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FIELD OF THE INVENTION

5 This invention relates to an improved technique for
jointly performing bit synchronization and error
detection of received digital data bursts in a time
division multiplexed/time division multiple access
(TDM/TDMA) communication system. Morxre particularly, the

10 invention relates to a bit synchronization and error
detection technique characterized by reduced latency.

BACKGROUND OF THE INVENTION
Various systems have been developed and implemented
to match the explosive demand for wireless communication.
15 Such systems include cordless telephone systems, cellular
mobile radio systems, public packet radio data networks,
and radio paging systems. As outlined in commonly
assigned U.S. Patent No. 5,084,891 ("Patent ’891"}, the
disclosure of which is incorporated by reference herein,
20 these systems are each characterized by various
advantages and drawbacks.

Among such cther wireless communication systems, low
power digital systems have been developed which support
low-speed, portable use (for example, by pedestrians).

25 Similar to cellular radio, low power portable digital
telephony uses a fixed base unit, referred to as a radio
port (RP), and a number of fixed or portable transceivers
(hereinafter referred to as subscriber units (SUs)) that
can simultaneously access that port on a multiplexed

30 basis.

Low power multiplexed radio links commonly operate
on a time division multiplexed/time division multiple
access basis to provide a number of separate fully duplex
demand-assigned digital channels between an RP and each

35 of its associated SUs. Each RP transmits time division
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operate on a systems), or that may be the same as that used by the RP
(in the case of time-division duplexed systems). The
power used by the transmitter in the SU may range between
5-10 milliwatts or less on average and provide a range of
10 several hundred to a thousand feet. With this
transmission range, an RP might simultaneously serve 20
to 30 separate locally situated SUs.

In such a system, the same TDM channels may be

re-used at RPs that are spaced sufficiently far apart to

15 reduce co-channel interference to an acceptably low -
level, but yet conserve valuable spectrum. To provide
access to the wireline telephone network, each RP may be
interfaced, typically through a conventional fixed
distribution facility, over either a copper or fiber

20 connection to a switching machine at a local central
office. The switching machine is suitably programmed, in
‘a similar manner as is a Mobile Telephone Switching
Office (MTSO), to controllably and automatically handoff
calle from one RP to another as subscribers move their

25 SUs from RP to RP.

PACS (Personal Access Communication Systems) is a
standard which supports low power, portable digital
communication. As illustrated in Fig. 1, PACS
architecture consists of four main components: the SU

30 (portable 2 or fixed 4), the RPs 6 which are connected to
a radio port control unit (RPCU) 8 and an access manager
(AM) 10. An interface A, the air interface, provides a
connection between the SU and the RP. Interface P
provides the protocols required to connect the SUs

35 through the RPs to the RPCU.
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time division multiplexed/tinme division nmultiple access basis to provide a
hunmber of separate fully dupl ex demand- assi gned WO 97/ 39551

2 PCT/ US96/ 05396 di gital channels between an RP and each of
its associated SUs. Each RP transmits tine division multiplexed bit streans
on a pre-defined carrier frequency. In turn, each. SU that a RP
responds by ﬂW%ﬁgﬂFQtlng a TDM A burst on a cognon, pre-de?lnﬁﬁ carrier
frequency that may be different fromthat used by the RP (in the case of
frequency-di vi si on dupl exeiltls yPRESTE )2, latrgthatmbety dife radd os dreqasnénaiRRIsed

Bi the transmitter | SiFAReLt) Tag'nd TraGueHly CARp Sy kTR B, 7]
average and provide MHFaﬁQEaEﬂt%R?weﬂaltHGﬁd@éﬂl¥%PQ1Wq%5k?éﬁHe A variant
of PACS, known as PACS-UB and developed for the
5 unlicensed U.S. PCS band between 1920 and 1930 MHz, uses
time division duplexing. While the present invention
applies equally to frequency- and time-division duplexed
systems, without loss of generality, the following
material will consider only frequency-division duplexed
10 link examples, for simplicity and clarity.

Fig. 2A shows the forward link (or downlink} from an

RP to an SU. One 2.5 ms frame corresponds to eight 312.5
ps time slots. Each time slot consists of 120 bits. The
first 14 bits form a synchronization channel and the next

15 ten bits form a system signaling logical channel called
the. Slow Channel. The Frame Synchronization Channel and
the Slow Channel are used to derive initial frame
synchronization for each SU. User information is
transmitted in the Fast Channel which comprises the next

20 80 bits. The next 15 bits are used for a cyclic
redundancy check for error detection, while the last bit,
known as the power control bit, provides an indication to
the SU to adjust its transmitting power up or down.

‘Fig. 2B illustrates the reverse link (or uplink)

25 from the SUs to an RP. Again, each 2.5 ms frame is
divided into eight 312.5 us time slots during which 120
bits are transmitted. The first twelve bits form a guard
channel, while the next two bits enable differential
encoding. This guard channel is used to prevent

30 different TDMA bursts that are transmitting from
different SUs from overlapping in time as a result, for
example, of propagation delays. The SU does not actually
begin transmission of the uplink burst until the
differential encode bits.
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feet. Wth this transm ssion range, an RP m ght sinultaneously serve 20 to
30 separate locally situated SUs. In such a system the sane TDM
channel s may be re-used at RPs that are spaced sufficiently far apart to
reduce co-channel interference to an acceptably I ow |l evel, but yet conserve
val uabl e spectrum To provide access to the wireline tel ephone network, -
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distribution facility, over either a copper "of fiber connection to a
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to anot her as subseighey sbimwe tThei neStsfifoeerbits RRPe used foPAGSor

(Personal Access Coupuoleat QhiRLLaEPLabe. B o' athhchagupports | ow

power, portable digital conmmunication. As il|lustrated in Fig
ar chi t ect ur e Sconsi BYQVHEe 3 reYaR ﬁ“@@ﬁﬁoﬂén?%tstqﬂi §GPB§W%§5}%“2 or flxed
4), the RPs 6 which are connected to a radio port control unit (RPCU 8 and

an access The frequency band for PACS is 1850 MHz to 1910 MHz

(uplink) paired with 1930 MHz to 1990 MHz (downlink}, the
"Broadband PCS Spectrum" allocated by the U.S. FCC in
June 1994. As known in the art, PACS utilizes w/4-

10 shifted, differential quadrature phase shift keying
(DQPSK) in which the digital bit stream is separated into
two binary streams before the bits are differentially
encoded. Typically, this is done by directly mapping
pairs of input bits onto relative phase increments of

15 +(7/4) and +(3w/4) of the baseband signal.

As explained in greater detail in Patent ’'891
patent, one crucial function required in TDM/TDMA systems
such as PACS is the need to achieve synchronization
between an RP and its associated SU. In particular,

.20 three levels of synchronization are needed: frame, burst
and symbol synchronization.

Frame synchronization is necessary for an SU to
determine the start of a frame and the occurrence of its
currently assigned TDM/TDMA channel therein. 1In a

25 frequency-division duplexed system, frame synchronization
igs readily achieved in an SU by having the RP
continuously transmit in a TDM mode during which a known
framing sequence, including "idle” information in idle
TDM channels, would be transmitted at a known time

30 relative to the start of each frame. The SU would
extract frame timing of its associated RP by using a
.digital correlator to reset a frame counter whenever the
framing seqﬁence was received. Once frame timing is
detexrmined, the SU would then expect to receive
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manager (AM) 10. An interface A the air interface, provides a connection
between the SU and the RP. Interface P provides the protocols required to
connect the SUs through the RPs to the RPCU. WO 97/ 39551
? ( ECT/U896/05396 Wth PACS, a |arge nunber of radio
requency (RF) channels may be frequency division.nultiplex | MHz ~
separation, SYOYR®division multiplexed. A varsant of gACS? ’ﬁ%&ﬁﬁgg
PACS- UB and devel oped for the unlicensed U.S. PCS band between 1920 and
1930 MHz, uses ti ne slicdesisdivedapPeghrgingyiflMe nackesse3sri ving etitihd® appl i es
equal |y to frequencygediifhdtic® tdinéi @i fBow WHAXEEG SYFECEEentiy Milde £0SS106w

enerality, the fol ] i ] i -di vi si
general iy, the Toll il ng MeLer! aheth! eCORRHSS Ry Trequency-division

Knowledge of time boundaries between successive

5 n/4-shifted DQPSK symbol transmissions is important to
obtain good radio link performance. Symbol
synchronization is needed to determine the start of a
data symbol situated within any transmitted TDM packet or
TDMA data burst. Symbol synchronization can be derived

10 from the received data as an integral part of the
demodulation process, for example, as disclosed in U.S.
Patent 4,941,155. While it will be understood that a
particular application of this invention to radio
transceivers may require the recovery of symbol timing

15 for proper operation, specific details of the symbol
synchronization process are known in the art and
therefore are beyond the scope of this disclosure.

Burst synchronization is necessary to ensure that an
SU is able to discern when it should transmit a TDMA
20 burst in response to a TDM packet received from the RP
and that both .the RP and SU are able to discern which
specific bit in each received TDMA burst or TDM packet,
respectively, is the first bit therein. Unfortunately,
each TDM packet transmitted from an RP to an associated
25 SU is subject to timing misalignment. In the SU, this
' misalignment can arise from frequency drift. Burst
misalignment can arise in an RP from the different
propagation time delays associated with the SUs
transmitting to that RP, frequency drift of local
30 oscillators and reference oscillator error in an RP
. receiver. Burst misalignment can be large after an
outage. Due to the need to detect and properly
compensate for bit slippage arising- from misaligned
bursts or packets, burst and packet synchronization is
35 difficult and complex to achieve and maintain over a
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examples, for sinplicity and clarity. Fig. 2A shows the forward |ink
(or downlink) froman RP to an SU. One 2.5 nms frame corresponds to ei ght
312.5 [err]s time slots. Each tine slot consists of 120 bits. The first 14
bits forma synchroni zati on channel and the next ten bits forma system
signaling |ogical channel called the Sl ow Channel. The Frane -
Synchr oni zat WO ¥hnel and the Sl ow Channel are _used to dRATESSNH a|
frame synchroni zation for each SU. User information is transmtted in the
]Ic:ast Chanln_el mgchdmmﬁbﬁeﬁtlﬁaﬂmtra‘i@;ebbtfsS;Tﬁ@aﬁ,_xfesb'éﬁbh?iyaﬁﬁei&'%

or a cyclic redun y T, t on, | the last bit,
known as the power g%%t?glSg%fﬁg%%g&f%égggngﬁéhic #ﬁ%?é%?%ﬁﬁgnsbst%°%djust
its transmtting pok8PSiBlerdydvire link effipienop ¢onsisieratdonshe reverse
link (or uplink) fromthe SUs to an RP. Again, each 2.5 ns frane is

ransm tted. The first PRarvciErt ovaraenidbs ¥ i ddent ekt tell nent

two bits 5 function needed in TDMA is error detection -- the ability
of both an RP and an SU to reliably determine whether the
bit stream in any received TDM packet or TDMA burst
contains an erroneous bit. Bits are frequently corrupted
through interference and/or noise. If an erroneous bit

10 occurs, then the packet or burst containing that bit

needs to be blanked. With high probability the receiver
should be able to detect this condition and implement

appropriate recovery mechanisms.

Error detection is conventionally achieved by adding
15 one or more parity bits to each data word to form a
codeword. In its simplest form, parity takes the form of .
one bit that represents odd/even parity. 1In
sophisticated forms, multiple parity bits are used to
store a cyclical redundancy check (CRC). Codes for CRC
20 generation have the desirable property that even multiple
bit errors, up to a maximum number which depends on the
particular code selected, will not result in the
transmitted codeword being changed to another codeword.
This characteristic allows a receiver to detect an error
25 condition in which up to the maximum number of bit errors
have occurred. Further, even where the number of bit
errors exceeds this maximum number, with a good choice of
code there is a high probability that the error in
transmission will be detected. Codes that have low
30 probability of undetected error are crucial to robust
performance of wireless communication links.

Patent ‘891 describes a technique for bit
synchronization and error detection of received digital
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enabl e differential encoding. This guard channel is used to prevent
different TDVA bursts that are transmitting from different SUs from
overlapping in time, as a result, for exanple, of propagation delays. The
SU does not actually begin transnission of the uplink burst until the

di fferenti al bits. WO 97/ 39551 )
PCT/ US96/ 0533508%(;&’1 As in the forward |ink, theg rext ten brﬂmwggpond
to the Sl ow Channel, and data is contained in the next eighty bits. The
next fifteen bits ar daigeBursEseircr TRA/TDMPOAYSHEM | whidhe adsressee theves

as a pad bit to providgcainevasseriBed fHovRi.t SThoE téctiifuesSi@nNbelieved to
have broad applicability to radio link signal processing
required by contemporary digital wireless technologies.

5 In particular, the current U.S. JTC Standards (soon to be

ANSI standards) for the PACS and PACS-UB air interfaces
require the use of a particular channel code for error
detection that is also amenable to bit synchronization in
the manner described in the aforementioned patent.

10 As described in Patent ‘891, a codeword from an
error detecting code is to be located and decoded within
a (larger) window of demodulated bits (the "burst
window"). It is assumed that the bits on either side of
the codeword do not carry information pertinent to the

15 established link and can therefore be discarded by the

' receiver. Prior to transmission, the first and last bits

of this codeword are inverted in order to enable the
synchronization capabilities of the code. As long as the
received codeword falls wholly within the demodulation

20 window, and in addition, the codeword falls within a
maximum distance from a "reference" position, then the
codeword can be successfully decoded in the absence of
radio link errors caused by noise or interference. Fig.
4, which illustrates possible alignments for received

25 codewords in a demodulated burst, shows this maximum
distance.

In Fig. 4, times t, and t, delineate a reference
codeword position. A first burst 42 illustrates a
maximum retard codeword position which begins prior to
"30 time t, and ends prior to time t,. A second burst 44
illustrates a reference codeword position which falls
within times t, and t,. A third burst 46 illustrates a
maximum advance codeword position 46 which begins
subsequent to time t; and ends subsequent to time t,.
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The frequency band for PACS is 1850 Mz to 1910 MHz (uplink) paired with
1930 MHz to 1990 Mz (downlink), the "Broadband PCS Spectrunt allocated by
the U S. FCC in June 1994. As known in the art, PACS utilizes
[err]/4-shifted, differential quadrature phase shift keying (DQPSK) in
which the digital bit streamis separated into two binary streans before -
the bits ar ZPFE?entlally encoded. Typicallyg this is doﬁ%“ﬂ?mﬂﬁ?@ctly
mappi ng pairs of input bits onto relative phase i ncrements of (n/4) and

(3n/ 4) pf the baseband shenmbximum syndfraniatiidadqai st aheatiy dekdhinkd
Patent 891 , one QﬁyQﬁﬁlnLHBSL %P &gl ﬂﬁg %%P%eéﬂg °dé¥5ﬁ%H$P§UCh as

PACS is the need td“achi eve synchroni zati on
associ ated SU. I n g&™dal:ar, three |levels of synchronization are needed:
frame, burst and synbol synchroni zati on. Frame synchronization is

necessary for an SU to determ ne the start E( agé d the occurrence of
Its currently assigned TDM TDVA cha %ng % lequency- di vi si on

5 where n is the codeword size, k is the information
sequence size, and the floor function returns the largest
integer not greater than its argument. For PACS, a (105,
90) cyclic codeword may be used wherein n is 105 and k is
90. Thus, (n-k) = 15, so the maximum synchronization

10 distance is 6 bits.

A block diagram of an encoder circuit that
implements the channel code required by the PACS and
PACS-UB standards for transmission of a TDM or TDMA burst
is illustrated in Fig. 3. 1In this example, the encoder

15 circuit calculates fifteen parity bits for each 90-bit
informational bit stream for subsequent inclusion in a
TDM bit stream using the g{x) generator specified by a
polynomial equation for a corresponding cyclic code. The
channel encoder appends the resulting parity bits to that

20 informational bit stream to form a cyclic codeword and
modifies the resulting cyclic codeword to include the
first set of marker bits.

As shown in Fig. 3, information bits appearing on

line 383 to be transmitted are sent to the modulation

25 circuitry in the RP’s or SU’s tramnsmission chain through
multiplexer 740, line 745, adder 760, and line 387. The
information bits are also simultaneously sent into a |
feedback shift register circuit 730 that calculates the
CRC bits for error detection by dividing the information

30 bits by a predetermined polynomial generator g(x) which
is suitable for the PACS codeword size and information
sequence size.
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dupl exed system frame synchronization is readily achieved in an SU by
havi ng the RP continuously transmt in a TDM node during which a known
fram ng sequence, including "idle" information in idle TDM channel s, would
be transmtted at a known tinme relative to the start of each frame. The SU
woul d extract frane timng of its associated RP by using a gigi )
correl ator t¥ABEES!a frame counter whenever 1 he .fram ng seqlience Wwas
received. Once frane timng is determ ned, the SU woul d then expect to
recei ve successively occutr thfls TéRarpidettheayl(kyi Afviddhienavddesicgpated

Yﬁ;?7{29§ﬁ%ficientl37%& e 513F?d$, %ﬁiiﬁ 5553885 déyﬁ%pﬁggéﬁghgéthFP%SQOMI
731, to 731,, where reference numeral 731, refers to a
series arrangement of six D type flip flops while

5 reference numerals 731, and 731, each represents a éeries
arrangement of two D type flip flops. Adders 732, to 732,
combine the respective outputs of flip flops 731, to 731,
to form the divided output bit stream. The reset input
to all the D type flip flops is connected to CLEAR lead

10 752 from the clocking and control circuit 750 which
generates its clock and control signals based upon the
occurrence of each pulse in the burst timing signal
appearing on lead 381. As shown, a feedback line 737
from £flip flop 731, leads to adder 710.

15 The bit stream received by the g(x) divider encoder
circuit 730 at adder 710 is provided along lead 715 to an
input A of multiplexer 720. Operating under a control
signal provided from line 754 to an input C, the
multiplexer 720 provides the bit stream to the input of

20 the first set of flip flops 731, in the g(x) divider
encoder circuit. When the last information bit for the
current TDM or TDMA burst is shifted into the divider
circuit 730 in this manner, the flip-flop elements 731,
through 731, will contain the CRC bits, which are the

25 remainder of the polynomial division of the information
sequence by the code’s generator polynomial g(x). The
multiplexer 740 then selects the shift register contents
appearing at its input B, which are then shifted out to
the modulation circuitry to complete the burst. The full

30 codeword is the concatenation of the information bits
{including both the Slow and Fast Channels in PACS and
PACS-UB) and the CRC bits.

The first and last bits of the codeword are inverted
with adder 760 by a marker sequence generated by the
35 clocking and control circuit 760. For example, the adder
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Know edge of time boundaries between successive n/4- shifted DQPSK synbol
transm ssions is inportant to obtain good radio |ink perfornmance. Synbol
synchroni zation is needed to deternmine the start of a data synbol situated
wWithin any transmtted TDM packet or TDVA data burst. Synbol

synchroni zation can be derived fromthe received data as an integral part -
of the denodWPABRWAL process, for exanple, as dijgclosed ChudeFUso6R®Is | n
U S. Patent 4,941,155 July 10, 1990. Wile it will be understood that a

particul ar applicat i afayt bb&FEHHSH&ﬁ OXOR Gatadinvdibhapeedi vy & TRYiEeayb! €

the recovery of synbal tim oL .pro operation, specific details of the
synbol synchroni zat is&grﬁlo@gggga égﬁn'gﬁ ‘-ﬁg%t e“éﬁta%ﬁ&t]fﬁsrte d-& éPetI‘e
beyond the scope of dddewodidse@resueesived from Bipesmudpiplexer Z60i.onInsthis

necessary to ensure Jiats\ahSni $a8Pbe S oglrtaeN rWePrdd S UHM el haasN t a
TDVA burst in responig__atigl% TDM packet received fromthe RP and that both

the RP and SU are aifl scern which specific bit in each received TDVA

A prior art technique for decoding a received

codeword is explained in greater detail in reference to
Fig. 5. This technique is based on that described in
detail in Patent ’'891. As shown, incoming bit stream

10 data entering the circuit from the demodulator first
encounters the synchronization circuity 100. The first
and last bits of a reference codeword position are
inverted at a binary adder 120 by a marker sequence

. generated by clock and control circuitry 180. The marked

15 demodulated bit sequence is then circularly rotated by a
prescribed amount in a gated shift register circuit 125,
and the resulting marked and rotated sequence enters
another shift register circuit 130 that effects a
division operation by the code’s generator polynomial

20 g(x). The syndrome sequence that is produced by the
divider circuit 130 will, in the absence of transmission
errors, uniquely identify the position of the received
codeword with respect to the reference position. This
translates directly into a fixed amount of delay that

25 must be inserted in order to align the position of the
received codeword with the reference codeword position
for further processing by the error detection circuitry
150.

