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The present invention relates to a method of effecting random
access in a time divided mobile radio system having a primary
5 station and a plurality of secondary stations belonging to the
primary station. More specifically, the invention relates to a
method of access to these secondary stations when they are in an
idle mode, i.e. when the stations listen to messages from the
primary station within a given geographical area (cell) and when
10 they wish to establish some form of communication with the primary
station. The mobile radio system is a time divided system (TDMA or
CDMA) or a com.blned frequency and time divided system ( FDMA/TDMA)
with so~-called digital control channels, which are utilized by the
inventive method.

15 BACKGROUND ART

Random access in a mobile radio system, for instance a mobile
telephone system, is known both for analog and digital systems.
Random access implies generally that a secondary station (mobile
station) transmits to a primary station randomly in time an
20 initial message in accordance with a given protocol, requesting
access to the primary station. The primary station then responds,
by sending a flag to the secondary station for continued com-
munication between the primary and the secondary stations. The
access ‘protocol used in TDMA-systems, so-called time divided or
25 slotted Aloha, is described, for instance, in EP-A-0,321,454.

An access method with time divided Alocha is described, for
instance, in the U.S. patent 5,166,929 (Wing Lo). According to
this known method,"accessis effected by a mobile station by
sending to a base station reservation messages which denote which
30 time slot E,;o mfny sueh tlme sioi;.s shai:%. be reserved by the
base statlori for theé. moblle,,,statn.on cori’cerned in order to enable
the mobile station to complete its access message, so called
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i s describeghds¥l free spaces that are created in such a channel when certain
control information (SACCH, DVCC) normally used in a traffic chan-
5 nel is not used.

SUMMARY OF THE INVENTION

The known access method according to the aforesaid U.S. patent
deals with the problem of how a mobile station can communicate
with a base station by requesting for certain time slots and a

10 certain number of time slots to be reserved for the continued
access message. In this regard, the base station uses a flag
marked "reserved" and "idle", respectively, where nreserved® thus
marks in the base station those time slots of the continuously
transmitted time slots that have been reserved for a certain

15 mobile or for several mobiles desiring access to the system. It is
assumed that the continued communication is effected without undue
hinder to or error in the messages transmitted to the base
station.

The present method is also based on the known access method for
20 continued communication after having reserved time slots for a
mobile station. According to one embodiment of the proposed
method, a further flag is inserted in the base station, "recei-
ved", '"not received", abbreviated to R/N, which discloses whether
or not the message word transmitted to the base station from the
25 mobile station within a given time slot has actually be received
by the base station. If the message word has not been received, the
base station asks the mobile to transmit solely the latest word.
When the word concerned was one of the last words in the message,
a significant simplification is achieved in comparison with the
30 case when it is necessary to transmit the whole message again, as

is normal when errors in transmission occur.
‘m : '
.l

According to a further embodiment of the invention , there is
introduced a third flag which is additional to the aforesaid two



idstance, in the U S patent 5,166,929 (Wng Lo). According to this known
nmet hod, access is effected by a nobile station by sending to a base station
reservation messages which denote which 30 time slot and how many such
tifme slots shall be reserved by the base stjation for the nobile station
concerned, in order to enable the nobile station to conplete its access
message, so called 2 Al oha "Reservation Aloha". This known nethod can be
used particularly in a digital control channel and the access nessages can

be sent in flags. This third flag, "reserved, free", R/F, is sent from the
base station, as with other flags, and discloses to the mobile the
time slot in which the mobile shall transmit a response to the
request transmitted from the base station and in which the
5 information concerning the reserved time slot was found.

One object of the present invention is to provide a method of
achieving random access in a time divided (TDMA) mobile radio
system which will ensure that, even after the secondary station
desiring access to the primary station has been allotted one or

10 more message time slots, a message will be completely transmitted
to a base station without unnecessary repetition of message words
that have been correctly received.

14

Another object of the present invention is to allocate, upon
access to a mobile radio system, a free time slot to a mobile

15 station from a base station in conjunction with transmitting
access messages which require simple confirmation from the mobile
station in the form of a message word.

A further object of the present invention is to establish three
different flags in a base station which receives messages from
20 mobile stations for access to the base station, of which flags two
are used to allocate more than one time slot for the message from
the mobile station and to ensure that this message is received
correctly in the base station, and one is used to reserve before-
hand one time slot for an 'access. message from a given mobile

25 station.

The inventive method is characterized by the features set forth in
the independent Claim 1. Other embodiments of the inventive method
are characterized by the features set forth in the independent
Claims 5, 7 and 8. |
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to the accompanying draw1ngs, in which

Figure 1 illustrates schematically a primary station and three
secondary stations of a mobile radio system;

Figure 2 illustrates a time slot format for an uplink digital
control channel in a time divided (TDMA) mobile radio system;
Figure 3 illustrates a time slot format for a downlink digital
control channel in a time divided (TDMA) mobile radio system;
Figure 4 illustrates a message sent from a secondary station
according to Figure 1 and divided into message words:;

Figure 5 is a diagram which illustrates the inventive method in
respect of a message according to Figure 4;

Figure 6 is a decoding diagram which illustrates flags used in
accordance with the inventive method;

Figure 7 is a flow chart illustrating two examples of the inven-
tive method;

Figure 8 is a flow chart illustrating a third example of the
inventive method; and _

Figure 9 is a block diagram illustrating that part of a mobile
station which evaluates the flags illustrated in Figure 6.

