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Abstract

Receiver diversity in a wireless device is controlled in response to operating
conditions, transmission requirements, and control settings. The control of diversity
reduces power consumption by enabling receive diversity on given conditions. Operating
conditions, transmission requirements, and control settings are used separately or used in
conjunction to determine whether benefits of multi-antenna receive diversity, such as

higher link capacity, higher data throughput, lower transmit power, and lower error rate,
warrant the higher power cost of the diversity.
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METHOD AND APPARATUS FOR RECEIVE DIVERSITY CONTROL IN
WIRELESS COMMUNICATIONS

RELATED APPLICATION

[0001] This application is a divisional of Canadian Application No. 2,774,219 filed on

April 11, 2012, which 1n turn is a divisional of Canadian Application No. 2,558,474 filed on

March 4, 2005. ,
BACKGROUND

¥ield |

[0002]) The present invention relates -gencrally to wireless communications and mor;:

specifically to multi-antenna receive diversity in a wireless communication system.

Background

" .[0003] " Multi-antenna receive dxveraity refers to processing multiple received signals in

multiple receive chains in a wireless communications device, At least two antennas
provide two different input signals to a recelver unit, thereby providing received signal
diversity to the communications link. Specifically, the multiple antennas provide spatial

diversity as each multi-path appears differently at each antenna. Therefore, the effects
of multipath fading are not strongly correlated among the receive paths. As a result, .
receive diversity improves call and data trmsmisaion quality and also increases network
capacity. N |

{0004} The outputs of the multiple receiver chains are combined in order to provide a
better estimation of the ‘symbols pdor to decoding. . Combination methods known in the
art inchide, but are not limited to, Minimum Mean Squared Error (MMSE) combining,
maximal-ratio cox:h’binlng, equal-gain combining, and selection combining. The main

“drawback of multi-antenna receive diversity is that each receiver chain expends power,

- particularly in the Radio Frequency (RF) and analog portions of the chain.

{0005} - Multi-antenna receive diversity has the ability to increase tho forward lmk
capacity significantly. The capaclty increase may be capitalized as higher throughput,

lower basc station transmit power, lower Frame Error Rate (FER), or a commbination
thereof. Qne drawback of receive diversity is the power cost of implementing and
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cperating such receivers. In addition, the benefits of receive diversity may not always
be utilized or gven needed.

There is a need in the art for control methods and apparatuses to use multi-

antenna receive diversity when the benefits, such as greater link capacity', higher
throughput, lower transmit power, and lower error rate, are available, and not to use

multi-antenna receive diversity when the benefits may not justify the higher power cost.
Thus, there is a need to control receive diversity to optimize the tradeoff between the
benefits of receive diversity and the power consumption of receive diversity in a

wireless communications device.

SUMMARY
A mobile device comprnses a receiver umt that has at least two receivers to

implement multi-antenna receive diversity. A control unit, coupled to control the

receivers, generates at least one network capacity indicator that measures allocation of
at least one network resource. The control unit also generates at least one quality
indicator that measures performance of the traffic link between the mobile and the
network. The control unit selectively controls the receiver unit to apply multi-antenna
recetve diversity mode based on the network capacity indicator and the quality
indicator. In one embodiment, a timer unit, cdupled to the cdntrol unit, enables the
recetve diversity for'a .bcdod. of time. In another embodiment, the control unit is

responsive to input from an application operating on the mobile device. In another

embodiment, the control unit monitors state information of the operating state of the

mobile device, and controls -application of receive diversity based on the state

information.
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According to one aspect of the present invention, there is provided a
wireless apparatus comprising: multl antenna receive diversity unit comprising a

plurality of receivers for processmg a plurality of received signals when muiti- antenna
receive diversity mode is enabled:; timer unit for providing a time period for enabling

said multi-antenna receive diversity mode; and control unit, coupled to said
multi-antenna receiver diversity unit and said timer unit, for generating at least one

indicator, for controlling application of said multi-antenna receive diversity mode
based on said indicator for said time period.

Accordlng to another aspect of the present mventlon there is provided

a wireless apparatus compnsmg multi-antenna receive dwersnty unit comprising a

plurality of receivers for processing a plurality of received signals when muiti-antenna
receive diversity mode is enabled; and control unit, coupled to said multi-antenna

receiver diversity unit for receiving input from an application operating on said

wireless apparatus, for controlling application of said multi-antenna receive diversity
operation based on said input.

AcCording to still another aspect of the present invention, there is
provided a wireless apparatus comprising: multi-antenna receive diversity unit
comprising a plurality of receivers for processing a plurality of received signals whan
multi-antenna receive diversity mode is enabled; and control unit, coupled to said
muilti-antenna receiver diversity unit, for monitoring state information regarding

oparati_on of said wireless apparatus, and for controlling application of said

multi-antenna receive diversity operation based on said state information.

“According to yet another aspect of the present invention, there is
provided a wireless apparatus comprising: multi-antenna receive diversity unit
comprising a plurality of receivers that process a plurality of received signals when
multi-antenna receive diversity mode is enabled; and control unit coupled to the -

multi-antenna receive diversity unit that receives input from an application operating
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on the wireless apparatus, the input specifying performance requirements of the
application in terms of acceptable latency and speed, wherein the input controls

application of the multi-antenna receive diversity operation and control unit coupled to
the multi-antenna receive diversity unit that monitors state information regarding
operation of whether the wireless apparatus is operating in an Idle state or a '
connected state and controls application of the multi-antenna receive diversity
operation in accordance with the Ope_rating state, wherein the control unit controls
application of the multi-antenna receive diversity as a function of the instantaneous
frame error of control channel messages when the wireless apparatus is operating in
the idle state, and controls application of the multi-antenna receive diversity as a
function of a data rate control message value When the wireless apparatus is
operating in the connected state, the control unit comparing the data rate control
message value with one or more thresholds to determine whether to apply
multi-antenna receive diversity in the connected state, the control unit employing a
different set of thresholds for each of data and voice traffic.

