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COMMUNICATION METHOD AND APPARATUS COORDINATING
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[0006] It has also been recognized that performance is greatly enhanced

with the use of medium access control (MAC) level automatic repeat request
(ARQ) and hybrid ARQ (H-ARQ). Application of these techniques during soft
handover provides additional significant benefits.

10007] Figure 1 shows a conventional wireless multi-cell communication
system 100 including a wireless transmit/receive unit (WTRU) 105, a Node-B
110, an RNC 115, and at least two cells 120A, 1208. Each of the cells 120A,
120B, is served by the Node-B 110. Node-B 110 is controlled by the RNC 115.
When a change in the cell offering the best radioc conditions is determined
between cells 120A and 1208, a handover process is initiated.

[0008] An "intra-Node-B handover” occurs when a WIRU changes from one
cell to another cell controlled by the same Node-B, as shown in Figure 1. An
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occurs when a WTRU changes from one cell to another cell controlled by

a different Node-B. In the latter case, the Node-B that controls the cell
Witordédiandover is called a source Node-B, and the Node=Btlato4/036310
contrals the cell after the handover is called a target Node-B. [0009]
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‘coggiigane for UL resources may not be provided with enough physical resources
in the source cell. If data blocks that have been NACKed prior to the handover
are retransmitted to the source Node-B before the handover activation timer
expires, those data blocks can be combined with the previous data blocks for H-
ARQ decoding. In this way, the decoding takes the advantage of previous,
although failed, transmissions of those data blocks in the source cell. If data
blocks that have been NACKed prior to the handover are not retransmitted to the
source Node-B before the handover activation timer is expired, they have to be
transmitted again in the target cell as new data blocks. In this case, the previous

transmissions of those data blocks in the source cell are not utilized.



-2 [0012] SUMMARY [0013] Embodiments of the present invention are
related to a wireless communication method and apparatus for
coordinating Node-Bs during handover for enhanced uplink transmission.
The apparatus may be a wireless communication system, an RNC, a
Node-B and/or an integrated circuit (IC). [0013a] In accordance with a
[@irstlaspect of the present inventigdMNekBIs provided an enhanced uplink
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00144 In one embodiment, a wireless multi-cell communication system
includes an RNC, a plurality of Node-Bs, and a plurality of WTRUs. Each Node-
B serves at least one cell and schedules EU transmissions from the WTRUs. Once
an RNC recognizes a need for soft handover, a WTRU establishes connections to
Node-Bs in an active set. One of the Node-Bs in the active set is designated as a
primary Node-B and all other Node-Bs are designated as a non-primary Node-B.
An RNC or a WTRU selects a primary Node-B and informs the other Node-Bs
about the primary Node-B. During soft handover, the primary Node-B schedules
EU transmission and performs ACK/NACK.

[0015] In a separate embodiment, an RNC initiates a hard handover for a
WTRU connected to the source Node-B. The RNC informs the source Node-B
when the WTRU will stop transmission and reception while being connected to
the source Node-B. The RNC sends an activation timer to the source Node-B to

set the time for handover. The handover is completed when the activation timer

expires.



the source Node-B. The RNC sends an activation timer to the source
Node-B to set the time for handover. The handover is completed when
the activation timer expires. 3 [0016] The source Node-B may determine
whether there are any previously transmitted data packets that were

fpgatively apknoyRdgesHNAmE AR wRMILS M&%%rl%-am/%ﬁ%erot@sly

receive as many previously NACKed data packets as possible before the
EEHA s rneebresthte satreesrib B rkay Wi tet dHE DHERY) dHai6e
aeishamadulationppd.cading.sehems (MGRLuse AaridaiaiRagketets as
retransmissions sent by the WTRU. [0017] BRIEF DESCRIPTION OF

MSEDERRIINGS fODTBTA HBIF deRined tisderstandingoPtmeingetiorihe
praYike hadfran) he  fallowing se sedptomag e AR WAY Of pxasapisranst:

to be understood in conjunction with the accompanying drawings

RORESEIRI OO SEagt A B &¥5s™ ddHventional wireless communication
system; -3a WO 2005/048503 PCT/US2004/036310 [0020] Figure 2
hows a system which : ler | ' imary Node-B
E%)r]l@g soft hando@%%gﬁﬁﬁgi%ﬁg)ggbf ﬁﬁﬁ&?&ﬁ@ nvention;
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function located in a primary Node-B during so hangover for El% in )
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10B0231 FHEERE & Ra T RE B BT AT AR SHEBs for
prioritizing the transmission of NACKed data in a source Node-B before
hard handover is completed in accordance with a separate embodiment
of the present invention. [0024] DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS [0025] The present invention will be
described with reference to the
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drawing figures wherein like numerals represent like elements throughout.