BEST MODES OF CARRYING OUT THE INVENTION

Figure 1 illustrates generally a primary station and a number of
secondary stations in a mobile radio system, which may be an
analog or a digital system and possibly also a cellular system.
The primary station is a base station BS and the secondary
stations are mobile stations MS1, MS2, MS3. The inventive method
is intended for application in a time divided mobile radio systen,
preferably a cellular system which includes so-called digital
control channels. In present-day North American systems, control
channels are analog channels, i.e. check and control messages are
transmitted over analog channels, even when the traffic channels
are digital. In future systems, however, such messages, for
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nessage, In the simplified digital system with digital control channels
shown in Figure 1, it is assumed that each of the mobiles MS1-MS3
5 is in its idle mode. The base station BS continuously transmits
messages with so-called flags in the forward direction over a
control channel DFOCC, although in given time slots, these flags
indicating whether the time slot in which the message is sent is
idle or busy. A mobile station MS1 is able to receive such messages
10 in certain time slots and transmits back to the base station in
another control channel DRECC in the reverse direction, so that
the message can be received by the base station BS. This enables

the mobile stations to obtain random access to the system.

The time slot format shown in Figures 2 and 3 has been proposed,
15 with the intention of creating the two control channels DFOCC and
DRECC in the forward and reverse direction respectively. Compared
.with the digital traffic channel as proposed in the North American
Standard EIA/TIA IS-54B, April 1992 (page 9, 1,2 "Digital Traffic
Channel Structure"), the reverse control channel DRECC has a
20 reserved space RES and the forward control channel DFOCC has a
divided reserved space RES1l, RES2. The 'spaces are used for the
information bits which are included in those flags that are
transmitted from the base station in respective control channels,
as described in more detail below. Messages (without flags) are
25 transmitted from a mobile station in the data fields Data D.

Figure 4 illustrates a message word M, for instance a message from
a mobile station MS1 to the base station BS concerning a reply to
an authorization query from the base station BS. The message is
divided into a number of words, in the present example five words
30 Wl, W2, ... W5, each of which is intended to be sent as a burst
within a given time slot. The message need not be a "straight"
message, in the meaning that the information is transmitted as a
continuous message in time, but may be interleaved with several®
message words or with several messages. This procedure is known



afsignificant sinplification is achieved in conparison with the 30 case
when it is necessary to transmt the whole nmessage again, as is normal when
er;rors in transmssion occur. According to a further enbodi ment of the
i fvention, there is introduced a third flagewhich is additional to the
aforesaid two 3 flags. This third flag, "reserved, free", RF, is sent
fromthe base station, as with other flags, and discloses to the nobile the
time slot in which the nobile shall transmt a response to the request

transmtted §£pmad NonRaRLs UM AR Sk I S5 £icdie to the principle of the
present invention. The division of a message according to Figure
4 is called segmentation and each message word W1-W5 is channel-
coded in a known manner and formatted so as to enable it to be
5 transmitted as a burst in a time slot.

Figure 5 is a diagram which illustrates transmission over the two
channels DFOCC and DRECC in relation to the two time slots within
~each frame that the control channels have at their disposal.

As is known, a TDMA-frame in the North American mobile radio

10 system is comprised of six time slots, of which the time slots 1
and 4 are reserved for the control channels and the remaining four
time slots are reserved for the traffic channels. The time slots
of the control channels are the time slots shown in Figure 5 and
referenced 1 and 4. Not all of the time slots of all traffic

15 channels have been shown in Figure 5. The upper row of time slots
are those which are at the disposal of flags and message words that
shall be received by a mobile station MS1-MS3, while the bottom
row of time slots are those in which a mobile station transmits
message words to the base station.

20 The base station initially transmits the messages continuously in
the control channel time slots (1 and 4). A mobile station MS1
which desires access to the system can seize a meséage word from
the base station BS, which therewith informs that the mobile
station can transmit back to the base station in a given free time

25 slot. In the "Aloha Reservation" method, the mobile station MS1
responds‘by asking the base station to reserve a given number of
time slots, so that the message from the mobile can be received by
the base station. In response, the base station sends a flag
B/I("busy/idle"), which indicates that the time slots requested

30 by a given mobile have now been reserved for said mobile MS1 and
are thus busy to other mobiles MS2, MS3. This applies in those
instances when a message has several words and several time slots

are therewith required to transmit the message. 000

i
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a:time divided (TDMA) nobile radio systemwhich will ensure that, even
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tablish that the message word has been transmitted correctly, and

5 if this is not the case to ask for the word to be retransmitted.
Consequently, according to the present method, the number of flags

sent by the base station BS is extended in accordance with the

following:

One flag R/N ("received/not received"), where "R" denotes that the
10 message word is considered to have been received correctly, for
instance by carrying out a so-called CRC ("cyclic redundancy
check") on the word received, and where "N" thus dené_tes that the
base station does not consider the word to have been received
correctly, and a flag R/F ("reserved/free"), where R denotes that
15 a time slot in DRECC, i.e. for transmission by the mobile to the
base station is reserved by the base station for this particular
mobile, so that the mobile can sent its reply to the base station.
Normally, the message in DFOCC from the base station will include
a request for the mobile to transmit, e.g., an acknowledgement,
20 and the message will therefore contain information relating to the
time slot that has been reserved for this particular mobile. For
instance, the DFOCC-message will contain information as to how
many time slots the mobile can expect from a given reference time-
point to the reserved time slot. "F" indicates that no time slot
25 has been reserved for the mobile and that the time slot which,
e.g., should have been reserved for the mobile MS1l is instead now
free for other mobiles MS2, MS3.

The two additional flags need not be used simultaneously. The
flags R/N and R/F are independent of one another and in some
30 instances it is sufficient to use only the flags B/I and R/N.

All flags are set in the base station from the beginning, when no
message exchange has yet taken place.

B/I is set to I ("idling"):;
/ ( g"): This Sheet Has Been Replace:
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The inventive method will now be illustrated with reference to
three examples, see Figure 5. A common feature of the following
examples A and B is that the base station BS sends the flags I, N,
F to all mobile stations MS1-MS3 and that these flags are received
by the mobile stations MS1, MS2 in accordance with examples A and

B respectively.