While the synchronization syndrome is being
30 calculated in the g(x) divider 130, the demodulated burst
contents are stored in a burst buffer 105. After the
synchronization syndrome is calculated, the demodulated
bit stream is delivered to shift register 110, which can
effect a range of fixed delays by varying the "tap point"
35 where data is pulled out through multiplexer 115. The
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burst or TDM packet, respectively, is the first bit therein. Unfortunately,
‘each TDM packet transmtted froman RP to an associated SU is subject to
timng msalignnent. In the SU, this msalignnent can arise fromfrequency
drift. Burst msalignnent can arise in an RP fromthe different propagation
time del ays L.aled wth the SUs transmtting to that RP y )
drift of Ioc§ﬁ§g@%?$lators and reference osci-l hater error iﬁcéﬁﬁﬁgﬁﬂﬁ
receiver. Burst msalignnent can be |large after an outage. Due to the need
to detect and properiap goipgndst chosen bthraydip gagynahrenhegt ¥amasynsabmgned
bursts or packets, bt PARGHRBCKES . SYHLAEO N1 Q8 aélﬂgféér%ﬂtt pand

gonplex to aChleégTﬁ%%gg?l gggnigvggtgblished tﬂgg %Ké3gé érence codeword
position corresponds to an intermediate delay through the
5 shift register 110. Therefore, if the codeword is in

fact found at the maximum retard codeword position, for
example, as shown in Fig. 4, it can be advanced relative
to the reference position by taking it through
multiplexer 115 at the earliest tap point, which

10 corresponds to zero shift register delay {i.e., for shift
register 110). Similarly, a codeword found at the
maximum advance position will result in a choice of shift
register tap point that effects maximum delay through the
shift register 110, in order to retard the received

15 codeword timing to match the reference position.

Once the received codeword has been aligned with a
reference position, it is ready for processing by error
detection circuitry 150. A second marker sequence,
aligned with the known first and last codeword bit

20 positions, is generated by the clock and control
circuitry 180 and is applied to another binary adder 151
to effect inversion of those bits. This restores the
codeword to its original form prior to transmission, and
allows the use of essentially standard error detection

25 circuitry. A second g(x) divider 155, which preferably
is separate from but identical to g(x) divider 130,
produces an error syndrome. If the syndrome bits are all
zeros, a successful decode operation is assumed to have
been completed and bits are read out of a second burst

30 buffer 165 directly for subsequent receive processing
(e.g., by a speech decoder for voice service).

A codeword error is declared if either the
synchronization circuitry 100 or the error detection
circuitry 150 fails to produce recognizable syndrome

35 patterns. This is accomplished with the use of a logical
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“sufficiently wide range of slippage, especially when the use of overhead
‘bits for such synchronization is not feasible due to link efficiency

consi derati ons. Apart from synchronization, a second crucia

function needed in TDVA is error detection -- the ability of both an RP and
an SUto reliably determ ne whether the bit streamin any received TDM -
packet or TWRAT¥EHst contains an erroneous bif, Bits are

corrupted through interference and/or noise. 1% -an erroneous bit occurs,

then the packet orgRQug §ée(4HBf%?@f&lthaEnbtﬁefEEﬁE}%# gng'ép¥89 Agt|1 hlgh

probability the receiVer should be ahlle to detect ondi t1on_and
| npl enent appr opr i §FEF RTY HEFakilagg: In the EFFSFnﬂét@Et?d%quglng
conventional | y acheeved, btyhacb:hlmr@ad ont nof oyt thyfifietrs 166 eagbglat a wor d

to forma codeword | { | t h rmof one bit
that represents od égg%&;g_I{%ﬁfﬁ%ll&ﬁ%ﬁbs?ﬁéé?éa r?’gEl ﬁﬁ% Ip o p Qﬁ%
bits are used to sEBpeldvestdd EHrdteddAdancy check (CRC). Codes for
generation have the desirable property that even nmultiple

In practice, it is found that the apparatus of Fig.
5 requires somewhat more than two bursts of latency
between the incoming bit stream and the outgoing decoded
data bits. This is because the syndromes generated by
10 the g(x) dividers 130 and 155 cannot be determined until
the bit stream for the entire demodulated burst is
shifted through it.

In summary, the scheme described in the ‘891 Patent

comprises two separate processing stages, one for

15 synchronization and one for detection after the
synchronization operation is complete. This scheme
allows'a pipelined implementation (operating at the air
interface bit rate) with just over two (2) bursts of
latency. When combined with the latencies introduced by

20 burst buffering (for speech transmission), other radio
link signal processing (e.g. demodulation), and wireline
transmission into the public network, the overall round-
trip delay for a PACS or PACS-UB system can approach 10
msec. Since the ITU-T recommends employment of echo

25 suppression methods when the round-trip delay exceeds 10

' msec, this latency may result in the need for additional
echo suppression techniques. This, in turn, may lead to
added costs and more complicated designs for receiver
implementations. Thus, it would be desirable to reduce

30 latency in the synchronization and error detection
circuit.
S Y OF THE I ION

It is an object of the invention to meet the above
described need and others. 1In fulfillment of this
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bit errors, up to a maxi.mum nunber whi ch depends on the particul ar code
selected, will not result in the transmtted codeword being changed to
anot her codeword. This characteristic allows a receiver to detect an error
condition in which up to the maxi mrum nunber of bit errors have occurred.

Further, even re the nunber of bit errors exceeds this | er, =
with a good Eﬁﬁﬁﬁ%ﬁ%f code there is a high propability that the erro?bin
transm ssion will be detected. Codes that have | ow probability of

undet ected error ar ebdeoti alesorilphlistreper ethedcandfapparalitessin which the

communi cation |inksatencyPak88tiad WRICHhRESFar ke AV AUSUERELDi in a
synchroni zation and _error detection of receiyved d|$%%é£} data bursts in a

TDM TDVA syst em whiTOM/Z0MPeSXBEST 8 J&iErAs dilc % 5P FEFFLNG

techni que i s bel i evaateackavehérmeithod and apparatus of the invention serve
S to reduce the overall count of logic gates required to
implement the decoder.

As described in more detail below, the present
technique encompasses a system and method for
transmitting an informational bit stream of digital data

10 through a communication channel from a transmitter to a
receiver and at the receiver for recovering bit
synchronization and performing error detection of a
corresponding received bit stream. This technique
includes receiving a second burst corresponding to a

15 transmitted first burst and extracting from the second
burst a received word corresponding to the marked first
cyclic codeword. A plurality of candidate codewords are
obtained in parallel from the first word. These
candidate codewords are each advanced, retarded or

20 aligned with respect to a reference position. A
plurality of error syndromes are obtained from each of
the plurality of candidate codewords from which it is
determined (1) whether bit errors exist in the received
word and (2) whether a single position for the received

25 word falls within a predetermined range. Where no bit
errors are detected and a single position for the
received word falls within the predetermined range,
reading out the received word from a point which
corresponds to a proper position.

30 According to one aspect of the invention, the
candidate codewords are obtained by inserting marker bits
into the received word at successive increments along
parallel processing paths and dividing each resulting
parallel marked word by a binary polynomial generator

35 g(x) to yield the plurality of error syndromes. The
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WD 97/ 39551 7 PCT/ US96/ 05396
applicability to radio link signal processing required by contenporary
digital wireless technologies. In particular, the current U S JTC

St andards (soon to be ANSI standards) for the PACS and PACS-UB air

I nterfaces require the use of a particular channel code fqQr_error detection
that is al S¥O8HM&le to bit synchronizati eniign-the manne Ca‘&s(%‘?c’)?sa%d in the
af orenenti oned patent. As described in Patent '891, a codeword from
an error detecti ngnaxds itsitisoabe ipsetttl oyl ideeotédgwralies f( | ar ger)

wi ndow of denpdul af\eddiidivel EBes" BEN BirW NERWVILst! bits RSB LRRE H0G

bits on either side of the codeword, do _not carry information pertinent to
the established | iR EPENEREPLYRE BPTR -scEPTel BT EHE Y &cei ver. Prior
to transm ssion, timpXdmesttaaridnl, ashe bpokyraimitalli gevedator dg &rle isnwdt t+eck™i n

order to enaple the synchpnenjzatipnscapabil ities of the code. As long as

the received codeword falls wholly within the denodul ati on wi ndow, and in
addition, the codeword falls within a naxi mum di stance froma "reference"
posi tion, then the codevsaraddimg be another aspect of the invention, the

received word is shifted by an amount corresponding to
the determined position, and is discarded when it is
determined from the error syndromes that: bit errors

10 exist in the received word; no position for the received
word is determined; or multiple positions for the
received word are determined.

According to a further aspect of the invention, the
received word is provided in parallel to a plurality of
15 adders, each of the adders inverting respective sets of
first and last bits which potentially delineate the -
" received word to obtain parallel sets of marked words.
The parallel sets of marked words are divided in parallel
by a corresponding number of binary polynomial generators
20 g(x) to yield the plurality of error syndromes. Each of
the plurality of error syndromes are output to a
corresponding NOR gate, whereby it is determined whether
any non-zero error syndromes occur.

Another feature of the invention is that the
25 ° received word may form part of either an incoming TDMA
burst or TDM packet, for example, as in a wireless
communication system based on a PACS standard. In such a
system, the received word includes a (105,90) cyclic
codeword.

_—
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successfully decoded in the absence of radio link errors caused by noi se or
interference. Fig. 4, which illustrates possible alignnents for received
codewords in a denodul ated burst, shows this naxi nrum di st ance. In
Fig. 4, times t[err], and t[err] delineate a reference codeword position.

A first burst_42 illustrates a maximumretard codeword posit.l | )
i i or WO XA i : l;“'Lﬂ\l‘?&g@@"%’?gg]bur st

begi ns prior t[err], and ends prior te 15me tferr]
44 illustrates a reference codemord p05|t|on which falls within tines
t[err], and t[err]. BREE ERT IAR RAW maxi mum advance

codeword position 46 \ml Cbh@egémlwesequen& pwséﬁmdv[e%rlbnaegn%@is
aum S roni z stance.I S

b
et ermined by t o nurBBRL L RARE AR RV SPUPAGTEN 1 GRLORIAGD 9 S led

d[err] [err] floor[(debcg}pt2¢n in conjunction with the accompanying drawing,
5 in which:

Fig. 1 is a block diagram of a PACS system
architecture.

Figs. 2A and 2B are diagrams of the downlink (RP to
SU) and uplink (SU to RP) frame structures, respectively,
10 that are specified for frequency-division duplexed PACS.

Fig. 3 is a block diagram of a channel encoder that
implements the channel code required by the PACS and
PACS-UB standards.

Fig. 4 is a diagram showing possible alignments for
1s received codewords in a demcdulation burst.

Fig. S is a block diagram of a prior art
synchronization and error detection circuit.

Fig. 6A is a block diagram of an improved
synchronization and error detection circuit in accordance
20 with the invention.

Fig. 6B is a block diagram of a feedback shift
register implementation of a g{(x) divider, in accordance
with the invention.

Fig. 7 is a block diagram of an RP transceiver
25 circuit incorporating the invention.

Fig. 8 is a block diagram of an SU transceiver
circuit incorporating the invention.
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WD 97/ 39551 - 8 PCT/ US96/ 05396  where n is
'the codeword size, k is the information sequence size, and the floor

function returns the |argest integer not greater than its argunent. For
PACS, a (105,90) cyclic codeword may be used wherein n is 105 and k is 90.
Thus, (n-k) = 15, so the maxi num synchroni zation distance_is 6 bits. y
A bl ock di al¥Q3H38B1an encoder circuit that inptenents the PEHUNEF%ode
required by the PACS and PACS-UB standards for transm ssion of a TDM or

TDVA burst is il upETATSED] DESCRIBTTION)

The present invention advantageously employs ‘
improvements in the combined synchronization and error
detection scheme of preexisting systems as described

5 above, particularly when applied in a PACS environment.

As mentioned above, several systems, such as PACS, employ
a DQPSK modulation scheme in which two bits are
transmitted in every symbol. This implies that codewords
can be received only at every other possible bit position

10 (since it is not possible for the demodulator to slip its
receive window by a half symbol). Moreover, the code
generator used in a system such as PACS is capable of
detecting and correcting received codeword offsets up to
6 bits in either direction from the receiver reference

15 window. Combining these two facts, it is seen that the
total number of possible candidate received codeword
positions is not large. For example, in one receiver
configuration, the candidate positions might be:

S bits advanced (+5)
20 - 3 bits advanced (+3)
1 bit advanced (+1)

- 1 bit retarded (-1)
3 bits retarded (-3)
5

bits retarded (-5),

25 each with respect to the reference position as
“illustrated in Fig. 4. Another configuration is the
following:

6 bits advanced (+6)
4 bits advanced (+4)
2 bits advanced (+2)
reference aligned (0)
2 bits retarded (-2)
4 bits retarded (-4)
6 bits retarded (-6)

30
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this exanple, the encoder circuit calculates fifteen parity bits for each

90-bit informational

bit streamfor subsequent inclusion in a TDM bit

stream using the g(x) generator specified by a polynom al equation for a
correspondi ng cyclic code. The channel encoder appends the resulting

parity bits -informational bit streamto forma cychifmy rd and
nodifies th ;éﬁﬁﬁing cyclic codeword to i ncRade the firs% set 0 mar ker
bits. As shown in Fi informati on bits appearing on line 383 to

. 3, ) Pp¢
be transmtted are é?é?ﬂpac’??d?ﬁ@ kBEuf a1 FrenGatdery of thth%r we have found

10

15

20

25

30

that we can actually reduce complexity (in terms of gate
count) and reduce the delay through the circuit with this
approach in its application to systems such as PACS.

The principles underlying the invention are
illustrated in reference to the examples shown in Figs.
6A, 6B, 7, and B.

According to the present invention, a sequence of
information bits is first encoded into a suitable
codeword, A, prior to its transmission with the first and
last bits of the codeword being inverted to form a first
set of marker bits, Ml1. The resulting transmitted word, T
equals A + Ml. Fig. 3 illustrates a technique for
performing this step.

Within each receiver, in either the RP or SU, both
synchronization and error detection are performed on each
received word R. Under error-free conditions and with no
bit slippage, received word R equals a corresponding
transmitted word T. However, under normal TDM/TDMA
transmigsion conditions, received word R from time to
time might be offset from transmitted codeword T and/or
contain one or more bit errors, thereby necessitating
synchronization recovery and error detection of received
word R. A technique for accomplishing these processes
simultaneously is explained in greater detail below in
reference to a particular embodiment which is generally
applicable to a receiver in either an RP or amn SU.

Fig. 6A is a block diagram which shows an improved
synchronization and error detection circuit according to
the invention. In this example, an incoming demodulated
bit stream is input to a delay buffer 210 and to a series
of binary adders (for example, XOR gates) 280 to 285.
These inputs are added respectively to a marker sequence
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RP's or SU stransm ssion chain through multiplexer 340, |ine 345, adder

360, and line 387. The information bits are also sinmultaneously sent into a
feedback shift register circuit 330 that calculates the CRC bits for error
detection by dividing the information bits by a predeternined pol ynom aI
generator g(x) which is suitable for the PACS codeword size and

i nf or mat i onWEHFBkce size. In this exgpple, the g( RGO

encoder circuit 330 conprises a series arrangenent of D type flip flops
331[err] to 331 ewhichhis aldleiyRiehye invageal ndddrey blf EohB6Bs tihrouf | €S
arrangenent of S'Xsﬁé%éf¥%§iéé%r' aps @@ Egsreference nuner al s

Each g(x) divider circuit 240 to 245 provides a 15
bit input to a corresponding NOR gate 250 to 255. The
5 respective outputs of the NOR gates 250 to 255 are input
to a selection logic circuit 260. Based on this input,
the selection logic circuit provides a logic signal to a
register 261 whose timing is contrclled by an output from
the clock and control circuitry 270. The register 261
10 provides a selection input to a multiplexer 230 which
receives the delayed bit stream from the delay buffer 210
and a shift register 220. Based on these inputs, the
multiplexer outputs decoded data in series.

With this arrangement, the incoming bit stream 202

15 is processed by the six parallel g(x) divider circuits
240 through 245. The clock and control circuitry 270
generates a marker sequence that inverts the first and
last codeword bits for each of the potential received
codeword positions by inputting to the binary adders 280

20 to 285 a logic signal 1 for the expected first and last
bits of the codeword and a logic signal 0 for the other
bits of the codeword. The set of one-symbol (two-bit)
shift registers 271 to 275 successively delay the marker
sequence in order to align it with the respective

25 candidate received codeword positions.

In this example, the first g(x) divider 240
represents the maximum advance codeword position as shown
in Fig. 3, and the last g(x) divider 295 represehts the
maximum retard codeword position. In this particular

30 configuration, only odd codeword position offsets are
found (that is, those corresponding to -5, -3, . . .,
+5), so in fact none of the g(x) dividers correspond to
the reference position (0 bits offset). It will be
gnderstood that an alternate configuration, such as
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3312 and 3314 each represents a series arrangenent of two D type flip
‘flops. Adders 332[err] to 332[err] conbine the WO 97/ 39551
9 PCT/ US96/ 05396 respective outputs of flip flops
331[err] to 331[err] to formthe divided output bit stream The reset

i nput to al lwb@%ﬁsnt ype flip flops PCT/US96/05396

mentioned above, could be utilized to provide the

- 19 -

candidate receive codeword positions that are offset from
the reference window by an even number of bits (that is,
by -6, -4, . . . +6).

5 In the specific case of the code chosen for PACS,
each of the g(x) dividers will likely produce a different
15 bit error syndrome. If there were no transmission
errors and if the received codeword position is within
the maximum advance and retard positions, then the g(x)

10 divider corresponding to that received codeword position
will produce a syndrome of all zeros. The corresponding
15-bit NOR circuit, one of NOR circuits 250 to 255, will
produce an output of a logical one in that case. With
high probability, all of the other g(x) dividers will

15 produce non-zero syndromes, the corresponding 15-bit NOR
circuits will produce logical zeros, and the correct
received codeword position will have been uniquely and
properly identified.

While the syndromes are being calculated, the data

20 for the burst in question is also stored in a delay burst
buffer 210. After the syndromes are calculated and the
received codeword position is identified, the data is
read out from the burst buffer 210 through a ten bit
shift register 220. Based on the logical levels

25 presented by the 15-bit NOR circuits 250 to 255, the
selection logic 260 presents a selection signal to the
multiplexer 230 that reads the data out of the shift
register 220 at a particular tap point presented at
inputs IN, to IN; based on the determined received

30 codeword position. The tap point is chosen to equalize
the received codeword data to a consistent reference
point in time (different from the reference codeword
positions of Fig. 4) for further receive processing. The
register 261 holds the selection signal for the duration

35 of the period in which the burst is read out of the
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is.connected to CLEAR |l ead 352 fromthe clocking and control circuit 350
‘whi ch generates its clock and control signals based upon the occurrence of
each pulse in the burst timng signal appearing on |ead 381. As shown, a
feedback line 337 fromflip flop 331[err], |leads to adder 310. The

bit streamreceived. by the g(x) divider encoder circuit r 310
i s provi dedWQHRYPSt ead 315 to an input A of _ gyltipl exer %’%@gﬁel ng

under a control signal provided from line 354 to an input C the
mul ti pl exer 326 pr @ufdexr Rhe bihce Sthearaxito rekeivaguburdt twid lf bestnsetimnd

flip flop as 331[ekﬂe BQthaividers and changing the syndromes at the same
time.

In some cases, for examplé, due to detectable link
5 transmission errors, none of the calculated syndromes

will be zero, and therefore a unique received codeword
position cannot be determined. In other cases, for
example, due to undetectable link errors or falsing, a
zero syndrome will be produced by the wrong g(x) divider,

10 or even by multiple g(x) dividers. 1In the former case,
that is, where a single one of the g(x) dividers
erronecusly produces a zero syndrome, the selection logic
cannot determine that an error has occurred. However, in
the latter case, that is, where more than one of the g(x)

15 dividers erroneocusly produce zero syndromes, it can be
concluded with high probability that an error condition
has occurred. Thus, where no nonzero syndromes are
produced or where more than one nonzero syndromes are
produced, the selection logic determines that an error

20 has occurred, and the multiplexer will select node 221
(IN, of MUX 230) to read out a sequence of zeros instead
of the unreliable burst buffer contents for subsequent
receive processing.

In this example, the selection logic 260 supplies a

25 select signal to an input SEL of multiplexer 230,

' registered by 261, in response to the outputs of the 15
bit NOR logic 250 through 255. The first part of the
logic may comprise an exclusive-or (XOR) function; a
valid codeword is presumed to have been recovered if and

30 only if one of the NOR circuit outputs is at logical one,
and the rest are zero. This function qualifies a
one-to-one mapping between appearance of a logical one at
a particular NOR output and choice of an output delay
from shift register 220 that equalizes the received

35 codeword offset to the desired output position on lead
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g(x) divider encoder circuit. Wien the last information bit for the
‘current TDM or TDMA burst is shifted into the divider circuit 330 in this
manner, the flip-flop elenments 331[err] through 3318 will contain the CRC
bits, which are the reminder of the polynom al division of the

I nformati on sequence - by the code's generator polynom al .
mul ti pl exer MRPTP¥An sel ects the shift registgﬁ zontentsgég%gg%#ﬁg”gt Its
input B, which are then shifted out to the nodulation circuitry to

conpl ete the burst. J9®. f Hdr exdepted if tle aRtardnasi sucodssilldy

i nf ormation bits &%@a@%&%@emﬂfm%ﬁm £BanPels, dkPASSK3Rd

PACS- UB) and the
NOR device 250 will produce a logical one output. This

would cause the selection logic to produce a multiplexer
5 control signal that selects the maximum delay output

through the shift register (at input "IN;" of multiplexer
230) in order to synchronize the recovered codeword with
the subsequent receive processing operations beyond
output lead 292. On the other hand, if none or more than

10 one of the NOR outputs 250 through 255 produce a logical.
one output, then the selection logic 260 must produce a
multiplexer control signal that selects the blanking
signal 221 (via input "IN;" of the multiplexer), in order
to prevent unreliable data from being processed by later

15 receive circuitry stages. Finally, the selection logic
260 provides external indication of the decode error
status, via lead 291, and, in the absence of decoding
errors, of the synchronization offset of the recovered.
codeword, via lead 250.

