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[0004] BACKGROUND
[0005] A 3G Universal Terrestrial Radio 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 RNC does not have an up-to-date status of the Node-B controlled
transmissic;ns 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 handover 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 |l oss or duplication of transmtted data. In 3G
net wor ks handover between cells is controlled by the RNC. Since the RNC
that comwpeBssme cell the UE is in may change there is Poa/ysoysiodi ity
data may be lost -1 WD 03/087978 PCT/ US03/ 10037 or duplicated as a result
of the handover. This problemis aggravated due to the architecture
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of data. The sending RLC entity signals a sequence numb (SN 1n the PDU
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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 change, the Node B before the serving
HS-DSCH cell change is called the source Node B, and the Node B after the
serving 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 is$ missed, the sending RLC entity will retransmit a duplicate of the
missed PDU to the receiving RLC.



transm ssion, realized by out-of-sequence delivery of PDUs, the receiving
RLC entity sends a status report PDU to informthe sending RLC entity that
certain WDW3/08mes m ssing. The status report PDU is used POTASS¥IG0BE t he
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 ||

t 1t dupl i f the.,.m i Vi .-
031 087070 LSoafisoalRo 1ersdp 1 the serdirk,BLG; BRES o BN L SR
entity tPe}R)Qlc IPHer ot BheSrecbHRRS IRIPBUAHRM 6080 86%d 14k GstBbts @BpbFtY, OF

to generat'e status reports periodically. The polling function provides a
mechani spefiodichllg. SBinelipolirg Gt pyovides equesharibm firathessenidiPDRLC
transm ssigns. [0011 H ARQ f jon in.the Node B al so provides for
r et r ansnPBERGHC quuqsléﬂ:ﬁé&t?tr%r%ftﬁﬁﬁ BAESIAPR?gh t he H ARQ operati on

renoves faile t .S, | b d

successf E(ﬁﬁ?«ll I ver %IE)I?AQ%&?%OB?Q t@ﬁ%ﬁdd&%ﬁ%ﬁ@%o S?%@%?%é%{l iéﬁﬁnl Or;fat ely
ensures fHkelessdndmileidneer X1thbAgH 2§heDIe-ARQ dypemitivnc hamgess i sonpe dpdgdt i on
conditions, the HS-DSCH cell change nust be perforned rapidly to nmmintain
qual i ty bfanserigsions andrinarpasge thepropahiitnof pacessial felivarngf dafa, 1t 1§ thessi bl e

that th t Qps { j SSi ion i :
pous: cur R PYOBERrBRcT oty ettt el QGR8NLIT) r ans tted-
Since theggoyrce N@ifet%Miﬂié@lﬁﬁé@@,%lﬂrwagﬁﬁmbgﬁaﬂ{dﬂ@gtm H$®SEHa, and

since the dafa rates are very high, (for exanple 10 Mo/ sec or higher),
when t hecdlEchengonmst hegeriirnp dHspbiigHo serinteagurdity qfsspace dPugingdhean

I nter-Node B h V. , there is.a possjbili t id bl t
s
ata | os / | t

Gt a | bufsceptiyith R SBREGAIPIRIGH 21 PIL Bhutehs StORANMEINEIOLRENGR Rote &
Upon senvé 8@ccessialpSchmerlittedhSige thewuRrbCNods Biperfofms sahéeduling andw

mieh, 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.



any, data is lost since the RNCis not informed of Node B data transm ssion
scheduling and if the transm ssion have been successfully acknow edged by
the UE. Wbapes®dre when data is buffered in the source No@e€eTBSoponw3servi ng
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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delayed generation of the status PDU by the UE and reception of the status PDU
in the RNC.

[0017] " Iftransmission 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 transfer 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.



Accordingly, the UE will be required to buffer the out-of-sequence data
until the mssing PDUs can be retransmtted. This not only results in a
del ay of wbe3s/osmamsm ssion, but requires the UE to have aPogmsoyioai ch is
sufficiently large enough to buffer data until the data stored in the
source Node B can be successfully delivered. Otherw se, the effective data
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associ at @@swmtedwahmsmsc&i\tmspocﬂwdmmml [ 0021] BRI EF DESCRI PTI ON OF
THE DRAW NG(S) [0022] Figure 1 is a flow diagram of an efficient procedure
in accordance wth the present invention for efficient recovery of Node B

buffered(g?@%ﬂ fol | ow mRIFENDIESEREPTES N'OFhPH%eDR[AQWﬁb(EbQWG is a flow
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[0022] Figure 1 is a flow diagram of an eff1c1ent procedure in accordance

with the present invention for efficient recovery of Node B buffered data following
an HS-DSCH cell change.

