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This invention relates to appafatus for transmitting
and receiving information blocks, each of which includes a
data block, to and £from a like_quther apparatus in a
duplex communications system and in-particul;r to such
appératus which- is arranged to determine if a received
first information block has ﬂeen corrupted, by transmission
and when it has, to request the further apparatus to repeat
the transmission of the _data block of that first
information block, the data blocks being stored in a
receiver buffer. - : _

When ‘exchanging information over a noisy channel
information blocks can be corrupted so it becomes necessary
to implement an Automatic Repeat reQuest (ARQ) scheme if
the lost data blocks are to be obtained. Of the known
conventional ARQ schemes of st6p~and-wait, go~-back~N and
selective repeat (SR), the last is the'most efficient in
terms of throughput as only thqse data blocks in.corrupted
information blocks are retransmitted. It is especially
attractive to uée such an SR scheme in communications
systems with the noisiest channels, for example those using

radio links, where many repeaté:néé&ed.

The repeated data blocks when received in.ﬁ later
transmitted information block will generally need to be .

placed in a particulér position relative to the data blocks
already received. This is achieved in prior art systems by
including as part of each data block a data block number

which the apparatus can use to identify the data block and

so position it appropriately. -

According to the ©present inventioh, apparatus
according fb the preamble of claim 1 is characterised in
that the apparatus is arrangéd, on receiving a corrupted
information block, to a) store a first receiver buffer
address being the address at which the data block of the

A
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i__nj‘orrration bl ocks can be corrupted so it becones necessary to inplenent an

Automati c Repeat reQuest (ARQ schene if 15 the | ost data blocks are to

be* obt at ned. O the known conventional ARQ schenes of stop-and-wait,

dgo- back-N and sel ective repeat (SR), the_Iast is the nost efficient in

tefms of throughput as only those data bl ocks in corrupted information

bl ocks are retransmtted. It is especially 20 attractive to use such an

SR schene in comuni cations systens with the noisiest channels, for exanple

t hose using ragherhpPks, i MISERatREY BEPERISs NBy We gwesedl. i Theegapesd ach

data bl ocks when.received.in a l_ater_ tr%r)sngttggti(ag_ynggeratiir?nwgkogk lwitl_(:lr

general | y needat&aggr information »block; ) c a
information block the repeat transmission of the data block
is expected to occur; and c) store the data block in the

5 receiver buffer at the first receiver buffer address on
receiving the later information block uncorrupted.

On receiving a corrupted information block, the
apparatus stores the address where the data block should
have been stored if not corrupted. When the later

10 information block containing the repeated data block is
received by the apparatus, the data is (if not again
corrupted) stored in the appropriate place in the buffer.
Because the apparatus previously determined that this
informétion block would contain the required repeated data

15 block it can, when it afrives, store the data block at the
required~place in the buffer given by the stored first
receiver buffer address. This can be without reference to
any data block number which is now unnecessary and so can
be omitted.

20 The present invention can therefore allocate received,
repeated and non-repeated data blocks to their correct
relative positions within the receiver buffer without-the
need for numbering of the data blocks and with a
consequential reduction in the size of the data blocks

25 being transmitted. ‘

If the later information block is itself corrupted the
original first receiver buffer address is retained and the
apparatus again determines which later information block
will have the next repeat of the required data block. If

30 the later information block is not corrupted it will be
Stored in the receiver buffer at the stored first receiver
buffer address.

This ARQ scheme can provide error free transmission on
a noisy channel in one direction provided the return path

35 is error free. Problems, however, occur when errors are
introduced in both directions of the 1link. If an
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25 placed in a particular position relative to the data bl ocks already
received. This is achieved in prior art systems by including as part of
eath data bl ock a data bl ock nunber which the apparatus can use to identify
fhe data bl ock and so position it appropriately. 30 Accor di-ng to
the present invention, apparatus according to the preanble of claiml
I's characterised in that the apparatus is arranged, on receiving a
corrupted information block, to a) store a first receiver buffer address
bet ng t he addrasknewledgehente- dit a abl ocagfvade information Dblock is

corrupted to become a non-acknowledgement, the contained
data block would be repeated in a later information frame
when neither required nor expected and so would be stored

[8)]

a second time but in an incorrect position in the receiver
buffer. If, on the other hand, a non-acknowledgement of a
received information block is corruézed and is received as
_ an acknowledgement, the data block in the later information
) block will not bpe the expébted repeat data block but a
10 first transmission of a new data block. This data block is
not to be stored at the first receiver buffer address but
at the next consecutive buféer address., Both cases will
cause errors due to incorrect data block ordering in the
receiving apparatus. Further, in the second case the
15 transmitter will not retain the earlier possibly corrupted
data block and so this can never be retransmitted.

Tt is preferable in these circumstances that the
apparatus provides in each transmitted information block a
Repeat Flag which indicates whether the information block

20 contains a repeated data block and that the data block of
the later information block is stored in the receiver
buffer at the first receiver buffer address only if the
Repeat Flag of the later lnformatlon block is set. This
prevents a falsely repeated block belng incorrectly stored.

25 The data block of a corrupted information block may be

stored in the receiver buffer if the information block has
not previously been- determined to be one expected to

include a repeat transmission of a data block. This could
cause an error if the data block had been corrupted and is .

30 not properly repeated due to further corruptions to
overwrite the entry in the buffer but it will provide no
error in these circumstances if it was part of the
information block other than the data block that had been
corrupted.

35 In a preferred embodiment of the present invention the
apparatus is further arranged to transmit information
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corrupted information block is to be stored if repeated in a ater
information block; b) determne in which |ater information block the repeat
transmi‘ssion of the data block is expected to occur; and c) store the data
blrock in the receiver buffer at the first geceiver buf fer address on
receiving the later information block uncorrupted. On receiving a
corrupted information block, the apparatus stores the address where the

data bl ock should have been stored if not corrupted. When t he
| ater 10 I nfdrotdsi onabliagk teader nienag:at heyr epeatied et a dypecdatis 1 eaai ved

by the appara oc1bﬁ:edaga ﬂz.sar(érxl or?g%ld ress with each information
block and by which a like further apparatus can associate
a receiver address with each information block and in which
5 the receiver address in each information block is set to
correspond to the transmission address of the information
block last received by the apparatus.
- With such an arrangement the apparatus can determine
in which later information block the repeated transmission
10 of a data block 1is expected to occur. This can be
calculated from the transmission address of the information
block last transmitted and the receiver address of the
information block last received. The difference between
these addresses is the time in information blocks necessary
15 for an information b%ock to pass to the further apparatus
and for —an information block containing the received
address to get back to the originating apparatus. The
apparatus can therefore determine when the information
block containing the repeated data block is expected to -
20 arrive on the basis of this path delay plus any fixed
overhead due to processing time at the transmitting
apparatus, for example to receive a given number of
successive acknowledge bits (as will be discussed later).
Preferably the apparatus is arranged so that sets of
25 n consecutxve 1nformatlon blocks are transmitted as a frame
of information blocks, the header data of the information
blocks including a Transmitted Synchronisation Bit (TSB)
and a Transmitted Frame Number Bit (TFNB}, the TSBs and
TFNBs of the n consecutive information blocks of a frame
30 forming an n-bit synchronisation sequence and an n-bit'
frame number, respectively, and further including a
Received Synchronisation Bit (RSB) and a Received Frame
Number Bit (RFNB), the RSBs and RFNBs of the n consecutive
information Dblocks of a frame forming an n-bit

35 synchronisation sequence and an n-bit frame number,

respectively.
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corrupted) stored in the appropriate place in the buffer. Because the
apparatus previously determ ned that this information block would contain
t he retuired repeated data 15 block it can, when it arrives, store the
‘data bl ock at the required place in the bquer gi ven by the stored first
receiver buffer address. This can be without reference to any data bl ock
nunber whi ch is now unnecessary and so can be omtted. 20 - The
present invention can therefore allocate received, repeated and
non-repeat ed data Bljpcksgke tasi rsmrfzﬁ releat ichLhQﬁiﬂiismﬂthbifn the _

receiver buf fer i thout the 188%n (ool e NG o108 cA2E3.aBhORES
and RFNB is +the complement of the TSB and TFNB of the
information block last received.

5 For n=8 there are 2,048 different addresses as there
are 2% distinctly numbered frames and eight distinct
distinguishable addresses within each frame.— ~ Once an
appératus has -synchronised to a stream of incoming
information blocks by mean—s of the TSBs in consecutive

10 information blocks, in well known manner, the address
associated with a transmitted frame can be determined from

the frame number and the position of an information block

within the frame. _ Similarly the RSB and RFNB, which
- correspond to the-last TSB and last TFNB received by the
15 further apparatus, can be used to determine the receiver

address- of the last information block received to enable
the round trip time in information blocks between two
apparatus to be calculated.

The TSB, TFNB, RSB and RFNBs can be very robustly

20 protected from errors using flywheel circuits. By using a
flywheel circuit to generate fhe addresses necessary for
storing and transmitting required data blocks, operation
can continue even when the _incoming information blocks are
corrupted. The flywheels can be arranged to generate the

25 receive and 'transmit addresses until a given nﬁmber' of.
consecutive information blocks are corrupted, for example
16, with the count of-cofrupt blocks being reset to zero as
soon as an information block is received uncorrupted having
the correct TSB and TFNB.

30 It has been found that with this ARQ scheme the parf
of the information block header most seriouslyISusceptible
to errors is the acknowledge flag (ACK) which can cause
corrupted Slocks not to be repeated. This can cause
particularly serious errors in systems communicating highly

35 compressed data such as found in encoded video signals.
Such signals are highly compressed and so need to be very
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consequential reduction in the size of the data bl ocks 25 bei ng
transmtted. If the later information block is itself corrupted the
orrgrnal first receiver buffer address is retained and the apparatus again
det erni nes which later information bl ock _wigl I_ have the next repeat of the
required data block. If 30 the later informati on block is not corrupted
it will be stored in the receiver buffer at the stored first receiver

buf fer address. This ARQ schene can provide error free transm ssion on a

noir sy channel ¢d&n DNerstid@edd Qi Rr@vrdedritihepeesusd wathl 3o fréSnéd i dH €e.

Probl ens, however,. occur when errors are
can be several seconds.

Corruption of the ACK flag can also cause non-
corrupted blocks to be spuriously repeated. This does not

5 cause errors but does reduce the efficiency of the link.
The ACK flag can be repeated several times within an
information block to attempt +to increase' the error
tolerance. However, examination of the fade vectors
characteristic of a radio link shows that long bursts of

10 consecutive errors occur which can invert all the several
successive ACK bits. This would again cause errors, albeit
less frequently. In order to make such an ACK scheme
reasonably robust, the ACK bit would have to be repeated
many times-which would reduce the efficiency of the system

15 because of the large_number of data bits being transmitted.

A . scheme which has been found to be far more
preferable in these circumstances is to use a header for
each information block which includes an acknowledge bit
which indicates whether the last received information block

20 was corrupted and m-further écknowledge bits each of which
further acknowledge bits indicates whether a distinct
earlier received information block was corrupted, the set
of acknowledge'bits being associated with m+1 consecutive
information blocks.

25 With this scheme =-he receiving apparatus has to wait
for m+1 consecutive, ACK flags to arrive before being able
to determine that a block was received uncorrupted. This
scheme requires m+1 ACK bits in the header of each block,
referring to the current block, the previous block,

30 previous—but-one—block, etc. As the bits referring to any
particular block are effectively spaced m-1 information
blocks apart, the scheme is much more robust than having
them all within the same information block. The penalty to
pay for this scheme is the added path delay of a further m

35 information blocks. The apparatus requesting a
retransmission of a data block needs to take into account
-_—
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introduced in both directions of the Iink. If an

acknomﬁedgenent of a received information block is corrupted to becone a
ndn- acknow edgenent, the contai ned data bl ock would be repeated in a | ater
fnformati on frane when neither required nor expected and so woul d -be stored
5° a second tine but in an incorrect position in the receiver buffer. |If,
on the other hand, a non-acknow edgenent of a received information bl ock is
corrupted and.is-received as an acknow edgenent, the data block i'n the

| ater infornatdid fact that the further apparatus will not retransmit a
data block until the last acknowledge bit has been
received. This penalty however is small when compared with
the main round trip ARQ delay. The currently preferred

5 number of ACK bits is at least three for an H. 261 coded
video signal transmitted over a DEQT_}nterface having a bit
error rate (BER) of up to 1072 i

- For maximum robustness a data block should be
retransmitted if any one -acknowledge bit of the m+l

10 acknowledged bits indicates an information block was
received corrupted by the further apparatus. Other schemes
may. be used, for example majority voting oﬁ an odd number -
of acknowledge bits. _ _ -

The TME érror flag génerated by the receiver could

15 also be used in conjunction with the ACK-bits to make the
decision making process of what information blocks have
been 'properly acknowledged more robust. It should be
appreciated that a TME flag may indicate no errors even if
errors have occurred so the TME flag éannot be taken as-

20 infallible confirmation that ‘an acknowledge hbit in an
information block which has no TME signal associate with it
is correct. The use of TME error signals in conjunction
with acknowledge bits may allow a fewer number of
acknowledge bits ie two rather than three for example, yet |

25 still attain as robust or more robust a\acknowledge—system.;(

An embodiment of +the present invention and its/
principle of operatién will now be described, as applied to
a communications system for transmitting a compressed video -
signal over a radio link in which the output bitstream of

30 an H. 261 video codec is transmitted over a DECT radio link,
with reference to the accompanying drawings of which:

Figure 1 is a schematic drawing of a éommunications
system -empioying apparatus according to the present
invention for providing video transmissions over a radio

35 link;
R
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block wll not be the expected repeat data bl ock but a 10 first
transm ssion of a new data block. This data block is not to be stored at
thé first receiver buffer address but at the next consecutive buffer

addr ess. Both cases will cause errors duegto incorrect data bl ock
ordering in the receiving apparatus.. Further, in the second case the 15
transmtter will not retain the earlier possibly corrupted data bl ock and

so this can never be retransmtted. It is preferable in these
ci rcunst ances that rikherapparatiss pr adasatic edrawingnswift t edei nb6r rekéon

bl ock a Repeat , Lch  pdicates whether the information block 20
contains a repegkg% gnfagglgc a%d “fhat the data bl ock of
. FPigures 3 and 4 are tables showing the structure of

the information blocks and frames of information blocks,
5 respectively, using the apparatus of Figures 1 and 2;
Figure 5 is a more detailed schematic diagram of the
apparatus shown in Figure 2; '
- Figure 6 is a table showing an exemplary sequence of
typical ACK bit outputs from the apparatus of Figures 2 and
10 5;
" Figure 7 is a schematic diagram of the circuit board
of the apparatus of Figure 5;
Figure 8 is a circuit diagram of the transmitter side
controiler-of the apparatus of_Figure 7;
15 - Figure 9 is a circuit diagram of the transmitter store
of the.apparatus of Figure 7;
Figure 10 is a circuit diagram of the main éontroller
of the apparatus of Figure 7;
Figure 11 is a circuit diagram of the receiver side
20 controller of the apparatus of Figure 7;
Figure 12 is a circuit diagram of the receiver address
generator of the apparatus of Figure 7;
Figure 13 is a circuit diagram of the path. delay
calculator of the apparatus of Figure 7;
25 Figure 14 is a circuit diagram of the FIFO of the
apparatus of Figure 7; and
Figure 15 is a circuit diagram of the receiver buffer
calculator of the apparatus of Figure 7.
The system shown in Figure 1 was designed for
30 transmitting video over radio links and is based on the
CCITT Recommendation H. 261 and the proposed DECT standard.
Data rates of 64kbit/s-384kbit/s were studied, ie where
H. 261 and DECT overlap.
DECT is the emerging Digital European Cordless
35 Telecommunications standard due for ratification by ETSI in
1992, It will be a Time Division Multiple Access (TDMA)

This Sheet Has Been Repl

N i B




the later information block is stored in the receiver buffer at the first
recelver buffer address only if the Repeat Flag of the later information
bl'ock i‘s set. This prevents a falsely repeated bl ock being incorrectly
Stored. 25 The data bl ock of a corrgpted information bl ock-may be
stored in the receiver buffer if the information bl ock has not previously
been determined to be one expected to include a repeat transm ssion of
a data bl ock.. This could- cause an error if the data bl ock had been
corrupted andsiystih utidlizipreo{reydhy haleesatofd a duelekolihlr biperating on
o ot O ok L | EBSblIERET! Rkl LR YL R o} loshd TodliY ! dine

error in thesé circunsiances
data part of the bitstream is split lnto 10ms DECT frames

with each DECT frame consisting of 24 time slots. Normally
the first 12 time slots are used to transmit from the Radio
Fixed Part (RFP) to the Cordless_Portable Part (CPP) and
the last 12 time slots are used fé; transmission in the

w

oppésite direction. Each time slot can be allocated to one

of ten frequéncies and cén hop to another available

10 frequency, on a frame basis, in the event of the signal to

noise ratio and bit error rate on this current frequency

becoming too poor for adequate transmission. Each time

slot carries 320 user bits so the maximum channel capacity

is 384kbit/s. ~ The essential difference between a radio

15 channel and other existing transmission_%acilities is the

error performance. The error characteristics have three
main constituents:

i. random errors occurring as a result of low RF

signal levels;

20 ii. short error bursts coming from certain types of
interference and extension of single random errors by
modulation techniques;

iii. long error bursts due to deep fading, shielding
or frequency hopping. -

25 The BER foxr a radio link is typically between 102 and
105, significantly worse than for a fixed link.

Fading errors ‘weré simulated using the BT Lab’s
WideBand Fading Simulator (WFS). The WFS produces bit -
error vectors for the performance of DECT in an Additive

30 White Gaussian Noise (AWGN) environment with Rayleigh
fading. Analysis of the output of the WFS showed that
fades had two main characteristics: '

1. - fades produced very high intensity bursts of
errors with clear periods between fades;

35 2. the error rate during the fade was very high with

possibly more than half the bits in error.
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i nformati on bl ock other than the data bl ock that had been corrupted. 35

In a preferred enbodi nent of the present invention the apparatus is
further arranged to transnit information 4 bl ocks havi na header data
by which the apparatus can associate a trangnission address with each

i nformati on bl ock and by which a |ike further apparatus can associate a
recei ver address with each information block and in which

It should be noted that in a full DECT implementation,
handover will occur when the error exceeds approximately
103, In the simulations only about 5% of corrupted blocks
had error bursts which were correctable by even a powerful

5 error corrector.

Referring to Figure 1 a communications system
comprises a pair of apparatus 102 and 104, each according
to the present invention, linked by a radio 1link
established between radio antennae 106 and 108. Each of

10 the apparatus 102 and 104 has an H;261 encoder 110 which
acdepts video signals as an input and encodes them as a
bitstream of coded video signals on line 112. A DECT
interface 114 converts,g'respective bitstreams on line 112
into alformat suitable for transmission by a DECT standard

15 transmitter 116. The abparatus 102 is associated with a
single eficoder 110. The apparatus 104 connects the DECT
interface 114 to a remote encoder 110 via interface network
118. The network 118 could be a radio link or some fixed
land lying link, for example.

20 . DECT transmissions from each of the transmitters 116
ﬁlé; received at a respective receiver 120, the received
signals being passed via the respective DECT interface 114
for conversion to a bitstream suitable for decoding by a
respective H.261 decoder 122 to provide a video output

25 signal. - |

Referring now to Figure 2 there is shown in more
detail the DECT interface 114 of the apparatus 102 of
Figure 1 showing the three processes carried out on the
data flowing to and from the H. 261 encoder/decoder 110/122

30 and to and from the DECT transmitter 116 and DECT receiver
120.

The ARQ scheme of the present invention is controlled
by an ARQ board 206 which controls the interface of the
H. 261 encoder/decoder 110, 122 to the DECT

35 transmitter/receiver 116, 120. The coded bitstream from
the encoder 110 is passed to a video multiplexer 204 which
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the receiver address in each information block is set to correspond to the
transm ssion address of the information block |ast received by the
apparatus. Wth such an arrangenent the apparatus can deternmine in which
‘later information block the repeated transgg ssion 10 of a data -block is

expected to occur. This can be calculated fromthe transm ssion
address.of t he !nfornation block last transmtted and the recetver address
of_the information bl ock | ast received. The difference between these

addresses i s &bRbihBE tRei BbAppatsied bideksdaczeskaclys 1bn therbibstream

I nformation b Kk tq_ ass to.t f urt.-her S f oL fayNf Lon
bl ock cont ai n#ﬁg e eggl Ved.nhteérn%- lye céRggéé‘é&' :LEE%%S 5 £ 2 ph RENBL L
information required for the information block namely the

TSB and TFNB together with a stuff block bit which is
5 inserted when there is no video data block to be included
in the next information block to be transmitted. This
function of generating these items-;f the header of the
information block could be performed by the ARQ board 206,
but in the present case it—was found more convenient to
10 reprogram. the video multiplexer 204 to carry out this

function.

_ Buffer control signals are passed from the video
multiplexer 204hto the encoder 110 via line 113 to control
the operation 3f the encoder in known manner.

15 The video data block, header bits and control signals
are passed to a Forward Error Corrector TFEC) 212 via a
data and control bus 210. The FEC. 212 employs a Reed-
Solomon (63,59) code although any other system of forward
error detection could be employed. The FEC provides a

20 check Dbit calculation and adds a checksum to the
information blocks to put them'in a suitable form for the
DECT transmitter 116 to transmit them.

Received information blocks from the DECT receiver 120
are input to the FEC 212 which determines whether the

25 information block has been corrupted and outputs a Too Many-
Errors (TME) signal on bus 214 as appropriate. As will be
explained later, the -FEC indicates if the data has been
corrupted but does not attempt to correct any errors. -

The information blocks together with the error flag

30 and control signals are passed via bus 214 to the receiver
side of the ARQ board 206. —

The ARQ board 206 determines which information blocks,
if any,—shéuld be output via a data bus 216 to a video
demultiplexer 218 for passing onto the H.261 decoder 122

35 via output line 220.