20 Fig. 6B is a block diagram of one of the g(x)
dividers 240 to 245 illustrated in Fig. 6A.
Specifically, each g{(x) divider includes a feedback path
320 and adders 321 to 328. A plurality of shift
registers 300 to 307 having fifteen separate cells,

25 specifically D type flip flops, are arranged in series.
As shown, reference numerals 304 and 306 each depict two
D type flip flops arranged in series so as to provide a
two bit output; reference numeral 307 illustrates a

_ series arrangement of six D type flip flops each

30 providing a single output. ngether, the £lip flops 300
to 307 provide a fifteen bit error syndrome which is
input in parallel to corresponding fiftéen bit input NOR
gates 250 to 256.

EBach of these adders may be implemented through a
35 single XOR gate. 1In operation, the clocked output of the
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The first and last bits of the codeword are inverted with adder 360 by a
irar ker sequence generated by the clocking and control circuit 350. For
exanpl e, the adder 360 nay conprise an XOR gate which receives a | ogic one
signal along line 356 as the first and last bits in the codeword are
received fromthe multiplexer 340. In this way synchroni sation properties

referred t oWS3DeShr e obt ai ned. - 22 - PCT/US96/05396

last flip flop within £lip flops 307 is fed back over
lead 320 to an input of each of the adders 321 to 328.
The incoming serial bit stream and the output of cells
300 to 307 are respectively applied as another input to
5 each of adders 321 to 326. Accordingly, after all the

bits in a word have been shifted through the g(x)
dividers 240 to 245, the respective 15-bit parallel
outputs of the g(x) dividers each contains a syndrome
value which equals the remainder of the polynomial

10 division of an incoming word by a specific function for
g({x). In the example shown in Fig. 6, this equation is
the following:

g(x)___x15+x14+x13+x12+x11+x9+x8+xﬁ+1

This is the generator polynomial specified by the PACS
15 and PACS-URBR standards. It should be understood that

alternate dividers may be used as appropriate for

embodiments of the invention used in different standards.

with the arrangement of Figs. 6A and 6B, the g(x}
dividers simultaneously check for errors in the six
20 respective bit streams ocutput from adders 280 to 285 and
determine the relative position of the received codeword.
Where no transmission errors have occurred and the
received codeword position falls within the maximum
advance and retard positions, the corresponding g(x)
25 divider 240 to 245 produces a syndrome of all zeros.
This in turn results in the corresponding NOR gate 250 to
255 producing a logic one output, which is utilized in
the manner described above to read out the data from
shift register 220 at the appropriate tap point. On the
30 other hand, where no logic one output is obtained from
' NOR gates 250 to 255 or where multiple logic one outputs
are obtained, an error flag is produced and the bit
stream is blanked.
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WD 97/ 39551 10 PCT/ US96/ 05396 A
prior art technique for decoding a received codeword is explained in
greater detail in reference to Fig. 5. This technique is based on that
descri bed Ln detail in Patent '891. As shown, incoming bit stream data
entering the circuit .fromthe denodul ator first encounters e

synchr oni zat WRSTBIL i ty 100. The first and +as1 bits of a ré;if'fg?g/ggsgs
codeword position are inverted at a binary adder 120 by a narker sequence
generated by clock and cb-ﬂt'ﬁwtﬂeqnﬁﬁj|m3189h31%br%%é&°(fé‘rrﬁﬂufé$eo“bl“taY
sequence is then cipguhgil yzé®td e dhera apr RECHT hatl sUmentachilete goied Shl ft

register circuit 125, and the. result] Kk §99 d e rs
anot her shift regi s PEPCRFPREFIC AT at“r?i;%rrer?%eggt dgvké'ltt;ﬁn gggg%?cfat W4
code!s generator poFygeni &l andxg. rear@@mﬁwnéeg%%@él%aﬂ'plemﬂm by
t he di ?/I de(r:I circuit 130 will, in the absence of transm ssion errors,

uni quely identjfy the po |t|o e spgct to the
ref erence p05|5t ion. Thi s§f'?ansl a‘?pél&:dq %ﬁhé??ﬁ%@&]eﬂfc{& #lggogﬁt 8€f del ay
that nust be |nsertsdrcnléme‘nsﬂ)fa?lwlteﬁ'énboéﬂtli%rﬂbfa TRM/TEMA| s¥sren,

codeword with the r%heheagepﬁeslewgi dMesint,i @Npbpt & UrfdRl FREQCESSEMEtdynd he
error detection circui tl’g
a rec 1v1ng section 700, a transmitting section 750, and

a control section 780. The receiving section 700 takes
10 radio transmissions from SUs served by the RP,

demodulates and decodes them, and maps them into the

proper format for subsequent wireline transmission over

interface P for processing by the serving RPCU 8. (See
Fig. 1.) The transmitting section 750 takes wireline
15 transmissions from the serving RPCU received over

interface P, maps them into TDM bursts, encodes them with
the error detecting code, modifies the codeword by
inverting first and last codeword bits to provide the
synchronization capability, and modulates and transmits

20 them over the air to the served SUs. The control section
780 derives frame synchronization from the RPCU to RP
transmissions received on the wireline P interface,
produces all necessary system clocks and synchronization
pulses to the transmit and receive circuitry, and

25 controls the transmit and receive RF circuitry in order
to maintain communication with the served SUs. The
information content sent over the P interface is
typically protocol control information and digitized
speech signals, processed by the RPCU and the SU. The RP

30 acts as an error-detecting RF modem and information relay
in the PACS architecture.

Bit streams sent from the RPCU and received by the
port on lead 752 are buffered and mapped into PACS bursts
(the Slow and Fast Channel fields) at buffer/mapper 753.
35 The formatted data is then sent via lead 754 to the
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VWil e the synchroni zation syndrone is being calculated in the g (x) divider
"130, the denodul ated burst contents are stored in a burst buffer 105. After
t he synchroni zation syndrone is cal cul ated, the denodul ated bit streamis
delivered to shift register 110, which can effect a range of fixed del ays
by varying the "th point" where data is pulled out through nultiplexer -
115. The t aWO8HPMb1 i s chosen through a sythQQanatlon sy%’ ”P%Ukup
tabl e 135. Since negative delay cannot be created, it is established that

t he reference codemummepoahtbdercmssespnﬁ&;it@ednlhrmfgnﬁﬂjaketaelayme

t hrough the shift €1 g %&gmagb§5Qé§Ha’1é gehget§q9§ é§1 in fact found

at the WHX|nun1retar emor 0sition exanpl e Swn in FI? 4,
it can be advancexFHﬂﬂh&PP%éan°Fh%l¥%H¥ﬁ(ﬁﬁée(ﬁOEF%giﬁF%ﬂAe correlator) in

the control section 780, in order to synchronize the RP
5 to the downlink stream sent by the RPCU.

The channel encoder 755 calculates the CRC, fills

that field of the TDM burst, and sends the burst bit
stream via lead 756 to the 7/4 DQPSK symbol mapper 757,
where differential encoding and transmit pulse shaping

10 (square-root raised cosine as specified in the PACS
standard) are performed. The resulting oversampled
baseband digital waveforms are presented on in-phase (I)
and quadrature (Q) rails 758 and 759 for data conversion
at D/A converters 760 and 761, respectively. The

15 resulting analog I and Q signals are then fed to the
direct modulator 764 on leads 762 and 763. The
intermediate frequency signal that is produced on lead
765 is then mixed up to radio frequency and amplified in
RF section 766, before being sent tc the transmit antenna

20 768 for transmission to the served SUs.

The receive section 700 contains two separate
receive chains 710 and 720, implement antenna diversity
to combat multipath fading. Signals transmitted by SUs
that are served by the RP impinge on receive antennae

25 711 and 721. With proper physical arrangement of the

' antennae, signals from the same SU will -appear to be

approximately uncorrelated. Considering the first
receive section 710 (the second section 720 operates in
the same manner), signals are routed from the antenna via

30 lead 712 to the analog receive circuitry 713. This
circuitry produces a low-frequency IF signal on lead 714
that is processed by A/D converter 715 to produce a
digital waveform on lead 716 for subsequent digital
receive processing. The demodulator 717 processes the

35 digital waveform and produces an information bit sequence
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WD 97/ 39551 11 PCT/ US96/ 05396 taking it
through nultiplexer 115 at the earliest tap point, which corresponds to
zero shift register delay (i.e., for shift register 110). Simlarly, a
codeword found at the maxi mum advance position will result in a choice of
shift .register tap point that effects maxi nrum del ay through o i
regi ster 110WQ%¥ er to retard the received godeword timng to match the
ref erence position. Once the received codeword has been aligned
with a reference posiit leag 718i s Theaddedusncgr 68ctRemEBE & hedecveinesd

circuitry 150. A secopdrTBUKEhrSRIEENSh aMd 8pedr \aéteddivrkraveultEpt 7o0d

| ast codeword bit positigns,_ is enerat%gtﬁé t he cquk ang, control . £

circuitry 180 and i§hé§pF?eEh?osé#Rﬁ?ﬁﬂ° 3Py 1R B G fPelpriations

i nversi on of those lint soufili-sripsdetasy fdee &8dbaoPd, tand tte diffenancésrin

prior to transgissi gy 2adsakloNRatRe kit e386Ks] Al etarRdpbEii6R of
the received codeword within the received TDMA burst may
not be known exactly {(as diagrammed in Fig. 4). If there
are no radio link errors, and if the codeword location is
within the synchronization range of the decoder, then the

10 transmitted information sequence will be recovered and

the Slow and Fast Channel contents will be available for
further processing.

The purpose of the diversity selection circuit 730
is to determine which of the receive chains 710 and 720
15 has most reliably recovered the transmitted codewords.
There is significant prior art in the area of diversity
selection algorithms, so we describe one possibility for
illustration. If one decoder of 719 and 729 indicates
receive error and the other does not (via leads 731 and
20 732), thén the recovered information stream will be sent
on to the receive buffer/payload mapper 740 via the data
paths 733 or 734. If both decoders indicate successful
codeword recovery, then it is highly likely that they
both recovered the same codeword. However, it is also
25 possible that either one or both receive chains has
falsely determined that a codeword has been recovered
when in fact there may have been link errors and/or a
codeword receive position beyond the synchronization
range of the decoder. Resoclution of these ambiguities is
30 beyond the scope of the present invention, and is not
discussed further in this disclosure. Finally, both
decoders could indicate link errors, in which case the
information sequence is blanked (filled with a stream of
zeros) on lead 735.
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detection circuitry. A second g(x) divider 155, which preferably is
‘'separate frombut identical to g(x) divider 130, produces an error

syndronme. If the syndrone bits are all zeros, a successful decode operation
is assuned to have been conpleted and bits are read out of a second burst
buffer 165 directly.for subsequent receive processing (e.g eech -

decoder for WRNB&858er vi ce) . A codewgrdgeerror is de@#ﬂpéﬁm ei t her
t he synchroni zation circuitry 100 or the error detection circuitry 150

fails to produce recognnmabkecayﬁdrsmﬁféxvﬁdyﬂ@id hbpet St DL EPnnREHi ¥4 h
the use of alogi C%ﬂd g@c%ﬁ%ﬁ %%9098%% ’l-‘ltr%'lm%éco gpﬂ%ro%n%ﬁe”Péggnd

error detect error Fesence |ng
read out of burst mﬂrfSérs $e5tbanaaerwa¥ﬁ<faj hyntegfeas | Sormay |f|°?g‘ t he
decoded data bits wrddhsigsibretbeeherkmru.f | a%ie RPCU then processes the

5 Slow and Fast Channel contents, for example to recover
digitized speech in order to send it out on the public
switched telephone network.

The main purpose of the control section 780 is to

ensure that the RP remains synchronized with the downlink

10 information stream from the RPCU. 1If this
synchronization is lost, or when the RP is first powered
up, it does not transmit any RF energy until frame
synchronization is recovered. This is accomplished with
the use of a digital correlator in frame sync circuit

is 781, that resets the sync and clock generation circuitry
783 via lead 782 when the frame sync pattern is ocbserved
on lead 754. Once the P-interface synchronization is
obtained, then the sync and clock generation circuit 783
distributes various synchronization and clocking signals

20 to the receive section 700, the tramsmit section 750, and
the RF control subsection 787 of the control section. 1In
turn, the RF control'circuitry 787 performs functions
such as tuning of the transmit and receive synthesizers
on lines 788 and 789, and turning the transmit power

25 amplifier on and off as necessary via control line 790.

This now concludes the discussion of the circuitry
used to implement both the RP and our inventive technique
therein. Accordingly, the discussion will now address
the circuitry used to implement the SU as well as the

30 ' specific implementation of the improved inventive
technique therein.

Application of the invention to SU circuitry is
illustrated in Fig. 8. As in the case of the RP, the
circuits are divided into receive section 810, transmit
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WD 97/ 39551 12 PCT/ US96/ 05396 In
‘practice, it is found that the apparatus of Fig. 5 requires sonewhat nore
than two bursts of |atency between the inconmng bit stream and the out goi ng
decoded data bits. This is because the syndrones generated by the g(x)

di viders 130 and 155 .cannot be determined until the bit strfﬁxa§9 5#%
entire demodWMeY¥B¥Sburst is shifted through it .27 -

schenme described in the 1891 Patent conprises two separate processi ng

st ages, one for syncheomiomtiih anmd oantfrol sketdcmn B80af Hevevem,

synchroni zation oper ghhPicdSidiPHH ehese Theét SEIENR &irhaWse dvel NSdd il on
are somewhat different than for the RP, and so bear
further explanation to elucidate the role of the
5 invention in SU application.

The receive section 810 has a very similar objective
to that of the RP receiver: to recover the bits
contained in a TDM burst transmitted by the RP. However,
it is from the SU’'s receive section that frame

10 synchronization is obtained.

Through the action of the RF control circuit 8861,
the SU attaches the appropriate antenna 801 or 8G2 to the
receive section 810 through the antenna switch matrix
803, in order to implement receive antenna diversity.

15 There are various strategies for approximating
two-receiver selection diversity, as seen in the RP, but
with only a single receiver section. We assume that such
a scheme is employed here, although details are beyond
the scope of this disclosure.

20 The signal is routed through the matrix 803 via lead
811 to the RF and IF receive circuits 812. The receive
path up to and through lead 813, the A/D conversion
circuit 814, lead 815, demodulator 816, lead 817, and
combined burst sync/error decode circuit 818 is

25 substantially similar to the receive operations in the
RP, and therefore the similarities will not be repeated.
The key differences are as follows.

First, bits recovered by demodulator 816 are routed’
via lead 817 to a frame synchronization circuit 851
30 (esgsentially a programmable digital correlator) in
control section 850. If the SU is not frame-synchronized
to the downlink transmissions from an RP, then the frame
synchronization circuit 851 is enabled. When the desired
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I mpl enentation (operating at the air interface bit rate) with just over two
"(2) bursts of |atency. When conbined with the | atencies introduced by burst
buffering (for speech transm ssion), other radio |ink signal processing

(e.g. denodul ation), and wireline transm ssion into the public network, the

overall roundtrip delay for a PACS or PACS-UB system can approach 10 nsec.
Si nce the | MR Btonmends enpl oynent of echo,guppression ﬁ&"‘ﬁ?ﬁgﬂ%en t he

round-trip delay exceeds 10 nmsec, this latency may result in the need for
addi tional echo supfy=aesisgmct pabbegiess phfisenti Ant tha, demyddleaed piadded
costs and nore conp ed S f tians.. . |t
woul d be desirable Atéorce%g“dugggl g?guﬁe Qwékﬁ‘rr?e l\sé?/l%é g’g%?g@‘?ﬁgndsglngnggg?s a
detection circuit. resgavRRythe ?YEFI?NEH@ﬁQS% geper3tiPn opf ity 8RE. If
invention to neet tﬂﬁnmb@wcﬁesﬁubeﬂomemi subdequbat sy verifildd, | lkwent of

this object, ?ﬂezrcmé'l‘ bzfgnqa[ c%:. tgg%gﬁdorg%q{ %Bﬁ n which the | at ency

associ ated w urs ers in systen1|s r educed.
In addition to reducing Iatency, t he net hod

Second, the SU requires the use of a digital phase
locked loop (PLL) 853 in order to maintain
synchronization with the RP. After frame sync has been
achieved, the SU is presumed to be able to demodulate TDM

10 bursts and decode the codewords while obtaining burst
synchronization information. Differences between SU and
RP clocks will manifest themselves as slippage of
codeword reference windows over time. The burst
synchronization capability of circuit 818 can be used to

is indicate the magnitude and direction of slip, wvia lead
855, and used by the digital PLL 853 to apply correction
signals to the clock circuitry 856 via lead 857. The
decode error status must also be supplied in order to
qualify the sync slip estimate, and in addition may be

20 used by the control section 850 and higher layer link
maintenance protocols.

Third, the control section 850 and higher layer
protocol software (not detailed in the figure) may make
use of side information from the receive section 810 in

25 order to maintain link quality and control the receive
diversity process. Received signal strength indication
(RSSI) is furnished by the RF and IF receive circuits 812
via lead 865. Also, certain demodulation schemes can
provide indications of the quality of the received signal

30 as viewed by the demodulation process that can be very
useful in link maintenance. This is shown schematically
by lead 854, connecting the control section 850 to
demodulator Blé6.
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and apparatus of the invention serve to reduce the overall count of |ogic
gates required to inplenent the decoder. WO 97/ 39551

13 PCT/ US96/ 05396 As described in nore detail below, the
pr esent technique enconpasses a systemand nethod for transmtting an

I nfor mati ona ream of digital data through a conmunic gﬁ ne
froma trans&ﬁ b?gsﬁo a receiver and at the reegeiver for @%bgé‘h‘ﬁ E
synchroni zation and performng error detection of a correspondlng recelved
bit stream This techni ga&tenchbutss synadindnigagioncand éxwort desmodésgondhag

to a transmtted finscduersd BNwehd atdddEHanaeNt Bee SELONdh ideSteoBwarded

received word to the receive buffer/rate changer 820 for further

processing. The Slow Channel bits are typically
5 extracted as signaling information and interpreted by a
control processor (not shown in Fig. 8). 1In the case of
a voice call, the Fast Channel will contain encoded
speech bits that are relayed to the speech decoder 822.
The speech decoder will convert the bits to analog voice
10 waveforms that are sent to the handset interface B899.
The choice of speech coding algorithm is not pertinent to
this disclosure, although PACS specifies 32 kb/s ADPCM as
a baseline voice service.

If the SU has successfully synchronized to an RP,

15 and has negotiated a connection to establish a call, then
the transmit section 830 can accept encoded speech for
radio link transmission. Analog waveforms from the
handset interface 899 are encoded into digital
information by the speech encoder 832, and the bits enter

20 the transmit buffer/rate changer 834 over lead 833 at the
encoding rate. The buffer/rate changer gathers a full
Fast Channel worth of digitized speech, fills the Slow
Channel field with the required signaling bits, and then
passes the information stream to the channel encoder 836

25 over lead 835 at the radio link transmission rate.

The transmission operation is very similar to that

in the RP: the channel encoder 836 computes the 15-bit
CRC over the Slow and Fast Channel fields for the burst;
the symbol mapper/pulse shaper 838 produces a filtered

30 digital baseband waveform on the I and Q outputs 839 and
840, respectively; those digital waveforms are converted
to analog signals by D/A conversion devices 841 and 842;
and the baseband analog waveforms appearing on leads 843
and 844 are upconverted by direct modulator 84S to an

35 intermediate frequency, before final RF conversion and
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corresponding to the marked first cyclic codeword. A plurality of candidate
todewords are obtained in parallel fromthe first word. These candi date
codewords are each advanced, retarded or aligned with respect to a
reference position. A plurality of error syndronmes are obtained from each
of the plurality of_ candi date codewords fromwhich it is determned (1) -
whet her bi tWePI#ss! exi st in the recei ved wordsgnd (2) whetPGE/USIOAEIy| e
position for the received word falls within a predeterm ned range. Were no
bit errors are det gowet amglafscagien posidirenitsrssne amtaisedmisedohal | s

w thin the predeterig gﬁ@ S87 dfte 1&@&65%6'6&%95}?@&916;? c&%qrsg.‘é% %rchferrnom a

poi nt whi ch correspon to a pe
aspect of the invershiedn thFhEFc‘a%‘F’{fa‘fF é%ﬂ%#ﬂ‘éuar@ GHttEnREd Cb"?trﬁéertl ng
marker bits into thagnadebrelleddrssattcs uteeaat¥fna rwwmmntn&tmlango@aiﬁl | el

processing pat hs and di vidi gg?ﬁsee@ éﬁétq}g;g;%e @M, 'ad’@%&e%‘ﬂo'&g

bi nary pol ynom al generator error syn%rones
The marker bits ar etrla%@itteﬂlﬁi]“ﬁﬁ/erﬁil?efﬁj-f\}&ﬁﬁégno‘? s"t}'&:égﬁnﬁé'lé}ets of

first and | ast bitQiweirghtpobenenél iy Wisiondeahe sbepe eskitkad A9EE1o50Fe A

partlcular lnpleneqkﬁtu%ﬁld follow practiced art.

