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Dual Mbde Conmuni cation Network by Mrton Stern et al. having U. S. Serial
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Unit by Chiasson et al. having U S. Serial No. 07/973,352 and filed on
Novenber 9, 1992. 15 Field of the Invention The present invention rel ates
to radi o comruni cati on systens and, nore particularly, to a dual node radio
communi cation unit. 20 Background of the Rnvention Cell ul ar CEA4B@0R

comuni cation systens typically include a nunber of central conmmunication
base sites. Each central conmunication site 25 has a service area
coverage for servicing nobile conmunication units - -2- within the service
area. The service areas typically are arranged such
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Related Inventions

5 The present invention is related to the following inventions which

are assigned to the assignee of the present invention:

Dual Mode Communication Network by Morton Stern et al.
having U.S. Serial No. 07/906,785, and filed on June 30, 1992.

Method Of Registering/Reassigning A Call In A Dual Mode

10  Communication Network by Borth et al. having U.S. Serial No.

07/956,122, and filed on October 7, 1992.

A Frequency Hopping Code Division Multiple Access Radio
Communication Unit by Chiasson et al. having U.S. Serial No.
07/973,352 and filed on November 9, 1992.

15
Field of the Invention
The present invention relates to radio communication systems
and, more particularly, to a dual mode radioc communication unit.
20

Background of the Invention

Cellular radio communication systems typically include a number
of central communication base sites. Each central communication site
25 has a service area coverage for servicing mobile communication units



t hat édjacent renpte base site service coverage areas overlap in a manner
that provides a substantially continuous service region. The substantially
conti nuous service region provides uninterrupted service 5 by handing off
nobi | e communi cation units fromone base gite serving a service area to an
adj acent base site serving another servicé& area. Pedestrian as well as
nobi l e users will typically access the sane cellular radi o comruni cation
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15 to maintain channel quality or perform hand-off functions. Since these
measurements require the same amount of processing whether a user
is 2 mobile user or a pedestrian user, the pedestrian user is charged the
same fee for using their cellular phone as the user who is a mobile user.
Therefore, there exists a need in the industry for a personal
20  communication system (PCS) which would provide a low tier system for
pedestrian users at a reduced cost. The low tier system would provide
access via radio frequency (RF) link to a basic cellular network which
may or may not provide hand-off capability between low tier service
areas. In addition, a high tier system should be provided for the mobile
25 user. This high tier system would have many of the features found in
current cellular systems including hand-off between high tier service
areas.
In order to avoid the necessity of having two separate radio
communication units to operate in the low and high tier communication
30  system, respectively, it is desirable to provide a dual mode radio
communication unit capable of operating in either the low tier or high tier
communication unit. In addition, it is desirable to design the dual mode
radio communication unit to utilize shared components which may be
used in both low and high tier operational modes of the communication
35  unit.



gonmuni cation units to operate in the low and high tier communication 30
system respectively, it is desirable to provide a dual node radio

comuni cation unit capable of operating in either the lowtier or high tier
communi cation unit. In addition, it is dgsirable to design the dual node
radi o communi cation unit to utilize shar&d conmponents which may be used in
both low and high tier operational nodes of the comrunication 35 unit.

-3- Summary of the Invention A duals,ﬂﬁ,ql,gnf]gﬁ{% ROBREGH cation unit for a
e

digital comuni cation systemis provi aving .an error controller
including 5 an error detection encoder and a forward error correction

encoder which encode ah duaptiodenfagidrebi@iusicativ] uhipfer f8igeal or prot ect ed
data bit stream dditi.on, the comuni.cation unit includes a npde
sel ector which enédr}vg‘é"ﬂiﬁapﬁ@rsytsﬂeé"ﬁ P&?"'El@‘?@@f’\%a%ﬁ&'&&é’P"&Pﬁ?fh@%f%r d
error correctd on ameuvoedetetionwéndodar gadta tarvard etde cofrectien ancoderokhiche 10
communi cati on uni dncddd' ddiput fnfbARAASH YHal thid Al erBiiSroldtdlbd depaTByni cati on
unit is provided having ,an error controlder for generating estlnated
i nformation si gnaitreafp iR gddiions thengomaunieationunt ingluglesia medectiestst i ng of
ehg _hte_r an teL ror d&hi@ﬁtérggbléd Gittiart then erForadeteEtich _eﬁétfdéé“ﬁr'tﬁé fgﬂvwaleghi"ﬂ In
addi tion, e correspondi ng. comuni,cagi on unit includes a e
sel ector for receqq;f“:l% °q eﬂ%&ﬁ'ﬁf ”ﬁ%‘é(ﬂ'{ﬂ ﬁ@a{'éfuiafp'af’??&ip&?'%‘w& %ﬁ?‘@he group
of al gori t hnEd whicdminsnicationiumite dFurthér, a ¢mrésponding dualenofie oadioat i on of
the correspondi NG OMHYAGEh i iBrbvided having an error controlier for generating
' estimated information signal samples according to a group of algorithms
consisting of either an error detection algorithm or an error correction
algorithm. In addition, the corresponding communication unit includes a
15  mode selector for receiving a signal according to a particular one of the
group of algorithms which is associated with a particular mode of
operation of the corresponding communication unit.

Brief Description of the Drawings
20
FIG. 1,2 are diagrams showing a preferred embodiment digital
cellular radio communication unit for operation in a first and a second
mode, respectively.
FIG. 3, 4 are diagrams showing an alternative preferred
25  embodiment digital cellular radio communication unit for operation in a
first and a second mode, respectively.
FIG. 5, 6 are diagrams showing another alternative preferred
embodiment digital cellular radio communication unit for operation in a
first and a second mode, respectively.
30
Detailed Description

Referring now to FIG. 1 and FIG. 2, a preferred embodiment dual-
tier PCS communication unit 100 is depicted in block diagram form.
35  The dual-tier PCS communication unit 100 preferably is designed to
operate .as a communication unit in a low-tier {shown in FIG. 1) and a
high-tier (shown in FIG. 2) PCS mode of operation. In addition, the



3
Brief Description of the Drawings 20 FIG 1,2 are diagrans showi ng a
preferred enbodi nent digital cellular radio comunication unit for
operation in a first and a second node, respectively. FIG 3, 4 are
di agranms showi ng an alternative preferred 25 enbodi ment digital cellular
radi o conmmuni cation unit for operation ih a first and a second node,
respectively. FIG 5, 6 are diagrans show ng anot her alternative preferred
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circuitry which q%\geélgab ement (e g., powering down) unused circuitry causes
10 significantly less current drain of the overall communication unit and as
such prolongs the battery life of mobile/portable subscriber units which
operate on batteries.

