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FIELD OF THE INVENTION

The present invention relates to the use of Code Division
Multiple Access (CDMA) communications techniques in cellular

5 radio telephone communication systems, and more particularly,
to a method using a Direct Sequence-~Code Division Multiple
Access (DS-CDMA) communication technique for aligning
transmissions in macro-diversity down-links from more than
one base station to the same mobile station.

10 P OF ION

CDMA or spread spectrum communications have been in existence
since the days of World War II. Early applications were
predominantly military oriented. However, today there has
bzen an increasing interest in using spread spectrum systems

15 in commercial applications. Some examples include digital
cellular radio, land mobile radio, and indoor and outdoor
personal communication networks, generically referred to as
cellular systems herein.

Curréntly} channel access in cellular systems is achieved

20 using Frequency Division Multiple Access (FDMA) and Time

Division Multiple Access (TDMA) methods. In FDMA, a com-

munication channel is a single radio frequency band into which

a signal's ti'ansniissiqn power is concentrated. Interference

with adjacent channels is limited by the use of band pass

25 filters which only pass sign‘ai energy within the specified

' frequency band. Thus, with each channel being assigned a

= diffe're’r_it_ fr-quency, system capacity is limited by the

available frequencies as well as by limitations imposed by
channel reuse.
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been‘ an i ncreasing -'r--nf:ef-es-’t----i-n-----usiﬂg—spread spectrum systens 15 in

comer ci jcati QRS . q. S X eg include digital cell ' | and
nobi | e rggi%%iﬁd [ ngﬁmsme? i Hesn cegersonal_ comuni cat i onW@é,&
generically referred tFﬂBE” mm I lsysterrs herein. Currently, channel
access in-cellular sys : ed 20 asi ng Frequency Division Miltiple
Access (FDMA) and Tine Division Miultiple Access (TDVA) nethods. In FDVA, a
~com nunication channel is a single radio frequency band into which a :

signal's transm ssion power is concentrated. Interference with adjacent
channel s is |¥mi TOYAh\syskense af champedagerEgistis tef sawiiiple sliot pissa

s ieigggl agg%gé%égw&ﬂct Reainede itthd rEERr PGFer TERS  sithé h reaglenlyNNE!
Each period of time slots is called a frame. A given signal's
energy is confined _-to'-_one of these time slots. Adjacent

5 channel ihterferei;c_e is limited by the use of a time gate or
other synchronization element that only passes signal energy
received at the proper time. Thus, the problem of inter-
ference from different relative signal strength levels is
reduced. With FDMA or TDMA systems or hybrid FDMA/TDMA

10 systems, the goal is to insure that two potentially inter-
fering.-signais do not occupy the same frequency at the same
tine. '

Capacity in a TDMA .éystem is increased by compressing the
transmission sighal into a shorter time slot. As a result '

15 the information must be transmitted at a correspondingly
faster burst rate which increases the amount of occupied
spectrum proportidn_ﬂly.

In present systems , "-'suc_h as GSM (Global System for Mobile

COm'nuni'catién) , time-alignment of mobile stations in an up-

20 1ink is used to ensure that a base station receives the signal

from a mobile station in the assigned TDMA time-slot. An

. overlap into a 'neigfxboring time-slot, caused by different

propagation delajrs for example, would cause interference with
another mobile-to-base station link.

25 1In contrast' to FDMA and TDMA, Code Division Multiple Access

' (CDMA) allows signals to overlap in both time and frequency.
CDMA signals share the same frequency spectrum in present day
systems. 1In the frequency or the time domain, the multiple
access signals appear to be on top of each other.

30 In principle, in a CDMA system the informational data stream
to be transmitted is impressed upon a much higher rate data
stream known as a signature sequence. Typically, the sig-



different fr quency, s"‘(;'/stefh capacity is limted by the avail able

f'requenciygpedpeae! | as by linitations inposed by channel I 4 qySE94/08s82N
TDVA systens, a channel consists of a tinme slot in a periodic train of tine

intérval s over the same frequency. Each period of tinme slots is called a
frame. A given signal's energy is confined3to one of these tine slots.
Adj acent 5 channel interference is limted by the use of a tine gate or
_other synchronization el enent that only passes signal energy

nature sequence data are binary, providing a bit stream. One
way to generate this signature sequence is with a pseudo-noise
(PN) process that appears random, but can be replicated by an
authorized receiver. The informational data stream and the
S h.i.gh bit rate signature sequence stream are combined by
multiplying the two bit streams together, assuming the binary
values of the two bit streams are represented by +1 or -1.
This combination of the higher bit rate signal with the lower
bit rate data stream is called coding or spreading the
10 informational data stream signal. Each informational data
stream or channel is allocated a unique spreading code.

A plurality of coded information signals modulate a radio
frequency carrier, for example by gquadrature phase shift
keying (QPSK), and are jointly received as a composite signal
15 gat a receiver. Each of the coded signals overlaps all of the
other coded -si_.g_nals, as well as noise~-related signals, in both
frequency and time. If the receiver is authorized, then the
composite signal is correlated with one of the unique codes,
and the corres_ponding information signal can be isolated and
20 decoded.

One CDMA technique, called "traditional CDMA with direct
spreading", uses a signature sequence to represent one bit of
information. Receiving the transmitted sequence or its
complement (the transmitted binary sequence values) indicates

25 whether the information bit is a "0" or "1". The signature
sequence usually comprises N bits, and each bit is called a
"chip". The entire N-chip sequenée, or its complement, is
referred to as a transmitted symbol. The receiver correlates
the received signal with the known signature sequence of its

30 own signature sequence generator to produce a normalized value
ranging from ~1 to +1. When a large positive correlation
results, a "O" is detected; when a large negative correlation
results, a "1" is detected.
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recei ved at the prop.e.r'_ﬁ.er'ié._ Thus, the problemof inter- ference from

differen ﬁ‘@h e signal strength levels is reduced. th}&%l DIVA

syst ens ?)vrd Y r% FDIVEhig Sliekt HaOBees Reileess, the goal is to insure a@a‘c}s%/o

potentially inter- feri not occupy the same frequency at the

same time. Capacity in I S i ndreased by conpressing the
shorter

transm ssion signal into a Ime slot. As a result, 15 the
i nformati on nust be transmitted at a correspondingly faster burst rate

whi ch increases the anpunt of occ¢upi ed spectrum proportionally, In_present
systens, suchARethew @P¥hFechai foFaR’BSfil é'egsm%éim%)‘,“th direct

time-al i gnmengpleadiitigreallaiso8ach trathsiitted sequence to represent more
~ than one bit of information. A set of code words, typically
orthogonal code words or bi~orthogonal code words, is used to
5 code a group of information bits into a much longer code
sequence or code symbol. A signature seqnence or scramble
mask is modulo-2 added to the binary code sequence before _
transmission. At the receiver, the known scramble mask is
used to descramble the ':eceived signal, which is then cor-
10 related to all- possible code words. The code word with the
largest correlation_valﬁe indicates which code word was most
likely sent, indicating which information bits were most
likely sent. One _co_nunon orthogonal code is the Walsh-Hadamard
(WH) code. |

15 In both traditional and enhanced CDMA, generically referred
to as Direct Seqnen_ce-COdé Division Multiple Access (DS-
CDMA), the "information bits" referred to above can also be
‘coded bits, where the code used is a block or convolutional
code. One or more information bits can form a data symbol.

20 Also, the signature sequence or scramble mask can be much
longer than a single code sequence, in which case a sub-
sequence of the _si'gnature sequence or scramble mask is added
to the code sequence.

In a conventional cellular communication systems such as AMPS,
25 reliable -handow'ier between base stations is viable if the
carrier frequency is not changed. Handoff procedure for
ha‘nding a call link from one cell to another is initiated when
the cell site receiver handling the call detects that the
received signal strength '_from_ a mobile station falls below a
30 predetermined threshold value. A low signal strength in-
dication iﬁplies ~that the mobile station is near a cell
border. When the signal level falls below a threshold, the
base station 'quefies the -system controller to determine
whether a neighboring base station receives the mobile



20 “tink is used to ensure that -a-base-station receives the si gnal froma

hobi | e t' n the aSSI ned T tinme-slot. An overlap i
nelghboﬁ?ﬁg me- sl ot Th 3rent propagati on delagéﬂﬁg?uQQQlee,
woul d cause |nterferen nobi | e-to-base station link. 25 1In
contrast to FDVA and T |on NIl tiple Access (CDVRA) allows
signals to overlap in both tlne and frequency. CDMVA signals share the same-
frequency spectrumin present day systens. In the frequency or the tine

dormain, the multiple access signals pear to be on top of each other. 30
In principle t¢lﬁahm1§lﬁjemlttﬁeh¢ﬁ€6ﬁﬁﬁgrﬁﬂals@ t feapthe sarrent
transmtted ipgaddnEEsEeshyipon a nuch:-higher rate data stream known as a
si gnature sequence. Typically, the sig-

The system controller in response to the base station inquiry
sends messages _'_t'o the neighboring base stations for the

5 handoff requests. The neighboring base stations employ
scanning receivers which look for the signal of the base
station on a specified channel. Should one of the neighboring
base stations re_po'rt“ an adequate signai level to the system
contrbliej;, then a handoff is attempted.

10 A handoff is initiat_ed_ when an idle channel from the new base
station is selected. A control message is sent to the mobile
station commanding it to switch from the current channel to a
new channel'._ At the same t:_i,me, the system controller switches
the call link from the first base station to the second base

15 station. In some systems_',- such as disclosed in U.S. Patent No.
5,101,501, the call link from the first base station is
maintained for a period after initiating and establishing a
call link to the second base station. This process is called
soft handover t’hrbugh' macro~diversity and reduces the

20 perception of the han_doirer due to loss of data during the
actual handover. - Macroédiversity may be implemented for
reasons other than handovér, e.g., in noisy environments to
assure good signal quality.

In a CDMA system (wérl_ap of time-slots as in TDMA systems is
25 not a problenm since a mobile station transmits continuously,

and thus does not need to synchronize to other mobile sta-

tions. However, when a mobile station is connected to more

than one base station in macro-diversity, there is a need to

synchronize the base stations in the down-link (also know as
30 the forward link).

Macro-diversity in a CDMA system can be achieved with syn- -
chronized base stations.. The base stations can be synchroni-



3 mature sequence dat & are’bi nary,. providing a bit stream One way to.

gener at ewigW4gzebigonat ure sequence is with a pseudo-noise (PN)’CWS‘iﬁflig&&i hat
appears random but can be replicated by an authorized receiver. e

informati onal data streamand the 5 high bit rate signature sequence stream
are conbined by multiplying the two bit st$eans together, assumng the
bi nary values of the two bit streans are represented by +1 or -1. This
conbi nati on of the higher bit rate signal with the lower bit rate data

streamis cal lzgg with le%ass_ s aa%'irc]:% éfgeital transmissions being referen-
ced to a cbmmon CDMA s'ystein—wide time scale that uses the
Global Positioning System (GPS) time scale, which is traceable
to and synchronous with Universal Coordinated Time (UTC). The
5 signals from all the base stations are transmitted at the same
instant.

Figure 1 shows the relation of system time at various points
in the CDMA system. The systenm time at various points in the
transmission and the reception precesses is the absolute time

10 referenced at the base station antenna offset by the one-way
or rdund-'trip delay of the transmission, as appropriate. Time
measurements are referenced to the transmit and receive
antennas of the base station and the radio frequency connector
of the mobile station.

15 1In order to enable macro-diversity, the base stations can be
synchrénized as described above through a common time refe-
rence; GPS. Therefore, the signals transmitted from the base
stations are synchronized in time. However, due to different
propagation delays in the 1links, the signals arrive at

20 different time instants at the mobile station. Normally in
CDMA systems a rake receiver is used to handle time dispersion
and the macro-diversity can be seen as time dispersion from
the receivers point-of-view. The principle of the rake
receiver is to collect the energies from different paths and

25 combine them before a bit-decision is made.

In unregulated environments (where the spectrum use between
operators is not regulated), it is difficult to have the base
stations synch:."onized between different operators. Also, a.
system that relies on a common time-reference in order to

30 function properly will be sensitive to failures of the time
reference system.
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10 “informational data stream si gnal. Each informational data stream or
channel is allocated a unique-spreading code. A plurality of coded

i nformat i i 'S g:aradig frequency carrier, for
quadr at ur‘&aﬁ‘gggﬂshi ][T?ﬂ St lace nd are jointly recei v%%’gm@/&
conposite signal 15 atJ %ﬂl ch of the coded signals overlaps all
of the other coded sig S nois&@-related signals, in both
frequency and time. If the receiver is authorized, then the conposite

signal is correlated with one of the unique codes, and the correspondi ng

i nformati on signal can be isolated and 20 decoded. One CDVA techni que,
cal l ed "tradit ¥BngeldmvwiFk hlargecradideadhey diffarenses dmipreragatitone

to represent oggeilhly's Petween the base stations will become large. This
would in;:rease the complexity of the receiver in a mobile
station, due to the received signal needing to be buffered for
5 at least the time difference between the arrival of the first
path from the base station with the lowest delay, and the last
path from the base station with the longest delay. The span
in which the Signals can arrive and be properly received is
called the rake window. If the signals do not fit into the
10 rake window they will only cause additional interference. The
use of time alignmeht ¢ommands to synchronize TDMA bursts in

GSM is described in GSM 05.10.

SUMMARY OF THE INVENTION

15 The present invention overcomes the above mentioned problems
and achieves synchronization of base stations in the down-
link, on a call by call basis, when a mobile station is linked
to more than one base station. The base stations may or may
not be 5ynchronized_, ,bﬁt the present invention calls for only

20 a specific _con_riectiori_ or communications down-link to be
synchroxiized,' the_ synchronization taking into account the
propagation delays of the communication paths.

In order to syhchronize the signals for a specific connection,
the tiine_ diffe_ré.nce between the connected base station's

25 signal and the macro-diversity candidate base station's
signal is measured by a mobile station. This measurement is
then tran_smifted to the network. The measurements can be used
to achieve sync_hf_c_mization by means of frame staggering.

More speéificallir, the present invention achieves its
30 synchronization between the traffic channels transmitted from
different base stations to a mobile station in the following
manner. ' The mobile station measures the difference in time
delay between reception of a reference channel, e.g., a common



information.  Receivi'ng the transmitted sequence or its conpl ement (the
transmtted binary sequence val ues) indicates 25 whether the information

bit is awdd4zee2d' 1". The signature sequence usually conpri seer/NERi/bEss2 and
each bit is called a "chi p". The entire N—chi p sequence, or its conplenent,
Is referred to as a transmtted synbol. g receiver correlates the
received signal with the known signature s€quence of its 30 own signature
sequence generator to produce a normalized value ranging from-1 to +1.
When a | arge positive correlation results, a "O' is detected; when a | arge

negative CO”E %‘.&.’%’1 ?x%%tei’ (@:1'1':91" nbsfggﬁgcéggggering) from surrounding
base stations and a reference base station. The channels from
different base stations may use the same or different frequen-
cies. "_'rhese values are sent to a network in a measurement

5 report. If macro-diversity is to be utilized, a new base
station will be told of a time offset that should be used for

the newly established call (or traffic channel) connection.
The traffic channel can be arbitrarily offset relative to the
control channel and other traffic channels of the individual

10 base station. When data arrives at the base station, it is
transmitted according to the specified time offset relative

to control channel frames. The new signal path will be
received by the mobile station within a rake window, thereby
avoiding the introduction of unnecessary interference. When

15 the mobile station moves away from the original base station
with which it had a call 1link toward the new base station, the
offset of the traffic channel is updated on a periodic- basis.

Among the advantages of the present invention are that the
base stations can be unsynchronized because no base station

20 synchronization (as opposed to call link synchronization) is
needed for achieving macro-diversity. With time alignment
commands, synchronized reception in the mobile station can be
achieved even for large cells, which is not the case for base
station synchronization. Also, the need for buffering of the

25 signal before macro-diversity combining is greatly reduced,
thereby reducing the complexity of the receiver in the mobile.
stations.

F DESCRIPTION OF TH WINGS

The present .mventmn will now be described ‘with reference to
30 the accompanying drawing figures in which:
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4 Anot her CDMA techni- q;{je”éat I'eéd”""enhanced CDVA with direct spreading"

al | ows each transnmit d %‘é&;ﬁe ade€Pr esent nmore than one bit. of

i nformati on. A set of p| cally orthogonal code words or

bi - or t hog§ Q430024 cod a group of i nf orMEE/SES4/085825
into a nuch | onger cod code Sy A signature sequence or

scranbl e mask i s nodul o-2 added to the binary code sequence before
transm ssion. At the receiver, the known scranble mask is used to

descranbl e t hepi@&févle%nswehe o1 sbi bk éf.hﬁnsfé’éem ¥imed 8Ly £Fib0s ado.tnts
possi bl e code words The code word with the |Targest correlation val ue

i ndi cates whi GH? AP SY SRR ost
Figure 2 illustrates communication paths in a cellular system;

Figure 3 shows variou_s time delays ard offsets. in a cellular
5 system in accordance with the present invention;

Figure 4 is a flowchart in accordance with the present

invention: '

Figure 5 illustrates the 1ogica1 links for maintaining

synchroniz_atz.on the m_obile station MS;

10 Figure § is a block '_d_iagram of the relevant portion of the
mobile station in accordance with the present invention;
Figure 7 is a block diagram of the relevant portion of the
base stati'on in 'accordence with the present invention:;
I-"zgure 8 is a block dlagram of the relevant portion of the

15 radio network controller in accordance with the present

invention; _
Figure 9 is a block diagram of part of a control channel
receiver xncluding a rake receiver and correlators; and
Figures 10A and 10B. illustrate normal and compressed modes of

20 DS-CDMA transmission.

OF FERRED EMBO S

The present invention will now be described with reference to
one possible 'e'm'bo_cliiment. The description should not be
construed as limitive, but merely exemplary.
25 The following definitions for the down-link are used herein.
The "active set"® is the set of base stations transmitting to
a mobile station and an "active set update" ASU is when this
set is modified. A handover from a first base station BS1 to
a second base station BS2 means that before the handover, the
30 active set con_tains only a first base station BS1 and after
the handover only base station BS2 in normal situations.
Macro-diversity is when more than one base station is in the
~ active set. Macro-div_ersity may involve base stations
transmitting on different frequencies or on the same frequen-
35 cy. Soft handover between two base stations means that macro-
diversity between the two base stations is used during the
handover ‘ irreSpective of the combining method used. Hard



likely sent, indicati n'g'"'V\hi"ch"i nformation bits were nost likely sent. One

congon orthogonal cogdg &s.iepdekeheddadamard (WH) code. 15 In both
tradi ti onal and enhan ) ically referred to as Direct
% ‘mﬁ ss (DS, ,CDMA), the "inf oPEREEHMI0EE s

Sequence-W¥8343¢924; si o 3
referred to above can bits, \M(ﬁ)ere t he code used is a block or
convol utional code. One or nore information bits can forma data synbol.

20 Also, the signature sequence or scranble mask can be nuch |longer than

a single code mwenbl e,biﬁwa&}i ggrogﬁ‘tége?hﬂ%ﬁi-oéa%eﬂéaﬂﬁecﬁt fnaer&l-aaate&t&,gcy |

sequence or Scr e sk.is e e code sequencge..ln conventi ona

cel lular co é%‘&??ﬁ%&" ASHFrakl R3S not ubed'during the Bandover.
Seamless handover means that the handover is not perceived by
the user, and co_uld "b_e hard or soft handovers.

S An overview of signal paths in a cellular system is shown in
Figure 2 wherein ‘r,' is the propagation delay from a first base
station BS1 to a mobile station MS and T, is the propagation
delay from a second ba'_sé_ station BS2 to the mobile station Ms.
Al is a traffic channel offset relative to a control channel

10 on the first base station BS1 and A2 is a traffic channel
offset relative to a control channel on the second base
station BS2. The base stations BS1, BS2 and BS3 are connected
by land lines in typical existing systems to a Radio Network
Controller RNC. In an actual system, there would be many base

15 stations and a multiplicity of mobile stations. Furthermore,
the nétwork could be connected to other networks by land
lines. Figure 2 has been simplified to better emphasize the
present invention. '

In the cellular system, a first base station BS1 can establish

20 a communication link with a mobile station MS. The first base
station BS1l, in the active set, can transmit and receive
communications from various mobile stations over a plurality
of communf_i_catibn channels. These channels are defined by the
CDMA method. Among the communication channels is a control

25 channel réceivabl_e by all mobile stations upon which broadcast
overhead messages and the like are transmitted. The cellular
system is designed for transmission both analog information,
e.g., sp_eech in digitized form, and pure digital information.
For purposes of -this_ application, the term communication link

30 is used for any form of communication channel between a mobile
station and a base station in the same system or another
systen. " |

When a call is initiated by a mobile station MS, the mobile
station Ms recei\;es broadcast overhead messages from neigh-
35 boring base stations, determines which base station has the



25 - reliabl e handover ‘between base stations is viable if the carrier
frequency is not changed. Handoff procedure for handing a call link from

one_cel | ‘&@s’%{}% is injtiated when the cell site receiver %’M '
call dete the received signal streqgth froma nobile 3 l1s -
bel ow a 30 predeterm ned threshold value. A |low signal strength in-
dication inplies that the nobile station is near a cell border. \Wen the

signal level falls below a threshold, the base station queries the system
control |l er to gsitengese signdlky anddegermines what shahnebs raace iavesl idbd e

mobi | e from a base station having the strongest signal from the
respective broadcast overhead message. If a communication
channel is available, the mobile station MS initiates a
5 communication link with a first base station BS1. Alter-
natively, a base station can initiate a link with a mobile
station MS by broadcasting the mobile stations MS mobile
jidentification number (MIN). Once the communication link is
established, it may become desirable for the mobile station Ms
10 to be linked to more than one base stations in macro-diver-
s1ty. The first base station BS1 transmits and receives
substantlally the same information to and from the mobile
station MS that a second base station BS2 does. These
transmitted signals are not necessarily identical, due to
15 interference and other factors, but are substantially
- identical.

' Macro-diversity may be used during handoff of a mobile station

MS from one base station to another. This occurs when the

mobile station approaches a border of a cell wherein the

20 communication link between a first base station BS1 and the

mobile station MS becomes tenuous. It therefore becomes

desirable to initiate communications with a second base

station BS2, preferably through Mobile Assisted Handoff

(MAHO) such as disclos_ed in U.S. Patent No. 5,042,082 to

25 Dahlin. However, unlike conventional systems, the present

invention provides seamless, soft handover of a communication

1link with the mobile station MS by establishing a com-

munication with more than one base station, e.g., both the
first and second base stations BS1 and BS2.