In addition to previously described functions, the

10 control section 850 also manages the tuning operations of
the single or separate transmit and receive frequency
synthesizers, via lead 863; enables the transmit power
stages in RF and IF transmit circuits 847 via power
control lead 864; and generates clocks and

15 synchronization pulses for the other sections that are
delivered schematically by leads 858 and 859. The
control section typically operates under the supervision:
of a microcontroller that is running higher layer
protocol software. The microcontroller has been omitted.

20 from Fig. 8 for clarity, since it does not directly
perform the physical layer radio link functions that are
addressed by the invention.

Now that a preferred example has been described, it

clear that the invention meets the above noted cbjects.

25 Other advantages provided by the invention will be
apparent to those skilled in the art. It should be
understood that this example is merely illustrative of
the invention. Many modifications and alternative
configurations will be apparent without departing from

30 the spirit and scope of the invention. For example, a
multiprocessor implementation may be utilized to attain
the essential functions of the above describe embodiments
through software. The scope of the invention is intended
to be described only by the following claims.
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the pol ynom al generator g(x) is x[err]+ x[err] + x[err]+ x[err]+ x[err] +

‘X[err] +x[err] +x[err]+x[err]+ 1. According to anot her aspect of the
i nvention, the received word is shifted by an anount corresponding to the
det er i ned WD 97/ 39551 14
PCT/ US96/ 053 ”@ﬁé#tlon "and is discarded when it.is detern}gﬁggmb t he
error syndrones bit errors exist ijy the received word; no posrtion
for the received word is determ ned; or I tiple positions for the received
word are deternm ned. APPENDIX

GLOSSARY OF ACRONYMS

AM access manager

CRC cyclical redundancy check

s DPQSK differential quadrature phase shift keying

FC Fast Channel

MTSO Mobile Telephone Switching Office

PACS - Personal Access Communication Systems

PLL phase locked loop

10 RF radio frequency

RP radio port

RPCU radio port control unit

RSSI received signal strength indication

sC Slow Channel

15 SuU subscriber unit
TDM time division multiplexed
. TDMA time division multiple access
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Accoy.gdi r aspect of the invention, the received word is
brovﬂmmi{mﬂtmmmto a plurality of adders, each of the adders inverting
resp M I'rst and last bits which potentially delineate the
received word to obtain parallel sets of marked words. The parallel sets of
mar ked words are divided in parallel by a correspondi ng nunber of binary-
pol ynomi al WRHBPHlors g(x) to yield the plurality of errFCEYWEHEs. Each

of the plurality of error syndrones is qytput to a correspondi ng NOR gat e,
whereby it is deteWHrAedSWBATMED ai: non-zero error syndromes occur.

Anot her feature of the invention is that the received word may form part of
either an incom ng TDVA_ burst or_  TDM packet, for exanple, .as in a wireless
comuni cation system baded bR & BRSa ¥Agsiess P CRtIPE; EHFEERe 2
recei ved word incl meehod £405p@formvigid dbitodpnohxbniBRIIER BESCREFIT ON OF

IEEePStA\é\LQGS The teackiPgs &4 4 Eady e¥eBt LBNEMAAY Rheibeadibya
' L)

comprising the steps of:
buffering said data burst;
obtaining in parallel from said data burst a
plurality of candidate codewords which are positioned
with respect to a reference position for said received
10 woxrd;
obtaining a plurality of error syndromes from each
of said plurality of candidate codewords;
determining. from said plurality of error syndromes
whether bit errors exist in the candidate codewords, and
15 whether a single candidate codeword falls within a
predetermined range of positions; and
where no bit errors are detected and a single
candidate codeword for said received word falls within
said predetermined range of positions, reading out said
20 received word from a point which corresponds to a proper
position.

2. The method of claim 1, wherein said candidate
codewords are obtained by inserting marker bits into said
data burst at successive increments along parallel

25 processing paths and dividing each marked segment by a
binary polynomial generator g(x) to yield said plurality
of error syndromes.

3. The method of claim 2, wherein said marker bits
are inserted by inverting values of successive sets of
30 first and last bits of said candidate codewords which
potentially delineate said received word.

4. The method of claim 2, wherein said successive
increments correspond to a received communication symbol.
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by considering th I ed description in conjunction with the

‘acconpanyi ng dra\Aﬂmm"mn“irW“ Fig. 1 is a block diagramof a PACS
system archit ect A and 2B are diagrans of the downlink
(RP to SU) and uplink (SU'to RP) frarre structures, respectively, that are

specified for f requency division duplexed PACS. . Fig. | %8{9 k )
di agr am of aW %@ encoder that inplenmgnts the channel ciﬂéﬁ? d#@gd by
15

t he PACS and PACS UB st andards. WD 97/ 39551

PCT/ US96/ 05396 5. The method of claim 2, wherein said polynomial
generator g{x) is x! + x + x* + %2 + x + x° +. x® + xf +
1. '

6. The method of claim 1, wherein said step of
5 reading out said received word includes shifting said
buffered data burst by an amount corresponding to said
single position.

7. The method of claim 1, wherein said received
word is discarded when it is determined from said error
10 syndromes that: bit errors exist in said received word;
no position for said received word is determined; or
multiple positions for said received word are determined.

8. The method of claim 1, wherein said data burst
is provided in parallel tc a plurality of adders, each of
15 said adders inverting respective sets of first and last
bits of said candidate codewords which potentially
delineate said received word to obtain parallel sets of
marked words.

9. The method of claim 8, wherein said parallel
20 sets of marked words are divided in parallel by a
corresponding number of binary polynomial generators g(x)
to yield said plurality of error syndromes.

10. The method of claim 9, wherein each of said
plurality of error syndromes are output to determine
25 whether any non-zero error syndromes occur.

11. The method of claim 1, wherein said data burst
is an incoming TDMA burst received at a subscriber unit
or a TDM packet received at a radio port.
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Fig. 4 is a diagram show ng possible aI nts for received codewords in
denodul ation burst. Fig. 5is a bI WHIHF"H IMprl or art

synchroni zation and error detection cir A is a block

di agram of an inproved synchroni zation and error detectlon circuit in
accordance with the invention. Fig. 6B is a block diagramof a -
feedback shiW@9¥¥tlster inplenmentation of, a g(x) divider, PRTASMMSMENCe
with the invention. Fig. 7is a bloék di agram of an RP transceiver
circuit incorporating thﬁzlf“mHHIMéﬂhod of chifm B Jiereilll 95kq A AL f an
SU transceiver circyit incorporatin nvention DETAI LED DES | ON

The present inventi SR BUvart 2gabFar e@nﬁ?o?% ¢ e PBGSs OF nP ﬂ%tgbnblned

synchroni zati on andstam@ardiet ecti on schene of preexisting systens as
descri bed above, particularly when
13. The method of claim 1 wherein said data burs:
5 includes a cyclic codeword.

l4. A method for transmitting an informational bit
stream of digital data through a communication channel
from a transmitter to a receiver and at said receiver for
recovering bit synchronization and performing error
10 detection of a corresponding received bit stream
comprising the steps of:
at the transmitter:
determining a plurality of parity bits for the
informational bit stream;
15 ' generating a first cyclic codeword formed of
the informational bit stream and said parity bits;
inserting first marker bits in said first
cyclic codeword so as to form a marked first cyclic
. codeword; and
20 transmitting a first burst comprising said
marked first cyclic codeword over said channel to said
receiver; and
at the receiver:
receiving a second burst corresponding to said
25 transmitted first burst from said channel and extracting
' from said second burst a received word corresponding-to
said marked first cyclic codeword;
obtaining in parallel from said second burst a
plurality of candidate codewords which are positioned'
30 with respect to a reference position;
obtaining a plurality of error syndromes from
each of said plurality of candidate codewords;
determining from said plurality of error
syndromes whether bit errors exist in the candidate
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applied in a PACS environnent. As nentioned above, sever
‘PACS, - enpl oy a DQPSK nodul ati on schene in which two bi tsmm@“gﬁm&]inl n
every synbol. This inplies that codewords can be receiveds«

ot her possible bit position (since it is not possible for the denpdul ator
to sli its receive w ndow by a half synbol). Moreover, rator
used |Irc1) a sys?vélrﬁ @?Sh as PACS is capabl e, of detecting and ﬁ’f@%ﬁf’?ﬁg&e
recei ved codeword offsets up to 6 bits iR either direction fromthe

recei ver reference woediewor8spband nghdtlese at wanfaet Sandiddte s:e:aawbbatfgfps
total nunber of p055|“;1ltquglagdgggagtélqﬁqe\aeqa ggeg@réi%spﬁslédc?o 55 not

Pe pOSI tions

| arge. For exanple, in one recejver configuration € can

m ght be: 5 bits advancefhgss)no bit’ SIFPES éﬂ%eﬁﬁﬁﬁFqFﬂSFnd a single

advanced (+1) candidate codeword for said received word falls within
5 said predetermined range of positions, reading out said

received word from a point which corresponds to a proper
position.

15. The method of claim 14, wherein said candidate
codewords are obtained by inserting marker bits into said
10 received word at successive increments along parallel
processing paths and dividing each resulting parallel
marked word by a binary polynomial generator g(x) to
yield said plurality of error syndromes. '

16. The method of claim 15, wherein said marker
15 bits are inserted by inverting values of successive sets
of first and last bits of ‘said candidate codewords which
potentially delineate said received word.

17. The method of claim 15, wherein said successive
increments correspond to a received communication symbol.

20 18. The method of claim 15, wherein said polynomial
generator g(x) is = + x™ + x¥ + x!2 + 2 + %0 + x® + x5 +
1.

19. The method of claim 14, wherein said step of
reading out said received word includes shifting said
25 received word by an amount corresponding to said single
positioﬁ.

20. The method of claim 14, wherein said received
word is discarded when it is determined from said error
syndromes that: bit errors exist in said received word;

30 no position for said received word is determined; or
multiple positions for said received word are determined.
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VO 9 16 PCT/ US96/ 05396 1 bit
reta [“" "l’ umgits retarded (-3) 5 bits retarded (-5), each

W th ief erence position as illustrated in Fig. 4. Another
configuration is the foll ow ng: 6 bits advanced (+6) 4 bits
advanced (+gé) 2 bits advanced (+2) ref erence aligned (0) 2-
bits retard¥P {33551 4 bits retarded (-4) 6 bits rBEHPINSA5I6G)

Conpared to the inplenmentation of Fig. 5,3gv have found that we can
actual 'y reduce conpl exity. (iThd efdthod ofatBacaUid,) wHateiadygeqt fe-glgd ay

through the ciroul tywith {his apfapqh, b b2 PRR 1.03h\ 90110, S¥8 IR 1en
each of said adders inverting respective sets of first
and last bits of said candidate codewords which
5 potentially delineate said received word to obtain
parallel sets of marked words.

22. The method of claim 21, whereir said parallel
sets of marked words are divided in parallel by a
corresponding number of binary polynomial generators g(x)
10 to yield said plurality of error syndromes.

23. The method of claim 22, wherein each of said
plurality of error syndromes are output to determine
whether any non-zero error syndromes occur.

24. The method of claim 14, wherein said second
15 data burst is an incoming TDMA burst received at a
subscriber unit or a TDM packet received at a radio port.

25. The method of claim 14, wherein said wireless
communication system is based on a PACS or PACS-UB
standard.

20 ' 26. The method of claim 14, wherein said first data
burst includes a cyclic codeword.

27. An apparatus for performing bit synchronization
and error detection on a data burst containing a received
word comprising:

25 means for buffering said data'burst;

means for obtaining in parallel from said data burst
a plurality of candidate codewords which are positioned
with respect to a reference position for said received
word; . .

30 means for obtaining a plurality of error syndromes
from each of said plurality of candidate codewords;

AR
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The principles underlying | ' e illustrated in reference to the
exanpl es shown in Figs. GH &mﬂm "ﬂlﬁi‘l According to the present
i nvention, a sequence of ' is first encoded into a suitable

codeword, A, prior to its transmssion with the first and |ast bits of the
codeword being inverted to forma first set of marker bits,pdflysoditiBos )
resulting tr dPITEd word, T equals A+ ML. Fig. 3 iIIustR%tegia t echni que
for performng this step. Wt hin ea®h receiver, in either the RP or
SU, both synchronizatiomeand 0¥ gletremiadpgnfgPe pid RleRldsyegénherror

recei veg worg S. Un%?hd&bhﬁé—@h@ﬁz&ﬁ)mid le@r®randxist imaHe candliippage,
o ea) SO0 i 5 heRebeRaR ORI L RTILLE o Bk, LRGN (Uit
m ght be offset fromithin a predetermined range of positions; and
5 means for reading out said received word from a
point which corresponds to a proper position when no bit
errors are detected and when a single position for said
received word falls within said predetermined range.

28. The apparatus of claim 27, wherein said means
10 for obtaining candidate codewords includes means for
inserting marker bits into said data burst at successive
increments along parallel processing paths and means for
dividing each marked segment by a binary polynomial
generator g(x) to yield said plurality of error
15 syndromes.

29. The apparatus of claim 28, wherein said means
for inserting marker bits inverts values of successive
sets of first and last bits of said candidate codewords
which potentially delineate said received word.

20 30. The apparatus of claim 28, wherein said
successive increments correspond to a received
communication symbol.

31. The apparatus of claim 28 wherein said
polynomial generator g(x) is x° + x* + xP + x¥? + x** + ¥°
25 + x* + x® + 1.

32. The apparatus of claim 27, wherein said means
for reading out said received word includes means for
shifting said buffered data burst by an amount
corresponding to said single position.

30 33. The apparatus of claim 27, wherein said
received word is discarded when it is determined from

This Sheet Has Been Replaced -




WD 97/ 39551 17
transmtted codeword T and/or contain one or ME. ’,uereby
necessi tating synchroni zation recovery and error * cei ved

word R. A technique for acconplishing these processes sinultaneously is

explained in greater detail belowin reference to a parti di mertt
which is ge 4 1 applicable to a recei3fer in either an éébﬁémﬁﬁggu

said error syndromes that: bit errors exist in said
received word; no position for said received word is
determined; or multiple positions for said received word
are determined.

5 34. The apparatus of claim 27, wherein said data
burst is provided in parallel to a plurality of adders,
each of said adders inverting respective sets of first
and last bits of said candidate codewords which
potentially delineate said received word to obtain

10 parallel sets of marked words.

35. The apparatus of claim 34, wherein said
parallel sets of marked words are divided in parallel by
a corresponding number of binary polynomial generators
g(x) to yield said plurality of error syndromes.

15 36. The apparatus of claim 35, wherein each of said
plurality of error syndromes are output to determine
whether any non-zero error syndromes occur.

37. The apparatus of claim 27, wherein said data
burst is an incoming TDMA burst received at a subscriber
20 unit or TDM packet received at a radio port.

38. The apparatus of claim 27, wherein said
wireless communication system is based on a PACS or PACS-
UB standard.

. 39. The apparatus of claim 27 wherein said data
25 burst includes a cyclic codeword.

40. A system for transmitting an informational bit
stream of digital data through a communication channel
and for recovering bit synchronization and performing
error detection of a corresponding received bit stream

30 comprising:
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Fi g. 6A i s a block diagram which shows an inproved synchronization and
err Iﬁﬂﬂn uit according to the invention. In this exanple, an
|nc ﬂmﬁum bit stream is input to a delay buffer 210 and to a
seri es of i Mary atiders (for exanple, XOR gates) 280 to 285. These inputs

are added ely to a marker sequence which is del ay 61,0 gger
nunber s of s?ﬁ@sf kﬂ%ihrough shift registers3zg®7l to 275. gngﬁb g%%ch

g(x) divider circuit 240 to 245 provides a 15 bit input to a corresponding
NO? gate 250 to 255. The & d3ppasmitbevuvhinls igfclnidesMOR gates 250 to 255 are

input to a selection |ogic Cieghst £860deBAAGINY BNpIubkdPily dHea38§Cti On

Ioglc. bits for the informational bit stream;

means for generating a first cyclic codeword
5 formed of the informational bit stream and said parity
bits;
means for inserting first marker bits in said
first cyclic codeword so as to form a marked first cyclic
codeword; and
10 means for transmitting a first burst comprising
said marked first cyclic codeword over said channel to
said receiver; and
a receiver which includes:
means for receiving a second burst
15 corresponding to said transmitted first burst from said
channel and extracting from said second burst a received
word corresponding to said marked first cyclic codeword;
means for obtaining in parallel from said
second burst a plurality of candidate codewords which are
20 positioned with respect to a reference position;
means for obtaining a plurality of error
syndromes from each of said plurality of candidate
codewords; .
means for determining from said plurality of
25 error syndromes whether bit errors exist in the candidate
' codewords, and whether a single candidate codeword falls
within a predetermined range of positions; and’
means for readihg out said received word from a
point in said received word which corresponds to a proper
30 position when no bit errors are detected and a single
candidate codeword for said received word falls within
said predetermined range of positions.

41. The system of claim 40, wherein said means for

obtaining candidate codewords includes means for

35 inserting marker bits into said received word at
successive increments along parallel processing paths and

- This Sheet Has Been* Reﬁ
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circuit provides a Togic signal To a register 261 whose timing is
controll ed by an o ock and control circuitry 270. The
regi ster 261 provi ﬁ " &mﬂuu E ﬂlnﬁut to a nultiplexer 230 which

recei ves the del aye r*omthe del ay buffer 210 and a shift

regi ster 220. Based on these I nputs, the nultiplexer outputs decoded data
in series. WO9MS5L \jth this arrangement, the inconing bi PCIUSALF65
processed by the six parallel g(x) divideasgcircuits 240 through 245. The
clock and control aieatsi foy A70igemeredats resnbtkeg paeliec datrkal woyerby
the first and I ast cedeword RBi{sohe egﬁeq.% t ialsr I ved
codeword p03|t|onsi%yq$hpgtFPnzﬁ° é% fﬁ§%§ ggﬁgﬂ%?géﬁﬁfbsgg a logic

signal 1 for the eRjégpedty; p§ierror syndromes.

42. The system of claim 41, wherein said means for
5 inserting marker bits inverts values of successive sets
of first and last bits of said candidate codewords which
potentially delineate said received word.

43. The system of claim 41, wherein said successive
increments correspond to a received communication symbol.

10 44. The system of claim 41, wherein said polynomial
generator g(x) is x* + xM + % + %% + x¥ + xX* + x® + %% +
1.

45. The system of claim 40, wherein said means for
reading out said received word includes means for
15  shifting said received word by an amount corresponding to
said single position.

46. The system of claim 40, wherein said received
word is discarded when it is determined from said exrror
syndromes that: bit errors exist in said received word;

20 no position for said received word is determined; or
mﬁltiple positions for said received word are determined.

47. The system of claim 40, wherein said second
burst is provided in parallel to a plurality of adders,
each of said adders inverting respective sets of first

25 and last bits of said candidate codewords which
potentially delineate said received word to obtain
parallel sets of marked words.

48. The system of claim 47, wherein said parallel
sets of marked words are divided in parallel by a

This Sheet Has Been Replaced




and | ast bits of the codeword and a logic signal O for the other bits of
the codeword. The set of one-synbol (t Hlllﬂ“ﬁl“ﬂullll“m WO 97/ 39551
18 : PCT/ US96/ 05396 r 75 successively

del ays the marker sequence in order to allgn bt "With t'he respective

candi date recei ved
WO 9773

10

PCT/US96/05396

codeword positions. )
739551

1

corresponding number of binary polynomial generators g(x)
to yield said plurality of error syndromes.

49. The system of claim 48, wherein each of said
plurality of errcr syndromes are output to determine
whether any non-zero error syndromes occur.

50. The system of claim 40, wherein said second
data burst is an incoming TDMA burst received at a
subscriber unit or a TDM packet received at a radio port.

S1. The system of claim 40, wherein said wireless
communication system is based on a PACS or PACS-UB
standard.