Thus, it is assumed in the first example A that the mobile MS1 has
captured the flags I, N, F and seeks access to the system through
one single message word W1, which shall be sent by MS1 to the
system via the base station BS, in the time slot 1, frame 1,
allotted by the base station. The mobile station MS1 transmits
(arrow 2A) and the base station BS detects the sync. word (SYNC,
Figure 2) in DRECC, decodes the message word and carries out a CRC-
check. No flags in the time slots are changed if CRC found the
received message word to be incorrect, i.e. the flags are main-
tained as I, N and F, as shown in Figure 5. If CRC found the
received message word to be correct, which is the case according
to this example, the receiving flag is set to R. In this case, the
message is comprised of only one message word to the base station
BS, which sends the flags I, R, F back to the mobile station MS1
(arrow 3A). This station receives the flags I, R, F and therewith
observes that the message word W1, i.e. the whole of the message
in this particular case, has been received correctly by the systemn
and that access has thus been successful.

In the other example B, it is assumed that the mobile station MS2
seeks access to the system (the base station BS), the access
message M consisting of two message words W1 and W2 which are
received correctly by the base station BS. No particular time slot
has yet been reserved for MS 2 and the base station BS sends the
flags I, N, F to all mobile stations, although it is assumed that
time slot 1 in frame 2 is picked-up by MS2 (arrow 1B).

This Sheet Has Been Replaced




more detail with reference to the accompanyi ng draw ngs,
i l.lustrates schematically a primary station and three 5
sttati ons of a nobile radio system Fi gure 2gillustrates rrrat.
for an uplink digital control channel in a tine divided (TDVA) nobile radio
system Figure 3 illustrates a time slot format for a downlink digital
control channel in a tine divided (TDVA) nobile radio system 10 Fi gure
4 i |l ustr at ewhenmeheaagsb SbatstfatdoraMSecoends \ite first nessage mpndWEi (Aarrow

and divided Lgho WESS2Ge WRLUSt, the base station BS at the same time that it
intends to transmit two message words~W1 ., W2. Consequently, the
base station BS indicates in its message (arrow 3B) that the time
5 slot 1 in frame 5 has been marked as busy "B". This word is
received correctly by the base station BS, which sends the flags
"B" and "R" over DFOCC, which are received by MS2 (arrow 3B). The
mobile station MS2 now sends the other message word W2 over DRECC
(arrow 4B), and this word is also received correctly by the base
10 station BS. Consequently, the base station BS transmits the flags
"I® and "R" (arrow 5B), where "I" thus indicates that the next time
slot (time slot 1, frame 8) which should have been busy "B" is now
free to other mobile stations MS1, MS3, since no further message

words are expected from the mobile station Ms2.

4 BRI EF DESCRI PTI ON OF THE DRAWNGS The i nventi on wllﬂgp ega Eepa%%i |n

15 In the two examples A and B described above, the different mobiles
compete between themselves to obtain a free time slot when the
base station BS transmits its flags I, N, F (arrows 1A, 1B), so as
to be able to send the first message word to the base station BS.
The first to do this is the winner. However, the system (the base

20 station) is able to allocate a reserved time slot to a given mobile
MS3 prior to transmitting the flags, so that this mobile does not
need to compete with the other mobiles MS1, MS2. In this regard,
the base station transmits the flags I, N, R, where "R" thus
denotes that a time slot in a given frame has been reserved and is

25 therefore unaccessible to other mobile stations, in this example
the mobile stations MS1, MS2.

It is assumed in the third example C that the mobile MS3 begins to
transmit a message M in a time slot that has already been reserved,
this message consisting of two message words Wl and W2. It is
30 assumed that one of these message words is received wrongly by the
base station, due to the word being distorted (because of fading,
for instance) during transmission. It is also assumed that the
system has earlier reserved a time slot for the mobile station
MS3. This time slot may have been reserved in conjunction with an
35 earlier access to the mobile station MS3, according to example A



Fifgure 51is a diagramwhich illustrates the inventive nethod in respect of
_a"nmessage according to Figure 4; Figure 6 is a decodi ng di agram which .
[ I | ustrates flags used in 15 accordance with the inventive nethod;

Fisgure 7 is a flow chart illustrating two anpl es of the inven- tive

met hod; Figure 8 is a flow chart illustrating a third exanple of the
i nventive method; and 20 Figure 9 is a block diagramillustrating that
part of a nobile station which evaluates the flags illustrated in Figure 6.
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time slot, calculated in number (22) of half-frames, each of 20 ms
from, for instance, the time-point of the first message (arrow 2A)
from the mobile MS3.

The base station will transmit its response with the flags I, N,

R (arrow 1C) in accordance with the aforegoing, and the mobile MS3

will transmit its first message word W1 (arrow 2C) upon receiving
the flags. The base station BS receives and checks whether or not

more message words are to be transmitted. Since this is the case,

the flags B, N, F are sent to the mobile MS3. However, the base
station BS has not detected the message word W1 correctly, and
hence the base station sends "B" and "N", where "N" denotes that
the message word last received has not been received correctly and
should therefore be sent again. The base station therefore sends

(arrow 3C) the aforesaid flags "B" and "N" and also asks MS3 to

transmit the latest message word W1 again. The mobile MS3 receives

this message and notes that the word W1 shall be transmitted
again, and complies with this request, arrow 4C. It is assumed
that retransmission of the word is successful and that BS receives
the word W1 correctly.

The different procedures undertaken in a mobile station in
conjunction with the aforedescribed exchange of messages will be
described in more detail with reference to the flow charts
illustrated in Figures 7 and 8. However, the Carnaugh diagram
shown in these Figures will be explained in more detail first, see

Figure 6.