-_—
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address to get back to the originating apparatus. The apparatus can
therefore determ ne when the information block containing the repeated
d4ata bllock is expected to 20 arrive on the basis of this path delay plus
any fixed overhead due to processing tine g4 the transmitting apparatus,
for exanple to receive a given nunber of successive acknow edge bits
(as will be discussed |later). Preferably the apparatus is arranged so that
sets of 25 n consecutive information blocks are transmtted as a frame of
i nformation bl ocks, rhde henstafadaim ol doe EBE‘QE:ﬁ‘ﬁ_EéonexbbDﬁiﬂéd'i Nich UiHIG: a
Transmtted Synlwég%ggilon E t éres%ngn ansnlttegoFran% @{g%ggfﬁﬁ

(TENB), the T nfentf0aMAL'E
It has a header containing the following sections:

a Transmitted Synchronisation Bit (TSB}, which

wn

comprises one bit of an 8-bit synchronisation word
sequence;
a Transmitted Frame Number Bit (TFNB), which comprises
- one bit of an 8-bit frame number;
a Repeat Flag, which indicates whether the

10 information block contains a retransmitted data block;

a Stuff Flag, which signals if the information block
contains normal data or stuffing data;

a Received Synchronisation Bit (RSB), which is set to
be theecomplement of the last transmitted synchronisation

15 bit received by the @ecéder;

a Received Frame Number Bit (RFNB), which is set to
be the complement of the last TFNB received by the decoder;
a series of three Acknowledgement Bits (curr ACK,
prev ACKl, prev ACK2), which indicate respectively whether

20 the current, the last and the second last information
blocks received by the distant apparatus were received
uncorrupted;

a video data block; and
check-sum bits.

25 In the present embodiment which is transmitting video
data it is only necessary to include a single bit stuff
flag which indicates whether the data block is stuff data
or coded video data. Other applications may need no
stuffing block for example audio, whereas other application

30 may need a more complex indication of the type of data
included in the information block which may require more
bits than the one bit of the present embodiment.

A series of eight information blocks, as shown in
Figure 3, form a frame of information blocks as shown in

35 Figure 4. The eight transmitted synchronisation bits of

consecutive information blocks form an 8-bit
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TFNBs of the n consecutive information bl ocks of a frame 30 form ng an
n-bit synchronisation sequence and an n-bit frame nunber, respectively,

and

fUrther

including a Received Synchronisation Bit (RSB) and a

Recei ved Frame Nunber Bit (RFNB), the RSBs;snd RFNBs of the n consecutive
I nformation
synchroni sati on sequence and an n-bit frame nunber, respectively.

5

10

15

20

25

30

35

bl ocks of a frame form ng an n-bit 35

synchronisation word sequence whilst the corresponding
eight transmitted frame number bits form an 8-bit frame
number. The 8-bit frame number gives 2% possible addresses.
The synchronisation word can be in one of eight different
positions giving a further eight addresses for each
information block number equal to 2,048 addressable
information blocks.

In the present case the synchronisation word chosen
was 0001101! and the frame numbers c¢ycle from 0000000
through to 1111111 on consecutive frames. The TSBs and the
TFNBs are used to calculate an address for any information
bloeck within the transmitted frames as will be described
later. Similarly the RSBs and RFNBs are used to provide
addresses of information blocks but the complement is used
so that the apparatus does not attempt to synchronise to
the RSBs- but rather_to the TSBs. The information as to
which information block was last received by the distant
apparatus can be derived in an analogous fashion from the
RSB and RFNB.

Figure 5 shows a simplified block diagram of the
interface 114 of Figure 2 to which reference will now be

made to provide an overview of its operation. The = ARQ

.scheme of the present invention includes the following

principal- operations: transmitting data blocks,
retransmitting data blocks which arrived at a further
apparatus having information blocks transmission errors,
receiving data blocks into a the receiver buffer and
inserting repeated data blocks into the correct position in
a buffer.

Compressed video data from the H. 261 encoder (see
Figure 2) is passed to the video multiplexer 204 via bus
112. The video multiplexer 204 assembles the information
blocks into the format shown at Figure 3 and generates the
block addresses and time slot lengths which as with the
header information previously referred to could instead be
generated by the ARQ board 206.

—_—
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In order to sinplify the synchronisation of the received information bl ocks
?referred that each RSB and RFNB i s the conpl enent of the TSB and
TFNB of the information block |ast .received. For n=8 there are 2,048
different addresses as there are [err] dighinctly nunbered frames and
eight distinct distinguishable addresses wthin each frane. Once an
apparatus has synchronised to a stream of incomng information bl ocks
by neans of the.TSBs in consecutive 10 information blocks, in well known:
manner, the addremxasa@oeﬂoaﬁnad Wicklragibhanaei whed hbam‘ﬁpealﬂsbﬁadet Besnned

fron1the franeen%gg n%h%hgeeosLiégQ O% éghéfgé%kgﬁ 1%% d%%a from the
H. 261 encoder is stored in a forward store 502. The
address at which the data block is stored in the forward
store 502 is <calculated from the TSB and TFNB by a

w

transmitter address <calculator 504, and wused by a
multiplexer 506 to address the appréiriate memoiy location
in the forward store 502. In this normal mode of operation
the data block is also passéd to an output multiplexer 508

10 which assembles +the RSB, RFNB header bits which, as
described earlier, are the complement of the TSB and TFNB
of the last received informa%ion block.

The information block is then passed via the
data/control bdus _210, uUnder the operation of a sei;ct

15 signal from the ARQ controller 500 to the output
multiplexer 508, which passes the information block to the
FEC 212. The FEC 212 performs a check bit calculation on
the information block, inserts the appropriate check bits

-in the information “block and passes the completed

20 information block to the DECT transmitter 116 (see Figure
2) for transmission to a remote apparatus.

If, on the other hand, a repeat request has been
received from the remote further apparatus, an information
‘block contalnlng the requlred repeated data block is to be

25 %'passed.DECT transmitter 116 instead. In this instance the
required data block 1is not obtained from the video
multiplexer 204 but -is extracted from the forward store
502. 1In these circumstances the ARQ dontroller 500 passes -
a hold signal via a line 501 of the bus 208 to the video

30 multiplexer 204. The data to be read from the forward
store 502 has an address given by the RSB and RFNB of the
last received information block. The actual address is
calculated from the RSB and RFNB by a receive address
calculator 510 which address is passed to the multiplexer
35 506 to provide access to the required data block stored in

the forward store 502. _,~,~—-f""””'*’”/



wWithin the frame. Simlarly the RSB and RFNB, which correspond to the |ast
TSB and | ast TFNB received by the 15 further apparatus, can be used to
deternine the receiver address of the last information block received to
“enable the round trip time in information;®l ocks between two apparatus to
be cal cul ated. The TSB, TFNB, RSB and RFNBs can be very robustly 20
protected fromerrors using flywheel circuits. By using a flywheel circuit
to generate the addresses necessary for storing and transmtting required
dat a bl ocks, operarhenreaui cedtdate Hwark \ilse relde frpmotthagf dnvardes tore

bl ocks are corgupted. < 08 Lhuuhaghs nCoRPLL MY ANGRA 4O URNA M feddiot
the information  block in which it is going to be
retransmitted. This is achieved by'using the transmitter

5 address calculated by the transmitter address calculator

504 which transmitter address is prqvided to the
multiplexer 506 for this purpose. BY storing the repeated

- data block at the new transmitter address it is available
for a yet further repeat transmission if that information

10 block is itself corrupted.

The size of the forward store 502 is dependent on two
fattors; the number of allowable repeats of the same data
block and the round trip delay between the two apparatus
forminé the duplex communications system. As discussed

15 previously the round trip delay is the time measured in
information block periods between an information Dblock
containing a transmitter address being transmitted and the
same address arriving as a received information block
address at the apparatus. With the round trip delay of 20

20 and two repeats allowed the forward store must be able to
store 40 data blocks together with an overhead dependent on
the number of consecutive acknowledge bits that are to be
received before a given data block is acknowledged as being
properly received.

25 It has just been described how a repeat transmission
of a data block can be triggered in response to information
received from the remote apparatus on failure to have a
satisfactory acknowledgement. The received information
blocks also contain compressed video data from the remote

30 apparatus, which if non-corrupted are to be passed to the
H. 261 decoder 122 of Figure 1.

Consider first normal receive operation. In this case
a received information block from the DECT receiver 120 of
Figure 1 is received and passed to the FEC 212 which

35 provides an Too Many Errors (TME) signal to the ARQ
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-25 receive and transmt addresses until a given nunber of consecutive
isnf ormati on bl ocks are corrupted, for exanple 16, with the count of corrupt
.bl ocks being reset to zero as soon as an information block is received
uncorrupted having the correct TSB and TFN\B.-30 It has been found
that with this ARQ schene the part of the information bl ock header nopst
seriously susceptible to errors is the acknowl edge flag (ACK)-which can
cause corrupted- blocks not to be repeated. This can cause”

particul arly centooblerr 608 whisystiens cxorasunviosttior) ahgkkyos hasc wgeessed
data such as Jound-i4 encoded video signals. Such signals are highly

"~ conpressed and so need to be very ‘
If no error was detected, the received data block in

the information block is stored in a buffer 512 at a write
address calculated by an address generator 514. A new
write address is provided by the address generator 514
whenever a non-repeat, non-stuff bi;ck is recéived. The

w

address generator 514 also provides a read address for the
next data block to be extracted from the buffer 512 to be

10 passed via bus 216 to the video demultiplexer 218. The
read address is generated by subtracting an offset from the
write address. The offset must be greater than the path
delay multiplied by the number of retransmits allowed plus
allowance for the multiple—acknowledge bits if used. This

15 could be calculated dynamically but the system of the
present- embodiment uses switches to set~ up the offset.
This offset is kept constant by not reading from the buffer
and sending NOPs to the video demultiplexer 218 if a repeat
or stuff block is received.

20 If a corrupt block is received at the DECT receiver
120, the FEC 212 signals this fo the ARQ controlier 500 by
the TME signal which stores the current write address
generated by the address generator 514 in a FIFO store 516.

The FIFO 516 must be big enough to store a number of -

25 addresses equal_to the path delay multiplied by the number
of retransmits available to cover the worst case of every
block being in errof} plus an allowance for the additional
delay if multiple acknowledge bits are used. -

The interface 114 also includes a path delay

30 calculator 518 which compares the transmitter address of
the information block last transmitted from the apparatus
with the receiver address determined by the receive address
calculator 510, The receiver address generation is
protected by a flywheel circuit to counter corruption of

35 received information blocks. Since the received address
was the transmitted address sent out previously, the path
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6. well protected as errors will persist until refreshed which can be
several seconds. Corruption of the ACK flag can al so cause non- corrupted
bl'ocks 'to be spuriously repeated. This does not 5 cause errors but does
reduce the efficiency of the link. The ACK 4$lag can be repeated several
times within an information block to attenpt to increase the error
t ol er ance. However, examnation of the fade vectors

delay or the time taken to go to the remote apparatus and
back again can be calculated in terms of information block
periods by a differencing operation together with any
offset required for successive acknoﬁledge bits. The path
delay which is about 20 blocks for 128kbit/s link, is used

to determine in which later information block the repeat

[¥]]

transmission of the data block is expected to occur.
- This is achieved by storing the TME flags in a store
{see Figure 13) each of which is read out a path delay
10 later. The value of the TME flag read out at any time
gives the required indication that the currently received
information block is or is not expected to contain a
repeated data block.

The ARQ controller 500 will, if the information block

15 containing the répea;ed data block is non-corrupted and the
data block is a ndn—stuff block, use the buffer address
previously stored in the FIFO 516 to store that repeated
data block at the appropriate position in the buffer 512 so
placing the repeated data block in its correct position

20 relative to the other received data blocks. In this case
data is not read out from the buffer 512 and passed to the
video demultiplexer 218 as the write address has not been
incremented by the address generator 514 which in this
embodiment maintains the offset between the read and write

25 pointers from the buffer 512..

When an information block arrives which has not been
previously determined to contain a repeated data block but
which is received corrupted, then that data block is stored
in the buffer 512 even though a repeat transmission of that

30 data block will be requested. If the data block is not
succeséfully repeated then that data block will be output
to the video demultiplexer in due course notwithstanding
that it may have a possible error in it. If the data block
is successfully repeated then the non-corrupt data block

35 will overwrite the possibly corrupt data block already in
the buffer 512.
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characterlstlc of aradio link shows that |ong bursts of 10 consecutive
errors occur which can invert all the several successive ACK bits. This
woul d agai n cause errors, albeit |ess frequently. In order to make such
an ACK schene reasonably robust, the ACK b é woul d have to be repeated many
ti'mes which woul d reduce the eff|C|ency ‘of “the system 15 because of the

| arge nunber of data bits being transmtted. A schenme which _has been
found to be. far nore preferable in these circunstances is to use a

header for each infrmmtinn hhock whi cheddicyaules Ak Asknon aslae i dcihich

I ndi cates whet her the | ast received I nformation block 20  was corrupted
and m further “HcikdnoWraaR®! bi EeneagRthyewhpéprmation blocks in which the

three ACK bits are set accordingly, an example of which is
shown at Figure & in connection with corrupt information
5 block number 2. The Curr. ACK flag of block 2, the Prev. ACKl
flag of block 3 and the Prev.ACK2 flag of block 4 arxe set
to 0 to indicate corruption of the informatidn-block 2.
' The ACK srgnéls for a given information block are
spread over three consecufive blocks which number was
10 selected because c¢f hardware limitations. The ACK bits are
transmitted to the remote apparatus as part of the data
stream of information blocks. .
When the apparatus of Figure 5 receives information
blocks, the ACK bits arriveé at the ARQ controller 500 which
15 stores the Curr.ACK for two blocks before use and the
Prev. ACK1 for one block before use. The Prev.ACK2 bit is
used immediately. This means that a delay of two
information blocks is introduced for repeated data blocks
so the forward store 502 must be two blocks larger than it
20 would be if only one ACK bit were used. Also the address
difference generated by the address generator 514 must
account for this delay.
In the apparatus of Figure 5 the ARQ controller 500
compares the three ACK bits for a given information block.
25 There are two possible errors in the return path. %irstly,
an information block may originally be flagged as being
uncorrupted but one dr more of the ACK bits is subsequently
corrupted and a repeat is incorrectly requested. Secondly,
a repeat transmission of a data block is required and
30 requested but the ACK bits are corrupted in successive
information blocks and the request -to repeat a data block
is not received. .
The-se;ond case is the more serious because the remote
apparatus will be expecting an information block to
35 contained repeated data but instead a block of new data
will arrive. ?Ef,fiﬁi.fiSEE_Sf—Ege corrupted information
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further acknowl edge bits indicates whether a distinct earlier received
i nfornmation block was corrupted, the set of acknow edge bits being
associated with m+l consecutive information bl ocks. 25 Wth this
“schene the receiving apparatus has to waifgfor mtl consecutive, ACK flags
to arrive before being able to determine that a bl ock was received

uncor r upt ed. This schenme requires mtl ACK bits in the header of each
block, referring to the current block, the previous block, 30

previ ous- but - bl ©5knott EhenAbet Bepbhtedr ekerusrg the addnemst icfultdrathl ock

o VA PAES M (O M OGS 892 i1 8 NRaSE" R S 4D
An error w1ll appear on the screen of the decoded video
signal when the corrupted block which had been stored in

5 the buffer 512 arrives at the video multiplexer 218 of the
remote apparatus. The use of three ACK bits greatly
decreases the likelihood of this error occurring but it

- does mean that more blocks are repeated than are absolutely
necessary, because the first situation is more likely to

10 occur, which does waste some transmission time. However,
because the video multiplexer requests. H. 261 coder to hold .
when a repeated data block is transmitéed it should reduce
the number of stuff blocks that need to be sent. The
overali reduction in throughput should not, therefore, be

15 too great. o

The—first error noted above will not cause errors on
reconstituting the video sinal because the remote apparatus
will not be expecting a repeated block and on lnspectlon of
the repeat flag will determine that 1t151mply ignore the .

20 received data block and discard it.

It has been found that an error detector provides much
more reliable detection of errors than an error
detector/corrector with the same number of check bits, with
a small amount of correction ability drastically reducing

25 the detection reliability. The FEC 212 of Figure 5 is
therefore used solely to provide the TME signal to the ARQ
controller 500 and no attempt is made to correct the
information block, rather reliance is placed on obtaining
a repeated data block in a later information block to

30 correct the possibly corrupted data block just received.

The ARQ scheme employing three ACK bits in successive.
information blocks copes well with high intensity error
bursts but high continuous error rates also need to be
considered. For selective repeat ARQ schemes, optimum

35 block sizes for giving continuous random error rates can be
calculated as discussed in an article entitled "ARQ
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themall wthin the sanme information bl ock. The penalty to pay for this

schene is the added path delay of a further m 35 I nformati on bl ocks.
The appar at us requesting a retransm ssion of a data block needs to
‘take into account - 7 the fact that _thg further apparatus wl4 not

retransmt a data block until the |last acknowl edge bit has been received.
This penalty however is small when conpared with the nmain round tr|p ARQ
del ay. The_currently preferred

: Protocols with Adaptive Block Size Perform Better over a _

Wwide Range of Bit SZrror Rates" by Armeldo, Martins and
Alves, IEEE Transactions on Communications vol 38 no 6 June
1990. A formula for the throughput-can be calculated and
is given by '

T = m (a - p,) where p, = 1 111_: p,)" and m =(n - h)/n

(8]

where:
p, = block-error probability;
p, = bit error probabiiﬁty; _
10 n =_block size in bits; and
h = number of overhead bits in the block.
~ Assuming a maximum continuous random error rate one
may encounter is ;04, from the graph shown in the
referenced arficle the optimum block size is found to be
15 about 250 bits. Using a Reed-Solomon scheme with 43, six-
bit symbols, this gives 259 bits in the block, including
the synchronisation bit. There are 24 check bits and nine
overhead check bits (assuming the ACK is repeated three
times) so: - '
20 n = 259 and h = 23, therefore m = 0, 873;
p, = 0.001, therefore p, = 1 - (0.999)2% = 0.228; and
T = 0.873 x 0.772 = 0.674.
This shows that the_ throughput is only about two
thirds.
25 For larger_block sizes it gets worse, for exémple for
379 bit blocks T = 0.624. . Therefore, if we start with a
64kbit/s signal it would require a bandwidth on the DECT
link of 64/0.674 = 95kbit/s which requires three DECT time -
slots of 32Kbit/s each.
30 In order to be able to cope with random error rates of

10"} one needs to consider block sizes of around 250 with
around 30 to 35 overhead bits in total. This would allow
one to use three DECT time slots for a 64kbit/s call or six
time slots for 128kbit/s call. The short term, high

35 intensity bursts (fade) performance is much higher than
this as long as the average is no greater than 10°3,

\
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5 nunber of ACK bits is at least three for an H 261 coded video signal
transmtted over a DECT interface having a bit error rate (BER) of up to
[err]. For maxinmum robustness a data block should be retransmtted
“i'f any one acknow edge bit of the -n#l 20 acknow edged bits
indicates an information ‘block was received corrupted by the further
apparatus. Qther schenes nmay be used, for exanple mgjority voting or an odd
nunber of acknow edge bits. The TME error flag generated by the recejver
could 15 al so beExpedimantgnjiitht tde WRATS FPDEGR BISt AR nple@Wp hghat

deci si on maki g BLAEES$E Ol uthdls sith Iy Hpda |00k e A4 blocks at least
two repeats must be allowed ZIor. Taking into account the

round trip delays encountered we found this required a size

5 of buffer 512 of around 128 blocks when 379 bit blocks were

used or 192 blocks when 259 bit blocks were used. This

represents a delay of around 128ms at 384kbit/s, 384ms at

- 128kbit/s or 768ms at 64kbit/s. These were not the optimum
buffer sizes but as can be seen very large delays are

10 incurred. Methods of reducing the delay are currently
under investigation.

- As a comparison, a scheme using interleaving and error
correction with no ARQ could interleave to a depth of 96
using 259 bit blocks for the same delay penalty. This

15 could cope with somé long error bursts but only if they
oé;ur inﬁrequently._ Judging by the frequency in size of
error bursts in simulated fades, it is expected that the
ARQ scheme of the present invention will perform better
under fade conditions.

20 The apparatus of Figure 5 will now be described in
more detail with reference to Figure 7 which is a circuit
diagram of an ARQ board 700 comprising that portion of the
apparatus of Figure 5 between the video multiplexer and
demultiplexer 204, 218 and the FEC 212..

25 fgnecaEETA clock bus 702 carries a 4bit clock signal to ~~
co-ordinate the ARQ controller iﬁo which maintains
synchronism of the ARQ board 700 conéérned with genérating
the information blocks to be transmitted.

The coded video data together with the TSB, TFNB, and

30 SF bits generated by the video multiplexer 204 of Figure 2
to be transmitted in an information block is input to a
transmitter side controller 704 via line 706 together with
a Sbit transmitter attribute signal via an attribute bus
708.

35 The 6bit attribute bus 708 provides a method of

indicating to the ARQ board 700 the type of data on the
S =
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been properly acknow edged nore robust. It should be appreciated that a
TME flag may indicate no errors even if errors have occurred so the TME
flag cannot be taken as 20 infallible confirmation that an acknow edge
biit in an information block which has ng TME_signal associate with it is
correct. The use of TME error signals in conjunction with acknow edge
bits may allow a fewer nunber of acknow edge bits ie two rather than three
for exanple, .yet. 25 still attain as robust or nore robust™ an
acknow Iedgef SY8E8MouAN aQ_thAQ@ll | r@merpg:éﬂtgdgrld@&er&imélvlenrna@naaeﬂibﬁée bus
principte O; 88%22&{2” g%angggW#ggncgggééugii %%Jﬁppéﬂ% E%ems of the
information block being constructed and transmitted. The
data types include TSB< data, checksum, end of block and
5 NOP. Each data type is allocated a unique 6bit number to

allow identification of the data type by the components of

.

the ARQ board 700 as required.
' Some of the data types are used internally by the ARQ
board 700, for example the TME and end of block (EOB) flags
i0 which are not transmitted via the DECT transmitter 116.
_ When the transmitter attribute designates that video
&( data is being input to the transmitter side controller 704,
~¢’a data valid signal is output on a line 710 and-whiech is
e input to a transmitter store 712. When the transmitter
15 attribute signals on bus 708 indicate that an end of
information block has been reached.an end of block signal
‘ is output on a line 714 and input to the transmitter store
712. The transmitter side controller 704 also generates a
synchronisation signal which is output on line 716 and
20 which is also input to the transmitter store 712. This
V synchronisation signal 1is aléo use;!to synchronise the
operation of the receiver side of the apparatus.
The transmitter side controller 704 also generates a
10 bit transmitter address on the bus 718 which is also
25 input to the transmitter store 712. i '
The transmitter side . controller 704 is shown at
circuit Dboard leveL in Figure 8. The transmitter
attributes on line 708 are input to a PROM 802 which -
provides oﬁtput signals indicating the nature of the bit at
30 the current position in the information block. A Single In
Parallel OQut (SIPO) circuit 804 generates an 8bit frame
number once every eight information blocké which frame
number increments once for each new frame.of information
blocks. At the end of each set of frames a frame number
35 enable signal is generated by the SIPO 804 and passed via
line 806 to a latch 808. —_—
Thi\s Sheet Has Been Reilaced
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a.comuni cations systemfor transmtting a conpressed video 30 si gnal
over a radio link in which the output bitstreamof an H 261 video codec is
transnitted over a DECT radio link, with reference to the acconpanyi ng
drawi ngs of which: Figure 1 is a schenatlc grawi ng of a comuni cations
system enploying apparatus according to the present 35 I nvention
for providing video transm ssions over a radio |ink; 8

The TSBs £from consecutive information blocks are
entered into the .SIPO 810 which outputs on bus 812 the
synchronisation word rotated by a number of bits given by

the information block number within the frame. This

rotated synchronisation word is passed to a look up table

(9]

814 which outputs on bus 816 the block number within the
frame for the current information block. This is passed to

- a latch 818. The frame number and block number are

combined to form a llbit transmitter address by latches 808

10 and 818 and output on the transmitter address bus 718.