According to a further aspect of the present invention, there is provided
a method, comprising: processing, by a plurality of receivers in a multi-antenna

receive diversity unit, a plurality of signals when the multi-antenna receive diversity
mode is enabled; receiving input, by a control unit coupled to the muiti-antenna

receive diversity unit, from an application operating on the wireless apparatus, the
input specifying performance requirements of the application in terms of acceptable
latency and speed, wherein the Input controls application of the multi-antenna receive

diversity operation and control unit coupled to the multi-antenna receive diversity unit
that monitors state information regarding operation of whether the wireless apparatus

is operating in an idle state or a connected state and controls application of the
multi-antenna receive diversity operation in accordance with the operating state: and
controlling, by the control unit, application of the multi-antenna receive diversity as a

function of the instantaneous frame error of control channel messages when the



10

15

20

235

CA 02797682 2012-12-04

2C

wireless apparatus is operating in the idle state, and controls application of the

multi-antenna receive diversity as a function of a data rate control message value

~ when the wireless apparatus is operating in the connected state, the control unit

comparing the data rate control message value with one or more thresholds to

~determine whether to apply multi-antenna receive diversity)-in the connected state, the

control unit employing a different set of thresholds for each of data and voice traffic.

According to yet a further aspect of the present invention, there is
provided an apparatus, comprising: means for processing a plurality of signals

received from a plurality of receivers in a multi-antenna receive diversity unit, when
the multi-antenna receive diversity mode is enabled; means for receiving input from
an application operating on the wireless apparatus, the input specifying performance
requiréments of the application in terms of acceptable latency and speed, wherein the
input controls application of the multi-antenna receive diversity operation and control
unit coupled to the multi-antenna receive diversity unit that monitors state information

regarding operation of whether the wireless apparatus Is operating in an idle
state or a connected state and controls application of the multi-antenna receive

diversity operation in accordance with the operating state; and means for controlling .

application of the multi-antenna receive diversity as a function of the instantaneous

frame error of control channel messages when the wireless apparatus is operating in
the idle state, and controls application of the multi-antenna receive diversity as a
function of a data rate control message value when the wireless apparatus is

operating in the connected state, the means for controlling comparing the data rate
control message value with one or more thresholds to determine whether to apply

multi-antenna receive diversity in the connected state, employing a different set of
thresholds for each of data and voice traffic.

‘According to still a further aspect of the present invention, there is
provided a computer readable memory having recorded thereon statements and

instructions for execution by a computer, said statements and instructions
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comprising: code means for causing the computer to process a plurality of signals

received from a plurality of receivers in a multi-antenna receive diversity unit, when
the multi-antenna receive diversity mode is enabled; code means for causing the

computer to receive input from an application operating on the wireless apparatus,
the input specifying performance requirements of the application in terms of
acceptable latency and speed, wherein the input controls épplication of the
multi-antenna receive diversity operation and control unit coupled to the
multi-antenna receive diversity unit that monitors state information regarding

operation of whether the wireless apparatus is operating in an idle state or a
connected state and controls application of the multi-antenna receive diversity
operation in accordance with the operating state; and code means for causing a
computer to control application of the multi-antenna receive diversity as a function of
the instantaneous frame error of control channel messages when the wireless
apparatus is operating in the idle state, and controls application of the multi-antenna
receive diversity as a function of a data rate control message value when the wireiess '

apparatus is operating in the connected state, comparing the data rate control

message value with one or more thresholds to determine whether to apply

multi-antenna receive diversity in the connected state, employing a different set of
thresholds for each of data and voice traffic.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is an example of a wireless communications network 100 in
which multi-antenna receive diversity may be used.

[0009] FIG. 2 is a diagram of a portion of the mobile station with two or more
antennas and two or more receivers.

[0010] FIG. 3 shows a block diagram of a diversity control unit according to
one embodiment.
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[0011] FIG. 4 is a block diagram illustrating multi-antenna receive diversity

considerations.
[0012] FIG. 5 is a flow diagram for diversity control according to one embodiment.

[0013] ~ FIG. 6 is a flow diagram illustrating one embodiment for applying multi-

antenna receive diversity.

[0014] FIG. 7 illustrates one embodiment that considers multiple indicators to control

multi-antenna receive diversity.

[0015] FIG. 8 is a flow diagram illustrating one embodiment of multi-antenna receive

diversity control implemented to improve receipt of overhead or control messages.

[0016] 'FIG. 9 illustrates an alternate embodiment for diversity control method.
DETAILED DESCRIPTION _
0017} FIG. 1 is an example of a wireless communications network 100 in which multi-

antenna receive diversity may be used. A mobile station 110, which may be mobile or
stationary, may communicate with one or more base stations 120. A mobile station 110,
also referred herein as a “mobile,” transmits and receives voice or data or both through
one or more base stations 120 connected to a base station controller 130. Base stations
120 and base station controllers 130 are parts of a network called an Access Network.

Base station controller 130 connects to wireline network 140. The access network then

transports voice or data to and between base stations 120. The access network may be

* further connected to additional networks outside the access network, such as a wired
telephone system, a corporate intranet, or the Intemnet, all of which may constitute part
of the wireline network 140. The access network may transport voice and data between
each access mobile station 110 and such outside networks.

(0018) A mobile station 110 that has established an active traffic channel connection
with one or more base stations 120 1s called an active mobile station, and is said to be in
a traffic state. A mobile station 110 that is in the process of establishing an active traffic

channel connection with one or more base stations 120 is said to be in a connection

~ setup state. The communication link used by the mobile station 110, which sends
signals to the base station, is called the reverse link 150. The communication link

through that a base station uses to send signals to a mobile station is called the forward
link 160.
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[0019] . Multi-antenna receive diversity may increase ‘the fdrward- link capacity of a
wireless coxmnunications system significantly. Note, throughout this description, the
term “receiver diversity” will also be used to refer to “receive diversity.” While multi-
aﬁtcﬁns receive diversity incurs overhead costs, the operating environment of the
wireless system may fcalize‘ 8 benefit of en.abling, multi-antenna receive diversity
operation over simply opSrating a single receiver chain. To balance the goals of
reduced power usage while taking advantage of the benefits of multi-anténna receive
divemity in such environments it is desirable to control multi-antenna receive diversity
operahon in a. mobdc station 110, Muln-antenna receive diversity control would
operate to turn off receive diversity when it offers litle benefit, and thereby save povwer,

and turn on receive diversity when it would be beneficial.

[0020] The presently descnbed embodiments include methods and apparatuscs for
controllmg the applxcanon of multi-antéana receive diversity for the purpose of power
savings while retaining the benefits of receive diversity when needed., As described
herein, multi-antenna receive diversity is controlled in response to operating conditions,
transmission requirements, and user setﬁngs, among other criferia. The specific
condition(s) to enable or disable receive diversity operation depend on the standard
under which the mobile is operating as described herein.

