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stations, each. managing traffic for one or nore cells. [0006] The 3G FDD

and TOWRpRENIGionypMete| %Deg@éaﬂmethm@es@nﬁowe@ﬁwmmlate,scﬂﬁe%fﬁm@nﬂat a
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B. Orliataffrdxﬁ af énfergbdiapessint Hﬂﬂﬂ@kénerﬁﬁbn BP Rptemsihavinke fduitite Speed
Downl i nk fﬂgared Channel (HS-DSCH). Since data is _distributed by the Node
B, it Retwopkeenizeller (RN avhieh isequnledde one anmere Node Bewhishargin A resul t of
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upon haiutive mdkilaganandeidisg (AMC) sndBERSE antoniicepssimanastidle schedul i ng
of daﬁﬂé ansm ssions wth the cell change. O herw se follow ng the cell
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[0004] BACKGROUND
[0005] A 3G Universal Terrestrial Radic Access Network (UTRAN)

comprises several RNCs, each of which can be coupled to several Node Bs. A node

B is an entity comprising one or more base stations, each managing traffic for one
or more cells.
[0006] . The 3G FDD and TDD systems typically use the RNC to buffer and
. schedule data transmissions to the UE., However, for the high speed channels of
3G cellular éystems, data is buffered and scheduled for transmission by a Node B.
One of these high speed channels, for example, is the High Speed Downlink
Shared Channel (HS-DSCH). Since data is distributed by the Node B, it is
necessary to buffer data for transmission in Node B. A result of this architecture
is the RNQ does not have an up-to-date status of the Node-B controlled
transmissions of Packet Data Units (PDU). Therefore, upon handover between
cells, it is necessary to coordinate the scheduling of data transmissions with the
cell change. Otherwise following the cell change it is necessary to resynchronize
data transmission to avoid loss or duplication of transmitted data. In 3G
networks h{mdover between cells is controlled by the RNC. Since the RNC that
controls the cell the UE is in may change there is the possibility data may be lost
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data transm ssion to avoid | oss or duplication of transmtted data. In SG

net wor ks handover between cells is controlled by the RNC Q g Bﬁ
that controls the cell the UE is in may change there is t R ?Ilty
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duplicated as a result of the handover. This problemi’s aggravated due to
the architecture whereby there are several Node Bs associated with each

RNC. h | i hood t hat bi | UE ||
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I nt er- Node B serving HS-D change i s when the UE changes between
two cethessernag By-d @@ﬂlatl‘e&t \mherser‘dngiﬁ' BSCHcalbclBmge imiraokedt er - Node B
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entities in both the RNC and the UE providing an automatic repeat request
(ARQ tezmdnate atBNC withinghi STRANotheddB IS THdennimitegatN@leBt i ty signal s a
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entit nsur
serving HS-DSCH cell change is when the UE changes between two cells that are

- associated with the same Node B. An Inter-Node B serving HS-DSCH cell

change is when the UE changes between two cells that are associated with
different Node Bs. In an Inter-Node B cell éhange, the Node B before the serving
‘HS-DSCH cell change is called the source Node B, and the Node B after the
serviﬁg HS-DSCH cell change is called the target Node B.
[0009] There are peer Radio Link Control (RLC) entities in both the RNC
and the UE providing an automatic repeat request (ARQ) function for
transmission of data. The sending RLC entity signals a sequence number (SN) in
the PDU header, which is used by the receiving RLC entity to ensure that no
PDUs are missed in the transmission. If there are PDUs missed during the
transmission, realized by out-of-sequence delivery of PDUs, the receiving RLC
entity sends a status report PDU to inform the sending RLC entity that certain
PDUs are missing. The status report PDU is used to describe the status of the
data transmission. It identifies the SNs of the PDUs that are missed or received.
If a PDU i missed, the sending RLC entity will retransmit a duplicate of the
nnssed PDU to the receiving RLC.




