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(§7) Abstract: A system and method for providing inter-frequency and inter-sys-

BSC/RNC CAUSES A MESSAGE
1O BE TRANSMITTED ON THE DOWN.-
LINK CONTROL CHANNEL {DENTIFYING
FRAME(S) WHICH WILL BE TRANSMITTED

ARE TO BE OPERATING IN NON-MIMO
MODE TO MAKE INTER-FREQUENCY OR
INTER-SYSTEM MEASUREMENTS.

J

TERMINAL CONTROLLER STORES THE |
IDENTIFICATION OF THE FRAME(S) WHICH
WILL BE SENT IN NON-MIMO MODE AND
STARTS TO MONITOR THE FRAME
NUMBERS OF RECEIVED DATA TO
DETERMINE WHEN TO TUNE ONE MIMO
RECEIVER TO A NEW FREQUENCY BAND
WHICH IS EITHER AN INTER-FREQUENCY 104
BAND(S) WITHIN THE SAME SYSTEM OR AN
INTER-SYSTEM FREQUENCY BAND(S)
WITHIN ANOTHER SYSTEM IN ORDER TO
MAKE MEASUREMENTS OF RADIO
INDICATOR AT THE NEW |
FREQUENCY BAND(S).

4

THE TRANSMITTER TRANSMITS THE
IDENTIFIED FRAME(S) AT INCREASED POWER
WHILE DISABLING ONE ANTENNA AND THE
ONE RECEIVER IS TUNED BY THE TERMINAL
CONTROLLER TO THE NEW
FREQUENCY BAND(S) TO MAKE AND START

MEASUREMENTI(S) AND THE REMAINING  [>100
RECEIVER(S) IS OPERATED TO DETECT THE
IDENTIFIED FRAME(S).

!

THE MEASUREMENTS ARE TRANSMITTED
FROM THE TERMINAL TO THE BASE STATION
AND THE BSC/RNC DECIDES IF A HANDOFF 108
TO ANEW INTER-FREQUENCY BAND OR TO A
NEW SYSTEM IS IN ORDER.

DETECT CONDITION(S) WITH — tem handovers. A terminal (207) includes at least one radio transceiver including

NETWORK OR TERMINAL THAT P radio receivers (20) and at least one transmitter (16) with P being an integer and

INTER-FREQUENCY OR INTER- 100 . . . .
SYSTEM MEASUREMENTS SHOULD at least equal to 2. Each radio receiver (20) includes an antenna (41), a terminal
BE MADE DURING MIMO OPERATION. controller (18) controlling radio transceiver. The terminal controller (18) causes at

t least one of the radio receivers (20) to be turned to the at least one frequency band
during the at least one identified data frame and to make measurements therein and
to transmit the measurements with at least one transmitter of the at least one radio
WHEN THE STATION AND THE TERMINAL {102 transceiver to a station (24).
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INTER-FREQUENCY MEASUREMENTS WITH MIMO TERMINALS

TECHNICAL FIELD

The present invention relates to a System, method and terminal for
making inter-frequency and inter measurements for controlling reliable
handovers therein and therein between.

- BACKGROUND ART

Fig. 1 illustrates “compressed mode" which is used in wideband
code division multiple access (WCDMA) to make inter-frequency measurements
by user equipment (UE). Compressed mode in Release 99 (3GPP TR 25.211-
295.215 which describes the physical layer, 3GPP TR 25-331 which describes the

“radio resource control protocol, and 3GPP TR 25-133 which describes

requirements for radio resource management) uses a terminal having a single
receiver. The main features of compressed mode in making inter-fi'equency

measurements are:

(1) measurement times are controlled by the radio access network (RAN);

(2) measurement gaps are within a frame which are typically seven milliseconds
in duration during which inter-frequency measurements are made; (3) no data
transmission occurs during the gaps; and (4) higher power transmission is used
during the other parts of the frame to compensate for the gap. The gap is
created by increasing the data transmission rate in the frame so that the data
payload transmitted in the frame takes less time providing for the measurement

gap.

See the 3GPP Technical Reports TR 25.212 and 25.331 fora
description of compressed mode. '
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A main disadvantage of inter-frequency measurements using a
sirigle receiver is the requirement that the receiver has to process higher data
rates in 'frame(s) with the gaps (frame #2 of Fig. 1) than normal data rates
(frames #1 and #3 of Fig: 1\\). Furthermore, the data transmissions in the fra'me(s.)
with the gap are at higher power level to accommodate the lost transmission

energy in the gap period.

| Fig. 2 describes 3 prior art system based upon Section 6.5
“Multiple Input Multiple Output [MIMO] Antenna Processing in the 3GPP
Technical Report 25.848 v4.0.0 2001-3. The diversity system 10 utilizes known
multiple downlink t,ransmit'antennas for second order applications in the UTRA
Release 99 Specifications. These techniques exploit spatial and/or polarization

decorrelations over muitiple channels to achieve fading diversity gain.