[0021]  The methods desctibed herein for controllmg mobile multl-antcnna receive

diversity are apphcable to any wireless commumcatxon system, usmg various multiple
access schemes, such gs, but not limited to, Code Division-Multiple Access (CDMA),
Frequency Division-Mulﬁplc Access (FDMA), Orthogonal Frequency Division
Multiplexing (OFDM) or Time Divisidn-Multiplc Access (TDMA). Examﬁles of
CDMA multiple access schemes include but are not limited 1o TIA/BIA/IS-95,
TIA/EIA/IS-2000 or cdm32000 1xBY-DO, 1xEV-DV, 802, lla, 802. llb 802.11g,

802.11n, WIMAX and WCDMA The embodiments descnbed herein may be used in.
any wireless system having two or more antennas couplcd to two or more operational

rscewers (i.e., one receiver plus one or morg diversity receivers, in the mobile station
for a given communication scheme).
[0022] FIG 2 18 a diagram of a portion of a mobile 200 with two or more antennas and

two or more receivers. Mobile 200 may be similar fo mobile station 110 as in FIG. 1.
Where specific cmbodhnents descnbcd hcrein are described with respect to a degrec of

diversity of two, (.e., two antennas, two rccelvem or ‘wo receiver chalns) such
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embodiments are described for clarity and are not meant to preclude other degrees of
diversity. The invention described herein applies to multi-antenna receive diversity
with two or greater antennas and two or greater receivers or two or greater receiver
chains. In this disclosure, the term “multi-antenna receive diversity” or “receive
diversity” connotes processing two signals received from two different antennas to
extract the information (e.g., voice or data) transmitted. The term “receiver” is used to
indicate the main receiver chain, as well as portions of a receiver chain in use for
receive operations, whether multi-antenna receive diversity 1s in use at the time or not.
The term “diversity receiver’’ indicates an additional receiver, receiver chain, or portions

of an additional receiver chain, which provide diversity when multi-antenna receive

diversity is operational. Therefore, a communications device with a degree of diversity

of two has two antennas, one receiver plus one diversity receiver. Furthermore, the

recelver, the receiver chain, or portions of the receiver chain may be integrated into a

single chip, or distributed over multiple chips. Also, the receiver, the receiver chain, or

portions of the receiver chain may be integrated into a chip along with other functions of
the wireless device.

In one embodiment illustrated in FIG. 2, multi-antenna receive diversity is
enabled when one or more diversity recetvers (220, 230 or 240) are enabled to operate
In conjunction with receiver 210. Receiver 210 and diversity receivers (220, 230, and
240) provide input to Demodulator/Combiner 250. Receiver 210 may include the RF

analog front end portions of the receiver, as well as other functions and operations,

including RF, analog, demodulation, decoding, and other receiver tasks in any
combination. Demodulator/Combiner 250 combines the outputs of receiver 210 and
diversity receivers 220-240, and provides output symbols for decoder 260. Note, when
multi-antenna receive diversity is disabled, receiver 210 continues to provide outputs to
decoder 260. Decoder 260 converts the symbols into bits. The bits are provided to the
Data Sink/Application 280.

Diversity - control unit 270 receives indicators from the outputs of '
demodulator/combiner 250 or decoder 260 or both. Diversity control unit 270 also

recetves other indicators that will be described below. Diversity control unit 270 as

shown in the embodiment of FIG. 2 uses both symbols and bits to determine whether to

turn multi-antenna receive diversity on or off. Further, diversity control unit 270 uses

varicus other operationai conditions and settings separately or in combination.
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Diversity control unit 270 outputs control aimal(s)‘ 295 to diversity recqivers 220-240 to

control their respective operation. Control signal(g) 295 may be single or multiple
signals. Furthermore, control signal(s) 295 may be separate signals to each of diversity

receivers 220-240, or may be common signals to all diversity receivers 220-240.

Control signal(s) 295 may also be multxploxed, cncoded, or formatted usmg various
techmques known in the art.

[0025] In one embodiment, a timer or clock 272 may be used to implement a time
period for receive diversity Opération. The timer 272 may initiate when 'divcrsity
control is enabled and remain on for a prodetexmined or dynamically determmed time
period, after which diversity control is disabled. Note, the timer 272 may be
implemented to tmck diversity control for optimization of the diversity control process.
In such & way, the tlmer 272 would allow the diversity control unit 270 to store the
diversity control scenarios of operation, allowmg the diversity control unit 270 to

predict future operatlon. For example, the {iming mformatxon may allow the d1vermty
control unit 270 to adjust the time period after which diversity is disabled.

FIG. 3 shows a block diagram of a Diversity Control Unit 300 according to one
embodiment, The methods of diversity control may also be distributed throughout
- hardware and software. The Divetsity Control Unit (DCU) 300 has multiple inputs for
indicators, among them channel operating conditions 300, error rates 310, signal
strength measurements 315, power control parameters 320 (e.g., power control

subchannel), battery level readings 325, Quality of Service requirements 330,
application requirements 335, user settings 340, higher layer control 345, transmitter
control 350, and pilot channel information 355. There may be .one or
more additional inputs 360.  Diversity Control Unit 300 outputs Control
- Signal(s) 390 to the Diversity Receivers, such as receivers 220, 230, 240 illustrated in
FIG. 2. Control Signal(s) 390 may be one single signal to all diversity
teceivers, separate signals to each diversity receiver, or a multiplexed or coded

combination of control signals. Furthermore, Diversity Control Unit 390 may operate

on any of the indicators individually or in combination. As 1llustratcd any of the mputs
to DCU 300 may be input multxplc times, such as signal strength measurements 315.

[0026]

[0027] The techniques described herein use one or more indicators to determine

whether to turn-on or tumn-off multi-antenna receive divomity. FIG. 4 is a biock
diagram illustrating multi-antenna receive diversity considerations.

Multi-antenna
' . . ¢ )o . .
recelve diversity control 400 receives one or more indicators from network capacity
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indicator(s) 405, quality (user experience) indicators 415, and/or mobile battery level

indicator(s) 425. In some embodiments, network capacity indicator(s) 405 are used to
control application of multi-antenna receive diversity. In other embodiments, quality
indicator(s) 415, also referred to as user experience, are used to control application of
multi-antenna receive diversity. In other embodiments, other considerations, such as
mobile battery level indicator(s) 425, are use;d. In yet other embodiments, various
combinations of quality, network capacity, battery level in the mobile and other
indicators may be used.