[0026] Hereatfter, the terminology "WTRU" includes but is not limited to a

user equipment (UE), a mobile station, a fixed or mobile subscriber unit, a
Wagets/tasdhy other type of device capable of operating in a R¥imlE3604/036310

fﬁjﬁinment. ,[OOZERWhen referred to hereafter, the terminology
-B" indIiRIES Buthewisct Arshen Whichaseestatidh, slsitmbenvelien ana

priceasyWinledB dhyiahestyRerabBiarawg sleyice i A wirglss
ghvironment. [0028] Tg1he present inventionlﬂgglyé%ggirn%%%ﬁ%ﬁfﬁ gﬁ?‘ieﬂt

type of Wireless communication systems, such as UMTS - FDD, TDD,
%ﬂ%lbivisionﬁ’égnml&)abm‘ss codesthuision¢hudtiele ACeaSE AN RSGE RMA)ation
cage;sivisionaultinle. Q0. (CDMA2000) (EV-DO and EV-DV) or
any other typém(i)llj!cl tév%gll%gg? c?%ar%%?ﬁiéﬁino% S%%/‘%l%%f%f@f @He’?e%ﬁﬂré}é%ﬁe
& PreR B SRHTSA Ay be incorporated into an 1C or be configured in a
icieeait compriiag.amyititade afipiercg Ing; ents, -4, WO
%‘89%’;9%850% %Cgugzom/o% 310 [oo%%%%%?g%% ?SS“\]?v?fae Seps for
multi-cell communeatbrPeys ?‘ha?ée"%ﬁrcﬁ%@@a@ Wi eduteriodmedt
GhthprreseytNodeioin andordance with the present invention. The
jotrgiess muii- 3 ication system 200 includes a WTRU 205, a
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.N‘(r)dgﬁ: Bs 210 are controlled by the RNC %%g[%eég%%ﬁﬁ%ﬁéts%‘%& present

anc é(\)/%r, the WTRU 205 establishes multiple connections with the
Node-Bs 210 included in an active set. Each transmission from the

WIRWbL28 g B9 gﬁ%' W t f the Node-Bs 210. One
of the Node-Bs 21§:§E?n the ac%%g]sge is%% ' ﬁ@é@?&%ﬁ%ﬁ%ﬁiﬁé@é\l@s
99, and Tike crrseRboiReBiare ddkignatescabeod primaniace Bsthe
d240Bcl 032 A p1sheInin Figws A= s pimanyNode-B 2104 includes a
{%Qﬁ entit%f%SO inclﬁging a UL sck%%)uler 25%. 35?8?%%%‘%8}%- ?‘Hﬁary

6de-Bs 2T6E AL iFRAIGES R WAT ThtRID5oe nEerhustishne Mittted to a
ugeititisRB0AL RBUB2 mobile station, a fixed or mobile subscriber unit, a pager,
or any other type of device capable of operating in a wireless environment.
[0027] When referred to hereafter, the terminology "Node-B" includes but is
not limited to a base station, a site controller, an access point or any other type of
interfacing device in a wireless environment.

[0028] The present invention may be implemented in any type of wireless
communication systems, such as UMTS - FDD, TDD, time division synchronous
code division multiple access (TDSCDMA), code division multiple access 2000
(CDMA2000) (EV-DO and EV-DV) or any other type of wireless communication
systerm.

[0029] The features of the present invention may be incorporated into an
IC or be configured in a ci;_:cuit comprising a multitude of interconnecting

componenis,



handles EU transmissions. The UL scheduler 255 in the MAC entity 250A

is responsible for scheduling the EU transmissions. [0033] In accordance

with one embodiment of the present invention, the UL scheduler 255 is
WA B EBIEH only at the primary Node-B 210A during soft hBfBHEG04143e310

WTRU 205 receives a UL transmission schedule only from the primary
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205 such that the interference levels are als in the maximum
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rimary Node-B 210A throu e primary cesl'[ 260A. During soft
Ridbver, tHe yyrrdsrpesyite enserootiagatiofify presenbiiviesing. iFhthgL
rieanseeb 260 AnaltheualdenBUsaheduingifornatsnioxalidin alkos

other cells 26 C.
hangover. %9%’1‘%%0205 receives a UL transmission schedule only from the

primary Node-B 210A in a primary cell 260A. However, the primary Node-B

210A cannot send the scheduling information to the non-primary Node-Bs 210B
in every transmission fime interval (I'TI). In order to allow the primary Node-B
210A to allocate resources for the WIRU 205 to transmit in cells controlled by
the non-primary Node-Bs 210B, those resources scheduled by the primary Node-
B 250A in a plurality of cells 260B controlled by the non-primary Node-Bs 210B
cannot be assigned by the non-primary Node-Bs 210B. Therefore, some physical
resources common to all of the cells in the active EU subset should be assigned
and reserved by a particular Node-B for the WI'RU 205 during the soft handover,
so that those resources can be used only by the primary Node-B 210A.