MIMO systems use fnultiple antennas at the station transmitter and
terminal receiver which provide advantages in comparison to transmissions
using conventional single antennas. If multiple antennas are used it both the
transmitter and the receiver, the peak throughout is increased using a technique
known as code re-use. With code re-use, each channelization/scrambling code
pair allocated for the HSS-DSCH transmission can modulate up to M distinct
data streams where M is the number of base station transmitter antennas. Data
streams which share the same channelization/scrambling code must be
distinguished based on their spatial characteristics, requiring a receiver with at

‘least M antennas. In principal, the peak throughput with code re-use is M times

the rate achievable with a single transmit antenna. Third, with code re-use, some
intermediate data rates can be achieved with a combination of code re-use and
smaller modulation constellations, e.g. the 16
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QAM instead of 64 QAM. Compared to a single antenna transmission scheme with
a larger modulation constellation to achieve the same data rate, the code re-use
technique may have a smaller required Eb/No, resulting in overall improved system
performance. This technique is open loop since the transmitter does not require
feedback from the UE other than the conventional HSPDA information required for
rate determination. Further performance gains can be achieved using closed-loop
MIMO techniques whereby the transmitter employs feedback information from the
UE. For example, with knowledge of channel realizations, the transmitter could
transmit on an orthogonal Eigen modes eliminating the spatial multiple-access
interference. See Section 5.3 of the aforementioned Technical Report TR 25.8438.
[0007] The system 10 illustrated in Fig. 2 is comprised of a MIMO transmitter 21
having M antennas 25 based on Fig. 6 in the aforementioned Section 6.5 In
combination with a MIMO terminal 20' including a receiver 20 having P antennas
based on Fig. 7 of the aforementioned Section 6.5. The diagram of Fig. 6 has been
modified to include a receiver 12 associated with the MIMO transmitter 21. The
transceiver 24 is used at a station and is controlled by a base station controller/radio
network controller 14. Similarly, Fig. 7 has been modified to include a MIMO UE 20°.
The UE 20' includes a transmitter 16 and a controller 18 which are utilized with the
MIMO receiver 20. The UE 20' is coupled by a radio link 22 containing uplink and
downlink radio channels to the transceiver 24 containing the receiver 12 and
transmitter 21.

[0008] The transceiver 24 receives a coded high rate data stream 26 which is
inputted to a demultiplexer 28. The demultiplexer 28 demultiplexes the coded high

rate data stream 26 into M data streams 30. The M data streams 30 are spread by
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N spreading codes applied to spread data functions 32. The spread data

functions 32 produce MN substreams of the M substreams outputted by the
demultiplexer 28. The M substreams (m=1...M) of each group are summed by
summers 34 and multiplied in multiplexers 36 by scrambling code and transmitted
over the Mth antenna so that the substreams sharing the same code are transmitted
over different antennas. Mutually orthogonal dedicated pilot symbols are also added
by the summers 34 to each antenna's common pilot channel (CPICH) to allow
coherent detection. For M=2 or for 4 antennas, the pilot symbol sequences 4,
respectively, two antenna STTD or 4 antenna closed-loop diversity can be used.
[0009] The UE 20' distinguishes the M substreams sharing the same code.

P antennas 41 receive the M substreams and spatial signal processing is used to
decode the M substreams. For coherent detection at the UE 20', complex amplitude
channel estimates are required for each transmit/receive antenna pair. In a flat
fading channel, the channel is characterized by MP complex channel coefficients. In
frequency selective channels, the channel is characterized by LMP coefficients
where L is the number of RAKE receiver fingers. Channel estimates can be
obtained by correlating the received signals with the M orthogonal pilot sequences.
Compared to a conventional single antenna receiver, the channel estimation
complexity is higher by a factor of M. For data detection, each antenna is followed
by a bank of filters matched to the N spreading codes. In general, there are

LN despreaders 40 per antenna. For each of the MN distinct data streams, the LP
corresponding despreader outputs are each weighed by the complex conjugate of
the corresponding channel estimate 42 and summed together by the space time rate

combiner 44. The space-time-rate combiner is a multiple antenna generalization of a
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conventional rake combiner. The space time rate combiner 44 outputs are inputted
to a detector 46 which may be VBLAST detector. The outputs of the VBLAST
detector 46 are applied to a multiplexer 48 which outputs multiplexed data.