As shown, the communication unit 100 may be logically
separated into transmitter 102 and receiver 104 function portions. It

15  will be appreciated by those skilled in the art that although these
communication functions have been logically separated, the actual
implementation of these functions may be accomplished in a variety of
different manners including, but not limited to properly programming a -
digital signal processor (DSP), coupling discrete components together,

20  and using a combination of one or more application specific integrated
chips (ASICs).

Referring now more specifically to FIG. 1, a preferred
embodiment dual-tier communication unit operating as a low-tier
communication unit is shown. A operating mode selection device (not

25  shown) has disabled communication unit components 112, 142, 150,
158, 166, 174, 184, 198, and 202 which are not used in low-tier
communication mode. The operating mode selection device may be
implemented as a micro controller which sends enable and disable
signals to various communication unit components. Alternatively, a

30 digital signal processor may be controlled by software to perform only
certain functions in each operational mode. However, it will be
appreciated by those skilled in the art that several other techniques may
be utilized to implement a mode selection device without departing from
the scope and spirit of the present invention.

35 The transmitter portion 102 receives an information signal 106.
The information signal 106 may contain data or digitized speech. In the
case that the information signal 106 contains digitized speech, the



3
di sabl es | ogi cal conmponents which are not used for operating in one
communi cati on operational node while the conmmunication unit 100 is
perform ng operations in the other comuni cation operational node. The
di sabl ement (e.g., powering down) unuseq%circuitry causes 10
significantly less current drain of the*overall communication unit and as
such prolongs the battery |life of nobil e/ portable subscriber units which
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15  error detection coding. After coding, a known synchronization preamble
is added 112 to the data bit stream, and the data bit stream is formatted
for time division multiple access (TDMA) transmission. Subsequently,
the data bit stream 114 is filtered by a full raised cosine filter 116 with.a
rolloft factor of 0.5 to meet bandwidth and intersymbol interference
20 requirements.

This filtered data bit stream 118 preferably is subsequently four-
phase modulated 120 (i.e., quadrature phase shift keying (QPSK)
modulated). The four-phase modulated data bit stream 122 preferably
is provided to one input of mixer 124 and a TDMA carrier signal 126 is

25  provided to the other input of mixer 124. The TDMA carrier signal 126
preferably is generated by a frequency synthesizer 128 which
generates a carrier signal within a predetermined RF band and time slot.
The mixed TDMA signal 130 is subsequently amplified by power
amplifier 132, supplied 134 to a final stage filter 136 and radiated by

- 30 antenna 138 over a communication channel.

The receiver portion 104 is designed to efficiently detect and
decode the transmitted signal. In view of the fading and multipath
channels which are prevalent in mobile communications, a diversity
selection receiver is employed to improve performance. At the receiver

35 104, a diversiiy selection device 141 receives signals from a first 138
and second 140 antenna and outputs one of the two signals to filter
144. The selection device preferably will determine which of the two



be utilized to I npl enent a node sel ection device without departing fromthe
scope and spirit of the present invention. 35 The transmtter
portion 102 receives an information signal 106. The information signal 106
may contain data or digitized speech. In_the case that the information
signal 106 contains digitized speech, t e~ -5- information signal 106 is
processed by a speech coder 108 to further encode the digitized speech.
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' (AGC) and greatly reduces the required resolution of the analog to
digital (A/D) converter and the size of the data paths required in the
digital portion of the receiver 104. Following the RF and IF
15 processing, the low IF signal is bandpass sampled and converted to the
digital domain 160. A relatively low cost A/D converter preferably
samples at sixteen times the symbol rate and has only four bits of
resolution. Four bit quantization can be used, because the earlier hard
limiting 160 has removed the magnitude of the four-phase waveform.
20  Atthis point, additional filtering is performed by low complexity (e.g.,
three to five taps) digital bandpass filters to eliminate direct current (DC)
power offsets, reduce sampling noise, and separate the inphase and
quadrature branches. The processed signal may then be decimated
160 by a factor of four effecting a translation to baseband of the hard-
25 limited data samples. The translation to baseband can be readily
performed, because the careful selection of a low IF frequency allows
the communication unit 100 to utilize the image frequencies.
Now the processed signal is correlated 168 with the known
predetermined synchronization word to determine the optimum
30 sampling point and to perform carrier recovery. Preferably the
transmitted signal structure has the synchronization word inserted
before the data such that the correlation 168 can be performed with
only minimal buffering of the received signal 164. The largest
correlation magnitude can serve as an estimate of the channel gain, and
35 the phase of this correlation reflects the conjugate of the phase
correction required by the signal 164. Once the largest correlation has
been determined, the data samples are further decimated to single



roIIoff factor of 0.5 to neet bandw dth and intersynbol interference 20
requirements. This filtered data bit stream 118 preferably is subsequently
four- phase nodul ated 120 (i.e., quadrature phase shift keying (QPSK)

nodul ated). The four-phase nodul at ed datq&blt stream 122 preferably is
provided to one input of m xer 124 and a ‘TDVA carrier signal 126 is 25
provided to the other input of m xer 124. The TDMA carrier signral 126
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Referring now more specifically to FIG. 2, a preferred
embodiment dual-tier communication unit operating as a high-tier
communication unit is shown. A operating mode selection device (not

15  shown) has disabled communication unit components 111, 141, and
201 which are not used in high-tier communication mode.

The transmitter portion 102 receives an information signal 106.
The information signal 106 may contain data or digitized speech. In the
case that the information signal 106 contains digitized speech, the

20 information signal 106 is processed by a speech coder 108 to further
encode the digitized speech. Preferably this speech coder employs a
voice activity detection (VAD) mechanism to minimize the number of
encoded data bits 110 which represent the digitized speech. In the
alternative, if the information signal 106 contains data, then the data is

25  passed through the speech coder 108 as the encoded data bits 110.

These encoded data bits are subsequently coded 112 with error
detection and error correction codes. In the preferred transmitter portion
102 design, a cyclic redundancy code (CRC) is used for error detection,
and a convolutional code is used for forward error correction. The

30 length of the CRC is chosen such that it will reliably detect errors while
not becoming computationally burdensome. A similar strategy is
followed in choosing the constraint length of the convolutional codes.
The complexity of the code may be tailored to the particular hardware
implementation. In addition, the dual-tier PCS transceiver 100 may

35  optionally utilize non uniform coding rates and selective application of
CRC in error detection coding.