[0034] The UL scheduler 255 located in the primary Node-B 210A considers
the interference level caused by the EU transmission at any cell 2604, 2608,



[0036] In one embodiment, the primary Node-B 250A is selected by either
the RNC 215 or the WTRU 205. The RNC 215 may choose a Node-B that
has the highest percentage of correctly received data blocks during a
ViSiea&ineEd®Eme window as a primary Node-B. [0037] In andth&(Us2004/036310
embodiment, the RNC 215 generates statistics for each Node-B, such as
2661t emahelt | BER subskatnde relorate fFidRronite ke xiouen allowed

Riedeiermpingddmeneriod. Then, HaRNG 2k Ay a8le6t %rgﬁs)h%ﬁifﬁgw
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tinyvention, a RY does not receive conflicting scheduling of EU
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transmission from Node-Bs during soft handover. In addition, EU

WaAEmissiodtseBeHe fed i iserridéra ot ol Brerneridrsrbatistios &ncbach
KRAIOE CIRW 68 % IBCENS Lo PR RAIN 3N 08lR- B BI0NAIN like,
gvilra% f]_:r)gggépe%mined time period. Then, the RNC 215 may select a Node-B
having the best performance to be the primary Node-B 210A. The RNC 215 then
notifies the WIRU 205 and all other Node-Bs about the primary Node-B 210A
via radio resource control (RRC) and [ub signaling, respectively.

[0038] In another embodiment, the WIRU 102 may choose a Node-B 210
that has the best downlink pilot power, (i.e., best downlink path loss or highest
code power), as a primary Node-B 210A. The WIRU 205 measures the power of
pilot signals received from all Node-Bs 210 and selects the Node-B 210 having
the highest pilot power to be the primary Node-B 210A. The WTRU 205 then
notifies all other Node-Bs about the primary Node-B 210A via fast physical layer
signaling.

{0039] The WTRU 205 may report the downlink pilot power of all eells 260
to the RNC 215, The RNC 215 then chooses one Node-B 210 to be the primary
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primary Node-B 210A to the WTRU 205 is much lower as compared to
signaling delay from the RNC 215 to the WTRU 205. [0041] In a separate
embodiment, Figure 3 shows a wireless multi-cell communication system
VERRLSiANIto the system 200 shown in Figure 2. As shownPi{iTRIgeme:/836310
the primary Node-B 210A includes a MAC entity 250A including an
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[0042] Still referring to Figure 3, the primary Node-B 210A receives at
least one data packet from the WTRU 205 through the primary cell 260A and
performs an error check on the data packet. Any error checking method, such as
a cyclic redundancy check (CRC), may be utilized. If the primary Node-B 2104
correctly decodes the data packet, such as passing the CRC, the primary Node-B
210A transmits an ACK to the WIRU 205 and also transmits the correctiﬁr
decoded data packet to the RNC 215, If the primary Node-B 210A fails to
correctly decode the data packet, the primary Node-B 210A. transmits a NACK to
the WTRU 205.

[0043] The non-primary Node-Bs 210B also perform an error check on the
data packet. However, the non-primary Node-Bs 210B do not send ACKs or
NACKs to the WIRU 205. Instead, the non-primary Node-Bs send successfully



transmissions to the correct RNC radio link. Even though the primary
Node-B 210A may be aware of which WTRU is scheduled, the same
method may be implemented by the primary Node-B 210A. [0045]

Wity YA the primary Node-B 210A may use soft combiniriRf iU Biesd@3e31o
transmissions, while the non-primary Node-Bs 210B may process each
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210 has no other way to learn that a new transmission has started.
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the.soft buffer carruption blem. [0047] In the case where non-primary
W&é%nﬁgtfé%g Jgé? %gﬁﬁ&ééﬁ%é?gﬁhout incremental combining, the
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|mplement an in-sequence
between the Node-Bs 210, and the complexities of multiple independent ACKs

and/or NACKs.