[0010] Inter-frequency operation involves the hand-off of the user UE 20" from
one frequency band to another frequency band within a frequency allocation of the
system in which the UE is currently registered. Inter-frequency hand-offs may be
made for diverse reasons, such as loading of the channels, error rates associated
with the transmission of the data, etc.

[0011] Inter-system hand-offs involve the hand-off of the UE 20 from a frequency
band in one system in which the UE is currently registered to a frequency band in
another system in which the UE is not currently registered.

[0012] While the MIMO system 10 of the prior art has improved performance in
comparison to a non-MIMO receiver, in order to provide reliable hand-offs to inter-
frequencies or inter-system hand-offs, it is necessary for the system 10 to obtain
measurements from the UE 20' which enable the BSC/RNC 14 to make a
determination of whether or not a hand-off should be made from the current
frequency band in which the UE 20 is operating to another frequency band ana
furthermore, if such a handoff is to be made, whether it should be inter-frequency

hand-off within the same system, e.g. WCDMA or GSM, or between systems e.g.,

WCDMA to GSM or GSM to WCDMA.

DISCLOSURE OF THE INVENTION
[0013] The present invention provides a reliable data transmission method and

system including a station transceiver having a transmitter, including muiltiple
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antennas and at least one UE having a radio transceiver, including multiple radio
receivers each with an antenna. The system includes a station controller which
controls the station transceiver to transmit encoded data streams using the muitiple
antennas to muitiple radio receivers in at least one radio transceiver of the

UE terminal. Preferably, the system of the invention operates with MIMO principals.
Unlike the compressed mode of the prior art in which the data transmission rate is
varied, the present invention makes radio indicator measurements during
transmission of multiple data streams from the multiple antennas of the station
transceiver to at least one transceiver including multiple receivers each with an
antenna. During measurement of the radio indicator, at least one receiver receives
at least one frequency band which is not used to receive the encoded data streams
during at least one identified data frame to measure the radio indicator of the at least
one frequency band which is not used to receive the encoded data streams. The
radio indicator uses many different measurement criteria and includes, without
limitation, pilot signal power, total received signal power, Ec/10 and cell identification
measurements. The terminal controller of the UE causes the at least one radio
receiver to tune to the at least one frequency band during the at least one identified
data frame and to make radio indicator measurements therein and transmit the
measurements to at least one transmitter of the at least one radio transceiver which
transmits the measurements to the station. A base station controller or radio
network controller of the station, based upon the measurements, controls whether or
not the transceiver associated with the station commands the UE to stay tuned to a
current frequency band, to jump to another inter-frequency band, or to jump to a

frequency band in another system.
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[0014] The present invention uses the MIMO architecture in a UE to periodically
use at least one radio receiver to make inter-frequency or inter-system radio

indicator measurements. During the at least one frame, which is used for making of
the radio indicator measurements, the power level transmitted to the UE is boosted
in the remaining receivers so that data transmission and detection is ongoing to the
UE at the same time that the radio indicator measurements are being made. As a
result, the MIMO architecture is utilized for a dual role of data reception and radio
indicator measurements without requiring a dedicated receiver to measure only the
radio indicator. The first role obtains better reception consequent from the
advantages of MIMO in comparison to non-MIMO systems and the second role, as a
result of having muitiple receivers normally used to receive multiple data streams,
nermits the functions of the receivers to be split up between data reception and
making radio indicator measurements so as to facilitate the decision making process
of whether or not the UE should be commanded to move to a new frequency band
for diverse reasons, such as load factors, bit error rate, etc.

[0015] In a data transmission system including a station which transmits

M encoded data streams using M antennas to a terminal and a station controller
which controls the station, wherein M is an integer at least equal to 2, a terminal in
accordance to the invention includes at least one radio transceiver including P radio
receivers and at least one transmitter with P being an integer at least equal to 2,
each radio receiver including an antenna which receives the M encoded data
streams and a detecting function which decodes the M encoded data streams Into
decoded data; and a terminal controller which controls the at least one radio