In the Carnaugh diagram of Figure 6, all flag combinations from
the first, second and third rows have been combined in four
columns, so that the first column states the case IN "idle" and
"not received"; the second column states the case IR "idle" and
"received"; the third column states the case BR "busy" and "re-
ceived"; and the fourth column states the case BN "busy" and "not
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25 analog or a digital systemand possibly also a cellular system The
pfimary station is a base.station BS and the secondary .stations are nobile
stations M5l, M52, Ms3. The inventive nethod is intended for application in
a:tinme divided nDblle radi o system prefer gly a cellular system which

i ncl udes so-call ed digital 30 control ﬁ nnels. In present-day North
Anerican systens, control channels are anal og channels, i.e. check and
control nessages are transmtted over anal og channels, even when the

Lraffic channgle:fdge 4ok dle tub PUs¥iBIMITIUD F HEPRLST and R MIBSSARRP! of
the third flag.

The Carnaugh diagram shown in Figure 6 discloses how a state given

by the burst in a given time slot 1 or 4 according to Figure 5

5 shall be interpreted by a mobile station MS1-MS3 when this station

receives the burst in the time slot from the base station in the
forward control channel DFOCC.

Four possible outcomes are found in the Carnaugh diagram,
illustrated by the references 1-4. For one of these outcomes,

10 certain conditions shall be fulfilled as indicated by the
rectangular blocks in the diagran.

The outcome 1 applies to the two flags: That the received word

denotes that the time slot is idle and that the word from a mobile

station has not been received correctly and that the time slot is
15 either free or reserved.

The outcome 2 applies to four cases: That the time slot is idle at
the same time as words have been received for the two possi-
bilities free or reserved time slot, or the time slot is occupied
for the same two possibilities.

20 The outcome 3 applies to only one case: That the time slot is busy
and the message word has not been received correctly at the same
time as the time slot is reserved.

The outcome 4 also applies to only one case, similar to outcome 3,
although in this case the time slot is free.

25 There is included a Carnaugh diagram in each of the flow charts
shown in Figures 7 and 8, so that the various steps carried out in
a mobile station can be explained. Each Carnaugh diagram shows the
state and those outcomes that are obtained on a given occasion
(instant), depending on vhich flag has been received from the base
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I st ance aut hentication checks, wll also be transnmitted over digital
control channels, In the sinplified digital system wigidsneitgidBen ¢do
channels shown in Figure 1, it is assuned that each o 1- MS3
5 s inits idle node. The base station,BS conti nuammﬁ‘l ' .
nmessages Wth so-called flags in the forward directio a control
channel DFOCC, although in given tine slots, these flags indicating whether
the tine slot in which the nmessage is sent is idle or busy. A nobile
station M5l dttatfbR d1fd '€ eShonEing e ARs va@iousi areéws aln, taae sl.ot 1B,
and transmts back -to the pase stat,ion in another control channel DRECC in

the reverse 47 ecti 0RCRFIING YHELFUTE e can be received by the base
station BS. This enables the nobile stations to obtain random access to the

system Figure 7 is a mobile station flow chart which is intended to
illustrate the two aforesaid examples A and B.

5 The decoding diagram 1 in Figures 7 and 8 gives a certain outcome
which will depend on the flags of the first message from the base
station BS, while the diagrams 5 and 6 will give certain outcomes
which will depend on the flags of the second and subsequent

messages.

10 According to example A, mobile station MS1 wishes to send a simple
message to the base station BS. The incoming ‘first message
including the flags I, N, F is decoded in accordance with diagram
1 and gives the outcome 1 (Figure 7). The mobile station therefore
brings forward the first message word W1 (in this case, the only

15 word to be sent) according to block 2 (Figure 7), and transmits
this word, block 3. Subsequent to having transmitted the word W1,
a query is raised, block 4, as to whether more than one word shall
be transmitted. Since this is not the case, the answer "No" is
obtained from block 4. The base station BS has sent the message

20 including the flags I, R, F to MS1 and has received the first word
W1l (arrow 3A, Figure 5), whereby the diagram 5 for the second mes-
sage sends the outcome to block 9, disclosing that the transmis-

sion was "successful",

In the case of the other example B, the message is comprised of two

25 words W1, W2 from the mobile station MS2, it being assumed that
these two words have been received correctly by the base station
BS.

The mobile station MS2 receives the flags I, N, F from the base
station BS (arrow 1B, Figure 5), similar to example A, and brings
30 forward the first message word Wl in accordance with block 2,
| pointed out by the outcome from diagram 1. A check is then made to
ascertain whether or not more words shall be transmitted, block 3



THe time slot format shown in Figures 2 and 3 has beeg, aced W th
the intention of creating the two control channels n t he
forward and reverse direction respectively. Conpar ed

traffic channel as proposed in the North Apgrican Stan S— 54B,
etpril 1992 (page 9, 1,2 "Digital Traffic Channel Structure") the reverse
control channel DRECC has a 20 reserved space RES and the forward

control channel DFOCC has a divided reserved space RES1, RES2. The spaces

are gsed foraxtdc}af | BRACERR DD i theVbass, Alre hmslwsie!!!tés“timwtfaliagsl twhaich
escr | bed | eHS GRS FhECASRIE AR SagbaLa. ARy, 19 (1Y Eladdliictite Adxt
transm t t ed dessage nbheconing atfrom ithe Hmasiat atatebds BSat £imcer the cnassage
ITTustrates g MReFEIEnOETadL BOR, BS{AN S BBJESaA%utéoté indicating block
5 7 is obtained, this block stating that the next word can be brought
forward in the mobile station MS2. According to the loop, the next

step is a return to block 3 and the second word W2 is transmitted

to the base station BS (arrow 4B, Figure 5). Since no more words

are to be transmitted according to question block 4, the next

10 message from the base station BS (arrow 5B) is decoded in accor-
dance with diagram 5. This message includes the flags I, R, F and

the transmission is therefore considered to be "successful", block

9.