PDUs are mssed in the transmssion. If there are PDUs m ssed during the
transm ssion, realized by out-of-sequence delivery of PDUs 0t h% ﬁﬁ?l Vi ng
RLC entity sends a stat us report PDU to informthe sendi ng F e2 ty that

certai nwoRbldsrofy € m ssing. The status report PDU is pgeisizaesescri be the
status of the data transmission. It identifies the SNs of the PDUs that

are mssed or received. If a PDUis mssed, the sending RLC entity w ||
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entity, "or to generate status reports peri odi caﬁq;/e e pol'ling function
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PDU trans sr ons. functiion in the Node B al so provides for
r et r an&Rir °o‘f‘|*q81es 4}'5 %%%‘Stofgﬁﬁﬁ%ﬁ%%g 1088 t hough the H ARQ operation
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succes delivery of data, it is protocol layer that ultimtely
ensur efailedc begwsiniésioe. |Ak!shqug1{ mmzim Qwrdymamemom’brarsgms failegr opagat i on

conditjons, .the HS-DSCH ce rf.ormed.rapidly to maintain
qual i t agFmdssionsan ’ﬁﬁ?qaﬁﬁsﬁ?gr%ﬂ&r” %S‘ﬁgeﬁiﬁ&@a 1%‘?1? gﬁlf’&;ﬁg% t’rynte i s possible
t hat tREd{ﬁo%&&Pﬁy%&%HMﬁﬁﬁ@ly@ﬁ@urés%ﬁé&sbﬁﬂ defivérye source cell before all
PDUs' currently stored I1n the source Node B are successfully transmtted.

Si nce Eﬂﬁ)d2]sourcémetedﬁlqamchhan@SSBMMgam@mddltbmﬁfﬁlel CHhe data, and
since t dat a rat I | f.or .e sec h| gher),
when t fR G2 8rnf“5ﬁt fi\ﬁ ‘L%W:ng;‘nﬁaép gﬁﬁrﬁéem?ee y for an
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of data buffered in the source | ost. One reason for this
dat a | receplien irhitte sourceseH deforerald R Iscunreriiynstored inthwsouaeacNodeBt ur e f or
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buffering of the data, and since the data rates are very high, (for example 10
Mb/sec or higher), when the UE performs a serving HS-DSCH cell change,
(especially for an Inter-Node B handover), there is a possibility that considerable
amounts of data buffered in the source Node B will be lost. One reason for this
data loss is that no mechanism exists within the UTRAN architecture for data

- buffered at the source Node B to be transferred to the target Node B. Upon

serving a HS-DSCH cell change, the RNC has no information on how much, if
any, data is lost since the RNC is not informed of Node B data transmission
scheduling and if the transmission have been successfully acknowledged by the
UE. Therefore when data is buffered in the source Node B upon serving HS-
DSCH cell change to maintain transmission without loss of data, the RNC RLC
must recover this data.
'[0013] There are currently two preferred ways that prior art systems
handle the recovery of data buffered at the source Node B. Following the HS-
DSCH cell change: 1) the RNC can explicitly request a status PDU from the UE;
or 2) the RNC can just start transmitting where it stopped in the source cell and
out-of-sequence delivery realized by the UE will generate the status PDU.




serving a HS-DSCH cell change, the RNC has no information on how nuch, if
any, data is lost since the RNCis not inforned of Node B gﬁga tr@g m ssi on
scheduling and if the transm ssion have been successfully 10864 éed by

the UEwolfmepiore when data is buffered in the sourggrhReBsupon serving
HS- DSCH cell change to maintain transm ssion without oss of data, the RNC
RLC nust recover this data. [0013] There are currently two preferred ways
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PDU request is then sent and is recelved an processe E. The UE
gener arelyangraisgiont us PDU and sends it back to the RNC, which processes the
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by t henesdsinde recoapredothesfa statusPRUwilRBrocassad) buRhDper reception
of retransmitted data by the UE will be considerably delayed. This is due to

delayed generation of the status PDU by the UE and reception of the status PDU
- in the RNC.
[0017] " I transmission is being performed in RLC acknowledged mode, data

is not passed to higher layers until in-sequence delivery of data can be performed.