' The transmitter store 712 of Figure 7 assembles the
header and video block data into an information block for
transmitting and/or storing in the forward store 502 (see
Figure.S).-

15 — The transmitter store 712 of Figure 7 is shown in more
detail .im Figure 9 includes four RAM chip memories 902 in
which is stored the video data blocks and associated stuff
flag of information blocks that have been or are about to
be transmitted..

20 The transmitter end-of-block signal from the
transmitter side controller 704 on line 714 controls a
programmable array 904 to output the data block to be
stored in +the forward store and/or transmitted via a
holding latch 906. The data block to be transmitted is

25 read from the latch 2906 and stored in the RAM memory 902 in
case a repeat transmission 1is required. If the
transmission is a repeat transmission the data to be
transmitted is read out of RAM memory 902 via the latch 906
and again stored in the new data block position in the chip

30 memory 902 in case ithnecessary to provide a yet further
repeat of this data block.

The inputs to the programmable axrray 904 are the
transmitter address on line 718 obtained from the
transmitter side controller 704 of Figure 8, and an

35 analogous receiver address being the receiver address of
the last receivii'iffgffifiggﬂglggk on line 722, the data
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Figure 2 is a schematic drawing of one of the apparatus of Figure 1;
Fi,gures 3 and 4 are tables show ng the structure of the information bl ocks
and frames of information bl ocks, respectively, using the apparatus of
Figures 1 and 2; Figure 5 is a nore detailed schematic diagram of -t he
apparatus shown in Figure 2; Figure 6 is a table showi ng an exenpl ary
sequence of typical ACK bit outputs fromthe apparatus of Figures 2 and 10
5;_Figure 7 is a-schematic diagramof the circuit board of the apparatus of
Fi-gure 5; valid input on line 710 and a repeat transmission selection

signal on line 724 generated by a main control 720 (see

Figure 7).

When the repeat transmit select line 724 goes high the
data to be sent is a repeat transmission of the data block
which was in the information block referenced by the
receiver address of the last received information block.
In this case then the data is retrieved from the chip

n

) memory 902 by using the receiver address on line 722, this
10 data is read from the chip memory 902 and passed to the
' latch 906 and transmitted on the transmit data line 713.
The data is also read from_the latch 906 back into the
forward store memory chip 902 by using reference to the
current information block transmitter address obtained f;om
15 line 718. -

If-this transmission of the information block is also
corrupted then it will be in the proper position in the
store 902 to be retrieved on the basis of the future
receive address for reTransmission. The latch 902 receives

20 the data to be transmitted if the video multiplexer has not
been put on hold, ie if a new information block is to be
transmitted. The information block enters latch 906 where
it is available for storing in the RAM memory 902 at the
current transmitter address. -

25 The header information is input to latch 906 via line
726 which information is co-ordinated by the main
controller 720 (see Figure 7). A multiplex select signal
is input on a multiplex select line 728 (see Figure 7) -
which determines whether information is to be read from the

30 memory 902 for transmission or whether a new video data
block is to be transmitted. - The transmitter
synchronisation signal on line 716 controls the timing of
the latch 906. The 4bit clock signal on line 702 co-
ordinates the timing of the various elements of the TX

//II/I///III/////I/I//I”I7“"
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Figure 8 is a circuit diagramof the transmtter side controller of the
apparatus of Figure 7; 15 Figure 9 is a circuit diagramof the
transmtter store of the apparatus of Figure 7; Figure 10 is a circuit

di agram of the main controller of the appagstus of Figure 7; Figure 11 is a
circuit diagramof the receiver side 20 controller of the apparatus of
Figure 7; Figure 12 is a circuit diagramof the receiver address generator
of the apparatus of Figure 7; Figure 13 is a circuit diagramof the path
del ay cal cul ator ofatdelappaiatuslof pFogides7rontrol signals having the

correct phase with respect to the encoder clock signal
input on line 702. The corntrol signals from the delay line
910 are used by the latch 908 to provide the control

5 signals for access to the memory RAM chips 902.
The transmitter svnchronisation signal input on line

716 is output on line 730 (see Figures 7 and 9).
- Referring now to Figure 10 there is shown the main
controller 720 of Figure'7 shown in more detail. The main
10 controller 720 is a state machine it provides framing data
on line 726 in response to the main controller 720 on input
line 732. It comprises a PROM 1002 and a latch 1004. The
latch 1002 receives the transmitter synchronisation signal
on line 730, header information on a header information bus
15 732 and a receiver synchronisation signal on a bus 734.
The operation of tﬂe main controller is co-ordinated by
means of clock signals on bus 702, The main controller
providés a FIFO control signal on a line 736, framing data
on the line 726 , a multiplex select signal on the line 728
20 a repeat transmission select signal on the line 724 , the
last three of which are input to the transmitter store 712.
Framing data and output line 1106 is provided by checking
the received TSB and TFNB bit input on line 734. The FIFO
control signal on line 736 is used to access the latches
25 holding the header information. The multiplex select
signal on line 728 is used to select between framing data
and video data in latch 906 of the transmitter store 712.
The controller 720 also checks the ACK bits before
generating a repeat transmission select signal on the line

30 724.

Turning now to the receiver side of the interface
board 700 of Figure 7, there is a receive side controller
740, a FIFO 742, a path delay generator 744, a receiver

buffer 746 and a receiver address generator 748.

35 The receiver side controller 740 of Figure 7 is shown
in more detail at Figure 11. A 6bit data bus 750
—_—_—-———————'—_——_—_—__— .
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25 Figure 14 is a circuit diagramof the FIFO of the apparatus of
Figure, 7, and Figure 15 is a circuit diagramof the receiver buffer

cal cul ator of the apparatus of Figure 7. The system shown in Figure 1 was
‘desi gned for 30 transmitting video over 26adi o |inks and is based on the
CC TT Recomendati on H. 261 and the proposed DECT standard. Data rates of
64kbi t/s-384kbit/s were studied, ie where H 261 and DECT overd ap. DECT is
t he. energing ital FEuropean Cordless 35 Tel eco ni cati ons stﬁndard

due for ratlfregﬁ%EFQi/%ﬁ%lnFﬁ“f@Q?r P WRTPTBETIOR M %% SPERCRELYi pl e

Access (TDVA) being processed. —Receiver attribute signals on bus 750 are
decoded by means of look-up tables 1102 and 1104 to provide
enable signals on an enable bus 752. A DEC-clocks signal
on a bus 754 synchronises the portion of the ARQ board 700

w

to the DECT receiver 120 of Figure 1.

Other inputs to the receiver side controller 740 are
the received data from the last received information block
on line 756 together with a next block repeat input on line

10 758. ] ~

An information store 1106 outputs control éignals
depending on the information on the enable bus 752, the
reéeived data in on line 756, the next block repeat signal
on line 758 and_tﬂé dec=clocks signal on line 754 to

15 produce a hold video multiplexer signal—on a line 759, a
buffer _control signal on a line 760 and IC increment
counte} on line 762 and a 6bit header information signal on

~ a bus 764.
A PAL generates an 9bit buffer address on a line 766.-
20 The two look-up tables 1102 and 1104 decode the 6bit

attribute bus and when the unique attribute corresponding
to the required enable signal is decoded, the relevant
enable signal is asserted. The enable signals arxe then
used as a Latch Enable which is applied to the information

25 store 1106 to hold the relevant data valid until the next
Latch Enable. i _

Referring now to Figure 12 there is shown in more
detail the receiver address generator 748 of Figure 7 which _
provides synchronisation to the RSB and RFNB of the

30 received information blocks and ties them to a flywheel
arrangement. The receiver address_generator 748 takes as
inputs the received data on line 756, a 4bit clock signal
on bus 754 'and enable signals on bus 752 from the receiver
side controller 740. A SIPO 1202 outputs a frame number

35 based on the RFNB of the received information blocks from
line 756 to output a frame number on line 1204.
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9 systemutilizing both halves of a duplex link operating on the sane
freauepcy and working in the 1.9 H& band. The data cart of the bitstream
is split into 10ms DECT frames with each DECT frame consisting of 24 tine
slots. Normally the first 12 tine slots-ar?d used to transnit fromthe Radio
Fi xed Part (RFP) to the Cordl ess Portable Part (CPP) and the last 12 tine
slots are used for transmssion in the opposite direction. Each tine sl ot

can be allocated to one , _
PROMs 1211 and 1212 compare the new synchronisation

word with the latch synchronisation word and the correct
value is placed on the output line 1215. If the correct
value is different from the new value then an error is
5 asserted to allow PAL 1215 to start counting up. The PAL
1215 counts on a block basis if the error signal is
asserted. If the error is non-asserted the count is reset.
- If the count reaches ah predetermined wvalue (16 in the
present case) synchronisation is assumed to be lost and the
io search for synchronisation is asserted. While the search
is asserted, the output is always the new value. When the
flywheel gets back into synchronisation the new value will
be the correct value and the error signal is unasserted.
- A further SIPO 1206 provides a synchronisation word on
15 bus 1208 based on the RSBs of the incoming received
inEormation blocks.

The frame number and synchronisation sequence on buses
1204 and 1208 respectively are input to a flywheel circuit
indicated within the dotted box as 1210 to produce a robust

20 receive address output on thé line 722.

Referring now to Figure 13 there is shown in more
detail the path delay generator 744 of Figure 7. The
function of the path delay generator 744 is to provide a

. next block repeat signal when the next information block to
25 be received is expected to contain a repeated data block.-

The next block repeat signal is output on the line 758
and passed to the receiver side controller 740 as described
with reference to Figure 11. A Too Many Errors (TME)
signal is input to the path delay generator from bus 764

30 together with a TME enable signal from the enables bus 752.
The TME and TME enable lines are input to a latch PAL 1302
together with the 3bit delay clock signal on the bus 728
generated by the transmitter store 712. The latch 1302
generates a TME signal which is stored in a TME store 1304.

35' The store 1304 operates by storing the newly generated TME
flag for the current received information block. The

I —
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of ten frequencies and can hop to another available 10 frequency,
on a frane basis, in the event of the signal to noise ratio and bit error
rate on this current frequency becom ng too poor for adequate transm ssion.
Each tine slot carries 320 user bits so th&8naxi mum channel capacity is
384kbit/s. The essential difference between a radio 15 channel and ot her
existing transmssion facilities is the error perfornance. The error
characteristics have three main constituents: i. random errors occurring
as a result of “FBRRRFEEPHnLhe| &HfE| §torep3304 is cycleddiiough & RIS

com ng fromcestai 83d¥96Se®f equal to the total path delay of the
communications system of which the apparatus is part. Thus
the TME flag for the current received information block

will be output from the store 1304 when the information
block which should contain the repeated data clock is
received at the apparatus at a laEér—fime. The addressing
of the store 1304 is reset on the basis of the path delay
which is determined from the transmit address of the

w

‘10 current outgoing information block and the receive address
of the currently received information block. The transmit
address of the currently transmitted block is input to a
proérammable array 1306 on the line 718 together with the
receive address of_th; currently received information block

15 on the line 722 from the.receive address generator 748.
The difference between the addresses is calculated by the
prograﬁmable array 1306 and PROMs 1308 and 1310 convert the
difference to an absolute difference.

The absoclute difference is a 11lbit value which is

20 input into the programmable array 1306 via line 1312. The
address for reading into and writing from the TME store
1304 is output from the programmable array 1306 on line
1314, and as stated above is reset to zero after the

appropriate delay. -

25 ) Referring now to Figure 14 there is shown in more’
detail the FIFé- 742 of Figure 7. The timing of the
components of the FIFQ 742 is controlled by the three clock
buses, delay clock 728, decrement 752 and ENC clocks 702 _
which co-ordinates the operation of the transmitter side of

30 the ARQ board which is tied to the timing of the encoder to’
the timing of the receiver side of the ARQ board 700 which
tied to the DECT timing. In the present embodiment the
clocks of the encoder and DECT transmitter are tied
together. In general however if there is a mismatch

35 between the timing of the two then the FIFO will provide
the retiming that is necessary.
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interference and extension of single randomerrors by nodul ation

techniques; iii. long error bursts due to deep fading, shielding or
frequency hoppi ng. 25 The BER for a radio link is typically between
[err] and [err], significantly worse thanjygor. a fixed |ink. Fading errors
were sinmul ated using the BT Lab's WdeBand Fadi ng Si nul ator (WFS). The

WFS produces bit- error vectors for the performance of DECT in an Additive
30 White Gaussian Noise (AWEN) environment with Rayl ei gh fading.
Anal ysis of the outRafler@fi dhenWrScahamshtdiatl s atesrehals t whok Nin more
CharaCterIStl%%Eail the receiver buffer 746 of Figure 7. The receive
data for outputting to the video demultiplexer 218 of
Figure 2 is output on line 216 from a PAL 1502 from a RAM
5 1504. The incoming receiver data on line 756 is stored in
the RAM 1504 at a buffer address provided on line 766 by
the receiver side controller 740 (see Figure 11). If the
- received data is not expected to be a repeated block, ie
the next block repeat block signal is low then the receiver

10 side controller 740 will provide a buffer address at which

the receiver data is to be stored. However, the data is
only stored if the repeat flag is not set, this is
determined by the main controller. The repeat flag is

analyzed by the PAL 1106 of Figure 11. In the PAL 1106 the

15 repeat flag is compgred'with the next block repeat (NBR)
signal.on line 748. The PAL 1106 generates an increment
counter on line 762 to increment the counter generated by
PAL 1108 on receipt of a non-repeat, non-stuff block. If
a corrupt information block is received the PAL 1106

20 asserts a buffer control signal on line 760 and PAL 1508
generates the control signals to store the buffer address
in the FIFO 1506.

The address is retrieved for repeater blocks by
looking at the NBR flag only. The PAL 1508 checks the NBR

25 bit and generates the appropriate control signals for the
FIFO 1506 and the buffers 1510 1512, The repeat flag is
only used to detect return path errors, ie spuiiously
repeated blocks and unrepeated blocks when a repeated block
was expected.

30 The three acknowledge bits of the last three
consecutive information blocks received at the apparatus
are stored in a PAL (not shown). Signals on the enable bus
generated by PALs 1102 and 1104 provide the enable signals
so that the latched ACK signals are fed to the main

35 controller PROM 1002 for comparison. If any of the three

acknowledge bits for a given transmitted information block
— _
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A1. - fades produced very high intensity bursts of errors with clear

peri ods between fades; 35 2. the error rate during the fade was
very high with possibly nore than half the bits in error. - 10 - It
‘'shoul d be noted that in a full DECT inpleggntation, handover w || -occur
when the error exceeds approximately [err]. In the sinmulations only about

5% of corrupted bl ocks had error bursts which were correctabl e-by even a
pawer f ul - - )
) are not set then the ARQ board retransmits the failed video _

data block in the next information block to be transmitted.
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5. error corrector. Referring to Figure 1 a conmunications system
cqonpri ses a pair of apparatus 102 and 104, each according to the present

i nventi on, linked by a radio |ink established between radi o antennae
106 and 108. Each of 10 the apparatus- 132 -and 104 has an H 261 encoder
110 which accepts video signals as an input and encodes them as & bitstream

of coded video signals on line 112. A DECT interface
respectlve brtstreamon line 112 into a format suitable: Hm'm @Hﬂ by
a'DECT standard 15 transmitter 116. THéIMaratus 102 ts @ssocmka

a single encoder 110. The apparatus 104 connects the DECT

1. Apparatus for transmitting and receiving information
blocks, each of which includes a data block, to and from a
like further apparatus in a duplex communications system
S5 which épparatus is arranged to_determine if a received
first information block has been corrupted, ;nd when it
hasl to request the further apparatus to repeat the
transmission of the data biock of that first information
block, the data blocks being stored in a receiver buffer,
10 characterised in that: _
the apparatus is arranged, on receiving a corrupted
information block, to _
- a) to store a first receiver buffer address being
the address at which the data Dblock —bf the corrupted
15 information block is to be stored if repeated in a later
information block;

- *  b) to determine in which later information block the
repeat transmission of the data block ié expected to occur;:
and ..

20 c) on receiving the later information Dblock
uncorrupted, to store the data block in the receiver buffer
at the first receiver buffer address.
~-2. Apparatus as claimed in c¢laim 2 "in which each;
information black includes a Repeat Flag which-ﬁhen set

25 indicates that the information.block contains a repeated
data block. - i .

3. Apparatus as claimed in claim 2 in which the data-
block of the later information block is stored in the
receiver buffer at the first receiver buffer address only

30 if the Repeat Flag of the later information block is set.
4. Apparatus as claimed in any preceding élaim in which
the data block of a corrupted information block is stored
in the receiver buffer if the information block has not
previously been determined to be one expected to include a

35 repeét transmission of a data block.
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interface 114 to a renote encoder 110 via interface network 118. The
network 118 could be a radio link or sone fixed | and Iyiﬁg"T“ﬁk‘“ffﬁ——-—~

exanmple. 20 DECT transm ssions from each of Ihe rs 116
‘are received at a respective receiver 120,34 he recei ved ﬂk!‘,ﬁﬂﬂ! lw
passed via the respective DECT interface 114 for conversi*onc am
suitable for decoding by a respective H 261 decoder 122 to provide a Vi deo
out put 25 signal. Referring nowto Figure 2 there is shown in nore det ai

t he DECT i nt ersf,ace xbbhftdhaapiadiaies 102a0¥ Pratéedingsbiuli Rgwhient hisee

processes Carrj:'jl.ze(Q:hcc)elil*.I QQrBQSed to transmit information blocks having
header data by which the apparatus can associate a
transmission address with each information block.

5 6. Apparatus as claimed in claim 5 which is further
arranged to transmit information blocks having header data
by which a like apparatus can associate a recei;er address
with each information block.

7. Apparatus as claimed i£ claim 6 in which the receiver
10 address in the information block is said to correspond to
the transmission address of the information block last
received by the apparatus.
8.  Apparatus as claimed in claim 7 in which the
determination of the later information block in which the
15 repeated transmission of a data block is_éxpected to occur
is determined from the transmission <&address of the
information block last transmitted and the receiver address
of the information block last received by the apparatus.
9. Apparatus as claimed in any one of claims 5 to 8 in
20 which n consecutive informatiop blocks are transmitted as
a frame of information blocks, the header data of the
information blocks including a Transmitted Synchronisation
Bit (TSB), a Transmitted Frame Number Bit (TFNB), the TSBs
and TFNBs of the n consecutive information blocks of a
25 frame forming an n-bit synchronisation sequence ahd an n-
bit frame number, respectlvely
10. Apparatus as clalmed in claim 9 in which the header
data of the information blocks further includes a Received
Synchronisétion Bit (RSB) and a Received Frame Number Bit
30 (RFNB), the RSBs and RFNBs of the n consecutive information
blocks of a frame forming an n-bit synchronisation sequence
and an n-bit frame number, respectively. -
11, Apparékus as claimed in claim 10 in which each RSB and
RFNB is the complement of the TSB and TFNB of the

35 information block last received.

_—
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data flowng to and fromthe H 261 encoder/decoder 110/122 30 .._and te—and
fromthe DECT transnitter 116 and DECT receiver 120. The "ARQ schene of the

Ppresent invention is controlled by an ARQ board 206 Whl M “m mlmm
interface of the H 261 encoder/ decoder 33 -110, |“n

DECT 35 transmtter/receiver 116, 120. The coded bltstTeén1Froh1t e
encoder 110 is passed to a video nultiplexer 204 which 11

12. Apparatus as claimed in either one of claims 9 to 11
in which n=8.

13. Apparatus as claimed in either one of claims 11 and 12
in which the header data of each information block includes
an acknowledge bit which indicates whether the last

received information block was corrupted and n further

w

acknowledge bits, n greater or equal to 1, each of which
- indicates whether a distinct earlier received information
block was corrupted, or the acknowledge bits being
10 associated with n+l consecutive information blocks.
14. Apparatus as claimed in claim 13 in which a data block
is™ retransmitted if any acknowledge bit indicates an
information block was received corrupted by the further
apparaﬁus._
15 15. Apparatus as clgimed in either one of claims 13 and 14
in which-m=2. _
16. Apparatus as claimed in any preceding claim in which
the data blocks comprise compressed video data.
17. Apparatus as claimed in claim 16 in which the
20 compressed video data is obtained from an H. 261 video
coder.
18. Apparatus as claimed in any preceding claim which is
arranged to transmit and receive information blocks via a
radio link.
25 . 19. Apparatus as claimed in c¢laim 18 in which the
apparatus is arranged to transmit and receive information
blocks to the DECT radio link standard.

_—
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canbi nes the conpressed video data blocks in the bitstream 112 with sone
internally generated itens of the header information required for the

i nformati on bl ock nanely the TSB and TFNB together with a stuff block bit
which is 5 inserted when there is no videg data block to be included in
the next information block to be transmitted. This function of generating
these itens of the header of the information block could be perforned by

t he. ARQ board 206; but in the present case it was found nore convénient to
10- reprogram the video multipl exgsTRRO4 (FOgea&ryjout this function.

Buffer control signals are passed fromthe video
Apparatus for transmitting and receiving information
blocks, particularly video informatién, is arranged so that
on receiving a corrupted information block it stores a
5 first receiver buffer address at which the data block
should be stored if subsegquently successfully £epeated in
a léter information block. The apparatus keeps track of
the time taken to receive é requested repeat information
block and on receiving the later information block at the
10 predicted time, and on determining that it is uncorrupted,
stores the data in the receiver buffer at the stored buffer
address. Such apparatus can allocate received, repeated
- and naon-repeated data blécks to their correct relative
positions within the receiver buffer without the need for
15 numbering of the data blocks on transmission giving a
conséquential reduction in the size of the data blocks

- being transmitted.

