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(57) Abstract

In a digital radio communication system in which information is transmitted
and received in time slots and some bits of each received audio frame is
interleaved over at least two time slots and other bits in each audio frame are non-
interleaved, bad received audio frames are detected by detecting (110) possible
bit errors in a channel encoded non-interleaved bit sequence in each received
time siot. If bit etrors have been detected in this bit sequence a bad received
frame is indicated.
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6. The nethod of claim2 or 5, characterized by said indication of«a bad
recei ved frane being conbined with other indications of a bad received
frame. 7. The method of claim®6, characterized by said indication of a bad
received frame being 25 | ogically conbined with other indications of
a bad received franme. AVENDED SHEET Date: 8. The. nethod of claim7,
characterized by said other indications being based on soft information on
received bits. 9. The nethod of claim2 or 5, characterized by said
predeterm ned bit sequence al so being used for another purpose than error
detection. 5 10. The method of claim9, characterized by said
predeterm ned bit sequence identifying the current traffic channel. 11. An
apparatus for detecting bad received franes in a receiver in a digital
comuni cation system in which information bits are transmitted in signa
“bursts. 10 a first part of said information bits belongs to
frames and has a first burst interleaving depth, and
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a second part of said information bits does not belong to said frames and

has a secongogspBigzer burst interleaving depth, characterizegcplrodiRgns
(24) for detecting possible bit errors in a predeterm ned

redundancy- cont ai ni ng 15 bit sequence chosen from said second part
of said information bits; and neans (24) fior indicating a bad received
frame if at |east one bit error has been detected in said predeterm ned bit
sequence. 12. The apparatus of cBADNFRAMECDETECTEONzed by said
predeterm ned bit sequence having a burst interleaving depth of 1, that is
said bit sequence being included in each signal burst, 20 13. The
apparatus of claim 12, characterlfgﬁﬂﬂ?c§&|HIEPEdetern1ned bit sequence
bei ng channel encoded. 14. The apparatus of claim 13, characterized by sai d
digital c nicatio stem.bei ng.a di |taI radi o communi cation s
152 The apfhe pEegenE) 1heaiion, h1Bras sl By SRRAFUFER  ahdr admgthod for
comuni catbad Syahend@bection meanglgﬂE)MAcemmmtcat;oﬁ tgstéhe apparat us
of claim 12 or 15, characterized by neans (28) for conbi ning-said

i ndi cation of a bad received frame with other indications of a bad received
fr abe. BACKGROUND OF THE INVENTION

Methods for coding/decoding of speech signals in a radio commu-
nication system are well known and even standardized (for example
IS-54 in the US and GSM in Europe). Furthermore, methods for
improving encoding/decoding of background sounds, primarily in-

10 tended for digital cellular telephone systems, have been descri-
bed in Swedish Patent Application 93 00290-5. Both these types of
methods are primarily designed to handle a situation where the
connection between the speech encoder and the speech decoder is
close to ideal, in the sense that only a small amount of bit or

15 transmission errors remain after channel decoding. However, since
the connection is a radio channel the received signal may contain
some bit or transmission errors. In such cases it may be
necessary to modify the methods mentioned above.

Thus, it is essential to be able to reliably detect bad received
2 frames in order to perform these modified methods. Usually a
cyclic redundancy check (CRC) is used at the receiver as a
quality measure. If the CRC fails this is an indication that the
received frame may be bad. Another quality measure is so called
soft information from the detector. This soft information
25 essentially indicates the probability of the received speech
frame (or parts of it) to be correct. A problem with the first
type of measure (CRC) is that a speech frame is interleaved over
a number of time slots. Since the CRC requires the bits from all
these time slots before the check can be made, this implies a
30 delay until the decision can be made and error concealment
measures can be taken. A problem with soft information is that it
is difficult to set thresholds correctly. If the thresholds are



17. The apparatus of claim 16, characterized by neans (28) for logically
conbi ni ngWsrSB0L82di cati on of a bad received frane w th ot hecrspssiooads ons of
a bad received frame. 5 18. The apparatus of claim 17, characterized,
by neans (12, 16) for form ng said other indications based on soft
information on received bits. 19. The apparatus of claim 12 or 15,

characterized by, said_predeterm ned bit sequence al so being used for
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SUMMARY OF THE INVENTION

In accordance with the invention this object is solved by a
method in accordance with claim 1.