transceiver; and wherein in response to a transmission from the station that the
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terminal is to operate at ieast one of the radio receivers in at least one frequency
band not used to receive the M encoded data streams during at least one identified
data frame therein to measure a radio indicator of the at least one frequency band,
the terminal controlier causes at least one of the radio receivers to be turned to the
at least one frequency band not used to receive the M encoded data streams during
the at least one identified data frame and to make measurements therein and to
transmit the measurements with the at least one transmitter of the at least one radio
transceiver to the station. The at least one frequency band may be an inter-
frequency band in the data transmission system or in another system than the data
transmission system. The station may comprise a demultiplexer which
demultiplexes an input data stream into M substreams, each substream may be
spread with one of N spreading codes where N is an integer at least equal to 2 with a
mutually orthogonal pilot symbol being added to a common pilot channel transmitted
by each antenna; and wherein the at least one transceiver may comprise in each
radio receiver a despreader coupled to the antenna, a space-time rake combiner
which receives outputs from the despreaders, a channel estimation function coupled
to each of the antennas of the radio receivers which provides a channel estimation to
the space-time rake combiner, a detector is coupled to outputs of the space-time
rake combiner which provides outputs of the M data streams, and a multiplexer,
coupled to the outputs of the detector which outputs a multiplexed data stream
corresponding to the input data stream. The terminal may use wide band code
division multiple access (WCDMA) for receiving the M encoded streams, globai
system for mobile communications (GSM) for receiving the M encoded data streams,

or the terminal may use wide band code division multiple access (WCDMA) for
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receiving the M encoded data streams and another system may use global system
for mobile communications (GSM). The terminal may use global system for mobile
communications (GSM) for receiving the M encoded data streams and the another
system may use wide band code division multiple access (WCDMA). The radio
indicator may be pilot signal power, total received signal power, Ec/10, or cell
identification.

[0016] A data transmission system in accordance with the invention includes a
terminal; a station which transmits M encoded data streams using M antennas to
the terminal wherein M is an integer at least equal to 2; a station controller which
controls the station; the terminal including at least one radio transceiver including P
receivers and at least one transmitter, with P being an integer at least equal to 2,
each radio receiver including an antenna which receives the M encoded data
streams and a detecting function which decodes the M encoded data streams into
decoded data; and a terminal controller which controls the at least one radio
transceiver; and wherein in response to a transmission from the station that the
terminal is to operate at least one of the radio receivers in at least one frequency
band not used to receive the M data streams during at least one identified data
frame therein to measure a radio indicator of the at least one frequency band not
used to receive the M encoded data streams, the terminal controller causes at least
one of the radio receivers to be tuned to the at least one frequency band during the
at least one identified data frame and to make measurements of the radio energy
therein and to transmit the measurements with the at least one transmitter of the at
least one radio transceiver to the station. The at least one frequency band may be

an inter-frequency band in the data transmission system or in another system than
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the data transmission system. The station may comprise a demultiplexer which
demultiplexes an input data stream into M substreams, each substream may be
spread with one of N spreading codes where N is an integer at least equal to 2 with a
mutually orthogonal pilot symbol being added to a common pilot channel transmitted
by each antenna; and wherein the at least one transceiver may comprise in each
radio receiver a despreader coupled to the antenna, a space-time rake combiner
which receives outputs from the despreaders, a channel estimation function coupled
to each of the antennas of the radio receivers which provides a channel estimation to
the space-time rake combiner, a detector is coupled to outputs of the space-time
rake combiner which provides outputs of the M data streams, and a multiplexer,
coupled to the outputs of the detector which outputs a multiplexed data stream
corresponding to the input data stream. The terminal may use wide band code
division multiple access (WCDMA) for receiving the M encoded data streams, global
system for mobile communications (GSM) for receiving the M encoded data streams,
or the terminal may use wide band code division multiple access (WCDMA) for
receiving the M encoded data streams and another system may use global system
for mobile communications (GSM). The terminal may use global system for mobile
communications (GSM) for receiving the M encoded data streams and the another
system may use wide band code division multiple access (WCDMA). The M
encoded data streams may be transmitted with a higher power level during the at
least one identified frame than a power level used to transmit other frames of the
encoded data streams. The radio indicator may be pilot signal power, total received

signal power, Ec/10 or cell identification.

10
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[0017] In a data transmission system including a station which transmits

M encoded data streams using M antennas to a terminal comprising at least one
radio transceiver including P radio receivers and at least one transmitter with P being
an integer at least equal to 2, each radio receiver including an antenna which
receives the M encoded data streams and a detecting function which decodes the M
encoded data streams into decoded data, a station controller which controls the
station, wherein M is an integer at least equal to 2, and a terminal controller which
controls the that at least one radio transceiver, a method in accordance with the
invention includes in response to a transmission from the station that the terminal is
to operate at least one of the radio receivers in at least one frequency band not used
to receive the M encoded data streams during at least one identified data frame
therein to measure a radio indicator of the at least one frequency band not used to
receive the M encoded data streams, the terminal controller causes at least one of
the radio receivers to be turned to the at least one frequency band during the at least
one identified data frame and to make measurements therein and to transmit the
measurements with the at least one transmitter of the at least one radio transceiver
to the station. The at least one frequency band may be an inter-frequency band in
the data transmission system or another system than the data transmission system.
The station may comprise a demultiplexer which demultiplexes an input data stream
into M substreams, each substream may be spread with one of N spreading codes
where N is an integer at least equal to 2 with a mutually orthogonal pilot symbol
being added to a common pilot channel transmitted by each antenna; and wherein
the at least one transceiver may comprise in each radio receiver a despreader

coupled to the antenna, a space-time rake combiner which receives outputs from the