"



rrultlpl exer 204 to the en qé}llo via line 113 to control the operation of

t he encoder in known manner The vi deo data bl ock, header bits

and control si gnals are passed to a Forward Error Corrector TFEC) 212 via a

data and control bus 210. The FEC 212 enpl oys a Reed- Sol onon (63, 59)

code al though any other system of forward error detection could be

enpl oyed. Th{rﬁFEC provi des a 20 check it ¢ L Iatlon and adds a
to a

checksum e( r»x)rm* Lomhl ocks to pggthem i form for the
DECT transm ttéyr t m\t them Rec |ve in ormat o 3ﬂ2 fromthe
DECT recei velrlCL Q\&e i-np \L e FEC le det er mi pes /wh
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25 I nformati on bl ock has been corrupted and outputs a Too Many Errors
(TME) signal on bus 214 as appropriate. As will be explained later, the
-FEC indicates if the data has_been corrupted but does not attenpt to .
correct any errors. The information bl ocks together W th th@rror flag 30
and control signals are passed via bus 214 to the eceiver ;@e of the ARQ
board 206. - The board 206 determ nes which ||3<ormau,0/n $1 ocks, if any,

shoul d be out put via %us 216 to a video demulti plexer 218 for
passing onto the H-261 detoser 12835 via out puB| i ne| 220.
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thi s enbodi nent of the

It has a header containing the

enpl oyed in
a Transmtted Synchronisation

bl ock structure

i nformati on

r12 The

I nvention is shown at Figure 3.

pr esent
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OW ng sec

whi ch 5
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(TSB),
t he

whet her

Bi t
wor d sequence;

whi ch conprises one bit of an 8-bit
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whi ch
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Repeat
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10°/ i nf or mation th‘rIkéi-};'m ains a retransmtted\Vd§§ ﬁ'ock; a Stuff Flag,
whifch signals if the information bl ock contains normal data—!or stuffing
dat/a; @yRecgi ved Synchronisation Bit (RSB), which is set to[be the .
cofpl ement of the last transmtte synchronisation 15 bit freceived by the
de¢ode™ a Received Frame Number B‘I_t (RFNB), which is set t¢ be the
coppl ement ~9f the | ast” TFNB recei Yad by the decoder; a seriges of three
Acknowl edgenent Bits (curr ACK gnev ACKL, prev ACK2), which indicate
regpectively whether 20 - the current, the |last and the second | ast
i nflorghti on eived by the distant apparatus were feceive
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uncorrupted; a video data bl ock; and check-sumbits. 25 In the
pr.esent- enbodi ment which is transmtting video data it is only necessary to
include a single bit stuff flag which indicates whether the data bl ock is,
stuff data or coded video data. O her applications may need no stuffing
bl ock for exanpl e audi o, whereas other .application 30 may need a nore
conplex indication of the type of data included in the information bl ock
which nmay require nore bits than the one bit of the present enbodi nent. A
series of eight information blocks, as shown in
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I nfformati on block nunber equal to 2,048 addressable information

bl ocks. In the present case the synchroni sation word chosen was 00011011
and the frame nunbers cycle from 0000000 10 through to 1111111 on
consecutive frames. The TSBs and the TFNBs are used to cal culate an
address for any information block within the transmtted franes as will be

-

descri bed | ater-. Slnllarly the RSBs and RFNBs are used to prOV|de
addr esses rof—tmfor-rnottomritocks—ut—tire (,unpl erert—ts—tset—4S SoO—trat—tre
appar at usjdoes not attenpt to synchronise to the RSBs-but rather to thegy,. ;t_
TSBs. Th |QLprnat|on as to which information block was |ast received@fyf«|
t he distapt «J . §; =k
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apparatus can be derived in an anal ogous fashi Hlifbﬁnstmenﬂﬁ e?nd RFNB. 20

Figure 5 shows a sinplified block diagram of 4 of Figure
2 to which reference will now be nade to prOV|d its .
operation. The ARQ schene of the present, |nvent|on es t he

followi ng principal operations: transmtting data bl ocks, 25
retransmtting data blocks which arrived at a further apparatus _having
i nformatipn bl ocks transm ssion errors, receiving data blocks into a

"receiver puffer and’]:‘nserti ng repeated data bl ocks into the correct
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30 Conpressed video data fromthe H 261 encoder (see Figure 2)

I 8 passed to the video nultiplexer 204 via bus 112. The video multi pl exer
204 assenbles the information blocks into the format shown at Figure 3 and
- generates the block addresses and tinme slot |engths which as with the 35
header information previously referred to could instead be generated by the

ARQ boar d 206. -14- During normal operation, ie when no repeats have
been :
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request ed, the next block of conpressed video data.fron1the_H. 261 encoder

.s stored in a forward store 502. The address at which the data bl ock
is stored in the forward 5 store 502 is calculated from the TSB-.
and TFNB by a transmtter address calculator 504, and used by a
mul ti pl exer 506 to address the appropriate nenory |ocation in the forward
store 502. In this normal node of operation the data block is also passed.
to an outpurTOr I prexer 508 10 which assenbles the RSB, RFNB [Teddgr
bits whitch, as described earlier, are the conplenent of the TSB an § NS -
of the 14st received information block. The information block is [ g L
passed Via fhe. | T i3
| > . 33.| |k
~ 48| 2| ek
. - wi =k
9 - N, 3 rE =
hY = s 2 k : E j
R RS B
| TO3MERS 2
N3 SigaTE T
‘24 060D

/Dho l1d_video_nux
N
- o
13 <
~— {0y

‘a8 18

sher 2
oM 130LL
we—aint e
pep KT B TS
ey TN

10 /13

Qo 3
' e,
g — / | 'L .
@ A\ :
5 3 3
s £ J
K \ 2
oo
(V2
— .
: - This Sheet Has Been Replaced

|




data/control bus 210, under the operation of a select 15 signal from
the ARQ controller 500 to the output nultiplexer 508, which passes
the information block to the FEC 212. The FEC 212 perforns a check bit «
calculation on the information block, inserts the appropriate check bits in
the information block and passes the conpleted 20 I nformati on bl ock
to the DECT transmtter 116 (see Figure 2) for transni ssion to a renote

apparatug. | f, on the other hand, a repeat request has been recel veqtr
the renofle further apparatus, an information block containing the re -
repeat ed d@&@ block is to be 25 passed to the DECT transmtter My
i nst ead. nthisg . : E;
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iI'nstance the required data bl ock is not obtained fg, nultlplexer
204 but is extracted fromthe forward store 502. I' M%Gﬁwg unst ances

the ARQ controller 500 passes a hold signal via a |i CbUs 2Q8
to the 30 video multiplexer 204. The data to the
forward store 502 has an address given by the RSB and | ast

recei ved lonfargati on hlock Ihe act zadd | at ed fron1the,RSB
and RFNB}by_ a receive address calculator 510 whi ch address i s passe 0 Lpe
nultiple4ed\95 506 to provide access to the required data bl ock sﬂéiﬁﬂ‘,n
t he formnrd;fiore 502. . ' -
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15 The required data block is read fromthe forward sia 502 an

.once again but this tinme at the address of the |nfor Rclmﬁwhlch
it is going to be retransmtted. This is achlev
transmtter 5 address cal cul at ed by the transmtter ator

504 which transmtter address is  provided to the nultlp ex 506 for
this purpose. By storing the repeated data block at the new transmtter

address it is available for a yvet further repeat transnission if that
i nformat| on ' ST
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This invention relates to apparatus Ior transmitting

- da

and receiving information blocks, each of which Zacludes 2

n

data block, to and Zrom a like_fu_l_':ther apparatus in a
duplex communications system and in particular to such
appa:ra_t:us which- is arranged to determine if a received
first information block has been corrupted, by transmission
ané when it has, to regquest the further apparatus to repeat
10 the transmission of +the _data block of that first
information block, the data blocks being stored in. a
receiver buffer. - -
‘When exchanging information over a noisy channel
information blocks can be corrupted so it becomes necessary
15 to implement an Automatic Repeat reQuest "(ARQ) scheme if
the lost data blocks are to be obtained. Of the known
- conventional ARQ schemes of stop-and-wait, go-back-N and
selective repeat (SR), +the last is the most efficient in
terms of throughput as only those data blocks in corrupted
20 information blocks are retransmitted. It is especially
attractive to use such an SR scheme in communications
systems with the noisiest channels, for example those using
radio links, where many repeats"-.'ne.e'éed. .
The repeated data blocks :}hen received in‘.a later
25 transmitted information block will generally need to be
placed in a particula.'f no'sition relative to the data bldcks
already received. This~™ is achieved :Ln prlor art systems by -
including as part of each data block a data block . number:
which the apparatus can use to identify the data block and
30 so position it appropriately. _
According to the present invention, apparatus
accordimg to the preamble of claim 1 is characterised in
that the apparatus is arranged, on receiving a corrupted
information block, to a) store a first receiver buffer

35 address being the address at which the data block of the
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3 AENT SHE
t he nunber of consecutive acknow edge bits that aré{%@%@ {

gi ven data block is acknow edged as being properly riecei ved. 25
has just been described how a repeat transm ssion |off a0ddd@Y ¥¥ck ican be
trlggered in response to information received from tihe renote appar&tus on
faillure t'o have a satisfactory acknow edgenent. |The received infodnation
bl ocks al so contain . conpressed video data 4romthd-remte 30 apparat us,
which if non-corrupted are to be passed to the H 261 decoder 122 of Figure
1. Consider fisstrupted ‘ndeainaciggerdtddn.is fa e seeeed ifceenaated in
information block Jifedm & Rg LEEL SRCeLYEEX123 )0 Getermine in which later

information biock the repeat transmission of the data block

is expected tCc occur; anc ¢} store the data block in the

receiver builier atv zhe first receiver buffer address on

tn

receiving the :rater information block uncorrupted.

On receiving =2 corrupted :Iinformation block, the
apparatus stores the =ddéress where the data block' should
have be.en stored iIf not corrupted. When the later

10 information block containing the repeated data block is
received by <the apparatus, the data is (if not again
corrupted) stored in the appropriate place in the buffer.
Because the apparatus previously determined that this
information block wouid contain the required repeated data

15 block it can, when it arrives, store the data block at the
required “place in the buffer given by the stored first
receiver buffer address. This can be without reference to
any data block number which is now unnecessary and so can
be omitted.

20 The nresent inventction can therefore allocate received,
repeated and non-repeated data blocks to their correct
relative positions within the receiver buffer without the
need for numberina of the data blocks and with a
consequential reduction in the size of the data blocks

25 being transmitted. .

If the later information block is itself corrupted the
original first receiver buffer address is retained and the
apparatus again determines which later information block
will have the next repeat of the required data block. If

30 the later information block is not corrupted it will be
stored in the receiver buffer at the stored first receiver
buffer address. _

This ARQ scheme can provide error free transmission on
a noisy channel in one direction provided the return path

35 is error free. Problems, however, occuxr when errors are

introduced in both directions of the link. If an



: ANy AT '
Figure 1 is received and passed to the FEC 212 which %%fLA@kMﬁﬁﬁﬁ§§ﬂﬂzﬂ Too
Many Errors (TME) signal to the ARQ 16 contrnl’er 500 whi ch

~indi cates whether an error as been detected. If no er ﬁh@Ct d, the
received data block in the information block is stor d%Ln a buf er at a

wité 5 “address calculated by an address generat of ATrew |te
address is provided by the address generatdr 514

acknowledgement .of a <received 4information block is
corrupted to become & non-acknowledgement, the contained
data block wouléd e repeated in a later information frame
wnen neither requrred nor expected and so would be stored
ime but in an incorrect position in the receiver

tn
rt
"

a second
butfier. I£, on the other handg, a_non-acknowledgement of a
received information dblock is-corruﬁzed and is received as
an acknowledgemenz, the data biock in the later information
plock will not e the expect repeat data block but a
10 first transmissicn of a new data block. This data block is
not to pbe stored at the firg;.receiver buffer address but
at the next consecutive buffer ‘address. Both cases will
cause errors &ue to _incorrect data block ordering in the
receiving apparatus. _' Further, in the second casée the
15 transmitter will not retain the earlier possibly corrupted
data b;ock and so this can never be retramsmitted.

‘It 1is preferable in these circumstances that the
apparatus provides in each transmitted information block a
Repeat Flag which indfcates whether the information block

20 contains a repeated data block and that the data block of
the later information block is stored in the receiver

ruffer at the first receiver buffer address only if the

o)

Repeat Flag of the later %nformation block is set. This
prevents a falsely repeated block being incorrectly stored.

25 The data block of a corrupted information block may be
stored in the receaiver dbuffer if the information block has
not previously been- determined to be one expected to
include a repeat transmission of a data bloek. This could -
cause an error if the data block had been corrupted and is

30 not properly repeated due to further corruptions to
overwrite the entrxy in the buffer but it will provide no
error in these circumstances if it was part of the
information block other than the data block that had been
corrupted.

35 In a preferred embodiment of the present invention the

apparatus 1is further arranged to transmit information



whenever a non-repeat, non-stuff block is recelvedF&§ﬂ£§g§@ﬂéﬁsp ngr at or

514 al so provides a read address for the next datajb
fromthe buffer 512 to be 10 passed via bus 216 jo}t lgeg wWO¥et9o
denul ti pl exer 218, The read address is generatedjb
fromthe wite address. The offset nust be great ¢r=ttran-the path d
mul tiplied by the nunber of retransmts gallowed pl s al |l owance for—the

subtracting

‘mul tiple acknow edge bits if used. This 15 coul d"be cal cul ated

dynami cal |y byfotRe Systenuofndl@e Pr oS 8FDOJhIBAl URES 8PbhebeSst Tan
set-up the offset. This offset is kept constant by not reading fromthe

buf f er and seﬁ%ﬁﬂ@-ﬁﬁps % 0 TIRNSAIFST YenBPEFFFExefi3hg £RCH 1ﬁﬁ&£mat1°n

W

10

15

20

25

30

35

Dlock and by which a Lixe Zurther apparatus can associate
a raceirver address with each information block and in which
the receiver address :n each information block is set to
corresnond to the transmission address of the information
block last received by the apparatus.

With such an arrangement the apparatus can determine
in which later information biock the repeated transmission
of a data block is =xpected to occur. This can be
calculated from the transmission address of the information
block last transmitted and the receiver address of the

" information block last xreceived. The difference between

these addresses is the time in information blocks necessary
for an information block to pass to the further apparatus
and for —an information block containing the received
address to get back to the originating apparatus. The
apparatus can therefore determine when the information
block containing the repeated data block is expected to

. arrive on the basis of this path delay plus any fixed

overhead due to processing time at the transmitting
apparatus, for example %to receive a given number of
successive acknowledge bits {(as will be discussed later).
Preférébly the appératus is arranged so that sets of
n consecutiwve inforﬁation blocks are transmitted as a frame
of information blocks, the header data of the information
blocks including a Transmitted Synchronisation Bit (TSB)
and a Transmitted Frame Numbexr Bit (TFNB), the TSBs and
TFNBs of the n consecutive information blocks of a frame
forming an n-bit synchronisation seqguence and an n-bit
frame number, respectively, and further including a
Received Synchronisation B5it (RSB) and a Received Frame
Number Bit (RFNB), the RSBs and RFNBs of the n consecutive
information Dblocks of a frame forming an n-bit

synchronisation sequence and an n-bit frame number,

respectively.



or

stuff bl ock

I's received. 20 1f a corrupt

DECT receiver 120, the FEC 212 signals this to the 84 { by
the TME signal which stores the current wite adg by | t he
address generator 514 in a FIFO store 516. The FI FO Vo@%l gl e ough

to’'stor& a nunber

t he nunber of

being in error,
acknow edge bItS arg ugegn,The
cal cul at or

del ay 30

wn

15

20

25

30

35

of 25 addr esses equal
retransmts available to gover the
plus an allowance for the additiona

| DI REf8ee M sPritthr dr@fé&'@fén £ Patde
conpares” the transnitter address of

518 whic

recerved ;rfsrﬂat on biocks it is preferred that each RSB
and RFNB is cthe compiement of the TSB and TFNB of the
information tlock last received.

Tor n=§ there are 2,(048 different addresses as there
are 2% distinctly 'numbered frames and eight distinct
édistinguishable addresses within each frame. Once an
appéra:us has"synchronlseé to a stream of incoming
information blocks v means of the TSBs in consecutive
informatio locks, =z=n we;- known manner, the address

associated with a transmitted frame can be determined from
the frame number and the position of an information block

frame. _ Similarxly the RSB and RFNB,
to the-last TSB and last TFNB received by the

can be used to determine the receiver

within the which

correspond

further apparatus,

address- of the .last information block reCeived to enable

the round txip time in information blocks between two

apparatus to be calculated.
mhe TSB, TFNB, =XSB and RFNBs can be very robustly

cm errors using Zlywheel circuits.

protected £=x By using a

flywheel cixcuit to cenerate the addresses necessary for

storing and requrred data blocks, operation

can continue even when the iacoming information blocks are

TrXansmitiIng

corrupted. The flywheels can be arranged to generate the.

receive and +transmit addresses until a given number of

consecutive information blocks are corrupted, for example
16, with the count of-cofrupt blocks being reset to zero as
soon as an information block is received uncorrupted having
the correct TSB and TFNB.

It has been found that with this ARQ scheme the part
of the information block header most seriously susceptible
flag (ACK) which can cause

This

to errors is the acknowledge

corrupted blocks not to be repeated. can cause

particularly serious errors in systems communicating highly
compressed data such as found in encoded video signals.

Such signals are highly compressed and so need to be very



the information block |ast transmitted from the apparéﬁﬁ@ﬂﬁ&ﬁﬁﬂ{h@yﬁﬁgk|ver'

address determ ned by the receive address cal cul ator Tre-r-egeijver
address generation is protected by a flywheel cirCth

corruption of 35 received information bl ocks Si nc t@éﬁﬁigéﬁkéd
address was the transnitted address sent out DFEVIOu°|j | 1Y

delay or the tine taken to go to the renq}e appar at ug and back again chn be
calculated in terms of information block :

d as errors will persist until refreshed which
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tion of che ACX £flag can also cause non-

locks to Ze spuriously repeated. This does not

w

cause errors bdut does rsduce the efficiency of the link.
The ACX ZIlag can be repeated several times within an

infcrmation block éo attempt to increaée the error

tolerance. However, examination of the fade “vectors
characteristic of a radio link shows that long bursts of

10 consecutive errors occur which can invert all the several
successive ACK bits. This_would again cause errors, albeit
less frequently. In order to make such an ACK scheme
reasonably robust, the ACK bit would have to be repeated
many times -which would reduce the efficiency of the systém

15 because of the large number of data bits being transmitted.

A scheme which has been found to be far more’
préferable in these circumstances is to use a header for
each information block which includes an acknowledge bit
which indicates whether the last received information block

20 was corrupted and m further acknowledge bits each of which
further acknowledge »its indicates. whether a distinct

- earlier received information block was corrupted, the set
of acknowledge bits being associated with m+l consecutive
information blocks.

25 With this scheme <the receiving apparatus has to wait
for m+1 consecutive, ACK flags to arrive before being able
to determine that a block was received uncorrupted. This
scheme requires m+1 ACK b-ts in the header of each block,
referring to the current block, the previcus block,

30 -previous—but—one—block, etc. As the bits referring to any
pvarticular block are effectively spaced m-1 information
blocks apart, the scheme is much more robust than having
them all within the same information block. The penalty to
pay for this scheme is the added path delay of a further m

35 information blocks.  The apparatus requesting a

retransmission of a data block needs to take into account



perrods by a differencing operation together wth éRﬁ“bAtgﬁ%WHEQHﬁr?j for

successi ve acknow edge bits. The path 5 del ay mh|¢h |s about=-26—-8{ ot ks
for 128kbit/s link, is used to determine in which late %gﬁﬂp ' | bck

t he repeat transnission of the data block is expecte 10 0 : I B
achi eved by storing the TME flags in a store (see Fi Whi ch

Is read out a path delay 10 | at er. The val ue of he TME fl ag read out
at any time gives. the required indication that the cUTTeNtTy Tecerved
i nformation blggk #:%:t0r- i St NebeCXpBEREH bEpEPALAENWA 1NCRRSY ehe€RhAs R OCK.

The A controller 500 will, if Lhe |nfornaf|on bl ock
RQ fat block 'until the iast acknowledge bit has been

received. This penalty however is small when compared with
Tthe main round trip ARQ delav. The currently preferred

number of ACX kits is at least three for an H.281 coded

w

1deo signal transmitted over a DECT interface having a bit

erzox xate (BER) of up to 107~ )
- FTor maximum robustness 'a data block should be
recxansmitted if any one acknowledge bit of the m+l
10 acknowledged bits indicates an information block was
received corrupted by the further apparatus. Other schemes
may. be used, for example majority voting onr an odd number

of acknowledge bits. _

The TME error flag génerated by the receiver could
15 also be used in cenjunction with the ACK_bifs to make the
decision making process of what information blocks have
been properly acknowledged more robust. It should be
appreciated that a TME flag may indicate no errors even if
errocrs have occurred so the TME flag cannot be taken as

20 infallible: confirmation that an acknowledge bit in an

|

nformation block which has no TME signal associate with it

).a

is correct. The use of TME error signals in conjunction

with acknowledge bkits may allow a fewer number of

acknowledge bits .ie two rather than three f£or example, yet

25 still attaih as robust or more robust a‘acknowledgefsystem.

