ROBUST RADI O RESOURCE CONTRCL SI GNALI NG FOR HSDPA The
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to radi o resource managenent for a shared downli nk
traffic channel in CDVA systens. Hi gh Speed Downl i nk
Packet Access (HSDPA) is packet data service offered
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Downlink Shared Channel (HS-DSCH). The HS-DSCH is carried over the High Speed
Physical Downlink Shared Channel (HS-PDSCH).

The HS-DSCH is a time multiplexed channel shared by a plurality of mobile stations.
Mobile stations are scheduled to receive data on the HS-PDSCH by a serving base
station. The scheduling interval is referred to as a Transmission Time Interval (TTI).
During a given TTI, one or more mobile stations may be scheduled. The mobile stations
report channel conditions to the base station on an uplink channel called the High Speed
Dedicated Physical Control Channel (HS-PDSCH) to enable the base station to make
scheduling decisions. The base station schedules the mobile station based, at least in
part, on the reported channel conditions. The identity of the mobile stations scheduled
to receive packet data on the HS-DSCH in a given TTl is transmitted on the High Speed

Shared Control Channel (HS-SCCH). The HS-SCCH is also used to send transmission



to receive packet data on the HS-DSCH in a given TTI
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When the current serving base station acknowledges the handover request, the mobile
station switches to the target cell and sends a handover complete message to both the
serving base station and the target base station to complete the handover. The target
base station assumes the role as the serving base station and begins transmitting
packet data to the mobile station. The HS-DSCH according to Release 5 of the WCDMA
standard, always operates in conjunction with an Associated Dedicated Physical
Channel (A-DPCH). The A-DPCH carries Radio Resource Control (RRC) messages
between the mobile station and the base station. Radio resource control is a protocol
that provides control of the mobile station by a radio network controller in a radio access
network. The RRC functions include control of handover control of the mobile station in

connected mode.



Channel (A-DPCH). The A-DPCH carries Radi o Resource
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base station and the mobile station more robust, particularly when in band signaling on
the HS-DSCH is used to carry RRC messages.

SUMMARY
Embodiments of the present invention provide a robust method for sending Radio
Resource Control (RRC) in band over a shared downlink traffic channel to reduce the
likelihood of radio link failure and to reduce the number of calls that are dropped.
Conventionally, RRC messages are unicast from a Radio Network Controller (RNC) to
the mobile station through a current serving base station. The present invention
introduces a bi-cast signaling mode for the RNC so that RRC messages may be bi-cast
by the RNC through the current serving cell and a target cell during a handover. User

data, however, is transmitted only from the serving cell to the mobile station. In one

example embodiment, both the current serving base station and the target base station



Resource Control (RRC) in band over a shared downli nk
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message to the RNC. Upon receipt of the handover complete message from the mobile
station, the RNC reverts back to unicast signaling mode.

On example embodiment of the invention comprises a method for executing a handover
implemented by a radio network controller. The radio network controller triggers a hard
handover of a mobile station from a current serving cell to a target cell responsive to a
signaling message from the mobile station. During the handover, the radio network
controller bi-casts radio resource messages to the mobile station through both the

serving cell and the target cell. User data is transmitted only by the serving cell until the

handover is complete.



nobil e station swtches to the target cell for HSDPA
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BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 illustrates an example mobile communication network.
Fig. 2 illustrates an example mobile station.
Fig. 3 illustrates an example radio access network.
Fig. 4 is a call flow illustrating example signaling between the mobile station and radio
access network during a handover.

DETAILED DESCRIPTION

Figure 1 illustrates an example wireless communication network 10 for providing mobile
communication services to one or more mobile stations 100. The term mobile station as
used herein refers to any portable communication device having the ability to connect

wirelessly to a communication network. The term mobile station includes, without
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Fig. 1 illustrates an exanpl e nobil e comunication
network. Fig. 2 illustrates an exanple nobile station.
Fig. 3 illustrates an exanple radi o access network.
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switched services and a Serving GPRS Support Node (SGSN) 34 for providing packet

switched services. The main function of the RAN 20 is to provide mobile stations 100
with access to the core network 12. The RAN 20 includes one or more radio network
sub-systems (RNSs) 22. An RNS 22 comprises a radio network controller (RNC) 24 and
one or more base stations (BSs) 26, referred to in the WCDMA standards as Node Bs.
This application uses the generic term base station (BS) instead of the WCDMA-specific
term Node B.