11
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despreaders, a channel estimation function coupled to each of the antennas of the
radio receivers which provides a channel estimation to the space-time rake
combiner, a detector is coupled to outputs of the space-time rake combiner which
provides outputs of the M data streams, and a multiplexer, coupled to the outputs of
the detector which outputs a multiplexed data stream corresponding to the input data
stream. The station may comprise a demultiplexer which demultiplexes an input
data stream into M substreams, each substream may be spread with one of N
spreading codes where N is an integer at least equal to 2 with a mutually orthogonal
pilot symbol being added to a common pilot channel transmitted by each antenna;
and wherein the at least one transceiver may comprise in each radio receiver a
despreader coupled to the antenna, a space-time rake combiner which receives
outputs from the despreaders, a channel estimation function coupled to each of the
antennas of the radio receivers which provides a channel estimation to the space-
time rake combiner, a detector is coupled to outputs of the space-time rake combiner
which provides outputs of the M data streams, and a multiplexer, coupled to the
outputs of the detector which outputs a multiplexed data stream corresponding to the
input data stream. The terminal may use wide band code division multiple access
(WCDMA) for receiving the M encoded streams the terminal uses global system for
mobile communications (GSM) for receiving the M encoded data streams. The
terminal may use wide band code division multiple access (WCDMA) for receiving
the M encoded data streams and the another system may use global system for
mobile communications (GSM). The terminal may use global system for mobile
communications (GSM) for receiving the M encoded data streams and the another

system may use wide band code division multiple access (WCDMA). The radio

12




10

15

20

25

30

. L e A e Ak B b ciad bk Bt SR S A S SR s - ¥

CA 02481174 2008-11-20

indicator rhay be pilot signal power, total recéived signal power, Ec/10, or cell
identification. The M encoded data streams may be transmitted with a higher
power level during the at least one identified frame than a power level used to

transmit other frames of the encoded data streams.

Ac'cording to a further broad aspect of the present invention, there

| IS prOvided in a data transmission system including a station which transmits M

encoded data streams using M antennas to a terminal and a station controller

which controls the station, wherein M is an integer at least equal to 2, the

‘terminal comprising: at least one radio transceiver including P radio receivers

and at least one transmitter with P being an integer at least equal to 2, each
radio receiver including an antenna which receives the M encoded data streams

and a detecting function which decodes the M encoded data streams into

decoded data, and a terminal controller which controls the at least one radio
transceiver, and wherein in response to a transmission from the station that the
terminal is to operate at least one of the radio receivers in at least one frequency
band not used to receive the M encoded data streams during at least one
identified data frame therein to measure a radio indicator of the at least one
frequency band not used to receive the M encoded data streams, the terminal

controller causes at least one of the radio receivers to be tuned to the at least

one frequency band during the at least one identified data frame and to make
measurements therein and to transmit the measurements with the at least one

transmitter of the at least one radio transceiver to the station.

According to a further broad aspect of the present invention, there

is provided a data transmission system comprising: a terminal, a station which

transmits M encoded data streams using M antennas to the terminal wherein M
s an integer at.least equai to 2, a station controller which controls the station, the
terminal including at Ieastl ohe' radio tfansceiver including P recéivers and at
least one transmitter, with P being an integer at least equal to 2, each radio
receiver including an antenna which receives the M encoded data streams and a
detecting function which decodes the M encoded data streams into decoded
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data, and a terminal controller which controls the at least one radio transceiver,
and wherein in response to a transmission from the station that the terminal is
to operate at least one of the radio receivers in at least one frequency band not
used to receive the M data streams during at least one identified data frame
therein to measure a radio indicator of the at least one frequency band not used
to receive the M encoded data streams, the terminal controller causes at least
one of the radio receivers to be tuned to the at least one frequency band during
the at least one identified data frame and to make measurements of the radio
energy therein and to transmit the measurements with the at least one

transmitter of the at least one radio transceiver to the station.