30 Once the mobile station has established communications with'
a second base station BS2, the initial communication link with
the first base station BS1 can be dropped.' Macro-diversity
can be used for reasons other than handover, such as in noisy
‘environments. |
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5 tel ephone signal with better signal strength than the current base
station. The systemcontroller in response to the base station inquiry
sends nes t he nei ghboring base stations for the 5 ha Re4eSt s.
The nei ghg‘g?% ase stations enploy scannixm receivers whi ngﬁ( for the
signal of the base station on a specified channel. Should one of the

nei ghboring base stations report an adequate signal |level to the system
controller, then a handoff is attenpted. 10 A handoff is initiated when an
i dl e channel fTbm diEfexenascint hirgnofsthe| secedved raysr Sromedheydase

sent to the noBtheidhd! icdh WWNEELLE01akgbOetibht §R theMvale EHatd¥ns hawel
toa - synchronized to each other. This will imply that the maximum
time span in the rake detection has to be increased not only
5 to handle the time dispersion but also-the delays of the
signals from different base stations which can be larger,
e.g., hundreds of micrc seconds. In order to not employ
macro-diversity when it cannot be utilized in the mobile
station MS, the present invention measures the time difference
10 of the macro-%diversit_y candidate base station's BS2 signal and
the connected base station's BS1 signal. This measure can be
used to achieve synchronization with the means of frame
staggering. '

Because only one signal originates from the mobile station Ms,

15 and two signals originate from the base stations (one fronm the
first base station BS1 and one from the second base station
BS2), synchronization is only in the down-link. Macro-
diversity in the up-1ink is not done in the rake receiver in
the preferred embodiment, because signals from different base

20 stations are combined in a radio network controller RNC.
Thus, the present invention entails synchronizing the base
stations in the down-link, on a call by call basis, when a
mobile station is in macro~diversity. The base stations may
or may not be synchronized, but the present invention relieves

25 the necessity of base station synchronization while accom-
modating for propagation delay.

In order to synchronize the signals of a specific connection,
the time difference between a connected base station's BS1
signal and the macro-diversity candidate base station BS2 is

30 measured by a mobile station MS. This measurement is then
transmitted back to the network. The measurements of the
propagation delay can be used to stagger the frames of data
thereby synchronizing the two base stations involved in the
macro-d;vers:.ty communicat:.ons link.

Sheet Has Been Reilaced
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new’channel . At the same tine, the systemcontroller switches the call Iink
fromthe first base sﬁlgrsh&mgsgegnlp@plm@ond base 15 station. In sone

systems such as di scl atent No. 5,101,501, the call link from
the firstW@3d atlon Hﬂlﬁ for a period after initPET/SHYVHGE2
establ i shing a call nd base station. This process is called

soft handover through nacro diversity and reduces the 20 perception of the
handover due to |loss of data during the actual handover. -Macro-diversity

may be inpl ement edaf,or reas Qs ﬁﬁﬂlﬂﬂetbﬁﬂtbaﬂdﬁéﬁéur@s gtheid'lﬂﬁéﬁ?énce in
envirONTENt s 10 @SS 930 Setibed B FeckbZor i X USTRENE ER2a00a,
transmts continuously, (CCR) from the surrounding base stations and one
reference base station (CDMA frame offset). CCH is
5 a common control channel that is always broadcast
: by a base station.

2. These values are sent to the Radio Network Con-
f:z_"oller' (RNC) in an ordinary measurement report.

3. If the network RNC decides that macro-diversity

10 shquid be utilized, a new base station BS2 will
then be told the time offset that should be used for
this traffic channel connection. The traffic
channel can be arbitrarily offset relative the CCH
ahd oth"er__t'raffic channels of the new base station

15 . BS2.

4. VWhen data arrives from the network RNC, the base
station BS shall transmit it on the next traffic
channel frame. Thus the data is buffered, resul-

. _ t:.ng in a buffering delay.

20 5. The new signal path will be received in the mobile
station MS at about the same time instant as the old
signal.

6. When the mobile station MS moves from the first
base station BS1 towards the new base station BS2,

25 ' the offset of the traffic channels is updated.

This procedur'e'is' illﬁstrated in the flowchart of Figure 4.
In step si, a call link is established between a first base
st_atioh BS1 and a mobile station MS. When in active mode, the
mobile station MS continuously measures the signal strength

30 of neighboring base s_tations BS2, BS3, etc, as shown in step
S2. Alternatively, the neighboring base stations BS2, BS3,
etc., can measure the signal strength of the mobile station
MS, however the mobile assisted handoff (MAHO) is generally
preferred. '1‘_he"se méaéurements are then transmitted through

35 the base stations in the active set, here first base station
BS1, to the radio network controller in step S3.



and® t hus does not need to éynchroni ze to other nobile sta- tions. However,
when a nobile station is connected to nore than one base station in

macr o- di @k 94/Aoeeet here is a need to synchronize the base st gidQéiSaloisst e
down- | i nk (aI so know as 30 the forward lirkd. Macro-diversity in a CDVA

system can be achieved with syn- chronized base stations. The base stations
can be synchroni - zed with all base station digital transm ssions being

referen- ced to a conmon CDVA systemw de tine scale that uses the d obal
Posi ti oni ng SFhexeattes). Pﬁn%h%%llé‘ skRPFA i @ cpddehibnk is initiated with

at least one neighboring base station BS2, preferably the base
station having the strongest signal strength and an available
channel. The call link can be initiated with the second base
5§ station BS2 forming a communication link with the mobile
station MS by broadcasting on the same channel as the call
link with the first base station BS1, for instance. The first
and second base stations BS1 and BS2 can transmit on the same
or different frequencies, whichever is advantageous. As shown
10 in step S5, the mobile station Ms measures the difference in
time delay between the reception of a channel with no frame
staggering (e.g., a common control channel) from surrounding
base stations and a reference base station. These values are
sent to a network in a measurement report. If macro-diversity
15 4is to be utilized, a new base station B2 will transmit data in
a traffic channel with the time offset that should be used for
the newly established traffic channel connection. - When
data arrives at the second base station BS2 from the network
RNC, it is transmitted according to the specified time offset
20 relative to the control channel frames. The new signal path
will be received by the mobile station MS within a rake window
of a rake receiver such as disclosed in U.S. Patent App-
lication Serial No. 07/857,433, filed March 25, 1992,'—and
allowed March 8, 1993. This avoids the introduction of

25 unnecessary interference.

When the mobile station MS moves away from the original base
station BS1 with which it has had a call link and toward the
new base station BS2, the offset of the traffic channel is
- updated on a periodic basis. At step S6, one of the call links
30 (either from the first base station BS1 or the second base
station BS2) can be disconnected, which is typically done in

a call handoff.

To explain the set-up procedure of macro-diversity syn-

. chronization in detail, the following notations are used with

35 reference to Figures 2 and 3: P s e
T, = Duration of one frame, e.g. 10 ms, This Sheet Has Been Replaced

L
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to dnd synchronous with Universal Coordinated Time (UTC). The 5 signals
fromall the base statThRiSRectlif Beindepled t ed at the same instant. Figure 1

shows the relation of s various points in the COMA system The
system t iW@ 9430824r i ous - ﬁmﬁﬂm muﬁ’lt ransni ssion and t he re®EHSESH00582
precesses is the absolu ' feren@é’d at the base station antenna
of fset by the one-way or round-trip delay of the transm ssion, as

appropriate. Tinme nmeasurenents are referenced to the transmt and recei ve

antennas of the basg siat'eea?.gmk@aohaéépa{;rmmlmae&aﬁ ntPS11er

mobil e station. 15 “1n order to enabl e macro-diversit , the base stations
can be synchronized as desEPi B £b55E RagQ &Rt BEn time refe-

T, = Iransmiss'ion delay from radio network controller
" to the second base station BS2, '
5 Y = Maiximun_i' radio network controller-base station
delay difference for two base stations,
Ty = Propé‘g’ation_ délay from the first base station BS1
to the mdbilé station Ms,
T, = Propagat_ion delay from the second base station
10 ' BS2 to the mobile station Ms,
T = Maximum base station-~mobile station delay dif-
ference _fd_r two base stations,
A, = Traffic channel offset relative to a control
channel CCH on the first base station BS1,
15 A, = 'Traffi_c channel offset relative to a cont:-ol
channel CCH on the second base station BS2,
Ty = _B\iffering delay in first base station BS1,
T, = Buffering delay in the second base station BS2,
T =  Measured offset in the mobile MS of the control
20 E channel CCH from the second base station BS2
| relative to the control channel CCH from the
first base station Bsl.

The radio netwdrk cdntrdller RNC is assumed to send a data
frame to both base stations BS1, BS2 at the same time when
25 macro-diversity is eihployed. The radio network controller-
base station deiays T, and T, can be variable from frame to
frame. The difference in delays is further assumed to be less
than T (e g., @ couple of milli~seconds), i.e.,
_ ITy - T] <7
30 Also assumed is that the propagation delay difference is
bounded as -
Jry=-1,] < 1.

It is alsd_ assumed that the mobile station MS listens to the
first base station BS1 on first traffic channel TCHl. The
35 first traffic channel frames starts A, after the first control
channel (CCH1) frames at the first base station BS1. 1, is set



A

rencte; GPS. Therefore, the signals transmtted fromthe base stations are
synchroni zed in.tinme. However, due to different propagation delays in the
l'inks, thgcbiipgss arrive at 20 different time instants at '
station. Normally in CDVA systens a rake raseiver is used to handle tine
di spersion and the macro-diversity can be seen as tinme dispersion fromthe
receivers point-of-view The principle of the rake receiver is to collect
the energies fromdifferent paths and 25 combine them before a

bi t - deci si on i BYreke radiqReEWork: ¢RIl 1enmeEhe refbitlnhEingete hufifiere
bet ween operat ghe fFfafies iR AHSAIEDst Hases statibaubsl tve e tirfdhdidstion

stations synchroni zed be eJ ent_ qper.at or system t hat
relies on a coﬁ'ﬁoﬁhﬂ‘nﬁﬂ @éﬂi&,,}ﬁd’%ﬁ  the bé‘lﬁs:erlng ¢in r'BM will

also be variable.

5 When the second base station BS2 is found to be strong enough
for macro-~diversity, the MS measures the time delay T, of the
first control channel CCH1l from the second bases station BS2
relative to the first control channel CCH1l of the first base
station BS1. T, is reported to the radio network controller

10 RNC.

The radio controller knows A, at the first base station BSl.

The A, to be used as offset for the second traffic channel TCH2

relative to the second control channel CCH2 at the second base

station BS2 has to be determined by the radio network control-
15 ler.

When the second base statidn BS2 uses the i, value, the
.resulting time to buffer the frames from the radio network
- controller is Tp,. '

The radio network controller determine what A, to use as
20 follows. The time from a frame that leaves the radio network
controller until it is beginning to be received at the mobile
station MS must be equal for the two paths:
T+ T+ =T+ Tp+ 71, | (1)

The reported time delay between the control channels CCHl and.
25 CCH2 is:

These two equations yield
A, =4, - T, ' (3)
which determines the offset of the second traffic channel
30 TCH2 frames relative the second control channel CCH2 frames at
the second base station Bs2. e e
This Sheet Has Been RtTIlaced
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30 *function properly will be sensitive to failures of the time reference

system 7 1n cells with large radii, the differences in propagation

del ays between the base stations wl| become | arge. This would increase the
conpl exi tYOM/3P4 recei vér in a nobile station, due to the r ®ETISEIY0ES8Ynal
needing to be buffered for at |east the ti dlfference bet ween the arrival

of the first path fromthe base 5 station with the | owest -del ay, and the
| ast path fromthe base station with the | ongest delay. The span in which

the signals c v, cal t W.

o the orgnal WL ez}eefi%l R thadiSle UnbRhiel Vefrdde o bPbn ' dbova dhdeHn
equation (1), the resulting bufferlng time in the second base
station BS2 is

Toa = Ty = (T = Ty) = (7, ~1y) (4)

5 T, must be positive, since the second base station BS2 cannot
transmit before it has received the frame from the radio
network controller. Therefore, it is necessary that

Ty > T+ 71 (5)

Further, T, must be less than T;, since otherwise the second
10 base sta:ion BS2 would transmit the data at least one frame
too early. Therefore, it is necessary that
Ty < T~ (T + 7). (6)

These conditions (S5) and (6) can only be satisfied if
T+ 1 <T/2. (7)

15 Thus, the first base station BS1 needs to report the first
base station buffering delay T,, to the radio network control-
ler RNC, so that the radio network controller RNC can increase
A, if T, is too low, and decrease i, if T, is too high.
Further, the maximum delay difference T on the radio network

20 controller-base station interface between two base stations
must satisfy equation (7) above.

If T, and T, can be estimated, then timing advance can be used
from the radio network controller RNC to the base stations,
thus minimizing the resulting T.

25 When the mobile station MS is moving, r, and 7, will change
slowly. Based on mobile station MS reports of T,, the radio
network controller can update A, and A, continuously to
maintain the synchronization of the signals at the mobile
station MS. The detector time span and the delay spread of

30 the channel will determine how often it is necessary to update

the traffic channel offset values.
This Sheet Has Been Rer
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they will only cause additional interference. The use of tine ali gnnent
commands to synchroni stsf@knﬁabﬁvEﬁ Iﬂ?ﬁi GSM is described in GSM 05.10. 10

SUMVARY Ol lalirséaly ENTI i nvention overcones the@Elea ness
ment’i oned probl ens and roni zaig on of base stations In tf]
down-link, on a call by ca

asis, when a nobile station is linked to nore
t han one base station. The base stations may or may not be synchroni zed,

but the present invention calls for: onlg a specific connection or
communi cat i ons Ifo@nnewhKthirdd basenhsbatien B, stayhshtsansaitsingakpnthe

i nto account t'iﬁ:xﬁrw%&%tﬁ;% siel,ave pd rié@.‘és%ﬁ%?“ﬂ&&@té ﬁ?@ﬁkﬁ (shnafades) t o
Eynchronl ze theﬁ%'e?egal s for pec!ff C go néact on, frrg ge fference nd
etween the co e £OT pEnifash P @ InkBPo Y HFFEr 2Ny sSSP
candi dat e base baisa sduaticm gsal and Bsmsmﬂahymgrqplﬁc&' At oThushi B, or

5 T, must be monitored. If necessary, i, and 4, has to be
increased/decreased by the same amount. 'When the first base
station BS1 s_topé transmitting, and only the second base
station BS2 remains, there are twc options. Either, T
specifiés the maxi:hum- delay difference between all base

10 stations in the area where the mobile station MS moves. Then,

' it is not necessary that equatlons (5) and (6) are satisfied
for T,, at the second base station BS2. It is enough with one
base station once doing so, which will guarantee that O < T, <
T, for all other base stations. On the other hand, if T only

15 applies to base "stati_o'ns that can be in macro-diversity
together, then i, mﬁst -:'be adjusted so that equations (5) and
(6) are’ satisfied for the second base station BS2 (T,,) when
the first base station BS1 is disconnected.

When the traffic channel offset A is increased, the base

20 station must f_include'-_ ‘a number of dummy chips between two
transmitted symbbls_'. If A is decreased, a number of chips has
to be removed from one | symbol before transmission. Thus,
there is a need for a chip buffer at the transmitter. The
mobile station's correlator will then find the displaced

25 correlation peak, but the probability of symbol error will be
increased for the | symbol of displacement. The change of 1
should not exceed the search window size in the mobile station
corre_l_afor.

Figuré_ 5 summarizes. ilhat measurements and parametefs are
30 communicated in the system to maintain synchronization of the
signals at the mobile station Ms.

Among the base station_s transmitting to the mobile station MS,
one basé station' BS1, BS2 or BS3 is defined as reference base
station to measure :Of_il‘n in the mobile station MS. Together
35 with pi],ot_ strengt_h _mgasurements of transmitting and neigh-



measurenent is then transmtted to the network. The nmeasurements can be
used to achi eve synchrpoiggat aggeemk s of frane staggering. In one aspect
the present invention od of code di,vision multiple access
for “cel | (YQP4B0Auni cagrl aid rrﬁ hod including th ISES4/00582 of :
broadcasting signals o chan establishing a first call
link between a first base statlon and a m)blle station; neasuring the tine
of arrival in said nobile station of at |east one signal 30 of a signal on

a conmuni cat i gy ﬁﬁ?%@ségtﬁilbﬂéﬁa%%lgﬁhghhaﬂ OPfSeS Al "f’ﬁf{)ﬂ%t ween

signal from sal base tion;, initiating a second ca
said at | east HEFRY FRARNAY EGHof the reference base station shall be

reported. This means that it is not enough to correlate with
the pilot codeword.

5 Above, it was assumed.that the radio network controller-base
station delay difference (T, - T,) can be bounded with T.

1f the radio network controller-base station delay difference
cannot be bounded (vhicli may be the case with packet switched
radio network controller-base station interface), there are
10 cases where the ‘two frames that should arrive in the mob.ile
station MS actually arr:.ve with an offset of one frame.

If the delay_,can _be'inoreaSed to the delay of the most delayed
frame, two possible sol'utions'are foreseen:
(1) - The frames on the control channel CCH are numbered
15 and the delay measurement are accompanied with the numbers
(the relative offset ‘may suffice); and
(2) An ixutial synchronization is performed by
sending out a start frame synchronously from the radio network
controller and , at _receptlon in the base stations, the control
20 channels CCHs begin direotly afterwards.

The latter requires ‘that the base station must be re-synchro-
nized whenever a base station is taken into operation, e.g.,
~ a new base station, a repaired base station etc.

It may be desirable to control the signals from the different

25 base stations’ to arrive with a controlled delay at the mobile
stat:.on ns. (This would be the case if the same codewords are
used at both base stations. The delay must be larger than the
delay spread, to allow identification of each base station.)
The same te_ohn_iqu_'e"as described above can be used.

30 If the rake detector oan have a large time span, in the order

of mill:.seconds, it can be argued that synchronization of
signals at the MS is not an important issue. It seems,



8 station and said nobile station; delaying transnission of at |east one of"
comruni cati on si gndhisSheatHas Been®efledsent from said first base station and

a
a comrunhr&? i gnal sent 5 fromsaid at le

nei ghbor| L@gstatimmﬂ:"wtmiﬂ ce wipp said tinme of ar??&a mg‘e'asssﬁred
in said nobile station; transmtting said conmmunication signal that is to
be sent fromsaid first base station and said comuni cation signal that is

to be sent fromsaid at | east one nei ghboring base station over first and
second cal |l |Howeverecasedfi sq,xhqt;im (5) and (§xoeed bg bd satisdfiedbvith

station, saig &%&'ﬂﬁ?ﬂé?“téiﬁﬂ prés #%Ot‘.’fﬁesé‘ififei'éﬁéea@fl gg&ond
call links, respectively, wt pre
signals when arriving at the Ms Thus, equations (7) still

needs to be satisfied.

5 The present invention allows synchronization per mobile
station for soft handover on one radioc fregquency, under
certain circumstances. The radio network controller-base
station delay difference must be bounded to less than half of
the CDMA frame duration (a couple of milliseconds). For each

10 mobile st.atidn a reference base station is identified. The
mobile station MS heeds tb_ measure the control channel offset
of all measured base stations relative the reference base
station. The base stetiens need to report to the radio

' network controller RNC the buffering time before transmission

15 in the base stations. Then, with use of the timing advance
(traffic channel offset‘) method, the rake detector time span
need not be dimensioned for propagation delays. Even if the
rake detector time s;}an can be made large easily, the con-
straint on delay difference on the radio network controller-

20 base station interface still has to be considered.

- Figure 6 illustrates in b]_.eck diagrammatic form the pertinent
parts of the mobile 'station MS. The mobile station MS
includes a receiver 60 connected to a pair of demodulators 61A
and 61B for demodulating the signal received on a first

25 channel CCH 1 and a second channel CCH 2, respectively. The
demodulated signal is then fed to a pair of receivers 62A and
62B for receiving first channel and the second channel
demodulated _signels", respectively. After the pair of re-
ceivers 62A and 62B, the signals are fed to a delay measure-

30 ment unit 63. The delay measurement unit measures the delay
in accordance within equations above to produce a control
channel offset T,. The control channel offset is then fed to
a control chaxinel generator 64 which generates the signal for
transmission oh the control channel. This signal is then fed

35 to a spreader 65 which spreads the signal in accordance with



period. In a further aspect the present invention provides a system capable
of code division mul ThipSleetdtacB&s Réglacedcel | ul ar conmuni cati on systens, said

system . 15 i ncl udi ng: ase stations, at |east one of said basel
st ati ons WQ&g#3ei24g ne g a signal in order to r @CAISE404583e
of fset, by an offset va

_ uerenglvetotra m ssion of a non-tine offset
signal and neans for transmtting said signal delayed by said delay neans
and for transmtting said non-tine 20 offset signal; at |east one nobile

station inclugi §g§- CEd MBhR r ¥ r P r e wo
base statlonsg l?;‘tgdé’élll)%g neas ulré@rr%ntq‘tij% tb‘?ga& asur??é)ceigﬁg Pla?\aéoe%e%‘tilig% of

sai d non-ti neShepdag EP-Q'FF&P-tf Fénfgﬁl'élr%‘ﬁs? o, Ry @f trang rsfiti ons

and nmeans for transmtting said del ay neasurenent;
Figure 7 shows the pertinent part of a base station. The
circuitry includes a. reeeiver 70 connected to a demodulator 71
$ which rece:.ves, e.g., control channel signals from mobile
stations MS. The demodulated signal is then fed to a channel
receiver. 72, the output of wlnch is the control channel offset
'TM from a mobile station MS.

on the transmit side of the base Statien BS, a traffic channel
10 generator 73 receives information and outputs a signal to a
spreader 74. The spreader 74 superimposes a higher rate code
on the information s:.gnal from the traffic channel 73 in
accordance with DS-CDMA technlque. However, the coded signal
~ is delayed by the traffic channel offset 1,, in the spreader
15 74 according to the above equations. The delayed signal is
then sent to a pulse ehaper 75 and transmitted by a transmit-

ter 76 in a conventional fashion.

Figure 8 shows the pertihent parts of a radio network control
RNC. The radio network control receives a measured offset T,

20 from the mobile stetiens_ MS of a second control channel CCH2
from a second base station BS2 relative to a first control
channel CCHl from a first base station BS1l. This measured
offset is input to a frame offset controller 81 which ge-
nerates the traffic channel offsets A, and 1,, which were then

25 conveyed to _t_h_e first base station BS1 and the second base
station BS2, respectively.

Figure 9 shows part of a control channel receiver including a
rake receiver which includes a rake buffer 91. The outputs
from the ra_k_e buffer_91 are given corresponding, different
30 time shifts r_el_ativ_e to the input signal. The outputs are -
connect_e’d'to three correlators 92a, 92b, and 92c. Outputs of
the correl-ate_rs 9_2a,_ 92_15_, and 92c are connected to.a combining
unit 93 for combin'i_._ng :t:h_e output, and the correlated signal is
output for further processing.