5 paraneters including bit error rates, interference in the signal,

signal power, and etc. Filters 144 and down converts 152 the received
signal to a low IF frequency of approximtely four negahertz. The frequency
synt hesi zer 128 .is used within the down conversion process 152 to 10
follow the TDVA signal. At this point thé}signal 156 is hard imted 160.
This feature elimnates the need for any formof autonatic gain control
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transmtted signa ) ure h; e synchronization word | nser
and intersymbol interference requirements.
15. This filtered data bit stream 118 preferably is subsequently four-

phase modulated 120 (i.e., quadrature phase shift keying (QPSK)
modulated). The four-phase modulated data bit stream 122 preferably
is provided to one input of mixer 124 and a frequency hopping carrier
signal 126 is provided to the other input of mixer 124. The frequency
20  hopping carrier signal 126 preferably is generated by a frequency
synthesizer 128 which generates a carrier signal within a
predetermined RF band that hops according to a predetermined pattern
(i.e., the frequency hop synthesizer 128 steps through the frequency
hopping code). The mixed frequency hopping signal 130 is
25  subsequently amplified by power amplifier 132, supplied 134 to a final
stage filter 136 and radiated by antenna 138 over a communication
channel.
it will be appreciated by those skilled in the art that the
predetermined RF band does not have to be a contiguous frequency
30  band, but rather only need be within a specific range of frequencies to
which the chosen frequency synthesizer is capable of operating. In
addition, the predetermined pattern (i.e., hopping code) is used to
determine the sequence in which a particular communication unit is to
hop over the RF band such that the communication unit causes minimal
35 interference to other communication units operating in the same multiple
access communication system. Further, it will be appreciated that
frequency hop transmission is employed to help mitigate channel



before the data such that the correlation 168 can be performed with only

m ni mal buffering of the received signal 164. The |argest correlation
magni t ude can serve as an estimate of the channel gain, and 35 t he phase
of this correlation reflects the conjugaie of the phase correction required
by the signal 164. Once the |argest corr&lation has been determ ned, the
data sanples are further decimted to single -7- sanple per synbol .
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little processi anﬁeEngétesr sanp e%ﬁg‘) ’ﬁ] FU&Q&“% théJSf ﬂﬁé e| ver
portion 104 to mhARAINGPRYILeS 8BA r%ﬁfdweﬁsswoghermeﬂrtlahd cost. 5

Fol I owi ng the cordoehmbhwanah B0l relsOits fadha %%ﬁdrﬁﬁﬁbé%nh@ has

the data sarrples etrace de oded t thls Qi n
- detection code (&7 @Fﬂq ?ar‘éﬁfﬁo%qﬁ%?z&'ﬂ!c qgRh's %8§“Mad@fﬁ%| ly be
used 201 to dheck for Hre receivergportiop 104ais defsigried mOefﬁc:entlymieltectm decoded

bi 15 203, al 09 Widcdabife (rsHibY Skl in GleloUf o/ (AERTEH fRagRAT or 201 Y

is then output as 0 the peec
out put as voi ce BHRNNRIS \é’hlqhn@f%léﬁﬁv mﬂﬂ' picomMynicaliens a glivessift ef er r ed

enbodi ment dual - tdoﬁ!iblﬁﬁ@’fﬂé&b%‘r u@émmwedom FriroVid p@HoRmahEr)- At eie
conmmuni cation unit i election deVLce ot 15
Shown)  has i sab'EaeNaRBA, ety seleclioRiaicn ﬁiﬁce'm Sidiiait 38 & ch
are not used@ n Hirgtht38 endssoondi D30 antenmad Howereer! simtert ist mot ysed inotihel 02
receives an inforget kap o3ettitinat Wode, only the signal received by antenna 140 is
output to filter 144.
Each diversity branch (i.e. first branch 138, 142, 146, 150, 154,
158, 162, and 166 as well as second branch 140, 144, 148, 152,
15 156, 160, 164, and 168) first filters 142, 144 and down converts 150,
152 its respective received signal to a low IF frequency of
approximately four megahentz. The frequency synthesizer 128 is used
within the down conversion process 150, 152 to follow the hopping
signal. At this point the signal 154, 156 is hard limited 158, 160. This
20 feature eliminates the need for any form of automatic gain control (AGC)
and greatly reduces the required resolution of the analog to digital (A/D)
converter and the size of the data paths required in the digital portion of
the receiver 104. '
Following the RF and IF processing, the low IF signal is bandpass
25  sampled and converted to the digital domain 158, 160. A relatively low
cost A/D converter preferably samples at sixteen times the symbol rate
and has only four bits of resolution. Four bit quantization can be used,
because the earlier hard limiting 158, 160 has removed the magnitude
of the four-phase waveform. At this point, additional filtering is
30 performed by low complexity (e.g., three to five taps) digital bandpass
filters to eliminate DC offsets, reduce sampling noise, and separate the
inphase and quadrature branches. Each branch may then be
decimated 158, 160 by a factor of four effecting a transiation to
baseband of the hard-limited data samples. The translation to
35 baseband can be readily performed, because the careful selection of a
low IF frequency allows the communication unit 100 to utilize the image
frequencies.



The information signal 106 may contain data or digitized speech. In the
case that the information signal 106 contains digitized speech, the 20
i nformati on signal 106 is processed by a speech coder 108 to further encode
the digitized speech. Preferably this spgfﬁh coder enploys a voice activity

det ection (VAD) nmechanismto mnimze the nunber of encoded data bits 110

whi ch represent the digitized speech. In the alternative, if the

i nformati on signal 106 t 2l S i { 3 cl St d t hrough
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actually performs very little processing with oversampled digital data.
This allows the receiver portion 104 to minimize power consumption,
memory storage and cost. .
15 Next, a signal quality estimate, or weighting parameter 176, 178,
is calculated 174 for each branch 170, 172, and the branches 180,
182 are diversity combined 184. Within this process, the scaling 176,
178 required for soft decision decoding 202 is also applied 184 to the
signal 180, 182. While it is possible to use a variety of weighting
20  parameters, the best performance will be obtained from a ratio-based
statistic. The ability of the high-tier communication unit 100 to compute
a ratio-based statistic allows the successful calculation of soft
information despite the presence of the hard limiter 158, 160.
As FIG. 1 indicates, an equalizer 198 is a possible receiver
25  portion 104 option. Such an equalizer 198 would require input 194,
" 196 from each branch as well as the output 186 of diversity combiner
184. In addition, in order for the equalizer 198 to perform optimally, the
equalizer 198 would need to output fine tuning adjustment information
to each branch 190, 192 as well as the diversity combiner 188.
30 Subsequently, the equalized combined data sample stream would be
output 200 to the deinterleaver 202. While the high-tier PCS
operational mode does not exclude the use of an equalizer 198,
preliminary results indicate that its use results in only a small
performance improvement relative to a system employing only
35 frequency-hopping and diversity.
Foliowing the weighting and combining process 184, the data
sample stream 186, 200 is convolutionally deinterleaved 202. The