An embodiment of the present invention and its

principle of operatien will now be described, as applied to

a communications system for transmitting a.compressed video

signal over a radio link in which the output bitstream of

30 an H. 261 video codec is transmitted over a DECT radio link,
with reference to the accompanying drawings of which:

Figure 1 is a schematic drawing of a communications

system -employing apparatus according to the present

invention for providing video transmissions over a radio
35 link; —_— T
heet Has Been Reraced

Rl



15 containing the repeated data bl ock is non-corru : bl ock
Is a non-stuff block, use the buffer address previpu hm@ﬂg @'ﬁhﬁ\he FI FO
516 to store that repeated data bl ock at the appropr at e positioni{in the
buffer 512 so placing the repeated data block in ifts cBn#ﬁOV‘pgsltlcn 20
relative to the other received data blocks. 1n thisg case data is{ndt read
out fromthe buffer 512 and passed to the video dgnultiplexer 2 ag the
write address has not been increnented &y the addriess_genergtor 514]which
in this enbodlnent,nalntaln the offaegqp tween . .read d mmlte
pointers fromthe BUfferc 51 en an i orr?atlg'%%ﬁlr%gk ogé:rlves \ﬁﬁz RPRas
not been apparatus of ?*g i

Figures I and 4 are tables showing the structure of

the information bdlocks and frames of information blocks,
S

T
Iy
0

Figure 6 is a table showing an exemplary seguence of
typical ACK bit outputs Zrxom the apparatus of Figures 2 and

10 S;
Figure 7 is a schematic aiagram of the circuit board
of the apparatus of Figure 5;
Figure 8 is a circuit diagram of the transmitter side
controller-of the apparatus of Figure 7;
15 -~ Figure 9 is a circuit diagram of the transmitter store

of the apparatus of Figure 7;
Figure 10 is a circuit diagram of the main controller
of the apparatus of Figure 7;
Figure 11 is a circuit diagram of the receiver side
20 controller of the apparatus of Figure 7;
Figure 12 is a circuit diagram of the receiver address
generator of the apparatus of Figure 7;
Figure 13 is a circuit diagram of the path delay
calculator of the apparatus'of'F;gure 7;
25 Figure 14 is a circuit diagram of the FIFO of the
apparatus of Figure 7; and ' _
Figure 15 is a circuit diagram of the receiver buffer
calculator of the apparatus of Figure 7.
The system shown in Figure 1 was designed for
30 transmitting video over radio links and is based on the
CCITT Recommendation H. 261 and the proposed DECT standaxrd.
Data rates of 64kbit/s-384kbit/s were studied, ie where
H. 261 and DECT overlap.
DECT is the. emerging Digital European Cordless
35 Telecommunications standard due for ratification by ETSI in
1992. It will be a Time Division Multiple Access (TDMA)



previously determned to contain a repeated data bl ock but which is

recei ved corrupted, then that data block is stored )N i '
t hough a repeat transm ssion of that 30 data bl oﬁﬁ&ﬁ‘ﬁé{‘ﬁg@%’ S d.

If the data bl ock is not successfully repeated theh fhat data bi ock Il be
output to the video demultiplexer in due course nofw t losh W @t hiat| it may
have a possible error init. |If the date bl ock is}shccesstully rejpeated
then the non-corrupt data block 35 wll overwitg ttrepossrbty=cor| upt
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the same frequency anéd working in the 1i.2EGz band. ‘The
data rart of the bitstream is split into 10ms DECT frames

with each DECT frame consisting of 24 time slots. Normally
“he firxst .2 time slots zre used to transmit from the Radio
art (RFP) to the Cordles;,?g;table Part (CPP) and
Tt 12 time slots are used -for transmission in the
ite direction. Each time slot can be allocated to one
of ten frequencies and cén hop to another available
frequency, on a frame basis, in the event of the signal to
noise ratio and bit error rate on this current frequency
becoming too poor for adequate transmission. Each time
slot carries 320 user bits so the maximum channel capacity
is 384kbit/s. ~ The essentizl difference between a radio
channel and other existing transmission facilities is the

error yerformance. The errcr characteristics have three

"main constituents:

i. random errors occurring as a result of low RF

signal levels; .
short error bursts coming from certain types of

e

H)

nterference and extension of single random errors by

fe

modulation techniques;
iii. long error bursts due to deep fading, shielding
or fregquency hopping. -
The BER foxr a radio link is typically between 10°? and
10°3, significantly worse than for a fixed link.

Fading errors ‘weré simulated using the BT Lab's

WideBand Fading Simulator (WFS). The WFS produces bit

error vectors for the performance of DECT in an Additive
White Gaussian Noise (AWGN) environment with Rayleigh
fading. Analysis of the output of the WFS showed that
fades had two main characteristics:

1. - fades produced very high intensity bursts of
errors with clear periodé between fades;

2. the error rate during the fade was very high with

possibly more than half the bits in error.



18 When t he appar at receives a corrupted data blo e (oG RIR
cohsecutive |nforna?fBHEBTBEFE__—_Vﬁ*_%‘the t hree &mgwhhrhfﬂ' sl
accordi ngly,
corrupt _information 5

Prev. ACKL flag of bl

to indicate corruption of the in
given information bl ock are spread over hree consdcutive bl ocks whi ¢h
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an exanp @hnRQplas&down at Figuref 5 in connectiorf yith
;ﬂ 2 The Curr. ACH fDapNOY HbecH 2
0

ornatl bl ock 2. {The ACK stgnars-fqr a

*+ should be noted that in a full DECT implementation,
handover will occur when the error exceeds approximately
103, In the simuliations only about 5% of corrupted blocks
nad error bursts which were correctable by even a powerful
error corrector. '

Referring to Figure 1 a communications system
comprises a pair c¢f apparatus 102 and 104, each accordiﬁg'
to the present invention, linked by a radio 1link
established between radio antennae 106 and 108. Each of
the apparatus 102 and 104 has an H.261 encoder 110 which
accepts video signals as an input and encodes them as a
bitstream of coded video signal's on line 112, A DECT
interface 114 converts_é'respective bitstreams on line 112
into a format suitable for transmission by a DECT standard
transmitter 116. The apparatus 102 is associated with a
singie encoder 110, The apparatus 104 connects the DECT
interface 114 to a remote encoder 110 via interface network
118. The network 118 could be a radio link or some fixed
land lying link, Zor example. '

DECT transmissions Zfrom each of the transmitters 116
lé received at a respective receiver 120, the received
signals being passed via the respective DECT interface 114
for conversion to a bitstream suitable for decoding by a
respective H. 261 decoder 122 to provide a video output
signal.

Referring now to Figure 2 there is shown in more
detail the DECT interface 114 of the apparatus 102 of
Figure 1 showing the three processes carried out on the
data flowing to and from the H. 261 encoder/decoder 110/122
and to and from the DECT transmitter 116 and DECT receiver
120.

The ARQ scheme of the present invention is controlled
by an ARQ board 206 which controls the interface of the
H. 261 encoder/decoder 110, 122 - to the -DECT
transmitter/réceiver 116, 120. The coded bitstream from

the encoder 110 is passed to a video multiplexer 204 which

, .the
ev. ACK2 flag |of} block 4 are det} to O



bef ore use.

transmtted to the renote apparatus as part of the ;
i nformati on bl ocks. Wien the apparatus of Figure 5 fege maj i pn
bl ocks, the ACK bias arrive at the ARQ controller 5Q0jwh tprps
the Curr.. ACK for two bl ocks before use and the Prév! b} ock
The Prev. ACK2 bit is used i medi ately. This neans thaj a
KS SO

delay of two information blocks is |ntr(1duced for
the forward store 502 nust be tvvo bl ockd

| arger than it 20 would be if

onl'y one ACK Bit were used. s lhe. address. di ff.erence . ger em%ltst3%§£e
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with son ;n:er“aLly gene:atea items of the header
information requzred Zfor the information block namely the -
TSB and TrMN3 :'ogether"w_ith a stuff block bit which is
inserted when there is no video data block to be included
in the next information block to bf transmitted. This
function of generating ithese items of the heac:ier of the
information block could be per formed by the ARQ board 208,
but in the present case it was Zfound more convenient to
reprogram. the <wvideo multiplexer 204 to carry out this
~ Buffer control signals are passed from the video
multiplexer 204 to the encoder 110 via line 113 to control
the operation O6f the encoder in known manner.

The video data block, header bits and control signals
are passed to a Forward Error Corrector TFEC) 212 via a
data and control bus 210. The FEC 212 emnloys a Reed-
Solomon (63,5¢) code although any other system of forward
error detection could bhe employed. The FEC provides a
check bit calcuiation and adds a checksum to the
information hlocks to put them in a suitable form for the
DECT transmitter !16 to transmit them.

Received information dlocks from the DECT receiver 120
are input to the FEC 212 which determines whether the
information block has been corrupted aﬂd outputs a Too Many
Errors (TME)} signal on bus 214 as appropriate. As will be
expiained later, the-FEC indicates if the data has been
corrupted but does-not attempt to correct any errors. -

The information blocks together with the error flag
and control signals are passed via bus 214 to the receiver
side of the ARQ board 206. -

The ARQ board 206 determines which information blocks,
if any,«shduld be output via a data bus 216 to a video
demultiplexer 218 for passing onto the H. 261 decoder 122

via output line 220.
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In the apparatus of Figure 5 the ARQ controller SOGW@mE%E;}g wihe pe ACK
bits f.or a given information block. 25 There are {E>O0SSIAL s in
the return path. Firstly, an information block may driginally be fil agged
as being uncorrupted but one or nore of the ACK bitls i sQsuMSvdadnt |y
corrupted and a repeat is incorrectly requested. Secdndly, a repeat
transm ssion of a data block is required d 30 rlequést ed but the ACK
bits are corrupted in successive information bl ocksl and the request i

0
repeat a data bl ock_js nqt received. The second case is th? more serigys
because the renote apPar aFUSWATBe B%FES i Ay~ RR-FAPor FEPLSRSH ofR this

emboéiment I the present invention is shown at Figure 3.

-~ -

It has a header containing the following sections:

a Transmitted Synchronisation Bit (TSB), which

tn

comprises one 2it 9f .an 8-bit synchronisation word

sequence; ‘ '

- a Transmitted Frame Number Bit (TFNB); which comprises

one bit of an §-bit frame rnumber; 2

a Repeat Flag, which indicates whether the

10 information =lock contains a retransmitted data block;

. a Stufs Flag, which signals if the information block
cofitains normal data or stuffing data;

a Received Synchronisation Bit (RSB), which is set to

be the complement of the last transmitted synchronisation

15 bit received by the decoder; _ ‘

a Received Frame Number Bit (RFNB), which is set to
be the complement of the last TFNB received by the decoder;
i series of three Acknowledgement Bits (curr ACK,
prev ACK1l, prev ACK2), which indicate respectively whether

20 the current, the last and the second last information
blocks received by the distant apparatus were - received
uncorrupted;

a video data block; and
check-sum bits.

25 In the present embodiment which is transmitting video
data it is only necessary to include a single'bit stuff
flag which indicétes whether the data block is stuff data
or coded video data.  Other applibations may need no
'stuffing block for example audio, whereas other application

30 may need a moré'complex indication of the type of data
included in the information block which may require more
bits than the one bit of the present embodiment. '

' A series of eight information blocks, as shown in
Figure 3, form a frame of information blocks as shown in
35 Figure 4. The eight transmitted synchroﬁisation bits of

consecutive information "blocks  form an 8-bit
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35 contained repeated data but instead a bl ock &ﬁﬁﬁg@ '} gﬁEcrrive
The data bl ock of the corrupted information blio BEET

repeat ed because the address of that data bl ock injthe forward s]ofe 502

w || have been lost. An error will appear or. th C NOV 1998e Hekoded

vi deo signal when the corrupted bl ock which had peen. _stored in t he
buffer 512 arrives at the video nmultiplexgg 218 pf the renole —apgar at us.
The use of three ACK bits greatly decreases ttre~-kelihQod ot_ghis error

occurring but iglencnronisacion word sequence whilst the corresponding

eight <ctransmitted Irame number bits form an 8-bit frame
number., The 8-bit Irame number gives 2° possible addresses.
The svynchronisacion woré can be in one of eight different

posictions girving & Zurxrcther eight addresses for each

w

information block number equal <to 2,048 addressable
information blocks. ' _

Zn the present case the synchronisation word chosen
was 000110 |

i0 through to 11111l on consecutive frames. The TSBs and the

¢ the £frame numbers cycle from 0000000

fey
[
i1
o

TFNBs are used to calculate an address for any information
bldck within the transmitted frames as will be described
later. Similarly the RSBs and RFNBs are used to provide
addresses of information blocks but the complement is used

15 so_that the apparatus does not attempt to synchronise to
the RSBs—- but rather.to the TSBs. The information as to
which information block was last received by the distant
apparatus can be derived in an analogous fashion from the
RSB and RFNB. ‘

20 Figure 5 shows a simplified block diagram of the
interface 114 of Figure 2 to which reference will now be
made to provide an overview of its operation. The ARQ
scheme o©of the present invention includes the following
principal- operations: transmitting data blocks,

25 retransmitting data blocks which arrived at a further
apparatus having information blocks transmission errors,
receiving data blocks into a the receiver buffer and
insexting repeated.data blocks into the correct positionfin
a buffer. '

30 Compressed video data frbm'the H. 261 encoder (see
Figufe 2) is passed to the video multiplexer 204 via bus
112, The video multiplexer 204 assembles the information
blocks into the format shown at Figure 3 and generates the
block addresses and time slot lengths which as with the

35 header information previously referred to could instead be
generated by the ARQ board 206.



does nean that nore bl ocks are repeated than ar g
because the first situation is nore likely to
sonme transm ssion time. However, because the

f g*&ﬁsary,
2 oes waste
equest s

occu

?ﬁ%

the H 261 coder to hold when a repeated data blfo k | it should
reduce the nunber of stuff blocks that need to] b€ — |1
reduction in throughput should not, theggefore, be too greatf. The first
error noted above will not cause errors on reconstitu jdeo sina

because the enote.appraratus. I 06,.£X1 ep on
i nspect ion of the ng"ég{oafﬁ iy ?:Q%tat e"'recrﬁ?neeetCtﬁ"ar{g;rl1 taréhoﬁﬁ%iggs bﬁ?‘% ﬁQQn
requested, the ne xt clock of compressed video data from the

H. 261 encoder is stored in a forward store 502. The

ess ‘at wnhich the cdata zlock is stored in the forward

v
f

store 3502 :s calcuiated Zfrom the TSB and TFNB by a

(§1]

transmitter address calculator_ 504- and used by a
multiplexexr 086 to address the annronrlate memory location
in the forwardé store 502. In this normal mode of operation
the data block is aiso passéd to an dutput multiplexer 508

which assembles =zh RS3, RFNB header bits which, as

[y
o

described'eérlier, are the complement of the TSB and TFNB
of the last received informa&ion block.
The information D»dlock is then passed via the
data/control %Hus _210, idnéder the operation of a se].;ct
15 signal from the ARQ controller 500 +to the output
multiplexer 508, which passes the information block to the
FEC 212. The FEC 212 performs a check bit calculation on
the information block, inserts the appropriate check bits
in the information ~block and passes the completed
20 information block to the DECT transmitter 116 (see Figure
2) for transmission To a remote apparatus. |
If,. on the other hand, a xrepeat request has been
" received from the remote fgrther apparatus, an information
block contamnlng the required repeated data block is to be
25 nassed‘DEC"" transmitter 116 instead. In this instance the
required data block is not obtained from the vwvideo
multiplexer 204 but 4is extracted from the forward store
502. In these circumstances the ARQ controller 500 passes -
a hold signal via a line 501 of the bus 208 to the video
30 multiplexer 204. The data to be read from the forward
store 502 has an address given by the RSB and RFNB of the
last received information block. The actual address is
calculated from the RSB and RFNB by a receive address
calculator 510 which address is passed to the multiplexer

35 506 to provide access to the required data block stored in
—_—
This Sheet Has Been R.
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the forward store 502.



20 the received data block and discard it. It HREP MEAIh an
error detector provides nuch nore reliable deteg tPéﬁE\u7"§ﬁPE?; t han
an error detector/corrector with the same nunber ?ggl%} ,IWMth a
smal | anmount of correction ability drastically rnd cﬁﬁg ¥he| dbt ecti on
rel’i abil'ity. The FEC 212 of Figure 5 t heref ¢ [ o] provide
the TME signal to the ARQ controller 5 and no attenpt Is mdel to
correct the information block, rather reliance i Sptraced—omrsebteaini Ng a
repeated data bl ockd rre?ad.ﬁi'sﬁ da DBIRidion sbireald tforB the diomerd lwtore

possi bly corrupted data glock ust received. ,The sche enplQyl ree
ACK bits in < dcé§§f¢é“ ored 4 again butl §D§ {¥§% 8@ gﬁe E%d?é J?

the :nformation zlock in which it is coxng to Dbe
retransmitted. This is achieved by using the’ transmltter
5 address calculated 2y <he transmitter address calculator

504 whiqh transmitter address is provided to the
multiplexer 506 for this purpose. By storing the repeated
data block at the new transmitter address it is available
for a vet further repeat transmission if that information

10 block is itself corrupted. _

The size of the forward store 502 is dependent on two
fattors; the number of allowable repeats of the same data
block and the rouné trip delay between the two apparatus
forming the duplex communications system. As discussed

15 previously the roun@ trip delay is the time measured in
information block periods between an information block
containing a transmitter address being transmitted and the
same 4dddress arriving as a received information block
address at the apparatus. Wicth the round trip delay of 20

20 and two repeats allowed the forward store must be able to
store 40 data blocks together with an overhead dependent on
the number of consecutive acknowledge bits that are to be
received before a given data block is acknowledged as being
properly received.

25 It has just been described how a repeat transmission
of a data block can be triggered in response to information
received from the rempté apparatus on failure to have a
satisfactory ackﬁowledgemenfﬁ' The' received information
blocks also contain compressed video data from the remote

30 apparatus, which if non-corrupted are to be passed to the
H. 261 decoder 122 of Figure 1.

Consider first normal receive operation. In this case
a received information block from the DECT receiver 120 of
Figure 1 1is received and passed to the FEC 212 which

35 provides an Too Many Errors (TME) signal to the ARQ



infdrnation bl ocks copes well with high intensity error bursts but high

continuous error rates also need to be consid asas ye repeat

ARQ schenes, optimm 35 bl ock sizes for glVIﬁ&ElAEF“ LI § om error

rates can, be calculated as discussed in an rticre ermttged - " ARQ

20 Protocols with Adaptive Block Size Perforn1Eettq$

over a Wde Range of Bit Error Rates" B Arneld ﬁaﬁﬁfﬁ? ng Al yes, | EEE

Transacti ons_on .Comruni cations vol 38 no 6 Jun% ' - .
controller 500 which wndicates ther an error has been _

detected.
. If no error was detected, the received data block in
the information block is stored in a buffer 512 at a write

s address calculated by an address generator 514. A new

write address is provided D>y the address generator 514
whenever a non-repeat, non-stuff bf;ck is received.- The
address generateor 514 also grovides a read address:for the
next data block %o be extra&ted from the buffer 512 to be

10 passed via bus 216 to the vidéo demultiplexer 218. The
read address is generated by subtracting an offset from the
write address. The offset must be greater than the path
delay multiplied by the number of retransmits allowed p}us
allowance for the multiple-acknowledge bits if used. This

15 could be calculated dvnamically but the system of the
present- embodiment uses switches to set™ up the offset.
This offset is kept constant by not reading from the buffer
and sending NOPs to the video demultiplexer 218 if a repeat
or stuff block is received. _ _ '

20 If & corrupt block is received at the DECT receiver
120, the FEC 212 signals this to the ARQ controller 500 by
the TME signal which stores the current write address
generated by the address cenerator 514 in a FIFO store 516.

The FIFO 516 must be big enough'to store a number of

25 addresses equal_to the rath delay multiplied by'tﬁe number
of retransmits availahle to cover the worst case of every
block being in err or; plus an allowance for the addltlonal
delay if multiple acknowledge bits are ‘used. : -

The interface 114 also includes a path delay

30 calculator 518 which compares the transmitter address of
the information block last transmitted from the apparatus
‘with the receiver address determined by the receive address
calculator 510. The " receiver address generation is
protected by a flywheel circuit to counter corruption of

35 received information blocks. Since the received address

. was the transmitted address sent out previously, the path



1 990. A fornula for the throughput can be calculaﬁ@ﬁU@@}

= m (a_

size in bjts;

jTFh by T

p) where [err] =1 [err] and m=(n - h)/
bl ock-error probability; [err] = bit error probabijity; 10 ' n |= bl ock
and h = nunber of overhead bits in t bPANOVA986inijnd a
maxi mum conti nuous randomerror rate one may encou L is Jerr]l, { from
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shown in the referenced article the optimum bl ock siz
found to be 15 about 250 bits.. Usinglh Reed- So

S
3, six-

or the time taken to ¢o to the remote anparatus and
% again can e calculated in terms of information block
periods by & differencing operation - together with any
offset required Zor successive acknowledge bits. The path
delay which i1s about 20 biocks for 128kbit/s link, is used
ﬁo determine in which later information block the repeat
transmission oI the data_block is expected to occur.

This ZIs achieved bv storing the TME flags_inga store
(see Figure 13 each of which is read out a path delay
lacer. The wvalue of the THME flag read out at any time
gives the required indication that the currently received
information block is or is not expected to contain a
repeated data block.

The ARQ controller 500 will, if the information block
containing the repeated data block is non-corrupted and the
data block is a non-stuff block, use the buffer address
previously stored in the FIFO 516 to store that repeated
data block at the appropriate vosition in the buffexr 512 so
placing the repeated data block in its correct position

relative to the cther received data blocks. 'In this case

data is not read out from the buffer 512 and passed to the

video demultiplexer 218 as the write address has not been
incremented by the address generator 514 which in this
embodiment maintains the offset between the read and write
pointerxs from the buffer S12..

When an information block arrives which has not bheen
previously determined to contain a repeated data block but
which is received corrupted, then thét data block is stored
in the buffer 512 even though a repeat transmission of that
data block will be requestéd. If the data block is not
successfully repeated then that data block will be output
to the video demultiplexer in due course notwithstanding
that it may have a possible error in it. If the data block
is successfully repeated then the non-corrupt data block
will overwrite the possibly corrupt data block already in

the buffer 512.



bit_synbols, this gives 259 bits in the block, in
synchroni sation bit. There are 24 check bits and
‘(assum ng the ACK is repeated three tines) so: 2
33, therefore m= 0.873; [err] = 0.001, therefor
'0.228; and T = 0.873 x 0.772 = 0.674. This sho
only about two thirds. 25 For largsy bloc
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n
n = 259jagd h =
[jer P14 NOV 1994 efr - =
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Transmit ccnsecutive information blocks in which the
three ACK bits are set accordingly, an exaniple of which is
shown at Figure '3 .n connection with corrupt information
block number 2. The Cuxr. ACK flag of block 2, the Prev. ACK1
flag of block 3 anéd the Prev.ACK2 flag of block 4 are set
to 0 to indicate corruption of the information block 2.

mhe ACX signals for a civen information block are

spread over +thrse consecutive blocks which number was
selected because ¢f hardware limitations. The ACK bits are
transmitted to the remote apparatus as part of the data
stream of information blocks. ' '

When the appararus of Figure 5 receives information
blocks, the ACK bizs arrive at the ARQ controller S00 which
stores the Curr.:CK for two blocks before use and the
Prev. ACKl for one bhlock before use. The Prev.ACK2 bit is
used immediately. This means that a delay of +two
information blocks is introduced for repeated data blocks
so the forward stcre 302 must be two 5locks larger than it
would be if oniy cne ACK bit were used. Also the address
difference generated by +the address generator 514 must
account for this delay.