25 and at |east one nefwork” controller including means for receiving said
del ay neasurenent's, RRi@Bieef 1k BgRREfALd Ng-sai d of fset value in accordance

with said_del a measur ns- for transnitting said offset val ue
to at | eadYO sai ﬁm;ﬂlmﬂl s. In yet a furt RGT/SENO0$82¢ he
pr esent |nvent|on provi of - code di vision multiple access for

cel lular comuni cation systems wherein signals are transmtted according to

a frame structure including signal frames, said nethod including the steps
of : broadcasti ig GHMEP£ORAL Olreaiturdl, faf B AL 16001 1 0 OFFBRI AN base
station may be transmitted in a compressed mode wherein a
frame of data includes an information part and an idle part.
This allows the mobile stations to measure at least one
5 neighboring base station during an idle time slot in the
compressed mode.

Normally in CDMA systems information is transmitted in a
structure of frames with fixed length, e.g., 5-20 ms. Infor-
mation to be transmitted within a frame is coded and spread
10 together. The maximum allowable spreading ratio is conven-
tionally used resultimj in continuous transmission during the
whole frame, such as shown in Figure 10A. Full frame trans-
mission is denoted the normal mode transmission herein.

For reliable handover evaluation and execution, discontinuous

15 transmission is used with the CDMA method. This is achieved
by using a lower spreading ratio, whereby the spread infor-
mation only fills an information part of a frame in the
compressed modeﬂ,_ l_e_aw_}ing a residual, idle part idle in which
no power is tra_nsmitted,_ as shown in Figure 10B. |

20 In the method, the slotted code division multiple access
communication techhiqne impresses an informational data
stream to be trans:hi_tted upon a higher rate data stream to
produce a signature sei;uence, The signature sequence is

‘ transmitted on a channel according to a frame structure

25 conmprising frames, each frame being of a specific time
duration. In contrast to previous techniques, the signature
sequence is intermittently transmitted in the compressed mode
wherein the frame inc_ludes an information part containing the
signature sequence and an idle part wherein the signature

30 sequence is not transmitted. '

The duty cycle between the information part of the frame and
the frame duration is controlled on a frame by frame basis.
Thus, the compressed mode includes more than one compressed



9 intended for any nobi Te statlo n gommon control channels of a.first

base station and at [Thig8 S0 i ng base station; providing a first
conmuni cg& 40 k bet t base station and a 5 Mstatlon
speci fyi gdgﬂ? #gt ti usedotz0 of fset a tine 8% on
fromsaid first base station to sai d rmblle station of a first signal frane
on said first communication link relative to transmssion tinme of a first
comon control signal frane fromsaid first base station on a common

control channgbde 1frame straesurepoeachlidirferast icorpressd wode Struc- -
{ranem tred ohaze JSrnand 3 F Akt SuRST BRRI8ATS ot “Teast one nei ghbori ng
base station and the reception in said nobile station of one of a first
si gnal frame @0degntibs! the™ansmission quality, the power used on the
information part of the frame is a function of the duty cycle
5 ina preferred einbodiment of the present invention. Increased
| power is needed to maintain transmission quality if the duty
cycle is reduced. During the rest of the frame, i.e., the
idle part, ‘the power is turned off.

If the mobile station MS is in macro-diversity mode, it is
10 necessary that all connected base stations BS1, BS2, BS3, etc.
employ the same trahsmis'sion mode for any given frame. This
synchron:.zatlon can be achieved in any suitable fashion, and
ina preferred embod:.ment is achieved through the network RNC
connecting the base stations BS1 and BS2 as described above.

15 The evaluation of other carrier frequencies for basing
handover'de'c_isi'cnsf is easiiy preformed by using the compressed
mode in the down-link from a base station to a mobile station
on a deterministic basis. The evaluation of the other carrier
frequencies c_:'ani'_be carried out in any suitable fashion, such

20 as disclosed in U_.-'s;--'Pa'tent No. 5,175,867 to Wejke et al.
Either the base station or the mobile station can perform the -
evaluation in the up-iink or the down-link, and in the
preferred embodiment the mobile station MS performs the
evaluation. The mobile station MS performs measurements on

25 other carrier fr_equenc:.es during the idle part of the compres-
sed mode frame since during this time it is not required to
listen to the base station to which it is currently linked.
The measurements are relayed to the network RNC (through the
currently 1linked base station or base stations), providing the

30 means for a mobile assisted handover (MAHO).

The compressed mode is ueed only intermittently at a rate
determined by the network RNC. The network RNC determines the
frequeni:y of use of the compressed mode based on a variety of



signal frame transmtted fromsaid first base station; 15 speci fyi ng

.at _l east one second Thigghe nRpla6H s ed to offset a tine of transm ssion
from sai Qygloshfat onei H ase station of a second f&ﬁgﬂﬁd‘ogﬁne on
a new commruni cation i d at Ix»;ast one nei ghboring base station

and sai.d nobile station relative to transm ssion tinme of a second common
control signal frame on said common control channel of said at |east 20 one
nei ghbori ng base station; initiating said new conmuni cation |ink between
sai d at | east fagtonsi @Feh afgthaselatdveohraadcaat canskitlions asiaffected

del ayi ng trangy gahthed! atdl GtHRGOThtErdE¥ing FdRtUtsSAadhd RN FBREY A | ON
link fromsaid at | eas{ one_neighboring base station so that said 25 second

time offset iSaldtAPREILY deMAFtnETaPEATTLL] SiFhoampl mede; LransHissiemHn
said first cogfueypatabnsituations. |

S The variation in total transmitted power from a base station
can be smoothed by staggering (spreading in time) the deploy-
ment of compressed mode over a number of users in a certain
time span. Since signal strength measurement on another
carrier freciuency is likely to require only a fraction of a

10 frame, the duty cycle _éan be made high, thereby reducing the
variation in the power transmission. |

Execution of a call handover is handled in the compressed mode
in a preferred embodiment of the present invention. After
deciding on handover to a new base station broadcasting on

15 another carrier frequency, the compressed mode is entered.
Communication with the' 0ld base station BS1 is maintained
while establishing a new link during the idle part of the
frame. 'i‘hereby complete. synchronization with the new base
station BS2 is obtained, establishing a new link. The

20 handover is completed bjdropping the o0ld link and returning
to normal mode transmission. By keeping the old link after
the new 1link is 'syhc_l_'_xrbnized, communication to all base
stations simultaneously can be employed (establishing macro-
divers'ity on one or more carrier frequencies). This scheme

25 for séamles_s inter-frequency handover can be used for both up-
and down-links. | | '

The duty cycle can be varied according to the requirements for

obtaining synchronization. However, if simultaneous conm-

munication -(macrqédiversity) is used, ‘a duty cycle of about
30 50% is preferred.

The present invention's use of normal and compressed mode
frames provide_s the ability to exploit the advantages of
slotted transmission/reception in hierarchical cell struc-
tures while using DS-CDMA. It is possible to measure other



-

link fromsaid first base Station so that said first time of fset i's _
retained; transmtting said first signal frame on said first conmunication

link fro irfbo34 ' St base station and said second-signal fr new
COﬁﬂUﬂICg¥f%% 30 link fromsaid at | east @® nelghborlng base §$ﬁ%ﬁﬁ% and
10 receiving said first and second signal franmes in said nobile station. In
yet anot her aspect the present i‘nvention provides a nethod of code division
mul ti pl e access for cellular conmunication systens. wherein signals are 5
transn1ttedeﬂﬁ%ﬁ&ﬁﬁgﬁR?QPGRQ$&Sst¢@@m&N¥|pmﬂwmﬂ1@gsrghaabieamamdqmnﬂ

met hod incl udageishenst €PSFRrther, handover execution between carrier

frequencies can be made seamless by establlshlng a new link

before releasing the old one. This can be done without the

5 need for two receivers. There are other reasons other than

call handover for using macro-diversity, such as maintaining

a high quality communication link with a mobile station when

the mobile station is traveling in an area that has high radio’

interference. This could be, for example, when the first base

10 station BS1 is the base station of a microcell, whereas the

second base station BS2 is a macrocell or an umbrella cell

encompassing the coverage area of the microcell. As the

mobile station MS goes through the microcell, various obstac-

les such as buildings can interfere with the signal origina-

15 ting from the first base station BS1. Therefore, a redundant

signal is transmi*ted from the macrocell BS2 to assure clear

communication quality. However, the primary purpose of macro-
diversity is call handover.

U.S. Patent Application Serial No. filed
20 for Willars et al., herein incorporated by reference,
offers further details on compressed mode DS-CDMA. '

While particular embodiments of the present invention have
been described and illustrated, it should be understood that
the invention is not limited thereto since modifications may
25 be made by persons skilled in the art. The present appli-
cation contemplates =ny and all modifications that fall within
the spirit and scope of the underlying invention disclosed and

claimed herein.
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broadcasting control S|gnal frarres cont a| ning information intended for any

mobil e station on a fiTh and on at |east one second
control chaegion24l0 tl f| rst comuni cation | i pTiSeef0088di | €
station; speC|fy|ngaf et to2®e used to offset a tinme of

transm ssion of first signal frames on said first conmunication |ink
relative to transm ssion of first control signal frames on said first

control channMﬁM| fference in tinme between the reception in
said nobile 1 ; &3nd control signal frame transnitted on said
at | east one second control channel and the reception in said nobile
station of a fjrst gcaqnt S -r ransmited on said firs rol
channel ; specitVi nglg 1{,}8&%,{6% g@@ﬁ#nﬁeigﬁgg? Bcﬁﬁsﬁs%é egﬁ?‘t

tinme of transmmm@ﬂtmmmwlsaﬁdamthod @mmmmmha:atleps bEmk to
sai d establishing a call link between a first base station

5 and a mobile station;
measuring, in a mobile station, the time of arrival of
a communication chann_ei of at least one neighboring base
station and said first base station;
transmitting said measurements to a network control-
10 1ler interconnecting said base stations;
initiating a call link between at least one neigh-
boring base station and said mobile station; and
delaying the commu_nication signals from transmissions
of at least one of said first base station and said at least
15 one neighboring base station such that said mobile station
receives substantially identical information from said first
base station and said at least one neighboring base station
within a predetermined time period.

2. A method according to claim 1 comprising the further step
20 of transmitting said communication signals on communication
channels accord'ing to a frame structure.

3. A method accord:.ng to cla:un 2 compr:.slng the further step
of transmitting said communlcatmn signals from a base station
in a compressed mode _wh_ereln a frame of data includes an

25 information part and an idle part, thereby allowing mobile
stations to measure said at least one neighboring base station
during an idle part of said compressed mode.

4. A method according to claim 1 wherein said measurement

step includes the ste_ps" of measuring, in a mobile station, the

30 difference in time between reception of signals on a non-time

dela-fed channel from said at least one neighboring base

station and from a base station with which said mobile station
1s currently linked w:.th,

dlspatchmg the measured values to a network controller; H



20 ﬁDbl”!'lE‘H!ﬂ“"”MJH“lve to transnission tine of second control signal =~
frages o al A second €ontrol channel; initiating said newrkosnsttHasBdeh Reblaced
link to ml e station; delaying transm ssion of a sec

on said nication link so that saigesecond time offamuﬂ}nﬂauul
25 del aying transm ssion of a first signal frane on sai

comuni cation link so that said first tinme offset is retained; transmtting

said first signal frane on said first conmunication |link and said second
signal franme on said risfcrariny)i £abase |stdtimmdabeati & NPimei dffsest faid

second signal £ . i [ atLen. .3 ._pr ] Voo b .
present i nventﬁﬁéﬁ%ﬁ%ﬁ ggg@@r#cgfgéﬁ %é? ?oﬁé‘g%tt‘\hﬁggﬁnghlgfér arti ci°5ﬂ§'ﬁﬁgl S
transmitted fnbvihali f Aercommunigations oddnko is nthi | ke sestabd ishedheon an
fol |l owi ng rranrysrsig';{ga Epainn)st ati on neasures the difference in time del ay

5 transmitting communications signals from said
neighboring base station with the time offset; and
if the mobile station moves toward the neighboring
base station, updating said time offset.

5. A method according to claim 1, wherein said com-
10 munications signals are transmitted with a time offset
relative to frames of a control channel.

6. A method according to claim ¢ wherein said communica-

tions link is transmitted with an ¢« Jitrary offset, in a down-

link, relative to the said non-delayed channel and other
15 communications channels of neighboring base stations.

7. A method according to claim 4, wherein the predetermined
time period corresponds to a rake window.

8. A method according to claim 1, wherein said at least one
neighboring base station and said first base station transmit
20 on different frequencies.

9. A method according to claim 1, wherein said at least
one neighboring base station and said first base station
transmit on the same frequency.

10. A system capable of code division multiple access for
25 cellular communication systems, said system comprising:
at least two base stations, each base station in-
cluding means for delaying a signal by an offset value and
means for transmitting a signal delayed by said delay means
and for transmitting a non-delayed signal;
30 at least one mobile station including a receiver for
receiving transmissions from said at least two base stations,
a delay measurement unit for measuring delay in reception of



bet.ween reception of & reféerence channel, e.g., a coomon . control channel
(W th no frame staggering) from surrounding base stations and a reference
base st at ivom943#024 channel s from different base stafions nay UPSI/SE94/08383e or
different frequen- cies. These values are28ent- to a network in a
measurenent 5 report. If macro-diversity is to be utilized, a new base
station will be told of a tinme offset that should be used for the newy

bo. arbi trari | yacRPEeie] Eya TETTEL RO SAARCH ARATIEYRIE TR 2 T aTe (e
channel s of thpeansi fofduetansmitting said delay measurement; and

at least one network controller including means for

receiving said delay measurements, means for generating said

5 offéet value in accordance with said delay measurements and

means for transmitting said offset values to said at least two

base stations.

11. A system according to ‘claim 10, wherein at least one of
said at least two base stations includes
10 means for receiving signals including said delay
measurements from said at least one mobile station; and
means for transmitting said delay measurements to said

network controller.

' 12. A system according to claim 10, wherein said generating
15 means of said network co_ntrolier includes means for generating
an arbitrary offset value relative to said non-delayed sigx;nal .
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10. base station. Wién data arrives at the base station, it is transnmtted
according to the specified tinme offset relative.to control .
The new signal path will be.recei ved by the nobile station @
wi ndow, thereBéT/m di ng tMeRLp RAMERAR®Nar y | Nt eY@@rence. Wien
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in a CDVA systemy Figure 2 illustrates communication paths in a cellular
system Figure 3 shows various tine delays and offsets in ﬁcﬁgﬁ“’“"?ﬁ 5
syst em woO a¢3MR24lance with the present invention; Figure 4 i's a flowhart in
accordance with the present invention; ‘Figure 5 illustrates the |ogical

l'i nks for maintaining synchronization the nobile station MsS; 10 Figure-6-is--

a bl ock diagram of the relevant portiog f the nobile stati
with the present invention; Figure 2 /n70 bl ock di agram of ﬂ%éheat TIH"I d
[ i

ti f the b tati i h t
Figure 8 is a block d gg'rgrr% of ¢ ﬁmp lon of the
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15 radi o network controller in accordance with the present invention;
Figure 9y ck diagram of part of a control channel recejiver including
a rake rexﬁageg?bgnd correlators; and Figures 10A and 10B i | | BST/SEI0038% g
and conpressed nodes of 20 DS-CDMVA transm ssion. DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS The present invention will now be described with
reference to one possibl e enbodi nent . /T7e description should not be
construed as limtive, but nerely exénplssy. 25 The follow ng defiihb'oqs-
se

for the down-link are used herein. The 'lacfii ve set]" §s the set of b
stations transmtting to a nobile stgatygn and an "lacfi ve set update] ASU}i s
when this
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set*is nodified. A handover- froma first base station BSl to a second base -
stati on Rpg 9qRees t hat before the handover, the 30 active sgf_contains
only a first base station BSl1-and after the handover only baBeT/SEX/0582 Bs?2
in normal situations. Macro-diversity is when nore than one base station is
in the active set. Macro-di versity may involve base stations transmtting
on different frequencies or on the Samgy f7"equen- 35 cy. Soft handover

bet ween two base stations means that macro- diversity between the two base:
stations is used during the handover, irrespective of the conbining nethod

use.d. Har d jq.4
C smr )
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NEASURE NEIGHBORING )
BASE STATIONS 852, 853, ET¢.

_1

TRANSHIT MEASURENENTS 53
7O NETWORK THROUGH BST1

!

IHITIATE CALL LIRK 70 AT LEAST | _ oy
ONE KEIGHBORING BASE STATION

l

DELAY SIGHALS FRON AT LEAST | ¢
" ONE OF LINKED BASE STATIONS

!

OPTIOMALLY DISCOMEET |
ACALL LIKE

This Sheet Has Been Replaced

——— | ]




This Sheet Has Been Rcﬁced

13 -handover between two ba$ H; uj il lans t hat macro-diversity between

t hes two ' lons is n t he handaver. Seanl e handover
nmeans thg?é??lg%ndover S ﬂl’l E %Ellj by the user, and coﬂf@%’%ﬁzd or
soft handovers. 5 An overview of signal paths in a cellular systemis shown
in Figure 2 wherein [err] is the propagation delay froma first base
station BS1 to a nobile station M5 and,[err] is the propagation delay from
a second base station BS2 to the nobi'le station M5. [err] is a traffic
channel offset relative to a contrﬁmf on the first base station
BS1 and [err] is a traffic channel /off . Ive to a control channel on
the second base station BS2. Tt‘ﬁAbase stations B%?A BS2 and BS3 argg
connect ed : ¢ : : Y ¢
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by dand lines in typical existing systens to a Radio Network Controller
I n system there would be- many base 15 stations and a
nul;|pI|C|?y ohﬁﬁoblle stations. Furthernore, the network coPCE/SE4/00582
connected to other networks by land lines. Figure 2 has bheen sinplified to
better enphasize the present invention. In the cellular system a first
base station BS1 can establish 20 a C(}mn}m ication link w H‘h Sheetiias Been Replaced
1,

station M. The first base station B i‘n the active set,

recei ve comuni cations fromvarious nobile stations over a p

comuni cation channel s. These channels are defined by t

Anong the comruni cation channels is a control 25 channel recelvable by al
nDblle stations upon which broadcast ' '
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' is Sheet Has Been Replaced _
ove.,r head nessages and IE H ransm tted. The cellul ar system IS
des§ gnedWo)ufjonmsm Ss ﬂu nﬂmlwg I nformation, e.g., speech i
digitized form and pu ormation. For purposes &CT($§9§100582
application, the termcomunication link 30 is used for any form of
conmmuni cati on channel ‘between a nobile station and a base station in the
sane system or anot her syst em V\hent?a Is initiated by a nobile station
M5, the nobile station recei ves broa cast over head nmessages from nei gh-
35 boring base stat i'ons, determ nes whi ch base station has the
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14 strongest signal,
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ation to and fromthe nobile
TIME ALIGNMENT OF TRANSMISSION IN A DOWN-LINK OF A CDMA S8YSTEM

IELD OF THE INVENTION

The present invention relates to the use of Code Division
Multiple Access (CDMA) communications f.echniques in cellular
radio telephone communica‘i:ion systems, and more particularly,
to a method using a Direct Sequence~Code Division Multiple

Access (DS-CDMA) communication technique for aligning -

transmissions in macro-diversity down-links from more than
one base station to the same mobile station.

BACKGROUND OF THE INVENTION

CDMA or spread spectrum communications have been in existence

since the days of World War II. Early applications were

predominantly military oriented. However, today there has
bzen an increasing interest in using spread spectrum systems

-in commercial applications. Some examples include digital
cellular radio, land mobile radio, and indoor and ocutdoor”

personal communication networks, generically referred to as
cellular systens herein.

Currently, channel access in cellular 'systenis is achieved
using Frequency Division Multiple Access (FDMA) and Time
Division Multiple Access (TDMA) methods. In FDMA,' a con-
munication channel is a single radio frequency band into which
a signal's transmission power is concentrated. Interference
with adjacent channels is limited by the use of band pass
filters which only pass signal energy within the specifiéd
frequency band. Thus, with each channel being assigned a
different £r:quency,  system capacity. is limited by the

available frequencies as well as by limitations imposed by
channel reuse. :

_fhls {8 the replacement sheet
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stat.ion M5 that a second base station BS2 does. These transmtted signals
are not necessarily identical, due to 15 interference and other factors,
but are substantially identical. Macro-diversity nmay be used during handoff
of 4 nobile station M5 fromone base station to another. This occurs when
the nobile station approaches a border of a cell wherein the 20
comuni-cation link between a first base station BS1 and the nobile statlon
M5 becones tenuous. It therefore beco desirable to initiate
conmuni cations with a second base station BS2, preferably through Mbbi | e
Assi st ed Handoff (MAHO such as disclosed in U S. Patent No. 5,042,082 to
25 Dahlin. However, unlike conventional systens, the present -

In TDMA systemns, a channel consists of a time slot in a

periodic train of time intervals over the same frequency.
Each period- of time slots is called a frame. A given signal's
energy is confined to one of these time slots. Adjacent
S channel interference is limited by the use of a time gate or
other synchronization element that only passes signal energy
received at the proper time. Thus, the problem of inter-
ference from different relative signal strength levels is
reduced. - With FDMA or TDMA systems or hybrid FDMA/TDMA

10 systems, the goal is to insure that two potentially inter-
fgring signals do not occupy the same.frequency at the same
time.

Capacity in a TDMA system is increased by compressing the
transmission signal into a shorter time slot. As a result,

15

the information must be transmitted at a correspondingly
faster burst rate which increases the amount of occupied
spectrum proportionally.

In present systems, such as GSM (Global System for Mobile
Communication), time-alignment of mobile stations in an up- -

20 1link is used to ensure that a base station receives the signal .
from a mobile station in the assigne?i TDMA time-slot. An

. overlap into a neighboring time~slot, caused bir different

propagation delays for example, would cause interference with
another mobile~-to-base station link.

25 In contrast to FDMA and TDMA, Code Division Multiple Access
(CDMA) allows signals to overlap in both time and frequency.
CDMA signals share the same frequency spectrum in present day
systems. In the frequency or the time domain, the multiple
access signals appear to be on top of each other.