5 errors which is superior to a block interleaver having twice the anpunt
of I nterl eaving delay. By choosing the vertical dinension of the
interleaver to be evenly divisible into the nunber of interleaved synbols
transmtted within a frequency hoppi ng Slii the interl eaver has been

structured in a manner which will allow Syhchroni zation even if a slot is

dropped. A 10 known synchroni zation preanble is a](czlded 112 to t-.h;a.
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but rather only naefhtie tdithbidthér fReRidrigortié 904 York d’ffb?ﬁé‘ﬁh@sbée?] whi ch the
chosen frequency Séh%tng‘éé! Zlﬁrthfsspgs%gntzltﬁecgiveorgi(ta; ggllegé?m dgvice 163 may
15  potentially have better channel quality information to use in the
determining process, than the diversity selection device 143 (shown in
FIG. 1) may have due to it's relative position in the receiver portion 104.
Referring now more specifically to FIG. 3, a dual-tier
communication unit operating as a low-tier communication unitis
20  shown. The dual-tier communication unit operates substantially as
described with reference to FIG. 1 except for the following. The
operating mode selection device (not shown) has disabled
communication unit components 112, 166, 174, 184, 198, and 202
which are not used in low-tier communication mode. Each diversity
25 branch (i.e. first branch 138, 142, 146, 150, 154, and 158 as well as
second branch 140, 144, 148, 152, 156, and 160) first filters i42,
144 and down converts 150, 152 its respective received signal to a
low IF frequency of approximately four megahertz. The frequency
synthesizer 128 is used within the down conversion process 150, 152
30  to follow the TDMA signal. At this point the signal 154, 156 is hard
limited 158, 160. Following the RF and IF processing, the low IF signal
is bandpass sampled and converted to the digital domain 158, 160.
Further, additional filtering is performed to eliminate DC offsets, reduce
sampling noise, and separate the inphase and quadrature branches.
35 Each branch may then be decimated 158, 160 by a factor of four
effecting a translation to baseband of the hard-limited data samples.
Now the diversity selection device 163 receives the hard-limited data



addition, the predeterm ned pattern (i.e., hopping code) is used to
detern1ne the sequence in which a particular comunication unit is to hop
over the RF band such that the comunication unit causes mniml 35
interference to other conmunication units, gperating in the same nultiple
access conmmuni cation system Further, it Wll be appreciated that frequency
hop transm ssion is enployed to help mtigate channel -9- i npedi nent s
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diversity selection device 163 is not used in the high-tier operational
mode, the signals 162, 164 are passed through and output 162', 164',
respectively, to their respective correlation circuitry.

15 Another aiternative preferred embodiment dual-tier
communication unit 100 to the one depicted in FIG. 1 and FIG. 2 is
shown in FIG. 5 and FIG. 5. This alternative preferred embodiment
dual-tier communication unit operates substantially as was described in
reference to FIG. 1 and FIG. 2. However, the position of the diversity

20  selection device 197 relative to the other receiver portion 104
components has been changed. In this position, the diversity selection
device 197 may potentially have better channel quality information to
use in the determining process, than the diversity selection device 143
{shown in FIG. 1) and the diversity selection device 163 (shown in FIG.

25 3) may have due to it's relative position in the receiver portion 104. As
a design tradeoff, however, this alternative dual-mode communication
unit 100 requires more receiving components to be enabled during low-
tier operation than the communication unit 100 shown in FIG. 1.

Referring now more specifically to FIG. 5, a dual-tier

30 communication unit operating as a low-tier communication unit is
shown. The dual-tier communication unit operates substantially as
described with reference to FIG. 1 except for the following. The
operating mode selection device (not shown) has disabled
communication unit components 112, 166, 174, 184, 198, and 202

35 which are not used in low-tier communication mode. Each diversity
branch (i.e. first branch 138, 142, 146, 150, 154, and 158 as well as
second branch 140, 144, 148, 152, 156, and 160) first filters 142,



wi thin the down conversion process 150, 152 to follow the hopping signal.
At this point the signal 154,156 is hard linmted 158,160. This 20 feature
elimnates the need for any formof automatic gain control (AGC) and
greatly reduces the required resolution of the analog to digital (AID)
converter and the size of the data paths -#8guired in the digital portion of
the receiver 104. Following the RF and | F processing, the low IE signal is

band 25 I . ted t he..digital . . in 158, .160. A
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carrier recovery. ﬂo%\]; %ra%R Ie;a}‘é}]e is correlated 166, 168 with the known predetermined
synchronization word to determine the optimum sampling point and to
perform carrier recovery. Once the correlation has been determined, the
data samples are further decimated to single sample per symbol.

15 Following the correlation process 166, 168, the diversity selection
device 197 receives the symbol rate data samples 194, 196 and
outputs 199 one of the two signals (i.e., the signal which corresponds to
the channel branch having the better channel quality) to have data
samples extracted and decoded 201.

20 Referring now more specifically to FIG. 6, a dual-tier
communication unit operating as a high-tier communication unit is
shown. The dual-tier communication unit operates substantially as
described with reference to FIG. 2 except for the following. The
operating mode selection device (not shown) has disabled

25  communication unit components 111, 197 and 201 which are not used
in high-tier communication mode.