10 Furthermore, in accordance with the invention the above object is
also solved by an apparatus in accordance with claim 11.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with further objects and advantages
thereof, may best be understood by making reference to the

15 following description taken together with the accompanying
drawing, in which ' |

Fig. 1 is a schematic block diagram of the relevant parts of a
receiver in a radio communication system containing an
apparatus in accordance with the present invention;

20
Fig. 2 1is a time_ diagram of a received signal strength and
corresponding time slots; and
Fig. 3 is a flow chart_i of the method in accordance with the
present invention.
25 _DE'I'AILED_ DESCRIPTION OF THE PREFERRED EMBODIMENTS

To understand the operation of the invention it is useful to
briefly review the operation of a typical digital cellular radio
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are thereafter protected by addition of coding redundancy, using
10 channel encoding techniques (see for example G.C. Clark and J.B.
Cain, "Error Correction Coding for Digital Communication", Plenum
Press, 1981). Furhermore, some of the bits of a frame to be
transmitted are inteleaved over several time slots. A time slot
will therefore contain bits from several frames. The resulting
15 bit stream is then modulated (see for example J.G. Proakis,
"Digital Communication", 2nd edition, McGraw-Hill, 1989) and
transmitted, for example using TDMA (Time Division Multiple
Access) techniques. At the receiver the signal is demodulated.
Possible time or multipath dispersion can be countered by various
20 equalization techniques, for example Viterbi equalization or
decision feedback equalization (see for example the reference by
J.G. Proakis above). After de-interleaving channel decoding (see
for example the reference by G.C. Clark and J.B. Cain above) is
used in order to decode the received bits. The bits that form the
25 quantized parameters of a frame that the speech decoder needs in
order to reconstruct the transmitted speech signal are thus
obtained by de-interleaving information from several time slots.
It is clear from the above discussion that disturbances on the
transmission channel may affect the reconstructed speech signal,
30 thus reducing the quality of that signal.

Although channel encoding/decoding techniques can reduce the
sensitivity to disturbances significantly, it is usually not
enough to apply only channel coding in a digital cellular system.
On the contrary, it is quite common to additionally use so called
35 error concealment techniques in order to further mask the percep-
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| n partiisul poolroudthel ieksdr arcornmeslisht techniques initiate special
actions in the speech decoder, with the purpose of reducing the
negative effects of bit errors on the reconstructed speech
signal. The level of sophistication of the error concealment

10 techniques is dependent on the character of the information on
the quality of the transmission channel. A few ways to obtain
such information will now be described. (

Direct information on the channel. quality can be ‘obtained by
measuring the signal strength. A low value would then indicaté a
15 low signal to noise ratio, which means that the channel quality
can be expected to be poor. Channel céding techniques provide a
further level of sophistication. One type of technique is to use
redundant channel coding, e.g. Cyclic Redundancy Check (CRC) (see
for example the reference by G.C. Clark and J.B. Cain above), in
20 particular when the code is used for error detection. Moreover,
"soft" (not binary quantized) information may be obtained from
the convolutional decoder (in case a convolutional code is used),
demodulator, equalizer, and/or block code decoder (see for
example the reference by J.G. Proakis above). One technigue that
25 is often'applied is to divide the information bits from the
speech encoder into different classes, each with different error
correction/detectibn schemes, thereby reflecting different
importance of different bits (see for example EIA/TIA IS-54B).
Hence, parts of the information with error detection/correction
30 codes applied may be used as indicators of possible bit errors
present in the speech frame.