Accordingly, the UE will be required to buffer the out-of-sequence data until the
__missing. PDUs can be retransmitted. This not only results in a delay of the
transmission, but requires the UE to have a memory which is sufficiently large
enough to buffer data until the data stored in the source Node B can be
successfully delivered. Otherwise, the effective data transmission rate is reduced,
thereby effecting quality of service. Since memory is very expensive, this is an
undesirable design constraint. '

[0018] Accordingly, the prior art methods of recovering data that is
buffered in a source Node B prior to transfor to a target Node B have very
undesirable consequences. It is desirable to have a system and method where
data buffered in the source Node B can be more efficiently recovered with less

delay to properly maintain user quality of service requirements.




[0017] If transmi ssion is being perfornmed in RLC acknow edged node, data

is not passed to higher layers until in-sequence delivery of dat n be
performed. Accordingly, the UE will be required to bufferé)Pf"l'é?%e’%0866’l

out - of - sequence data until the mssing PDUs can be retransmtted. This not
only results in a delay of the transm ssion, but requires the UE to have a
menory which is sufficiently éﬁ&ﬁgARgnough to buffer data until the data
stored in the source Node B ¢ uccessfully delivered. O herw se, the
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PDUs buﬁfhl@dUEtauPBﬁbﬁww weg*ebmlgnebdﬁp:aea@a aépmmlsdg@ﬂ mpde PIME as soon as

poss ow n he HS- change indicated by
t he %@Wﬁ%ﬂ’ﬁ%&?sc’g %@Bgéﬁétf‘?ﬁﬁ"é%ﬁw% cover source Node B

buf fered dat a. Iffauc&aaﬁéeswmyab%sﬁsﬁrﬁlﬁﬁ pREeRARcAfbNOWedged node (AM
RLC i nstance associated with the DSCH transport channel. In accordance

Wit hpawué@p@@lsemqmmem ddBhwhich\faeititades atthiglh epéest- dqwrdmkd@mr@d user
equi ( chlitat ed downl } nk shar ed channel
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reordering buffer of a MAC hs when the HS-DSCH cell change is 1n1t1ated, and
" means for each acknowledged mode (AM) radio link control (RLC) instance
mapped to the HS-DSCH to generate a status report when the HS-DSCH cell

'. change is initiated, the status report indicates missing HS-DSCH packet data
units (PDUs).

In accordance with another aspect of the present invention, there is
provided a method for facilitating a high speed-downlink shared channel (HS-
DSCH) cell change by a user equipment (UE), the method comprising: the UE
flushing a reordering buffer of a MAC-hs when the HS-DSCH is initiated; and
generating a status report by the UE for each acknowledged mode (AM) radio
link control (RLC) instance mapped to the HS-DSCH when the HS-DSCH is
initiated, the status report indicating missing HS-DSCH packet data units
(PDUs).

BRIEF DESCRIPTION OF THE DRAWING(S)
Figure 1 is a flow diagram of an efficient procedure in accordance

~with the present invention for efficient recovery of Node B buffered data

following an HS-DSCH cell change.




reordering buffer of a MAC-hs when the HS-DSCH cell change is initiated;
and neans for each acknow edged node (AM radio link contrgl éRL%Q
instance mapped to the HS-DSCH to generate a status repor? At 408
HS-DSCH cell change is initiated, the status report indicates m ssing

HS- DSCH packet data wunits (PDUs). In accordance with another aspect of the

present inventiqn, there js rovided a nethad for facilitating a high
speed- downl i nk Egﬁ%ee% li:ﬁél?ﬁeﬁi%ﬂ-‘%? %@@I—BR@_@?FN"CME}%‘?@‘? tbﬁs%’f’" equi pnent
(UE) RGOS 4TR! 3P4 EQWBHIRY Boior i hitdRing bUsiishbsGod SOESRRLRGNRNET €r of a
MAC- hs when the HS-DSCH is initiated; and generating a status report by

t he WeErdebreelbach acknow edged node (AM) radio link control (RLC) instance
mapped to the HS-DSCH when the HS-DSCH is initiated, the status report
i ndi cati ng m ssing HS-DSCH packet data units (PDUs). BRI EF DESCRI PTI ON OF