30 In principle, in a CDMA system the informational data stream

to be transmitted is impressed upon a much higher rate data
stream known as & signature sequence. Typically, the sig-

This is the replacement shoet
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I nvention provides sean ess, soft handover of a comunication link wth the
"nmobile station M5 by establishing a com nunication with nore than one base
station, e.g., both the first and second base stations BSl1 and BS2. 30
Once the nobile station has established communi cations with a second base
station BS2, the initial comunication.link with the first base station BS1
can be dropped. Macro-diversity can be used for reasons other than
handover, such as in noisy environments. 15

nature sequence data are binary, providing a bit stream. One
way to generate this signéture sequence is with a pseudo-noise
(PN) process that appears random, but can be replicated by an
authorized receiver. The informational data stream and the
5 high bit rate signature sequence stream are combined by
multiplying the two bit streams together, assuming the binary
values of the two bit streams are represented by +1 or -i.
This combination of the higher bit rate signal with the lower
bit rate data stream is called coding or spreading the
10 informational data stream signal. Each informational data
stream or channel is allocated a unique spreading code.

A plurality of coded information signals modulate a radio
frequency carrier, for example by quadrature phase shift
keying (QPSK), and are jointly received as a composite signal -
15 at a receiver. Each of the coded signals overlaps all of the
other coded signals, as well as noise~related signals, in both
frequency and time. If the receiver is authorized, then the
composite signal is correlated with one of the unique codes, .,

and the corresponding information signal can be isolated and
20 decoded. ’

One CDMA technique, called *traditional CDMA with direct
spreading", uses a signature sequence to represent one bit of
information. 'Receiving. the transmitted sequence or its
complemént (the transmitted binary sequence values) indicates

25 whether the information bit is a "0" or "1". The signature
sequence usually comprises N bits, and each bit is called a
nchip". The entire N-chip sequenée, or its complement, is
referred to as a transmitted symbol. The receiver correlates
the received signal with the known signature seguence of its

30 own signature sequence generator to produce a normalized value
ranging from -1 to +1. %When a "large positive correlation
results, a "0" is detected; when a large negative correlation
results, a "1" is detected. '
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The.difference in tinme of the received rays fromthe base stations can be
quite large even if the base stations are synchronized to each other. This
will inply that the maxinmumtinme span in the rake detection has to be
i ncFeased not only 5 to handle the tinme dispersion but also the delays of
the signals fromdifferent base stations which can be |arger, e.g.,
hundreds of micro seconds. |In order to not enploy macro-diversity when it
cannot be utilized in the nobile station, M5, the present invention neasures
the tine difference 10 of the nacro-divérsity candi dat e base station's BS2
signal and the connected base station's BS1 signal. This neasure can be
used to achi eve synchronization with the neans of franme staggering.

Another CDMA technique, called "enhanced CDMA with direct

spreading" allows each transxpitted sequence to represent more
than one bit of information. A set of .code words, typically
orthogonal code words or bi-orthogonal code words, is used to
S code a group of information bits into a much longer code
sequence or code symbol. A signature seq\'zence or scramble
mask is modulo-2 added to the binary code sequence before
transmission. At the receivet, the known scramble mask is
used to descramble the received signal, which is then cor-
10 related to all-possible code words. The code word with the
largest correlation value indicates which code word was most
likely sent, indicating which information bits were most

likely sent. One common orthogdnal code is the Walsh-Hadamard
(WH) code.

15 . In both traditional and enhanced CDMA, generically referred
to as Direct Sequexice-Code Division Multiple Access (DS~
CDMA), the %information bits® réferred to above can also be
‘coded bits, where the code used is a block or convolutional
code. One or more information bits can form a data syﬁ:bol.
Also, the signature sequence or scramble mask can be much
longer than a single code sequence, in which case a sub-

sequence of the signature ‘sequence or scramble mask is added
to the code sequence.

20

In a conventional cellular communicatién systéms such as AMPS,
25 reliable handover between base stations is viable if the
carrier frequency is not changed. Handoff procedure for
handing a call 1ink from one cell to another is initiated when
the cell site receiver handling the call detects that the
received signal strength from a mobile station falls below a
30 predetermined threshold value. A low signal strength in-
dication implies that the mobile station is near a cell
border. When the signal level fallg below a threshold, the
base station queries the system controller to determine
whether a neighboring base station receives the mobile

This is the replacement sheet



Because only one signal originates fromthe nobile station M5, 15 and two
signals originate fromthe base stations (one fromthe first base station
BS1 and one fromthe second base station BS2), synchronization is only in
t he*down- 1 i nk. Macro- diversity in the up-link is not done in the rake
receiver in the preferred enbodi nent, because signals fromdifferent base
20 stations are conbined in a radio network controller RNC. Thus, the
present invention entails synchronizing the base stations in the down-Iink,
on-a call by call basis, when a nobile station is in macro-diversity. The
base stations may or- may not be synchroni zed, but the present invention

relieves 25 the necessity of base station synchronization while accom
nmodat i ng f ortqil’elm‘@g!&tiiin‘ﬂdek&?h better signal strength than the current

base station.

“The system controller in response to the base station inquiry
sends messatjes to the neighboring base stations for the

S handoff requests. The neighboring base stations employ
scanning receivers which look for the signal of the base
station on a specified channel. Should one of the neighboring
base stations report an adequate signal level to the system
controller, then a handoff is attempted.

10 2 handoff is initiated when an idle channel from the new base
station is selected. A control message is sent to the mobile
station commanding it to switch from the current channel to a
new channel. At the same time, the system controller switches
the call link from the first base station to the second base

15 station. In some systems, such as disclosed in U.S. Patent No.
5,101,501, the call link from the first base station is
maintained for a period after initiating and establishing a
call link to the second base station. This process is called
soft handover through macro-diversity and reduces the

20 perception of the handover due to loss of data during the
actual handover. Macro-diversity may be implemented for

reasons other than handover, e.g., in noisy environments to
assure good signal quality.

In a CDMA system overlap of time-slots as in TDMA syétems is
25 not a problem since a mobile station transmits continuously,
and thus does not need to synchronize to other mobile sta-
tions. However, vwhen a mobile station is connected to more
than one base station in macro-diversity, there is a need to

synchronize the base stations in the down-1link (also know as
30 the forward link).

Macro-diversity in a CDMA system can be achieved with syn-
chronized base stations. The base stations can be synchroni-
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In.order to synchronize the signals of a specific connection, the tine

di fference between a connected base station's BS1 signal and the,

macr o- di versity candi date base station BS2 is 30 neasured by a nobile
station M. This neasurenment is then transnmitted back to the network. The

measurenents of the propagation delay can be used to stagger the franmes of
data thereby synchronizing the two base .stations involved in the
macro-di versity comruni cations |ink. 35 The basiq procedure is:. 16

6

.zed with all'base station digital transmissions being referen-
ced to a common CDMA system~wide time scale that uses the
Global Positioning System (GPS) time scale, which is traceable
to and synchronous with Universal Coordinated Time (UTC). The

5 signals from all the base stations are transmitted at the same
instant.

Figure 1 shows the relation of system time at various points
in the CDMA system. The system time at various points in the
transmission and the reception precesses is the absolute time
10 referenced at the base station antenna offset by the one-way
or round-trip delay of the transmission, as a.ppropriate. Time
neasurements are referenced to the transmit and receive :

antennas of the base station and the radio frequency connector
of the mobile station.

15 In order to enable macro-diversity, the base stations can be
synchronized as described above through a common time refe-
rence; GPS. Therefore, the signals transmitted from the base

" stations are synchronized in time. However, due to different
propagation delays in the 1links, the s__ignals arrive at

20 different time instants at the mobile station. Normally in
CDMA systems a rake receiver is used to handle time dispersion
and the macro-diversity can be seen as time dispersion from
the receivers point-of-view. The principle of the rake

receiver is to collect the energies from different paths and
25 combine them before a bit-decision is made.

In unregulated environments (where the spectrum use between
operators is not regulated), it is difficult to have the base
stations synchronized between different operators. Also, a.
system that relies on a common time-reference in order to

30 function properly will be sensitive to failures of the time
reference systen.
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1. -The M5 nobile station neasures the difference in tine between the

reception of a Control Channel (CCH) fromthe surroundi ng base stations and
one reference base station (CDVA frane offset). CCHis 5 a

common control channel that is always broadcast by a base station. 2.
These val ues are sent to the Radio Network Con- troller (RNC) in an

-ordi nary nmeasurenent report. 3. If the network RNC deci des that
macro-di versity 10 shoul d be Utili zed, a new base station BS2
will then be told the tine offset that should be used for this traffic
channel connecti on. The traffic channel can be arbitrarily offset

rel ati ve t he 0CHells with large radii, the differences in propagation
delays between the base stations will become large. This

would increase the complexity of the receiver in a mobile

station, due to the received signal needing to be buffered for

5 at least the time difference between the arrival of the first

path from the base station with the lowest delay, and the last

path from the base station with the longest-délay. The span

in which the signals can arrive and be properly received is

called the rake window. If the signals do not fit into the

10 rake window they will only cause additional Jnterference. The

use of time alignment commands to synchronize TDMA bursts in
GSM is described in GSM 05.10.

SUMMARY OF THE INVENTION

15 The present invention overcomes the above mentioned problens
and achieves synchronization of base stations in the down-
link, on a call by call basis, when a mobile station is linked
to more than one base station. The base stations may or may
not be synchronized, but the present invention calls for only

20 a specific connection or communications down-link to be
synchronized, the synchronization taking into account the
propagation delays of the communication paths.

In order to synchronize the signals for a specific connection,
the time difference between the connected base station's

25 signal and the macro-diversity candidate base station's
signal is measured by a mobile station. This measurement is
then transmitted to the network. The measurements can be used:
to achieve synchronization by means of frame staggering.

More specifically, the 'pfesent invention achieves its
30 synchronization between the traffic channe:l.s transmitted from
different base stations to.a mobile ‘station in the foliowing
manner. The mobile station measutrés the differénce in time '
delay betweex{ reception of a tqfe'rehoe channel, e.qg., -2 common

"
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and -other traffic channels of the new base station 15 BS2. 4.

Wien data arrives fromthe network-RNC, the base station BS shall transmt
it on the next traffic channel frame. Thus the data is buffered, resul-
ting in a buffering delay. 20 5. The new signal path will be
received in the nobile station M5 at about the sane tinme instant as the old
signal . 6. When the nobile station Ms noves fromthe first base station
BS1 towards the new base station BS2, 25 ' the offset of the
traffic channels is updated. This procedure is illustrated in the flowhart
of Figure 4. 8

control channel (with no frame staggering) from surrounding
base stations and a reference base station. The channels frt—m
different base stations may use the same or different frequen-
cies. These values are sent to a network in a measurement
S report. If macro-diversity is to be utilized, a new base '
station will be told of a time offset that should be used for
the néwly established call (or traffic channel) connection.
The traffic channel can be arbitrarily offset relative to the
control channel and other traffic channels of the individual
10 base station. When data arrives at the base station, it is
transmitted according to the speci-fied time offset relative
to control channel frames. The new signal path will be
received by the mobile station within a rake window, thereby
avoiding the introduction of unnecessary interference. When
15 the mobile station moves away from the original base station
with which it had a c&ll link toward the new base station, the
offset of the traffic channel is updated on a periodic basis.

Among the advantages of the present invention are that the
base stations can be unsynchronized because no base station
20 synchronization (as opposed to call link synchronization) is
needed for achieving macro-diversity. With time alignment
commands, synchronized reception in the mobile station can be
achieved even for large ceils, which is not the case for base
station synchronization. Also, the need for buffering of the
25 'signal before macro-divefs_ity combining is greatly reduced,
thereby reducing the complexity of the receiver in the mobile

stations.
RIEF DESCRIPTION OF NGS

The present invention will now be described with reference to
30 the accompanying drawing figures in yhlch:
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In.step S1, a call link is established between a first base station BS1 and
a nobile station M5. Wien in active node, the nobile station M

continuously nmeasures the signal strength 30 of neighboring base stations
BS2; BS3, etc, as shown in step S2. Alternatively, the neighboring base
stations BS2, BS3, etc., can neasure the signal strength of the nobile

" station MS, however the nobile assisted tandoff (MAHO is generally
preferred. These neasurenments are then transmtted through 35 the base
stations in the active set, here first base station BS1, to the radio

net wor k cont r olfigfuren $heps She relation of a system time at various points

in a CDMA system;

Figure 2 illustrates communication paths in a cellular systen;

Figure 3 shows various time delays ard offsets. in a cellular
s system in accordance with the present invention:

Figure 4 is a flowchart in accordance with the present

invention; '

Figure 5 illustrates the logical 1links for maintaining

synchronization the mobile station MS:

10 Figure 6 is a block diagram of the relevant port:.on of the
mobile station in accordance with the present invention:
Figure 7 is a block diagram of the relevant portion of the
base station in accordance with the present invention;
Figure 8 is a block diagram of the relevant portion of the

15 radio network controller in accordance with the present
invention:;

Figure 9 is a block diagram of part of a control channel
_ receiver including a rake receiver and correlators: and

Figures 10A and 10B illustrate normal and compressed modes of
20 DS-CDMA transmission.

LED DESCR ON _OF E _PREFERRED ODIME .
The present invention will now be described with reference to
one possible embodiﬁent. The description should not be
construed as limitive, but merely exemplary.
25 fThe following definitions for the down-link are used herei.n.
The “active set" is the set of base stations transmitting to
"a mobile station and an “active set update® ASU is when this
set is modified. A handover from a first base station BS1 to
a second base station BS2 means that before the handover, the
30 active set contains only a first base. station BS1 and after
the handover only base station BS2 in normal sit;uat:ions. '
Macro~diversity is when more than one base station is in the
agtive set. Macro-diversity may involve base stations
transmitting on different frequencies or on the same frequen-
35 cy. Soft handover between two base stations means that macro-
diversity between the two base stations is used during the
handover, itrespective of the combininq method used. Hard
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17 Thereafter, as shown in step S4, a call link is initiated with at |east
one nei ghboring base station BS2, preferably the base station having the
strongest signal strength and an avail abl e channel. The call Iink can be
initiated with the second base 5 station BS2 form ng a comunication |ink
with the nobile station M5 by broadcasting on the same channel as the call
link with the first base station BS1l, for instance. The first and second
base stations BSl and BS2 can transnmit ¥¥n the sane or different

frequenci es, whichever is advantageous. As shown 10 in step S5, the nobile
station M5 neasures the difference in tinme delay between the reception of a
channel wit h wendavercbetvwregetvnhase sgatienscoemms thanmporoatiarnseidy from
surroundi Ng petween the two base stations is not used during the handover.

Seamless handover means that the handover is not perceived by
the user, and could be hard or soft handovers.

5 An overview of signal paths in a cellular system is shown in
Figure 2 wherein r, is the propagation delay from a first base
station BS1l to a mobile station MS and r, is the propagation

"delay from a second base station BS2 to the mobile station MS.
A1 is a traffic channel offset relative to a control channel
10

on the first base station BS1 and 42 is a traffic channel
offsqt relative to a control channel on the second base
station BS2. The base stations BS1, BS2 and BS3 are connected
by land lines in typical existing systems to a Radio Network
Controller RNC. In an actual system, there would be many base
15 stations and a multiplicity of mobile stations. Furthermore,

the network could be connected to other networks by land

lines. Pigure 2 has been simplified to better emphasize the
present invention. ’

In the cellular system, a first base station BS1 can establish

20 a communication link with a mobile station MS. The first base
station BS1, in the active set, can transmit and receive
communications from various mobile stations over a plurality
of communication channels. These channels are defined by the
CDHMA- method. 2Among the communication channels is a control
channel receivable by all mobile stations upon which broadcast
overhead messages and the like are transmitted. The cellular
system is designed for transmission both analog information,
e.g., speech in d.{gitized form, and pure digital. information.

' For purposes of this application, the term communication link
is used for any form of communication channel between a mobile

station and a base station in the same system or another
. system.

25

30

When a call is initiated by a mobile station MS, the mobile
station MS receives broadcast overhead messages from neigh-

35 boring base stations, determines which base station has the

- This i s
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base stations and a reference base station.

network in a nmeasurenent report. |f macro-diversity 15 is to be utilized,
a new base station B2 will transmt data in a traffic channel with the tine
of fset that should be used for the newy established traffic channel

connecti on. When data arrives at the second base station BS2 fromthe
network RNC, it is transmtted according to the specified time offset 20
relative to the control channel franes. The new signal path will be
received by the nobile station MS withip,a rake wi ndow of a rake receiver

such as disclosed in U S. Patent App- lication Serial No. 07/857,433
(5,237,586), filed March 25, 1992, and allowed March 8, 1993. This avoids
the 25 introduction of unnecessary interference.

strongest SLgnal and determines what channels are available

from a base station having the strongest. signal from the
respective broadcast overhead message. If a communication
channel is available, the mobile station M5 initiates a
5 communication link with a first base station BSl. Alter-
natively, a base station can initiate a link with a mobile
station MS by broadcasting the mobile stations MS mobile
jdentification number (MIN). Once the communication link is
established, it may become desirable for‘the' mobile station MS
30 to be linked td more than one base stations in macro-diver-
sity. The first base station BS1 transmits and receives
substantially the same information to and from the mobile
station MS that a second base station BS2 does. These

These values are sent to a

transmitted signals are not necessarily identical, due to

15 interference and other factors, but are substantially
identical. ‘

Macro-diversity may be used during handoff of a mobile station
MS from one base station to another. This occurs when the
mobile station approaches a border of a cell wherein the -

20 communication link between a first base station BS1l and the
mobile station MS becomes tenuous. It therefore becomes
desirable to initiate communications with a second base
station BS2, preferably through Mobile Assisted Handoff
(MAHO) such as displos_ed in U.S. Patent No. 5,042,082 to

25 Dahlin. However, unlike conventional systems, the present
invention provides seamless, soft handover of a communication
1ink with the mobile station Ms by establishing a com-
munication with more than one base station, e.g., both the
first and second base stations BS1 and BS2.

30 Once the mobile station has established communications with
a second base station BS2, the initial communication link with
the first base station BS1 can be dropped. Macro-diversity

can be used 'to:_:‘ reasons other than handover, such as in noisy
environments. '
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When the nobile station M5 noves away fromthe original

base station BS1
with which it has had a call

link and toward the new base station BS2, the
of fset of the traffic channel is updated on a periodic basis. At step S6,

oneg of the call links 30 (either fromthe first base station BSl or the
second base station BS2) can be disconnected, which is typically done in a
call handoff. To explain the set-up progedure of macro-diversity.syn-
chroni zation in detail, the followi ng notations are used with 35 reference

to Figures 2 and 3: [err]= Duration of one frame, e.g. 10 ns,
The difference in time of the received rays from the base

stations can be quite large even if the base stations are

‘synchronized to each other. This will imply that the maximum

time span in the rake detection has to be increased not only
to handle the time dispersion but also-the delays of the
signals from different base stations which can be larger,

e.g., hundreds of micro seconds. In order to not employ

macro-diversity when it cannot be utilized in the mobile
station MS, the present invention measures the time difference
of the macro~-diversity candidate base station's BS2 signal and
the connected base station's BS1 signal.

10

This measure can be
used to achieve synchronization with the means of frame
staggering. '

Because only one signal originates from the mobile station MS .
and two signals originate' from the base stations (one from the
first base station BS1 and one from the second base station
BS2), synchronization is only in the down-link. Macro-
diversity in the up-link is not done in the rake receiver in
the preferred embodiment, because signails from different base
stations are combined in a radioc network controller RNC.
Thus, the present invention entails synchronizing the base
stations in the down-link, on a call by call basis, when a
mobile station is in macro-diversity. The base stations may
or may not be synchronized, but the present invention relieves

_the necessity of base station s&nchronization vwhile acconm-
modating for propagation delay.

15

20

25

In order to synchronize the signals of a specific connection,
the time difference between a connected base station's BS1
signal and the macro~diversity candidate base station BS2 is
nmeasured by a mobile station MS. This .measuremént is then
transmitted back to the network. The measurements of the
propagation delay can be used to sf:agger the frames of data
thereby synchronizing the two base stations 1nvolved in the.
macro-diversity cammuniqations 1ink.

30

35 -'l'he basic procedure is:
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18 {err] = Transm ssion delay fromradio network controller to the first
base station BS1, [err] = Transni ssion delay fromradi o network
controller to the second base station BS2, 5 Y = Maxi mum r adi o
netViork controll er-base station delay difference for two base stations

[err] = Propagation delay fromthe first base station BS1 to the nobile
station M5, [err] = Propagati on del ayifromthe second base station 10
BS2 to the nobile station M5, r = Maxi mum base station-nobile station
delay dif-
1. The MS mobile station measures the difference in

time between the reception of a Control Channel

(CCH) from the surrounding base stations and one

reference base station (CDMA frame offset). CCH is

. .

a common control channel that is always broadcast
by a base station. '
2. These values are sent to the Radio Network Con-
troller (RNC) in an ordinary measurement report.
3. If the network RNC decides that macro-diversity
10 should be utilized, a new base station 882 will
then be told the time offset that should be used for
this traffic channel connection. The ¢traffic
channel can be arbitrarily offset relative the CCH
and other traffic channels of the new base station
15 BS2.

4. When data arrives from the network RNC, the base
station BS shall transmit it on the next traffic
channel frame. Thus the data is buffered, resul-
ting in a buffering delay.

The new signal path will be received in the mobile

station Ms at about the same time instant as the old
signal.

20 5.

6. When the mobile station MS moves from the first
base station 881_ towards the new base station BS2,

25 the offset of the traffic channels is updated.

This procedure is illustrated in the flowchart of Figure 4.
In step S1, a call link is established between a first base
station BS1 and a mobile station MS. When in active mode, the
~ mobile station MS continuously measures the signal strength
30 of neighboring base stations BS2, BS3, etc, as shown in step
' 82. Alternatively, the neighboring base stations BS2, BS3,
etc., can measure the signal strength of the mobile station
MS, however the mobile assisted handoff (MAHO) is generally
preferred. These measurements are then transmitted through
35 the base stations in the active set, here first base. station
BSl1l, to the _radio, network controéller in step 83.
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ference for two base stations, [err] = Traffic channel offset
a control channel CCH on the first base station BS1, 15
Traffic channel offset relative to a control channel CCH on the second base
station BS2, [err] = Buffering delay in first base station BSl1, [err] =

Buffering delay in the second base statjpn BS2, [err]= Measured offset in
the nobile M5 of the control 20 channel CCH fromthe second

base station BS2 relative to the control channel CCH fromthe first base
station BS1. The radio network controller RNC is assunmed . .to send, a data

frame to bot [TREFERIELE: iAGhEPEEN IPEEEERF4y 1o C8AMe iftknis dfidhiated with

at least one neighboring base station BS2, preferably the base
station having the strongest signal strength and an available
channel. The call link can be initiated with the second base
station BS2 forming a communication link with the mobile
station MS by broadcasting on the ‘same channel as the call
link with the first base station BS1l, for instance.

relative to
[err] =

The first
. and second base stations BS1 and BS2 can transmit on the same

or different frequencies, whichever is advantageous. As shown
in step S5, the mobile station MS measures the difference in
time delay between the reception of a channel with no frame -

staggering (e.g., a common control channel) from surrounding
base stations and a reference base station.