Alternatively, the preferred embodiment dual mode digital radio
communication unit 100 shown in FIG. 1 through FIG. 6 can be
described as follows. A dual mode digital radio communication unit

30 100 for a digital communication system is provided. The
communication unit 100 includes a transmitter portion 102 for
transmitting an encoded input information signal 106 over a radio
communication channel. The transmitter portion 102 includes a data bit
coder 108 for encoding an input information signal 106 into a data bit

35  stream 110. An error controller 111, 112 is operatively coupled to the
data bit coder 108 for generating a transmission error protected data bit
stream 114. The error controller includes the fellowing two transmission



transmtted signal structure has the synchronization word inserted 5

before the data such that the correlation 166, 168 can be performed with
only mnimal buffering of the received signal 162,164. The | argest

correl ation nmagni tude can serve as an estimate of the channel gain, and the
phase of this correlation-reflects the colugate of the phase correction
required by the signal 162, 164. Once the largest correlation 10 has been

determ ned, the data sa les are further decinmted to si gl e sanpl e pe
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sanpl e stream woul signal 126 generated by a frequency synthesizer 128. The frequency
15 synthesizer 128 operates in one of two particular modes of operation
including: (1) a non-frequency hopping time division multiple access
mode and (2) a frequency hopping code division muiltiple access mode.
A mode selector (not shown) is operatively coupled to the error
controller 111, 112 for enabling one of (1) the transmission protection
20  apparatus cyclic redundancy check generator 111 and (2) the
transmission protection apparatus forward error correction device 112
for use with a particular mode of operation such that the transmission
protection apparatus which are not used in the selected particular mode
of operation are disabled.
25 The communication unit 100 also includes a receiver portion
104 for receiving the encoded input information signal from over the
radio communication channel. The receiver portion 104 includes a
demodulator 150, 152 for generating a first - 154 and a second 156
group of data samples of the received signal corresponding to a signal
30 received at a first 138 and a second 140 antenna, respectively, through
the use of a radio communication channel selecting signal generated by
a frequency synthesizer 128. The frequency synthesizer 128 operates
in one of two particular modes of operation including: (1) a non-
frequency hopping time division multiple access mode and (2) a
35 frequency hopping code division multiple access mode.
A hard limiter 158, 160 is operatively coupled to the
demodulator 150, 152 for hard limiting the first 154 and second 156



output 200 to the deinterleaver 202. Wile the high-tier PCS operational
nmode does not exclude the use of an equalizer 198, prelininary results
indicate that its use results in only a small performance inprovenent
relative to a system enpl oying only 35 frequency- hoppi ng and diversity.
Fol | owi ng the wei ghting and conbi ni ng pretess 184, the data sanple stream
186, 200 is convolutionally deinterleaved 202. The deinterleaver out put
is Viterbi decoded 202 in,6 an att r’rg to corre t the er trodu ed by
the communi cation SRR datasample b&lrﬁmo"t%‘ erragnt f? E%'a‘é’%@ t@e
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sel ection device 14 due to It at’ive
position in the rcdeieiBingan opfmal §ampling PO'"t ior each group of data samples

and to generate symbol rate data samples of each group.

An error controller 174,184,201,202 is operatively coupled to

the correlator 166,168 for generating estimated information signal

15 samples 208 from the symbol rate data samples 180,182 of each
group according to an algorithm either (1) an error detection algorithm
or (2) an error correction algorithm. The error detection algorithm
includes: selecting one 196 of the first and the second groups of data
samples corresponding to the antenna 138,140 having a better

20  estimated signal quality, performing 201 a cyclic redundancy check on
the selected group of symbol rate data samples 196 and extracting 201
data bits from the selected group of sym'bol rate data samples 196. The
error correction algorithm includes: generating 174 weighting
coetficients 176, 178 for the data samples of the first 180 and the

25  second 182 group, scaling 184 the first 180 and the second 182
group of symbol rate data samples, maximum ratio combining 184 the
first 180 and the second 182 scaled symbol rate data samples into a
stream of combined data samples 186, and deinterleaving 202 and
maximume-likelihood decoding 202 the stream of combined data

30 samp!es 186,200 into estimated information samples 208.

Finally, mode selector (not shown) is operatively coupled to the
demodulator 150,152 , hard limiter 158,160 , frequency translator
158,160 , correlator 166,168 , and error controlier 174,184,201,202,
for receiving the received signal according to one of the error control

35  algorithms associated with a particular mode of operation of the dual
mode radio communication unit 100 such that the demodulator
150,152 , hard limiter 158,160 , frequency translator 158,160 ,



Referring now nore specifically to FIG 3, a dual-tier comunication unit
operating as a lowtier communication unit is 20 shown. The dual -tier
comuni cation unit operates substantially as described with reference to
FIG 1 except for the follow ng. The operating node sel ection device (not
shown) has di sabl ed communi cation unit cd@ponents 112, 166, 174, 184, 198, and
202 which are not used in | ow-ti er communi cation node. Each .diversity 25

b h'..f'tb 46, 150 4 1 | |
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channel quality. Although the invention has been described and illustrated with a

certain degree of patticularity, it is understood that the present

disclosure of embodiments has been made by way of example only and

that numerous changes in the arrangement and combination of parts as

15  well as steps may be resorted to by those skilled in the art without
departing from the spirit and scope of the invention as claimed.



Referring now nore specifically to FIG 4, a dual-tier 5 conmmunication
unit operating as a high-tier communication unit is shown. The dual-tier
comuni cati o ' ubstantially as described with reference to
FIG 2 excepmmm"mﬂ“mnﬂlﬁng. The operating node sel ecti on device (not
shown) has di $abl ed cemmsini €ati on unit cofffenents 111, 163 and 201 which are
not used 10 in high-tier comrunication node. In addition, the diversity
sel ection device 163 receives signals 162 and 164. However, since the

diversity selection device 163 i s not used $#Ri®Be high-tier operational
node, the signals 162,164 are passed through and output 162', 164",

respectively, to tReLL;: j.ye correlation circuitry. 15 Anot her
alternative prefer Irwghétel%b%z%ﬁ%?r{% dual -tier conmunication unit 100 to the

one depicted in FIG 1 and FIG 2 is shown in FIG 5 and FIG 5. This
alternative preferned eppggi -dd I &3t i1 operates
. bg@BHe FHGi édrﬁﬁmuﬁ{&gﬂw unit foPd digth

substantially as was descri . In reference i 2. However,
the position of the di v&PEIMYNIgation systept. iCOMRISINGe 197 rel ative to the
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FIG 1. Referring now nore speci ticall

to. Fl 5, _a dual -tier 30 .
communi cation unit operating '%Pé"é“fPHREQ(%F'gBaﬁ%?Eaﬁfr%meﬁ@M gata bit
stream; and
15 (b) mode selection means, operatively coupled to the error
control means, for enabling one of the transmission
protection apparatus (i) the transmission protection
apparatus error detection means and (ii) the transmission
protection apparatus forward error correction means for
20 use with a particular mode of operation of the dual mode
radio communication unit.

2. The dual mode radio communication unit of claim 1 wherein:
(@) the error detection means comprises a cyclic redundancy
25 check genei'ating means for encoding the input information
signal; and

(b)  the forward error correction means comprises means for
convolutionally encoding and interleaving the input
information signal.