52. The system of claim 40, wherein said first data
burst includes a cyclic codeword.
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In this exanple, the first g(x) divider 240 represents the nmaxi num advance
codeword position as showmn in Fig. 4, and the |last g(x) divider 295
represents the nmaxi mumretard codeword position. In this particular
configuration, only odd codemord position offsets are found (that is,

t hose correspondl to -5 - ,+5),s0 in fact none of th had ders”
correspond t o™ g;rr”eference p05|t|on (O bits offset). It mﬁFﬁﬁﬁé“&&w

under st ood that an alternate configuratio / such as nentioned above, could
be wutilised to provide the candidate receive codeword positions that are

offset fromthe reference window by an even nunber of bits (that is,by -6,
-4, ..., +6).

FIG. 1
PORTABLE
SUBSCRIBER
UNIT (SU)
é
=N i 6 :
= ~. 3 !
~n o Ja !
SUBSCAIBER t] AADIO | 3 10
UNIT (SU) g Fzgg)T ; ) )
? i1 RADIO PORT ACCESS
4~ % ~_ | 6 1 | CONTROL UNIT MANAGER
=| = : (RPCU) (AH)
Yo [
, W
‘e ;
2 / ; :

= INTERFACE A INTERFACE P
 {ATR INTERFACE)
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In the specific case of the code chosen for PACS, each of the g(x)
dividers will likely produce a different 15 bit error syndrone. If there
were no transmission errors and if the received codeword position is

wi thin the maxi num advance and retard positions, then the g(x) divider
corresponding to that. received codeword position.will prod ronme -
of all zerosq" %orrespondl ng 15 bit NOé{ ircuit, one of Hfii?ﬂﬂ‘%,&rfﬁ&égits
250 to 255, will produce an output of a | gcal one in that case. Wth
hi gh probability, all of the other g(x) dividers will produce non-zero
syndrones, the corresponding 15-bit NOR circuits wll

FIG. 2A
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produce | ogical zeros, and the correct
have been uni quely and properly identified. Wi | e the syndrones
are being calculated, the data for the burst in question is also stored in
a delay burst buffer 210. After the syndrones are cal cul ated and the

recei ved codeword position wll

recei ved codemo ositron is identified, the data is read E?n1the
bur st 547/ 39551 19 pOHfbssshS5t
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buffer 210 through a ten bit shift register 220. Based on the | ogical
|'evel s presented by the 15-bit NOR circuits 250 to 255, the selection logic
260 presents a selection signal to the nmultiplexer 230 that reads the data
out of the shift register 220 at a particular tap point presented at inputs
INferr] to In[err based on the determ ned received codeword position. The
tap point is &ﬁﬁgéﬂﬂ?o equal i ze the received codeword data t PVt ent
reference point in tinme (different from t hedf®f erence codewor d positions of
Fig. 4) for further receive processing. The register 261 holds the

sel ection signal for the duration of the period in which the burst is read
out of the buffer 210 since the next received burst will be entering the
g(x) dividers and changi ng the syndronmes at the sane tine. In somne
cases, for exanple, due to detectable Iink transm ssion errors, none of the
cal cul ated syndronmes will be zero, and therefore a unique received codeword
position cannot be determ ned. In other cases, for exanple, due to
undet ect abl e
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link errors or falsing,

di vi der,

syndr one,
However ,

inth
di vi ders errow

ol

a zero syndronme wil|l
or even by nultiple g(x) dividers.

case,
produce zero syndrones,

t hat

probability that an error condition has oc
syndronmes are produced or where nore than one nonzero syndrones are

pr oduced,

the multiplexer will

In the former
where a single one of the g(x) dividers erroneously produces a zero

the selection | ogic cannot determi ne that an error
I's, -where nore than one of_the

it can be concl‘iﬁ?é‘f?’&ﬁ%#h

case,

S

be produced by the wong g(x)
t hat

has occurred.

i gh

Ored. Thus, where no nonzero

the selection logic determ nes that an error
sel ect node 221 (INerr]

sequence of zeros instead of the unreliable burst buffer contents for

subsequent

recei ve processing.
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WD 97/ 39551 20 PCT/ US96/ 05396 In
this exanple, the selection logic 260 supplies a select signal to an input
SEL of nultiplexer 230, registered by 261, in response to the outputs of
the 15-bit NOR |l ogic 250 through 255. The first part of the | ogic may
conprise an e-or (XOR) function; a valid codeword is presuned to -
have been re?@%ﬁylf and only if one of NOR circuit 05F§@§ at

| ogical one, and the rest are zero. This f tion qualifies a one to one
mappi ng between appearance of a |ogical one gt a particular NOR output and
choi ce of an out put Iay fromshift I‘egl.;SEEE 220 ghat equalizes the
recei ved codeword o get to the desired popSon on | ead 292. For
exanple if the codewhrd is successfully recdﬁred at the maxi num adva
position , then 15-bift NOR device 25 : d
This woul d cause thejse&ection |
signal that sel egts he nmaxi num

input "INerr]" ggf\mﬂ t1plexer 230)
codeword with the suBsequgnt g e
lead 292. On the other hd&Ad, if|non
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250 t hrough 255 produce a | ogical one output, then the selection |ogic 260
must produce a nultiplexer control signal that selects the bl anking signal
221 (via input "IN err]" of the nmultiplexer), in order to prevent
unreliable data from being processed by |ater receive circuitry stages.
Finally, the selection |ogic 260 provides external indicati decode
error statusWIBSad 291, and, in the absence of decodi ngggT'ﬁ%’P@pﬁgf t he
synchroni zati on of fset of the recover ed cod@ﬂbrd, via | ead 290. Fi g.
6B is a bl ock diagram of one of the g(x) dividers 240 to 245 illustrated in
Fig. 6A. Specifically, each g(x) divider includes a feedback path 320 and

adders 321 to 328. A plurality of gﬁif"?églsters 00 to 307 having fifteen
separate cells, specifically D type”Np fl&gse ard arranged in series. As
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shown,

PCT/ US96/ 05396

21
r‘eference nunerals 304 and 306 each depict two D type flip flops arranged

WD 97/ 39551

i
|
|
|
|
|
)
|
|
|
[
.

il
=
|
|
|
|
|
|
i

J

NOILJ3S LIWSNVHL

© o
@ i O EsL 161~ NOISH3 “
CBe B 385 L2 e oy oo O O sumar | - |
_zeg - 2o = | [ THsiiL ) T1_omis [ Norswaanaa | E3E | 3wniveavne e "
SoS&EBLS /o vSL ] 950 [ NIvHOWO I 7 Y 59 < _
PoIET TR L m.m G6L | T 2L i ! T
— Cufyg O ——- e et Sl LT s p————— e A ST T SR ke SRy UL W +-1—==-
TO mQoo QS OE b e M e N R
560 - o] Shebg e T NOTLO T0HIN0D g/~ Sel ~ 09l IRV T oL
Snocecookcooc _ . ~ |
Co__ =OUpcs-> _J NOTLVZINOHHONAS | NOLLYHNES | ]| Jotinog | 1OHLNGD H3MOd X1 06L }
©28E28 hpr o’ N ST 1R I N B TS T
it Fod F=<%6] 6L g 26! oL S8 L NG Y8 6L "
o e e e —t--
E =B il o s e B B 7
-~ VO OWL O > Oy c 0oL~ e i
o o @®© (el e) . a2L el ,
229 i® v || 300030 o3 SLINAHI _
208_5" % mwmm cEL ] T2NS 106 ey HOLYOORED rd NOTSEIND] ARy ¥
Sxg cciRIL TS — [ VIVT7| | CENIGHD kY ; ) 41 G 34 \ i
SO EECZESE TG L | W0Loms CR AT - -1 LT e el
55C8 ookt ¥ANE [T/ IS0 | gy o e 51
Q= 2 8- _wim m HI30H | ceL 7§ ' aL i
60— °5 4 8T9%5Y 06l VIO |} 300030 o3 NOISHIAND SLINJHID |
“Er . =8g: B il 1] /NS 1SHng ...~| HOLYIN0OKD Tt ™y JELVEAELI ¥
Y- AP Il oo Hobh3 | O3INIAN0D M 41 ONV dd _
SETS5 s e o VL _ Tt ™ Lo wwoﬁ W Mol |
SLowNgoEONg, O~ B O VNN S e M H
688 oo _gop=s NOTLO3S A1
A e k- T ety | e T T
oCgEBXCuga30 o1 | I
(] TW O Co M - O —
3 BoDESl0ls \ o
© — C - ©— o —
O S5 O0®.—. O ODT = ‘ S ==
©go5onEpopoy =
88350785 _ T —
= TETE RO =
285558 acaccw MII”
C _ . CC_OCSOCO® |
—_——— N OV OO DO O i

SUBSTITUTE SHEET (RULE 26)



this

di vision of an incom ng
It _shoul d_be
Wth the

g(x)= Xerr]

+x[err]+x[err]+x[err]+x[err]+x[err]+x[err]+x[err]+1 This is the generator
UB st andards.

In the exanple shown in Fig. 6,

MR 9% nat e dividers may be used as appropri aFEFP§I6N53%

specified by the PACS and PACS-

val ue which equals the remai nder of the pol ynom al

wword by a specific function for g(x).

equation is the foll ow ng:

pol ynom al
under st ood t
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E NTI

This invention relates to an improved technique for jointly

P

performing bit svm nron-zatﬂon and error detection of received
éigital data bursts in a time d-VLSLOn multiplexed/time division
mulciple access (TDM/TDMR) communication system. More
particularly, the invention relates to a bit synchronization and

errzor detecticn technigue characterized bv reduced lacency.

BACKGROUND OF TEE INVENTION

Yarious systems have been develored -and implemented to
match the explosive demand for wireless communication. Such
systems include cordless telephone systems, cellular mobile
radio systems, public packet radioc data networks, and radio
pag*ng systems. As outlined in commonly assigned Ariyavisitakul
et a-, U.S. Patent No. 5,084,891 ("Patent ‘891"), Jan. 28, 1992,

the disclosure of which is incorporated by reference herein,

these systems are each characterized by wvarious advantages and
drawbacks.

Among such other wireless communication systems, low power .
dlgltal systems have been developed which support low-speed,
portable use (for example, by pedestrians). Similar to cellular
radio, low power portable digital telephony uses a fixed base
unit, referred to as a radio port (RP), and a number of fixed or
portable transceivers (hereinafter referred to as subscriber
units (SUs)) that can simultaneously access thét port on a

multiplexed basis.

Low power multiplexed radio links commonly operate on a
time division multiplexed/time division multiple access basis to

provide a number of separate fully duplex-demand—assignéd



to inplenent an RP in a TDM TDVA system such as PACS. As shown, a port 6
(fromFig. 1) contains receiving section 700, a transm tting section 750,
and contrel section 780. The receiving section.700 takes radio

transm ssions_from SUs served by the RP, demodul ates and d and
maps them i NYQ 3725 oper format f-or subseqﬂgnt wi reline tféﬁ'zﬁg%é&gﬁ%over
interface P for processing by the servin (See Fig. 1.) The
transmtti n&lgééﬁﬂ-oﬁhq’%egék%§t'ﬁ??‘él ?%em? r%ﬂ‘% rﬂaﬁ'ﬁ &fs Wﬁo#ﬁﬁﬁéléélﬁl PS RPCU

recei ved oveh hnker t3eRsk £ 5BRSmeNERL 816 DM ke BIRIRE AelRE WAtH the
error detectlng code, nodifies the codeword by inverting first and | ast
codewor d Di pset—deﬁp-geﬂdéarneesyﬁéﬁq@ﬁmq‘m | Bh Wabiegichy SUatatpagrasaes anl
transmts t m.Q e Vv ontrql on 780
derives fra synghPégiggtFS%R %2%??%% %E§H$O %Bgf%é%%hgs§%§W§hfeceived on
the wirelingd- ld&tf&nédcearpﬁ.eﬂufeeqaéhcy\ecmarragy Pesidfifelredits faoa that
synchronlzatl ulsg ég t he %gansn1t ap _receive cjrecuitry,. and cgntrols
t he transn1t Yo b8Py BERELE ﬁl???elﬂ tﬁﬁu?ny S (o Eﬁﬁgﬁfé tion
With the sersedeRldy, e chatoma®! benchaniané £Lthay /isdddyP dhdt /bf 368- tife

typically protocol control I,nformati on and digitized speech signals,
case of time-division duplexed systems). The power used by the

transmitter in the SU may range between 5-10 milliwatts or less
on average and provide a range of several hundred to a thousand
feet. With this transmission range, an RP might simultaneocusly

serve 20 to 30 separate locally situated SUs.

In such a system, the same TDM channels may be
re-used at RPs that are spaced sufficiéntly far épart to reduce
co-channel interference to an acceptably low level, but yet
conserve valuable spectrum. To provide access to the wireline
telephone network, each RP may be interfaced, typically throﬁgh
a conventional fixed distribution facility, ovér either a copper
- or fiber comnection to a switching machine at a local central
office. The switching machine is suitably programmed, in a
similar manner as is a Mobile Telephone Switching office (MTSO),
to controllably aﬁd automatically handoff calls from one RP to -

another as subscribers move their SUs from RP to RP.

PACS (Personal Access Communication Systems) is a standard
which supports low power, portable digital communication. As
illustrated in Fig. 1, PACS architecture consists of four main
components: the SU(portabie 2 or fixed 4), the RPs 6 which are
connected to a radio port control unit (RPCU) 8 and an access
manager (AM) 10. An interface A, the air interface, provides a
connection between the SU and the RP. Interface P.provides the
protocols required to connect the SUs through:ﬁhe RPs to the
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- processed by the RPCU and the SU. The RP acts as an error-detecting RF

modem and:information relay in the PACS architecture. Bit streans
sent fromthe RPCU 8 and received by the port on
"WO 97/39551 - PCT/US96/05396

_ With PACS, a large ﬁumber of radio frequency (RF) channels
‘may be frequency division multiplexed with 80 MHz separation, or
time division multiplexed.'A variaﬁt of PACS, known as PACS-UB
and déveloped for the unlicensed U.S. PCS band bhetween 1920 and
1930 MHz, uses time division duplexing. While the present
invention applies equally to frequency- and time-division
duplexec systems, without loss of generality, the following
material will conéider only freguency-division cduplexad lin!

examples, for simplicity and clarity.

Fig. 2A shows the forward link (or downlink) from an R® to
an SU. One 2.5 ms frame corresponds to eight 312.5 gs time
slots. Each time slot consists of 120 bits. The first 14 bits
form a synchronization channel and the next ten bits form a
system signaling logical channel called the Slow Channel. The
Frame Synchronization Channel and the Slow Channel ars used to
derive initial frame synchronization for each SU. User

" information is transmitted in the Fast Channel which comprises
the next 30 bits. The next 15 bits are used for a cyclic
redundancy check for error detection, while the last bit, known
as the power control bit,_provides an indication to the SU to

adjust its transmitting power up or down.

Fig. 2B illustrates the reverse link (or uplink) £from the.

SUs to an R>. Again, each 2.5 ms frame is

divided into eight 312.5 us time slots during which 120 bits are
) transmitted. The

first twelve bits form a guaré channel, while the next two bits
enable differential encoding; This gquard channel is used to
poravens: diffarant TDMA bursts that ars transmitting from

..... eqc SUs from overlapping in time as a rasult, for example,
of propagation delays. The SU does not actualiy begin
transmission of the uplink burst uncil the differential encode
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|l ead 752 are buffered lang—mapped THTo |PACS bursts (the Slow and Fast

Channel fields) at buffer/ . IThe formatted data is then sent via
> fighi b

| ead 754.to0 the channe epicted in Fig. 3. At the sane
time, the f Fﬁ?ﬁ datalis sent—te—the fragme synchronizaty ' it 781
(a tri ggera‘& e c/%gr%él ajor) in the-control section 780, in Hﬁg@p&?@ﬁgﬂ%
synchroni ze the to 1 'ﬂemntigff’TTé m sent t he RPCU. The
channel encoder %@%aﬁlﬁ%l%ﬂ?f ’C%%Z "%ﬁ &extth%é i%é'lttf SOTIRSPANG 59 She
and sends tdowWisdnddl, dddalatd did eoshtDihdd i eHee it IR BAHN! The

mapper 757, where differential encoding and transmt pul se shaping (square
root rai sechetsififtean Rides 13l ysed oMo gder@chion e wirkervhead lasite

resul ting SFlyelh QQQg i gidal_, r esent j N-phase
(1) and quggdlf‘gt ure {%)%?I S 5%%”‘?7%3 flgc{ré)cﬂfﬁegln\%r Sl on%; 9%71%] fot
converters fdhsmidssHdn. respectively. The resulting analog | and Q signals
are then fed to the direct nodul ator 764 on | eads

The frequendy bana for PACS is 1850 MHz to 1910 Muz
(uplink) paired with 1930 MHz to 1990 MHz (downlink), the
‘"Broadband PCS Spectrum® allocated by the U.S. FCC in June 1994.
As known in the art, PACS utilizes n/4-shifted, differential
quadraﬁure phase shift keying (DQPSX) in which the digital bit
stream is sepafated into two binary streams before the bits are
differentially encoded. Typically, this is done by directly
mapping pairs of input bits onto relative phase increments of
+ () and i(3n/4) of the baseband signal.

As explained in gréater detail in Patent ‘891 , one crucial
'fﬁnction required in TDM/TDMA systems_such'as PACS is the need
to achieve synchronization between an RP and its associated SU.
In particular, three levels of synchronization are needed:

. Erame, burst and symbol synchronization.

Frame synchronization is necessary for an SU to determiﬁes
the start of a frame and the occurrence of its currently
assigned TDM/TDMA channel therein. In a frequency-division
duplexed system, frame synchronization is readily achieved in an
SU by having the RP continuously transmit in a TDMImode during
which a known framing sequence, including "idle" information in
idle TDM channels, would be transmitted at a known time relative
to the start of each frame. The SU would extract frame timing of
its associated RP by using a digital correlator to reset a frame
counter whenéver the framing sequence was received. Once frame
timing is determihed, the SU would then expect to receive

successively occurring TDM Packets arriving within a designated



762 and 763. The internediate frequency signal that is produced on |ead
765 is then mxed up to radio frequency and anplified in RF section 766,
before being sent to the transmt antenna 768 for transmi ssion to the

served SUs. The receive section 7Q0 contains two ei ve
chai ns 71OVEhH/ABSFL to i npl enent . antenna diversity to cor‘gg{m&%gg’ggt h
fading. Signals transmtted by SUs that are served b ‘the RP i I nge gn
recei ve artiomnaelmdow diet7ds SWERiGiemSdy pR{Si c&P ﬁﬁ%‘ﬁggﬁﬁ'nis b p?g% ue
antennae, - si gal §,ddQMdNgsame SU |

Knowledge of time boundaries between successive m/4-
shifted DQPSK symbol transmissions is important to obtain good
radio link performance. Symbol synchronization is needed to
determine the start of a data symbol situated within any
transmitted TDM packet or TDMA data burst. Symbol
synchronization can be derived from the received data as an
integral part of the demodulation process, for example, as
disclosed Chuang et al, in.U.S. Patenﬁ 4,941,155 July 10, 12890.
While it will be understood that a particular application of
this invention to radio transceivers may require the recovery of
symbol timing for proper operation, specific details of the
symbol synchronization pfocess,are known in the art and

therefore are beyond the scope of this disclosure.

Burst syhchronization is necessary to ensure that an SU is
able to discern when it should transmit a TDMA burst in resbonse'
to a TDM packet received from the RP and that both the RP ana
SU are able to discern which specific bit in each received TDMA
burst or TDM packet, respectively, is the first bit therein.
Unfortunately,leach TDM packet transmitted from an RP to an
associated SU is subject to timing misalignment. In the SU, this
misalignment can arise from frequency drift. Burst misalignment
can arise in an RP from the different propagation time delays
associated with the SUs transmitting to that RP, frequency drift
of local oscillators and reference oscillator error in an RP
receiver. Burst misalignment can be large after an outage. Due
to the need to detect and properly compensate for bit slippage
arising from misaligned bursts or packets; burst and'packet
Synchronization is difficﬁlt_and_cnmplex_to.éenieve and-maintain
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to be approxi mately uncqrrel at ed. Consi ¢ fing the first receive section 710
(the second section 720 oper@ﬂé@ Tr9%%he same manner), signals are routed
fromthe antenna via ledd|712 to the anal receive circuitr 3. This
circuitry pPAdEBISA | o frequency IF sig a? on lead 714 t K éﬁwp' 9P s sed
by A/D converter 715 to : wavef orm on | ead 716 for
subsequent augﬁm;en‘élam%d@rmgm . sThepagen RARRG2 1Ay, Whest dhsesisehef
digital wavelgrigqcPEQUkGE edtn! BALHBLL 2P bl dn SEUEAC G AL JPRA ok coThe
sequence is then Sent to t conbi n urst synchroni zation error

det ecti on cilliaki eEfjidiénchatonsifrasibnect of this invention. Due to
variations in round-trip delay fromRP to SU, and to differences in SU
transmt and RP receive clocks, the exact position of the received codeword
wi thin the recei ygdrtDFPcRUSGhcHRYNNBRtRENKNYWedxRT tdntdiafl dhagwiered in
Fig. 4). If there are no radio link errors, and if the codeword |location is

~within the sprerfohn, EPMBNLF aRGECET IERECREEBJRT , ERN AP HEY rafh dAth & RP
i nf or mati on .saquanes \%l }:e?fe.afﬁ 0¥eEedmand {HerRAW NG Fasde L8] any

contents w | e avail ab urther pr ocessi ng.
received TDM packet or TDMA burst contains an erroneous bit.