10

These values are
sent to a network in a measurement report. If macro-diversity

is to be utilized, a new base station B2 will transmit data in
a traffic channel with the time offset that should be used for
the newly established traffic channel connection. When
data arrives at the second base station BS2 from the network
RNC, it is transmitted according to the specified time offset
20 relative to the control channel frames. The new signal path
will be received by the mobile station MS within a rake window
of a rake receiver such as disclosed in U.S. Patent App-
lication Serial No. 07/857,433, filed March 25, 1992, and

allowed March 8, 1993. This avoids the introduction of
25 unnecessary interference.

15

When the mobile station MS moves away from the original base
station BS1 with which it has had a call link and toward the
new base station BS2, the offset of the traffic channel is
updated on a periocdic basis. At step 86, one of the call links
(either from the first base station BSl or the second base

station BS2) can be disconnected, which is typically done in
a call handoff. -

30

To explain the .set-up procedure of macro-diversity syn-

chronization in detail, the following notations are used with
35 reference to Figures 2 and 3: "

T, = buration of one frame, e.g. 10 ms,
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25 ‘macro-diversity is enployed. The radio network controller- base station
delays [err] and [err] can be variable fromfrane to frane. The difference
in delays is further assunmed to be less than T (e.g., a couple of
mlli-seconds), i.e., [erf] < T 30 Also assuned is that the propagation
del ay difference is bounded as [err] < ¥2 It is also assuned that the
nobile station MS listens to the first base station BS1 on first traffic
channel TCH1. The 35 first traffic channel frames starts [err] after the

first control -champel (QSHIsdis¥TRR ddlayherdh ratibamtwotrrRtdodtrBBle[err] is -

set to the first base station BS1,
Ty = Transmission delay from radio network controller
to the second base station BS2,
5 T = Maximum radio network controller-base station
delay difference for two base stations,
T, = Propagation delay from the first base station BS1
to the mobile station MS,
T, = Propagation delay from the second base station
10 ~ BS2 to the mobile station Ms,
T = Maximum base station-mobile station delay dif-
ference for two base stations,
Ay = Traffic channel offset relative to a control
channel CCH on the first base station BS1,
15 A, = Traffic channel offset relative to a cont:-ol
channel CCH on the second base station BS2,
Ty = Buffering delay in first base station Bsi,
Ty = Buffering delay in the second base station BS2,
T, = Measured offset in the mobile MS of the control
20

channel CCH from the second base station BS2
relative to the control channel CCH from the
first base station BSl.

The radio network controller RNC is assumed to send a data

frame to both base stations BSl1, BS2 .at the same time when

25 - macro-diversity is employed. The radio network controller-

base station delays T, and T, can be variable from frame to
frame. The difference in delays is further assumed to be less
than T (e.g., a couple of milli~seconds), i.e.,

ITy =Tl <T

30 Also assumed is that the propagation delay difference is
bounded as
fry =1} <1,
It is also assumed thai: the mobile station MS listens to the
first base station BSl on first traffic channel TCH1l. The
as

first traffic channel frames starts A, after the first control
channel (CCH1) frames at the first base station BS1. i is get
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19 by the radio network controller. The resulting time to buffer the franes
in the first base station BSl before transmssion is then [err] and if

[err] is variable, the buffering tine [err] will also be variable. 5 Wen
t hé 'second base station BS2 is found to be strong enough for

macro-di versity, the M5 neasures the tinme delay [err] of the first control
channel CCH1 fromthe second bases statt®n BS2 relative to the first

control channel CCH1L of the first base station BSl. [err] is reported to
the radio network controller 10 RNC

by the radio network controller. The resulting time to buffer

the frames in the first base station BS1 before transmission

is then T,,, and if T, is variable, the buffering time T,, will
also be variable.

S When the second base station BS2 is found to be strong enough
for macro-diversity, the MS measures the time delay T, of the
first control channel CCHI from the second bases station BS2
relative to the first control channel CCH1 of the first base

station BS1l. T, is reported to the radio network controller
10 RNC. '

The radio controller knows A, at the first base station BS1.
The Az to be used as offset for the second traffic channel TCH2
relative to the second control channel CCH2 at the second base

station BS2 has to be determined by the radio network control-
i5 ler. '

When the second base station BS2 uses the 1, value, the

resulting time to buffer the frames from the radio network
controller is T,,.

The radio network controller determine what A, to use as
20 follows. The time from a frame thadt leaves the radio network

controller until it is beginning to be received at the mobile
station MS must be equal for the two paths:

Ty+ Ty 4+ Ty =Ty + Tpp + 7, (1)
The reported time delay between the control channels CCH1 and
25 CCH2 is:

These two equations yield

lz = l1 - dat . (3)
vwhich determines the offset of the second traffic channel
30 TCH2 frames relative the second control channel CCH2 frames at
‘ the second base station ssz.
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The radio controller knows [err] at the first base station BS1. The [err]"
to be used as offset for the second traffic channel TCH2 relative to the
second control channel CCH2 at the second base station BS2 has to be
deteérmned by the radio network control- 15 Iler. Wen the second base
station BS2 uses the [err] value, the resulting time to buffer the franes
fromthe radio network controller is [ ]. The radio network controller
determ ne what [err] to use as 20 follows. The tine froma frane that
| eaves the radio network controller until it is beginning to be received at
the nobile station M5 nust be equal for the two paths: [err] (1)
With the second traffic channel offset 1, from above and from

equation (1), the resulting buffering time in the second base
station BS2 is

Tee = Ty = (T = Ty) = (1, - 1y) ) (4)

5 T, must be positive, since the second base station BS2 cannot
transmit before it has received the frame from the radio
network controller. Therefofe, it is necessary that

Ty > T+ 7 (5)

Further, T,, must be less than T,, since otherwise the second
10 base sta-ion BS2 would transmit the data at least one frame
too early. Therefore, it is necessary that
Ty < Tp ~ (T + 7). (6)

These conditions (5) and (6) can only be satisfied if
T+ 1 <Ty/2. (7)

15 Thus, the first base station BS1 needs to report the first
base station bufferini; deléy T,y to the radio network control-
ler RNC, so that the radio network controller RNC can increase
A, if T, is too low, and decrease i, if Tm is too high.
Further, the maximum delay difference T on the radio network

20 controller-base station interface between two base stations
must satisfy equation (7) above.

If T, and T, can be estimated, then timing advance can be used
from the radio network controller RNC to the base stations,
thus minimizing the resulting T.

25 When the mobile station M5 is moving, r, and r, will change
slowly. Based on mobile station MS reports of T,, the radio
network controller can update 1, and 1, continuously to
maintain the synchronization of the signals at the mobile
‘station MS. The detector time span and the delay spread of

30 the channel will determine how often it is necessary to.update
the traffic channel offset values. '
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Fhe {eported time del ay between the control channels CCHL and 25 CCH2 i s:
err

2) These two e ti
yield [err] (2) qua’tons

| _ _ (3) which deternines the offset of the
second traffic channel 30 TCH2. franes relative the second control channel
CCH2 franes at the second base station BS2. 20 Wth the second traffic

channel offset [err] from above and fram

If a new (third) base station BS3 starts transmitting to the
mobile station MS, it is necessary that equations (5) and (6)
above are satisfied for at least one of the first and second
base station BS1 and BS2 (exchanging T,, for T,,). Thus, T or
$ T, must be monitored. If necessary, i, and 1, has to be
increased/decreased by the same amount. When the first base
station BS1 stops transmitting, and only the second base
station BS2 remains, there are two options. Either, T
'specifies the maximum' delay difference between all base
10. stations in the area where the mobile station MS moves. Then,
it is not necessary that equétions (5) and (6) are satisfied
for T,, at the second base station BS2. It is enough with one
base station once doing so, which will guarantee that O < T, <
T, for all other base stations. ©On the other hand, if T only
15 applies to base stations that can be in macro-diversity
together, then 1, must be adjusted so that equations (5) and
(6) are satisfied for the second base station BS2 (T,) when

the first base station BSl is disconnected.

When the traffic channel offset A is increased, the base
20. station must include a number of dummy chips between two
transmitted symbols. If A is decreased, a nuﬁber of chips has
to be removed from one symbol before transmission. Thus,
there is a need for a chip buffer at the transmitter. The
mobile station's correlator will then find the displaced
25 correlation peak, but the probability of symbol error will be
increased for the symbol of displacement. The change of A

should not exceed the search window size in the mobile station
correlator.

Figure 5 summarizes what measurements and parameters are

communicated in the system to maintain synchronization of the
signals at the mobile station MS.

30

Among the base stntioné transmitting to the mobile station M5,
one basge station BS1, BS2 or BS3 is defined as reference base
station to measure of T, in the mobile station MS. Together

- 35 with pilot strenqth measurements of transmitting and neigh-
— o © - This is the replac
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géqu?tio]n (1), the resultlng buffering tinme in the second base station BS2
is [err

(4) 5 [err] nust be p05|t|ve
since the second base station BS2 cannot transmt before it has received

the-frame fromthe radio network controller. Therefore, it is necessary

that [err] > T +r (5) Furtiver, [err] nust be less than [err]
since otherwi se the second 10 base station BSZ would transmt the data at
| east one frane too early. Therefore, it is necessary that [err]

E% These copditions (S0 aGhe2BL Yerlifint ¥ df¥detth, felative thd €7 ']

control channel CCH of the reference base station shall be

reported. This means that it is not enough to correlate with

the pilot codeword.

Above, it was assumed that the radio network controller-base
station delay difference (T, - T,) can be bounded with T.

If the radio network controller-base station delay difference
cannot be bounded (whicti may be the case with packet switched
radio network controller-base station interface), there are
cases where the two frames ‘that should arrive in the mobile
station MS actually arrive with an offset of one frame.

" 10

If the delay can be increased to the delay of the most delayed
frame, two possible solutions are foreseen:

(1) The frames on the control channel CCH are numbered

and the delay measurement are accompanied with the numbers
(the relative offset may suffice); and

15

(2) an initial synchronization is performed by
sending out a start frame synchronously from the radio network

controller and, at reception in the base stations, the control
20 channels CCHs begin directiy afterwards. '

The latter requires that the base station must be re-synchro-
nized wvhenever a base station is taken into operation, e.g.,
a new base station, a repaired base station etc.

It may be desirable to control the signals from the different
base stations to arrive with a controlled delay at the mqbile-
station MS. (This would be the case if the same codevords are
used at both base stations. The delay must be larger than the
delay spread, to allow identification of each base station )
The same technique as described above can be used.

25

30 If the rake detector can have 2 large time span, in the order |
of milliseconds, it can be argued that synchironization of
signals at the M8 i not an important issue. It gseens,

— e — —— e ——— - €
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15..Thus, the first base station BSl needs to report the first base station
buffering delay [err] to the radio network control- ler RNC, so that the
radio network controller RNC can increase [err] if [err] is too |ow, and
decrease [err] if [err] is too high. Further, the maxi num delay difference
T on the radio network 20 controller-base station interface between two
base stations nust satisfy equation (73°above. If Tl-and T2 can be
estimated, then timing advance can be used fromthe radi o network
controller RNC to the base stations, thus mnimzing the resulting T. 25
Wien t he nollidwewigt aorni tMequat iamsi (), apar (g) acaed kervd satlsf dwmagens! ow y.
Based on mobj| Rl all\@e{-.ep%és%tﬁ 5r&ne i’ 89F Fe XiGIcWOLE ERAt Ol er
can update [err

errl conti nuous
signals when arriving at the s. 'rhus, equations (7) still

needs to be satisfied.

5 The present invention allows synchronization per mobile
station for soft handover on one radio frequency, under
certain circumstances. The radio network controller-base
station delay difference must be bounded to less than half of
the CDMA frame duration (a couple of milliseconds). For each

10

mobile station a reference base station is identified. The
mobile station MS needs to measure the control channel offset
of all measured base stations relative the reference base
station. The base stations need to report to the radio

network controller RNC the buffering time before transmission

15 in the base stations. Then, with use of the timing advance

"{(traffic channel offset) method, the rake detector time span

need not be dimensioned for propagation delays. Even if the

rake detector time span can be made large easily, the con-~-

straint on delay difference on the radio network controller-
20 Dbase station interface still has to be considered.

Figure 6 illustrates in block diagrammatic form the pertinent
parts of the mobile station MS. The mobile station Ms
includes a receiver 60 connected to a pair of demodulators 61A
and 61B for demodulating the signal received on a first
channel CCH 1 and a second channel CCH 2, respectively. The
demodulated signal is then fed to a pair of receivers 62A and
62B for receiving first channel and the second channel
demodulated signals, respectively. After the pair of re-
ceivers 62a and 62B, the signals are fed to a delay measure-
30 ment unit 63. The delay measurement unit measures the delay

in accordance within equatidns above to produce a control

channel offset T,. The control channel offset is then fed to

a control channel generator 64 which generates the signal for
_ tra.nsmis_si.on on the control chahnél. This signal is then fed

to a spi:'eade: 65 wh-ich'épreads the signal in accordance with

25

35
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mai ntai n-the synchroni zation of the signals at the nobile station MS. The
‘detector tinme span .and the delay spread of 30 the channel wll determ ne
how often it is necessary to update the traffic channel offset val ues.
21°1f a new (third) base station BS3 starts transmtting to the nobile
station M5, it is necessary that equations (5) and (6) above are satisfied
for at | east one of the first and secon@lbase station BS1 and BS2

(exchanging [err] for [err]). Thus, [err] or 5 [err] nust be nonitored.
I f necessary, [err] and [err] has to be

a DS-CDMA technique. The spread signal is then fed to a pulse

shaping circuit 66 for transmission by a transmitter 67

Figure 7 shéws the pertinent part of a base station. The

circuitry includes a receiver 70 connected to a demodulator 71
5 which receives, e.qg.,

control channel signals from mobile
stations MS.

The demodulated signal is then fed to a channel

receiver 72, the output of which is the control channel offset
T from a mobile station MS.

On the transmit side of the base station BS, a traffic channel

generator 73 receives information and outputs a signal to a
spreader 74.

© 10

The spreader 74 superimposes a higher rate code
on the information signal from the traffic channel 73 in

accordance with DS-CDMA technique. However, the coded signal

is delayed by the traffic channel offset 1, in the spreader

15 74 according to the above equations. The delayed signal is

then sent to a pulse shaper 75 and transmitted by a transmit-~
ter 76 in a conventional fashion.

Figure 8 shows the pertinent parts of a radio network control
RNC. The radio network control receives a measured offset T -

20 from the mobile stations MS of a second control channel CCH2
from a second base station BS2 relative to a first control
channel CCHl from a first base station BS1l. This measured

. offset is input to a frame offset controller 81 which ge-

' nerates the traffic channel offsets A, and 1,, which were then

25

conveyed to the first base station BS1 and the second base
station BS2, respectively.

Figure 9 shows part of a control channel receiver including a
rake receiver which includes a rake buffer 91. The outputs
from the rake buffer 91 are given corresponding, different
30 time shifts relative to the input sligna]_.. The outputs are
connected to three correlators 92a, 92b, and 92c. Outputs of
the correlatots- 92a, 92b, and 92c are connected to.a combining

unit 93 for combining the output, and the correlated signal is
output for further processing. '
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I'ncreased/ decreased by the sane anount. \Wen the first base station BSl
stops transmtting, and.only the second base station BS2 remains, there are
two options. Either, T specifies the maxi num delay difference between
all'"base 10 stations in the area where the nobile station MS noves. Then,
It Is not necessary thdt equations (5) and (6) are satisfied for [err] at
the second base station BS2. It is enough with one base station once doing
so, which will guarantee that O< [err] < Tf for all other base stations.

On the other hand, if T onIy 15 applies to base stations that can be in
macr o- di ver si t oget her, % &err] must be, a o._.t hat egL uations (5)
and (6) are s’a'%lli:‘h%%“r oAl FE2E8ESH 32 HFIR I gé Feff?'“v%e‘?l $%e first
base station B3tion ghaycbenscapsmitted in a compressed mode wherein a
: frame of data includes an information part and an idle part.
This allows the mobile stations to measure at least one

S neighboring base station during an idle time slot in the
compressed mode.

Normally in CDMA systems information is transmitted in a
structuie of frames with fixed length, e.qg., 5~20 ms. Infor-
mation to be transmitted within a frame is coded and spread
10 together. The maximum allowable spreading ratio is conven-
tionally used resulting in continuous transmission during the
whole frame, such as shown in Figure 10A. Full frame trans-
mission is denoted the normal mode transmission herein.

For reliable handover evaluation and execution, discontinuous

.15 transmission is used with the CDMA method. This is achieved
by using a lower spreading ratio, whereby the spread infor-
mation only f£fills an information part of a frame in the
conmpressed mode, leaving a residual, idle part idle in which
no power is transmitted, as shown in Figure 10EB.

20 In the method, the slotted code division multiple access .
communication technique impresses an informational data
stream to be transmitted upon a higher rate data stream to
produce a signature sequence, The signature sequence is
transmitted on a channel according ‘to a frame structure

25 comprising frames, each frame being of a specific time
duration. In contrast to previous techniques, the signature
sequence is intermittently transmitted in the compressed mode
wherein the frame includes an information part containing the

signature sequence and an idle part wherein the signature
30 sequence is not transmitted.

‘The duty cycle between the information part of the frame and
the frame duration is controlled on a frame by frame basis.
Thus, the compressed mogle includes more than one compressed
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When the traffic channel offset [err] is increased, the base 20 station
must i nclude a nunber of dunmy chips between two transmtted synbols. |f
[err] is decreased, a nunber of chips has to be renoved from one synbol
before transm ssion. Thus, there is a need for a chip buffer at the

transmtter. The nobile station's correlator will then find the displaced
25 correlation peak, but the probabilR8y of symbol error will be increased
for the synmbol of displacement. The change of [err] should not exceed the
search window size in the nobile station correlator. Figure 5 sumari zes
what neasur eﬂﬁ&‘é Se e E%EQEE\EF& S eRbfR BUr CATNNEGRIRE skl hdife SXShem O
mai nt ai n syn roni zation &) fthe SI&SJ S the nobile station M.

ture having a ifferent duty cycle.

To control the transmission quality, the power used on the
information part of the frame is a function of the duty cycle
§ in a preferred embodiment of the present invention. Increased:
povwer is needed to maintain transmission qguality if the duty
cycle is reduced. During the rest of the frame,

idle part, the power is turned off.

i.e., the

If the mobile station MS is in macro-diversity mode, it is
10 neceséary that all connected base stations BS1, BS2, BS3, etc.
employ the same transmission mode for any given frame. This
synchronization can be achieved in any suitable fashion, and
in a preferred embodiment is achieved through the network RNC

connecting the base stations BS1 and BS2 as described above.

15 The evaluation of other carrier frequencies for basing
handover decisions is easily pref_ornied by using the cempressed
mode in the down-link from a base station to a mobile station
on a deterministic basis. The evaluation of the other carrier
frequencies can be carried out in any suitable fashion, such

20 as disclosed in U.S. Patent No. 5,175,867 to Wejke et al.

Either the base station or the mobile station can perform the

evaluation in the up-link or the down-link, and in the

preferred embodiment the mobile station MS performs the
evaluation. The mobile station MS performs measurements on
other carrier frequencies during the idle part of the compres-
sed mode frame since during this time it is not required to
listen to the base station to which it is currently linked.

The measurements are relayed to the network RNC (through the

currently linked base station or base stations), providing the

30 means for a mobile assisted handover (MAHO).

25

The coumpressed mode is used only intermittently at a rate

determined by the network RNC. The 'netwqu RNC determines the
-frequency- Of use .of the compressed mode based on a v_ar_iéty of
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Anpng the base stations transnitting to the nobile station MS, one base

station BSl1l, BS2 or

[err] in the nobile station M5. Together 35 wth pilot strength

measurenents of transmtting and nei gh-
control channel offset [err] relative the contro
ref erence base station shall be reported?®

to correlate with the pilot codeword. 5 Above,
radio network controll er-base

10

15

20

25

30

22 boring base stations,
channel CCH of the

factors, such as the relative broadcast conditions as affected
by weather and other interfering factors, and the relative

call density. Most frameé still use normal mode transmission .

in typical situations.

The variation in total transmitted power from a base station
can be smoothed by staggering (spreading in time) the deploy-

ment of compressed mode over a number of users in a certain

time span. Since signal strength measurement on another

carrier frequency is likely to require only a fraction of a
frame, the duty cycle can be made high, thereby reducing the
variation in the power transmission.

Execution of a call handover is handled in the compressed mode
in a preferred embodiment of the present invention. After
deciding on handover to a new base station broadcasting on
another carrier frequency, the compressed mode is entered.
Communication with the old base station BS1 is maintained
vwhile establishing a new link during the idle part of the
frame. Thereby complete synchronization with the new base
station BS2 4is obtained, establishing a new link. The
handover is completed by dropping the old link and retui:ning
to normal mode transmission. By keeping the old link after
the new link is synchronized, communication to all base
stations simultaneously can be employed (establishing macro-
diversity on one or more carrier frequencies). This scheme
for seanless inter-frequency handover can be used for both up-

-and down-links.

The duty cycle can be varied according to the reqpirements for
obtaining synchronization. However, if simultaneous com-

munication (macro-diversity) is used, a duty cycle of about
50% is preferred.

The present invention's use of normal and compressed mode
frames provides the ability to exploit the advantages of

slotted transmission/reception in hierarchical cell struc-

tuzfes while using DS-CDMA. It is possiblé to measure other

£

BS3 is defined as reference base station to neasure 'of

a

This neans that it is not enough
it was assuned that the
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station delay difference [err] can be bounded with T. If the radio
network control |l er-base station delay difference cannot be bounded (which
may be the case with packet swi tched radio network controller-base station
inferface), there are 10 cases where the two franmes that should arrive in
the nobile station M5 actually arrive with an offset of one frane. If the
del ay can be increased to the del ay of 2she nost del ayed frane, two possible
solutions are foreseen: (1) The frames on the control channel CCH are
nunbered 15 and the del ay neasurenent are acconpanied with the nunbers (the

relative of feel, {ly $PEGL&GRIie AN Deby rovAHJ.qu F’Ef‘#at?lyéq Qt ion is
per f or med by sendjn out a start frame synchrono romthe ra 0 network
decisio Further, handover execution between carrier

frequencxes can be made seamless by establishing a new link
before releasing the old one. This can be done without the

S need for two receivers. There are other reasons other than
call handover for using macro-diversity, such as maintaining’

a high quality communication link with a mobile station when
the mobile station is traveling in an area that has high radio
interference. This could be, for example, when the first base

10 station BS1l is the base station of a microcell, whereas the
second base station BS2 is a macrocell or an umbrella cell
encompassing the coverage area of the microcell.  As the
mobile station MS goes through.the microcell, various obstac-

les such as buildings can interfere with the signal origina-

15 ting from the first base station BS1l. Therefore, a redundant
. signal is transmi+¢ted from the macrocell BS2 to assure clear

communication quality. However, the pri_mary purpose of macro-
diver_sity' is call handover.