Some techniques to introduce error concealment in conventional
speech decoders with the intention of masking frames that are
considered to contain bit errors will now be briefly described.
35 When a bad frame is detected, it is common to use the information
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10 each received part of incoming bits, it becomes possible to trace

down possible transmission errors to certain parameters of the

speech decoder. Since said parameters model different phenomena

of speech, error concealment techniques can be developed that are

optimized to the physical meaning of each particular parameter.

15 One particular example is the so called pitch gain (see for

example T.B. Minde et al., "Techniques for low bit rate speech

coding using long analysis frames", ICASSP, Minneapolis, USA,

1993) . A pitch gain value larger than one is sometimes needed for

this parameter during transient periods of speech. Such a value

20 does, however, correspond to an unstable filter model, which

means that it may be somewhat dangerous to use it. In particular,

it is suitable to introduce error concealment techniques that

limit the pitch gain to values less than one whenever a possible

bit error in that parameter is detected. A further example is the

spectral filter model that is commonly used in modern speech

‘'coding algorithms (see for example the reference by T.B. Minde et

al. above). In that case error concealment techniques can be used

in order to prevent the use of unstable filters when bit errors

are indicated in the corresponding spectral information. The

30 reverse is also of relevance; whenever an unstable filter is

detected, a bad frame may be indicated and error concealment
techniques may be applied. |

M)

In for example the American digital cellular system in accordance
with the standard IS-54B a stolen frame for FACCH would result in
35 a lost speech frame at the speech decoder in the receiver. The
speech decoder solves this problem by "filling in" suitable
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back- ground sounds the quality of the resulting audio. signal may be 5
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used. As described in Swedish patent application 93 00290-5 the

anti-swirling actions can be performed in several ways. One

possible action is a bandwidth expansion of the filter. This

means that the poles of the filter are moved towards the origin

10 of the complex plane. Another possible modification is low-pass

filtering of the filter parameters in the temporal domain. That

is, rapid variations from frame to frame of the filter parame-

ters, or representations thereof, are attenuated by low-pass

- £iltering at ieast some of said parameters. A special case of

15 this method is averaging of a representation of the filter
parameters over several frames.

With this background information in mind, the present invention
will now be described, with reference to Figure 1. Figure 1 shows
the parts of a receiver in a mobile radio communication system
20 necessary to describe a preferred embodiment of the present
invention. An antenna receives the information from the transmit-
ted signal and forwards it over an input line 10 to a down-
converter 12. Down-converter 12 converts the received signal to
base band and forwards it over a line 14 to a data detection
25 circuit, which in the shown embodiment is represented by an equa-
lizer 16, for example a Viterbi-equalizer, which converts the
received and down-converted signal into a bit stream, which is
forwarded over a line 18 to a de-interleaver 20. If the received
frame contains bits from a traffic channel the bit stream is over
30 a line 22 forwarded to a channel decoder 24. Channel decoder 24
converts the bit stream into a filter parameter stream and an
excitation parameter stream for speech decoding. '

Equalizer 16 also forwards "soft" information on received bits or
symbols to a deciding means 28 over line 52. As mentioned above
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10 Concealing means 32 may be implemented by a microprocessor as a
state machine.

—

In a preferred embodiment the receiver also contains a speech
detector (not shown). A suitable speech detector is described in
WO 89/08910 by British Telecom PLC. This speech detector deter-
15 mines from said filter and excitation parameters whether the
received frame contains primarily speech or background sounds.
The decision of the speech detector is forwarded to a parameter
modifier for modifying the received filter parameters (optional-
ly a signal discriminator to determine whether received signals
20 representing background sounds are stationary or not may be
included between the speech detector and the parameter modifier).
This modification is described in detail in Swedish Patent
Application 93 00290-5, which is hereby incorporated by refer-
ence. The possibly modified filter parameters and the excitation
25 parameters are forwarded to speech decoder 40.