£

Figure 8 is a flow chart for the example C, i.e. in which a time
15 slot has been reserved in advance for the mobile station MS3 and
the base station shall thus send the flags I, N, R (arrow 1C,
Figure 5). If the correct flags I, N, R are sent, an outcome is
obtained indicating block 2 and the mobile station will bring
forward the first message word Wl. If the continued communication
20 ' shows that the base station receives correctly, the steps are
executed in the same way as that described with reference to
examples A and B. On the other hand, if the base station BS has not
understood or correctly received the transmitted word Wl (arrow
2C), the base station will send the flags B, N, F (arrow 3C), where
25 WN® denotes incorrect reception, as described above. On this
occasion, it is the diagram 5 that determines which outcome shall
be given, and this outcome points to block 8 which means that the
same word, i.e. W1, shall be fed back to block 3, i.e. the word W1
shall be retransmitted. On the next occasion, when a message from
30 the base station arrives (arrow 5C), it is the diagram 6 which
determines what outcome is given. If, as in the present case, a
further word W2 is to be sent: and the flags I, R, F arrive, the
diagram 6 indicates an outcome to block 7 to be given and that the
further word W2 is transmitted. If this word is received correctly
35 by the base station, the flags I, R, F are sent, since the word W2
was the last word. If the word W2 had not been the last word and a



a.nmobile station MS1 to the base station BS concerning a reply to an

aut hori zation query fromthe hase station BS.. The nessage is divided into a
nunber of words, in the present exanple five words 30 WL, W2, ... W,
each of which is intended to be sent as a byrst within a given time slot.
The nmessage need not be a "straight" nessage, in the neaning that the
information is transmitted as a continuous nessage in time, but may be
interleaved with several nmessage words or with several nessages. This

Rr ocedulr e i $\i§ﬂﬂ‘l@r word R8’ sBSuPA hahaSbRenISEAE | f4%0m thRl B EIE S tiat ildifMs3,
principte C)the %ase station would have sent B, R, F and the steps according
to example B would have been carried out.

The different flags are transmitted as binary values in a known

5 manner from the base station to respective mobile stations in the

forward control channel DFOCC according to Figure 3, and in the

spaces RES1, RES2 and possibly also in the space RES. The micro-

processor of the mobile station includes a register for storing

and evaluating the incoming binary values of each of the flags.

10 These registers are illustrated schematically in Figure 9 and are

designated REG1, REG2, REG3 for the respective three flags R/N,

R/F and B/I. Thus, in the present example, each of the three flags

‘is represented by a three-bit word and the binary value of this
word decides how the flag is interpreted.

15 Evaluation units Vi, V2, V3 are each connected to a respective
register and evaluate the incoming binary value of respective
flags in an appropriate manner (see below), i.e. determine which
of the two values in a flag is applicable. Conveniently, there is
found a set of registers REG1-REG3 and associated evaluation units

20 V1-V3 for each of the decoding diagrams 1, 5 and 6 according to
Figures 7 and 8.

In its simplest form, each of the evaluation units V1-V3 is a
simple comparator and deals with respective flags, by prescribing
that the first four binary values 000, 001, 010, 011 constitute
25 the "R", "R" and "B" flags respectively, while the four remaining
binary values 100, 101, 110, 111 constitute the "N", “F" and "I"
flags. The flag B/I is particularly sensitive to a wrong interpre-
tation, i.e. if the flag is-interpreted as "I" yhen "B" is meant
to be sent, or vice versa. It is therefore convenient, in accor-
30 dance with the following, to allow the first seven binary values
000, ..., 110 to represent "B" and solely one binary value 111 to
represent "I"., Naturally, it is possible to insert a similar
distribution of the binary values in the registers for the flags

This Sheet Has Been Re'ilaced '




pr.esent inv

ention. The division of a nessage according to Figure 4 is

call ed segnentation and each nessage word WL-W5 i s channel - coded in a

known nanne
burst in a

r_and formatf[ed so as to enable it to be 5 transmtted as a
time slot. Figure 5 is a diagragwhich illustrates transm ssion

over the two channel s DFOCC and DRECC in re&fation to the two tine slots

wi thin each

frame that the control channels have at their disposal. As is

known, a TDMA-frame in the North American nobile radio 10 systemis

conprised o
for the con
the traffic
sl ots shown
of all traf

10

15

20

?/31 )%r?% n”ﬁr/ef' OpfusOf viHiGhild &HrdBhclldd cah A¢ #nfi6ateeqr whén

| § and fhe remaining four time slots are reserved for
esteditadiing the diiffenents fdA9Bhe control channels are the tine
in Figure 5 and referenced 1 and 4. Not all of the tine slots

fic . ..
In the case of the decoding diagram 1 shown in Figures 7 and 8,

which applies to the flags of the first message from the base
station BS, the register REG3 for the B/I flag is constructed so
that "B" will be given priority, since the wrong interpretation
“I® jpnstead of "B" would mean that the mobile station in the
process of a message transmission (access) would be interrupted by
an access attempt from another mobile station. From the aspect of
hardware, this means that the first seven values 000, ..., 110
should be allowed to represent "B" and the value 111 should be
allowed to represent "I", in accordance with the aforegoing.

In the case of diagrams 5 and 6, which apply to the steady-state
progress, the B/I flag need not be afforded any particular
priority. This means that the threshold is placed in the centre,
i.e. as many binary values are reserved for "B" as those reserved
for "1™,

With regard to diagram 1, the same priority applies to flag R/F as
that which applies to the flag B/I. No special priority is
required for the flag R/N in the diagram 1.

The flags R/F and R/N need no special priority in respect of the
diagrams 5 and 6.