In general, in determining whether to apply multi-antenna receive diversity, two
network capacity parameters are considered. One parameter identifies the total amount
of resources allocated by the network, and a second parameter identifies the mobile’s
utilization of the network resources. If the network is not experiencing a high load on
the network resources (e.g., transmission power), then the system does benefit from the
application of multi-antenna receive diversity. Under this condition, the network has
resources to allocate more power to the user. As a result, the system does not benefit
from application of multi-antenna receive diversity. As a second network capacity
consideration, the mobile turns on multi-antenna receive diversity if the mobile is using
a large amount of available capacity. If the mobile is using a small amount of the
network’s available capacity, then the system does not benefit from application of multi-
antenna receive diversity. In one embodiment of a wireless system that transmits voice,
both network resource load and mobile utilization of network resources are used to
decide whether to turn-on multi-antenna receive diversity. Thus, if a mobile is using a
large amount of network capacity and the system can’t afford to provide the capacity,
then the system benefits from application of multi-antenna receive diversity.

FIG. § 1s a flow diagram for diversity control according to one embodiment. At

step 410, the method selects one or more indicators to use, individually or in

combination, for the control decision. Different choices of indicators for various
indicators are described below. At step 420, the method sets up the indicator
parameters, including choosing the threshold values at which to enable or disable multi-
antenna receive diversity. At step 430, the method monitors at least one network
capacity indicator and at least one quality indicator during operation of the wireless

communications device. At step 440, the method decides whether an indicator, a

combinat:on cf indicators, a function of an incicator or as combination of indicators
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violates a diversity control criteria so as to enable or disable the multi-antenna receive

diversity. If the indicator does not fall within the range to enable or the range to disable

multi-antenna receive diversity, the indicators continue to be monitored at step 430. If

- the indicator(s) do fall within the range to enable or the range‘ to disable, multi-antenna

~ [0030]

receive diversity is enabled or disabled at step 450, and the device continues to monitor
the indicators at step 430. In one embodiinent, the mobile station is configured with -
selected diversity control decision indicators and parameters. In another embodiment,
the mobile station determines these indicators and/or -parameters in response to
operating conditions.

A wireless device that has established an active traffic channel connection with
one or more base stations 18 said to be in a traffic state. In the traffic state, the wireless
device 1s actively receiving and sending voice or data or both. The diversity control
algorithm operation may depend on whether voice or data traffic is used. In data traffic,
the algonithms may need to be more aggressive in turning on receive diversity. In one
embodiment, this may be achieved by using a different set of thresholds for data than

for voice. However, in essence, both voice and data may use similar indicators to

~control the diversity. In the traffic state, receive diversity is turned on in order to

[0031]

[0032]

provide extra Forward Link capacity to the system when needed, in order to lower the

probability of call drops due to Forward Link loading or due to unfaybrgble channel
conditions, and in order to meet the target FER. All three of these reasons may be

highly interrelated. For example, the probability of a call drop is very low as long as the
FER target is met. The Forward Link capacity may go down if the base station is
required to increase its transmit power in order to decrease the FER.

. The mobile station may estimate its forward link power usage and the current
load 6f the sector to decide when the system benefits from the extra capacity that may
be provided by muiti-antenna receive diversity. The system capacity information is not

directly available to the mobile station; however, the mobile station may use the

indicators available to it to estimate the capacity of the system. These indicators

provide a means for the mobile station to turn on or turn off multi-antenna receive
diversity.

A wireless device that is in the process of establishing an active traffic channel

connection with one or more base stations is said to be in a connection setup state. The
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system may benefit from enabling multi-antenna receive diversity when the wireless

device is in the connection state.

(0033]

In one embodiment, the Mobile Station uses Energy per chip per Interference

density, given as Ec/lo, or Energy per chip per Noise density, given as Ec/Nt, as

indicators. These indicate the ratio of the energy of the pilot to the interference or noise,

respectively, as seen by the mobile station; lower values for these ratios indicate that

muliti-antenna receive diversity would be beneficial because the mobile is receiving less
signal energy with respect to interference or noise. Note, Ec/Io 1s used to determine if
the mobile station 1s within the range of a base station. Because these indicators may

fluctuate, a filtering or averaging operation may be performed on these indicators. For

example, a Finite Impulse Response (FIR) filter or an Infinite Impulse Response (IIR)

filter of these indicators with appropriate time constant may be used.

Another useful quality indicator is the FER of a forward link traffic channel.
When the number of errors passes a threshold within a certain time window, multi-
antenna receive diversity may be turned on for a specified amount of time or until the
FER goes below an acceptable threshold. Multi-antenna receive diversity -may be
implemented dynamically to achieve a desired FER. Alternatively, an Infinite Impulse
Response (HR) filter may be used in place of the windowing, as follows: [IR_FER n =
[IR_FER_(n-1)* A + current_frame_status * (1 — A), wherein, “n” is an iteration index,
current_frame_status is 0 for a passed frame and 1 for a frame in error; and A is the time
constant of the IIR filter. When the resultant IR_FER n exceeds a threshold, multi-

antenna receive diversity may be tummed on. The IIR implementation provides a

computational efficient example; however, an FIR or any other filtering, averaging, or
smoothing method may be implemented for multi-antenna receive diversity control.

Multi-antenna receive diversity may be turned off by a variety of means. In one
embodiment, multi-antenna receive diversity remains on for a period of time, after
which multi-antenna receive diversity is turned off. In an altenate embodiment, multi-
antenna receive diversity is turned off based on a given criteria, such as FER below a
“turn off” threshold. Note, using an FER indicator for other channels may result in
different threshold values, as each channel may have a different acceptable FER.

In addition to FER, the diversity control may be in response to any of the various
Instantancous errors and error rates known in the art. Furthermore, any of these

instantanecus errors or error rates may e used in isolation or in cenjunction with any of
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the other instantaneous errors or error rates. Therefore, multi-antenna receive diversity
control rnay~ be responsive to frame errors, message errors, bit errors, symbol errors,
higher-level packet errors, and burst errors. For example, the symbol error rate may be
calculated before Viterbi or turbo decoding of the channels. This may be accomplished
by re-encoding the decoded bits into symbols and comparing these recoded symbols to

received symbols. Smoothing and filtering methods described as above may be used on

the error rate of the symbols, as well as any other instantaneous error or error rate.