The cyclic redundancy check from channel decoder 24 is formed on
a frame by frame and not a time slot by time slot basis. However,
it would be desirable to have an indication of a bad frame on a
time slot by time slot basis. Thus, it would be desirable to
30 perform error detection, for example a cyclic redundancy check,
on a time slot by time slot basis. Such detection would give an
early warning of an upcoming bad frame. In for example the US
standard IS-54B there is a signal in each time slot that identi-
fies each channel, namely the Coded Digital Verification Color
35 Code (CDVCC). This is a 12-bit coded non-interleaved version of
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decoded DVCC. Therefore DvccError may be used as an indication of
a bad frame. This indication is sent to deciding means 28 on line
26. There it may be combined with the other information received
by deciding means 28. This process will be further described with
reference to Fig. 3. |

Fig. 2 illustrates the signal strength S of a received signal as
a function of time t. Fig. 2 also illustrates corresponding time
slots A,.., F. Bach time slot contains interleaved information
from two speech frames (as in IS-54B). For example, time slot B
contains information from frame k-2 and k-1, while time slot C
contains the remaining information from frame k-1 and information
from frame k. The gaps between the illustratad time slots
represent the other channels (the corresponding time slots have
been ommitted) that occupy the same frequency.

When a frame has been assembled after de-interleaving a CRC is
performed. For example, CRC(k-2) is performed when frame k-2 has
been assembled after de-interleavibg of time slots A and B. In
the figure time slots C and D contain bad information since the
signal strength is too low during these slots. Thus, CRC(k) will
fail (CRC(K)=NOT OK). However, frame k-1 is considered to be
acceptable since CRC(k-1) did not fail (CRC(k-1)=0K) although
time slot C was received with a very low signal strength and may
contain errors. The result is that frame k-1 is accepted as the
latest correctly received frame although it may contain errors.

According to the present invention error detection is also per-
fomed on the DVCC field in every time slot. This error detection

(DVCC=NOT OK) on the DVCC field will detect a bad time slot in_

slot C and give an indication that frame k-1 may contain errors,

&
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Appl i cat i o PR FSO RS SR (FANCEAIMARL | MIRTHr MR ed by refer- ence. The
possibly nodified filter paraneters and the excitation 25 par anmet ers

charhel " dedodRt oS EFEAT shpeliiilent”; of (xR CprEnbE7 A TEA0EIERKe i, he
time slot paesentHoimwention wiblldnby deesidestribed hwitharefediense dio othe
bad frame ¢iqy dugre! gh Bad! M, Sl haske. szags& tHat'OUrd Rglen A0 £of 0
30 performerror_déetection, for eXanple a cyclic redundancy check,
understanding the present invention are shown. In step 100 the
routine tests whether the regular CRC for a frame has failed. If
10 this is the case the routine proceeds to a routine for error
concealment in step 120. Otherwise the DvccError flag is tested
in step 110. If the flag is true it is also tested whether
SoftQual is less than a threshold TH1. If both these conditions
are true the routine proceeds to the routine for error conceal-
15 ment in step 120. Otherwise step 130 tests whether SoftQual is
less than a second threshold TH2. If this is the case error
concealment is performed in step 120. Otherwise the routine ends
in step 140. Without the present invention there would have been
no step 110. Due to step 110 the threshold TH1 can be set more
20 aggressive (higher) since the test is combined with the DvccError
flag test. Thus, if a time slot has both a rather low soft
information quality and a true DvccError flag error concealment
is necessary. If the DvccError flag is not true the SoftQual
parameter can still trigger the error concealment algorithm in
25 step 120, but in this case it must be lower than a second
threshold TH2, which is more conservative (lower) than the first
threshold TH1. Thus, in this case the soft information must more
strongly indicate a bad time slot in order to trigger the error

concealment algorithm in step 120.