The BSs 26 communicate with the mobile stations 100 over the air interface and are
normally associated with a cell. A BS 26 may provide service in more than one cell.

The RNC 24 is the network component that connects the RAN 20 to the core network 30
and controls RAN functions. The RNC 24 manages BSs 26 and radio resources within
its domain and terminates Radio Resource Control (RRC). RRC is a protocol that

provides control over the mobile station by the RNC 24. The RRC functions performed
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circuitswitched services and a Serving GPRS Support
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physical channels: the High Speed Physical Downlink Shared Channel (HS-PDSCH) to
carry user data, and the High Speed Shared Control Channel (HS-SCCH) to carry
downlink signaling for identifying the mobile station being scheduled and for indicating
the transmission parameters needed by the mobile station to decode the HS-PDSCH.
HS-PDPA also adds one uplink channel called the High Speed Dedicated Physical
Control Channel (HS-PDSCH) to carry uplink signaling, such as ACK/NACK
(acknowledgement/ non-acknowledgement) signaling for H-ARQ operation and Channel
Quality Indications (CQI) for scheduling and rate control. HSDPA according to Release
5 of the WCDMA standard always operates in conjunction with a corresponding
Associated Dedicated Physical Channel (A-DPCH). The A-DPCH is used to send power
control commands and may also be used to send RRC signaling to the mobile station

100. Release 6 of the WCDMA standard allows a serving base station to send RRC
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mobile stations 100.

The BS 26 identifies the mobile station(s) 100 being scheduled, the code allocations,
and the transmission format via the HS-SCCH. The HS-SCCH is a fixed rate channel
(60 kbps, spreading factor=128) used to transmit downlink signaling before the start of a
corresponding TTl. The HS-SCCH is divided into two parts. Part 1 carries critical
information needed by the mobile station to begin demodulation of the HS-DSCH. Part 2
carries less critical information, such as a Cyclic Redundancy Check (CRC) and HARQ
process information. The BS 26 transmits the HS-SCCH two timeslots before the start
of the corresponding TTI. Both parts are transmitted with a mobile station specific mask
that identifies the mobile station 100 scheduled in the corresponding TTI.

The HS-DPCCH is an uplink channel that carries signaling associated with HSDPA

operations. The mobile station 100 uses the HS-DPCCH to send a Channel Quality



Transm ssion Tine Interval (TTlI). A TTI is further
divided into 3 tineslots of 0.667 ns each. A TTI is
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stations 100 on the HSDSCH. Scheduling is a function
performed by a scheduler located in the serving BS 26.
The schedul er at the serving BS 26 determ nes which
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The mobile station 100 measures the instantaneous Signal-to-Interference ratio, E./ |, of
the pilot signal received from each cell in its active set and requests service from the cell
providing the strongest signal. As the mobile station 100 moves into a boundary zone
between cells, the signal strength from the serving cell will diminish while the signal
strength from a neighboring cell in its active set will increase. When the signal strength
from the neighboring cell exceeds the signal strength from the current serving cell, the
mobile station 100 sends a handover request to the RNC 24 through the current serving

cell. The handover request identifies a target cell for the handover. The RNC begins a

reconfiguration process to reroute the packet data to the target cell and, in conventional
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One potential problem with in band signaling on the HS-DSCH is packet loss due to
deteriorating signal quality. When the mobile station 100 is operating in a boundary
region between two cells, the signal quality from the current serving BS 26 may fluctuate
significantly. The handover procedure typically takes about 200 - 800 ms to complete
from the time that the mobile station 100 indicates the need for a handover. If conditions
deteriorate after the handover procedure is initiated, the mobile station 100 may not be
able to receive the RRC signaling from the serving BS 26, which will prevent the mobile
station 100 from completing the handover. RRC signaling for executing a handover is
referred to herein as handover signaling. If the mobile station 100 cannot complete the
handover, conditions may deteriorate to the point that the call is dropped.