30
3. The dual mode radio communication unit of claim 1 wherein the
mode selection means comprises means for disabling the
transmission protection apparatus not used in the selected
particular mode of operation.
35



shown‘ The dual-ti-er—comunication unit operates substantially as descri bed
reference to FIG 1 exceEt for the foll ow ng. The operati ng node

Wi t
sel ect i on dejmﬂ ﬂmﬂ! rﬂ 1" as di sabl ed conmuni cati on unit conponents
112, 166, 17 L R ,

02 35 which are not used in lowtier
connunlcatlon ‘mode. "Each diversity branch8fi.e. first branch 138, 142, 146,
150, 154, and 158 as well as second branch 140, 144, 148, 152, 156, and
160) first filters 142 -13- 144 and down converts 150, 152 its
respective receivéd si ghaIdua ”éPqIQ)WqNFCPFEHU@'ﬁ@W'@JP"é[%P@WWhﬂé’F*}PFf our

megahertz. The frequen@ggnﬁ)yirgt 3sizer 128 is used wthin the down conversion
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the correlation process 166 I Ver si selectlon device
receives the synbol rate daﬁ'ﬁegi@wpl es 194, 196 and

5. The dual mode radio communication unit of claim 1 further
comprising: '

15 (a) multi-phase modulating means, dperatively coupled to the
error control means, for generating a multi-phase
intermediate signal through the use of the error protected
information signal; and ’

(b) frequency translation means, operatively coupled to the

20 multi-phase modulating means, for generating a radio
frequency transmission signal by combining the
intermediate signal with a radio communication channel
selecting signal generated by a frequency synthesizer, the
frequency synthesizer operating in one of two particular

25 modes of operation including: (i) non-frequency hopping
time division multiple access mode and (ii) frequency
hopping code division multiple access mode.



out puts 199 one of the two signals (i.e., the signal which corresponds to
t he channel brmmnuummaﬂmmmbetter channel quality) to have data sanpl es
extracted and Referring now nore specifically to
FIG 6, a dual-ti ér tonfurficdtion unit operating as a high-tier

conmmuni cation unit is shown. The dual -ti-88- comuni cation unit operates

substantially as described with reference to FIG 2 except for-the

foll owi ng. The operating npde sel ection device (not shown). has disabled 25
communi cati on uni ® confdialiaode adip epmypunisglioRknt foa digitd used i n
hi gh-tier comuni cati osommslticatidresyseimy ebynprishey: pref erred enbodi nent dual

de digital di ' ' ' | De. . h h EIG 6
can be deseri bed as. f ol oweref Hator mhdna g dherly fsudaldth At ion
30 100 for a digital commsignabsamples/icomm signgl tadeiled owrea cadiouni cat i on
unit 100 i nclydes a transm &ééﬁhtﬂﬁééﬂd?{‘c e{lgrcobt(g,tqgfg %lé}gggﬁrﬁﬁncoded

I nput information signal 106 over a radi o conmunicatYon cha The,
transmitter portion 102 i nchelgetediiremythegroup saasistingof (i} ae eswyidededion nput
i nformation signal 106 intogRyofithrd dNd (iifan erfdr curractibh-aldeitAri;@ngcont rol | er
111, 112 is operativel y .couple tq the data bit c?delr 108 f enerating a
transm ssion error protect e&'o S SPIgFHON Mg, qroranyely C@PP@‘P{OO rorPler

i ncludes the follow ng two cortnaireansyfor receiving the receivech signphaeacerding 1) a
cyclic redungigncy check gengs atobs iﬂelgfo%rp &’Qagﬁtﬂﬁlstﬁ?so@%ﬁ@d Qlith st ream 110

and (2) a forward error correctrion ) )
: particular mode of operation of the dual mode radio

communication unit.

7. The dual mode radio communication unit of claim 6 wherein:

15 (a) the error detection algorithm comprises means for
generating a first and a second group of data samples of
the received signal corresponding to the signal received at
the first and the second antenna, selecting one of the first
and the second groups of data éamples corresponding to

20 ' the antenna having a better estimated signal quality,
performing a cyclic redundancy check on the selected
group of data samples and extracting data bits from the
selected group of data samples; and

(b)  the error correction algorithm comprises means for

25 generating a first and a second group of data samples of
the received signal corresponding to the signal received at
the first and the second antenna, generating weighting
coefficients for the data samples of the first and the second
group, scaling the first and the second group of symbol

30 rate data samples, maximum ratioc combining the first and
the second scaled symbol rate data samples into a stream
of combined data samples, and deinterleaving and
maximum-likelihood decoding the stream of combined
data samples into estimated information samples.

35



devicé 112 convol utional'ly encoding and interleaving the data bit
stream 110. @i] g

Mm,ﬂ ¥mhS operatively coupled to the error 5
controller e -uyﬂq&redeternined synchroni zati on sequence into the
error protected data®bi® stream 114. A nulti-phase nodul ator 120 is

operatively coupled to the synchroni zer 20 generating a nulti-phase -
internmedi ate signal 122 through the use of the synchroni zation sequence
inserted and error 10 _ protected data bit stream 114. A frequency

transl ator 124 is 8per athe/dusl modgiradiotapmmunication upitafcciaion bl wherein @ f or
generating a radio fre%@&'&%ﬁe@ﬁ?ﬁ'ﬁ?ﬁﬁﬁm&ﬁé@%%r&ﬁo?HE&%\"!‘Jltlinéﬁtﬂe'?Hean

conbi ning the internediate signa 4 _ radi o conmuni cat | channe

sel ecting signal 126 géﬁ%gﬁ'?%'%t‘BQ estimated éxfeymation pigfal samples aqeprding to
frequency 15  synt hesitheaigoith@peitalses intheseleeted partivaldri modélof nodes of
operation inckyding: (%%) non-frequency hopping time division multiple
access node and (2) a éﬁﬁgﬁky hoppi ng code division nmultiple access node.
A node selector (not shown) is operatively coupled to the error controller
111, 112 for enabling one of (1) the transm ssion protection 20 apparatus
cyclic redundancy check generator 111 and (2) the transm ssion protection
apparatus forward error correction device 112 for use with a particul ar
node of operation such that the transm ssion protection apparatus which are
not used in the selected particular node of operation are disabled. 25