30 The invention has been described with reference to the digital
verification colour code. However, from the above description it
is clear that other channel encoded parameters that appear in
each time slot could be used instead of or in combination with
the digital verification colour code. It is an essential feature

35 of the invention that a chosen parameter should contain redundan-



on atime slot by tine slot basis. Such detection would give an early

war ni ng Wo%ﬂcom ng bad frame. In for exanple the US spefdidsiolsy S4B
there is a signal in each tinme slot that identi- fies each channel, nanely 4

the Coded Digital Verification Color 35 Code (CDVCC). This is a 12-bit
coded non-interl eaved version of 8 10e 8-bit digital verification color
code and is sent in each slot in both the forward -and reverse |inks. The
code usey iFor saxammle e ghannelcennodedheliot aldowl 2asy) sxnan detaste,
and is §hus a single-error. correcting code. In the receiver, for exanple 5
I n channe decoder 24, it is thus possible to construct a flag DvccError
that is true if at Ieast one error has occurred in the decoded DVCC

Ther ef oFRriPheakiore, he Haveindols s bl desurited with ffemaeﬂ&é %o

s oL B e “CohPRSTERSe 2 fOely BF o] 1558, HARYRE e

Bi s pr cages priinicipd efsumalye bed @ppliiledd to tany sratense i Wh@h 3informa-
tion is sent in signal bursts. For example, it is not necessary
that several channels share the same frequency or that the bursts
are transmitted at regular time intervals. The invention may also
be used in for example wire bound communication systems.

10 It is also possible to generalize the above described ideas by ‘
noting that it is actually not necessary to require that the
tested redundancy containing parameter must be non-interleaved.
Similar improvements are obtained if the parameter has an
inerleaving depth that is less than the interleaving depth for a

15 speech frame (here interleaving depth is defined as the number of
bursts over which information is interleaved). An earlier
indication of a bad frame is still obtained since the parameter
is de-interleaved sooner than the complete speech frame.

It will be understood by those skilled in the art that various

20 modifications and changes may be made to the present invention
without departure from the spirit and scope thereof, which is
defined by the appended claims.



Fig. 2 illustrates the signal strength S of a received signal as a function
of time t. MWQ95/3028) so illustrates corresponding tine slots ARCI/SEIS004EnCH
tinme slot cont ai ns i-pterleaved-informtion 15 . fromtwo speechframes

(as in 1S-54B). For exarrple time slot B contains informti Of-ad

k-2 and k-1, V\:hl Ilm jl ﬂ lmtt ains t k& remaining infor H‘%EHEETOHAQS BEEN
frame k-1 and I nf C&ﬁg‘ gaps between thg il | GEFLACER

time slots represent the other channel s correspondi ng tinme slots have

20 been ommitted) that occupy the sarre frequency When a franme has been
assenbl ed af t o pflR1idY Y FAtidUL ihd Ha f gfgk )
Is perforned when frane k-2 hasleen asse J"%after %a I nter %%?/ %ﬁ

tine sl ot s GAgdt@lpcormupieation systep éPongehahﬁf%éﬁ%ﬁnnlﬁa'élransmltted
i nf ormat i oandl Aeedive®in sigrlgMirsts eniine ImﬂsJbe %&Urff&né hﬁ‘é@lng a

sl ot Thu w.ll_ fail
cond: der od i3 She REERASATIPE (IRBERAR. GTORFDACE 15 jeacbndrans Jgying a
al t hough t sesosidotinCexdeavdoyy deptli,t Isad esgcdmiy ixi gl eat iy Adp el doatyg
contain er r Iﬁ&fep
| at est corpggaryz?lgge%\%egt ;rlgﬁggﬁ%%%g%ﬁ%% cont arn errorJ';s]l %%c%’?dl ng
to the presenddteating Pagsidleldidctewrors in v predetermined redundancy-
containing bit sequence having said second interleaving depth;
10 and
indicating a bad received frame if bit errors have been
detected in said bit sequence.

2. The method of claim 1, characterized by said bit sequence
having an interleaving depth of 1, that is said bit sequence
15 being included in each signal burst.

3. The method of claim 2, characterized by said bit sequence
being channel encoded.

4. The method of claim 3, characterized by said digital communi-
cation system being a digital radio communication system.

n)

5. The method of claim 4, characterized by said digital radio
communication system being a TDMA system.

6. The method of claim 2 or 5, characterized by said indication
of a bad received frame being combined with other indications of
a bad received frame.