Bits are frequently corrupted through interference and/or noise.

' If an erroneous bit occufs, then the packet or burst containing
that bit needs to be blanked. With high probability the receiver
should be able to detect this condition and implement

appropriate recovery mechanisms.

rror detection is conventionally achieved by adding one or
more parity bits to each data word to form a codeword. In its
simplest form, parity takes the form of one bit that represents
_'odd/even parity. In sophisticated forms, multiple'parity bits
;:are used to store a cyclical redundancy check (CRC). Codes for
“CRC generation havg‘the desirable property that even multiple
:'bit errors, up to a maximum number which depends on the
particular code selected, will not result in the transmitted
codeword being changed to another codeword. This characteristic
allows a receivér to detect an error condition in which up to
the maximum number of bit_errors have occurred. Further, even
where the number of bit errors exceeds this maximum number, with
a good choice of code there is a high probability that the error
in transmission will be detected. Codes that have low
probability of undetected error are crucial to robust
performance of wireless communication links.
Patent ‘891 describes a'technique for bit synchronization
and error detection of received digitai
data bursts in a TDM/ TDMA system which addrésses the concerns

described above. This technique is believed to have broad -



The purpose of the diversity selection circuit 730 is to determ ne which of
the receive chains 710 and 720 has nost reliably recovered the transmtted
codewords. There is significant prior art in the area of diversity

sel ection al gorithms, 'so we describe one possibility for illustration. If
one decoddWOn97/39351and 729 i ndi cates receive error and t hBCH/HEP6/A5IS not
(via leads 731 and 732), then the recovered information streamw || be sent

on to the aprlkicabiiifterdpasddianl hiagpesight]l \broddssitg xepptired/®y or 734,

| f both decoders |nd| cat.e success codewqrd recover then.t .s h| hI
likely thfACRIREP aée‘&:’xfeafcje ng g\%@va’arﬁ’tc‘ﬁlé

possi bl e té@fr@:ie hﬁ.rs onerershida F&f e sf&rpfaj 15 has %t%@idéx@)erﬂﬂﬂ@.@xet hat
a codeword has been recovered when in fact there may have been link errors

and/ or a CRARSWARA rRAGS B poky tintepident temiire the use of a particular
channel code for error detection that is also amenable to bit
synchronization in the manner described in the aforementioned

patent.

As described in Pateht ‘891, a codeword from an error
detecting code is to be located and decoded within a (larger)
window of demodulated bits (the "burst window"). It is assumed
that the bits on either side of the codeword do not carry
information pertinent to the established link and can therefore
be discarded by the receiver. Prior to transmission, the first
and last bits of this codeword are inverted in order to enable
the synchronization capabilities of the code. As long as the
received codeword falls wholly within the demodulation window,
and in addition, the codeword falls within a maximum distance
from a "reference" position, then the codeword can be |
succeséfully decoded in the absence of radio link errors caused
‘by noise or interference. Fig. 4, which illustrates possible
alignments for received codewords in a demodulated burst, shows
this maximum distance.

In Fig. 4, times t;, and t; delineate a reference codeword
position. A first burst 42 illustrates a maximum retard codeword
position which begins prior to time t;, and ends prior to time
t2. A second burst 44 illustrates a reference codeword position
which falls within times t;, and t;. A third burst 46 illustrates
a maximum advance codeword position 46 which begins subsequent

to time t, and ends subsequent to time ta.

The maximum synchronization'distance is determined'by the number
of CRC bits according to the following formula:
dpax <« £loor[(n-k-2) /2]
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synchroni zation range of the decoder. Resolution of these anbiguities is
beyond the scope of the present in nention, and is not discussed further
in this.disclosure. Finally , both decoders -could indicate link errors, in
whi ch case tWeSTA¥9g5Aati on sequence 8s bl anked (filleck/ists/assdg eam of
zeros) on |ead 735. The receive buffer/payl oad mapper takes
synchroni zed and decoded information streans and maps them from PACS
bursts to where n is the codeword size, k is the information sequence

size, and the floor function returns the largest integer not
greater than its argument. For PACS, a (105,90) cyclic codeword
may be used wherein n is 105 and k is 90. Thus, (n-k) = 15, so

the maximum synchronization distance is 6 bits.

A block diagram of an encoder circuit that implements the.
channel code reqnired by the PACS and PACS-UB standards for
transmission of a TDM or TDMA burst is illustrated in Fig.3. In
this example}'the encoder circuit calculates fifteen parity bits
for eech 90-bit informational bit stream for subsequent
inclusion in a TDM bit stream using the g({(x) generator specified
by a polynomial equation for a cbrresponding cyclic code. The
channel encoder appends the resulting parity bits to that
informational bit stream to form a cyclic codeword and modifies
the resulting cyclic codeword to include the first set of

marker bits.

As shown in Fig. 3, information bits appearing on line 383
to be transmitted are sent to the modulation circuitry in the
RP's or SU’stransmission chain through multiplexer 340, line
345, adder 360,and line 387. The information bits are also
simultaneously sent into_a feedback shift register circuit 330
that calculates the CRC bits for error detection by dividing the
informationbits by a predetermined polynomial generator g(x)
which is suitable for the PACS codeword size and information

sequence size.

In this example, the g(x) divider encoder circuit 330
comprises a eeries arrangement of D type flip flops 331; to
3314,where reference numeral 331, refers to a series
arrangement of six D type flip flops while reference numerals

331; and 331, each represents a ser1es arrangement of two D

type flip flops. Adders 332, to 332, combine the R”PLACBILNF SHFEI



the appropriate P interface format for tfr gaqkﬁﬂmﬂm 40 the RPCU. - The RPCU
then processes the Sl ow and Fast Channel # f-or- exanple to recover
digitized. speech in order to send it out] dn the publlc§smntched t el ephone

net wor k. . The main purpose of tHe |coBtrOCTs®8?i qn|780 is to ensure
that' the RP remai ns synchroni zed with the |downlink info tion streamfrom
the RPCU. If this synchronization is losft, or when the RPJis first powered
up it does not transmt any RF energy ungil frame _synchrodization is

recover ed. 1Tﬂﬁbl§§ /3669l i shed wity the use of a dlgltﬁﬂT/@ggggégggy in
frame sync circuit 781 that resets the sync and cl ock generation
circuitry 783 xdspelcsave qigdunisenftfleipf fanps s3dla patidsntesfohs deheedividddead
754. Once

output bit stream. The reset input to all the D type £flip flops
is connected to CLEAR lead 352 from the clocking and control
circuit 350 which generates its clock and control signals based
upon the occurrence of each pulse in the burst timing signal
appearing on lead 381. As shown, a feedback line 337 from £flip
flop 331, leads to adder 310.

The bit stream received by the g(x) divider encoder circuit

330 at adder 310 is provided along lead 315 to an input A of

-multiplexer 326. 6perating under a control signal provided from
line 354 to an input C, the mulﬁiplexer 326 provides the bit
stream to the input of the first set of flip flop as 331, in the
g{x) divider encoder circuit. When the last information bit for
the éurrent TDM or TDMA burst is shifted into the divider
circuit 330 in this manner, the flip-flop elements 331,

‘through 331; will contain the CRC bits, which are the

remainder of the polynomial division of the information sequence
by the code's generator polynomial g(x). The multiplexer 340
then selects the shift register contents appearing at its input
B, which are then shifted out to the modulation circuitry to
complete the burst. The full codeword is the concatenation of
the information bits (including both the Slow and Fast Channels

. in PACS and PACS-UB) and the CRC bits.

The first and last bits of the codeword are inverted with
adder 360 by a marker sequence generated by the clocking and
control circuit 350. For example, the adder 360 may comprise an
XOR gaté which receives a logic one signal along line 356 as the
first and last bits in the codeword are received from the
multiplexer 340. In this way synchronisation properties

referred to above are obtained.



Ii] REPLACEMENT SHEET | - - .
the P-interface synchronizatTom s 0 t hi ned, then the sync and clock
generation circuit 783}di brq)ﬁu%@@ var| ous synchroni zation and cl ocking

signal s -to the receivyelse hg transmt section 750, and the RF
control. subsection 787Lof the contr section. In turn, the RF control

ci r'cuitryWﬂ)?%Siirgls functions.such ks #uning of the trBCEAIS96405396 ecei ve
synt hesi zers on line turning the transmt power
anplifier on arg pﬁ:fo:asamamﬁnyme foroderoldihgne r86eived codewdid sisow
concl udes the d| SC ssmn of the cir, U|tr sed to | emept both the RP
and our i rfFEht TS Sh&skat %8?81‘%1:?, t?nglgrs usEPOR will now

address_trfééhﬂiéﬁérﬂélﬁﬁgéd on that described in detail in Patent ’891.

As shown, incoming bit stream data entering the circuit from the

demodulator first encounters the synchronization circuity 100.
The first and last bits of a reference codeword position are
inverted at a binary adder 120 by a marker sequence generated by
- clock and control circuitry 180. The marked demodulated bit
sequence is then circularly rotated by a prescribed amount in a
gated shift register circuit 125, and the resulting marked and
rotated sequence enters another shift register circuit 130 that
effecté a division operation by the code’s generator polynomial
g(x). The syndrome sequence that is produced by the divider
circuit 130 will, in the absence of transmission errors,
uniquely identify'the position of the received codeword with
| respect to the reference position. This translates directly into
‘a fixed amount of delay that must be inserted in order to align
‘the position of the received codeword with the reference

codeword position for further processing by the error detection
circuitry 150.

While the synchronization syndrome is being calculated in
the g (x) divider 130, the demodulated burst contenﬁs are stored
in a burst buffer 105. After the synchronization syndrome is
calculated, the demodulated bit stream is delivered to shift
register 110, which can effect a range of fixed délays by
varying the "tap point" where data is pulled out through
multiplexer 115. The tap point is chosen through a
synchronization syndrome loockup table 135. Since negative delay
cannot be created, it is establiéhed that the reference codeword
position corresponds to an intermediate delay through the shift
register 110. Therefore, if the codeword is in fact found at the
maximum retard codewofd position, for examplé, as shown in Fig.

4, it can be advanced relative to the reference position by



WO 97/ 39551 26 PCT/ US96/ 05396 to
I npl ement the SU as well as the specific inplenentation of the inproved

inveptive t echni que therein. Application of the invention to SU

circuitry is illustrated in Fig. 8 As in the case of the RP, the circuits

are divided into recei:ve section-810, transmt section 830, an ont r ol
WO 97/39551 __ 1 PCTRISH6T65306

taking it through multipiexer 115 at the earliest tap point,
which corresponds to zero shift register delay (i.e., for shift
register 110). Similarly, a codeword found at the maximum
advance position will result in a choice of shift register tap
point that effects maximum delay through the shift register 110,
in order to retard thé received codeword timing to match the

reference position.

Once the received codeword has been a;igned with a
reference position, it is ready for processing by error
detection circuitry 150. A second marker sequence, aligned with
the known first and last codeword bit positions, is generated by
the clock aﬁd control circuitry 180 and is applied to another
binary adder 151 to effect inversion of those bits. This
restores the codeword to its driginal form prior to
transmission, and allows the use of essentially standard error
detection circuitry. A sécond g(x) divider 155, which preferably
is separate from but identical to g(x) divider 130, produces an

error syndrome. If the syndrome.bits are all zeros, a successful
decode,opefation is assumed to have been completed and bits are
read out of a second burst buffer 165 directly for subsequent

 receive processing (e.g., by a speech decoder for voice

service).

A codeword error is declared if either the synchronization
circuitry 100 or the error detection circuitry 150 fails to
produce recognizable syndrome patterns. This is accomplished

with the use of a logical

OR gate 170 operating on the separate sync error and error
detect error flags. In the presence of a decoding error, the
bits read out of burst'buffer_lss can bé blanked by logically
AND-ing the decoded daté bits with the inverﬁéd error flag.
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section 850. However, application of those sections to transceiver
operation are somewhat different than for the RP, and so bear further
expl anatjon to elucidate the role of the.invention in SU application.
The ‘recei ve section 810 has a very simlar objectiverto that of the RP

receiver: to recover the bits contained in a TDM burst transnitted by the
RP. Howev

bi2bhs=f romthe SU s receivegection that fr
synchroni z é?gﬁe?%ﬂbbtained. ©_ Through the action O?@?KQS%EW%gﬁtrm
circuit 861, the, Sy, aiachek e ARBIORUA! AR Yr 84519 the

receive
requires somewhat more than two bursts of latency between the

incoming bit stream and the outgoing decoded data bits. This is
because the syndfomes generated by the g(x) dividers 130 and 155
cannot be determined until the bit stream for the entire

 demodulated burst is shifted through it.

In summary, the scheme descfibed in the 1891 Patent
comprises two separate processing stages, one for
synchronization and one for detection after the synchronization
operation is complete. This scheme allows a pipelined .
implementation (operating at the air interface bit rate) with
just over two (2) bursts of latency. When combined with the
latencies introduced by burst buffering (for speech
transmission), other radio link signal processing (e.g.
demodulation), and wireline transmission into the public
network, the overall roundtrip delay for a PACS or PACS-UB
system can approach 10 msec. Since the ITU-T recommends
employment of echo suppression methods when the round-trip delay
exceeds 10 msec, this latency may result in the need for
additional echo suppression techniques. This, in turn, may lead
to added costs and more complicated designs for receiver
implementations. Thus, it would be desirable to reduce latency .

in the synchronization and error detection circuit.

SUMMARY OF THE INVENTION

It is an object of the invention to meet the above described

need and others. In fulfillment of this

object, described are a method and apparatus in which the
latency associated with one of the burst buffers in a TDM/TDMA
system is reduced. In addition to reducing latency, the method
and apparatus of the invention serve to reduce the overall count

of logic gates required-to implement the decoder.
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recei ve antenna diver

It

section 810 through tiéRﬁﬂ@@ﬁMﬁNE BEL tatrix 803, in order to inplenent

t wo-recei.ver selectior

recei ver,

ere are Yaflious strategies for approxinmating
|vgrs C7.199% geén in the RP, but with only a single

section. s,une t at such jalschene is enpl oyed here, although
detdails are

routed thro

vpg {]3; e seepe—of—tNI S di 4cl asure. Tb@msgabsjﬁ
u

Fix 803 via 1ead 11 to the RF and recei-ve

ﬁl)rniﬁ'rifoﬁlilrlﬂlfréﬁr FREA BsRone, 20t i o 69'1%3’]&17 adnigue

bur st sync/ eacompeesedea s?stamtaﬁd8meshsdb§¢zwnx&n3qnmnnngeantC)the
recei ve oper.ations

r epeat ed.

;HgoEgﬁtaBp%gfgﬁgégggggﬁggEe ?égﬁé qdé%gnéﬁyggéﬁﬂs\@ngdﬁ¥éa %on
channel from a transmitter to a receiver and at the receiver for
recovering bit synchronization and performing error detection of
a corresponding received bit stream. This technique includes
receiving a second bufst corresponding to a transmitted first
burst and extracting from the second burst a received word
corresponding to the marked first cyclic codeword. A plurality
of céndidate codewords are obtained in parallel from the first
word. These candidate codewords are each advanced, retarded or -
aligned with respect to a reference position. A plurality of
error syndromes are obtained from each of the plurality of
candidate codewords from which it is determined (1) whether bit
errors exist in the received word and (2) whether a.single
position for the received word falls within a predetermined
range. Where no bit errors are detected and a single position
for the feceived word falls within the predetermined range,

the received word is read out or from a point which corresponds

to a proper position.

According to one aspect of the invention, the candidate

codewords are obtained by'inserting marker bits into the -

‘received word at successive increments along parallel processing

paths and dividing each resulting parallel marked word by a
binary polynomial generator g(x) to yield the plurality of error
syndromes. The marker bits are inserted by inverting wvalues of
successive sets of first and last bits which potentially
delineate the received word. For a particular implementation,

the polynomial generator g(x) is x*3+ x* + x'3+ x 2exex!%+x’

+x3+%+ 1.

According to another aspect of the invention, the received

word is shifted by an amount corresponding to the determined
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is discarded when it is determined from the error

syndromes that: bit errors exist in the received word; no

positiomr for the received word is determined; or multiple

positions for

the received word are determined.

According to a further aspect of the invention, the

received word

is provided in parallel to a plurality of adders,

each of the adders inverting respective sets of first and last

bits which potentially delineate the received word to obtain

parallel sets

of marked words. The parallel sets of marked woxds

are divided in parallel by a corresponding number of binary

polynomial generators g(x) to yield the plurality of error

syndromes. Each of the plurality of error syndromes is output

to a corresponding NOR gate, whereby it is determined whether

any non-zero error syndromes occur.

\' [] . . 3
Another feature of the invention is that the received word

may form part

of either an incoming TDMA burst or TDM packet,

for example, as in a wireless communication system based on a

PACS standard

. In such a system, the received word includes a

(105,90) cyclic codeword.

BRIEE D N QF DRAWING:

The teachings

of the present invention can be readily understood

‘by considering the following detailed description in conjunction

with the accompanying drawing, in which:

Fig. 1 is a block diagram of a PACS system architecture.

Figs. 2A
uplink (SU to

specified for

and 2B are diagrams of the downlink (RP to SU) and
RP) frame strﬁctures,-respectively, that are

frequency division duplexed PACS.

Fig. 3 is a block diagram of a channel encoder that

implements the channel code required by the PACS and PACS-UB

standards.
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When the desired frane s&b ”hmtfémdiiﬁjp esent in the denodul ated bit
stream the frame synclrdnization circéiift 851 triggers a reset of the sync
and cl ock generation ci rqui@ﬂyﬂ@BG‘)W |1 {rane synchronization is
subsequently verified, {then normal regefve operation can foll ow

Second, thww@e7mes81i req the use-of a digitsal phase | ockepCT/usps/6éd9s) 853
in order to maintain synchronization with the RP. After frame sync has

been achi eved, #ig. SJiiss apraagirach sbolengapbssi] ¢l emiditnai sTB¥bur sts and
decode the codewords while qbtainjng burst synchronization information.
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of Fig. 5 is a block diagram of a prior art synchronization

and error detection circuit.

Fig. 8A is a block diagram of an improved synchronization
and error detection circuit_in accordance with the invention.

Fig. 6B is a block diagram of a feedback shift register
implementation of a g(x) divider, in accordance with the
invention.

Fig. 7 is a block diagram of an RP® transceiver circuit

incorporating the invention.

Fig. 8 is a block diagram of an SU transceiver circuit

incorporating the invention.

DETAILED DESCRIPTION

The present invention advantageously employs improvements
in the combined synchronization and error detection scheme of
pPreexisting systems as described above, particularly when
applied in a PACS environment. As mentioned above, several
systems, such as PACS, employ a DQPSK modulation scheme in which
two bits are transmitted in every symbol. This implies that
codewords can be received only at every other possible bit
position (since it is not possible for the demodulator to slip -.
its receive window by a half symbol) . Moreover, the code
generator used in a system such as PACS is capable of detecting
and correcting received codeword offsets up to 6 bits in either
direction from the receiver reference window. Combining these
two facts, it is seen that the total number of possible
candidaté received codeword positions is not large. For example,

in one receiver configuration, the candidate positions might be:

5 bits advanced (+5)
3 bits advanced (+3)
1 bit advanced (+1)
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codeword reference mﬁAd Ws over tineJ;The burst synchroni zation capability
ofIC|rcy|t 818 can be ju edgvpotmdﬁeﬁte tthe magni tude and direction of
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5 bits retarded (-5),

each with respect to the reference position as illustrated in

Fig. 4. Another configuration is the following:

6 bits advanéed (+6)

4 bits advanced (+4)

2 bits advanced (+2)

reference aligned (0)

2 bits retarded (-2)

4 bits retarded (-4)

6 bits retarded (-6)
Compared to the implementation of Fig. 5, we have found that we
can actually reduce complexity (in terms of gate count) and
reduce the delay through the circuit_with this approach in its
application to systéms such as PACS.

\
The principles underlying the invention are illustrated in

reference to the examples shown in Figs. 6A, 6B, 7, and 8.

According to the present in&ention, a séquencé of
information bits is first encoded into a suitable codeword, A, .
prior to its transmission with the first and last bits of the.
codeword being inverted to form a first set of marker bits, MLl.
The resulting transmitted word, T equals A +_M1. Fig. 3

illustrates a technique for performing this step.

Within each receiver, in either the RP or SU, both
synchronization and error detection are performed on each
received word R. Under error-free conditions and with no bit
slippage, received word R equals a corresponding transmitted
word T. However, under normal TDM/TDMA transmission conditions,

received word R from time to time might be offset from
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denodul at orradBkiitted codeword T and/or contain one or more bit errors,
thereby necessitating synchronization recovery and error
detection of received word R. A technique for accomplishing
these processes simultaneously is explained in greater detail
below in reference to a particular embodiment which is generally

applicable to a receiver in either an RP or an SU.