According to a still further broad aspect of the present invention,
there is provided in data transmission system including a station which
transmits M encoded data streams using M antennas to a terminal comprising
at least one radio transceiver including P radio receivers and at least one
transmitter with P being an integer at least equal to 2, each radio receiver
including an antenna which receives the M encoded data streams and a
detecting function which decodes the M encoded data streams into decoded
data, a station controller which controls the station, J wherein M is an integer at
least equal to 2, and a terminal controller which controls the at least one radio
transceiver, a method comprising: in response to a transmission from the
station that the terminal is to operate at least one of the radio receivers in at
least one frequency band not used to receive the M encoded data streams
during at least one identified data frame therein to measure a radio indicator of

the at least one frequency band not used to receive the M encoded data
streams, the terminal controller causes at least one of the radio receivers to be
tuned to the at least one frequency band during the at least one identified data
frame and to make measurements therein and to transmit the measurements

with the at least one transmitter of the at least one radio transceiver to the

station.
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BRIEF DESCRIPTION OF THE DRAWINGS

- Fig. 1' illustrates the prior art compressed mode of performing inter-

frequency measurements.

Fig. 2 illustrates a prior art MIMO system of the type in which the
present invention may be practiced.

Fig. 3 illustrates a simplified block diagram of the frame
transmission utilized by the present invention for making inter-frequency and or

inter-system measurements with at least one receiver present in UE.

Fig. 4 illustrates a flow chart of the operation of the present

invention.

Like reference numerals i'dentify like parts throughout the drawings.

BEST MODE FOR CARRYING QUT THE INVENTION

Fig. 3 illustrates a block diagram of the traﬁsmission of data frames
in accordance with the present invention. The difference in operation of the '
invention illustrated in Fig. 3, in comparison to the prior art of Fig. 2, is

eliminating the requirement for compressed mode transmissions during.the

making of inter-frequency and/or inter-system measurements as illustrated by
frame #2. Frames #'s 1 and 3 of Fig. 3 are conventional MIMO transmissions. As
llustrated in the non-MIMO frame #2, one antenna of the station transmitter 21 is

disabled and at least
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one receiver 20 of the UE 20' has been commanded to a new inter-frequency or
inter-system band in which radio indicator measurements are made and at least one
other receiver 20 receives the data transmissions which is made at a higher power
level represented by a higher vertical height thereof to make up for lost reception
capability by the receiver used to make the measurements.

[0024] Fig. 4 illustrates a block diagram of the operation of the present invention
as practiced without limitation in the prior art system of Fig. 2. Operation starts at
point 100 at which detection occurs of conditions in the network or terminal (UE)
indicating that inter-frequency or inter-system measurements should be made.
These conditions are well known and are diverse in nature, including consideration
of units in the frequency band, data error rates, etc. These conditions may be
determined by the BSC/RNC 14, the transceiver 24 or the UE 20'.

[0025] The making of measurements to determine if an inter-frequency or inter-
system hand-over should occur is represented by point 100. Operation proceeds to
point 102 where the BSC/RNC 14 causes a message to be transmitted on the
downlink control channel identifying at least one frame which will be transmitted
when the transmitter 21 of transceiver 24 and the receivers 20 of the UE 20" are {0
be operating in non-MIMO mode to make inter-frequency or inter-system radio
indicator measurements. The operation proceeds to point 104 where the terminal
controller 18 causes storing of the identification of the frame(s) which will be sent In
non-MIMO mode, as illustrated as an example only as the single frame #2 in Fig. 3.
The controller starts to monitor the numbers of received frames to determine when to
tune one MIMO receiver 20 to a new frequency band which is either an inter-

frequency band within the same system or a frequency band within another system
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in order to make measurements of a radio indicator in the new frequency band. |t
should be understood that the radio indicator may be any reliable measurement
criteria for determining whether a hand-over should be made to a new frequency
band either on an inter-frequency basis or an inter-system basis. Such radio
indicators without limitation are pilot signal power, total received signal power, EC/10
or cell identification to name just a few, but it should be understood that the invention
is not limited thereto. The operation proceeds to point 106 where the transmitter 21
transmits the identified frame(s) with increased power while disabling one of the
antennas 25 and one of the receivers 20 of the UE 20' is tuned to the new frequency
band(s) to make and store the aforementioned measurements of the radio indicator
and the remaining receiver(s) 20 is operated to detect the identified frames and
output data from the multiplexer 48 while the aforementioned measurements are
being made. The process proceeds finally to point 108 where the measurements are
transmitted from the transmitter 16 of the UE 20' to the transceiver 24 and the
BSC/RNC 14 decides if a hand-over to a new inter-frequency band or a new system
IS In order.