THE DRAVHNGATLED DESERIPTIOR OF PWEPREFERRED BMRIDIMESSPr ocedure in
accordance wth theqtgresent invention for efficient recovery of Node B

buffered data Thel raelerrgd apmbslipeas oflthechensget in®rBio@ctvobebe2006 Figure
2 is a fl.ow diagram of ,an alter.nat.i ve hod ereb he RNC waits for a
St ar Seo BB FEBRRR o P el e P AP RY DR PR e he tar get
cel | 1i1DETMERDBRSERWRTI ON OF THE PREFERRED EMBCDI MENT(S) The pref erred

enbodi nent of the present invention will be described with reference to
the draw ng fi dweadingtferthe presemanyeniionaisondeptaerednee theilitenes forent s

~throuygh Agcording. t.o t ent .inventian, |i r.d to reduce the
| ot onty RS o GEITRAY s e b he TS g arehSO i e et Fha Pt ver - dat &
- buf f eJodd B, mffed €hs ervafy HNIRCB ceRbhigd ke BB MithBorhudRStdndeaht change, the
UE autonormuslly sends the :
status of the PDUs to the RNC following notification of the HS-DSCH cell change
indicated by the RRC procedure. The generation of PDU status may be applied
for each AM RLC instance associated with the HS-DSCH transport channel.
Referring to the flow diagram of Figure 1, a method 10 of efficiently

recovering Node B buffered data in accordance with the present invention is
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status of the PDUs to the RNC foll ow ng notification of the HS-DSCH cel |
change indicated by the RRC procedure. The generation of Dgg% {s}t g:qg may be
applied for each AMRLC instance associated with the HS- ¥ ort

channel wdfognrd ng to the flow diagramof Figure 1, @ciRkepdgs40 of
efficiently recovering Node B buffered data in accorgance wth the present
I nvention is -5a 5 Cctober 2006 V\D 03/ 087978 PCT/ US03/ 10037 shown. The

RNC rec n| z t need for VI ng HS- hange (step 12). The
Node B TN rbe G oS theesd) ﬁ%éﬁfieqmgggf & 14). The
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UE  autiapewedts) 16 96 BBV M@ofatda) P with' RPQTe ée%ﬁgecﬁ%)nfc Qd' cating the RLC PDU

status as soon as possible follow ng not| | cat | the HS-DSCH cel |
change [PA%8]cat edOnes/therRR&Reqpesianesage is Thepivdd juide UBin staptl8fiwr any of the

Peques gt st i AEpEoSns doayiitded i fgiontes oS BTREUR) the e of
out - of aReuEIRE]EE Hey£lel a%taﬁatraaort (skéipé?(@hndﬁathtgech%m PRI Esiate Many

different alternative methods that the E may 1 nplenent to trigger the
gener atds@aoas noseile fallowisg mebﬁﬁatlmﬂthe\ﬁﬁgDQCEwﬂmhaglgb&ﬁsﬂﬂdc el | change.

opt on P8 KHCOREAAIR, Pho U aBteRR e piatitor BE pEihe iyt e i are
f | ushe genératRg@nda IV, (fer dxAad plé Qﬁh@f@réd'}sﬁlgﬁ;h% (?%T@k%&%ré@% Level 3