The method for the FER in the traffic channel may also be extended to other
channels. For example, the instantaneous frame errors or FER of control channels such

as the Forward Dedicated Control Channel (F_DCCH) in the cdma2000 channel may be
used to determine multi-antenna receive diversity operation. Similar ﬁlteﬁng processes
may be used as described above. Furthermore, instantaneous frame errors or FER of
additional traffic channels, such as the Forward Supplemental Channel (F SCH) in
cdma2000, may be used to determine multi-antenna receive diversity.

Alternate embodiments may implement other indicators; for example, one

embodiment incorporates an estimate of forward power utilization as network capacity

indicator(s). In this embodiment, the mobile station estimates a proportion of power

allocated to a forward’link data channel targeted to the mobile station. The estimate of

forward link power may be referenced to the total forward link power, which may
consider only power allocated to the specific mobile station or may include measures of
power to other mobile stations. The power calculation may be referenced to a known
reference signal such as a pilot or training sequence. For example, the indicator may
Incorporate an estimate of traffic channel power to pilot channel power. A diversity
control algorithm may then turn on receive diversity when a metric exceeds a given
threshold and turn off diversity when the metric falls below a given threshold.

- In an altemate embodiment, an estimate of forward channel quality is used as a
receive diversity control indicator. In this embodiment, the forward channel quality is

derived from a known reference signal such as a pilot or training sequence.
In still another embodiment, an estimate of forward channel quality is used as an
indicator, wherein that forward channel quality is derived from an estimate of the signal

to noise of a demodulated reference signal such as a pilot or training sequence.

Specifically, this embodiment may apply an estimate of noise power to pilot channel

power. Agem, the diversity control algorithm may tumn on diversity when a metric
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exceeds a given threshold and turn off diversity when the metric falls below a given
threshold.

Many wireless standards, such as cdma2000, use power control to modulate the
transmit power of the Mobile Station and the Base Station in order to meet target
performance criteria under varying operating conditions, while providing for increased
network capacity. In one embodiment, the Diversity Control Unit 270 uses the set point
of the Forward Link outer loop power control to derive an indicator. The outer loop
power control setpoint, typically given as Energy per bit per Noise energy or as Eb/No,

provides a given requirement at the receiver for the Mobile Station to establish as a

target for the Forward Link in order to meet the FER requirements. A lgh value of the

Forward Link power control set point indicates the mobile is in need of a higher Eb/No
to achieve the target FER. The Mobile Station may benefit from multi-antenna receive
diversity in such cases because the combining of two or more receive chains reduces the

amount of required Signal-to-Noise Ratio (SNR) at the receiver.

Diversity control may also use the Forward Link inner power control decisions.
The inner power control decisions involve commands sent by the Mobile Station to the
Base Station to lower or increase the Forward Link traffic channel power to meet the

Eb/No setpoint at the Mobile Station. A down command is used to lower the power,

and an up command is used to increase the power. These commands should have a zero
mean over a reasonably long time frame. If the mean deviates from zero in the up
direction, it is an indication of the Base Station’s -inability to compensate for
environmental conditions. This indicator is particularly useful, because a string of up

commands not only indicates that the Mobile Station needs more power but that the

' Base Station is unable to provide more power because the Forward Link traffic channel

[0043]

power allocated to the mobile is at a maximum or because the sector of the Base Station
has run out of total power capacity. Both of these conditions indicate the need for
multi-antenna receive diversity in order to reduce the system load on the Forward Link.
For this embodiment, the system uses fast forward power bits as an indicator to
turn-on or turn-off receiver diversity. If the mobile device 1s sending a large percentage

of down commands (i.e., commands to lower the forward link power), this indicates that

the network is allocating a minimum amount of power to the mobile. Under this

scenario, receiver diversity is tummed-off since the network does not benefit from
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activation of receiver diversity. In one embodiment, the mobile may turn-off receiver

diversity when a certain percent of the power commands are down commands.

‘Similarly, the diversity control may use the Reverse Link Power Control

setpoints or decisions. The Reverse Link Power Control setpoints and decisions is
correlated to the channel operating conditions on the Forward Link. The Reverse Link

power control commands are sent to the Mobile Station periodically and may be used in

the control decision for diversity.

In an alternative embodiment, diversity control may also use the differences (or
the FIR or IIR filter of the differences) between current set point of the forward link
outer loop power control and the received estimated signal to noise ratio from the Base
Station. The difference should have a zero mean over a reasonably long time frame. If
this deviates from zero in the direction that set point 1s higher than received Eb/No, it is
an indication of a system’s inability to compensate for environmental conditions.

The diversity control may use, as an indicator, the number of pilots in the active
set. A higher number of pilots may indicate a more cluttered environment and thus
in';'crease the probability of future error. This indicator may be used directly to control

mﬁlti-antenna receive diversity, or it may be used to change the thresholds for other

indicators, such as Ec/Io above.

! Furthermore, the number of pilots the searcher finds, which are not being
démodulated, add to the interference of the system without being utilized by the
ccgherent demodulation of the fingers. Like the previous indicator, this may be used
di?rectly or may be used to change the threshold for another indicator.

; An .increase in the number of pilots in the active set may also benefit from
tui;rning on multi-antenna receive diversity for a brief period of time during which the
ac%tive set size 1s inéreased. This may help the call quality.

3 The diversity control may also respond to the specific requirements of the
ap;p lication or user. For example, certain streaming video or multimedia applications
m!flay require a higher data rate, lower latency, constant bit rate in combination with low
eriror. Also bursty applications, such as web browsing or FTP download, may
cointinuously benefit from receive diversity by enabling higher transmission rates.

Divemity control may be enabled for such applications using higher layer control from

thfc zpplication layer or using a user setting.



WO 2005/084379

[0050]

[0051]

(0052}

[0033]

[0054]

CA 02797682 2012-12-04

PCT/US2005/007115

13

Such higher layer control may also originate from the transmitter. The

transmitter knows beforehand the data payload requirements. The higher layer control
may be exercised through the various methods to send control signals known in the art,
whether through a traffic channel or a control channel. In another embodiment, the
transmitter may control multi-antenna receive diversity at the phyéical layer.

Such application requirements may coincide with Quality-of-Service

requirements. The application or the customer may require certain performance
requirements such as low latency, low error, or high-speed. The diversity control may
be responsive to these requirements in particular embodiments.