[0026] It should be understood that the prior art system 10 is only an exemplary
embodiment of a system in which the present invention may be produced. The
invention's making of radio indicator measurements with at least one receiver tuned
to a new frequency band while receiving data transmitted at a highef power level In
the current frequency band by at least one other receiver may be achieved and
implemented in numerous ways beyond that described with reference to Fig. 2. The
use of receiver chains in the architecture of Fig. 2 is only one specific implementation

of multiple receivers in the UE in accordance with the invention.
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[0027] While the invention has been described in terms of its preferred
embodiments, it should be understood that numerous modifications may be made

thereto. It is intended that all such modifications fall within the scope of the

appended claims.
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CLAIMS

1. In a data transmission system including a station which transmits M
encoded data streams using M antennas to a terminal and a'station controller
which controls the station, wherein M is an integer at least equal to 2, the
terminal comprising: o ‘

at least one radio transceiver including P radio receivers and at
'Ieast one transmitter with P being an ihtegér at least equal to 2, each radio
receiver including an antenna which receives the M encoded data streams and a
~detecting funétioh which decodes the M encoded data streams into decoded
data; and

\ a tetjminal controller which controls the at least one radio

transceiver; and wherein |

in response to a transmission from the station that the terminal is to
operate at least one of the radio receivers in at least one frequency band not
used to receive the M encoded data streams during at least one identiﬁed data
frame therein to0 measure a radio indicator of the at least one frequency band not
used to receive the M encoded data streams, the terminal controller causes at
least one of the radio réceivers to be tuned to the at least one frequency band
during the at least one identified data frame and to make measurements therein
and to transmit the measurements with the at least one*transmitter of the atﬁ'least
- one radio transceiver to the station.
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2. A terminal in accordance with claim 1 wherein:

the at least one frequency band is an inter-frequency band in the data

transmission system.

3. A terminal in accordance with claim 1 wherein:

the at least one frequency band is in another system than the data

transmission system.

4. A terminal in accordance with claims 1-3 wherein:
the station comprises a demultiplexer which demultiplexes an input

data stream into M substreams, each substream is spread with one of N spreading
codes where N is an integer at least equal to 2 with a mutually orthogonal pilot
symbol being added to a common pilot channel transmitted by each antenna; and
wherein

the at least one transceiver comprises in each radio receiver a despreader
coupled to the antenna, a space-time rake combiner which receives outputs from the
despreaders, a channel estimation function coupled to each of the antennas of the
radio receivers which provides a channel estimation to the space-time rake
combiner, a detector is coupled to outputs of the space-time rake combiner which
provides outputs of the M data streams, and a multiplexer, coupled to the outputs of

the detector which outputs a multiplexed data stream corresponding to the input data

stream.
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5. A terminal in accordance with claims 1-4 wherein:

the terminal uses wide band code division multiple access (WCDMA)

for receiving the M encoded streams.

6. A terminal in accordance with claims 1-4 wherein:
the terminal uses global system for mobile communications (GSM) for

receiving the M encoded data streams.

7. A terminal in accordance with claims 1-6 wherein the radio indicator

comprises:

pilot signal power.

8. A terminal in accordance with claims 1-6 wherein the radio indicator
COMPIrises:

total received signal power.

9.' A terminal in accordance with claims 1-6 wherein the radio indicator
comprises:

Ec/10.

10. A terminal in accordance with claims 1-6 wherein the radio indicator
COmMprises:

cell identification.
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11. A data transmission system comprising:

a terminal,

a station which transmits M encoded data streams using M antennas to
the terminal wherein M is an integer at least equal to 2; .

a station controller which controls the station;

the terminal including at least one radio transceiver including P
receivers and at least one transmitter, with P being an integer at least equal to 2,
each radio receiver including an antenna which receives the M encoded data
streams and a detecting function which decodes the M encoded data streams into
decoded data: and

a terminal controller which controls the at least one radio transceiver;
and wherein

In response to a transmission from the station that the terminal is to
operate at least one of the radio receivers in at least one frequency band not used to
receive the M data streams during at least one identified data frame therein to
measure a radio indicator of the at least one frequency band not used to receive the
M encoded data streams, the terminal controller causes at least one of the radio
receivers to be tuned to the at least one frequency band during the at least one
identified data frame and to make measurements of the radio energy therein and to
transmit the measurements with the at least one transmitter of the at least one radio

transceiver to the station.

12. A system in accordance with claim 11 wherein:

the at least one frequency band is an inter-frequency band in the data
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transmission system.