The conmuni cation unit 100 al so includes a receiver portion 104 for

recei ving the encoded input information signal fromover the radio

comuni cati on channel. The receiver portion 104 includes a denodul at or 150,
152 for generating a first 154 and a second 156 group of data sanpl es of

t he received signal corresponding to-a signa



30 Treceived at a first 138 and a second 140 antenna, respectively,

t hrough the us . ni cati on channel selecting signal generated
by a frequenc_-yT“ﬂ“j&ﬁ“umMN[E The frequency synthesizer 128 operates in
one of two parti*xcukart notles of* operation including: (1) a non- frequency

hopping time division nultiple access nokl-and (2) a 35 frequency hoppi ng
code division nultiple access node. A hard Iimter 158, 160 is -operatively

coupl ed to the denpdul ator 150,152 for hard limting the fjirst 154 and
second 156 gr oﬂg of 4ag guabmodedagip cMFHNicAtoR %@ﬁ?‘?lﬁﬁ@ fyrthepch
sanple in the first 154cemgrising: second 156 group of data sanples. A

frequency translator 158,160, .at i upled to hard limter
158?I 160yfor translatin )a S %@8@8@'%Iﬂ'gg%'iﬁﬁﬁlq%ﬂe?%tg‘%é?gs% RSECBRC; e
first 154 5 and the secondgroBp afdald sanpies ebthedreceinpaesignals by

deci mating each group of datgy, P?@gﬁ{gn%f;q@r 'd"at gﬁgtrl%gj ?tgrgbo,],QG,

168 is operatively coupled to t ransl ator 1 )
correlating the subset of tHAMARRA.TesRecivelythioughthiediseef 2 adipi rst 162

and the second 164 group of ¢hhmunisaliofscHanna! $8lectilig ighdlRietaedibed

Al ng. poi nt for each or oUpSuee YRR e, fShGeon &y iheSEl Bheraas.

data sanpl es of each group. iArone oiweepatticaldr enodesiofl Ggerafion A0duding: (i)
tivel led to th ' j
orer oL SRUPLET, 0 e it ol plod i ISR, B e

i nformation signal 15 sanpl es _. rom S rate i
180, 182 of each group accor ciiy(it Jregvencydiapping epde division multiple agcess
detection algorithm mode. '
(b) hard limiting means, operatively coupled to the
demodulating means, for removing the magnitude of each
15 sample in the first and the second group of data samples;
(c) frequency translation means, operatively coupled to the
limiting means, for translating a subset of the hard-limited
data samples of the first and the second group to
baseband frequencies by decimating the group of samples
20 in the time domain; and



or (2) an error correction algorithm The error detection algorithm

i ncl Udalm,ﬂﬂnm 196 of the first and the second groups of data
sanpl es¥ HWWO t he antenna 138, 140 having a better 20 esti mat ed
signal qualitwy, "pesfornhing 201 a cyclic redundancy check on the sel ected
group of synbol rate data sanples 196 an®2extracting 201 data bits fromthe

sel ected group of synbol rate data sanples 196. The error correction

al gorithmincludes: generating 174 weighting coefficients 176, 178 for the
data sanples of the fid§l 189TekRlian@eags, opiamely neppladimthestequensylss

the first 180 and the secondrghditidhovpans, @Yﬁbﬁbldﬁﬂ?Qhé%hbséﬁ@ﬂh@ﬂrﬁdﬁPéﬂ mm

ratio conbining 184 the first 180 and t second 1 scal ed synpol rate
data sanples into a stream t%éﬂmph%%oﬂﬁ'?eg@ﬁﬂﬁfgg ﬁ%%wp%ﬁ%aenkﬂ?‘@?l eavi ng

202 and maxi mum | i kel i hood geedelenyirE@Psyriahrenizabon sequends teed data 30

sanpl es 186, 2 I nto estimat ' r | | ;

selrrgct or (not %(s)hown) S 0pe?%%ﬁ%"@g?ﬁ?@ﬁ?%’ﬁ?ﬁgﬁ%ﬁﬁwgﬁé )S?gg'?%gt?e
hard liniter 158,160 , freq@ees of daiassamplesitggensiate sygbel ratedatecs, 168 |
and error controller 174, 184afibles8Pthd §foupctite ¢onolatibR meams priding tiee

par ti cul ar mode of oper ati onYBId FAS IR SABIIES WG SshtarnE e LN Loo
such that the denodul at or 138e Bt@r cohtrobmeans tigeneitds dfimatéd axformatjon
e S0 T 0o at o AR SEAETER BECOIA, 1o FRBS Aol i
sanpl es 208 according to the correlationn means determines channel sounding
information, generating weighting coefficients of the hard-
limited symbol rate data samples of the first and the
second group for diversity combining and maximum
15 likelihood decoding, scaling the first and the second group
of symbol rate data samples and maximum ratio combining
the first and the second scaled symbol rate data samples
into a stream of combined data samples, and providing the
stream of combined symbol rate data samples to the error
20 control means when the error control means generates
estimated information signal samples according to the
error correction algorithm.



the al gorithmwhich is not used in the selected particul ar node of
operation are disabled. 5 In summary, the dual node radio

comuni cation unit 100 offers several inprovenents over known technol ogy.
The techniques in comunication system design which allow the shared use of
several transmitter and receiver conpone@Bs offer |arge cost savings while
mnimzing conplexity of conmunication circuitry and reduced power 10

requi renents over other dua d ni ion uni.t signs. Al t hough the
i nventi on has been descri‘geb%ﬂe'v'ﬁﬁg?ﬁﬁ§ mm’&uﬂg&\aﬁ%é&'% of
particularity, it is understood that the present disclosure of enbodi nents
has been nade by way of exanple only and that nunerous changes in the
arrangenent and conbi nation of parts as 15 well as steps may be resorted
to by those skilled in the art w t hd\straspakthiedgvéntion t he spirit and scope

of the inventigon as cl ai ned. Clains What is clainmed is: 5 1. A dual
node radi o comruni cation unit for a digital, comrunication system

conprising: (a) er r or g6ak Mede radincaramupicstian unitdona qigik@k i nf or mati on
si gnal from transgoasmanicatiomsgstetl s SrovitiedClRaing laneedrscemidiieriheldding

et oot on neans 1 81 YiRCAPRGlGH Shebdh 4, Agprtarh SiFes qarmaction, snoagel A '
prot ect ed data bi tensbdean iapdt informationvaignialdniocan eoor peotectechdatasbit or
encoding theyg  stream. In addition, the communication unit includes a mode selector
which enables either the error detection encoder or the forward error
correction encoder used with a particular mode of operation of the
communication unit. Further, a corresponding dual mode radio
communication unit is provided having an error controller for generating
15  estimated information signal samples according to a group of algorithms
consisting of either an error detection algorithm or an error correction
algorithm. In addition, the corresponding communication unit includes a
mode selector for receiving a signal according to a particular one of the
group of algorithms which is associated with a particular mode of
20 operation of the corresponding communication unit.

FIG. 1 accompanies this abstract.