Yet in another embodiment, the receive diversity control decision may be made
in response 10 a battery reading. Specifically, measurements of the current level or the
energy level of the battery may indicate the need to save power. When the battery
charge is relatively full, there may be a lower threshold for the other indicators to
activate multi-antenna receive diversity. Lower battery levels may result in a higher

threshold to activate receive diversity, or indicate that receive diversity should be turned
off.

In one embodiment, multi-antenna receive diversity is turned on upon receipt of

a physical layer packet.' Simultaneously, a timer is set. For every successive packet that

is received, the timer is reset. When the timer expires, receive diversity is turned off.
This procedure may simplify the task of monitoring the control of receive diversity
without explicitly identifying the driving application, while ensuring that the multi-
antenna receive diversity is enabled for packet data. '

FIG. 6 is a flow diagram illustrating one embodiment for applying multi-
antenna receive diversity. All of the indicators used in receive diversity control may
benefit from the control process shown in FIG. 6. The control process maintains two

thresholds, Tmin and Tm.;. An indicator that signals the need for diversity in lower
values, such as Ec/lo, is used as an example. At step 500, the process initializes the

diversity control state as on or off. At step 514, the process sets up and monitors the
indicator or a combination of indicators. At step 522, the process compares the
indicator to Tmin. When the indicator is less than or equal to Trin, the diversity 1s turned

on at step 532. If the indicator is less than Tryy, at step 542 the process monitors the
indicator. If the indicator is greater than Tmax at Step 542, diversity is disabled or
continues in the disabled mode at Step 552. The thresholds may be adjusted depending
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on environmental conditions such as the speed of the mobile station. The speed of the
mobile station may be estimated using the fading frequency of the paths or other

indicators. For an indicator signaling, the need for diversity in higher values, such as

FER, the roles of T and Tyax may be switched. Maintaining separate thresholds for

the enabling and the disabling of diversity control eliminates the possibility that certain
operating conditions and variations will result in the continuous switching on and off of

multi-antenna receive diversity.

In another embodiment, multi-antenna receive diversity, when turned on, rﬁay be
forced to stay on for a minimum amount of time, irrespective of the state of the
observed indicators. This would prevent toggling receive diversity on and off too fast.

Fast toggling of receive diversity on and off may be detrimental to the system. The

minimum time duration may be constant or may vary depending on one or more of the

indicators.

Two or more of the above indicators may be combined to provide a better or

more timely decision to control receive diversity. For example, current frame error and
current Ec/lo measurements may be used in combination to control diversity. Any of

the indicators used for receive diversity control may be used in isolation or in

combination with other indicators.

Alternatively, some indicators may be used to adjust the thresholds for other

indicators. For example, the number of pilots in the active set may be used to adjust the '
threshold used for the FER as follows:

high if #ofPilots =1
Threshold _ for _FER =<med if #ofPilots =2
low if #ofPilots 23

The control of multi-antenna receive diversity may be more complex than a

simple turn on or turn off decision. For example, receive diversity control may use a

multivalued threshold function to turn on or off a subset of multiple diversity receivers
depending on the value of the indicators or a function of the indicators. In other words,
a speciﬁc embodiment of diversity control may be configured wherein not all of the
diversity receivers are turned on or off at once. Turning on or off a subset of multiple

diversity recetvers allows a finer tradeoff between the benefits of receiver diversity and

COWEr constirpiion.
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[0059] Yet another embodiment of diversity control may control the tradeoff between
receiver diversity and power consumption by controlling the power consumption of a
diversity receiver itself, For ex'amplé, by tuning the current supply to the RF and analog
components in a diversity receiver chain, the linearity or sensitivity of the diversity
receiver may be traded off for the power consumption in that chain.

[~0060] Another embodiment of multi-antenna receive diversity control is used with 1x

EvDO. In 1x BEvDOQO, the mobile may be in one of two states: idle State or Connected

State. In the Idle State, the mobile has an active session with the Base Station but is not

in communication with the Base Station. It only decodes the Control Channel

messages. In the Connected State, the Mobile Station is in active connection with the

Base Station and is under the Base Station power control.

[0061] In Idle state, the mobile station has an active session but is not in communication

with the base station, and therefore, the mobile station only monitors control or
overhead messages. In this state, the mobile station may enter sleep mode for a duration
of time. The duration of slccp' time may be defined by a standard or specification to
support a specific protocol. The duration of sleep time may be indicated to the mobile
station By the base station. In the Idle state, the mobile station may tum on diversity to
lower the message error rate of the Control Channel messages. The mobile station may
use the following i;ldicators to control the diversity operation in the Idle ‘State: 1)
instantaneous frame error of the control messages; or 2) channel quality measure of the
* Forward Link (FL). In the first instance, if one or more errors are detected in a given

window of time, diversity may be turned on for a tunable number of consecutive contro!
messages. ‘ In one embodiment, control messages are transmitted on a Control Channel.
Note, diversity cbntml may be implemented to reduce the FER of other overhead
channels. When diversity control uses the Ee/lo or Ec/Nt or SINR estimates of the
mobile station, these indicators may expérience. large variations. Hence an FIR or IIR

filtered version of these indicators may be used with appropriate time constants or
window sizes. |

[0062] FIG. 7 illustrates onie embodiment that considers ‘multiplc indicators to control

multi-antenna receive dive;sity. The receiver calculates a FER at step 809. The FER

may be determined in a time window or using an IIR filter. At decision diamond 810, -

‘the receiver determines if the FER is greater than a threshold value, Trgg. -If the

measured FER is g'r‘ea_tér than Trgr, processing continues to step 812 to calculate the
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Channel Quality (CQ). At step 816, if the channel quality is less than a threshold, Tcq,
the receiver turns diversity on at step 818. Returning to decision diamond 810, if the

FER is not greater than Trgr, processing continues to step 814 to turn multi-antenna
receive diversity off. In one embodiment, the channel quality measurement is Ec/Io.
Alternate embodiments may combine any of a variety of indicators. Such indicators
may be presented or evaluated so as to provide effective, timely control of receive
diversity. |

FIG. 8 is a flow diagram illustrating one embodiment of multi-antenna receive
diversity control implemented to improve receipt of overhead or cohtrol messages. The
process starts with diversity tumed off at step 700. The mobile station receives a
control message at step 710. The control message 1s decoded at step 720. If the control

message is decoded successfully at decision diamond 730, processing continues to step
710. Else, processing continues to decision diamond 740 to determine if the channel
quality is below a threshold. In one embodiment, the channel quality is measured by
SINR. If the channel quality 15 below the threshold at decision diamond 740,

processing, at step 750, tums on multi-antenna receive diversity control. Else,

processing returns to step 710.