[0023] Figure 2 is a flow diagram of an alternative method whereby the
RNC waits for a status PDU prior to initiating a transmission of new data in the

target cell.

[0024] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
[0025] The preferred embodiment of the present invention will be described
with reference to the drawing figures wherein like numerals represent like
elements throughout.

[0026] According to the present invention, in order to reduce the latency for
the RNC to obtain the status of the PDUs and recover data buffered in the source
Node B, after the serving HS-DSCH cell change, the UE autonomously 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.
[0027] ‘ 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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RNC waits for a status PDU prior to initiating a transm ssion of new data
in the target cell. [0024] DETAI LED DESCRI PTI ON OF THE PREFERRED

EVMBODI MENVOSDB/087909025] The preferred enbodi nent of the prePeEmtuSOIv®at i on
will be described wth reference to the drawing figures wherein like
nuneral s represent like elements throughout. [0026] According to the
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nmessage (step 16).,. 11t shoul n bk 1.5 t il |.nvoke
i e R AR A T
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reduce delay in recovering data buffered in the source Node B, the UE
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out - of - s§a029ice dellnvidreyURS, thHeteadre madF2different hlbetiBtivehrredhade tinenthe
different Ealllngae§ ?rgiaile\égerrlrt? %oht%ggsge}rq te gte?lgration of a PDU status report following a
éerving 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 3 (I.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 layer 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
results in more efficient recovery of source Node B buffered data.
[0030] - 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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UE may inplenent to trigger the generation of a PDU status report follow ng
a serving HS-DSCH cell change. However, several exanples are presented
herein. WoeBesamy, as a first option, the MAC hs infor meCriesoRLOG3DNCe its
reordering buffers are flushed. A second option is that the RRC inforns
the RLC of the Level 3 (L3) RRC procedure I ndi cating the serving HS- DSCH
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RNC. The RNC then informs the status of the PDUs to the RLC layer to resume
the transmission to 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] It should 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 statué 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.



entity then infornms the status of the PDUs to the RLC to resune the
transm ssion to the target Node B. [0032] In a third alternative, the UE
sends t hewetoawsm7s eport on a new L3 signaling nessage onPDC@N03/1a1t he UE
to the RNC. This new nessage is sent fromthe Radi o Resource Control (RRC)
| ayer of the UE to the RRC Iayer of the RNC. The RNC then inforns the
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[ 0035] | {Oé‘:‘ﬁiul d aRefetringitn the flovadiagrannpEFigwse di aaretherl 40 efficicatly

L | T ORI, T I R TR
o o1 PSFHSP Rt asounce e Bfdmation asine pobmemot io
mai nt ai nshowsenuBigecedt| andrthe tsbeppd ghFigure 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 changes 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

-8-



| ayers. This requires the UE to have sufficient nmenory to store the out-of-
sequence PDUs. Followi ng any |oss of sequential data, transmssion is
limted twO oBhg79UE nmenory capability until the | ost sequeRCITAISO8&a0aT7 i S
successfully transmtted. [0036] . Referring to the flow di agram of Figure
2, a nethod 40 of efficiently recovering Node B buffered data in

accordance wi th an al ternative enbodi.nent f.the esent i nventi i
Shown. TARS HibiHEa Seds B gliankt S wretd alrores Bl e B AL ang
the st ep?ta&hs 50661 BntbPahd 3hera BRES OPht Beatt@ DB Sehfin Fadh Sashish Svill

i dentical. However, In accordance wth this enbodi ment of the present

i nvent i orhe uwkefuleimhtlte 48témbloddds elinelmarsge pr TatridNceley Bt taseRNberalthe  al |

downl i nk, HS- DSCH transm ssions o the UE until_the PDU status nessage is
pr ocessebugﬁr%‘i éﬁtQQ@nﬁ‘Pﬁ'&@ %W%E?%%Ph?ﬁ%‘f%tfég- delay for retransm ssion of

source buf f gr e J . . e
buffered" at™t he u@%‘%@%ﬂ#ﬁ%ﬁﬁé{é’%@%@ﬁto tﬁehﬁfﬁggg%{l(@%a&’ g%asltgy, t he
Node B i peumdersi@odthalRKe invensiohds notlisdtptineety)ahdrithagnaribuaclsamgs on
scheduling within Node B _is FIFO based. Therefore, if data_is forwarded by
t he RNC canbpanade tharesewithomdidgparting ipputhe spigt ang sspprekihednvention | be
sent first.. . Thi at ui i,Nn de B results in a possibly further

del ay of W}’é‘fl?é%gﬁﬁgg‘?éﬁ%ﬁfa #ﬁ%(:})fgu‘iﬁ%én%ode B buffered data. [0038] The
present invention nmay be applicable to*both the HS-BSCH cell change in