To avoid a link failure during a handover, the RNC 24 may go into a bi-cast signaling

mode during a handover according to an embodiment of the invention. In the bi-cast
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and, in conventional systens, sends a reconfiguration

message back to the nobile station 100 through the

current serving BS 26. Upon receipt of the
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cashlFmIBoh€ 1o the mobile station 100 from both the current serving BS 26a and
the target BS 26b, there is a greater probability that the mobile station 100 will correctly
receive the reconfiguration message, and hence a lower likelihood of link failure or a
dropped call. There may be times when the RNC 24 decides to switch the packet data
transmission to a BS 26 other than the one the mobile station 100 indicated in its
handover request, i.e., when the RNC 24 moves mobile station 100 to another carrier
frequency or when cell B has high load conditions. In other words, RNC 24 can veto the
mobile station’s selection. In this scenario, RNC 24 still bi-casts the RRC signaling from
both the serving BS 26a and the target BS 26b during handover. Mobile station 100
should also bi-listen the source cell (A) and the target cell (B) in the handover request.

However, if the reconfiguration message indicates a move to yet another (third) cell
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signaling for executing a handover is referred to
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100 cannot conpl ete the handover, conditions may

deteriorate to the point that the call is dropped. To
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Demodulator 122 may, for example, comprise a RAKE receiver or chip equalization
receiver. Decoding circuit 124 performs channel decoding and separates user data from
control signaling. The control signaling is passed to control unit 128, which controls the
overall operation of the mobile station 100. The control unit 128, which may comprise
one or more processors, handles layer 2 and layer 3 signaling and outputs control
signals to control operation of the mobile station 100. The control signals, shown in
dotted lines, control the demodulator 122, decoding circuit 124, encoding circuit 130, and
modulator 132. Measurement circuit (MC) 126 performs measurements on the received
signal and provides its signal quality measurements to the control unit 128. Encoding

circuit 130 performs channel coding of user data and control signaling. Modulator 132
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dropped call. There may be tinmes when the RNC 24

decides to swtch the packet data transm ssion to a BS
wWQ@a0oontri t han the one the nobile station 100 POHERBEDECHS784

in its handover request, i.e., when the RNC 24 noves

nobi |l e station 100 to another carrier frequency or

when cell B has high load conditions. In other words,

s eA3u SR S Bk ASRLL A PHHBe P8 P gl g
ver Rl BSe Rt B B BB R 5,
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ool 287 u R MRt s Yoy o SR Bl d3RoBaE

mic R ERHheer e Ao R arioh B GRAeU B Brrer 120
FioR ey A PP R S S RSt G Bty ARG sy
ook RN LTRSS 580 B9 105 AT 850 Biveer
sentf R el Bse BT R 355 E Bl s ehebed fmara 262 ana
26 AR e Seao 2o b i BicsF SRt ATy RE956 WA ne
molﬁlﬁgs?aﬂ@bﬁﬁ)g%vgri a%”é'i‘.'r mterface ia\r/1 % Aol &rgc%sgci)rrﬁ f?)F gcgnftr% %gtﬂ%)e BS
26a, 26b. Each BS 26a, 26b connects to a radio network controller 24 which includes a
radio resource controller 25. The dotted lines in Figure 3 illustrate radio resource control
signaling between the BSs 26a, 26b and the RNC 24. On the uplink, the mobile station
100 sends radio resource control signaling to the RNC 24 through the serving BS 26a
and the target BS 26b. Radio resource control signaling from the RNC 24 to the mobile
station 100 may be unicast or bi-cast by the RNC 24. In unicast mode, the RNC 24
sends radio resource control signaling through the serving BS 26a to the mobile station
100. In bi-cast mode, the RNC 24 bi-casts the radio resource control signaling through

both the serving and target BSs 26a, 26b. As will be described in greater detail below,

the bi-cast mode may be used when a handover has been triggered to increase the
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station 100 and supplies the denodul ated signals to