As discussed hereinabove, once multi-antenna receive diversity control is

enabled, (i.e., turned on), the mobile station may use a variety of criteria for disabling

~ diversity, including, but not limited to: 1) expiration of a time period, which may be a

[0065]

[0066]

function of a diversity control indicator; 2) SINR; or 3) 2 combination thereof.

In a system supporting high packet data rate transmissions, such as a 1x EvDO
system supporting the IS-856 specification, receive diversity control may be turned on
in the Idle State. Diversity may be kept on for a time period. Such time period may or

may not depend on an indicator. Similarly, diversity may remain on until SINR exceeds

a higher threshold. Alternately, multi-antenna receive diversity control may be turned

on until multiple criteria are satisfied.

In the Connected State, the Mobile Station is in active communication with the
base station, and the base station is actively providing power control instructions to the
mobile station. In a system supporting IS-856, the Base Station does not alter the power
allocated to the mobile station; rather, all of the power of the Base Station is directed to

a single mobile station at a given time. Using a diversity enabled mobile, more data

mnay be transferred in a given time pericd compared to a8 ncn-diversity mobile. As a
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result, the Base Station sector capacity increases when in communication with diversity
enabled mobile stations. In bursty traffic applications, such as File Transfer Protocol
(ETP) applications or "Fweb browser applications, it may not be advantageous to tum
diversity off. By turning diversity on, data may be downloaded in a shorter time; faster

downloads may reduce the power used to download data. For example, downloading to

a nonc-diversity mobile may take longer and increase transmission power.

[0067] On the other hand, if the mobile station is engaged in a constant data rate
application, such as a streaming application, it "tpay be beneficial to selectively turn
diversity on and off. In such cases, the amount 6f time it takes to download the content
does not decrease by increasing the bandwidth. When the mobile station 1s running a
constant data rate application, receive diversity may be controlled based on
instantaneous or filtered version of SINR. Furthermore, when the mobile station

determines the channel quality of the forward link, the mobile station uses this

information to determine the maximum data rate which may be successfully received at
the mobile station on the FL. The mobile station then sends a Data Rate Control (DRC)
message to the base station effectively requesting data at this maximum rate. The DRC
may be used as an indicator of the forward link channel quality. In one embodiment,
the instantaneous DRC values or the IIR filtered version of the DRC values provide an
indication of the quality of the forward hink, and may be used as a diversity control
indicator. Another useful indicator may be the instantaneous DRC values or IIR filtered
version of DRC values multiplied by a recent serve rate of the mobile. The resultant

product provides an upper bound on data rates supportable by the mobile, wherein
diversity may be turned on if the resultant product is less than the data rate required by
the constant data rate application plus some margin.

[0068] FI1G. 9 illustrates an alternate embodiment for a diversity control method. If the
mobile station is involved in a constant data rate application at decision diamond 800,
processing continues to step 802 to monitor receive diversity indicators. Else, the
mobile station enables diversity at step 806. Continuing from step 802, when the
mobile station monitors the Multi-antenna Diversity Control (MDC) indicators and
detects an indicator value within a diversity control range, at step 804, the mobile
station enables diversity at step 806. Else, the mobile station disables diversity at step
808. Indicators used in the Connected State, include, but are not limited to: 1) SINR,
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instantaneous or IIR filtered; 2) DRC value, instantaneous or IIR filtered; or 3) DRC
value scaled by serve rate, wherein the DRC value may be instantaneous or IIR filtered.

In one embodiment, diversity control may enable multi-antenna receive diversity
for a minimum time period, without respect to the state of the observed indicators. ' This
would further prevent diversity control from toggling diversity on and off too fast for
the system to respond. In other words, there is a time required to turn on diversity or
turn off diversity. The minimum time period for maintaining diversity, either on or off,
may be constant or may vary depending on one or more of the indicators.

Still other embodiments of diversity control may be used in systems supporting

other specifications, such as the 1x EvDV mode of cdma2000 for providing high-speed
data transfer. With 1x EvDV specifically, the mobile station may engage in high-speed
data transfer, while in voice communication. The mobile station may be assigned one
or more of the following channels:

Packet Data Channel (F PDCH)
Packet Data Control channel (F PDCCH)

The following indicators may be used to control receive diversity:
Frame errors or FER of the F PDCH.
Frame errors or FER of the F PDCCH.
Symbol error rate of the F_ PDCH or F_PDCCH.

The above description presents methods and apparatus for controlling multi-
antenna receive diversity in a wireless device. Diversity may be controlled in response
to operating conditions, transmission requirements, and control settings. Selectively
enabling diversity allows the receiver to benefit from multi-antenna receive diversity,
while avoiding the extra power incurred when diversity is not necessary for enhanced
performance. Operating cdnditions, transmission requirements, and control settings are

used separately and used in conjunction to deterrine whether benefits of mobile multi-

antenna receive diversity, such as higher link capacity, higher data throughput, lower

transmit power, and lower error rate warrant the higher power cost of enabling diversity.

Those of skill in the art would understand that information and signals may be
represented using any of a vanety of different technologies and techniques. For
¢xample, data, instructions, commands, information, signals, bits, symbols, and chips

that may be referenced throughout the above description may be represented by
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voltages, currents, clcctromagneno waves, magnetic fields or parnclos, optical fields or
particles, or any combmanon thereof,

[0073] Those of sklll would further gppreciate that the various illustrative loglcal
blocks, modules, circuits, and algorithm steps described in o_onnecnon with the
embodiments disclosed herein may be implemonled as clocnonic hardware, computer
software, or combinations: of both. To olcarly 1llustrato this mtomhangeabxhty of
hardware and soﬁware, various illustrative components blocks modules, circuits, and |

steps have been described above genmlly in terms of their ﬁmctxonahty Whether such
funononahty is implomentod as hardware or software depends upon the parucular

apphcatlon and design constralnts lmposed on the overall system. The described
functionallty can-be mpler_nented.in varying ways for each particular application.