In the apparatus of Figure 5 the ARQ controller 500
compares the three ACK bits for a given information block.
There are two possikle errors in the return path. i“irstly,
an information block may originally be flagged as being
uncorrupted but one o-r more of the ACK bits is subsequently
corrupted and a repeat is incorrectly requesﬁed. Secondly,
a repeat transmission of a data block is required and
requested but the ACK bits are corrupted in successive
information blocks and the request -to repeat a data block
is not received.

The se;:ond case is the more serious because the remote

apparatus will be expecting an information block to

contained repeated data but instead a block of new data

will arrive. The data block of the corrupted information



link of 64/0.674 = 95kbit/s which requires three

32Kbit/s each.
rates of [err]

30 In order to be able to c
one needs to consider block sizes

30 to 35 overhead bits in total. This woul d al ljow

tine slots for
The short ter

hi gher than thls as long as the average is no greater t
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- too great.

a 64kbit/s call or six tine slot
m high 35 intensity bursgs (fé

lock cannot then e repeated because the address of that
cdata zlock in the Zorward store 502 will have been lost.
in error will appear on the screen of the decoded video
signal'"hen the ccrruptedé block which had been stored in
the buffer 512 arrxives at the video multiplexer 218 of the
remote apparatus. The use of three ACK bits greatly
decreases the likelihood of this error occurring but it
does mean that more blocks are repeated than are absolutely
necessary, because the first situation is more likely to
occur, wnich does waste some transmission time. However,
because the #ideo nmultiplexer requests H. 261 coder to hold
whén a repeated data block is transmitted it should reduce
the number of stuff blocks that need to be sent. The
overall reduction :in throughput should not, therefore, be
The~-first errcr noted above will not cause errors on
reconstituting the video sinal because the remote apparatus
will not be ekpecting a repeated block and on.inspection of

the repeat flag will determine that it!simply ignore the -

received data block and discard it.

It has been fcund that an error detector provides much
more reliable Zletection of errors than an error
détector/cotrector with the same number of check bits, with
a small amount of correction ability drastically reducing
the detection reliability. The FEC 212 of Figure 5 is
therefore used solely to provide the TME signal to the ARQ
controller 500 and no attempt is made to correct the
information "block, rather reliance is placed on obtaining
a repeated data block in a later information block to
correct the possibly corrupted data block just received.

The ARQ scheme employing three ACK bits in successive
information blocks copes well with high intensity error
bursts but high continuous error rates also need to be
considered. For selective repeat ARQ schemes, optimum
block sizes for giving continuous random error rates can be

calculated as discussed 1in an article entitled "ARQ
i atinh el i oduihubal

Sheet Has Been Replated

"I



- 21 - Experinents wth the above apparatus havg 2

successfully repeat all error blockspat | east t Fﬁﬁéﬂé@ﬁ_éuggword:{lgaed
for. Taking into account the round trip delaysfepco SUTered. ? g% nd this
reqU|req a size 5 of buffer 512 of around 128fb o%y when 379/ bl t bl ocks
wer'e used or 192 bl ocks when 259 bit bl ggks werfe diN OVhi9es r priesents a
del ay of around 128ms at 384kbit/s, 384ms at 1 768 t | '
64kbit/s. These were not the opt|nun1buffer sijzes but as can e[seen very
| ar ge del ays sad-dldbls | peatty exiapc: et hloesk ofi 7@ dHE B¢ grer @

currently under. in -
y %%ce ¥S%Eéﬁ%£°%-- Zrror Rates" by Armeldo, Martins and

alres, IEZEE Transactions oo Communications vol 38 no 6 June

A formula for the throughput can be calculated and

wn

is given by
T = m. (a - p.) where p, = 1 -(1 - p,)" and m =(n - h)/n

where: _
D, = block -error trobability;
p, = bit er:cr-p:obén;1' <Y
10 n = _block size in bits; and
h = number of overhead Zits in the block.

. Assuming a maximum coantinuous random error rate one
may encounter is 107}, from the graph shown in the
referenced arficle the optimum block size is found to be

15 about 250 bits. Using a Reed-Solomon scheme with 43, six-
bit symbols, this gives 259 Dbits in the "block, including
the synchronisation bit. There are 24 check bits and nine
overhead check bits f{assuming the ACK is repeated three
times) so:

20 n = 259 and h = 33, therefore m = 0.873;

p, = 0.001, =herefore p, = 1 - (0.999)zsg = 0,228; and
T = 0.873 x 0.772 = 0.674.
This shows that the throughput is only about two

thirds.
25 For larger_

block sizes it gets worse, for exémple for
379 bit blocks T = 0.524. Therefore, if we start with a
64kbit/s signal it would require a bandwidth on the DECT
"1ink of 64/0.674 = 95kbit/s which requires threé DECT time
slots of 32Kbit/s each.

30 Tn order to be able to cope with random error rates of

1

10°} one needs to consider block sizes of around 250 with
around 30 to 35 overhead bits in total. This would allow
one to use +three DECT time slots for a 64kbit/s call or six
time slots for 128kbit/s call. The short term, high
35 intensity bursts (fade) performance is much higher than

this as long as the average is no greater than 1073,



As a conparison, a schene using interleaving and erroﬁl;@?§¥¢;' ;
ARQ coul d interleave to a depth of 96 using 259 bit’ - e
del ay penalty. This 15 could cope with some | ong eréor bursts ut only
if they occur infrequently. Judgi ng by the frequdngy rfor
bursts in sinmulated fades, it is expected that the}]ARQ schene of t hej

present invention will performbetter undkr fade cénditions. 20 ‘ The
apparatus of Figure 5 will now be described in nore—deta-—wi-th. reference

to Figure 7 which i3xperimemts diggr athefakevaREPBaaREVBORayesHiamtharat
portion of the ARPas@EUS Ofs Jd Y5 10t BaL & hey Vi deedRulkigdiex et adhs«
WO repeats must de ailowed Zor. Taking into account the
sound trip delays snccuntered we found this required a size
of buffer 512 of around 128 blocks when 379 bit blocks were
used or 192 blocks when 259 bit blocks were used. This
represents a delay of arouné 128ms at 384kbit/s, 384ms at
128kbit/s or 768ms gt-54kbit/s. These were not the optimum

uffer sizes but as can be seen very large celays are

tn

3

10 incurred. Methods of reducing the delay are currently
under investigation.

- As a comparison, a scheme using interleaving and error

correction with no ARQ could interleave to a depth'of 96

using 259 bit blocks for the same delay penalty. This

1s could cope with some long error bursts but only if they
occur inﬁrequently.-.Judging by the frequency in size of
error bursts in simulated fades, it is expected that the
ARQ scheme of the present invention will perform better
under fade conditions. '

20 The apparatus of Figure 5 will now be described in

nore detail with reference to Figure 7 which is a circuit
diagram of an ARQ board 700 comprising that portion of the
apparatus'of Figure § between the video multiplexer and
demultiplexer 204, 218 and the FEC 212..
25 jyuaﬁigz'A-clock bus 702 carries a 4bit clock signal to
" co-oxdinate the ARQ controller ibo which maintains
synchronism of the ARQ board 700 conéérned with generating
the information blocks to be transmitted.
~ The coded video data together with the TSB, TFNB, and
30 SF bits generated by the video multiplexer 204 of Figure. 2
to be transmitted in an information block is input to a
transmitter side controller 704 via line 706 together with
a 5bit transmitter attribute signal via an attribute bus

708.
35 The 6bit attribute bus 708 provides a method of
indicating to the ARQ board 700 the type of data on the
S LAl
This Sheet Has B
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denul ti pl exer 204, 218 and the FEC 212.. 25 : KRS 709 carries
a 4bit clock signal to co- ordinate the ARQ contjgﬁ@ﬁﬁﬁ@@§$ugﬂﬁbh I ntai ns
synchroni sm of the ARQ board 700 concerned with jggnerating the ijnflormati on

bl ocks to be transmtted. The coded video data tjodet Oef N@Vt1994 h¢ TSB, TFNB,

and 30 SF bits generated by the video nultiplgxgqr 204 of Figufe[2 to be

transmtted in an information block is i ut tola transmirrer de¢

controller 704 via line 706 together with a 5 bill_transmitter attyibute

signal via an.attri.

a nefhod =6t - 27

provi des |
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30

35

the DU§n70§1v§g particuIQ% t?géi f%ﬁéiQH£§£;PHE b398

contants changes-‘synchronously with the items of the
information bloék zeing constructed and transmitted. The
data tvypes include 7S3< data, checksum, end of block and
NOP. Zach cdata tvpe is allocated a.unique 6bit number to

low identification of the data type by the components of

t m
& I o
®

ARQ board 700 as requixed. _
" Some of the data types are used internally by ithe ARQ
boaré 700, for example the TME and end of block (20B) flags
which are. not transmitted via the DECT transmitter 116.
When the transmitter attribute designates that video
data is being input to the transmitter side controller 704.
a data valid signal is output on a line 710 and-which is
input to a transmitter stoure 712. When the transmitter
attribute signals on bus 708 indicate that an end of
information block has been reached an end”of block signal

is output on a line 714 and input to the transmitter store

712. The transmitter side controller 704 also generates a

synchronisation signal which is output on line 716 and
whicnh is also input to the transmitter store 712. This
synchronisation signal is also use to synchronise the
operation of the receiver side of the apparatus. §

The transmitter side controller 704 also generates a
10 bit transmitter address on the bus 718 which is also
input to the transmitter store 712. i

The transmitter side controller 704 is shown at

circuit board lqvef 'in Figure 8. The transmitter

attributes on line 708 are input to a PROM 802 which -

provides output signals indicating the nature of the bit at
the current position in the information block. A Single In
Parallel Out (SIZ?0) circuit 804 generates an 8bit frame
number once every eight information blocks which frame
number increments once for each new frame of information
blocks. At the end of each set of frames a frame number
enable signal is generated by the SIPO 804 and passed via

line 806 to a latch §08. i*-““~‘““*;--__“§_

i



indicating to the ARQ board 700 the type of data onﬁﬁﬁ{
at any given particular tine. The attribute bus go
synchronously with the itens of the informati

constructed and transm tted. The data types incl chetksum
end of block and 5 NOP. Each data type is allogated: 64i tf nunber

700 as required.
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The ™S3s from <consecutive information blodks are

e
entered into the SI20 810 which outputs on bus 812 the

number of bits given by

3
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synchronisation
the information =lock number within the frame. This
rotated synchronisation worZ is passed to a look up table
814 which outputs on bus 815 the block number within the
frame for the current information block. This is passed to '
a latch 818. The Zrame number and block number are
compbined to form & ilbit transmitter address by latches 808
and 818 and output on the transmitter address bus 718.

The transmitter store 712 of Figure 7 assembles the
header and video block data into an information block for
ransmitting and/ox *torlna in the forward store 502 (see

Figure 5).

-~ The transmitier store 712 of Figure 7 is shown in more
deﬁail in Figure ¢ includes four RAM chip memories 902 in
which is stored the video data blocks and associated stuff
flag of information blocks that have been or are about to
be transmitted..

The transmrtter end-of-block siénal from the
transmitter side cont:olier 704 on line 714 controls a
programmable array %04 to outrput the data Dblock to be
stored in the Zorward store and/or transmitted via a
holding latch 906. The data block to be transmitted is
read from the latch 906 and stored in thé RAM memory 902 in
case a repeat <¢ransmission is required. If the
transmission is a =repeat transmission the data to be
transmitted is read out.of RAM memory 902 via the latch 906
and again stored in the new data block position in the chip
memory 902 in case it necessary to provide a yet further
repeat of this data block. i

The inputs tTo the programmable array 904 are the
transmitter address on line 718 obtained from the
transmitter side controller 704 of Figure 8, and an
analogous receiver address being the receiver address of
the last received information block on line 722, the data

This Sheet Has Been Repl
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Some. of the data types are used internally by theREﬁQﬂE&é?
exanpl e the TME and end of block (EOB) flags 10 hi R are
via the DECT transmtter 116. Wien the transmtter aéﬁhiém%#f
that videqQ data is being input to the transmttej T' e

data valid signal is output on a line 71Q,and is|

store 712. When the transmtter attribute 15 signals on bus-70

i ndicate that-an-end of information bl ock has been reached;,—amend of bl ock
signal is outpwaldd anbuwre orldiged FApandtad ndpeal ArANITEssEonreelgtion
The transmtter; kde, €0RLr 0} Ferondéheag ahsO r a

syhchroni sat i ogfgpgﬁaﬁsﬁmrcﬁgi S out‘peute?'g%?% n%§7f6 nghﬁlr:}? 8b8Rro12720 (see

Figuzre 7}.

“hen the repeat transmit select line 724 goes high the

ransmtted
sfghat es
e 04, a
tter

tn

data o be sent is & rapeat transmission of the data block
which was in the :information block referenced by the
receiver address c¢f cthe last recei;éd information block.
In this case thenm the &ata is retrieved from the chip
memory 902 by using the receiver address on line 722, this
10 data is yead from the chip memory 902 and passed to the
latch 906 and transmitted on the transmit data line 713.
The data is also read from the latch 906 back into the
forward store memory chip 902 by using reference to the
current information block transmitter address obtained from

. line 718. -
If-this transmission of the information block is also

(3]

corrupted then it will be in the proper position in the
store 902 to be retrieved on the basis of the future
receive address for reTransmission. The latch 902 receives-
20 the data to be transmitted if the video multiplexer has not
been put on hold, ie if a new information block is to be
‘transmitted. The information block enters latch 906 where
it is available Ior storing in the RAM memory 902 at the

current transmitter address. ,
25 The header information is input to latch 906 via line
726 which information 1is co-ordinated by the main
controller 720 (see Figure 7). A multiplex select signal
is input on a multiplex select line 728 (see Figure 7) -
which determines whether information is to be read from the .
30 memory 902 for transmission or whether a new video data
block is to be transmitted. - The transmitter
synchronisation signal on line 716 controls the timing of
the latch 906. The 4bit clock signal on line 702 co-
ordinates the timing of the various elements of the TX

35 store of Figure 9.
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20 which is al so |nput to the transmtter store ﬁﬁ,uﬂfﬂ%ﬁmivj
synchroni sation signal is also used to synchroni sq tlhe ©
recei ver side of the apparatus. The transmtter sifd qaa%@ﬁ&
generates, a 10 bit transmtter address on the bus|{718
input to the transmtter store 712. The $ransn1tt
shown at circuit board level in Fig . .The transmtter
attributes on line 708 are input to a PROM 802 which p I
signal s indicating ihgepature n@f dile gligvides?2@ond:ta Q#iéﬂ&!spﬁﬁgihentha

the information bl ock. A" Slngle In Parallel Cu& (SIPO .circuit
generates an gtb.].t-qqf ma,nase Wil Zespect TO e encoder clock s:.crnal

caput on line T02. The control signals from the delay line

ler 794fal so

i¥6al fof 25

-de'w

210 zre used by the latch 908 to provide the control
(o1

nals for access to the memory RAM chips 902.

tn
tn
-

- The transmitter synchronisation signal input on line

716 is output on iine 730 (seé Figures 7 and 9).
Referring now to Figure 10 there is shown the main
controller 720 of Figure 7 shown in more detail. The main
i0 controller 720 is a state machine it provides framing data
on line 726 in response to the main controller 720 on input
line 732. It comprises a PROM 1002 and a latch 1004. The
latch 1002 receives the transmitter synchronisation signal
on line 730, header information on a header information bus
iS5 732 and a receiver synchronisation signal on a bus 734.
The operation of tﬁe main controller is co-~ordinated by
means of clock signals on bus 702. The main controller
providés a FIFO control signal on a line 736, framing data
on the line 726 , a multiplex select signal on the line 728
20 a repeat transmission select signal on the line 724 , the
ast three of which are input to the transmitter store 712.
Framing data and output line 1106 is provided by checking
the received TSB and TFNB bit input on line 734. The FIFO
control signal on line 736 is used to access the latches
holding the header information. The multiplex select
signal on line 728 is used to select between framing data
and video data in latch 906 of the transmitter store 712.
The controller 720 also checks the ACK bits before

generating a repeat transmission select signal on the line

30 724,

2N ]
wn

Turning now to the receiver side of the interface

board 700 of Figure 7, there is a receive side controller

740, a FIFO 742, a path delay generator 744, a receiver
buffer 746 and a receiver address genexator 748.

35 The receiver side controller 740 of Figure 7 is shown

in more detail at Figure 11. A 6bit data bus 750



er%ﬁﬂf nment s

nuber once every eight information bl ocks whi chi ffafe.n

once for each new frane of information bl ocks. A& the end of dadh set of
frames a franme nunber 25 enabl e signal is gen el 4h0Ovhegsl RO (804 and
passed vig line 806 to a | atch 808. - 23 - The LISBs from onsecutive
information blocks are entered into theeSI PO §10 whic < ¢on bus 812

t he synchroni sation word rotated by a nunber of Ybts given by - |

S |

indicates the nature of the information block currently

-t

eing processed. -Recerver attribute signals on bus 750 are
fecoded by means ¢ icck-~up tables 1102 and 1104 to provide
snable signals on an enable bus 752. A DEC-clocks signal

on a bus 754 synchronises the portion of the ARQ board 700

mn

o the DECT xeceiver 120 of ?’aure i. _

Other inputs to the :acelver side controller 740 are
the received data Ixcm the last received information block
on line 756 togeth er with a hext block repeat input on line

8.

w

10 7

An information store 1106 outputs control signals
depending on the information on the enable bus 752, the
recelved data in on line 756, the next block repeat signal
on line 758 and_tﬁ; dec=clocks signal on line 754 to

18 produce a hold vicdeo nultiplexer signal—on a line 759, a.
buffer _control signal on a line 760 and IC increment
counte; on line 762 and a &bit header information signal on
a bus 764. '

A PAL generates en %bit buffer address on a line 766.-

20 The two look~up tables 1102 and 1104 decode the 6bit
attribute bus and when the unique attribute corresponding
to the required enable signal is decoded, the relevant
enable signal is asserted. The enable signals are then
used as a Latch Enable which is applied to the information

25 gtore 1106 to hold the relevant data valid until the next
Latch Enable.

Referring now to Figure 12 there is shown in more
detail the receiver address generator 748 of Figure 7 which
provides synchronisation to the RSB and RFNB of the

30 received information blocks and ties them to a flywheel
arrangement. The receiver address_generator 748 takes as
inputs the received data on line 756, a 4bit clock signal
on bus 754 'and enable signals on bus 752 froﬁ the receiver
side controller 740. A SIPO 1202 outputs a frame number

35 based on the RFNB of the received information blocks from

line 756 to output a frame number on line 1204.
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the information block nunmber within the frane.
synchroni sation word is passed to a | ook up table 81
816 the bl ock nunmber within the frame for the curren
This is passed to a latch 816. The frame nunbe
are conbined to forma 11bit transmtter address by ;
818 and output on the transmtter addre bus 718. itter stdre
712 of Figure 7 assenbles the header anéﬁbideo bl ock data into an

i nformation bl ock fe&{d‘{sansgh'&t 2R AW Or S EdNGchE 1Ry FOF N Lo Sl 0L € 592

(see Figure 5). 15 he transn1tter store 712 of Figure 7 is shown
in nore worsd with ;He ratch svnchronisation word anhd the correct

value is placed on the output line 1215, If the correct

eer
and

vaive is different from the new <value then an error is

rzed to allow PAL 1215 to start counting up. The PAL

3]
V1]
1]

sse
121 counts on a block bhasis if the error signal is

serted. If the error is non-asserted the count is reset.
£

V]

]

the count reacres an predetermined wvalue (16 in the

present case) synchronisaticn is assumed to be lost and the
0 search ZIor synchronisation is asserted. While the search
is asserted, the output is always the new value. When the
flywheel gets back inté synchronisation the new value will
be the correct value and the error signal is unasserted.

A further SIPO 1206 provides a synchronisation word on
bus 1208 based on the RSBs of the incoming received

'y
\n

information blocks.

The frame number and synchronisation sequence on buses
1204 amd 1208 respectively are input to a flywheel circuit
indicated within the dotted box as 1210 to produce a robust

20 receive address output on the line 722.

Referring now to Figure 13 fhere is shown in more
detail the path delay generator 744 of Figure 7. The
function of the path deiay generator 744 is to prbvide a
next block repeat signal when the next information block to

2s be received is expected to contain a repeated data block.

The next block repeat signal is output on the line 758
and passed to the receiver side controller 740 as described .
with reference to Figure 11. A Too Many Errors (TME)
signal is input to the path delay generator from bus 764

30 together with a TME enable signal from the enables bus 752,
The TME and TME enable lines are input to a latch PAL 1302
together with the 3bit delay clock signal on the bus 728
generated by the transmitter store 712. The latch 1302
generates a TME signal which is stored in a TME store 1304.

35 The store 1304 operates by storing the newly generated TME
flag for the current received information block. The
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detail in Figure 9 and includes four RAM chi p nmenor
stored the video data bl ocks and associ ated stuff f

bl ocks that have been or are about to be transmittdd.f 20
~transmtter end-of-block si gnal from the trgn mﬂuemgv
controller 704 on line 714 controls a progranmalpl ¢ array 984“110 ofit put

the data block to be stored in the forwaggl store apd/or
hol ding I atch 906. The data block to be transmtt 25 read fromthe

latch 906 andog{nad *ao&h%hBAM-mgqexee9Gzol4n iGA%Kc1éd £RPS@Eh a series
transmn ssi on IS reqwred the transni ssi on i S a repeat

transmi ssi on °the 24fessey BTl :o ..;.e total path delay of the
communicactions system of which the apparatus is part. Thus

the TME £flag Zcr the current received information block

will bhe output from the stere 1304 when the information

i

block which shouid contzin t:l'_:e repeated data clock is
received at the apparatus at a lat—er—_'ti-me. The 'addressihg
of the store 1204 is reset on the basis of the path delay
which 1is determined £from the transmit address of the
i0 current outgoing information block and the receive address
of the currently received information block. The transmit
address of the currently transmitted block is input to a
programmable array 1306 on the line 718 together with the
receive address of the currently rece:\.ved information block

on the line 722 from the receive address generator 748.

[y
1§,

. The difference between the addresses is calculated by the
progran-zmable array 1306 and PROMs 1308 and 1310 convert the
difference to an absolute difference.

The absolute déifference is a 11lbit value which is

20 input into the programmable array 1306 via line 1312. The
address for xeading into and writing from the TME store
1304 is output from the programmable array 1306 on line
1314, and as stated above is reset to =zero after the
appropriate delay. ’ _ .

