﬁ@dnurﬁ (16RO TAY PlosBUdfL | Pl e

2s bl ocks with equal size, and the sizes of the blocks of a first segnent
of the hul segment dyasrsmalhbiockst (e anduthosel efssegmente 35 s dinyoblocke (B).ocks

oh 20" SRR S, b S SO 1 O i o 8 oA T
det er m ni nmlatnmsa-g: :CRMEQUS4YT, rhbre dpdcifitalllg, the sifes:omherbleckst bfsejradnt
category of the data with sizes of the bl ocks of first segnent and

the additi dnatedeentedt andosegmant 3meaphba 36 bitst Jrezé't B'{t$ And 9d2Thits.dat a;
h I
stori ng t F'es-ﬂe*:tl\?@?aH'efey ?@ﬁf%gﬂrg%g ke dizéd o8R! the st U tﬁh%ﬁ?#l Sat a

f ound, no’ e |'ock 1s found then storing

ina bhmcEUungﬁ te sdefmltlmg @érlatg“eamlmctie ||s|m]e ﬂmtﬁgmbpdmﬁenthewér: Tctanlllettaae
storing t TTI n_adj acent if s th a |larger size
s Unaval | TOwIng BGelBoRShiRGS WPt agK Bgec i M4iREREln the ot op o
determning is based on the size of the TTlI data and the sizes of the

bl ocks of the segnents. 9. A nethod according to clains 7 and 8, wherein
the step oBasedwinrithetsagnmeantatien etruature of tihe oelordérning buffer gesordingetoctbepr i ses

the steps of: | er S|ze bl ock.is pa ied but,still has
enough Spasecant efnadFiit.d e tolaphinaple 511 detaliothe e plfiet Ss e a
| ar ger 151 zgéfimddak follpwsnavai | abl e, storing the TTI data in a free bl ock

with a larger size. 20 10. A nethod according to clains 7 and 8, wherein
the step of storing the TTI data in adjacent blocks conprises a step of

o, av. Al RRan@Rtne TR o SERRMNOHs e ")) A2l by (230 ave

According to the method of the present embodiment, the TTI data having a size
20 of between 3649 bits and 7296 bits is ranged in large category; the TTI data
having a size of between 1825 bits and 3648 bits is ranged in medium category;
the TTI data having a size of between 912 and 1824 bits is ranged in small
category; and the TTI data having a size of below 912 bits is ranged in tiny
category.
25
(2") If the TTI data to be buffered large in size, looking for two adjacent blocks in
segment 1’; if not available, looking for four adjacent small blocks in segment 2’;
if still not available, looking for eight adjacent tiny blocks in segment 3'.

30 (3') If the TTI data to be buffered is in another category (medium, small or tiny),
looking for one free block in a segment, the size of which matches that of TTI
data to be buffered.
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(4'-2-1) looking for a medium block in segment 1’ which is partlally

occupied, for example, occupied by another small-size TT| data, and
which still has enough space for the TTI data;

(4'-2-2) if (4'-2-1) is unavailable, looking for a free medium block in
20 segment 1" and occupying half of the block;

(4’-2-3) if (4'-2-2) is unavailable, looking for two adjacent tiny blocks in

segment 3.

(4'-3) when the TTI data to be buffered is tiny size,

25 (4’-3-1) looking for a small block in segment 2’ which is partially occupied,
i.e., occupied by another tiny-size TTI data, and still has enough space for
the TTI data;

(4'-3-2) if (4’-3-1) is unavailable, looking for a free small block in segment
2’ and occupying half of the block;

30 (4’-3-3) if (4'-3-2) is unavailable, looking for a medium block in segment 1’
which is partially occupied and still has enough space for the TTI data, and
occupying a front part of the space;
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Y9 1 10% & épecifiddibahgacyordingl @thé m¢thoﬂcpmpo&e)dilmth31ﬂmﬂdmbvdlment the re-
v g#10% /c>]'d/e8r°|ln§;)5df%¢lv8|0(%e segmented as follows:
Segment 1’; 3648x16 bits
Segment 2': 1824x16 bits
Segment 3': 912x32 bits.
10
Using the mapping rules disclosed in this embodiment, the re-ordering buffer
can buffer 16 large TTl data, 32 medium TTI data, 64 small TTi data, or 128 tiny
TTI data, in compliance with the re-ordering buffer specification requirements
under bad channel conditions.
15
Under worse channel conditions, only small TT| data is expected to be sent to
UE, and the number of TT| data stored in the re-ordering buffer is large, since
all of the active re-ordering queues may need re-transmission at the same time.
To achieve better performance without increasing the algorithm complexity,
20 additional buffer size is considered. However, the method of segmenting and
mapping remains the same as the first and second embodiments. The
additional buffer size, ranging from 20%-25% of the re-ordering buffer size, will
not introduce trade-off protocol performance.

25 ADVANTAGE OF THE INVENTION

Compared with the prior static algorithm, the method of segmenting and
mapping of the present invention can store more TT! data. Taking the re-
ordering buffer size of 7300x16 bits as an example, using the static algorithm,

30 only 16 TTIl data, no matter large, medium, small or tiny size, can be stored,
while the re-ordering buffer of the present buffer can store 16 large, 32 medium,
64 small or 128 tiny TTI data.
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invention will be apparent to one of ordinary skill in the art. It is to be understood

that such embodiments do not depart from the present invention and are to be
considered within the scope of the invention.
10
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comprising the steps of:
5 dividing the re-ordering buffer into multiple segments;
dividing each segment into multiple blocks such that blocks within the same
segment have the same size while the sizes of blocks located in separate
segments are integer multiples of each other.

10 2. A method according to claim 1, wherein the multiple segments include a first,
second and third segment.

3. A method according to claim 2, wherein the size of the blocks of the first
segment is 2 times that of the second segment, and 4 times that of the third
15 segment.

4. A method according to claim 3, wherein the size of the blocks of the first
segment is the maximum length of received TTI data.

20 5. A method according to claim 3, wherein the size of the blocks of the first
segment is half of the maximum length of received TTI data.

6. A re-ordering buffer for storing TTl data in WCDMA HSDPA system,
comprising multiple segments, wherein each segment is composed of multiple

25 blocks with equal size, and the sizes of the blocks of a first segment of the
multiple segments are integer multiples of the sizes of the blocks of additional
segments of the multiple segments.

7. A method of mapping TTI data to the re-ordering buffer of claim 6, comprising
30 the steps of:
determining a size category of the TTI data;
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TTI data;
storing the TTI data in adjacent blocks, if such a block with a larger size is
unavailable.
10
8. A method according to claim 7, wherein the step of determining is based on

the size of the TTI data and the sizes of the blocks of the segments.

9. A method according to claims 7 and 8, wherein the step of storing the TTI
15 datain a block with a larger size comprises the steps of:
If a larger sized block is partially occupied but still has enough space for the TTI
data, storing the data in the block; and
If such a larger sized block is unavailable, storing the TTi data in a free block
with a larger size.
20
10. A method according to claims 7 and 8, wherein the step of storing the TTI
data in adjacent blocks comprises a step of storing the TTI data in a minimum
number of adjacent blocks.

25