the decoding circuit 124. Denodul ator 122 may, for
we@z@mot®71 conpri se a RAKE receiver or chip equedT/ERPI00©065784

recei ver. Decoding circuit 124 perforns channel

decodi ng and separates user data from control

signaling. The control signaling is passed to control
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Fig. 4 is a call flow diagram illustrating an example handover according to the
embodiments. In the example illustrated in Figure 4, the mobile station 100 is involved
in an ongoing high speed packet data session with cell A as the serving cell (SC) (step
a). At this point, the active set (AS) for the mobile station 100 consists of cell A. While
the mobile station 100 is operating on the HS-DSCH, the mobile station 100 monitors the
signal strength from the cells in its active set. Additionally, the mobile station 100
monitors the signal strength from one or more neighboring cells which, in this example,
includes cell B. When the signal strength from cell B reaches a predetermined threshold
(step b), the mobile station 100 sends an event notification (addition of a cell to the AS is

denoted Event 1A in WCDMA), as an RRC message to the radio network controller 24
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according to the enbodi nents. The nobile station 100
is in a boundary regi on between serving and target
whame/ostoat i ons denoted respectively by refer ene@€/EP2006/065784
nuneral s 26a and 26b. Each BS 26a, 26b incl udes
transceiver circuits 27 for communicating with the
nobil e station 100 over an air interface and a contro
8 for.contro
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to the MS. The MS 100 enters bi-listening mode and starts to listen on HS-SCCH from
both cell A and B. (step k). Upon receipt of the reconfiguration message from either cell
A or B, the mobile station 100 ends the bi-listening mode, switches to the downlink traffic
channel in cell B, and sends a reconfiguration complete message to the RNC 24 (step ).
The reconfiguration complete message is transmitted on the uplink dedicated physical
data channel (UL-DPDCH) to the base stations 26a and 26b in cells A and B, and
decoded by the RNC. The packet data session then continues with cell B as the serving
cell (step m).

The present invention may, of course, be carried out in other ways than those

specifically set forth herein without departing from essential characteristics of the
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integrated circuit (ASIC) and programrmabl e | ogic
devi ces such as gate arrays, and/or software or

WO poomzoel runni ng on a conputing devi ce such aBCHEP2006/065784
m croprocessor, mcrocontroller or digital signa
processor (DSP). Further, it will be appreciated that
the el enments and conponents of the BS 26 and RNC 24

R e

anong, several devices. Also, it wll_ be appreciated
and it by ey o7 Bl comme i slmea o ShERRRI &Y rance o
nodes, ,by.be integra inasingle.node. Fig. 4is a
tne giiparen Sy als e fhe doBatd it e handover
according to the enbodi nents. In the exanple
illustrated in Figure 4, the nobile station 100 is
i nvol ved in an ongoi ng hi gh speed packet data session
with cell A as the serving cell (SC) (step a). At this
point, the active set (AS) for the nobile station 100
consists of cell A Wile the nobile station 100 is
operating on the HS-DSCH, the nobile station 100
nonitors the signal strength fromthe cells inits
active set. Additionally, the nobile station 100
nmonitors the signal strength fromone or nore
nei ghboring cells which, in this exanple, includes
cell B. When the signal strength fromcell B reaches a
predeterm ned threshold (step b), the nobile station
100 sends an event notification (addition of a cell to
the AS is denoted Event 1A in WCDMA), as an RRC
nmessage to the radio network controller 24(step c).
The event notification triggers a radio |link addition
procedure at the radio network controller 24, and the
nobil e station 100 Iistens on the HS-SCCH for RRC
nmessages fromthe RNC 24 (step d). RNC 24 sends an
active set addition nessage to the nobile station 100
(step e). RNC 24 al so sends a confirnmati on nessage to
the BS 26 in cell B including necessary information
for the BS 26 in cell B to set up the connection to
the nobile station 100. This information includes the
identity of the M5
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100, the HS-SCCH scranbling codes being used, etc. The
nobil e station 100 adds cell Bto its active set (step
w0 ooaneF9gends an active set addition conpl et e PEFERPE6/065784
to the RNC 24 (step g). The active set addition
message is sent in unicast node through the serving
cell A Wien the signal strength fromcell Bis
greater than the signal géggng}h fromcell A (step h),
t he nDbiIe station 100 se handover request to the
\Nh% | EP change the serving cell (step i). The
%A%BSW%? Fequest (denoted Event 1D in WCDVA) trlggers