25 ) Referring now to Figure 14 there is shown in more
detail the FIFO 742 of Figure 7. The timing of the
components of the FIFQ 742 is controlled by the three clock
buses, delay clock 728, decrement 752 and ENC clocks 702 .
which co-ordinates the operation of the transmitter side of

20 the ARQ board which is tied to the timing of the encoder to
the timing of the receiver side of the ARQ board 700 which
tied to the DECT tinming. In the present embodiment the
clocks of the encoder and DECT transmitter are tied
togethexr. In general however if there is a mismatch

35 between the timing of the two then the FIFO will provide

the retiming that is necessary. e
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transnitted is read out of RAM menory 902 via th Rﬁﬁtgbhgq,_ ,'pﬁy in
stored in the new data bl ock position in the chi C 887 "I n case

it is necessary to provide a yet further repeat ¢f gﬂﬂfua.blo The
ans e

inputs tqQ the programmable array 904 are the t}
obtained from the transmtter side
and an 35 anal ogous recei ver addrpss being the recej ver

line 718
Figure 8,

199adfr bss on
centroller 70 of

d

-address of the | ast received infornmation2dl ock o TTmE—F22~—t-he—dat a

e
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25
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35

Referring now to Figure :5 there is shown in more
etail the receiver buffer 746 of Figure 7. The receive
édata {for outputting to the wvideo demultiplexer 218 of
Figure 2 is output con linre 216 from a PAL 1502 from a RAM
1504 The incoming regeiver data on line 756 is stored in

the RAM 1504 at a buifer address provided on line 766 by
the receiver side controller 740 (see Figure 11). If the
received data is not expected to be a repeated block, ie
the next block repeat dlock signal is iow then the receiver
side controller 740 will provide a buffer address at which
the receiver data is to be stored. However, the data is
only stored if the repeat flag is not set, this is
determined by the main controller. The repeat flag is
analyzéd by the PAL 1106 of Figure 11. In the PAL 1106 the
repeat flag is compared with the next block repeat (NBR)
signal on line 748. The PAL 1106 generates an increment
counter on line 762 to increment the counter generated by
PAL 1108 on receipt of a non-repeat, non-stuff block. If
a corrupt information bléck is received the PAL 1106
asserts a buffer control signal on line 760 and PAL 1508

- generates the control signals to store the buffer address

in the FIFO 1506.
The address is retrieved for repeater blocks by
looking at the NBR flag only. The PAL 1508 checks the NBR

-bit and generates the appropriate control signals for the

FIFO 1506 and the buiffers 1510 1512. The repeat flag is
only used to detect return path errors, ie spuriously
iepeated blocks and unrepeated blocks when a repeated block
was expected. _

The three acknowledge bits of the last three
consecutive information blocks received at the apparatus
are stored in a PAL (not shown). Signals on the enable bus
generéted by PALs 1102 and 1104 provide the enable signals
so that the latched ACK signals are fed to the main
controller PROM 1002 for comparison. If any of the three
acknowiedge bits for a given transmitted information block
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24.valid input on line 710 and a repeat transni sSjREPLIE] i on
| i-ne 724 generated by a nmain control 720 (see Figur . rlepeat
transmt select line 724 goes high the 5 data tp erqug tOV %98 T at
transm ssion of the data block which was in the fnfo ion bl ock .
referenced by the receiver address of the |ast rege f 1 on} bl ock.

In this case then the data is retrievéd fromthejchip menory 902 bl usi ng

the receiver_address on line 722, this 10 dat a | read 1romthe ch! p

emory 902 and pagsed 40 {i¢n AEMRPBANE WAL Whd i@ Vlideslat 8
data slock in the next information block to be transmitted.



The data is also read fromthe | gtag
chip 902 by using reference to the
address obtai ned from 15 i ne 1§
i nfor,mati on bl ock is al so corruptje
in the store 902 to be retrieved}ion the basis of t e f
for retransm ssion. The latch 9
if the video nultiplexer has not been put ¥h hol d,
block is to be transm tted.
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1. Apparatus for transmitting and receiving information

blocks, each of which includes a data block, to and from a

like Zurther apparatus in a duplex communications systenm

which apparatus is arranged to_determine if a received
first information block has been corrupted, and when it

has, to reguest the further apparatus

to repeat the

transmission of the data block of that first information

block, the data blocks being stored in a receiver buffer,

characterised in that: o

the apparatus is arranged, on receiving a corrupted

information block, to

a) - to store a firsT receiver buffer address being
the address at which the data block of the corrupted
informgtion block is to be stored if repeated in a later

information block;

b) to determine in which later information block the
repeat transmission of the data block is expected to occur;

and
c) on receiving the later

information |Dblock

uncorrupted, to store the data block in the receiver buffex

at the first receiver buffer address.
~-2. Apparatus as claimed in claim

2

“in which each

information blaock includes a Repeat Flag which when set
indicates that the information block contains a repeated

data block. -

3. Apparatus as claimed in claim 2 in which the data-

block of the later information block is stored in the
receiver buffer at the first receiver buffer address only

if the Repeat Flag of the later information block is set.

4. Apparatus as claimed in any preceding claim in which

the data block of a corrupted information block is stored

in the  receiver buffer if the information block has not

previously been determined to be one expected to include a

repeat transmission of a data block.

e

ect Has Been Replaced . .

TR



current transn1tter addr ess. ZS[REPLﬁcpﬁﬁﬁﬁﬁSHﬁ ff{information is input to
lafch 906 via line 726 which iinflor nmetion ST cp-ordi na he nmin

-~ control l-er 720 (see Figure 7). A nujhmg% a%gel cl S|g nput on a :
mul tipl ex, select line 728 (see{Flgure det er ﬂ MM ﬂm
information is to be read from{h metey-00R for #r M"'
whet her a new vi deo data bl ock is tay be tyransmtted.  5The

transmtter synchronisation signal on [Tné 716 Tontrols the tining of the

| at ch 906.
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The 4bii, &l:gﬂﬁts a%gglﬁ%é NP a%?ﬁf&ceﬁ&&'o“%&%& Whdd" 9

of the various el ema‘n?

stor
furcher arranged o <transmi Lnformatlon blocks having

header data by which <the apparatus can- - associate a
transmission address with each information block.

5. Apparatus as claimed in claim S which is further
arranged to transmit information blocks having header data

by which a like apparatus can associate a receiver address

“with =2ach information block.

7. Apparatus as claimed in claim 6 in which the receiver
address in the information block is said to correspond to
the transmission address of the information block last
received by the apparatus.

8. Apparatus as g¢claimed in claim 7 in which the
determination of the later information block in which the
repeated transmission of a data block is—éxpected to occur
is determined £from the transmission address of the
information block last transmitted and the receiver address
of the information block last received by the apparatus.

9. Apparatus ‘as claimed in any one of claims 5 to 8 in
which n consecutive information blocks are transmitted as
a frame of information blocks, the header data of the
information blocks ncludlng a Transmitted Svnchronlsatlon
Bit (TSB), a Transmitted Frame Number Bit (TFNB), the TSBs
and TFNBs of the n consecutive informatidn blocks of a
frame forming an n-bit synchronlsatlon Sequence and an n-
bit frame number, respectively.

10. Apparatus as ciaimed in claim 9 in which .the header
data of the information blocks further includes a Received -
Synchronisation Bit (RSB) and a Received Frame Number Bit
(RFNB), the RSBs and RFNBs of the n consecutive information
blocks of a frame forming an n-bit synchronisation sequence
and an n-bit frame number, respectively.

11, Appara%us as claimed in claim 10 in which each RSB and
RFNB is the complement of the TSB and TFNB of the

information block last received.
This Sheet Has Been RTlaced
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25 A delay line 910 provides control signals having the correct phase with
respect to the encoder clock signal input on line 702. The control signals

fromthe delay line 910 are used by the latch 908 tqj trol
signals far access to the memory RAM chi ps 902. The t m“mnﬂm "I[l“(m
synchroni sation signal input on line 716 is output on 4irfe F30*(ske Figures
7 and 9). Referrina nowto Figure 10 ther3% I S shown the main

12. Apparatus as claimed in either one of claims 9 to 1}

c
13. Apparatus as ciaimed in either one of claims 11 and 12
in which the header éazta of each information block includes

wn

an acknowledge D»it wnich indicates whether the 1last
received information dlock was orrupted and n further
acknowledge bits, - ¢reater or equal to 1, each of which
istinct earlier received information

p‘l

- indicates whether a
block was corrupted, or the acknowledge bits being

associated with n+l consecutive information blocks.

pos
o

i4. Apparatus as claimed in claim 13 in which a data .block
is” retransmitted if any acknowledge bit indicates an
information block was received corrupted by the further
apparatus. .

15 15, Apparatus as clgim—eﬁ in either one of claims 13 and 14
in which—n=2. _
16. Apparatus as claimed in any preceding claim in which
the data blocks co:nprisé compressed video data.
17. Apparatus as claimed in claim 16 in which the

20 compressed video data is obtained from an H. 261 video
coder.
18. Apparatus as claimed in any preceding claim which is
arranged to transmit and receive information blocks via a
radio link. |

25 19, Apparatus as claimed in claim 18 4in which the
apparatus is arranged to transmit and receive information
blocks to the DECT radio’link standaxd.
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controller 720 of Figure 7 shown in nore detail. The main 10 controller
720 is a state machine it provides framng data on line 726 in response to
the main controller 720 on input line 732. It conprises a PROM 1002 and a
| atch 1004. The latch 1002 receives the transmtter synchronisation signal
on line 730, header information on a header information bus 15 732 and a
recei ver synchronisation signal on a bus3%#34. Thé operation of the main
controller is _co-ordinated by nmeans of clock signals on bus 702. The main
control | er prOV|des a "FI FO control .gig %mon-a,hkge,BBG fram ng data on
the line 726 , a nmultiplex select §T§g%§Lﬁh ‘thé T ne 728 20 ‘a repeat
transm ssi on seRPRARASUSIRIR TRANSMETTINGEANI? AECEINVING INFORMATION BLOCKS

Apparatus <or “ransmitting and receiving information

-

blocks, particulariy video information, is arranged so that
on raceiving a corrsu pted infcrmation block it stores a
first receiver buiffer address at which the data block

w

sh‘ould be stored if subsequently successfully repeated in
L

bs
a E.a:e*' infcormation block. The apparatus Xeeps track of
the time tTaken to receive a requested repeat information
block and on receiving the later information block at the

predicted time, and on cetermining that it is uncorrupted,

-
(W]

stores the data in the receiver buffer at the stored buffer

address. Such apparatus can allocate received, repeated

. and non-repeated data bldecks +to their ‘correct relative
posicions within the receiver buffer without the need for

18 numbering of the data blocks on transmission giving a
consequential reduction in the size of the data blocks

being transmitted.
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| ast three of which are input to the transmtter store 712. Fram ng data
and qQutput line 1106 is provided by checking the received TSB and TFNB bi t
input on line 734. The FIFO control signal on line-736 is used to access
the | atches 25 hol ding the header information. The multiplex select
signal on line 728 is used to select between fram ng data and video data in
| atch 906 of the transmitter store 712. 1fHe controller 720 al so checks the
ACK bits before generating a repeat transm ssion_select signal on the |line
30 724. Turning now to the receivel@side of t l__i__nt_ erf&gce board 700 of
Figure 7, there is a receive side coggl | er o o}
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740, a FIFO 742, a path delay generator 744, a receiver buffer 746 and a

recei ver address generator 748. 35 The receiver side controller 740
of Figure 7 is shown in nore detail at Figure 11. A 6bi't data bus
- 750 26, i ndi cates the nature of the information block currently being
processed Receiver attribute signals onzpy 750 are decoded by neans of
| ook-up tables 1102 and 1104 1fﬂmﬂﬂﬂﬂh?1ﬂmi%??ﬁ?gﬁafs-ﬂh an enabl e bus
752. A DEC-cl ocks signal : .
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d 700 tao the DECT

on a bus 754 synchroni ses the portion of the ARQ bo

740
756

AR g A

“Fn

wf
eI Bi6 o

ine 754 to 15

1,

B TR
An i nfor

fr
&l elﬂr.-

oA

nf

E i
7b8.

m c C Lo
L O o
OO0d C . ()
O o © [
- C O n — .-

— C O © —
(O] — C
o _._0vO®©
— O T Sp—

> C C.==0n C
O.—_O0O0L_=>x> O
— O o ™ 1

O+ OC 0N —
n O S>ST OX ©
— = O o C
= cCwncCcoo
[ P
cwm © [GN7)]
— @ = & @© .

— © Das O
- Q.- COLO
OO QWnNTT X

— - 0O 0 _
O coc o

Ex o >0
.0 O e —
. OC OT_—
(&} O 0oV
« @© [

e R (@)

OOC X n OO O

—_— 0 0 - L0 T

LL C S~
© o >

w— O © - -

o > SN OT

— o cC
O 0w ~.—- O
AN O.o O —
A0S0 n

+ .d4 35S ®©
O OO (]
> C C (OS]
() Q- O CTO
OOLDO DO
D O C . o
. T 0O

on a line 760 and I C i ncrenent

si gnal

JWIHIS DNISSFYAAY MOHS OL IWVYS V NI SLIS NOLLVWOANI 40 INIWIONVHY

AH3

IV ASId

vivad [A B RICNT AJV ] | XGNY | x9Sy 4S 4 0gNdl} 08S1
MHI] vivad IV ARG | LMIVA3I | WDV adn] | XGN4Y | XSy 4S 4 L[ANdL| 19S1
JH) vivad INIVARIG | LMIV'ASIG | MV 4dn] |XaGNdy | xdsSy 4S 4y ZANdLl| Z9S1
MHI vivd IAIVASIG | LMIV ARSI | MIV InT | XGNdY | xasy 4S 44 €GN4dLl| €8St
MHI VIVO  |ZXIVASUG[ NIV AR | MIV udn] | XGN4Y | xgsy 4S 9 | ¥9NdL| %8Sl
MH] viva JENIVARI|IMIVARIG | MOV 4dn) | XgNdy | Xasy 4S 4 GaN4dL| SASL
MHI vivd CNIVABI | LNIV A | WDV ddn) | XGN4Y | X8Sy 4S 44 9dNdl| 99S1
MHI vivd CXIVARI| LIV ARIG | NIV N | x@ndy | Xxgsy 4S 44 L9N4l| L8S1

D14

AHD viva Nv_u<.>m._n_ INIV'ARJG | MIv'aan) | aNdy | 9SSy 4S 44 | gNdl| 8SL

€biy




counter on line 762 and a 6bit header information signal o
PAL generates an 9bit buffer address on a line 766. 20

| ook-up tables 1102 and 1104 decode the 6bit attribute bus
uni que at.tribute corresponding to the required enabl e signal |s ggagre®os
the rel evant enable signal is asserted. The enabl e signal$ &re then used

as a Latch Enable which is applied to theldnformti 25 t OoTETII06 tO
hold the rel evhnt data val i§d Ehtil t he next Latch e. Referring now to
Figure 12 therp is shown i |t detail the recei vgfE&2bress generator 748
of Figure 7 whjch
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provi des synchronisation to the RSB and RFNB of the 30 recei ved

I nformati on blocks and ties themto a flywheel arrangenent. The receiver
address generator 748 takes as inputs the received dat_Rgﬁ§++¥£h15§hhgmﬁbit
clock signal on bus 754 and enabl e signals on bus 752 AMEMEH '

side controller 740. A SIPO 1202 outputs a franme nunber —fase
RFNB of the received information blocks fromline 756

nunber on |ine 1204. 27 5/14
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PROMs 1211 and 1212 corrparle t he new'synchroni sation word with the latch
synchroni sati on word and the correct value is ea-on— e DU

1215. |If the correct value is different from Rﬁ’hﬁﬁﬁm MUMe§ an error
"is 5 asserted to allow PAL 1215 to start cou _Hg up. The HAU 1215
counts on a block basis if the error signa Zja@mﬁm&%g f the error
IS non-asserted the count is reset. If the coumnt}r s ah predet erm ned
value (16 in the present case) synchron®/ddtiof i “bej | ost and

the 10 search for synchronisation is asserted. Wile the searfh ['S L
asserted, the output is always the new val ue. . the TTywheel ¢ 58 Q
I nto synchroni sation the new value w || %‘Z =
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be - the correct value and the error si gnal' is__n-_l,,.unasserted. A_further SIPO

1206 provi des a synchroni sation word on 15 T Rpegad on the RSBs
of the incomng received information bl og m, X ﬁahg Heftper and
synchroni sation sequence on buses 1204 and 3248 respectively are input to a
fl ywheel circuit indicated within the dotted HoxUdsNAQ® P4 o{pfoduce a
robust 20 receive address output on the lifjngd_722. Referrifpg{now to Figure
13 there g shown in nore detail the paﬁi‘ld | ay generator 744]of Figure 7.
The functeen of the path delay gen§ator 744-is_to _provide.a hext fbhee
repeat sighal @hen the next infornﬁion bl ock to —
™ & Zlojo
> o p= olx|=2
| o (%) p=) U<t m
£ 9 s f Ha| o
U » w * [TW]
o - - B o a Q [ (W}
4 3 6 a8 ‘—‘=] 712|2
~ N b
== [ 2|3 /
*'U I
)
-—"\ -
— [ g \Jw
o O
= ~s
S s 5 %
ey s < | [M11¢
i
=z
i El 42| 9 =
= 25 *
11 hi / it
. —t—
o g TTTTITIT T, =
s [l—.||. o
_1
—
> o~
g~ FH=— s g [
r~ l\\ \
h 0 ]
S & 5
2 m
= 5 7
J S =
" x X
1 : c
> [«})
s




25 be received is expected to contain a repeated data bl ock. The next bl ock

repeat signa

I's output on the line 758 and passed to the receiver side

controller 740 as described with reference to Figure 11. A Too Many

Errors (TME) signal is input to the path del g5651 “ﬁ bus 764 30
together with a TME enabl e signal fromthe en P 1 SS{E e TME and TME
enable l'ines are input to a | atch PAL %?9@ tggét her with thej3pit del ay
clock signal on the bus 728 generated by the|tjarGaiNg\enogst of el 712. The
| atch 1302 generates a TME signal which is s%ored in a TME sfofe 139435
The store 13 operafgs by storing the new ylgenierated—TVEftap for Ithe
current req§i§ed i nf@r mati on bl ock. The =] 5=
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- 28 - output fromthe TME store 1304 is cycled through a series of
addresses equal to the total path delay of phe—cormutRi-cat--oas syst em of
which the apparatus is part. Thus the TME fRE?LﬁGEMEN'E SHERENt recei ved
informagion block 5 wll be output fromthe —1304when t he

i nformation bl ock which should contain the cliock is
received at the apparatus at a later tine. the store 1304
is reset on the basis of the path del ayi4
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which is determned fromthe transmt address of the 10 current outgoing
i nformati on bl ock and the recei ve address of the currentl SN

i nformati on block. The transmt address of the currentI)Rﬁfgg'iwgdS
is input. to a programmable array 1306 on the line 718 togetther with the
receive address of the currently received information bl ¢ck b4 NBH13%%e
line 722 from-the recei ve address genﬁ{?zy)r 748. u'l'he diffefence between {h
addresses is calculated by the progra e a[r gOG aphd PROMs 1308 and
1310 convert the difference to an absol ute di &%é e. The—absolute
difference is a 1lbit value which is 20 inp{t-d he progran’maﬁ P
1306 via line 1312. The |
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address for reading into and witing fromthe TME store
t he -programmabl e array 1306 on line 1314, and as stated
zero after the appropriate delay. 25 Referring ng
there is shown in nore detail the FIFO 742 of Figure
t he conponents of the FIFO 742 is controlled by the thre

RO AT )

to Figure 14

L ROVipeNg
cl ock buses,

q

del ay cl ock

operation of the transmtter side of 3

W
7.
e

ck 702 whi ch do-

t he ARQ board,

rarnaresThe
which is tied to

728, decrenent 752 and ENCBBHR

the timng oi_the encoder, to the timng of the receiver side of phe ARQ
board 700, wi8ch is tied to the DECT timing. In the prpsgnt
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enbodi nent the cl ocks of the encoder

t oget her. I n general

timng of the two then the FIFO wi ||
29 Referring nowto Figure 15 there is sho

necessary.

however

if there is a 35

and DECT transmitte

n1sna.REPRﬁ{IﬂﬁE

provide the retimn

the receiver buffer 746 of Figure 7. The.receive data

the video denmul tipl exer 218 of Figure %2V§4output on |i

1502 from a RAM
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5 1504. The incom ng receiver data on line 756 is stored in the RAM 1504
at a buffer address provided on |line 766 by the receiver side controller
740 (see Figure 11). If the received data is not expected to be a repeated
bl gck, je the next block repeat block signal is |ow then the receiver 10
side controller 740 wll provide a buf SéAaddress at which the receiver

data is to be stored. However, the d Is only stored if the repeat
flag is not set, thkwgs is detern1ng§ by the main controller. The
repeat flag;¥s anal yzed by the PAL 11§5 of Figure 11. In the PAL 1106 the
repeat &1 ag | cdgpared wth the?gext bl ock repeat (NBR) sighal o
I|ne 748. hi\PAL;' 110q generates an IglcremREPLACEMEk@ SHEET Slw
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counter on line 762 to increment the counter generated by PAL 1108 on

recei pt of a non-repeat, non-stuff block. |If a corrupt information bl ock
is received the PAL 1106 20 asserts a buffer control signal on line 760
and PAL.1508 generates the control signals to store the buffer address in
the FIFO 1506. The address is retrifved for repeater blocks by

| ooking at the NBR flag only. The PAL4/408 checks the NBR &5 bit and
generates the appropriate control signals for the FIFO 1506%and the buffers

1510 1512. '§he repeat flag is only used to detect retufn gath drrpr§, e
spuriously regeat ed bl ocks and TI]EL_QQQQJ ed bl ocks when a-g;epeft ed l?:'c -
3 = A CEMENT SHEET] = = Wil =
N a S a0 w9 >
| D CI} [Tw]
\ o ' 0 4 NOV 1995 Tl
= , , Z|<
— |§
~
PULELELIE E=
S
= i
=1 N
3 [T Thssssss eosmseeee 11D
c©
o0
TLITTRREEE TTLLLLY 22888181 [TieeeelfEafe g
> | l
=) 3 x / 1
=| Tmm Sy T || MO, Jems " il | DLLITTIT
)
=TI TS| TN e T L
n ' :

+5V +5V

+5V
=

P

Mg

-

/152
752

75]2

76‘2

LotchAddro-

760
eocb>-

rx_dafa__vall_-‘r
rx_data_ine

buff_addr(8:0)o- /
D
buffer_cont® /

dec_clks(3:0)



Zfwas=‘expect ed. know ed Bi-t-5 -
Conse)éut | \c; | n%ﬂa‘wﬂ fmogﬁgEF gel 3gdngt '?hgeiap %ng %EMEE\}J‘;§§J 215 [gtﬁwej

PAL (not shown Signal's on the| enabl e bus ge ﬁg

provi de the

main 35 contfoller PROM1002f fpr conmpanison. | O

acknow edge

then the ARQ bpard retransnmits the failed vide

10

7)

enhb e P F9980 [ hpt the Iatched IABK

bi { s~for—a—grvermr—tYahsmtted infor

Tl i
DBy OPARE 1102 ﬁdge i
jrvall f 8d™t 6789
««zt i B EAE°

BUFFER ALLOCATION TO REPEATED INFQ
TRANSMISSION, PARTICULARLY VIDE TRAN SI

This invention relates to apparatus for receiving
information blocks, each of wrhich includes a data block,
from a further apparatus in a duplex communications system
and in particular to such apparatus which is arranged to
determine if a received information block has been
corrupted by transmission and when it has, to request the
further apparatus to repeat the transmission of the data
block of that information block, the data blocks being

_stored in a receiver buffer.