I nter-Node B cell changes 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

I nter-Node B cell change -8 WO 03/087978 PCT/ US03/ 10037 and an | ntra- Node
B cell change, which would also 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 wherwotobes7if f ered data cannot be switched to the tacgaiSoveioBr [ 0039]
Al t hough 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 nmade therein vm'thoutchééMrSi ng fromthe spirit and scope of

t he i nvenk . ol .S defined by the attached clainms. * * WD 03/087978
PCT/ USOB%\E;:}S C%%@égvmat is claimed is: 1. ' A systemfor facilitating a

hi gh speed- dovml i n|<A%%He@df@ﬁéﬂﬁﬁétiﬁéﬁh%ﬁ@@ed%\&nﬁﬂﬁBE&eddlﬁrﬁﬁé?EHS‘-

including a renote network controller (RNC) coupled to at |east one Node
B, said d?SCEBstelNehieng,bidiengystem: insludingph edmote atetwioek sontredleyS®NC)

equi prent_ (U t he. system,co i si.ng:, .a radi our ¢ ontrol _( unit,
aeat o PP e 15 OREfGRB F HiBerC ol RO RE B e dafple 1 At

necessar Yo 26 SCORL i net 4 £4 i : i.d cell change; a control
uni t Iocg?ed V\I/lieft)%?n sailgmL?%ﬂf(?rE)F g%%?jﬁtﬁgi g%llghrslot ‘fication and generating

a status nessage wh dadindiesatrs therst dRREC)otingadbedtod, atndef RNCsdoedi ng

i i Y d trol it at said RNC for readin
21 0 ot atdieTBuRAgovhn 2t S DNCH BeNLAPBodS recoHa DRt EGEAtach
st at us marﬁﬁﬁﬁ]%tiogxhofbsm.tcgﬁ%hgﬁg?hi gh speed-downl i nk shared channel

(HS- DSCH) ce ange in a syStemhaving a renote network controller (RNC

coupl ed to at | easta coriteolNgsie 1dzatedindthinhSaid UM reeeiptgdsdid mitifi@dsin one
user equi pnent, the nmethod conprising: detecting at the RNC t he need for an

HS- DSCH ¢ad gaieaptiag a siatns ylessagewhigh ivdieatps thestatunafepsh PDU, and for

sending said status message to said RNC; and

" a control unit at said RNC for reading said status message and

retransmitting PDUs to the UE based upon such status message.

2. A method for high speed-downlink shared channel (HS-DSCH) cell
change in a system having a remote network controller (RNC) coupled to at least
one Node B; which is further coupled to at least one user equipment, the method
comprising:

detecting at the RNC the need for an HS-DSCH cell change;

notifying the UE of said cell change;

determining the status of data received at the UE;

generating a status report based upon said status of the receipt of
data at the UE;

transmitting from the UE to the RNC said status report;

determining at sai(i RNC based upon said status report the data

which is to be transmitted to the UE.

3. A UE which facilitates high speed-downlink shared channel (FHS-

DSCH) cell change from a source cell to a target cell comprising:

-10-



determ ning the status of data received at the UE, generating a status
report based upon said status of the receipt of data at the UE

transm t twog@3osmms t he UE to the RNC said status report; @€Tarsed/nmody at
said RNC based upon said status report the data which is to be transmtted
to the UE. 3. A UE which facjilitates high speed-downlink shared channel

(HS- DSCH) cel | changans pbarid YBfpr detesmining whenayell changeds meeessany: - 10
WO 03/ 087978 PCT/ US03/ 10037 ans at.said,UE for rni ni ng. cell
change 1< necessary: - meanens B eRhiReip et AR R B BT e
to the WEERA tdshid@bl d@nlgechange; neans for generating a status report
based upon said determ nation; neans for transmtting said data status
report. 4. The UE oheghafomng8nevdtingbytadus tephat hassshyarsead datdratindtion; uni t s
(PDUs). 5. The systemof. claim4, . wherein said status report conprises a
status PDU. 6. The R§apfRrdrappmithing s AR SLAliSIeNortt det ermi ni ng means
conpri ses neans for receiving a request nessage indicating an HS-DSCH cel |
change. <
4. The UE of claim 3, whereby said data comprises packet data units

(PDUs).

5. The system of claim 4, wherein said status report comprises a status
PDU.

6. The system of claim 3, whereby said first determining means

comprises means for receiving a request message indicating an HS-DSCH cell

change.