di k fi th
o W Pt eSS B e b7 B xbin n i TeSoufi 8y HkEyting a
d | , ,
ha@ﬁ%dwsr s Gl TatcPirgBinS SAL FRATH Y e hred Bunyin rattc
h onf I(_?1u&}at| Qn nessage to the nobile station 100
¢ aprp]er i?é% H CEFSRIand cell B. User data is still
h h h i , |
ve B B o et S8R it a e g o
on HS-S

oo ﬁge[ %ei' rﬁa%oaﬁw. 80,7 storBit Beatah TRrbdaia MRl staton
b S AR W
comi et ¢ ?@éﬁ tgr@e% s fuhERERprpg s T? The
oS BB e TR A i o Y 0h b EAaf O

t he base stations 26a and 26b in cells A and B, and

decoded by the RNC. The packet data session then
continues wth, cell B. t.he .servin step .
2. Tna s EEHES IR SRRy oS St i i me iR Tpies a
han' n ot here %évays than those specifically set forth herein
dryeh 8eUes parting fromessential characteristics of
t hei nvention. The present enbodi ments are to be
consi dered in all respects as illustrative and not
r| ct i

com n_the ne
3. and e nEl ST gaaT et PRl st RN Ea
aranken d%d to be enbrac?d t herei n. CLAI M5
signal strength- measurement report.
4. The signaling method of claim 1 wherein bi-casting radio resource control

messages comprises bi-casting a handover command to said mobile station through

both said current serving cell and said target cell.

5. The signaling method of claim 1 wherein bi-casting radio resource control
messages comprises transmitting said radio resource control messages to said mobile
station in band over said shared downlink traffic channel from both said current serving

cell and said target cell.
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What is clainmed is: 1. A signaling nethod inplenented
by a radio network controller for executing a hard
whamdorert of a nobile station receiving packet PAHER20061065784
a shared downlink traffic channel, said nethod
conprising: initiating a hard handover of said nobile
station fron1a current serving cell to a target cel
e from
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g h t he cur.r erV|n cell during said

D'V'ﬁ'gﬂ éqje AC(?SS’IW?%&\A PRy et hod of claim 1 wherein

sai d signaling nessage conpri ses a handover request.
3. The signaling nethod of claim1l wherein said
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Access, WCDMA, system
8. The radio network controller of claim 7 wherein said signaling message

comprises a handover request from said mobile station.

9. The radio network controller of claim 7 wherein said signaling message

comprises a signal strength measurement report from the mobile station.

10. The radio network controller of claim 7 wherein the radio resource messages bi-
cast to the mobile station through said current serving cell and said target cell include a

handover request.
11. The radio network controller of claim 7 wherein said radio network controller is

operative to bi-cast radio resource control messages to said mobile station in band over

a shared downlink traffic channel from both said current serving cell and said target cell.

18



7. Aradio network controller for a radi o access
network, said radio network controller conprising a
w0 awi7o2392s0ur ce control l er operative to: initiBCEEP2006/065784
hard handover froma current serving cell to a target
cell responsive to a signaling nessage fromsaid
nobi |l e station; bi-cast radi o resource control

h.
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station. 9. The radio network controller of claim?7
wherein said signaling nessage conprises a Si gnal
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15. The signaling method of claim 13 wherein the signaling message sent by said
mobile station to initiate the hard handover comprises a signal strength measurement

report.

16. The signaling method of claim 13 wherein listening on a downlink channel in both
said current serving cell and target cell for a response message comprises listening to a

control channel for both said current serving cell and said target cell.