[0046] When an incremental combining process is implemented, measures
should be taken to avoid soft buffer eorruption. Sequence information or a new
data indicator is required to enable a Node-B 210 to detect that the WTRU 205 is
no longer repeating data for a particular WIRU H-ARQ process, but instead is
sending new data. This is specifically required because the Node-B 210 has no
other way to learn that a new transmission has started. Alternatively, the non-
primary Node-Bs 210B may simply perform an ARQ, without using an
incremental combining process. This eliminates the soft buffer corruption
problem.

[0047] In the case where non-primary Node-Bs 210B perform simple ARQ

without incremental combining, the WIRU 205 must transmit self-decodable



delivery process for delivering data to higher layers over all of the packets
received from the Node-Bs 210. After the RNC MAC entity 310 has
completed its re-ordering process, it sends the data to a radio link control
WERIEY#5PShown). Missed packets are identified at the RNRE PS4t é1¢
WTRU 205 is informed through RLC messaging. [0048] Alternatively, EU
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transmitted after a unique time delay with respect to the corresponding uplink
transmission or the EU channel allocation message. The second option is an
asynchronous transmission. There is no unigue delay between the transmission
of ACK/NACK messages and the corresponding uplink transmission or the BUJ
channel allocation message. Explicit information in the ACK/NACK message
identifies the corresponding uplink transmission to enable the WTRU 205 to
make the correct association between the ACK/NACK message and the
transmission. This association is made by either identifying the H-ARQ process
number and/or a unique sequence number, such as a TSN with each ACK/NACK
feedback message to the WTRU 205,

[0050] In a separate embodiment, preferably implemented for the

asynchronous ACK/NACK feedback case, the non-primary Node-Bs 210B may



or CRC results to the RNC 215. Then, the RNC 215 sends ACK or CRC
results to the primary Node-B 210A. [0051] In order to speed up H-ARQ
processing, the first ACK message from any non-primary Node-B 210B
WR2BK AP the RNC is preferably immediately forwarded td*€H&USA#H16310
Node-B 210A. The primary Node-B 210A also immediately generates an
IOKINEsARGLACKRENAdrIS rrselbhtisthequiveary dfodethy 2itDthin pridnaty avoid

WodesB2104withankwaiting ferlesaham Iamdhie. 100 Bi0aLY . NoYs Ry
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node that has all of the information necessary in the soft handoverto
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@%ﬁﬁgﬁl%ﬁgﬂ&is procedure can be implemented without an explicit
NACK command. In this case, the lack of ACK reception within a

[B&PHEular pdibERAtvel is e ondrtcle dimplifintbeadesizrsslidie MABIKNACK
LOMARRLE, only a subset of the generating nodes may be used. For example,

ACKs may be generated only at the RNC, or at the RNC and the primary Node-B
210A.

[0053] When the WTRU 205 sends an uplinik transmission, for each H-ARQ
process the WIRU 205 waits at least the time required for the primary Node-B
210A to send ACK/NACK feedback. For each H-ARQ process, if an ACK is
received by the WIRU 205, the WIRU 205 may send new data in the next
available or assigned opportunity.

[0054] A NACK message can only originate in the RNC 215 since it is the

only node that has all of the information necessary in the soft handover to

determine that there have been no successful receptions at any Node-B 210. The
RNC 215 generates a NACK command if the RNC 215 receives no ACK from the
Node-Bs 210 within a predetermined time interval. The RNC 215 forwards the
NACK message to the WIRU 205 via the primary Node-B 210A.
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either the primary Node-B 210A and/or the WTRU 205. [0056] Figure 4 is

a flowchart of a process 400 including method steps for coordinating

Node-Bs during soft handover in accordance with one embodiment of the
ViftasEHFNI@ntion. In step 405, the RNC 215 makes a decisiBATd fiates6310

an inter-Node-B soft handover. In step 410, the WTRU 205 establishes
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dhershistem may lose the benefit of incrementally combining the previous
mission.with the retransmissign. Therefgore, the sgurce Node-B
[ggﬁéduler 2 %Eesl%haeﬁ?%c 5‘\1/'5 P(%;%t?\ll‘gff%jsﬁ g@é‘ﬁ%‘%&&?ﬂlmﬁﬁf for
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transmission of all the NACKed data packets In time, the source

Byeptien- W St % s FENYUSSomelssea decition doniniiitje ® hard
IsaliRdeleftion RS 0P asmay NACIac.dataRaskets as, BRSSHIB, the

RNC 215 informs the source Node-B 210 when the WTRU 205 will stop
transmission and reception in the souree cell 260. In step 515, the RNC 215 sends
an activation timer to the source Node-B 210 to set the time for handover.,