U.S. Patent Application Serial No. filed

20 for Willars et al., herein incorporated by reference,
offers further details on compressed mode DS~CDMA.

While particular embodiments of the present invention have
been des_cribed and illustrated, it should be understood that
the invention is not limited thereto since modifications may
25 be made by persons skilled in the art. The present:. appli-
cation contemplates =ny and all modifications that fall within

the spirit and scope of the underlying invention disclosed and
claimed herein.
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controller and, at reception in the base stations,
CCHs begin directly afterwards. The latter
nmust be re-synchro-

than the delay spread, to allow identification of each

sanme techni qug’l;@ %Eﬂiﬁ@ﬁ' %b.ove can be used. 30 If the rake det ector can
have a | arge ) e order of mlliseconds, i '

synchroni zati on of

10

15

20

25

30

* [ L L] s *

1. A method of code division multiple access for cellular

communication systems, said method comprising the steps of:

establishing a call link between a first base station
and a mobile station:;

measuring, in a mobile station, the time of arrival of.
a communication channel of at least one nexghbor:.ng base
station and said first base station; .

transmitting said measurements to a network control-
ler interconnecting said base stations;

initiating a call link between at least one neigh-
boring base station and said mobile station; and

delaying the communication signals from transmissions
of at least one of said first base station and said at least
one neighboring base station such that said mobile station
receives substantially identical information from said first
base station and said at least one neighboring base station
within a predetermined time period.

2. A method according to claim 1 comprising the further step
of transmitting said communication signals on communication
chanhels according to a frame structure.

3. A method according to clain 2 comprising the further step
of transmitting said communication signals from a base station
in a compressed mode wherein a frame of data includes an
information part and an idle part, thereby allowing mobile
stations to measure said at least one neighboring base station
during an idle part of said compiressed mode.

4. A method according to claim 1 wherein said measurement
step includes the steps of measuring, in a mobile station, the
difference in time between reception of signals on a non~-tinme
delayed channel from said at least one neighboring base
station and from a base gtation with wvhich said mobile station
is currently linked with;

dispatching the measured values to a network controller;

Date:

the control 20 channel s

. requires that the base station
ni zed whenever a base station is taken into operation,
e..g., a new base station, a repaired base station etc.

to control the signals fromthe different 25 base st B@é}]rliel
a controlled delay at the nobile statiomeMs. (This vvo
sanme codewords are used at both base stations. The del

rt'nay“be desirable

the

The

It can be argued that
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~signals at the Ms is not an inportant

I f equations (5) and (6) need to be satisfied with an addl

o erm
representing the time difference of the signals when arr|V| Q
Thus, equations (7) still

al  ows synchroni zati on per

f requency,

needs to be satisfied. 5 The pre

nobi |l e statgen for soft handover
under certain circunstances.

station delay difference must be bounded to |less than hal f of

10

15

20

25

30

A

informing a base station about a time offset for °

transmitting signals from said neighboring base station with
which a communications link is to be established on an
assigned channel;

transmitting communications signals from said
neighboring base station with the time offset; and

if the mobile station moves toward the neighboring '
. base station, updating said time offset.

5. A method according to claim 1, wherein said com-

munications signals are transmitted with a time offset
relative to frames of a control channel.

6. A method according to claim ¢  wherein said communica-

tions link is transmitted with an ¢ oitrary offset, in a down-
link, relative to the 'said nori-delayed channel and other
communications channels of -neighboring base stations.

7. A method according to claim 4, wherein the predetermined

time period corresponds to a rake window. -

8. A method according to claim i, wherein said at least one

neighboring base station and said first base station transmit

on different frequencies.

9. A method according to claim 1, vherein said at least

one neighboring base station and said first base station
transmit on the same fregquency. '

10. A syst;.em capable of code division multiple access for
cellular communication systems, said system comprising:

at least two ‘base stations, each base station in-
cluding means for delaying a signal by an offset value and

means for transmitting a signal delayed by said delay means
and for transmitting a non-delayed signal; '

at least one mobile station including a receiver for .

receiving transmissions from gsaid at least two base stations,
a delay measurement unit for measuring delay in reception of

Yiiia
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the CDVA frame duration (a couple of mlliseconds). For each 10 nobile
station a reference base station is identified. The nobile station M
needs to neasure the control. channel offset of all nmeasured base stations
rel-ati ve the reference base station. The base stations need to report to
the radio network controller RNC the buffering time before transm ssion 15
In the base stations. Then, wth use of the timng advance (traffic
channel offset) nethod, the rake detector tinme span need not be di nensi oned
for propagation delays. Even if the rakggdetector tine span can be nade

| arge easily, the con- straint on delay difference on the radi o network

controller- 20 base station int erface still has to be considered. Figure 6
'ITustrates IQ nt%:lno-%lélglyggrs gna rgu(x) 'é”‘i& ggétlz egtbase stations and

means for transmitting said delay measurement; and
at least one network controller including means for
receiving said delay measurements, means for generating said
s offset value in accordance with said delay measurements and

means for transmitting said offset values to said at least two
base stations.

il. A system according to ‘claim 10, vherein at least one of
said at least two base stations includes

10 : means for receiving signals including said delay
measurements from said at least one mobile station; and

means for transmitting said delay measurements to said
network controller.

"12. A system according to claim 10, wherein said generating
15 means of said network controller includes means for generating
an arbitrary offset value relative to said non-delayed sigtgal .
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parts of the nobile station M. The nobile station M5 includes a receiver
60" connected to a pair of denodul ators 61A and 61B for denodul ati ng the
signal received on a first 25 channel CCH 1 and a second channel CCH 2,
respectively. The denodul ated signal is then fed to a pair of receivers
62A and 62B for receiving first channel and the second channel denodul ated
signals, respectively. After the pair of re- ceivers 62A and 62B, the
signals are fed to a delay neasure- 3029nent unit 63. The del ay neasurenent
unit neasures the delay in accordance w thin equations above to produce a
control channel offset [err]. The control channel offset is then fed to a
control channel generator 64 which generates the signal for transm ssion on
the control channel. This signal is d

TIME ALIGNMENT OF TRANSMISSION IN A DOWN-LINK OF A CDMA SYSTEM

A mobile station can be connected to more than one base
station in a procedure known as macro-diversity. In order to
synchronize the signals for a specific cellular call connection,
the time difference between the connected base station’s signal
and a macro-diversity candidate base station’s signal is measured

"by a mobile station. This measurement is then transmitted to the
network. The measurements can be used to achieve synchronization
by means of frame staggering.

Figure 2
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On the transmt side of the base station BS, a traffic channel 10
generator 73 receives information and outputs a signal to a spreader 74.
The spreader 74 superinposes a higher rate code on the information signa
fremthe traffic channel 73 in accordance with DS-CDVA techni que. However,
the coded signal is delayed by the traffic channel offset [err], in the
spreader 15 74 according to the above equations. The del ayed signal is
then sent to a pul se shaper 75 and transmitted by a transmt- ter 76 in a.
conventional fashion. Figure 8 shows £h& pertinent parts of a radio network
control RNC. The radi o network conztghrreceiv a nmeasured offset [err] 20
fromthe nobile stations M5 of a ecoﬁdﬁzﬁhté5$ channel CCH2 from a second
base station BS2 relative to a first control '
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channel CCHL froma first base station BSl. This neasured offset is input
to a frame offset controller 81 which ge- nerates the traffic channel
offsets [err] and [err] which were then 25 conveyed to the first base
station BS1 and the second base station BS2, respectively. Figure 9 shows
part of a control channel receiver including a rake receiver which includes
a rake buffer 91. The outputs fromthe rake buffer 91 are given
corresponding, different 30 time shiff/s relative to the input

Lghal,. The

outputs are connected to three correl dtofs 92a,{94b, and 92c. CLtBJti of
the correlators 92a, 92b, and 92c copnectedjtd a conbining funft {93 for
conbi ning the output, and the correlxted signal {i g| out put fdr fUrt per
processi ng.
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25 ‘As an optional feature, a comunication link froma base station may be
transmtted in a conpressed node wherein a franme of data includes an
information part and an idle part. This allows the nobile stations to
neasure at | east one 5 neighboring base station during an idle tine slot
in the conpressed node. Normally in CDVA systens information is transmtted
in a structure of-franes with fixed length, e.g., 5-20 ns. Infor- mation
to be transmtted within a frane is coied'%nd spread

' A
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10, .together. The maxi num al |l owabl e spreading ratio is conven- tionally
used resulting in continuous transm ssion during the whole franme, such as
shown in Figure 10A. Full frame trans- mssion is denoted the nornmal node
transm ssion herein. For reliable handover eval uation and executi on,

di scontinuous 15 transmssion is used with the COVA nethod. This is
~achieved by using a | ower spreading ratio, whereby the spread infor- mation
only fills an information part of a f g&z in the conpressed node, |eaving a

residual, idle part idle in which ru)i) r is transmtted, as shown in

Figure 10B. 20 In the nethod, the s dgerdi vi sion nultiple access
comuni cation techni que inpresses ajgmiggal data streamto be
transm-tted upon a higher rate da;ka streamt.o G‘ZA : 6‘]3 )
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produce a signature sequence, The signature sequence is transmtted on a
channel according to a frane structure 25 conprising frames, each frane
being of a specific time duration. I'n contrast to previous techniques, the
signature sequence is intermttently transmtted in the conpressed node
wherein the franme includes an information part containing the signature
sequence and an idle part wherein the signature 30 sequence is not
transmtted. The duty cycle betweengthed nformation part of the frame and
the frame duration is controlled on a frane by frane basis. Thus, the
conpressed node includes nore than one conpressed
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26 node frame structure, each different conpressed node struc- ture having
a different duty cycle. To control the transm ssion quality, the power used
on the information part of the frane is a function of the duty cycle 5 in
a-preferred enbodi nent of the present invention. Increased power is needed
to maintain transm ssion quality if the duty cycle is reduced. During the

rest of the frame, i.e., the idle Jara,7 the power is turned off. If the
nobile station MSis in nacro-diversity node, it is 10 necessary that all

connected base stationg BS1, BS2, BS3, etc. enploy the sape transm ssion
node for any given f%fre. Thi s :
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5,175, Either the base station”or the no

for at least the time difference between the arrival of the first path from the base
station with the lowest delay, and the last path from the base station with the
longest delay. The span in which the signals can arrive and be properly
received is called the rake window. If the signals do not fit into the rake window
they will only cause additional interference. The use of time alignment
commands to synchronize TDMA bursts in GSM is described in GSM 05.10.
SUMMARY OF THE INVENTION. N

The present invention overcomes the above mentioned problems and

~ achieves synchronization of base stations in the down-link, on a call by call

basis, when a mobile station is linked to more than one base station. The base
stations may or may not be synchronized, but the present invention calls for only
a specific connection or communications down-link to be synchronized, the
synchronization taking into account the propagation delays of the
communication paths.

In order to synchronize the signals for a specific connection, the time
difference between the connected base station’s signal and the macro-diversity
candidate base station’s signal is measured by a mobile station. This
measurement is then transmitted to the network. The measurements can be
usé_d to achieve synchronization by means of frame staggering.

" In one aspect the present invention provides a method of code division
multiple access for cellular communication systems, said method including the
steps of:

broadcasting signéls on communication channels;

establishing a first call link between a first base station and a mobile
station;

measuring the time of arrival in said mobile station of at least one signal
of a signal on a communication channel of at least one neighboring base station
and a signal from said first base station;

initiating a second call link between said at least one neighboring base
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25 ot.her carrier frequencies during the idle part of the conpres- sed node
.frame since during this tinme it is not required to listen to the base
station to which it is currently linked. The neasurenents are relayed to
the network RNC (through the currentlg |inked base station or base
stations), providing the 30 mneans for a nobile assisted handover (MAHO).

networ K- RNCEIAS sk s BRI Balighh nes the froquency of use of the
conpressed node felagthgerafsmigsici vf af least 2ne of a communication signal that is to
be sent from said first base station and a communication signal that is to be sent
5 from said at least one neighboting base station in accordance with said time of
arrival measured in said mobile station; '
transmitting said communication signal that is to be sent from said first
base station and said communication signal that is to be sent from said at least
one neighboring base station over first and second call links, respectively; and

10 receiving, in said mobile station, said communication signals transmitted
over said first and second call links, respectively, within a predetermined time
period.

Ina fuﬁher'aspect the present invention provides a system capable of
code division multiple access for cellular communication systems, said system

.15 including:
at least two base stations, at least one of said base stations including
means for delaying a signal in order to retain a time offset, by an offset value
relative to transmission of a non-time offset signal and means for transmitting
said signal delayed by said delay means and for transmitting said non-time

20 offset signal;

at least one mobile station including a receiver for receiving
transmissions from at least two base stations, a delay measurement unit for
measuring delay in reception of said non-time offset signal from said at least
one of said base stations and means for transmitting said delay measurement;

25 and

at least one network controller including means for receiving said delay
measurements, means for generating said offset value in accordance with said
delay measurements and means for transmitting said offset value to at least one
of said base stations.

30 In yet a further aspect the present invention provides a method of code
division multiple access for cellular communication systems wherein signals are
transmitted according to a frame structure including signal frames, said method
including the steps of:

broadcasting common control signal frames containing information
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factors, such as the relative broadcast conditions as affected by weat her
.and other interfering factors, and the relative call density. Host franes
still use norrmal node transmission in typical situations. 5 The variation
in total transmtted power froma base gtation can be snoot hed by :
staggering (spreading in tine) the depl dy-" nent of conpressed nbde over a
nunber of lustarslddhfar amytmohil¢ istaticpan comBigt eontphahasinetof a figsisbagaent
on anot her carrier fr%guenc is,Iike_Ié to regui re only a fraction of a 10

frame, the 39N apdiat least peigbberigg basgest B?“-r educing the variation in
the power transiy@gidiily aFEF bbimbhuribatort Mk DBARSSN Sbid frhtdecstalibndht o

conpressed node in a preferred enbodi nent of the present invention.
5 mobile station;
specifying a first time offset to be used to offset a time of transmission from
said first base station to said mobile station of a first signal frame on said first
communication link relative to transmission time of a first common control signal
frame from said first base station on a common control channel;

10 measuring a difference in time between the reception in said mobile
station of a second common control signal frame transmitted on a common
control channe! from said at least one neighboring base station and the
reception in said mobile station of one of a first signal frame and a first common
signal frame transmitted from said first base station;

16 specifying at least one second time offset to be used to offset a time of
transmission from said at least one neighboring base station of a second signal
frame on a new communication link betweeh said at least one neighboring base
station and said mobile station relative to transmission time of a second
common control signal frame on said common control channel of said at least

20 one neighboring base station;

initiating said new communication link between said at least one
neighboring base station and said mobile station;

delaying transmission of said second signal frame on said new
communication link from said at least one néighboring base station so that said

25 second time offset is retained;

delaying transmission of a first signal frame on said first communication
link from said first base station so that said first time offset is retained;

transmitting said first signal frame on said first communication link from
said first base station and said second signal frame on said new communication

30 link from said at least one neighboring base station; and
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deci di ng on handover to a new base station broadcasting on 15 another
.carrier frequency, the conpressed node is entered. Comrunication with the
ol d base station BS1 is nmaintained while establishing a new link during the
idle part of the franme. Thereby conplete synchronization with the new base
station BS2 is obtained, establishing &0hew |ink. The 20 handover is

conpl eted by dr qgpi idfirdt hh8seBBAd 'skiridll aifled fh SATRALLIE ERation.
transm ssi on. B?%Egigg?%g’s‘tﬂggol d Iigl nkﬂgfsgﬁer the newlink is syncpl?r(‘)ni zed,

conmuni cat i on t dnayét anethestaspech the ipresentrisvestion quavideseaphethat! of code
e N e sy e e
and downsl itpdfsmitted according to a frame structure including signal frames, said method
including the steps of:
broadcasting control signal frames containing information intended for
any mobile station on a first control channel and on at least one second control
channel;

10 providing a first communication link to a mobile station;

specifying a first time offset to be used to offset a time of transmission of
first signal frames on said first communication link relative to transmission of first
control signal frames on said first control channel;

measuring a difference in time between the reception in said mobile

15 station of a second control signal frame transmitted on said at least one second
control channel and the reception in said mobile station of a first control signal
frame transmitted on said first control channel;

specifying at least one second time offset to be used to offset a time of
transmission of second signal frames on a new communication link to said

20 mobile station relative to transmission time of second control signal- frames on
said second control channel;

initiating said new communication link to said mobile station;
delaying transmission of a second signal frame on said new
communication link so that said second timé offset is retained;

25 delaying transmission of a first signal frame on said first communication

. link so that said first time offset is retained;
transmitting said first signal frame on said first communication link and
said second signal frame on said new communication link; and
receiving said first and second signal frames in said mobile station.

30 Preferably, the present invention may achieve synchronization between
the traffic channels transmitted from different base stations to a mobile station in
the following manner. The mobile station measures the difference in time delay
between reception of a reference channel, e.g., a common
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The duty cycle can be varied according to the requirenments for obtaining
synchroni zation. However, if sinultaneous com nunication
(macro-diversity) is used, a duty cycle of about 30 50%is preferred. The
present invention's use of normal and conpressed node frames provides the
ability to exploit the advantages of slotted transm ssion/reception in

hi erarchical cell struc- tures while using DS-CDVA. It is possible to

measur e ot her 28 carrier frequencies, thereby providing reliable
handover : 11

control channel (with no frame staggering} fron surfounding
base stations and a reference base station. The channels frgm
different base stations may use the same or different frequen-
cies. These values are sent to a network in a measurement
S5 report. If macro-diversity is to be utilized, a new base '
station will be told of a time offset that should be used for
the newly established call (or traffic channel) connection.
The traffic channel can be arbitrarily offset relative to the
control channel and other traffic channels of the individual
10 base station. When data arrives at the base station, it is
transmitted according to the specified time offset relative
to contrel channel frames. The new signal path will be
received by the mobile station within a rake window, thereby
avoiding the introduction of unnecessary interference. When
15 the mobile station moves away from the original base station
with which it had a call link toward the new base station, the
offset of the traffic channel is updated on a periodic basis.

Among the advantages of the present invention are that the
base stations can be unsynchronized because no base station

20 synchronization (as opposed to call link synchronization) is
needed for achieving macro-diversity. With time alignment
commands, synchronized reception in the mobile station can be
achieved even for large cells, which is not the case for base
station synchronization. Also, the need for buffering of the

25 signal before macro-diveréity combining is greatly reduced,
thereby reducing the complexity of the receiver in the mobile
stations.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described with reference to
30 the accompanying drawing figures in which:
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deci si ons. Further, handover execution between carrier frequencies can be
made seanl ess by establishing a new Ilink before releasing the old one. This
can be done without the 5 need for two receivers. There are other reasons
other than call handover for using nmacro-diversity, such as maintaining a
hi-gh quality comunication link with a nohj]e station when the nobile
station is traveling in an area that haslﬁ%ﬁlradio I nterference. This
could be, for exanple, when the first base 10 station BS1 is the base

station of a mgigaekly HBRESAT HEaRE6RKE RIS OLALIAD AS0ak fods TRINREE! !

or an unbrella ce enconpassi ng the coverage “area O?Q? m crocell.
the nobile statiBr? EPHoEYSERPSugh the nicrocel |, various obstac- |es such
as buil di ngs capigutery tlrusttitéd eomingniitatiogplths in a cellular systen;

Figure 3 shows various time delays ard offsets. in a cellular
S system in accordance with the present invention:;

Figure 4 is a flowchart in accordance with the present

invention;

Figure 65 illustrates the logical 1links for maintaining

synchronization the mobile station MS;

10 Figure 6 is a block diagram of the relevant portion of the
mobile station in accordance with the present invention;
Figure 7 is a block diagram of the relevant portion of the
base station in accordance with the present invention;
Figure 8 is a block diagram of the relevant portion of the

15 radio network controller in accordance with the present
invention;

Figure 9 is a block diagram of part of a control channel
receiver including a rake receiver and correlators; and

Figures 10A and 10B illustrate normal and compressed modes of
20 DS-CDMA transmission.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be described with reference to
one possible embodiment. The description should not be
construed as limitive, but merely exemplary. i

25 The following definitions for the down-link are used herein.
The “active set® is the set of base stations transmitting to
a mobile station and an “active set update™ ASU is when this
set is modified. A handover from a first base station BS1 to
a second base station BS2 means that before the handover, the

30 active set contains only a first base.station BS1 and after
the handover only base station BS2 in normal g-:itﬁatiofls.
Macro-diversity is when more than one base station i€ in the
active set. Macro-diversity may involve base stations
transmitting on different frequencies or on the same frequen-

35 cy. Soft handover between two base stations means thzt macro-
diversity between the two base stations is used during the
handover, irres_pect‘ive of the combining method used. Hard

This is the replacement shoet

Daie: - 3 GEP 1998



15 ting fromthe first base station BS1. Therefore, a redundant signal is
transmtted fromthe macrocell BS2 to assure clear comunication quality. ~
However, the primary purpose of macro- diversity is call handover. U. S.
Pat ent Application Serial No. 08/ Or5, 892(5533014)filed 20 for

Wllars et al., herein incorporated by reference, offers further details on
conpressed node DS-CDVA. Wil e particul arjsenbodi ments of the present
i nventi on have been described and illustrated, it should be understood that

the invention is not limted thereto since nodifications my 25 be made by
persons skil | gghddvéhdetiieen 6 HAseSSEE L RHY heaffithal mce—mkr%tre&c?ny and

all nodificatjo f 1.t hi Spirit, and,s 0 e underlying
Cnvention di S%?{éé%%n?nh& @LL B’ﬂé&@aw&s {'s"hde Aa &%%g I:hé tixan'ém.re::'.
Seamless handover means that the handover is not perceived by
the user, and could be hard or soft handovers.