[0074] " The various ‘i‘lluslmivé ‘logical blocks, modules, and circuits described in
“connection with the embodilncnts digclosed herein may be implemented or perfofmed
with a general PuIpose processor, Digital Signal Processor (DSP), an Application
‘Specific Integrated Circuit (ASIC), a Field Programmable Gate Array (FPGA) or other
programmablo loglc device, discrete gate or transistor logic, discrete hardware

comp onents, O any combination thereof desi gnod to perform the functions described

herein, A general purpose pmcossor may be & microprocessor, but in the alternative, the
processor may be any. conventional processor, controller, mlcroconnoller or- state
machine. A processor may also be implemented as a combination of computing ._
~devices, e.g., a combination of 8 DSP and a. miomprocossor, a8 plurality of

microprocessors, one or more mlcmprocmors in conjunction with a DSP oore, or any
other such conﬁguration.

- [0075] The steps of a method or algorithm described in connection wuh the
embodiments discloscd herein may be embodxod directly in hardware, 1 n a software |
module executed by a procossor, or-in & combination of the two. A software module
‘may reside in Random Access M-ory. (RAM), flash memory, Read-Only Memory

- (ROM), Erasable Programmable ROM'(BPROM), Electrically Brasable Programmable

- ROM (BEPROM), registers, hard disk, a removable disk, a Compact Disc Read-Only

Memory (CD-ROM), or any othér form of storago medium known in the art. An
exeraplary storage medium is coupled to the processor such the processor may read
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information from, and write information to,.the storage medium. In the alternative, the
- storage medium may be integral to the processor. The procéséor and the storage
" medium may reside in an ASIC. The ASIC may reside in a user terminal. In the
alternative, the processor and the storage medium may reside as disctete
5 components in a user te_rminal. '

[0076] The previous description of the disclosed embodiments is provided to enable
~ any person skilled in the art to make or use the present invention. Various

modifications to these embodiments will be readily apparent to those ‘skilled in the art.
Thus, whilst the subject matter for patent protection is defined by the appended
10 claims, the claims are not to be limited by preferred or exemplified embodiments.

[0077] What is claimed is:
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CLAIMS:

1. A wireless apparatus comprising:

multi-antenna receive diversity unit comprising a plurality of receivers
that process a plurality of received signals when multi-antenna receive diversity mode

IS enabled:; and

control unit coupled to the multi-antenna receive diversity unit that
receives input from an application operating on the wireless apparatus, the input
specifying performance requirements of the application in terms of acceptable latency
and speed, wherein the input controls application of the multi-antenna receive
diversity operation and control unit coupled to the multi-antenna receive diversity unit
that monitors state information regarding operation of whether the wireless apparatus
IS operating in an idle state or a connected state and controls application of the multi-
antenna receive diversity operation in accordance with the operating state, wherein
the control unit controls application of the multi-antenna receive diversity as a
function of the instantaneous frame error of control channel messages when the
wireless apparatus is operating in the idle state, and controls application of the muiti-
antenna receive diversity as a function of a data rate control message value when the
wireless apparatus is operating in the connected state, the control unit comparing the

data rate control message value with one or more thresholds to determine whether to

apply multi-antenna receive diversity in the connected state, the control unit

employing a different set of thresholds for each of data and voice traffic.

2. The wireless apparatus of claim 1, wherein the input comprises a
physical layer packet that controls application of the multi-antenna receive diversity

operation based on information in the packet.

3. The wireless apparatus of claim 1, wherein the input comprises a data
rate control message that controls application of the muiti-antenna receive diversity

operation based on the message.
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4. A method, comprising:

processing, by a plurality of receivers in a multi-antenna receive
diversity unit, a plurality of signals when the multi-antenna receive diversity mode is

enabled:

receiving input, by a control unit coupled to the multi-antenna receive
diversity unit, from an application operating on the wireless apparatus, the input
specifying performance requirements of the application in terms of acceptable latency
and speed, wherein the input controls application of the multi-antenna receive
diversity operation and control unit coupled to the multi-antenna receive diversity unit
that monitors state information regarding operation of whether the wireless apparatus
IS operating in an idle state or a connected state and controls application of the multi-

antenna receive diversity operation in accordance with the operating state; and

controlling, by the control unit, application of the multi-antenna receive
diversity as a function of the instantaneous frame error of control channel messages
when the wireless apparatus is operating in the idle state, and controls application of
the multi-antenna receive diversity as a function of a data rate control message value
when the wireless apparatus is operating in the connected state, the control unit
comparing the data rate control message value with one or more thresholds to
determine whether to apply multi-antenna receive diversity in the connected state, the

control unit employing a different set of thresholds for each of data and voice traffic.
5. An apparatus, comprising:

means for processing a plurality of signals received from a plurality of

receivers in a multi-antenna receive diversity unit, when the multi-antenna receive

diversity mode is enabled;

means for receiving input from an application operating on the wireless
apparatus, the input specifying performance requirements of the application in terms

of acceptable latency and speed, wherein the input controls application of the multi-
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antenna receive diversity operation and control unit coupled to the multi-antenna
receive diversity unit that monitors state information regarding operation of whether
the wireless apparatus is operating in an idle state or a connected state and controls
application of the multi-antenna receive diversity operation in accordance with the

operating state; and

means for controlling application of the multi-antenna receive diversity
as a function of the instantaneous frame error of control channel messages when the
wireless apparatus is operating in the idle state, and controls application of the multi-
antenna receive diversity as a function of a data rate control message value when the
wireless apparatus is operating in the connected state, the means for controlling
comparing the data rate control message value with one or more thresholds to
determine whether to apply multi-antenna receive diversity in the connected state,

employing a different set of thresholds for each of data and voice traffic.

6. A computer readable memory having recorded thereon statements and

Instructions for execution by a computer, said statements and instructions

comprising:

code means for causing the computer to process a plurality of signals
received from a plurality of receivers in a multi-antenna receive diversity unit, when

the multi-antenna receive diversity mode is enabled;

code means for causing the computer to receive input from an
application operating on the wireless apparatus, the input specifying performance
requirements of the application in terms of acceptable latency and speed, wherein the
Input controls application of the multi-antenna receive diversity operation and control
unit coupled to the multi-antenna receive diversity unit that monitors state information
regarding operation of whether the wireless apparatus is operating in an idle state or
a connected state and controls application of the multi-antenna receive diversity

operation in accordance with the operating state; and
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code means for causing a computer to control application of the multi-
antenna receive diversity as a function of the instantaneous frame error of control
channel messages when the wireless apparatus is operating in the idle state, and
controls application of the multi-antenna receive diversity as a function of a data rate
control message value when the wireless apparatus is operating in the connected
state, comparing the data rate control message value with one or more thresholds to
determine whether to apply multi-antenna receive diversity in the connected state,

employing a different set of thresholds for each of data and voice traffic.
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