{0058} Still referring to Figure 5, if the source Node-B 210 determines that
there are data packets that were previously NACKed, as many previcusly
NACKed data packets as possible should be retransmitted before the handover
activation timer expires. Otherwise, the system may lose the benefit of
incrementally combining the previous transmission with the retransmission.
Therefore, the source Node-B scheduler 255 takes the handover activation time
into account when it schedules the data packets that have been NACKed. If
there is not enough radio resource for the source Node-B 210 fo schedule
transmission of all the NACKed data packets in time, the source Node-B 210

211-



[0059] Still referring to Figure 5, in order to transmit as many NACKed
data packets as possible before the activation timer expires, the source
Node-B 210 adjusts the priority of transmissions (step 525) and, in step
VEBY0HEEErce node-B 210 adjusts the MCS of the transmiBESRIHE2(9#[36310
530). Higher priority of scheduling is given to the data packets that have
ERER Lo Ipkeydiotiepuisdenarbasutiisient AGH: dobusb @S as
poasitie. used to increase the probability of successful transmissions from

{I&% TRU ié)t%to the source Node-B  210. In step 535, the handover is

co mgglleted b b SrerEeRiratrsier i rapousb preras No(Ked
dafERICROE: tos yndeistabefdhat ibe athathilashuplink H#aN SMISIRINode-B
' - blocks. with previous transmission. failures, the source
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o e ot e e bl WA R o Al ey T
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gge%not receive negative
205. By receiving the scheduling information from the source Node-B 210, the

WTRU 205 knows that the scheduled transmission is for specific data associated
with HARQ process identification sent together with the scheduling information.
[0061] While this invention has been particularly shown and described
with reference to preferred embodiments, it will be undersicod by those skilled in
the art that various changes in forms and details may be made therein without

departing from the scope of the invention as described above.
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acknowledgements from all of the plurality of Node-Bs. 2. The EU WTRU
of claim 1 comprising: means for receiving scheduling information for the
enhanced uplink data transmission; wherein the scheduling information is
received from only one Node-B of the plurality of Node-Bs. 3. The EU
WTRU of claim 2 wherein the only one Node-B is a primary Node-B. 4.

e TRU of claim 1 comprising: means for transmitting scheduling
%ﬁdﬁhﬁg{ in to the plurality of Node-Bs for use by only a single scheduling
Node-B associated with the EU WTRU. 5. A method for use by an N
enhanged UplikdEl e esen S Eaae, L TR somprising
GETRIUNeatipg st a plurality of Node-Bs utilizing soft han over;
transmitngefihancec uplinkoetastivithe pluralityyof NOsk: Bsulilizinth Seft
}h%%@%\’/@ﬁ; and receiving acknowledgements and negative _
Agkneied %g@t%f il EE@%%WF&@.W%%%@ﬁQWW of Node-
acknowyle g@ggq@%‘ ﬁg{ﬁ ; & I rglllj%o{SNod(?th. Efif?'léhe method of
by b CamBREInG: (eseBORhaeIng MRMRRTONIE M ehapced
artintodatizdiensimissionVoe mis e sohgdslingqigigatior is received
from only one Node-B of the plurality of Node-Bs. 7. The method of claim

6 wherein the BalEne NBHkas ¢tedmprihrany iiodesB. 8. The method of
laim 3 AGSTHAHE %Fggrm %f@“nt@tﬁ@@mlglﬁimkl
ﬁ%aqﬁgﬁoﬁ%gw&@ﬁfgg SCSEHIIR g NOTR A AR daciatet fitf ime only

EU WTRU. -13 '
3. The EU WTRU of claim 2 wherein the only one Node-B is a
primary Node-B.

4. The EU WTRU of claim 1 comprising:
means for transmitting scheduling information to the plurality of

Node-Bs for use by only a single scheduling Node-B associated with. the EU
WTRU.

5, A method for use by an enhanced uplink (EU) wireless
transmit/receive unit (WTRU) comprising:

communicating with a plurality of Node-Bs utilizing soft handover;

transmitting enhanced uplink data to the plurality of Node-Bs utilizing
soft handover; and

recetving acknowledgements and negative acknowledgements; wherein
the WTRU does not receive negative acknowledgements from all of the
plurality of Node-Bs.

6. - The method of claim § comprising:

receiving scheduling information for the enhanced uplink data
transmission; wherein the scheduling information is received from only one
Node-B of the plurality of Node-Bs. :

7. The method of claim 6 wherein the only one Node-B is a primary
Node-B.
8. The method of claim 5 comprising: :

transmitting scheduling information to the plurality of Node-Bs for use
by only a single scheduling Node-B associated with the EUJ WTRU,
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