I nput information signal into an error protected data bit stream and 15
(b) node sel ection neans, operatively coupled to the error control neans,
for enabling one of the transm ssion protection apparatus (i) the

transm ssion protection apparatus error detection neans and (ii) the
transm ssion protection apparatus forward error correction neans for 20
use with a particular node of operation of the dual node radio .
conwunicati@ﬂ umNt, 2. The dual nodd/@ adi~a_conmuni cation unit of claim 1
wherein: (a) t&r Kog detgction nmeans conMpA

check generating nmeans™or ¢ncoding the input_ini8rnytion signal; and (b)
the forwar @ =error- CorrettTohmeans cogpri ses neans f

encodi ng ahd interl eaving the irput ipformation si R, The:dua
node radi o, comuni cation un{t of! claim1 wherein thE Sofe selectionlneans
conpri ses peans for i sAPITHg THE Transn S$om proj fek appaf at us jnot

. Lcul ar ,node bf opg

|
igafion unit oflclg
n
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conprising: (a) data bit coding neans, operatively coupled to the error
control neans, for encoding a input information signal into 5

a data bit stream the data bit stream being provided to the error contro
means for subsequent transm ssion protection encoding; and (b)
synchroni zati on nmeans, operatively coupled to the error control neans, for

I nserting a predeterm ned 10 synchroni zati on sequence into the
error protecgfd data bit stream 5. Eﬂp dual node radi o conmuni cation
nul ti-phase nodul ating

unit of clai |1 her conprising: 15

nmeans, operativeg co&@ed tp the error con ns,
nul ti - phase intermediate_sighal_through-he-use -ob=t

i nformation;signal; and (b) | freduencyltranslation
coupled to fhe 20 myl ti-phase modul ati
a radio freguency transnissipn signal by conbi ni ng
with a radip conmmuni §tipn channgl sel bcting signa
frequency synthesizer\ frequency synt heésger o
particul ar 5 nodes [of opg [ [
hoppi ng tinke divisign pl e aé¢cess
di vision multiple atiel I
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-19- 6. A dual node radi o comunication unit for a digital comunication
system conprising: (a) error control neans for generating estinmated

i nformati on signal sanples froma signal received over a radio 5

comuni cati on channel according to an algorithm selected fromthe group
consisting of (i) an error detection algorithmand (ii) an error correction
algorithm and (b) mode sel ection neans, operatively coupled.to the error
control neans, for receiving the recggved signal ageQrding 10

to one of §he %ug of algorithms associated with ggar{igcul gr node of
operation of t ddal® nodq radi o communi cation unit. 7. ~ Thg dual node
radi o conmuni catiop Uniti—@f claim6 mkerein—45-————fa&)— the—efsor
detection algorith# cqoprises neans for generating a first and a sécond

group of ;data sanpl the received siQng correspondi ng [ ghe $ignal
d the second a % sel getlng ontge:fi rst

data sanpl e, ¥p gsponding o 20 t he
e—est i nmat ed sil ar—gddl i ty| By pr migtga ycl:ic
fie_sel ect éd grolyp ofcdat a san@l@s] and™ exdy acting data
bits frorhthe sel eGtled 49! 1 dat g samhesT_ang e Ay correction
al gorit hrh conpri se ' b5 | : do i hg 2 L and a
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the first and the second antenna, generating weighting coefficients for the
data sanples of the first and the second group, scaling the first and the
second group of synbol 30 rate data sanples, maxi mumratio
conbining the first and the second scal ed synbol rate data sanples into a
stream of conbi ned data sanples, and deinterleaving and maxi rum|i kel i hood
decodi ng the stream of conbi ned data sanples into estimted information
sanpl es. 35 -20- 8. The dual nodgyg adi o communi®qtion unit of claim®6
wherein thegﬂod- sgl ectian means conprises neans for_#f sghgl ng|] t he nmeans

for generating esTinat & information signal sanples according fo the
al gorithm not used_ks t he—selected—partrehar—mode—of —5-——— —|— operat i on.
-21- 9. TFhe —dualt detr-adi e -eqmmuni tatiof unit of claim6 fufther |

group of data sanples|{at ghe redeivedls'qnﬂl ®

conprisingl (a) demydul-aji ng ndans fPr gepejating a first afg-af seclond
to a si gnal: recei vedl gtEajfirst land a§
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antenna, respectively, through the use of a radi o conmmunication channel

sel ecting signal generated by a frequency synthesizer, the frequency

synt hesi zer operating in one of two particul ar nodes of operation
including: (i) 10 non-frequency hopping tine division nmultiple
access node and (ii) frequency hopping code division multiple access node.
(b) hard limting neans, operatively coupled to the denodul ati.ng neans,

for rem)\r%ng the magni tude of each 4 .. sanple in the first and

t he seco lgr%d_a.r_a_sarrpl es; (c) frequenc%rﬁ@l at| on neans,

operatively cetpled®o the limting neans, for translatinpg a subset of the

hard-1imted datacsanples—e he=FF5t —and—the secord yropp to baseband

frequenci es— by—de8 #dt i-ng -t ke, grbup off _sanpl es 20 in the tine

domai n; 1and (d\J gorfrel ati bn afis Ppperatively coupfed §o the'frequency
il

transl atli on neans, orrelbti hg/{He Bi®set .af=bard-1 [tk dat a sanpl es
of the group of Fatlhiddnples to a Rhd@n]predet ergi fed gyrEhf gni zati on
sequencd to 5 i nlepgdemgty det e @ Ke Jan gptimed sanpl i ng

poi nt fdr the grodp gf _data shnp| ks enert% bol “r A8 data sanpl es of
the group, the corifel at fon mehns; proxdying T he sgErifo ra et a sanpl es to
the errdr control \F s fwhen hejerro 'i-c‘"’- Sefeneglates esti mat ed
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10 = signal sanples according to the error detection algorithm
the correl ation nmeans determ nes channel sounding information, generating
wei ghting coefficients of the hard- limted synbol rate data sanples of the
first and the second group for diversity conbining and maxi mum 15

| i kel i hood decoding, scaling the first and the second group of synmbol rate
data sanples and maxinumratio conbining the first and the second scal ed
synbol rate data sanples into a strea Bf conbi ned<dat a sanpl es, and

provi di ng t h&|st Peam of conbi ned syrrbg%5 rate data SgPpiestojthe error 20
control neans wh t e ®rror| control neans generates est¥nat ¢d i nfornmation
si gnal sanpl es accordgign“g o dhe error—correct-chA-algo thm- 4 — — — _
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