This Sheet Has Been Reﬂlaced
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15 channel s have been shown in Figure 5. The upper row of tinme slots are

t hose which
recei ved by

a nobile station MS1-MS3, while the bottomr&gzget" eS|Ot§ced
ar-e those in which a nobile station transrriltss nmessage wWo
station. 20 The base station initially transmts the ne

continuously in the control channel tinme slots (1 and 4).

are at the disposal of flags and nessage words that shall-be —

on

MS1 which desires access to the systemcan seize a nessage word fromthe
hase station BS, which therewith infornmsciaamg he nobile station can
transmt back to the base station in a given free tine 25 slot. In the
"Al oha Reservation" nethod, the nobile station MS1l responds by asking the
base statiorli o2 esxthol afgachievisierantion aecesst 4n actimatdivicde® S(TDMA)

fromthe Mo dyey £&1 xg%iroecgiﬁegm?y in which control channels and traffic

10

15

20

25

30

channels are formed by time slots within a frame, and which
includes at least one primary station (BS) and a number of
secondary stations (MS1, MS2, MS3), each of which intends to send
access messages in the form of short message words (W1, W2, ...),
each during a time slot allocated by the primary station (BS) by
virtue of the primary station sending continuously a first flag
(B/I) which denotes a state whether or not a time slot during which
a secondary station shall transmit a message word to the primary
station (BS) is idle (I) or busy (B), so that one (MSl1l) of the
secondary stations, in response to the state transmitted from the
primary station, can send a first (W1) of said message words in the
time slot indicated by the first flag as idle (I), or a second word
(W2), a third word (W3), and so on, in those time slots that the
first flag has indicated as busy (B), characterized in
that the primary station sends simultaneously with said first flag
(B/N) a second flag (R/N) which indicates to the transmitting
secondary station (MS1) whether or not the primary station (BS)
has received said message word; and in that the primary station
requests retransmission of the message word (Wl1l) that has not been
received.

2. A method according toClaim1, characterized in
that, after having received said message word, the primary station
again transmits the first flag (B/I) which denotes that said time
slot is continuously allocated the secondary station (MS2) if this
station intends to transmit more message words (W2, W3, ...), and
at the same time transmits the second flag (R/N) which ack-
nowledges whether or not the first message word (Wl) has been
received by the primary station (BS).

3. A method according toClaim2, characterized in
that when the primary station has not received the first message
word (W1l), the second flag (R/N) includes a request for the first

T



t e base station. In response, the base station sends.a flag B/l
("busy/idle"), which indicates that the tinme slots re 1 aszeen Replaged 5
gi_ven nobi |l e have now been reserved for sai d, nobi |l e M5 ' busy
tg other nobiles M52, MsS3. This applies in ]t hose insta ssage _
has several words and several time slots are therewith required to transmt

t he message. 7 1t is obvious that this nmethod is not sufficiently

r _elt ihatcaleet ; 0 n@&é&et@a{? EdBes tﬁr%er%ﬁamla%ttbtaany NgHd @éddhdglfi? BeaeishatNsy in
r | . r n -
e tl¥e t::%?meI s]s.ognaclfiocate:edalsner 1S:hg Ilaggm%tsgaetfon eaécooreging to the

first flag (B/I).

4. A method according to Claim 1, characterized in
5 that the primary station, in addition to said first and second
flags (B/I, R/N), transmits continuously and together with said
flags, a third flag (R/F) to all secondary stations (MS1-MS3),
indicating that a given time slot is reserved for a given secon-
dary station (MS3) for the purpose of transmitting a first message

10 word (W1l) from this secondary station (MS3).

5. A method of detecting a flag in conjunction with random access
in a time divided (TDMA) mobile radio system, in which control
channels and traffic channels are formed by time slots within a
frame and which comprises at least one primary station (BS) and a
15 number of secondary stations (MS1, MS2, MS3), each of which
intends to transmit access messages in the form of short message
words (W1, W2, ...) each during a time slot allocated by the
primary station (BS) by continuously transmitting said flag (B/I)
which indicates whether a time slot during which a secondary
20 station shall transmit a message word to the primary station (BS)
is idle (I) or busy (B), so that one (MS1l) of the secondary
stations is able to transmit in response to the state transmitted
by the primary station, a first (W1l) of said message words in the
time slot indicated by the flag as idle (I), and can also transmit
25 a second word (W2), a third word (W3), and so on, in those time
slots that are indicated as busy (B) by said flag, charac-
terized in that when detecting the flag in the secondary
station (MS1), a first number of binary values (000, ... 011) is
assigned to one state (B) of a flag (B/I) and a second number of
30 binary values (100, ... 111) is assigned to another state (I) of
said flag, wherein the first number of binary values is greater
than the second number of binary values when the one state (B)
shall be given priority over the other state (I).

A



tgblish that the nessage been transmtted correctly, and 5 | f
. this is not theT

mo d
he word to be retransmtted. _Consequently,
agcording to the H t he nunber of flags sent by the base
stration BS is ext dance with tlge follow ng: One flag R'N

("recelved/not recelved") where "R' denotes that the 10 nmessage word I's
consi dered to have been received correctly, for instance by carrying out a

so-called CRC ("cyclic redundancy check") on the word received, and where
“N' thus denét esAtmethbﬂead:xamdMgatﬁo)lcldﬁms spot cchnaidea ¢ teentrr 8§ 2 e ivdn

been recei v r I (=T=%

that 16 apf€dLfd o ARRIL o iy cbigANEIOn PN dotBBting RO,

base stati on(BAL) cafrthel ﬁgratheesagges(erreﬁ o Ftwepﬁst fromsfaid primary
station (BS) to a given secondary station (MS1) which after having

5 sent one message word (Wl) intends to send a further message word
(w2).