25 7. The method of claim 6, characterized by said indication of a
bad received frame being logically combined with other indica-
tions of a bad received frame.

8. The method of claim 7, characterized by said other indications
being based on soft information on received bits.
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fomed on the DVCC fi el dmmot.
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chart in Fig. 3. Only the steps that are essential for understanding the
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bit | saguencs) ?b%h%ﬁdthﬂlcoql?db@%ﬁlt:ﬂés'éegsﬁapﬁtéﬁg
colour code (CDVCC) in this standard.

11. An apparatus for detecting bad received frames in a receiver
in a digital communication system in which information is
transmitted and received in signal bursts, some bits of each
frame having a first interleaving depth and other bits in each
frame having a second intérleaving depth, said second interleav-
ing depth being lower than said first interleaving depth, charac-
terized by: '

means (24) for detecting possible bit errors in a predeter-
mined redundancy-containing bit ‘sequence having said second:
interleaving depth; and

means (24) for indicating a bad received frame if bit errors
have been detected in said bit sequence. |

12. The apparatus of claim 11, characterized by said bit sequence
having an interleaving depth of 1, that is said bit sequence

being included in each signal burst.

13. The apparatus of claim 12, characterized by said bit sequence
being channel encoded. '

14. The apparatus of claim 13, characterized by said digital
communication system being a digital radio communication system.

15. The apparaﬁus of claim 14, characterized by said digital
radio communication system being a TDMA system.

16. The apparatus of claim 12 or 15, characterized by means (28)
for combining said indication of a bad received frame with other

i

This error detection (DVCC=NOT

IS true It 1S a ested
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are true the routine er ﬂ to the routine for error conceal - 15 ment
second threshold TH2. Ifm L

in step 120VIH08G se ('"’Hﬂﬂs’“"ﬁet her SoftQual is | eBETSE/N0423

S e error conceal nent d-s—perforned in
step 120. Otherwi se the routine ends ih thI%p 140. Wthout thdH{8 8HERT HAS BEEN
i nvention there would have been no step ITO. Due to step 119 the Repiaghg! d

TH1 can bejsget r rQsS hi ghex | t S rbiziied
wth the OyecElior Fraccrog Sydasn e, iiHete il By aape, (201 cor
sof t i nfor "B¥+6R iqxa‘F? 1BHRT S eimiication of &y had gecedveshframe with
necessary. othethén®@veations bkag badngbckivedt Beamaft Qual paraneter can
still trigger the error conceal nent algorithmin 25 step 120, but in
this case it nust be |lower than a second threshold TH2, which is nore .
conser vat i ¥8. (Theeappairabusheff iclsiint s eiarddtlerfded , by médhs ¢as¢ B¢
sof £ infor | POAAS g i nd] i ot _i.n_order to
tri gger t hfera%r?or corT cggfﬁeﬁ{:ﬁg?g%%{?%ﬁ%{:?ﬁhgtg%gggogmggoﬂ: l?ﬁgrf“ﬁ &Rt BR
has been 62¢®}VRd BiEH-reference to the digital verification colour code.
However, fromthe above description it is clear that other channel encoded

parameters_th apgear I n eac? tine sl ot could be used instead of or in
conbi nati off Wi lﬂe pparatus of claim 12 or 15, characterized by said bit

sequence also being used for another purpose than error detec-
tion.

1u 20. The apparatus of claim 19, characterized by said digital
communication system operating in accordance with the US standard
IS-54B and said bit sequence comprising the coded digital
verification colour code (CDVCC) in this standard.
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the digital verification colour code. It is an essential feature 35 of
the i nventi Ov0 931382822 chosen paraneter shoul d contai n redundaPeT/SE95/A@428 Y
(for exanple be channel encoded) to allow easy error detec- tion.
Furthernore, the invention has been dgscyiped with reference to a digital
radi o commumggcati on system of TDVA types wever the 5 sane prlnC|gqes
may be appli®d to any systenﬁgin which informa-Qtion is sent in signa
bursts. For exynple, it is n ecessary that s®¥veral channels :
sane frequency pr that the burst ' regul ar ti