(L3) RRC procedure indicating the servin ange. Third, the
physi c&tatna U envhe detection b thr CEoff outr sewepca delivetry BEADBIH cont r ol

it on 0, of ThABIE ety pBf millS R Blioniie SRhooS kPR T the art

woul d ¢E ﬁﬁlyliin}{)lement to trigger the generation of a PDU status report following a

serving HS-DSCH cell change. However, several examples are presented herein.
Preferably, .as a first option, the MAC-hs informs the RLC once its reordering
buffers are flushed. A second option is that the RRC informs the RLC of the
Level 8 (L.3) RRC procedure indicating the serving HS-DSCH cell change. Third,
the ,physical layer can inform the RLC of the reception of HS-DSCH control
channels in the target cell, or the physical Iayer can inform the RLC upon switch
over of HS-DSCH control to the target cell. One skilled in the art would certainly

‘realize that there may be other methods for triggering the RLC PDU status

- message to be sent from the UE to the RNC. As a result of this procedure, the
PDU status is generated and sent to the RNC (step 22) with less delay, which
resul_té in more efficient recovery of source Node B buffered data.

. [o030] - In accordance with step 22, there are several alternatives for the UE
to send the status report of the PDUs to the RNC. These methods of sending the
status PDU are examples of how the status PDU can be signaled from the UE to
the RNC and are not primary to the invention, which relates to generating a
status PDU upon a new criterion. Preferably, the UE generates a RLC status
report for each AM RLC instance mapped to the HS-DSCH transport channel.
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realize that there may be other nmethods for triggering the RLC PDU status

nessage to be sent fromthe UE to the RNC. As a result of g@cs Qr@@gdure,
the PDU status is generated and sent to the RNC (step 22) fohen del ay,

whi ch  weswhésrsi n nore efficient recovery of source NodeoB, hubfered data.
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UE to send the status report of the PDUs to the RNC. These net hods of
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to t hel0R88 | ayedntagthivdsaliernative, the 78 séredsi the status repdrbogetndwld B. In this
Case, giEﬁaE%Jm%Ega{g%%nr’ﬁéé%om the UE to the RNC. This new message is sent

from the Radio Resource Control (RRC) layer of the UE to the RRC layer of the

RNC. The RNC then informs the status of the PDUs to the RLC layer to resume

the transmission {o the target Node B. In this case, the PDU status message

shown in Figure 1 may comprise two separate messages “RRC Complete” and
“RLC Status".

[0033] . - . Itshould be noted that the specific format of the status report of the
PDUs can vary. For example, the format of the status reports of the PDUs may
include: 1) the sequence number (SN) of the last in-sequence successfully
delivered PDUS,' 2) the highest SN of the PDUs received successfully; 3) the SNs
of the PDUs that are not received successfully, (i.e., missed PDUs) up to the
highest SN of the PDU that are received successfully; 4) or a list of list the SNs of
the PDUs that are received successfully.

[0034] Once the RNC receives the message carrying the PDU status, the
PDU status message is processed by the RNC RLC (step 24) to determine the
missed PDUs. The data lost as a result of the cell change is now realized by the
RNC and can be retransmitted to the UE (step 26). It should be noted that the
message can be of many alternatives, and is not necessarily limited to just

carrying the PDU status report.




shown in Figure 1 may conprise two separate nessages "RRC Conpl ete"” and
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RLC will be forced to buffer the data to maintain in-sequence delivery to
hi gher tranggadtted. This requires the UE to have sufficient nemory to store the

out - of uenc ] n s of, se nti Al ta ransm ssi on
is |i nlqoe%??t o] %%%@%%9%%%%9% Jl’{ﬁgﬂ’feﬁ’ a&%ﬁp%éﬁo@%ﬁlgmﬁal data is
succesgddavéning Node Bibifferdd dbf08%ccordRaESwIth M dlfrhiigvd éRPodingaitam of Figure
2, a method 40 of efficiently recovering Node B buffered data in

accor dedide Rreseptdnvaniien isahowa. drhis methad 40 is similar to the method 10
. shown in Figure 1, and the steps of Figure 2 that are labeled the same as in