5 An overview of signal paths in a cellular system is shown in
Figure 2 wherein r, is the propagation delay from a first base
station BS1 to a mobile station MS and r, is the propagation
delay from a second base station BS2 to the mobile station Ms.
A1 is a traffic channel offset relative to a control channel

10 on the first base station BS1 and A2 is a traffic channel
' offsgt relative to a control channel on the second base
station BS2. The base stations BS1, BS2 and BS3 are connected

by land lines in typical existing systems to a Radio Network
Controller RNC. In an actual system, there would be many base

15 stations and a multiplicity of mobile stations. Furthermore,
the network could be connected to other networks by land

lines. Figure 2 has been simplified to better emphasize the
present invention. '

In the cellular system, a first base station BS1 can establish
20 a communication link with a mobile station MS. The first base
station BSl1l, in the active set, can transmit and receive
communications from various mobile stations over a plurality
of communication channels. These channels are defined by the
CDMA- method. 2Among the communication channels is a control
25 channel receivable by all mobile stations upon which broadcast
overhead messages and the like are transmitted. The cellular
system is designed for transmission both analog information,
e.g., speech in digiti.zed form, and pure digital information.
For purposes of this application, the term communication link
30 is used for any form of communication channel between a mobile

station and a base station in the same system or another
‘system.

When a call is initfiated by a mobile station MS, the mobile
station MS receives broadcast overhead messages from neigh-
35 boring base stations, determines which base station has the
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cl ai med herein. 29 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOAS: 1
A nmet hod of code division multiple access for cellular comunication
systens, said nethod including the steps of: broadcasting signals on
comuni cati on channels; establishing a first call link between a first base
station and a nobile station; neasuring the time of arrival in said nobile
station of at |east one signal of a signal on a comrunication channel of at
| east one nei ghboring base station 14

strongest signal, and determines what channels are available
from a base s'tati.on having the strongest signal from the
respective broadcast overhead message. If a communication
channel is available, the mobile station MS initiates a
5 communication link with a first base station BS1. Alter-
natively, a base station can initiate a link with a mobile
station MS by broadcasting the mobile stations MS mobile
identification number (MIN). Once the communication link is
established, it may become desirable for the mobile station MS
10 to be linked to more than one base stations in macro-diver-
sity. The first base station BS1 transmits and receives
substantially the same information to and from the mobile
station MS that a second base station BS2 does. These
transmitted signals are not necessarily identical, due to
15 interference and other factors, but are substantially
identical. .

Macro-diversity may be used during handoff of a mobile station
MS from one base station to another. This occurs when the
mobile station approaches a border of a cell wherein the

20 communication link between a first base station BS1 and the
mobile station MS becomes tenuous. It therefore becomes
desirable to initiate communications with a second base
station BS2, preferably through Mobile Assisted Handoff
(MAHO) such as disclosed in U.S. Patent No. 5,042,082 to

25 Dahlin. However, unlike conventional systems, the present
invention provides seamless, soft handover of a comnunication
link with the mobile station MS by establishing a con-
munication with more than one base station, e.g., both the
first and second base stations BS1l and BS2.

30 Once the mobile station has established communications with
a second base station BS2, the initial communication 1ink with
the first base station BS1 can be dropped. Macro-diversity
can be used for reasons other than'haddover, such &as in noisy
environments. ' '
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-and a signal fromsaid first base station; initiating a second call link
bet ween said at | east one nei ghboring base station and said nobile station;
del ayi ng transmi ssion of at |east one of a conmunication signal that is to
be sent fromsaid first base station and a comruni cation signal that is to
be sent fromsaid at |east one nei ghboring -base station in accordance wth
said time of arrival neasured in said nobt3e station; transmitting said
comuni cation signal that is to be sent fromsaid first base station and

sai d communi cati on S|2nal that is,to b ébegt from sdald at | east one
nei ghboring ba8& SAZFFSANGFer™ iriRe o FRECH | TINE  ETR sehe i RRFS)
and recei vi ngstatieasdcanbibec giitie olargmieiremrimmmmm ssgataiens are

Lo 1 o0 kfhoRBbilsbbhsto kit SR Cobl1d LEKY: 1SEPUHAY Ehl nbkidled @

pr edet er m ned
time span in the rake detection has to be increased not only

$ to handle the time dispersion but also-the delays of the
signals from different base stations which can be larger,
e.g., hundreds of micro seconds. 1In order to not employ
macro-diversity when it cannot be utilized in the mobile
station MS, the present invention measures the time difference

10 of the macro~diversity candidate base station's BS2 signal and
the connected base station's BS1 signal. This measure can be
used to achieve synchronization with the means of frame
staggering. )

Because only one signal originates from the mobile station MS,

15 and two signals originate from the base stations (one from the
first base station BS1 and one from the second base station
BS2), synchronization is only in the down-link. Macro-
diversity in the up-1link is not done in the rake receiver in
the preferred embodiment, because signéls from diffe_arent base

20 stations are combined in a radio network controller RNC.
Thus, the present invention entails synchronizing the base
stations in the down-link, on a call by call basis, when a
mobile station is in macro-diversity. The base stations may
or may not be synchronized, but the present invention relieves

25 the necessity of base station synchronization while accom-
modating for propagation delay.

In order to synchronize the signals of a specific connection,
the time difference between a connected base stationt's BS1
signal and the macro-diversity candidate base station BS2 is

30 measured by a mobile station MS. This measurement is then
transmitted back to the network. The measurements of the
propagation delay can be used to stagger the frames of data
thereby synchronizing the two base stations involved in the.
. macro-diversity communications link.

35 The basic procedure {is:
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2. A nmethod as claimed in claim1, wherein said communication signals are
transmtted according to a frane structure. 3. A nethod as clained in
claim11 including the further step of- transmtting comuni cation signals
fromsaid first base station in a conpressed node wherein a frane of data

i ncludes an information part and an idlepart, thereby allow ng said nobile
station to performsaid step of measuringléuring said idle part of a

conpressed node frane. 30 4. A met hod as claimed in claim1, wherein
sai d establishing step des I}Ie S [ nform ng.sai d.first base
station about a flst t of FoRiLE e app Teg oures ehd' d1ree?bndd®4n

time between the reception of a Contrel Channel
(CCH) from the surrounding base stations and one
reference base station (CDMA frame offset). CCH is
5 . a common control channel that is always broadcast
by a base station.
2. These values are sent to the Radio Network cCon-
troller (RNC) in an ordinary measurement report.
3. If the network RNC decides that macro-diversity
10 should be utilized, a new base station BS2 will
then be told the time offset that should be used for
this traffic ‘channel connection. The ¢traffic
channel can be arbitrarily offset relative the CCH
and other traffic channels of the new base station
5 BS2. |
4. When data arrives from the network RNC, the base
station BS shall transmit it on the next traffic
channel frame. Thus the data is buffered, resul-
ting in a buffering delay.
20 5. The new signal path will be received in the mobile
' station MS at about the same time instant as the old
signal.
6. When the mobile station MS moves from the first
base station BS1l towards the new base station BS2,
25 ' the offset of the traffic channels is updated.

This procedure is illustrated in the flowchart of Figure 4.
In step S1, a call link is established between a first base
station BS1 and a mobile station MS. When in active mode, the
mobile station MS continuously measures the signal strength

30 of neighboring base stations BS2, BS3, etc, as shown in step

' §2. &alternatively, the neighboring base stations BS2, BS3,
etc., can measure the signal strength of the mobile station
MS, however the mobile assisted handoff (MAHO) is generally
preferred. These measurements are then transmitted through

-35 the.base stations in the active set, here first base station
BS1l, to the radioc network contrdller in step 83.
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for transm ssion of signals over said first call link; and wherein said
rmeasuring step includes the steps of neasuring the difference in tine

bet ween reception in said nobile station of a signal on a non- tinme offset
channel on which signals are transmtted without a tine offset fromsaid at
| east one nei ghboring base station and reception of a signal on a channel
on which signals are transmtted w thout Ytime offset fromsaid first base
station with which said nobile station is currently |inked; dispatching the
measur ed val yeRrdaafterct asrshaantinostep;s4 nhocal D ivd ﬁisainitﬂaaiedawetn

Sonals 1romirgiat 4o taHbof iGN bLIR 8L 85Y, FReeRERRTT N Blse
second cal | |dteition hevmge@mlaﬁm%nsmnabsﬁwtdhamean aymdlabdeei n

said step of Gflding 'i‘HétJE&'Il '1'1%61@3& b8 S a Rikhethe S lorlEpakeone
of said caommuni cation S|gga s.that - are to ,be sent O{l said first and
S station BS2 “forming a communlcat:.on link with the mobile

station MS by broadcasting on the same channel as the call
link with the first base station BS1, for insi:ance. The first
and second base stations BS1 and BS2 can transmit on the same
or different frequencies, whichever is advantageous. As shown

10 in step §5, the mobile station MS measures the difference in
time delay between the feception of a channel with no frame
staggering (e.g., a common control channel) from surrounding
base stations and a reference base station. These values are
sent to a network in a measurement report. If macro-diirersi.ty

15 is to be utilized, a new base station B2 will transmit data in
a traffic channel with the time offset that should be used for
the newly established traffic channel connection. when
data arrives at the second base station BS2 from the network
RNC, it is transmitted according to the specified time offset

20 1relative to the control channel frames. The nevw signal path
will be received by the mobile station MS within a rake window
of a rake receiver such as disclosed in U.S. Patent App-
lication Serial No. 07/857,433 (5,237,586), filed March 25,
1992, and allowed March 8, 1993. This avoids the:-

25 introduction of unnecessary interference.

When the mobile station MS moves away from the original base
station BS1 with which it has had a call link and toward the
new base station BS2, the offset of the traffic channel is
updated on a periodic basis. At step S6, one of the call links
30 (either from the first base station BS1 or the second base

station BS2) can be disconnected, which is typicaily done in
a call handoff.

To explain the .set-up procedure of macro-diversity syn-
chronization in detail, the following notations are used with
35 reference to Figures 2 and 3:

T, = Duration of one frame, e.g. 10 ms,
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second call links so that the transm ssion of said at |east one of said
communi cation signals is offset by the respective one of said first and
second tinme offsets. 5. A nmethod as claimed in claim2, including the
further step of transmtting signals on said conmmuni cation channel of at
| east one nei ghboring base station and ont& communication channel of said
first base station according to a frame structure wherein said

comuni cation sigpals tr Lited: | ' I8 - L Lbnk
respectively ar eg?Y ansrri??é%&%gg%gﬁe%%gggé%??gg\ W %h@gggﬁ#%g&glefset
relative to frames transhPtele Hirshdases stetiea B2 of said comunication
channel s of said g = eastranenigsibhodé Wy F%m phals HetittiObohtr8) ighSt
base station. 6. A et hod_as cl ai rr(gg:mlfn cl ai r{l 4, V\Qerel n conmuni cati on
signals are transmtted 57eFREFELWR & &Y BPfom at | east one
nei ghbori fig base ¥t at i onMaximum radio network controller-base statiof
delay difference for two base stations,

T, = Propagation delay from the first base station BS1
to the mobile station MS,

T, = Propagation delay from the second base station
10 BS2 to the mobile station MS,
T = Maximum base station-mobile station delay dif-
ference for two base stations, _
A = Traffic channel offset relative to a control
channel CCH on the first base station BS1,
15 A, = Traffic channel offset relative to a cont:ol
channel CCH on the second base station BS2,
p Buffering delay in first base station BS1,
Tpo = Buffering delay in the second base station BS2,
T, = Measured offset in the mobile MS of the control
20 channel CCH from the second base station BS2
relative to the control channel CCH from the
first base station BS1.
The radio network controller RNC is assumed to send a data
frame to both base stations BS1l, BS2 at the same time when
25 -

macro~-diversity is employed. The radio network controller-
base station delays T, and T, can be variable from frame to
frame. The difference in delays is further assumed to be less
than T (e.g., a couple of milli-~seconds), i.e.,

[Ty - T <T
30 Also assumed is that the propagation delay difference is
bounded as

fry = 71,] < r.

It is also assumed that the mobile station MS listens to the
first base station BSl on first traffic channel TCHl. The
35 first traffic channel frames starts A, after the first control
channel (CCH1) frames at the first base station BS1. A, is get
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to said nobile station with an arbitrary offset relative to the

transm ssion of signals on said non-tine offset channel of said at |east
one nei ghbori ng base 31 station. 7. A nmethod as clainmed in claim 2,
wherein said predetermned tinme period corresponds to a rake w ndow. 8. A
method as clained in claim6, wherein at &gast one nei ghboring base station
and said first base station transmt said Conmunication signals on
different frequencies. 9. A nmethod as clainmed in claim1, wherein said at

| east one nei BQbél{é "idio network controller. The resulting time to buffer
the frames in the first base station BS1 before transmission
is then T,,, and if T, is variable, the buffering time T,, will
also be variable.

S When the second base station BS2 is found to be strong enough
for macro-divérsity, the MS measures the time delay T, of the
first control channel CCHl1l from the second bases station BS2
relative to the first control channel CCHl1l of the first base

station BSl. T, is reported to the radioc network controller
10 RRC.

The radio controller knows 1, at the first base station BS1.
The ).2 to be used as offset for the second traffic channel TCH2
relative to the second control channel CCH2 at the second base

station BS2 has to be determined by the radio network control-
15 ler. '

When the second base station BS2 uses the J.z value, the

resulting time to buffer the frames from the radio network
controller is Ty,.

The radio network controller determine what 4, to use as
20 follows. The time from a frame that leaves the radio network

controller until it is beginning to be received at the mobile
station MS must be equal- £6r the two paths:

Ty+ Ty + Ty =T+ Ty + T, (1)

The reported time delay between the control channels CCH1 and
25 CCH2 is:

These two equations yield
’ ,'2.'= "1 = Tus . (3)
which determines the offset of the second traffic channel
30 TCH2 franmes ré_la'i:ive the second control channel CCH2 frames at
' the second base stati..-on'_ BS2.
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base station and said first base station transmit said conmunication
signals on the sane frequency. 10. A system capable of code division
mul ti pl € access for cellular conmunication systens, said system i ncl uding:
at | east two base stations, at |east one of said base stations including
means for delaying a signal in order to fetain a tinme offset, by an offset
value relative to transmission of a non-49 e of f set signal and neans for
transmtting said signal delayed by said delay nmeans and for transmtting
said non-tine offset signal; at |east one nobile station including a

recei ver forWitbethe rspcondhinaffiisnchanpglaeffsettd,t fivonakove andofixpma
del ay nmeasur gaBakibl {1 Oed@MUIRInGOhaY rERIRGAARId R Ole SULbrOBALET
of fset signal frgmsaid at | east one o0f said baSe stations and neans for
transm ttingS§atd°8eB2y *®asurenent;

Tpe = Tpy = (T = Ty) = (1, = 74) (4)

5 T, must be positive, since the second base station BS2 cannot
. transmit before it has received the frame from the radio
network controller. Therefore, it is necessary that
Ty >T + 71 (S)

Further, T, must be less than T,, since otherwise the second
10 base stazion BS2 would transmit the data at least one frame
too early. Therefore, it is necessary that
' Ty < T¢ = (T + 7). (6)

These conditions (5) and (6) can only be satisfied if
T+ 71 <T/2. (7)

15 Thus, the first base station BS1 needs to report the first
base station buffering delay T,y to the radio network control-
ler RNC, so that the radio netwoi:k controller RNC can increase
Ay if T,, is too low, and decrease A, if T, is too high.
Further, the maximum delay difference T on the radio network

20 controller-base station interface between two base stations
must satisfy equation (7) above.

If T, and T, can be estimated, then timing advance can be used
from the radio network controller RNC to the base stations,
thus minimizing the resulting T.

25 When the mobile station MS is moving, r, and r, will change
slowly. Based on mobile station MS reports of T, the radio
network controller can update i, and A, continuously to
maintain the synchronization of the signals at the mobile
"station MS. The detector time span and the delay spread of

30 the channel will determine how often it is necessary to.update
the traffic channel offset values.
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and at | east one network controller including neans for receiving said

del ay neasurenents,

means for generating said offset value in accordance

with said del ay nmeasurenents and neans for transmitting said offset val ue
to at |east one of said base stations. 11. A systemas clainmed in claim
10, wherein at |east one of said at |east_two base stations includes

nmeans for receiving signals including sai €
| east one nobile station; and

10

15

20

25

30

3s

If a new (third) base station BS3 starts transmitting to the
mobile station MS, it is necessary that equations (5) and (6)
above are satisfied for at least one of the first and second
base station BS1 and BS2 (exchanging T,, for T,,) . Thus, Ty, OF
T,, must be monitored. If necessary, 4, and 1, has to be
increased/decreased by the same amount. When the first base
station BS1l stops transmitting, and only the second base
station BS2 remains, there are two options. Either, T
specifies the maximum delay difference between all base
stations in the area where the mobile station MS moves. Then,
it is not necessary that equations (5) and (6) are satisfied
for T, at the second base station BS2. It is enough with one
base station once doing so, which will guarantee that 0 < T, <
T, for all other base stations. On the other hand, if T only
applies to base stations that can be in mécro-diversity
together, then 4, must be adjusted so that equations (5) and
(6) are satisfied for the second base station BS2 (T,,) when
the first base station BS1 is disconnected.

When the traffic channel offset A is increased, the base
station must include a number of dummy chips between two
transmitted symbols. If A is decreased, a nuﬁber of chips has
to be removed from one symbol before transmission. Thus,
there is a need for a chip buffer at the transmitter. The
mobile station's correlator will then find the displaced
correlation peak, but the probability of symbol error will be
increased for the symbol of displacement. The change of 1

should not exceed the search window size in the mobile station
correlator.

Figure 5 summarizes what measurements and parameters are
communicated in the system to maintain synchronization of the
signals at the mobile station KS.

Among the base stations transmitting to the mobile station MS,
one base station BS1, BS2 or BS3 is _defi.-iied’ as reference base
station to measure of T, in the mobile station MS. Together
with pilot strength measurements of 'ttansmitt-inq and neiqh-

32

ldel ay measurenents from said at
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means for transmtting said delay neasurenents to said network controller.
12. A systemas clainmed in claim10, wherein said generating neans of said
network controller includes neans for generating an arbitrary offset val ue
not dependent on said delay nmeasurenents.. 13. A nethod as clainmed in claim
1,- further including the step of transmttl ng sai d measurenents to a
network controller interconnecting said le rst base station and said at

| east one nei ghboring base station. 14. A nethod as clained in claiml,

wher ei n t he ¥agidlg bressrrtiensy & coptyoliehanned PLfsgk Tsrebabive dhen

ah dt hrmbl le i{&%ﬁﬁl Mt%ihréb]@l den sé £ parié @égéééﬁb@rm et tish tdudimp%ré og
an e signal tr over ond ¢ s received in sai
nobi | e st a? i &?Rﬂ%ﬁ‘ﬂ“ &‘Eéfo'ﬁﬁalbﬁafrmb‘? %'g'a?‘ﬁ 'b‘?é(fél%’ﬂli\ RO Rl ks |"§ﬁ"h

the pilot codeword.

S Above, it was assumed that the radio network controller-base
station delay difference (T, - T,) can be bounded with T.

If the radio network controller-base station delay difference
cannot be bounded (whicli may be the case with packet switched
radio network controller-base station interface), there are
" 10 cases where the two frames that should arrive in the mobile
station MS actually arrive with an offset of one frame.

If the delay can be increased to the delay of the most delayed
frame, two possible solutions are foreseen:
(1) The frames on the control channel CCH are numbered
15 and the delay measurement are accompanied with the numbers
(the relative offset may suffice); and
(2) An initial synchronization is performed by
sending out a start frame synchronously from the radio network
controller and, at reception in the base stations, the control
20 channels CCHs begin directly afterwards.

The latter requires that the base station must be re-synchro-
nized whenever a base station is taken into operation, e.g.,
a nev base station, a repaired base station etc.

It may be desirable to control the signals from the different

25 base stations to arrive with a controlled delay at the mobile
station ¥S. (This would be the case if the same codevwords are
used at both base stations. The delay must be larger than the
delay spread, to allow identification of each base station.)
The same technique as described above can be used.

30 If the rake detector can have a large time span, in the order
of milliseconds, it can be argued.that synchronization of
signals at the M8 {s not an important issue. It seems,
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15. A nethod as clainmed in claim14, wherein said conmunication signals
are transmtted according to a frame structure. 16. A nmethod as clained in
claim15, wherein each of said first and second parts of said predeterm ned
time period are identical to the duration of a frane respectively. 17. A
met hod as claimed in claim4 further incglguding the step of: updating at

| east one of said first and second tinme offsets in accordance wth a change
in the arrival tinmes of said conmunication signals in said nobile station,

said change be' nger, uasse(:jLfbé/qx.un::.on veirgiint O(fG)SgciegdrED leeséséfsthed w1th33
an additional term representing the time difference of the
signals when arriving at the MS. Thus, equations (7) still
needs' to be satisfied.

S The present invention allows synchronization per mobile
station for soft handover on one radio frequency, under
certain circumstances. The radio network controller-base
station delay difference must be bounded to less than half of
the CDMA frame duration (a couple of milliseconds). For each

10 mobile station a reference base station is identified. The
' mobile station MS needs to measure the control channel offset
of all measured base stations relative the reference base
station. The base stations need to report to the radio
network controller RNC the buffering time before transmission
15 in the base stations. Then, with use of the timing advance
(traffic channel offset) method, the rake detector time span
need not be dimensioned for propagation delays. Even if the
rake detector time span can be made large easily, the con-
straint on delay difference on the radio network controller-
20 Dbase station interface still has to be considered.

Figure 6 illustrates in block diagrammatic form the pertinent
parts of the mobile station MS. The mobile station MS
includes a receiver 60 connected to a pair of demodulators 61A

and 61B for demodulating the signal received on a first

25 channel CCH 1 and a second qhannel CCH 2, respeqtively. The
demodulated signal is then fed to a pair of receivers 62A and

62B for receiving first channel and the second channel
demodulated signals, respectively. After the pair of re-
ceivers 62A and 62B, the signals are fed to a delay measure-

30 ment unit 63. The delay measurement unit measures the delay
in accordance within equatidns above to produce a control
channel offset T,. The control channel offset is then fed to

a control channel generator 64 which generates the signal for

. transﬁission on the control channeél. This signal is then fed
35 to a spreader 65 which épreads the signal in eccordance with

This is the replacement shoet



18. A nethod as claimed in claim8, wherein said predeterm ned tine period
is identical to the duration of a franme. 19. A nmethod of code division
nul ti pl e access for cellular conmunication systens wherein signals are
transmtted according to a frame structure including signal franmes, said
met hod i ncluding the steps of: broadcasting conmon control signal franes
containing information intended for any fobil e station on common control
channels of a first base station and at | east one nei ghboring base station;

providing a fji Kst ' ' | i i Lh fsier i nd a
nobil e stati c?n;f)ésﬁg%[gér:\gﬁ% ?Fs:ﬁl&ﬂ ﬁgkﬁf&?eﬁ% blg Eltsl%‘gat?gi g%fa%sthﬁaSQti me

of transm ssishREMEnCITRIY 66t fpEsEranspisHion inddtrapsritserté®on of a
first. signal frame on said first comrunication link relative to

transm ssion I:Iilgrtrxereo f'l astfxg{tg t tﬁgmg%rxl:tg.%ré%%oba%ltg Q:afl a base station. The

circuitry includes a receiver 70 connected to a demodulator 71

5 which receives, e.g., control channel signals from mobile
stations MS. The demodulated signal is then fed to a channel
receiver 72, the output of which is the control channel offset
TM from a mobile statioq MS.

on the transmit side of the base station BS, a traffic channel

10 generator 73 receives information and outputs a signal to a
spreader 74. The spreader 74 superimposes a higher rate code
on the information signal from the traffic channel 73 in
accordance with DS-CDMA technique. ' However, the coded signal
is delayed by the traffic channel offset 4,, in the spreader

15 74 according to the above equations. The delayed signal is
then sent to a pulse shaper 75 and transmitted by a transmit-
ter 76 in a conventional fashion.