I nterval s.
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15 speech frame (here interleaving depth is defined as the number of
bursts overwgysghspnformation is interleaved). An earlier | gbgGsibbPf a
bad frame is still obtained since the paraneter is de-interleaved sooner
than the conpl ete speech frane. It will be understood by those skilled in
the art that various 20 nDdificatiogzzﬁﬂggchanges may be made to the -
present invention w thout departure fro pirit and scope thereof,
which is defined by the appended cl ai ns. CLAIMS 1. A nethod of detecting
bad received franes in a receiver in a di~gital connunlcatlon systemin

whi ch informat\on is transmtted and recejved in 5|‘ sonme bits

of each franme hQving a 5 first interlleaviQq deft bits in
each franme having a second interl eaving depth, L d tgle
dept h being | ower\than said first interl eaving dep ; eQ zedShYR
detecting possible\bit errors in a predetjerm ned r¢g darfcy& cdint aigy nH bi t
- sequence having sai{ second interleaving jdepth;
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9

10 and indicating a bad received franme if bit errors have been detected
in said bitvwoeensezs2e. 2. The nethod of claim 1, characteri zegchyroSaedds it
sequence having an interleaving depth of 1, that is said bit sequence 15
bei ng included in each signal burst. 3. The method of claim 2,
characterized by said bit sequence being Q?el encoded. 4. The net hod of
claim3, characterized by said digital coO n - cation system being a
digital radio conunicatipgh_ S e\ 5. The nmethod of claim4, characterized
by said digital radio co system being a TDVA system 6. The

met hod of claim2 or 5, charectertzed by sai d@@dication of a bad received
frame being conbined with othef indicationg of a bad received frane. 25

7. The nethod of claim®6, chargcterized By said indication of a bad

recei ved frane being | ogical dmbingd with other indica- tions of a bad
received frame. 8. The net 6d of W&l m 7, characterized by said other

i ndi cations bei ng based ¢ saikd n rmayﬁg on received bits.

FAILED
?
NO
110
DveccError & YES
SoftQual < TH1
?
NO
130
120
SoftQual < TH2\ YES
2
ERROR
CONCEALMENT
NO
END 140 Fig. 3
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12 9 The nmethod of claim by said bit gegnugo<49g8 so
bei ng used-f-or anot her pur pose than error detection. 10. The nethod of
claim9, characterized by said digital comuni- catiofhiy i the epacament) sheet
accor danﬂﬂmﬂﬂﬂulmyﬂt"mfndard IS-54B 51  and said bit sequence
conpri si verification_col our codeé VCC) in this
standard. 11° Ah a pasrat us for detecti é'% recei ved H¥8mes i n a recei ver
in a digital conmmunication systemin which information is transmtted and
received in signal bursts, sone bits of each 10 frame having a first
interl eavilngAdﬁahbd afddevectiag Haidt receined framesriane réceivengneaa digitah dommunication
I nterl eaving depth ald second interleav- ing depth being | ower than said
first int éﬁ’?‘@@vﬁ‘h@’ charac- terized by: neans (24) for detecting
possi bl e bit ﬁf&rﬁfaﬁoﬁlﬁ:@agﬂﬂﬁhﬁm fbsignal biltsegd 1 edundancy- cont ai ni ng bi t

sequence haV|ng sai d second |nterleaV|n dept h; and
L frst part of said information bits belongs to frames and has a first burst imerleaving

depth, and
a second part of said information bits does not belong to said frames and has a second,
smaller burst interfeaving depth, characterized by:
detecting possible bit errors in a predetermined redundancy-containing bit sequence
10 chosen from said second part of said information bits; and |
indicating a bad received frame if at leasi one bit error has been detected in said

predetermined bit sequence.