Fig. 6A is a block diagram which shows an improved
synchronization and error detection circuit according to the
invention. In this example, an incéﬁing demodulated bit stream
is input to a delay buffer 210 and to a series of binary adders
(for example, XOR gates) 280 to 285. These inputs are added
respectively to a marker sequence which is delayed by integer

numbers of symbols through shift registers 271 to 27S.

Each g(x) divider circuit 240 to 245 provides a 15 bit
input to a corresponding NOR gate 250 to 255. The respective
outputs of the NOR gates 550 to 255 are input to a selection
logic circuit 260. Based on this input, the selection logic
circuit provides a logic signal to a register 261 whose timing
is controlled by an output from the clock and contrel circuitry
270. The register 261 provides a selection ihput to a
multiplexer 230 which receives the delayed bit stream from the
delay buffer 210 and a shift register 220. Based on these

inputs, the multiplexer outputs decoded data in series.

With this arrangement, the incoming bit stream is
processed by the six parallel g(x) divider circuits 240 through
245. The clock and control circuitry 270 generates a marker
sequence that inverts the first and last codeword bits for each
of the potential received codeword positions by inputting to the
binary adders 280 to 285 a logic signal 1 for the expected first
and last bits of the codeword and a logic signal 0 for the other

bits of the codeword. The set of one-symbol (two-bit) shift
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i nformation by t'ﬁ%.%ngchéﬂﬁ%%q95h§3girst g(x) divider 240 represents the

maximum advance codeword position as shown in Fig. 4, and the

last g{x) divider 295 represents the maximum retard codeword
position. In this particular configuration, only odd codeword
position offsets are found (that is, those corresponding to -5,
-3,..,+5),s0 in fact none of the g(x) dividers correspond to the
reference position (0 bits offset). It will be understood that
an alternate configuration, such as mentibned above, could be
utilised to provide the

candidate receive codeword positions that are offset from the
reference window by an even number of bits (that is,by -6,

-4, ..., +6).

In the specific cése of the code chosen for PACS, each of
the g(x) dividers will likely produce a different 15 bit error
syndrome. If there were no transmission errors and if the
received codeword position is within the maximum advance and
retard positions, then the g(x) divider corresponding to that
received codeword position will produce a syndrome of all zeros.
The corresponding 15 bit NOR circuit, one of NOR,circuits 250 to
255, will produce an output of a logical one in that case. With
high probability, all of the other g(x) dividers will produce
non-zero syndromes, the corresponding 15-bit NOR circuits will
produce logical zeros, and the correct received codeword

position will have been uniquely and properly identified.

While the' syndromes are being calculated, the data for the
burst in question is also stored in a delay burst buffer 210.
After the syndromes are calculated and the received codeword

position is identified, the data is read out from the burst
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t hose d|glOQicmhvkﬁvﬂlﬁ;Rﬂﬂ?ﬁﬂﬁﬁ@b#&@@hﬁo1énblégN@Rgﬁa¥Subys[239 to 255,

the selection logic 260 presents a selection signal to the

multiplexer 230 that reads the data out of the shift register
220 at a particular tap point presented at inputs IN, to Insg,
based on the determlned received codeword position. The tap
point is chosen to equalize the received codeword data to a
consistent reference point in time (differen frog.ﬁﬁe reference
codeworé positions of Fig. 4) for further receivé processing.
The register 261 holds the selection signal for the duration of

the period in which the burst is read out of the

buffer 210 since the next received burst will be entering the

g(x) dividers and changing the syndromes at the same time.

In some cases, for example, due to detectable link transmission
errors, none of the calculated syndromes will.be zero, and
‘therefore a unique received codeword position cannot be

" determined. In other cases, for example, due to undetectable
link errors or falsing, a zero syndrome will be produced by the
wrong g(x) divider, or even by multiple g(x) dividers. In the
former case, that is, where a single one of the g(x) dividers
erroneocusly produces a zero syndrome, the selection logic cannot
determine that an error has occurred. However, in the latter
case, that is, where more than one of the g(x) dividers
erroneously produce zero syndromes, it can be concluded with
high probability that an error condition has occurred. Thus,
where no nonzero syndromes are produced or where more than one
nonzero syndromes are produced, the selection logic determines
that an error has occurred, and thé multiplexer will select node

°221 (IN, of MUX 230) to read out a sequence of zeros instead of
" the unreliable burst buffer contents for subsequent receive

processing.



r————_ A M s BoTRen s ST

. i .
WD 97/ 39551 'ig 99 l PCT/ US96/ 05396 . conver si on
devices 841 and 842; 4gnd t Qﬁéé%and apal og waveforms appearing on | eads
843 and 844 are unconJented hy direet dul ator 845 to an internedi ate

frequency, before fingl RF conversion gnd power anplification in circuits
847, and WIS on. Lit—t-he—Sg-—TTIpremeddt s a transni ssROT/AISHE0SIA6Y
schenme, then the RF control . 861 may i ssue an antenna control signal on
| ead 862.t0 thé&n &hienexasmilechthet skle888chnlogiler24® s:wnﬁ:afs tahhe,the&en

' ' its. i fication of .the
antenna %Q%n%& %gzakpikgﬁtt%EﬂsgktmﬁiEEB é%ersffgj ééégétered by 261, in

response to the outputs of the 15-bit NOR logic 250 through 255,

The first part of the logic may comprise an exclusive-or (XOR)
function; a valid codeword is presumed to have been recovered if
and only if one of the NOR circuit outputs is at logical one,
and the rest are zero; This function qualifies a one to one
mapping between appearance of a logical one at a particular NOR
output and éhoice of an output delay from shift register 220
that equalizes the received codeword offset to the desired
output position on lead '

292. For example if the codeword is successfully recovered at
the maximum advance position , then 15-bit

NOR device 250 will produce a logical one output. This

would cause the selection logic to produce a multiplexer
control signal that selects the maximum delay output

through the shift registgr (at input "IN," of multiplexer 230)
in order to synchronize the recovered codeword with the
subsequent receive processing operations beyond output lead 292.
On the other hand, if none or more than one of the NOR outputs
250 through 255 prodﬁcé a logical one output, then the selection
logic 260 must produce a multiplexer control signal that selects
the blanking signal 221 (via input "IN * of the multiplexer), in
order to prevent unreliable data from being processed by later
receive circuitry stages. Finally, the selection logic 260
provides external indication of the decode error status, via
lead 291, and, in the absence of decoding errors, of the

synchronization offset of the recovered codeword, wvia lead 290.

Fig. 6B is a block diagram of one of the g(x) dividers 240
to 24S illustrated in Fig. 6A. Specifically, each g(x) divider
includes a feedback path 320 and adders 321 to 328. A plurality
.of shift registers 300 to 307 having fifteen’éeparate cells,

specifically D type flip flops, are arranged in series. As
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type flip flops each providing a single output. Together, the
flip flops 300 to 307 provide a fifteen bit error syndrome which
is input in parallel to corresponding fifteen bit input NOR

gates 250 to 256.

Each of these adders may be implemented through a single
XOR gate. In operation, the clocked output of the
last flip flop within flip flops 307 is fed back over lead 320
to an input of each of the adders 321 to 328. The incoming
serial bit stream and.the output of cells 300 to 307 are
respectively applied as another input to each of adders 321 to
326, Accordingly, after all the bits in a word have been shifted
through the g{x) dividers 240 to 245, the respective 15-bit
parallel outputs of the g(x) dividers each contains a syndrome
value which equals the remainder of the polynomial division of

an incoming word by a specific function for g(x). In the example

_shown in Fig. 6, this equation is the following:

g (x) = XlS +x14+x13+x12+xll+x9+x3+x5+l

This is the generator polynomial specified by the PACS and PACS-
N2

UB standards. It should be understood that alternate dividers

may be used as appropriate for embodiments of the invention used

in different standards.

With the arrangement of Figs. 6A and 6B, the g(x) dividers
simultaneously check for errors in the six respective bit
streams output from adders 280 to 285 and determine the relative
position of the received codeword. Where no transmission errors
have occurred and the received codeword position falls within
the maximum advance and retard positions, the corfesponding g(x)
divider 240 to 245 produces a syndrome of all zeros. This in

turn results in the corresponding NOR gate 250 to 255 producing
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output is obtained from NOR gates 250 to 255 or where multiple

logic one outputs are obtained, an error flag is produced and

the bit stream is blanked.

As mentioned above, the circuit shown in Fig. 6A may be utilizgd
in either an RP or an SU to achieve bit synchronization and
error detection with reduced latency. Figs. 7 and 8

respectively describe such implementations.

Fig. 7 depicts a-simplified block diagram of circuitry used
'to implement an RP in a TDM/TDMA system, such as PACS. As shown,
a port 6 (from Fig. 1) contains
receiving section 700, a transmitting section 750, and
control section 780. The receiving section 700 takes radio
transmissions from SUs served by the RP, demodulates and decodes
them, and maps them into the proper format for subsequent
wireline transmission over interface P for processing by the
serving RPCU 8. (See Fig. 1.) The transmitting section 750'takes
wireline transmissions frqm the serving RPCU received over
interface P, maps them into TDM bursts, encodes them with the
error detecting code, modifies the codeword by inverting first
and last codeword bits to provide the synchronization
capability, and modulates and transmits them over the air to the
served SUs. The control section 780 derives frame
synchronization from the RPCU to RP transmissions received on
the wireline P interface, produces all necessary system clocks
and synchronization pulses to the transmit and receive
circuitry, and controls the transmit and receive RF circuitry in
order to maintain communication with the served SUs. The
information content sent over the P interface- is typically

protocol control information and digitized speech sigmals,
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processed by the RPCU and the 8U. The RP acts as an
error-detecting RF modem and information relay in the PACS

architecture.

Bit streams sent from the RPCU 8 and received by'the port on
lead 752 are buffered and mapped into PACS bursts'(the Slow and
Fast Channel fields) at buffer/mapper 753. The formatted data is
then sent via lead 754 to the channel encoder 755, as depicted in
Fig. 3. At the same time, the formatted data is sent to the frame
synchronization circuit 781 (a triggerable co;relator) in the
control section 780, in order to synchronize the RP to the

downlink stream sent by the RPCU.

The channel encoder 755 calculates the CRC, £ills that
field of the TDM burst, and sends the burst bit stream via lead
756 to the m/4 DQPSK symbol ﬁapper 757, where differential
encoding and transmit pulse shaping (square root raised cosine
as specified in_the PACS 'standard) are performed. The resulting
oversampled baseband digital waveforms are presented on in-phase
(I) and quadrature (Q) rails 758 and 759 for data conversion at
D/A converters 760 and 761, yespectively. The resulting analog I
and Q signals are then fed to the direct modulator 764 on leads
762 and 763. The intermediate frequency signal'that is prodﬁced
on lead 765 is then mixed up to radio frequency and amplified in
RF section 766, before béing sent to the transmit antenna 768

for transmission to the served SUs.

The receive section 700 contains two separate receive
chains 710 and 720, to implement antenna diversity to combat
multipath fading. Signals transmitted by SUs that are served by
the RP impinge on receive antennae 711 and 721. With proper

physical arrangement of the antennae, signals from the same SU
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will appear to be approximately uncorrelated. Considering the

first receive section 710 (the second section 720 operates in
the same manner), signals are routed from the antenna via lead
712 to the analog receive circuitry 713. This circuitry produces
a low-frequency IF signal on lead 714 that is processed by a/D
converter 715 to produce a digital waveform on lead 716 for
subsequent digital receive processing. The demodulator 717
processes the digital waveiform and produces an information bit
sequence on lead 718. The sequence is then sent to the combined
burst synchronization - and error detection circuitry 719 that is
the subject of this invention. Due to variations in round-trip
delay from RP to SU, and to differences in SU transmit and R?
receive clocks, the exact position of the received codewcrd
within the received TDMA burst may not be known exactly (as
diagrammed in Fig. 4). If there are no radio link errors, and if
the codeworé location is within the synchronization range of the
decoder, then ﬁae transmitted information sequence will be
recovered and the Slow and Fast Channel contents will be

available for further processing.

—_—

The purpose of the diversity selection circuit 730 is to
determine Wthh of the receive chains 710 and 720 has most
reliably recovered the traﬁ;ﬁitted codewords. There is
significant prior art in the area of diversity selection
algorithms, sd we describe one possibility for illustration. If
one decocder of 719 and 729 indicates receive error and the other
does not (via leads 731 and 732), then the recovered information
stream will be sent on to the receive buffer/payload mapper 740
via the data paths 733 or 734. If both decoders.indicate
successful codeword recovery, then it is highly likely that they
both recovered the same codeword. However, it is also possible
_that either one or both receive chains has falsely determined

that a codeword has been recovered when in fact there may have

been link errors and/or a codeword receive position beyond the
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synchronization range of the decoder. Resolution of these .
ambiguities is beyond the scope of the present in mention, and is
not discussed further in this disclosure. Finally , both decoders
could indicate link errors, in which case the information

sequence is blanked (filled with a stream of zeros) on lead 735.

The receive buffer/payload mapper takes synchronized and
decoded information streams and maps them from PACS bursts to
the appropriate P interface format for transmission to.the RPCU.
The RPCU then processes the Slow and Fast Channel contents, for
example to recover digitized speech in order to send it out on the

public switched telephone network.

' The main purpose of the control section 780 is to ensure
that the RP remains_synchrohized with the downlink information
‘stream from the RPCU. If this synchronization is lost, or when
the RP is first powered upy it does not transmit any RF energy
until frame synchronization is recovered. This is accomplished
with the use of a digital correlator in frame-sync.circuit 781,
that resets the sync and clock generation circuitry 783 via lead
782 when the frame sync pattern is observed on lead 754 Once
the P-interface synchronization is obtained, then the sync and
clock geﬁeration circuit 783distributes various synchronization
and clocking signals to the receive section 700, the transmit
section 750, and the RF control subsection 787 of the control
section. In turn, the RF control circuitry 787 performs
functions such as tuning of the transmit and receive
synthesizefs on lines 788 and 789, and turning the transmit

power amplifier on and off as necessary via control line 790.

This now concludes the discussion of the circuitry used to
implement both the RP and our inventive technique therein.

Accordingly, the discussion will now address the circuitry used
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data burst_containi ng said recei ved world into a buffer; obtaining in
paral | el VX IYU3IP Y dt-a—burst—a—praratit y2bf candi date coBERIRSMPLh are
positioned with respect to a reference position for said_received word;
obt ai ni ng Bopimpheneyt other§ras ywaklomss theospesifics igRlemgrapal PR yObf
candi dat e ewor ds. ; | JU .f Ld:plurality of error

syndr ones gﬁgt%@é‘%X?dfﬁ?%ééﬁégéiggﬁgﬁﬁ%e é%%ﬁ%&gfe codewor ds, and whet her
a single candi date codeword falls within a predeterm ned range of

positions; and where no bit errors are detected and a single
Application of the invention to SU circuitry is illustrated

in Fig. 8. As in the case of the RP, the circuits are divided
into receive section 810, transmit section 830, and control
section 850. However; application of those sections to
transceiver operation are somewhat different than for the RE,
and so bear further explanation to elucidate the role of the

invention in SU application.

The receive section 810 has a very similar cbjective to
that of the RP receiver: to recover the bits contained in a TDM
burst transmitted by the RP. However, it is from the SU's

receive section that frame synchronization is obtained.

Through the action of the RF control circuit 861, the SU
attaches the appropriate antenna 801 or 802 to the receive
section 810 through the-antenna switch matrix 803, in order to
implement receive antenna diversity. There are various
strategies for approximating two-receiver selection diversity,
as seen in the RP, but with only a single receiver section. We
assume that such a scheme is employed here, although details are
beyond the scope of this disclosure.

.\\

The signal is routed through the matrix 803 via lead 811 to
the RF and IF receive.circuits 812. The receive path up to and
through lead 813, the A/D conversion circuit 814, lead 8185,
demodulator 816, lead 817, and combined burst sync/error decode
circuit 818 is substantially similar to the receive operations
in the RP, and therefore the similarities will not be repeated.

The key differences are as follows.
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candi date codeword for said received word| fRITS wthin s
range of positions, reading out said rece v=d0/u[) (]-f
corresponds to a proper position. 2. Th hod of cligijm 1, wherein

sai d candi date codewords are obt ai ned b ribits into said
data burst at successive increnents al ohg parallel procesking paths and
di vi di ng eacypgveilsedisegment by a biyary poTynom al gener aper/us9g(/ 83396
yield said plurality of error syndrones. 3. The nethod of claim?2
wherein said mar keFi%fitsPAEE FeEfared byifenqdrdatPRBIfmiagesTortadviasiesd
sets of firsf;And Lagtadd tsimch%n%@&&a@%éai@ gxadqueLds: hinghapot ential 1y
delineate said recei ved rd. . The nethod of claim2, "wherein said
successi ve ipmaameneble d:!(mrt@é‘.pgqurekﬁ@rr)eem et rodnrent b 1869 - s{abdie

SU. is not frame synchronized to the downlink transmissions from

pr edet er m ned
oi nt whi ch

an RP, then the frame synchronization circuit 851 is enabled.
When the desired frame sync pattern is present in the
demodulated bit stream, the frame synchronization circuit 8s1
triggers a reset of the sync and clock generation circuitry 856.
If framé synchronization is subsequently verified, then normal

receive operation can follow.

Secoﬁd, the SU requires the use of a digital phase locked
loop (PLL) 853 in order to maintain synchronization with the RP.
After frame sync has been achieved, the SU is presumed to be
able to demodulate TDM bursts and decode the codewords while
obtaining burst synchronization information. Differences between
SU and RP clocks will manifest themselves as slippage of
codeword reference windows over time. The burst synchroni;ation
capability of circuit 818 can be used to indicate the magnitude
and direction of slip, via lead 855, and used by the digital PLL
853 to apply correction signals to the clock circuitry 856 via
lead 857. The decode error status must also be supplied in order
to qualify the sync slip estimate, and in addition may be used
by the control section 850 and higher layer link maintenance
protocols.

- Third, the control section 850 and higher layer proté&ol
software (not detailed in the figure) may make use of side
information from the receive section 810 in order to maintain
link quality and control the receive diversity process. Received
signal strength indication(RSSI) is furnished by the RF and IF
receive circuits 812 via lead 865. Also, certain demodulation
schemes can-provide indications of the quality of the received

signal as viewed by the demodulation process that can be very
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met hod of claim 2, wherei | olfynom al generator g(x) is x[err] +
Xerr] + x[err] + X[errpﬂﬂoiﬁeﬁpP [err] + X[err] + Xerr] +1. 6. The
met hod of claim1, hh | I p lof reading out said received word

i ncl udes shifi] ai d buffered data fpbursf by an anmount corresponding to
said si ngl‘&%%%ﬁ r———7—Ffre-mettrod of ¥l aim 1, wherei r?(%'fa(ir‘&%ﬁ@éé? ed
word is discarded when it is determned fromsaid error syndronmes that: bit

errors exi%tehpt st dirdcBRBHREPES - nBhpBst S| Srownrsahprer § bl e dyndeed s
determ nedgs o JBHAdJHiQP Bkt BRS-HQr s88kfon 850 to demodulator 816.

hrd

After burst synchronization and error decoding, the
recovered Slow and Fast Channel bit fields ars forwarded to the

" raceive buffer/rate changer 820 for further roccessing. The Siow

'

Channel bits are typically extractad as signali
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and interpretad by a concrol processor (not shown
In thelcase of a voice call, the Fast Channel will con
enncoded speech bits that are relayed to the speech deccder 822.'
The speech decoder will convert the bits to analog vcice
waveiorms that are sent to the handset interface 899. The choice
of speech coding algorithm is not pertinent to this disclcsure,
alrthough PACS speciiies 32 kb/s ADDCM as a béseline voice

service.

If the SU has successiully synchronized to an

u

2 and has
negotiated a connection to establish a call, then the transmit
section 830 can accept encoded speech for radio lin
transmission. Analog waveforms from the handset interface 899
are encoded into digital information by the speech encoder 832,
and the bits enter the transmit buffer/rate changer 834 over
lead 833 at the encoding rate. The buffer/rate changer gathers a
full Fast Channel worth of digitized speech, fills the Slow
Channel field with the required signaling bits, and then passes
the information stream to the channel encoder 836 over lead 835

at the radio link transmission rate.

The tranémission operation is vefy similar to that in the
R?: the channel encoder 838 computes the 15-bic CRC over the
Slow and Fast Channel fields for the burst; the symbol
mapper/pulse shaper 838 produces a filtered digital baseband
waveform on the I and Q outputs 839 and 840, respectively; Ehose

. 4
digital waveforms are converted to analog signals by D/A
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received word are determ ned. 8. The od of claim1, wherein said data
burst is provided in parallel to a plurhl]t 0C1d®#99s, each of said adders
inverting respective sets of first and fas$t bits of saig tandi date
codewo][ dé which potentially delineate s&i ecerved word fo obtain parallel
sets of marked words. ° 9. The nethod of jcl aim 8, wh ll1el sets
of marked V\dfo(?g/é?és’dl vided in par aSP a corresp i R 91?18 Gaof bi nary

pol ynom al gepRedtoss dbvikebOsyl aldd %le(il Mdiredlel biisebartl raﬁmalsgndr ones.