Figure 8 shows the pertinent parts of a radio network control
RNC. The radio network control receives a measured offset .;‘l:‘,bl
20 from the mobile stations MS of a second control chénnel CCH2
from a second base station BS2 relative to a first control
channel CCH1 from a first base station BSli. This measured
offset is input to a frame offset controller 81 which ge-
nerates the traffic channel offsets A, and 1,, which were then

25 conveyed to the first base station BSl and the second base
station BS2, respectively.

Figure 9 shows part of a control channel receiver including a
rake receiver which includes a rake buffer 91. The outputs
from the rake buffer 91 are given corresponding, different

30 time shifts relative to the input signal. The outputs are
connected to three correlators 92a, 92b, and 92c. Outputs of
the correlatofs-gza. 92b, and 92c are connected to.a combining
unit 93 for combining the output, and the correlated signal is
output for further processing.
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frame fromsaid first base station on a common control channel; neasuring a
difference in time between the reception in said nobile station of a second
common control signal franme transmtted on a conmon control channel from
said at |east one neighboring base station and the reception in said nobile
station of one of a first signal frane and a first common signal frane
transmitted fromsaid first base station;28pecifying at | east one second
time offset to be used to offset a tine of transmssion from said at | east
one nei ghboring base station of a second signal franme on a new

communi cat i oras i ak bpticoals fied tarre, e @t compumiktatiyy | hinbafteomt at baseand

sai d nobil e s{@{d oh rﬁ&f‘tbe\!eti-ﬁnkiﬁﬁﬁ&hsihoa E:biﬁ%r@%sédsﬁseadwﬁg’i‘ﬁ?ﬂ
control signal frame_ on sai, F:ﬁommﬂ control channel sai d %1 | east one

nei ghbori ng bEkaReef data ip PQFFnﬁ“sH?%PMW&WOW dhe parkeen

said at | eastTipi¥® allows the mobile stations to measure at least one

$ neighboring base station during an idle time slot in the
compressed mode.

Normally in CDMA systems information is transmitted in a
structure of frames with fixed length, e.g., 5-20 ms. Infor-
mation to be transmitted within a frame is coded and spread
10 together. The maximum allowable spreading ratio is conven-
tionally used resulting in continuous transmission during the
whole frame, such as shown in Figure 10A. Full frame trans-
mission is denoted the normal mode transmission herein.

For reliable handover evaluation and execution, discontinuous

15 transmission is used with the CDMA method. This is achieved
by using a lower spreading ratio, whereby the spread infor-
mation only f£fills an information part of a frame in the
compressed mode, leaving a residual, idle part idle in which
no power is transmitted, as shown in Figure 10B. '

20 In the method, the slotted code division multiple access .
communication technique impresses an informational data
stream to be transmitted upon a higher rate data stream to
produce a signature sequence, The signature sequence is
transmitted on a channel according to a frame structure

25 comprising frames, each frame being of a specific time
duration. In contrast to previous techniques, the signature
sequence is intermittently transmitted in the compressed mode
wherein the frame includes an information part containing the
signature sequence and an idle part wherein the siqnature

30 sequence is not transmitted.

The duty cycle between the information part of the frame and
the frame duration is controlled on a frame by frame basis.
Thus, the compressed mode includes more than one compreéssed
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nei ghbori ng base station and said nobile station; delaying transm ssion of
said second signal frame on said new comunication link fromsaid at |east
one nei ghboring base station so that said second tine offset is retained;
del aying transm ssion of a first signal franme on said first conmmuni cation
Dat e: 34 link fromsaid first base stgjjon so that said first tine
offset is retained; transmtting said fir signal frame on said first
comuni cation link fromsaid first base station and said second signa

fr n [ w_conmunj Lon .
ame on sa gogg flcrgme S{:gg;[: gre, each different compressed mode struc-

ture having a different duty cycle.

To control the transmission quality, the power used on the
information part.-of the frame is a function of the duty cycle

5 in a preferred embodiment of the present invention. Increased
power is needed to maintain transmission quality if the duty
cycle is reduced. During the rest of the frame, i.e., the
idle part, the power is turned off.

If the mobile station MS is in macro-diversity mode, it is
10 neceséary that all connected base stations BS1l, BS2, BS3, etc,
employ the same transmission mode for any given frame. This
synchronization can be achieved in any suitable fashion, and
in a preferred embodiment is achieved through the network RNC
connecting the base stations BS1 and BS2 as described above.

15 The evaluation of other carrier frequencies for basing
handover decisions is easily preformed by using the c?mpressed
mode in the down-link from a base station to a mobile station
on a deterministic basis. The evaluation of the other carrier
frequencies can be carried out in any suitable fashion, such

20 as disclosed in U.S. Patent No. 5,175,867 to Wejke et al.
Either the base station or the mobile station can perform the
evaluation in the up-link or the down-link, and in the
preferred embodiment the mobile station MS performs the
evaluation. The mobile station MS performs measurements on

25 other carrier frequencies during the idle part of the compres-
sed mode frame since during this time it is not required to
listen to the base station to which it is currently linked.
The measurements are relayed to the network RNC (through the
currently linked base station or base stations), providing the

30 means for a mobile assisted handover (MAHO).

The compressed mode is used only intermittently at a rate
determined by the network RNC. The network RNC determines the
frequency of use of the compressed mode based on a variety of
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link fromsaid at | east one nei ghboring base station; and receiving said
first and second signal frames in said nobile station. 20. A nethod as
claimed in claim19, wherein said second tine offset is set so that said
first and second signal franes are received in the nobile station within a
frame duration. 21. A nethod as claim®@t in claim20, wherein said first
and said second signal franes contain identical information. 22. A nethod
as clainmed in claim19, wherein said nobile station perforns said

measur enment ng&:%gg s&x{rsy@aa ealatiwmdaa&\ls% Srids ¢ IR ﬁgmf oy d

measuring steg ference in time Is neasured between the receptlon in
said mobile s lﬁtVﬁﬁtB?raaE‘QcBﬁBeEohﬂﬁﬁrgﬁﬁﬂgI factprs. rantethe HedAatived on

said common ceall Qien:stw.el MbseNE sdmek aitilldatie QiuRal fBAErthdweieRs idrat | ONn
and the recepgl % yplcal situations.

5 The variation in total transmitted power from a base station
can be smoothed by staggering (spreading in time) the deploy-
ment of compressed mode over a number of users in a certain
time span. Since signal strength measurement on another
carrier frequency is likely to require only a fraction of a

10 frame, the duty cycle can be made high, thereby reducing the
' “variation in the power transmission.

Execution of a call handover is handled in the compressed mode
in a preferred embodiment of the present invention. After
deciding on handover to a new base station broadcasting on
15 another carrier frequency, the compressed mode is entered.
Communication with the old base station BS1l is maintained
while establishing a new link during the idle part of the
frame. Thereby complete synchronization with the new base
station BS2 is obtained, establishing a new 1link. The
20 handover is completed by dropping the old link and returning
to normal mode transmission. By keeping the old link after
the new link is synchronized, communication to all base
stations simultaneously can be employed (establishing macro-
diversity on one or more carrier frequencies). This scheme

25 for seamless inter-frequency handover can be used for both up-
and down-links.

The duty cycle can be varied according to the requirements for

obtaining synchronization. BHowever, if simultaneous com-

munication (macro-diversity) is used, a duty cycle of about
30 50% is preferred.

The present invention's use of normal and compressed mode
frames provides the ability to exploit the advantages of
slotted transmission/reception in hierarchical cell struc-
tur_és while using DS-CDMA. It is possiblé to measure other
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said nobile station of a first conmon control -signal franme transmtted on
sai:d common control channel fromsaid first base station. 24. A nethod as
clainmed in claim19, including the further step of calculating, based on
the result of said neasuring step, said second tinme offset. 25. A nethod
as claimed in claim19, including the further step of transmitting frames
on said first comunication link in a co essed node, wherein information
is transmtted during a first part of a conpressed node frame and

information is not transmtted during a second part of said conpressed node
frame; and wWABFERRFsafkeTSREIEHg $NEFePY RITGAMY Kolinpkei havdewsy part
of said conpaeaiedofigde f Faifther, handover execution between carrier

frequencies can be made seamless by establishing a new link

before releasing the old one. This can be done without the

S need for two receivers. There are other reasons other than

call handover for using macro-diversity, such as maintaining

a high quality communication link with a mobile station when

the mobile station is traveling in an area that has high radio

interference. This could be, for example, when the first base

10 station BS1 is the base station of a microcell, whereas the

second base station BS2 is a macrocell or an umbrella celi

encompassing the coverage area of the microcell. As the

mobile station MS goes through.the microcell, various obstac-

les such as buildings can interfere with the signal origina-

15 ting from the first base station BS1l. Therefore, a redundant

signal is transmi+ted from the macrocell BS2 to assure clear

communication quality. However, the primary purpose of macro-
diversity is call handover.

U.S. Patent Application Serial No.08/075,892(5533014)filed
20 for Willars et al., herein incorporated by reference,
offers further details on compressed mode DS~CDMA.

While particular embodiments of the present invention have
been described and illustrated, it should be understood that
the invention is not limited thereto since modifications may

25 be made by persons skilled in the art. The present:. appli-
cation contemplates ~ny and all modi fications that fall within
the spirit and scope of the underlying invention disclosed and
claimed herein.
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35 26. A nethod as clainmed in claim?25, including the further step of

. returning to non-conpressed node transm ssion, wherein information is
transmtted during the whole frane. 27. A nethod as clainmed in claim19,
wher ei n said first signal frame is recs lved within a first predeterm ned
time period and said second signal frame* Ps received within a second
predeterm ned tine period in said nobile station, said second predeterm ned
time peri odHE QuAIMS)DEFINNG JHE INVEDNTION AREAS FOIL.OWS:t predeterm ned
time period. 28. A nethod as clained in claim?27, wherein said first and
second predeterm ned tine period each corresponds to a rake w ndow. 29. A

method as gl ai mad métheldebiMedde divi%icm mmsﬂaplé acééés mdcéﬁﬁlfa?cbcﬁhﬁﬂﬂhcét"
are transmtted in a conpressed node on said first and second call [i1n

systems, said method including the steps of:

broadcasting signals on communication channels;

establishing a first call link between a first base station and a mobile
station;

measuring the time of arrival in said mobile station of at least one signal
of a signal on a communication channel of at least one heighboring base station
-and a signal from said first base station;

initiating a second call link between said at least one neighboring base
station and said mobile station;

delaying transmission of at least one of a communication signal that is to
be sent from said first base station and a communication signal that is to be sent
from said at least one neighboring base station in accordance with said time of
arrival measured in said mobile station;

transmitting said communication signal that is to be sent from said first
base station and said communication signal that is to be sent from said at least
one neighboring base station over first and second call links, respectively; and

receiving, in said mobile station, said communication signals transmitted-
over said first and second call links, respectively, within a predetermined time
period. '

2. A method as claimed in claim 1, wherein said communication signals are
transmitted according to a frame structure.

3. A method as claimed in claim 1 including the further step of transmitting
communication signals from said first base station in a compressed mode
wherein a frame of data includes an information part and an idle part, thereby
allowing said mobile station to perform said step of measuring during said idle

part of a compressed mode frame.

Hllllll llllll lllﬂ Mlll II llll
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respectively, said first signal franme being transmtted during a first part
.of a conpressed node franme and said second signal frane being transmtted
during a second part of said conpressed node frame. 30. A nethod as
clainmed in claim?29, wherein said firgg predeterm ned tine period
corresponds to said first part of a conpressed node frame in said nobile
station and said second predeterm ned tinme period corresponds to said
second péedet elt methddtasrelaimeddd dlains a1 whentin| said testablishirdy step&muw:diwl as

clainmed ih ¢ er ei. i.d at | east ase tfion and
Chrd T dhe i Ok oG s 6k Bast wafia apRiE AL oR ke 303 BbPlad o
f r equencifgstragdmisstoriTet ggaagfo‘fé}%ldjmgt%gmngul tiple access for cellular
conmruni cati on systens whérein signals are transmtted accordi ng to a frane

structure inclangl whereignsdidi measyringstapripciisiesi the siepsgot measuwsing the
difference in time between reception in said mobile station of a signal on a non-
time offset channel on which signals are transmitted without a time offset from

said at least one neighboring base station and reception of a signal on a
channel on which signals are transmitted without a time offset from said first

base station with which.said mobile station is currently linked;

dispatching the measured values to a network controller;

informing said at least one neighboring base station about a second time
oftset for transmitting signals from said at least one neighboring base station
with which said second call link is to be established on an assigned channel;

and wherein said step of delaying further includes the step of buffering at
least one of said communication signals that are to be sent on said first and
second call links so that the transmission of said at least one of said

communication signals is offset by the respective one of said first and second
time offsets.

5. A method as claimed in claim 2, including the further step of transmitting
signals on said communication channel of at least one neighboring base station
and on a communication channel of said first base station according to a frame
structure wherein said communication signals transmitted over said first and
second call link respectively are transmitted in frames that are offset with a time
offset relative to frames transmitted on the respective one of said communication
channels of said at least one neighboring base station and of said first base
station.

6. A method as claimed in claim 4, wherein communication signals are
transmitted over said second call link from at least one neighboring base station
to said mobile station with an arbitrary offset relative to the transmission of
signals on said non-time offset channel of said at least one neighboring base

| is i heet
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36 broadcasting control signal frames containing information intended for”
.any nobile station on a first control channel and on at |east one second
control channel; providing a first comrunication Iink to a nobile station;
specifying a first tine offset to be used to offset a tine of transm ssion
‘of first signal frames on said first cogpunication link relative to

transm ssion of first control signal frames on said first control channel;
measur i ngstatidhf f erence in tinme between the reception in said nobile station
of a second control signal frame transmtted on said at | east one second

7. A method as claimed in claim 2, wherein said predetermined time period
corresponds to a rake window. |

8. A method as claimed in claim 6, wherein at least one neighboring base
station and said first base station transmit said communication signals on
different frequencies.

9. A method as claimed in claim 1, wherein said at least one neighboring
base station and said first base station transmit said communication signals on
the same frequency.

10. A system capable of code division multiple access for cellular
communication systems, said system including:

at least two base stations, at least one of said base stations inciuding
means for delaying a signal in order to retain a time offset, by an offset value
relative to transmission of a non-time offset signal and means for transmitting
said signal delayed by said delay means and for transmitting said non-time
offset signal;

at least one mobile station including a receiver for receiving
transmissions from at least two base stations, a delay measurement unit for
measuring delay in reception of said non-time offset signal from said at least
one of said base stations and means for transmitting said delay measurement;
and

at least one network controller including means for receiving said delay
measurements, means for generating said offset value in accordance with said
delay measurements and means for transmitting said offset value to at least one
of said base stations.

11. A system as claimed in claim 10, wherein at least one of said at least two
base stations includes
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oon.t‘rol channel -and the reception in said nobile station of a first control
-signal frame transmtted on said first control channel; specifying at |east
one second tine offset to be used to offset a tine of transm ssion of

second signal frames on a new conmuni cati link to said nobile station
relative to transmission time of second cohtrol signal frames on said
second control channel; initiating said new communi cation link to said

nobi | e st at i onmeknsafdrigeeivingssigsalsdncloting saidatelay ineasurenents drors aiafd new

[ ' h i econd tinme offset is retained; delaying
tC(r)?rTl;rrH SSHD #bﬁéfrﬁﬁg@eg{%ﬁﬁ, g’f‘ anme on said first comunication |link so

that said firsmdane fot fgahsmittingt éhi@cﬂelhyaﬁfééédréﬁfbr%!fbf?a{i?t netwBat
frame on said first communication |ink and said second signa rane on said
new comufPRUeHn 1ink; and

12. A system as claimed in claim 10, wherein said generating means of said
network controller includes means for generating an arbitrary offset value not
dependent on said delay measurements.

13. A method as claimed in claim 1, further including the step of transmitting
said measurements to a network controller interconnecting said first base station
and said at least one neighboring base station.

14. A method as claimed in claim 1, wherein the signal transmitted over said
first call link is received in said mobile station within a first part of said
predetermined time period and the signal transmitted over said second call link
is received in said mobile station within a second part of said predetermined
time period.

15. A method as claimed in claim 14, wherein said communication signals
are transmitted according to a frame structure.

16. A method as claimed in claim 15, wherein each of said first and second
parts of said predetermined time period are identical to the duration of a frame
respectively.

17. A method as claimed in claim 4 further including the step of:

updating at least one of said first and second time offsets in accordance
with a change in the arrival times of said communication signals in said mobile
station, said change being caused by the movements of said mobile station.
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receiving said first and second signal franes in said nobile station. 37..
. 33. The met hod of code division multiple access as clainmed in claim 32,
including the further step of periodically updating at | east one of said
first tine offset and said second tinE'oggset.

18. A method as claimed in claim 8, wherein said predetermined time period
is identical to the duration of a frame.

19. A method of code division multiple access for cellular communication
systems wherein signals are transmitted according to a frame structure including
signal frames, said method including the steps of:

broadcasting common control signal frames containing information
intended for any mobile station on common control channels of a first base
station and at least one neighboring base station;

providing a first communication link between said first base station and a
mobile station; '

specifying a first time offset to be used to offset a time of transmission from
said first base station to said mobile station of a first éignal frame on said first
communication link relative to transmission time of a first common control signal
frame from said first base station on a common control channel;

measuring a difference in time between the reception in said mobile
station of a second common control signal frame transmifted on a common
control channel from said at least one neighboring base station and the
reception in said mobile station of one of a first signal frame and a first common
signal frame transmitted from said first base station;

specifying at least one second time offset to be used to offset a time of
transmission from said at least one neighboring base station of a second signal
frame on a new communication fink between said at least one neighboring base
station and said mobile station relative to transmission time of a second
common control signal frame on said common control channel of said at least
one neighboring base station;

initiating said new communication link between said at least one
neighboring base station and said mobile station;

delaying transmission of said second signal frame on said new
communication link from said at least one neighboﬁng base station so that said
second time offset is retained;

délaying transmission of a first signal frame on said first communication
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34

link from said first base station so that said first time offset is retained:
transmitting said first signal frame on said first communication link from
said first base station and said second signal frame on said new communication
link from said at least one neighboring base station; and
receiving said first and second signal frames in said mobile station.

20. A method as claimed in claim 19, wherein said second time offset is set
so that said first and second signal frames are received in the mobile station
within a frame duration.

21. A .method as claimed in claim 20, wherein said first and said second
signal frames contain identical information.

22. A method as claimed in claim 19, wherein said mobile station petrforms
said measurement step.

23. A method as claimed in claim 19, wherein, in said measuring step, the
difference in time is measured between the reception in said mobile station of a
second common control signal frame transmitted on said common control
channel from said at least one neighboring base station and the reception in
said mobile station of a first common control signal frame transmitted on said
common control channel from said first base station.

24. A method as claimed in claim 19, including the further step of calculating,
based on the result of said measuring step, said second time offset.

25. A method as claimed in claim 19, including the further step of transmitting
frames on said first communication link in a compressed mode, wherein
information is transmitted during a first part of a compressed mode frame and
information is not transmitted during a second part of said compressed mode
frame; and wherein said measuring step is performed during said second part of
said compressed mode frame.
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26. A method as claimed in claim 25, including the further step of retuming to
non-compressed mode transmission, wherein information is transmitted during
the whole frame.

27. A method as claimed in claim 19, wherein said first signal frame is
received within a first predetermined time period and said second signal frame
is received within a second predetermined time period in said mobile station,
said second predetermined time period occurring in consecutive order after said
first predetermined time period.

28. A method as claimed in claim 27, wherein said first and second
predetermined time period each corresponds to a rake window.

29. A method as claimed in claim 27, wherein said first and second signal
frames are transmitted in a compressed mode on said first and second call link,
respectively, said first signal frame being transmitted during a first part of a
compressed mode frame and said second signal frame being transmitted during
a second part of said compressed mode frame.

30. A method as claimed in claim 29, wherein said first predetermined time
period corresponds to said first part of a compressed mode frame in said mobile
station and said second predetermined time period corresponds to said second
predetermined time period in said mobile station.

-31. A method as claimed in claim 30, wherein said at least one neighboring

base station and said first base station transmit on said communication links on
different frequencies.

32. A method of code division multiple access for cellular communication
systems wherein signals are transmitted according to a frame structure including
signal frames, said method including the steps of:
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broadcasting control signal frames containing information intended for
any mobile station on a first control channel and on at least one second control
channel; |

providing a first communication link to a mobile station;

specifying a first time offset to be used to offset a time of transmission of
first signal frames on said first communication link relative to transmission of first
control signal frames on said first control channel;

measuring a difference in time between the reception in said mobile
station of a second control signal frame transmitted on said at least one second
control channel and the reception in said mobile station of a first control signal
frame transmitted on said first control channel;

specifying at least one second time offset to be used to offset a time of
transmission of second signal frames on a new communication link to said
mobile station relative to transmission time of second control signal frames on
said second control channel;

initiating said new communication link to said mobile station;

delaying transmission of a second signal frame on said new
communication link so that said second time offset is retained:

delaying transmission of a first signal frame on said first communication
link so that said first time offset is retained,;

transmitting said first signal frame on said first communication link and
said second signal frame on said nhew communication link; and

receiving said first and second signal frames in said mobile station.

“! c L ] S *
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- 33.  The method of code division multiple access as claimed in claim 32,
including the further step of periodically updating at least one of said first time
offset and said second time offset.
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ABSTRACT

TIME ALIGNMENT OF TRANSMISSION IN A DOWN-LINK OF A CDMA SYSTEM

A mobile station can be connected to more than one base
station in a procedure known as macro-diversity. In order to
synchronize the signals for a specific cellular call connection,
the time difference between the connected base station’s signal
and a macro-diversity candidate base station’s signal is measured
by a mobile station. This measurement is then transmitted to the
network. The measurements can be used to achieve synchronization
by means of frame staggering.

Figure 2
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