20

25

L
o

When exchanging information over a noisy channel
information blocks can be corrupted so it becomes necessary
to implement an Automatic Repeat reQuest (ARQ) scheme if
the lost data blocks are to be obtained. Of the known
conventional ARQ schemes of stop-and-wait, go-back-N and
selective repeat (SR), the last is the most efficient in
terms of throughput as only those data blocks in corrupted
information blocks are retransmitted. It is especially
attractive to use such an SR scheme in communications
systems with the noisiest channels, for example those using
radio links, where many repeats may be needed.

The repeated data blocks when received in a later
transmitted information block will generally need to be
placed in a particular position relative to the data blocks
already received. This is achreved in prior art systems by
including as part of each data block a daﬁa block number
which the apparatus can use teo identify the data block and
s0 position it appropriately.

According to the present invention, apparatus
according to the preamble of claim 1 is characterised in
that the apparatus is arranged, on receiving a corrupted
information block, to a) store a first receiver buffer
address being the address at which the data block of the




7+ data block in t rest—i-pi-armat ion bl ock to be transnitted. CLAINB 1.
-Appar atus for rRJEBLACEMHW QHEET on bl ocks, each of which includes a data
bl ock, froma fu 5 [N a duplex communi cations system which
apparatus is a ine it @ received information bl ock has
beer. corrupte to request the further apparatus to repeat
the transm ssi data. b ock of that information bl ock, the data
bl ocks bei ng si

the

data block wuntil the last acknowledge bit has been

ther apparatus will not retransmit a

received. This penalty however is small when compared with
the main round trip ARQ delay. The currently preferred
5 number of ACK bits is at least three for an H. 261 coded
video signal transmitted over a DECT interface having a bit

error rate (BER) of up to 10

For maximum robustness a data block should be
retransmitted if any one acknowledge bit of the m+l
10 acknowledged bits indicates an information block was
received corrupted by the further apparatus. Other schemes
may be used, for example majority voting or an odd number

of acknowledge bits.
The TME error flag generated by the receiver could
15 also be used in conjunction with the ACK bits to make the
decision making process of what information blocks have
been properly acknowledged more robust. It should be

‘appreciated that a TME flag may indicate no errors even if

errors have occurred so the TME flag cannot be taken as
20 infallible confirmation that an acknowledge bit in an

information block which has no TME signal associate with it

is correct. The use of TME error signals in conjunction

with acknowledge bits may allow a fewer nﬁmber of

acknowledge bits ie two rather than three for example, yet -
25 still attain as robust or more xrobust an acknowledge
system.

An  embodiment of the opresent 4invention and its
principle of operaticn will now be described, as.applied to
a communications system for transmitting a compressed video
signal over a radio link in which the output bitstream of
an H. 261 video codec .is transmitted over a DECT radio link,

193]
o

with raference to the accompanying drawings of which:
Figure 1 is a schematic drawing of a communications
system employing apparatus according to the present
35 invention for providing video transmissions over a radio
link;
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=« recei ver buffer, mr@x L6, hat: 10 the apparatus is
*arranged, on recgi 1‘$%nfﬂ : I nformati on bl ock, a) to store a first

recei ver buffer jaddress being t e address at which the data bl ock of the
corrupted infornatfi ol GALGKIIM tfo]be stored if repeated in a later 15

I nf or mati on bl ogk;lL.h) to deteqmjne i-nivhi-ch | ater information block the
repeat transms ion of the data bfock is expected to occur; and c) on
recei ving t he =~tater—Jdinformat{on bl ock 20 uncorrupted, to store the

data block in the receiver buffer
It should be noted that in a full DECT implementation,

handovet will occur when the error exceeds approximately
10}, In the simulations only about 5% of corrupted blocks
had error bursts which were correctable by even a powerful

5 error corrector.

Referring to Figure 1 a communications system
comprises a pair of apparatus 102 and 104, each according
to the present invention, 1linked by a radio 1link
established between radio antennae 106 and 108. Each of

10 the apparatus 102 and 104 has an H.261 encoder 110 which
accepts video signals as an input and encodes them as a
bitstream of coded video signals on line 112. A DECT
interface 114 converts a respective bitstream on line 112
into a format suitable for transmission by a DECT standard

18 transmitter 116. The apparatus 102 is associated with =a
single encoder 110. The apparatus 104 connects the DECT
interface 114 to a remote encoder 110 via interface network
118. The network 118 could be a radio link or some fixed
land lying link, for example. '

20 DECT transmissions from each of the transmitters 116
are received at a respective receiver 120, the received
signals being passed via the respective DECT interface 114
for conversion to a bitstream suitable for decoding by a
respective H. 261 decoder 122 to provide a video .output

25 signal.

Referring now to Figure 2 there is shown in more
detail the DECT interface 114 of the apparatus 102 of
Figure 1 showing the three processes carrxied out on the
data flowing to and from the H. 261 encoder/decoder 110/122

30 and to and from the DECT transmitter 116 and DECT receiver
120.

The ARQ scheme of the present invention is controlled
by an ARQ board 206 which controls the interface of the
H. 261 encoder/decoder 110, 122 to the DECT

35 transmitter/receiver 116, 120. The coded bitstream from
the encoder 110 is passed to a video multiplexer 204 which



Erinf-ter—addigss. 2. Apparatus as clainmed in claim
é&%ﬁ MENTnSHEBTk i ncl udes a Repeat Flag which when set

|nTornat|on ' k contains a repeated 25 dat a bl ock.

Cl Qi 9§I 2 in which the data block of the later

s s red I’ tlheg recervéf Buffer at the first receiver

buf fer address onl* t {Flag of the later information block is

set. 30 4. paratus as clainmgd in any preceding claimin which the

gata block of @ OBl HPLECRbURET TEbL 8- BLRT ks MIhEh B e aRECHaRUS LY REE
requested, the next bklock of compressed video data from the

at «the first recge
1 in which eac
i ndi cates that the
3. Apparatus a
i nformation bl oc
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H. 261 encoder is stored in a forward store 502. The
address at which the data block is stored in the forward
5 store 502 is calculated frxom the TSB and TFNB by a
transmitter address calculator 504, and used by a
ultiplexer 506 to address the appropriate mehory location
in the forward store 502. In this normal mode of operation
the data block is also passed to an output multiplexer 508
10 which assembles the RSB, RFNB header bits which, as
described earlier, azxe the complement of the TSB and TENB

of the last received information block.

The information block is +then passed vwvia the
data/control bus 210, under the operation of a select

15 signal from the ARQ controller 500 to the output
multiplexer 508) which passes the information block to the
FEC 212. The FEC 212 performs a check bit calculation on
the information block, inserts the appropriate check bits
in the information block and passes the completed

20 information block to the DECT transmitter 116 (see Figure
2) for transmission to a remote apparatus.

If, on the other hand, a repeat regquest has been .
received from the remote further apparatus, an information
block containing the required repeated data block is to be

25 passed to the -DECT transmitter 116 instead. In this
instance the required data block is not obtained from the
video multiplexer 204 but is extracted from the forward
store 3502. In these circumstances the ARQ controller 500
passes a hold signal via a line 501 of the bus 208 to the

390 video multiplexer 204, The data to be read frowm the
forward store 502 has an address given by the RSB and RFNB
of the last received information block. The actual address
is calculated from the RSB and RFNB by a receive address
calculator 510 which address is passed to the multiplexer

35 506 to provide access to the required data block stored in
the forward store 502, |
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block cannot then be repeated because the address of that
data block in the forward store 502 will have been lost.
An error will appear on the screen of the decoded video
signal when the corrugted block which had been stored in
the buffer 512 arrives at the video multiplexer 218 of the
remote apparatus. The use of three ACK bits greatly
decreases the likelihood of this error occurring but it
does mean that more blocks are repeated than are absolutely
necessary, because the first situation is more likely to
occur, which does waste some transmission time. However,
because the video multiplexer requests the H.261 coder to
hold when a repeated data block is transmitted it should
reduce the number of stuff blocks that need to be sent.
The overall reduction in throughput should not, therefore,
be too great. |

The first error noted above will not cause errors on
reconstituting the video sinal because the rerote apparatus
will not be expecting a repeated block and on inspection of
the repeat flag will determine that it should simply ignore
the received data block'and discard it.

It has been found that an error detector provides much
more reliable detection of errors than an error
detector/corrector with the same number of check bits, with
a small amount of correction ability drastically reducing
the detection reliability. The FEC 212 of Figure 5 is
therefore used solely to provide the TME signal to the ARQ
controller 500 and no attempt is made to correct the
information block, rather reliance is placed on obtaining
a repeated data block in a later information block to
correct the possibly corrupted data block just received.

The ARQ scheme employing three ACK bits in successive
information blocks copes well with high intensity error
bursts but high continuous error "rates also need to be
considered, For selective repeat ARQ schenes, optimum
block sizes for giving continuous random error rates can be
calculated as discussed in an article entitled "ARQ
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transmt information bl ocks having header data by w
can associate a receiver address 10 with each infofmjti I 7
Apparatus as claimed in claim6 in whichethe receiver a&gpé@éﬁﬁﬁam
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I nformati on block | ast received by the apparatus. 1 8. Appar at us
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two repeats must be allowed for. Taking into account the

D

round trip delays encountered we found this regquired a size
5 of buffer 512 of around 128 blocks when 379 bit blocks were
used or 192 blocks when 259 bit blocks were used. This
represents a delay of around 128ms at 384kbit/s, 384ms at
128kbit/s or 768ms at 64kbit/s. These were not the optimum
buffer sizes but as can be seen very large delays are

10 incurred. Methods of reducing the delay are currently
under investigation.

As a comparison, a scheme using interleaving and error
correction with no ARQ couléd interleave to a'depth of 96
using 259 bit blocks for the same delay penalty. This

i5 could cope with some long error bursts but only if they
occcur infrequently. Judging by the frequency in size of
error bursts in simulated fades, it is expected that the
ARQ scheme of the present invention will perform better
under fade conditions.

20 The apparatus of Figure 5 will now be described in
more detail with reference to Figure 7 which is a circuit
diagram of an ARQ board 700 comprising that portion of the
apparatus of Pigure 5 between the video multiplexer and
demultiplexer 204, 218 and the FEC 212..

25 A clock bus 702 carries a 4bit clock signal to co-
ordinate the ARQ controller 500 which maintains synchronism
of the ARQ board 700 concerrned with generating the
information blocks to be transmitted.

The coded video data together with the TSB, TFNB, and

20 SF bits generated by the video multiplexer 204 of Figure 2
to be transmitted in an information block is input to a
transmitter side controller 704 via line 706 together with
a Sbit transmitter attribute signal via an attribute bus
708.

i5 The 6bit attribute bus 708 provides a method. of
indicating to the ARQ board 700 the type of data on the

fus

" the

as
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~rinformation block last transmitted and the receiv RE?BACE@E}@ 5“?'
Informati on bl ock | ast received by the apparatus. 9. .
in any orie of clains 5 to 8 in which n consecutivg
transmtted as a frame of information, cks, thefhea
i nformation blocks including a Transmi tted Synchr
a Transmtted Frane Nunmber Bit (TFNB), the TSBs and TFNBs of the n

it he

cl ai ned
KS are
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(TSB),

consecutive information blocks of a frame forni ng anT=—bit—syaechral
sequence apddan Yus Pit éﬁa lounbsaz i eaRget Ix—.\mey 1fne ARBREEbUE 023

i sation
uel ai ned

inclaim9 in mhlch t header 30 data of the |n ognatlon bl ocks f%rther

i ncl udes a SR&ES c ange synchronously with items o
1nLormatlon block being constructed and transmitted. T
data types include TSB<¢ data, checksum, end of block a

5 NOB. Each data type is allocated a unique 6bit number
allow identification of the data type by the components
the ARQ board 700 as required.

Some of the data types are used internally by the A
hoard 700, for example the TME and end of block (EOB) fla

10 which are not transmitted via the DECT transmitter 116,

When the transmitter attrikute designates that vigd
data is being input to the transmitter side controller 70

a data valid signal is output on a line 710 and is input

he
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to

a transmitter store 712. When the transmitter attribute

15 signals on bus 708 indicate that an end of informati
block has been reached, an end of block signal is output

on
on

a line 714 and input -to the transmitter store 712. The

transmitter side controller 704 also generates
synchronisation signal which is output on line 716 a

a
nd

20 -which is also input to the transmitter store 712. This

synchronisation signal is also used to synchronise t
operation of the receiver side of the apparatus.

The transmitter side controller 704 also generates
10 bit transmitter address on the bus 718 which is al

25 input to the transmitter stoxe 712.

The transmitter side controller 704 is shown
circuit board 1level in Figure 8. The transmitt
attributes on line 708 are input to a PROM 802 whi
provides output signals indicating the nature of the bit

30 the current position in the information block. A Single
Parallel Out (SIPO) circuit B804 generates an 8bit fra
number once every eight information blocks which fra
numbher increments once for each new frame of informati
blocks. At the end of each set of frames a frame numb

[N
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enable sigral is generated by the SIPO 804 and passed v
line 806 to a latch 808.
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Synchroni sation Bit (RSB) and a Received Frane Nur Lﬁ'mg"""" he RSBs
and RFNBs of the n consecutive information bl ocks jofg-—+rd KE g an
n-bit synchroni sati on sequence and an n-bit framejngnber, respect]vgly.
33 11. Apparatus as clainmed in claim 10 '?g whi ch pa h%ﬁlﬁqMF s the
conpl ement’ of the TSB and TFNB of the intormationf b | ast recdi jed. 12.
Apparatus as clained in either one of clains 9 tg 11

‘The TSBs from consecutive information blocks are
entered into the SIPO 810 which outputs on bus 812 the
synchronisation wozé rotated by & number of bits given by
. the information block number within the frame. This

5 rotated synchrorisztion word is passed to a look up table
6§14 which outputs on bus €!6 the block number within the
frame for the curren: information block. This is passed to
a .‘-..at:ch 818. Tre frame number and block number are
combihed to form 2 11bit transmitter address by latches 8§08

‘0 and 818 and output on the transmitter address bus 718.

The transmitter store 712 of Figure 7 assembles the
header and video block data into an information block for
transmitting and/or storing in the forward store 502 (see
Figure 5).

18 The transmitter store 712 of Figqure 7 is shown in more
detail in Figure $ and includes four RAM chip memories 902
in which is stored the video data blocks and associated
stuff flag of information blocks' that have been or are
about to be transmitted..

20 _ The  transmitter end-of-block signal from the
transmitter side controller 704 on line 714 controls a

'programmable array 904 to output the data block to be
stored in the forward store and/or transmitted via a
holding latch 906. The.data block to be transmitted is

25 read from the latch 506 and stored in the RAM memoxy 902 in
case & repeat transmission 4is required.  If the
transmission is a repeat transmission the data t.o be
transmitted is read out of RAM memory 902 via the latch 906
and again stored in the new data block position in the chip

(7]
o

memory 902 in case it is necessary to provide a yet furtherx
repeat of this data block.

The inputs to the programmable array 904 are the
| transmitter address on line 718 obtained from the
transmitter sic’_ie controller 704 of Figure 8, and an

Lo
wmn

analogous rxeceiver address being the receiver address of

the last received information block on line 722, the data



'*5 +’'in which n=8. 13. Apparatus as cl ai ned i n rert-her—ene—ei—etai s 11 and
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bl ock was corrupted, or the acknow edge ' ofiated with
n+1l consecutive information blocks. 14. Appargtus as clained infjclaim13 in
whi ch a data bl ock 15 is retransmtted | ackmowed '
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of addresses equal to the total path delay of the
communications system of which the apparatus is part. Thus
the TME flag for the current received information block
5 will be output from the store 1304 when the information
block which should contain the repeated data clock is
received at the apparatus at a later time. The addressing
of the store 1304 is reset on the basis of the path delay
which is determined from the transmit address of the

10 current outgoing information block arnd the receive address
f the currently received information block. The transmit
address of the currently transmitted block is input to a
programmable array 1306 on the line 718 together with the
receive address of the currently received information block

15 on the line 722 from the receive address generator 748.
The difference between the addresses is calculated by the
prégrammable array 1306 and PROMs 1308 and 1310 convert the
difference to an absolute difference.

' The absolute Gifference is a 11bit value which is

20 input into the programmable array 1306 via line 1312. The
address for reading into and writing from the TME store
1304 is output'from'the programmable array 1306 on line
1314, and as stated above is reset to zero after the
appropriate delay. )

25 Referring now to Figure 14 there is shown in more
detail the FIFO 742 of Figure 7. The timing of the
components of the FIFO 742 is controlled by the three clock
buses, delay clock 728, decrement 752 and ENC clock 702
which co~ordinates the operation of the transmitter side of

30 the ARQ board, which is tied to the timing of the encoder,

to the timing of the receiver side of the ARQ board 700,

which is tied to the DECT timing. In the present

embodiment the clocks of the encoder and DECT tranamitter

are tied together. In general however if there is a

mismatch between the timing of the two then the FIFO will

provide the retiming that is necessary

L
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apparatus. 15. Apparatus as clained in either one of clains 13 and 14 in
"which n=2. 20 _16. Apparatus as.claimed in any preceding claimin which

t he .data bl ock
claim16 in wh

T

vi deo coder. 2
arranged to tr
Appar atus as

18. Appar

al m

imed in

nOts ALE ng eijvg
c

1§

ed video data. 17. Apparatus as claimed in

By video data is obtalne H 261
us as clatnddl +n any:p cl ai mwhieh is

i nformati on bl ocks %’M) 19.
i n which the : /}

CLAIMS

(¥ ]

10

13

20

25

30

1. Apparatus for receiving information blocks, each of
which includes a data block, from a further apparatus in a
duplex communications system, which apparatus is arranged
to determine if a received information block has been
corrupted and when it has, to reguest the further apparatus
to repeat the transmission of the data block of that
information bhlock, the data blocks being stored in a
receiver bufferxr, characterised in that:

the apparaﬁus is arranged, on receiving & corrupted
information block,

a) to store a first receiver buffer address being
the address at which the data block of the corrupted
information block is to be stored if repeated in a later
information block;

'b) to determine in which later information block the
repeat transmission of the data block is expected tg occur;
and

c) on receiving the 1later information block
uncorrupted, to store the data block in the receiver buffer

-at the first receiver huffer address,

2. Apparatus as claimed in claim 1 in which each
information block includes a Repeat Flag which when set
indicates that the information block contains a repeated
data block. _ _

3. Apparatus as claimed in claim 2 in which' the datea
block of the later information block is stored in the
receiver buffer at the first receiver buffer address only
if the Repeat Flag of the later information block is set.

4. Apparatus as claimed in any preceding claim in which
the data block of a2 corrupted information block, which has
not previously been determined to be one expected to
include a repeat transmission of a data block, is stored in
the receiver buffer and when an uncorxrupted repeated
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information block is réceived, the data block stored in the
receiver buffer is overwritten.
5. Apparatus as claimed in any precedihg claim which is
further arranged to transmit information blocks having
5 header data by which the apparatus can associate a
transmission address with each information block.
6. Apparatus as claimed in claim 5 which is further
arranged to transmit information blocks having header data
by-which a like apparatus can associate a receiver address
10 with each information block.
7. Apparatus as claimed in claim 6 in which the receiver
address in the information block is said to correspond to
the transmission address of the information block last
received by the apparatus. _
15 8. Apparatus as claimed iﬁ claim 7 in which the
determination of the later information block in which the
repeated transmission of a data block is expected to occur
is determined from the transmission address of the
information block last transmitted and the receiver address
20 of the information block last received by the apparatus.
9. Appératus as claimed in any one of claims 5 to 8 in
which n consecutive ‘information blocks are transmitted as
a frame of 'information blocks, the header data of the
information blocks including a Transmitted Synchronisation
25 Bit (TSB), a Transmitted Frame Number Bit (TFNB), the TSBs
and TFNBs of the n consecutive information blocks of a
frame forming an n-bit synchronisation sequence and an n-
bit frame number, respectively.
10. Apparatus as claimed in claim 9 in which the header
30 data of the information blocks further indludes-a Received
Synchronisation Bit (RSB) and a Received Frame Number Bit
(RFNB), the RSBs and RFNBs of the n consecutive information
blocks of a frame forming an n-bit synchronisation sequence

and an n-bit frame number, respectively.
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11. Apparatus as claimed in claim 10 in which each RSB and
RFNB 1is .the complement of +the TSB and TFNB of the

information block last received.

12. Apparatus as claimed in either one of claims 9 to 11

in which n=8.

-13. Apparatus as claimed in either one of claims 11 and 12

in which the header data of each information block includes
an acknowledge bit which indicates whether the last
received information block was corrupted and n further
acknowledge bits, n greater or equal to 1, each of which
indicates whether a distinct earlier received information
block was corrupted, or the acknowledge bits being
associated with n+l consecutive information blocks.

14, Appératus as claimed in claim 13 in which a data block
is retransmitted if any acknowledge bit indicates an
information block was received corrupted by the further
apparatus. _ _

15. Apparatus as claimed in either one of claims 13 and 14
in which n=2,

16. Apparatus as claimed in any preceding claim in which
the data.blocks comprise compressed video data.

17. Apparatus as claimed in claim 16 in which the
compressed .video data is obtained from an H. 261 video

coder.

18. Apparatus as claimed in any preceding claim which is
arranged to transmit and receive information blocks via a
radio link.

19. Apparatus as claimed in claim 18 in which the
apparatus is arranged to transmit and receive information
blocks to the DECT radio link standard.