10. The method of claim9, wherein each of said plurality of error
syndrones aravefopus aRPeIEiBEnPheleast Ra? %ﬁﬂ/sﬁéna’i‘%r‘ﬂ‘ 8Ft§§’/n‘ﬂf ones
occur. dirkbr dD&IRISI09481 £ &1 B Thlernbiifien realdertaf, apREbss 1ihaan

RF conversion and

power amplification in circuits 847, and transmission. If the SU
implements a transmission diversity scheme, then the RF control
861 may issue an antenna control signal on lead 862 to the
antenna switch matrix 803 in order to connect the chosen antenna
801 or 802 to the transmit circuits. Specification of the
transmit diversity scheme is beyond the scope of this

disclosure, but would follow practiced art.

In addition to previously described functions, the control
section 850 also manages the tuning operations of the single or
separate transmit and receive frequency synthesizers, via lead
863; enables the transmit power stages in RF and IF transmit
circuits 847 via power control lead 864; and generates clocks
and synchronization pulses for the other sectiomns that are
delivered schematically by leads 858 and 859. The control
section typically operates under the supervision of a
microcontroller that is running higher layer protocol software.
The microcontroller has been omitted from Fig. 8. for clarity,
since it does not directly perform the physical layer radio link

functions that are addressed by the invention.

Now that é preferred example has been described, it is
clear that the invention meets the above noted objects. Other
advantages provided by the invention will be apparent to those
skilled in the art. It should be understood that this -
example is merely illustrative of the invention. Many
modificationé and alternative configurations will be apparent
without departing from the spirit and-séope of the invention.
For example, a multiprocessor implementation may be utilized to

attain the essential functions of the above describe embodiments



i ncom ng TDVA burst re e?ggg&p@\ﬂgmsmri ber unit or a TDM packet received
at a radio port. 2. The—wetheeoff claim 1 wherein said wirel ess

comyni cation systemi g Hased on_a 5@ b ¢r PACS- UB st andard. WO

97/ 39551 33 010CT ¥ PCT/ US96/ 05396 13.  The

met hod of claim1 wherei n said date burdst] i ncludes a cyclic codeword.
WO 97/39551 _ 30 PCT/US96/05396

through software. The scope of the invention is intended to be

described only by the following claims,

APPENDIX

GLOSSARY OF ACRONYMS

AM access manager

CRC cyclical redundancy check
DPQSK_differential quadrature phase shift keying
FC Fast Channel

MTSO Mobile Telephone Switching Office

PACS Peisonal Accesé Communication Systems

PLL phase locked loop

RF radio frequency

RP radio port

RPCU radio port control unit

RSSI received signal strength indication -
SC Slow Channel

SU subscriber unit

TDM time division multiplexed

TDMA time division multiple access
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t:..u arm Tinflor mati onal bits stream of digital

%h roma transmtter to a receiver and
§ﬁ@|t synchroni zation and performng error

A net hod for t

liﬂlllLllllIﬂlﬂHﬂllMﬂf For

det éct itfon"of *a torre :
at the transnmitter: rmning a plufality of parity bits for the

i nf or mat i qp@)oAridssst fean] 31 generating a PCTTUSIE0539%
codeword forned of the infornmational bit streamand said parity bits

WHAT IS CLAIMED IS:

1. In a digital wireless communication system, a method for
.performing bit synchronization and error detection on a data
burst containing a received word comprising the steps of:

reading said data burst containing said received word into
a buffer; '
obtalnlng in parallel from said data burst a plurality of
candidate codewords which are positioned with respect to a
reference position for said received word; '
obtaining a plurality of error syndromes from each of said
plurality of candidate codewords; |
determining from said plurality of error syndromes whether
bit errors exist in the candidate codewords, and whether a
single candidate codeword falls within a predetermined range of
positions; and where no bit errors are detected and a single
candidate codeword for said received word falls within said
predetermined range of positions, reading out said received word

from a point which corresponds to a proper position.

2. The method of claim 1, wherein said candidate codewords are
obtained by inserting marker bits into said data burst at
successive increments along parallel processing paths and
dividing each marked, segment by a binary polynomial generator

g(x) to yield said plurality of error syndromes.

3. The method of claim 2, wherein said marker bits afe inserted
by inverting wvalues of successive sets of first and last bits
of said candidate codewords which potentlally dellneate said

received word.

4. The method of claim 2, wherein said successive increments

correspond to a received communication symbol.



I nserting first mar kerRB[i)lLA:%Ei\ﬂﬁp‘!ga‘f"}ft I fst cyclic codeword so as to forma

gmmlm(u[lulmwmamgl Eorgrﬁégém?g%? cyclic codeword ot/re?nzg Elt Lﬂgnﬁer ! [it

sai*d ‘retei¥er® dnd _ t the receiver:.
recei vi ng Psﬁ d. byr sTToOrTéspondi ngjtg,said transmtt ' rst from
said chanrYZ . gg%%t nacting fromsaid! sg’%ond burst a re%{/’%&%ﬁﬁ

correspondng o _said _marked first cyclic codewrd, and reading said
recei ved %r &Ihel H‘t%hz?drrgﬁof:g?‘lm 2, wisrein salam%g‘tyé‘i%’ﬁd{i n parallel from
sai d seconrgrdfasioragibyr aki kP of xtandi:date '8dewprlds whichkfane xposi ti oned

6. The method of claim 1, wherein said step of reading out said
received word includes shifting said buffered data burst by an

amount corresponding to said single position.

7. The method of claim 1, wherein said received word is
discarded when it is determined from said error syndromes that:
bit errors exist in said received word; no position for said
received word is determined; or multiple positions for said

received word are determined.

8. The method of claim 1, wherein said data burst is provided in
parallel to a plurality of adders, each of said adders inverting
respective sets of first and last bits of said candidate
codewords, which potentially delineate said received word to

obtain parallel sets of marked words.

9.The method of claim 8, wherein said parallel sets of marked
words are divided in parallel by a corresponding number of
binary polynomial generators g(x) to yield said plurality of

error syndromes.

10. The method of claim 9, wherein each of said plurality of
error syndromes are output to determine whether any non-zero

error syndromes occur.

11. The method of claim 1, wherein said data burst is an
incoming TDMA burst received at a subscriber unit or a TDM

packet received at a radio port.

12. The method of claim 1 wherein said wireless

communication system is based on a PACS or PACS-UB standard.
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wWith respect to a reference position; REPLACEMENT SHE obtaining a
pl ur ndrones from eac f said pluralilty of candi date
codemllmmmlnnnmu m] determi nijnd fONOET WIBI yrdl ity of error
syndr 6mes whet'her® bi*t errors exist in [the candi date cqddwords, and whet her

a single candidate codeword falls withf n==a WO 97/ 39551

34 wo 97/38€54US96/ 05396 pr3@,det rm ned_range of g@-'r;ﬁsmg,gsgggl wher e
no bit errors are detected and a single candi date codeword for said

received wbd fafPe %tth‘f’ldn°§a‘i’]c?1|§¥ éd@P%F?ﬁrheﬁ?lfiaﬂﬁ"ee dunsdsiiprop@es r eadi ng

out a cyclic codeword.

14. A method for transmitting an informational bits
stream of digital data through a communication channel
from a transmitter to a receiver and at said receiver for
recovering bit synchronization and performing error
detection of a corresponding received bit stream
comprising the steps of:
at the transmitter:
determining a plufality of parity bits for the
informational bit stream;

generating a first cyclic codeword formed of
the informational bit stream and said parity bits ;

- inserting first marker bits in said first
cyclic codeword so as to form a marked first cyclic
codeword; and

transmitting a first burst comprising said
marked first cyclic codeword over said channel to said
receiver; and

at the receiver:

_ receiving a second burst corresponding to
said transmitted first burst from said channel, extracting
from said second burst a received word'correspondng to
said marked first cyclic codeword, and reading said received word
into a memory;

obtaining in parallel from said second burst a
plurality of candidate codewords which are positioned
with respect to a reference position; .

obtaining a plurality of error syndromes from
each of said plurality of candidate codewords;

determining from said plurality of error
syndromes whether bit errors exist in the candidate codewords,

and whether a single candidate codeword falls within a
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f YLt whrch corresponds to a propér posi tion.
e

g

ai d candi date codewords are obtained
by iAserting s Hits into saidjreceived word at successive increnments
al ong parall el prodegsi@d @erhgeand divi di ng each resulting parallel narked

word by a_hi ql ynom al generatolf g( to yield said i error
syndromeZ‘?V%Bﬂ?}wsg)l 16." The methuod—of | cl a@n 15, wherein sﬂ@ﬁ@%‘a’gts are
i nserted: by inﬂgéégagiyglues of successive sets of first and |ast bits of
sai d candPrRdet JRRFR jensy and ivhane DRl REFES 3%f d.

17. The @é@@d&&é £ 8" dPng MO LRI SR SHEERSN Vol N ATRALSe FRLd SRR

to a received comuni cation sy
falls within said predetermined range of positions, reading out

Ly

said received word from a point which corresponds to a proper

position.

15. The method df claim 14, wherein said candidate
codewords are obtained by inserting marker bits into said
received word at successive increments along parallel processing
paths and dividing each resulting parallel marked word by a
binary polyhomial generator gi{x) to yield said plurality of

error syndromes.

16. The method of claim 15, wherein said marker bits are
inserted by inverting values of successive sets of first and
last bits of said candidate codewords which potentially

delineate said received word.

17. The meihod of claim 15, wherein said suécessive

increments correspond to a received communicatiocn symbol.

18. The method of claim 15, wherein said polynomial

generator g(x) is X + X* + X + X + x* + x® + X + X% 41

19. The method of claim 14, wherein said step of reading
out said received word includes shifting said received word by

an amount corresponding to said single position.

20. The method of claim 14, wherein said received word is
discarded when it is determined from said error syndromes that:
bit errors exist in said received word; no pésition for said
‘-received word is determined; or multiple positions for said

received word are determined.



18. Thﬁ ‘M“M ‘B“Im 15, wherein said pol ynonial generator g(x) is
X[err] Ll ] + Xlerr] + x[err] +X[err] + Xerr]+ Xerr] +1

19. The*me hod of claim 14, wherein said step of reading out said received
wor d i ncl udesgoshi/g9%810 sai d recei vedssword by an anpburndctyoseesesssd ng to
said single position. e nmet hod of c|laim 14, wherei.n said

20: Th
recei ved wor ®l-s diSEaPERPIRENcIRLR 40 etRETRIF§24F FIRORAPETF 0 Ssyndr ones
that: bit errgysvi@%aSin phrafidl HeCai yRGaIBEH of@daess| itH Of saidl received
word is determned; or nmultiple positions for said received word_are
det ermi ned. adders inverting respective sets of first and last bits of said
candidate codewords which potentially delineate said received

word to obtain parallel sets of marked words.

22. The method of claim 21, wherein said parallel sets of
marked words are divided in parallel by a corresponding number
of binary polynomial generators g(x) to yield said plurality of

error syndromes.

23. The method of claim 22, wherein each of said plurality
of error syndromes are output to determine whether any non-zero

error syndromes oOCCur.

24. The method of claim 14, wherein said second data burst
is an incoming TDMA burst received at a subscriber unit or a TDM

packet received at a radio port.

25. The method of claim 14, wherein said wireless

communication system is based on a PACS or PACS-UB  standard.

26. The method of claim 14, wherein saidlfirst_data burst

includes a cyclic codeword.

27. An apparatus for performing bit synchronization and
error detection on a data burst containing a received word
comprising:
a buffer memory

means for reading said data burst containing said received
word into said buffer memory;

means for obtaining in parallel from said data burst a
plurality of candidate codewords which are positioned with
respect to a reference position for said receiwved word;
means for obtaining a plurality of error syndromes from.... _ _ .

each of said plurality of candidate codewords; Ei“'

" 010CT 999 |
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whether bit errors exist in the candidate codewords,

and whether

a single candidate codeword falls within a predetermined range

of positions; and

means for reading out said received word from a point which

corresponds to a proper position when no bit errors are detected

and when a single position for said received word falls within

said predetermined range.

28.

The apparatus of claim 27, wherein said means for

obtaining candidate codewords includes means for inserting

marker bits into said data burst at successive increments along

parallel processing paths and means for dividing each marked

segment by a binary polynomial generator g(x) to vield said

plurality of error syndromes.

29.

The apparatus of claim 28,'Wherein said means for

inserting marker bits inverts values of successive sets of first

and last bits of said candidate codewords which potentially

delineate said received word.

30.

The apparatus of claim 28, wherein said successive

increments correspond to a received communication symbol.

31.

The apparatus of claim 28 wherein said

polynomial generator g(x) is X + X + XM + x!? + x** + x° +

X% + x5 +1

32.

~

The apparatus of claim 27, wherein said means

for reading out said received word includes means for shifting

said buffered data burst by an amount corresponding to said

single position.

a
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23. | a - ch of said plurality of error
syn*ﬂﬂ gggﬁ“ ﬂ Jg to di%fr IL.nhe whet her any non-zero error syndrones
OCCUm. ¢ " stet hpd Tailgr?l914, erein said second data burst is

an i.ncom ng TDMA burs ecejived at aJsubscriber unit or a TDM packet

recei ved Wt 97/3985p pprt. 25. - The t3rod of cl ai m 14, p@TArS96/05396 d
wi rel ess - conmuni cat i .- on a PACS or PACS-UB st andard.

26.  The metheg of cl'ai m 14newagpgi-aeasi def L1aimdaya RHESbini Bgigdes a
cyclic codeword. -

received word is discarded when it is determined from said error

syndromes that: bit errors exist in said received word; no
position for said received word is determined; or multiple

positions for said received word are determined.

34. The.apparatus of claim 27, wherein said data
burst is provided in parallel to a plurality of adders, each of
said adders inverting respective sets of first and last bits of
said candidate codeWords which potentially delineate said

received word to obtain parallel sets of marked words.

35. The apparatus of claim 34, Wherein said
parallel sets of marked words are divided in parallel by a
correspoqding number of binary polynomial generators g(x) to

vield said plurality of error syndromes.

36. The apparatus of claim 35, wherein each of
said plurality of error syﬁdrbmes are output to determine

whether any non-zero error syndromes occur.

37. The apparatus of claim 27, wherein said data
burst is an incoming TDMA burst received at a subscriber unit or

TDM packet received at a radio port.

38. The apparatus of claim 27, wherein said
wireless communication system is based on a PACS or PACS-UB

standard. ~

39. The apparatus of claim 27 wherein said data

burst includes a cyclic codeword.

40. A system for transmitting an informational bit

stream of digital data through a communication channel and for



ynch t and error detection
rid 6 hé?'@gﬁg a buffer nmenory
i nLng sald receilved word into said
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means for *reédi hg %aid data burst cont
buffer menory;, nmeans for obtaining in parallel friomsaid data burst

a pIuralltwb<y5/§§ggidate codewor dggwhi Seie/bs3gespect to a
reference position for said received word; neans for obtaining a plurality
of error syndromes from

recovering bit syﬁchronization and performing error detection of

a corresponding received bit stream comprising:

a transmitter which includes:
" means for determining a plurality of parity
bits for the informational bit stream;
means for generating a first cyclic codeword

formed of the informational bit stream and said parity

bits;

means for inser;ing first marker bits in said
first cyclic codeword so as to form a marked first cyclic
codeword; and
means for transmitting a first burst comprising said marked

first cyclic codeword over said channel to said receiver; and a
receiver which includes: a ﬁemory; means for receiving a second
burst corresponding to said transmitted first burst from said
channel, extracting from said second burst a received word
. corresponding to said marked first cyclic codeword, and reading
said received word into said memory; means for obtaining in
parallel from said second burst a

plurality of candidate codewords which are positioned with
respect to a reference position; means for obtaining a plurality
of error syndromes from each of said plurality of éandidate'
codewords;

' means for determininé from said plurality of error
syndromes whether bit errors exist in the candidate codewords,
and whether a single candidate codeword falls within a
predetermined range of positions; and

means for reading out said received word from a point in
said received word which corresponds to a proper position when
no bit errors are detected and a single candidate codeword for
said received wofd falls within said predetermined range of

positions.



each of sai ki gfndi date codewords; WO 97/ 39551
36 _ !ﬂ ““ m “"B396 means for determining fromsaid plurality
of error :syndromest ther *bit errors exist in the candi date codewords, and

whet her -a @ @R986di date codeword fallsagithin a predet pCnTynssb/eszoge of
positions; and nmeans for readi ngout %aid received word froma point which

corresponds to gy proper posi ihansyBeanngs biia sk 14y S Lot alied maadsweep a
single position for said received word falls wthin said predeterm ned
range. obtaining candidate codewords includes means for inserting’

marker bits into said received word at successive increments

along parallel processing paths and

means for dividing each resulting parallel marked word by a
binary polynomial generator g{x) to yield said plurality of

error syndromes.

42. The system of claim 41, wherein said means for
inserting marker bits inverts values of successive sets of first
and last bits of said candidate codewords which potentially

delineate said receiwved word.

43. The system of claim 41, wherein said
successive increments correspond to a received communication

Eymbol.

44. The system of claim 41, wherein said
polynomial generator g(x) is X + XM + x*¥ + x* + x + xX° + X +
x5 +1 |

45. The system of claim 40, wherein said means fpr
reading out said received word includes means for shifting said
received word by an amount corresponding to said single

position.

46. The system of claim 40, wherein said received
word is discarded when it is determined from said error
syndromes that: bit errors exist in said received word; no
position for said received word is determined; or multiple

positions for said received word are determined.

The system of claim 40, wherein said second
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28. The apparatus of | cl-=a ‘;«m}ie}“n sai d rrean ﬂl‘m E‘IBIMEJ candi dat e
codewor ds i ncl udes ngafis for insertihg marker b \ a burst at

successi ve increnent$ hl &hy Q8 439%! | pf ocessi ng paths and neans for

di vi.di ng.each markedjsegnent by a bipary pol ynom al generator g(x) to yield
said pl urWO®J/3955kr for syndrones. 4029, The appar atPETAISA/QH386 28,
wherei n sai d neans fbrinserting.macker bits inverts val ues of successive
sets of fbugktand pastilie@sinfpaszalleandodat plapdiieyydsfvwaddbryot eathabty
del i neate sai.d received word. 30. The ap gr tus. of gliin128, wherei n
sai d succ&8ifyad ﬁEFeﬁEﬁFEt&BFrE?ﬁBﬁﬂtFHeasFEEeg eG E8mBRFCafPENPL§H1H9F .
31. said candlB&taPBaaadiedsf whkahMp38enhentip daidneate BREYNOM al
generator g(x) is Xerr] + Xerr] + X[err] + X[err] + x[err] + Xerr]+
X[err] + xXpeeiyed word to obtain parallel sets of marked words'.

48. The. system of claim 47, wherein said parallel
sets of marked words are divided in parallel by a correspondihg_.
number of binary pdlynomi;l generators g(x) to yield said
piurality of error syndromes.

49. The system of claim 48, wherein each of sai
plurality of error syndrdmes are output to determine whether any
non-zero error syndromes occur. _

50. The system of claim 40, wherein said second
data burst is an incoming TDMA burst received at a subscriber
unit or a TDM packet received at a radio port.

51. ‘ The system of claim 40, wherein said wireless

communication system is based on a PACS or PACS-UB standard.

52. The system of claim 40, wherein said first data

burst includes a cyclic codeword.



32. ¢ The apparatus of claim 27, wherein said neans for readi ng out
said received word includes neans for shifting said buffered data burst by
an ‘anpunt ‘corresponding to said single position. : WO 97/ 39551

37 ' PCT/ US96/ 05396 33. The apparatus of claim
27, wherein said received word is discaqggd when it is determned from
said error syndrones that: bit errors exi in said received word; no
position for said received word is determ ned; or rmultiple
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positions for said received word are determ ned. 34. The
apparatus of claim27, wherein said data burst is provided in parallel to a
plurality of adders, each of said adders inverting respective sets of first
and.l ast' bits of said candi date codemor?i.which potentially delineate said
received word to obtain parallel sets of Bar ked wor ds. 35.

The apparatus of claim 34, wherein said parallel sets of marked words are
divided in parallel by a correspondi ng nunber of binary pol ynom al
generators g(x) to yield said plurality of error syndrones. 36.

The apparatus of claim 35, wherein each of said plurality of error
syndrones are output to determ ne whether any non-zero error syndrones
occur. 37. The apparatus of . claim 27, wherein said data
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WD 97+39551 39 PCT/ US96/ 05396 41.
The system of claim40, wherein said neans for obtaining candi date
codewords’ i ncl udes neans for inserting marker bits into said received word
at successive increnents along parallel prepcessing paths and neans for

di vidi ng each resulting parallel marked % by a binary pol ynoni al
generator g(x) to yield said plurality of error syndrones. 42.
The system of claim4l, wherein said neans for inserting marker bits

inverts val ues of successive sets 0 rrqt and lpast bits of said candi date
codewords which potentially delimeafe saijd &Fce'/ed wor d. 43.
The system of claim4l, wherein sai w s 3
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