7. A method of detecting a flag in conjunction with random access
in a time divided (TDMA) mobile radio system, in which control
channels and traffic channels are formed by time slots within a
10 frame and which includes at least one primary station (BS) and a
number of secondary stations (MS1, MS2, MS3), each of which
intends to send access messages in the form of short message words
(W1, W2, ...), each within a time slot that is allocated by the
primary station (BS) by said station continuocusly transmitting
15 said flag (R/N), which denotes whether a mnessage word (W1l)
transmitted in a given time slot from a secondary station has been
received (R) or has not been received (N) by the primary station
(BS), so that the secondary station can continue or terminate
transmission of message words, characterized in that
20 upon detection of the flag in the secondary station (MSl1), there
is allocated a first number of binary values (000, ... 011) to one
state (R) of the flag (R/N) and a second number of binary values
(000, ... 111) is allocated to another state (N) of the flag,
wherein the first number of binary values is equal to the second
25 number of binary values.

8. A method of detecting a flag in conjunction with random access
in a time divided (TDMA) mobile radio system, in which control
channels and traffic channels are formed by time slots within a
frame, and which includes at least one pfimary station (BS) and a
30 number of secondary stations (MS1, MS2, MS3) of which each intends
to transmit access messages in the form of short message words
(W1, W2, ...), each within a time slot which is allocated by the
primary station (BS) by said primary station continuously
transmitting said flag (R/F) which denotes whether a time slot
35 during which a secondary station shall transmit a message word to

A




ngbil e, so that the mobile can sent its reply to the base station.

Narmal |y, the nessage in DFOCC fromthe base station will include a request
fQqr the nobile to transmt, e.g., an acknowkedgenent, 20 and the nessage
widll therefore contain information relating to the time slot that has been
reserved for this particular nmobile. For instance, the DFOCC-nessage w ||
contain information as to how many tine slots the nobile can expect froma

gi ven ref er dilne pritkarp @tdtion {(BS) rl@é@ré’@lﬁliéﬁﬂaéﬁrp&'es"eﬂeandkyaéleié e

wni chr . 0. oyt RAGIE NS EF O PeFoPABTN T LR ELqs LRrPABPBER S she
free for ot statedirasnidXed/ Sronlkhet priadadyt statiiohl cays seswt] sadd message
:'Og' taneouglgra T thadtiReNsA3t RHat? ¢hd "SERRAFE Lt iGN cha00hREY180d14"
5 given as reserved (R}, characterized in that upon
detection of the flag in the secondary station (MS1l), there is

allocated a first number of binary values (000, ... 011l) to one

state (R) of the flag (R/F) and a second number of binary values

(100, ... 111) is allocated to another state (F) of the flag,

10 wherein the first number of binary values is greater than the
second number of binary values when one state (R) of the flag shall

be given priority over the second state (F) of said flag.

This Sheet Has Been R,

T

O 0



3¢ Instances it is suff|C|ent to U§@ onIy the flags B/l and R'N. All
flrags are set in the base station fromthe béginning, when no nmessage
exchange has yet taken place. B/l is set to | ("idling"); 8 RN is set
to N ("not received"); and RFis set to F ("free"). The inventive nethod
wi [l now beaiMETHODaOEJERFEOTINGEeRANDOM! ACCESScINXANMOBILESBADEDguUre 5. A |
¢ommon featsYSTEM the fol | owi ng 5 exanples A and B is that the base
station BS sends the flags I, N,

ABSTRACT

A method for random access in a time divided mobile radio system,
for instance an FDMA/TDMA system, which includes digital traffic
channels and control channels which are organized so that four
5 :traffic channels (TC) and two control channels (CC) are included
in a TDMA-frame. A base station (BS) transmits continuously flags
(B/I, R/N, R/F) in the time slots (1, 4) of the control channels. |
A mobile station desiring access to the system responds by sending
a first message word (Wl1l) in the time slot indicated by the base
10 station in a first flag (B/I). When the mobile station (MS1)
wishes to transmit several message words (W2, W3), the base
station (BS) reserves one or more time slots to this end by
transmitting the first flag (B/I), although this flag now states
that these time slots are busy for other mobile stations (MS2,
15 MS3). Furthermore, the base station transmits a flag (R/N) which
states whether or not a message word has been received from the
mobile station (MS1l). The base station can transmit a further flag
(R/F), which denotes that a given time slot has been reserved for
a given mobile station (MS3) from the very beginning of an access
20 procedure and cannot therefore be used by any other mobile station
(MS1, Ms2). (Fig. 5)

Sheet Has Been Replaced
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Fio all nobile stations MSl-MS3 and that these flags are received by the
nobi l-e stations MS1, M52 in accor dance wi th exanpl es A and B respectively.
Thus, it is assumed in the first exanple A that the mobile MS1 has 10
captured the flags I, N, F and seeks access to the systemthrough one
singl e nmessage word W,, which shall be sent by M51 to the systemvia the
base station BS, in the tinme slot 1, frane %, | lotted by the base station.
The nobile station MS1l transmts (arrow 2A) dB the base station BS detects
the sync. word (SYNC, 15 Figure 2) in DRECC, decodes the message word
and carries out a CRC- check. No flags in the tine slots are changed if CRC
found the received nessage word to be incorrect, i.e. the flags are nain-
tained as |, hk;nd F, as shown in Figure 5. |If CRC found the

ZINT
A

Fig. 2
(Uplink) DRECC
G|R| DATA | syn | DATAD RES DATA D
Fig. 3
(Downlink) DFOCC
SYNK | RES 1 DATA D RES 2 DATA D RSVD
Fig. 4
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recei ved message word to be correct, which is the case according 20 to
thts exanple, the receiving flag is set to R In this case, the message is
corpri sed of only one nmessage word to the base station BS, which sends the
flags I, R, F back to the nobile station M5l (arrow 3A). This station
receives the flags I, R F and therewith ﬁ? erves that the nessage word WL~
I .e. the whole of the nessage 25 in th gparticul ar case, has been
received correctly by the system and that access has thus been successful.
In the other exanple B, it i's assunmed that the nobile station M52 seeks
access to the system (the base station BS), the access nessage M consi sting
of two nessage words WL and W2 which are 30 received correctly by the
base station BS. No particular tinme slot has yet been reserved for M5 2 and
t he base station BS sends the Q
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flédgs I, N, Fto all nobile stations, although it is assumed that time slot
1in frame 2 is picked-up by Ms2 (arrow 1B). 9 When the nobile station