£

2. The method of claim 1, characterized by said predetermined bit sequence having a burst
interleaving depth of 1, that is said predetermined bit sequence being included in each signal
15 burst,

3. The method of claim 2, characterized by said predetermined bit sequence being channel
encoded.

4. The method of claim 3, characterized by said digital communication system being a digital
radio communication system.

20 5. The method of claim 4, characterized by said digital radio communication system being
a2 TDMA system.

6. The method of claim 2 or §, characterized by said indicarion of a bad received frame being
combined with other indications of & bad received frame.

7. The method of claim 6, characterized by said indication of a bad received frame being
25 logically combined with other indications of a bad recsived frame,

AMENDED SHEET
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neans (24) for i ndicati ng a i me 11 bit errors hhge-fikc1988

det ect ed |!1E 12. The apparatus of cl #h@iddne ¢ | G
by sai d bi ‘I HMMJMHWJ]@ havi ng an interleaving dept !%]t ® 5Q‘ﬂ‘t’l{:}é:rf‘gﬁtsa| %‘
bi t sequence bei *nclsu in each signa&l burst. 13. The appar atus of

claim12, character| zed by said bit sequence being chaatd: encoded. 14. The
appar at us Soﬂ'hclmihpd@f elnum dot Wwractegizey byasaid dithart isricatons being rwsed oatsofn

system behﬁﬁ‘ﬁa bffs COMMUNIi cation system 15. The apparatus of
claim 14 er| ze y said digital radio com‘rum cation system being a
TDVA system 16. The appar at us of cI a| m 12 or char acterized by neans

28) for copbini a ad cel ved wi th ot her 30
i(ndi) cati oﬁslfg? &%ﬁooafl‘g%‘ é‘EI fF’ gg qeance RO hewg,
charact er | % pgé,g@ conbl n| ng sal d i ndi cation of a

bﬁ*o?&n&@ﬁ?uxﬁa@mﬁ@ rtb idny

bad received fra

i

10. The method of claim 9, characterized by said predetermined bit sequence identifying the
current traffic channel.

11. An apparatus for detecting bad received frames in a receiver in a digital communication
system, in which
information bits are transmitted in signal bursts,
10 a first part of said information bits belongs to frames and has a first burst interleaving
depth, and ‘
a second part of said information bits does not belong to said frames and has a second,
smaller burst interleaving depth, characterized by:
means (24) for detecting possible bit errors in 2 predetermined redundancy-containing
15 bit sequence chosen from said second part of said information bits; and
means (24) for indicating a bad received frame if at least one bit error has been detectad
in said predetermined bit sequence.

12. The apparatus of claim 11, characterized by said predetermined bit sequence having a
burst interleaving depth of 1, that is said bit sequence being included in each signal burst.

30 13. The apparatus of claim 12, characterized by said predetermined bit sequence being
channel encoded.

14. The apparatus of claim 13, characterized by said digital communication system being a
digital radio communication system.

15. The apparatus of claim 14, characterized by said digital radio communication system
28 being a TDMA system,

AMENDED SHEET
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other indications of a bad re appar at us cn‘ clml

. = L. mong
characte Iﬂlﬂj 2, 16) 5 for form ng sai d Bo&s s di. 6 h@ﬁ?
based on“* CIII'M“FWH on received bits. 19. The app-gﬁgﬁjsﬂégg’%%l m fheet
or 15, characteri z"edsby*sai d bit sequenceszal so being used for another

pur pose than error detec- tion. 10 20. The apparat f3atet cl ai m 19,
char act er i HedThe apparetusliafi ¢laim d@nonid5c sharacterizad byn rogans a2B8hdot nombiningisaide - -—
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17. The apparatus of claim 16, characterized by means (28) for logically combining said
indication of a bad received frame with other indications of a bad received frame.
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5 18. The apparatus of claim 17, characterized by means (12, 16) for forming said other
indications based on soft information on received bits.

19. The apparatus of claim 12 or 15, characterized by said predetermined bit sequence also
being used for another purpose than error detection.

20. The apparaws of claim 19, characterized by said predetermined bit sequence identifying
10 the current traffic channel.
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