Figure 1 are identical. However, in accordance with this embodiment of the
present invention, the method 40 includes a new step 17 whereby the RNC halts
all downlink HS-DSCH transmissions to the UE until the PDU status message is
processed at step 24. This embodiment minimizes delay for retransmission of
source Node B buffered data and limits the amount of data that must be buffered
at the UE.
[0037] - With respect to the minimization of delay, the Node B is unaware of
RLC transmission sequence numbers and transmission scheduling within Node B
is FIFO-based. Therefore, if data is forwarded by the RNC in the target cell
before the PDU status is processed, it will be sent first. This data queuing in
Node B results in a possibly further delay of retransmission of the source Node B
buffered data.
[0038] ‘The present invention may be applicable to both the HS-DSCH cell
change in Inter-Node B cell changeé and Intra-Node B cell changes. Since in the
Intra-Node B case it may not be possible for the Node B to redirect the buffered
HS-DSCH data to the target cell due to internal design issues, the RNC may
.indicate the need for generation of PDU status for both cases. It is also possible
that the UE may be unable to distinguish between an Inter-Node B cell change
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of the present invention is shown. This nethod 40 is simlar to the nethod
10 shown in Figure 1, and the steps of Figure 2 that are gﬁbeéegﬁ{%e samne
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inter nﬁ?‘nagﬁagf{?%ﬁg’é‘@é?} Héﬁmhﬂ?g?mm Papkan H%@éf%?b‘?"eggﬁér ation of -
PDU st gfHieh {sdeffRlbyaheettachbd cBi@bs0 possible that the UE may be unable
to distinguish between an Inter-Node B cell change -8 5 Cctober 2006 WO
03/ 087978 PCT/ US03/ 10037 and an | nt¥ra- Node B c&l | change, which would al so
result in generation of PDU status for both Inter and Intra cases. The
status PDU sent in such a fashion will be useful in the Inter-Node B cell
change or Intra-Node B case where the buffered data cannot be switched to
the target cell. [0039] Al though the present invention has been described

in detail, it is to be understood that the invention is not limted
thereto, and that various changes _




can be made therein w thout departing fromthe spirit and scope of the

invention, which is defined by the attached clains. 9 5 Ogg)o%)%r %{%86
CLAIMS What is clained is: 1. A user equipnent (UE) which factPftatres a

hi gh speed-downlink shared channel (HS-DSCH) cell change, the UE
conprises: means for flushing a reordering buffer of a MAC-hs when the HS-
DSCH cell change is initiated; and neans for each acknow edged node (AM
radio link control (RLC) instance napped to the HS-DSCH to generate a

status report when the HS- DSCH cefjAplignge is initiated, the status report
i ndi cat es m55| ng HS-DSCH packet data units (PDUs). 2. A nethod for
faci | iWB8S | W aliﬂﬁ‘éﬁs ‘speed-downl i nk shared channel (HS- DSCH) cell change by

a user equipment x ( S dering
utter of - 4 MAC et d Vo RS SRS HRT S Bl SR Pk e e
report UE cknowl edge radio link control (RLC)
i nst aﬁ%@&%meﬂég%?@@%ﬁ ﬂl@”ﬁ&f@é@'ﬁnqe‘é initiated, the st at us
report -indicating m_ssing HS-DSCH packet data units (PDUs).
means for flushing a reordering buffer of a MAC-hs when the HS-
" DSCH cell change is initiated; and
means for each acknowledged mode (AM) radio link control (RLC)
instance mapped to the HS-DSCH to generate a status report when the HS-
DSCH cell change is initiated, the status report indicates missing HS-DSCH

packet data units (PDUs).

2. A method for facilitating a high speed-downlink shared channel (HS-
'DSCH) cell change by a user equipment (UE), the method comprising;

the UE flushing a reordering buffer of a MAC-hs when the HS-DSCH is
initiated; and |

generating a stétus report by the UE for each acknowledged mode (AM)
radio link control (RLC) instance mapped to the HS-DSCH when the HS-DSCH
is initiated, the status report indicating missing HS-DSCH packet data units

(PDUs).

-10-