13. A system in accordance with claim 11 wherein:
the at least one frequency band is in another system than the data

transmission system.

14. A system in accordance with claims 11-13 wherein:
the station comprises a demultiplexer which demultiplexes an input

data stream into M substreams, each substream is spread with one of N spreading
codes where N is an integer at least equal to 2 with a mutually orthogonal pilot
symbol being added to a common pilot channel transmitted by each antenna; and
wherein

the at least one transceiver comprises in each radio receiver a despreader
coupled to the antenna, a space-time rake combiner which receives outputs from the
despreaders, a channel estimation function coupled to each of the antennas of the
radio receivers which provides a channel estimation to the space-time rake
combiner, a detector is coupled to outputs of the space-time rake combiner which
provides outputs of the M data streams, and a multiplexer, coupled to the outputs of

the detector which outputs a multiplexed data stream corresponding to the input data

- stream.
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15. A system in accordance with claims 11-14 wherein:

the terminal uses wide band code division multiple access (WCDMA)

for receiving the M encoded data streams.

16. A system in accordance with claims 11-14 wherein:

the terminal uses global system for mobile communications (GSM) for

receiving the M encoded data streams.

17. A system in accordance with claims 11-16 wherein:
the M encoded data streams are transmitted with a higher power level

during the at least one identified frame than a power level used to transmit other

frames of the encoded data streams.

18. A system in accordance with claims 11-17 wherein the radio indicator
comprises:

pilot signal power.

19. A system in accordance with claims 11-17 wherein the radio indicator

comprises:

total received signal power.

20. A system in accordance with claims 11-16 wherein the radio indicator

COMPprises:

Ec/10.
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21. A system in accordance with claims 11-16 wherein the radio
indicator comprises:

cell identification.

22. In data transmission system including a station which transmits M
encoded data streams using M antennas to a terminal comprising at least one
radio transceiver including P radio receivers and at least one transmitter with P
being an integer at least equal to 2, each radio receiver including an antenna
which receives the M encoded data streams and a detecting function which
decodes the M encoded data streams into decoded data, a station controller
which controls the station, wherein M is an integer at least equal to 2, and a
terminal controller which controls the at least one radio transceiver, a method
comprising:

in response to a transmission from the station that the terminal is
to operate at least one of the radio receivers in at least one frequency band not
used to receive the M encoded data streams during at least one identified data
frame therein to measure a radio indicator of the at least one frequency band
not used to receive the M encoded data streams, the terminal controller causes
at least one of the radio receivers to be tuned to the at least one frequency band
during the at least one identified data frame and to make measurements therein
and to transmit the measurements with the at least one transmitter of the at

least one radio transceiver to the station.
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23. . A method in accordance with claim 22 wherein:

the at least one frequency band is an inter-frequency band in the data

transmission system.

24. A method in accordance with claim 22 wherein:
the at least one frequency band is in another system than the data

transmission system.

25. A method in accordance with claims 22-24 wherein:
the station comprises a demultiplexer which demultiplexes an input

data stream into M substreams, each substream is spread with one of N spreading
codes where N is an integer at least equal to 2 with a mutually orthogonal pilot
symbol being added to a common pilot channel transmitted by each antenna; and
wherein

the at least one transceiver comprises in each radio receiver a despreader
coupled to the antenna, a space-time rake combiner which receives outputs from the
despreaders, a channel estimation function coupled to each of the antennas of the
radio receivers which provides a channel estimation to the space-time rake
combiner, a detector is coupled to outputs of the space-time rake combiner which
provides outputs of the M data streams, and a multiplexer, coupled to the outputs of

the detector which outputs a multiplexed data stream corresponding to the input data

stream.
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26. A method in accordance with claims 22-25 wherein:
the terminal uses wide band code division multiple access (WCDMA)

for receiving the M encoded streams.

27. A method in accordance with claims 22-25 wherein:
the terminal uses global system for mobile communications (GSM) for

receiving the M encoded data streams.

28. A method in accordance with claims 22-27 wherein the radio indicator
comprises:

pilot signal power.

29. A method in accordance with claims 22-27 wherein the radio indicator
comprises:

total received signal power.

30. A method in accordance with claims 22-27 wherein the radio indicator
comprises:

Ec/10.

31. A method in accordance with claims 22-27 wherein the radio indicator
comprises:

cell identification.
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32. A method in accordance with claims 22-31 wherein:
the M encoded data streams are transmitted with a higher power level
during the at least one identified frame than a power level used to transmit other

frames of the encoded data streams.
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FIG. 4
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