17. The signaling method of claim 16 further comprising listening to said control

channel for both said current serving cell and said target cell to detect a scheduled

transmission of said response message on a shared downlink traffic channel.
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handover froma current serving cell to a target cell

and |istening on a downlink channel in both said
we@eooreetd’serving cell and said target cell forP@I/EP2006/065784

response nessage to said signaling nessage. 14. The

signaling nethod of claim13 wherein the signaling

nessage sent by said nDbiIe station to trigger t he

handover ndover
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report. 16. The S|gnaling nmet hod of claim 13 wherein
listening on a domnlink channel in both said current
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conprises a H gh Speed Downl i nk Shared Channel,
HS-DSCH, in a Wdeband Code Division Miltiple Access,

21, VR ShE o el e AUE AR Bp TR Lt o
opo network controller upon receipt of said
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messages; and
a control unit to control said transceiver, said transceiver configured to:
send a signaling message to a radio network controller to initiate a hard
handover form a current serving cell to a target cell; and
listen for a response message to said signaling message from said radio
network controller on a downlink channel in both said current

serving cell and said target cell.

22. The mobile station of claim 21 wherein the control unit is configured to send a

handover request to the radio network controller to initiate the hard handover.
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a transceiver to transmt and receive data, including
radi o resource control nessages; and a control unit to
w@oooezdd7sai d transcei ver, said transceiver coPET/BP208€065784

to: send a signaling nessage to a radi o network
controller to initiate a hard handover form a current
serving cell to a target cell; and listen for a

M e N U R G S
sarsE bl 85 357 S8 e TR S8l Bl SE g o e
h Hnit is configured to send a handover request to the
anpAFf o network controller to initiate the hard

handover. 23. The nobile station of claim2 1 wherein
the control unit is configured to send a signal

o0, 34 AR TR Rl 7 BREHa P BRRBISS C5 o tsen on
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for both said current serving cell and said target
"eSROEPP MeSPA%i d response nessage. 25. The nobile station
of claim24 wherein the control unit is configured to

listen on said downlink control channel for both said
current .ser nd . sai.d, tar
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station of claim?25 wherein the control unit sends a
confirmati on nessage to said radio network controller

26. Up%errﬁgbellle%ttatgg of gllaldm b5 WM tHetnotie Etation is configured to receive

the response message over the shared downlink traffic channel.

27. The mobile station of claim 25 wherein the control unit sends a confirmation

message to said radio network controller upon receipt of said response message.

28. A computer readable medium storing code for controlling a mobile station, said
code including:
code for causing the mobile station to send a signaling message to a radio
resource controller to request a hard handover from a current serving cell
to a target cell;
code for causing the mobile station to listen in both said current serving cell and

said target sell for a response to said signaling message.
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28. A conputer readable nmedium storing code for

controlling a nobile station, said code including:
w@oea/0239r1 causi ng the nobile station to send aPCT/EP2006/065784

signaling nessage to a radio resource controller to

request a hard handover froma current serving cell to

a target cell; code for causing the nobile station to
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target cell. 30. The conputer readabl e nedi um of claim
29 wherein the code for causing the nobile station to
en _in both rre cell and.said
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har d ndover of said npbile station froma current
trafféc PF@ cell to a target cell responsive to a

signaling nessage fromsaid nobile station; code for
causing the radio network controller to bi-cast a

1 B T8RS, PR ESR BB oo
controller, said code including:

code for causing the radio network controller to initiate a hard handover of said
mobile station from a current serving cell to a target cell responsive to a
signaling message from said mobile station;

code for causing the radio network controller to bi-cast a radio resource control
messages through both said current serving cell and said target cell
during said handover;

code for causing the radio network controller to uni-cast user data through the

current serving cell during said handover..
32. The computer readable medium of claim 31 wherein the code for causing the

radio network controller to bi-cast radio resource control messages through both said

current serving cell and said target cell during said handover causes the radio network
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during said handover; code for causing the radio
network controller to uni-cast user data through the
w@eoreed7ser ving cell during said handover.. 32CT/EPm06/065784
conmput er readabl e nediumof claim3 1 wherein the code
for causing the radio network controller to bi-cast
radi o resource control nessages through both said
ving cell an
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and the target cell
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