¥ sends its first nessage word WL (arrow 2B), it indicates to the base
st.ation BS at the same tine that it intends to transmt two nessage words
WL, W2. Consequently, the base station BS indicates in its nessage (arrow”™
3B) that the tinme 5 slot 1 in frame 5 @8 been narked as busy "B". This
word is received correctly by the base station BS, which sends the flags
"B" and "R' over DFOCC, which are received by M52 (arrow 3B). The

Fig. 7
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mybi | e station MS2 now sends the other nmessage word W2 over DRECC (arrow

4B), and this word is also received correctly by the base 10 station BS.
Consequently, the base station BS transnmits the flags "I" and "R' (arrow
5,§), where "1" thus indicates that the next tine slot (tine slot 1, frame

8) which should have been busy "B" is now free to other nobile stations
MS1, Ms3, since no further message words 4§ expected fromthe nobile
station Ms2. 15 In the two exanples A and B descri bed above, the

di fferent nobiles conpete between thenselves to obtain a free tinme slot
when the base station BS transnits its flags I, N, F (arrows 1A, 1B), so as
to be able to send the first nessage word to the base station BS. The first
to do this is the winner. However, the system (the base 20 station) is
able to aIIocatFig_rsserved tinme slot to a given nobile
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VB3 prior to transmtting the flags, so that this nobile does not need to
carrpete with the other nobiles M51, Ms52. In this regard, the base station
transmts the flags I, N, R where "R' thus denotes that a tine slot in a
gfven frame has been reserved and i s 25 t heref ore unaccessible to other
nobil e stations, in this exanple the nobile stations MS1, MS2. It is
assuned in the third exanple C that the nobile MS3 begins to transmt a
nessage Min a time slot that has al ready been reserved, this nessage
consisting of two message words WL and W2. 1B§/Bs 30 assunmed that one of
these nessage words is received wongly by the base station, due to the
word being distorted (because of fading, for instance) during transm ssion.
It is also assuned that the system has earlier reserved a tine slot for the
nobi l e station

Fig. 9
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MB3.” This time slot may have been reserved in conjunction with an 35
earlier access to the nobile—stattom V53] accordi

above. The{l ast gﬁ?r %MTQe b&& station BS
i nformati on reI% g 10 theaesiki on oL the rese
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A METHOD OF EFFECTING RANDOM ACCESS IN A MOBILE RADIO SYSTEM

TECHNICAL FIELD

The present invention relates to a method of effecting random
access in a time divided mobile radio system having a primary
5 station and a plurality. of secondary stations belonging to the
primary station. More specifically, the invention relates to a
method of access to these secondary stations when they are in an
idle mode, i.e. when the stations listen to messages from the
primary station within a given.geographical area (cell) and when
they wish to establish some form of conmunication with the primary
station. The mobile radio systen is a time divided system (TDMA or
CDMA) or a combined frequency and time divided system (FPMA/TDMA)
with so—-called digital control channels, which are utilized by the
inventive method. |

[
wn

BACKGROUND ART

Random access in a mobile radio system, for instance a mobile
telephone system, is known both for analog and digital systems.
Random access implies generally that a secondary station (mobile
station) transmits to a primary station randomly in time an
20 initial message in accordance with a given protocol, requesting
access to the primary station. The primary station then responds,
by sending a flag to the secondary station for continued com-
mﬁnication between the primary and the secondary stations. The
access protocol used in TDMA-systems, so-called time divided or
25 slotted Aloha, i described, for instance, in EP-A-0,321,454.

An access method with time divided Aloha is described, for
 instance, in the U.S. patent 5,166,929 (Wing Lo). According to
this known method, access is effected by a mobile station by
sending to a base station reservation messages which denote which

30 time slot and how many such time slots shall be reserved by the
base station for the mobile stétion concerned, in order to enable

the mobile station to coinple-te its access message, so called
" This is the.replacement sheet

Dae: 2§ MAY 1996




WIll transmt its first message word WL (arrow 2C) upon receiving the
flags. The base station BS receives and checks whet her or not 10 nor e
nessage words are to be transmtted. Since this is the tase,—the{ftags—B-
N, F are sent to the nobile M53. However, the base statmgshegg

detected the nessage word WL correctly, and hence the ba 1{‘ o

"B" and "N', where "N' denotes that the nessage word Iasi "ﬂ

been received correctly and 15 shoul d therefore be se ase
station therefore sends (arrow 3C) the af o:gesai d flags "B" and "N and al so
asks MS3 to transmt the | atest nessage word WL again. The nobile MS3
receives this nmessage and notes that the word W shall be transmtted
again, and conplies with this request, arrow 4C. It is assunmed 20 t hat
retransni ssi oNRegetvet imoy 810s" s (Rbdesikiann methed ganps psedippgdicularly in

a digital control channel and the access messages can be sent in

those free spaces that are created in such a channel when certain
control information (SACCH, DVCC) normally used in a traffic chan-
5 nel is not used.

SUMMARY OF THE INVENTION

The known access method according to the aforesaid U.S. patent
deals with the problem of how a mobile station can communicate
with a base station by requesting for certain time slots and a

10 certain number of time slots to be reserved for the continued
access message. In this regard, the base station uses a flag
marked "reserved" and "idle", respectively, where "reserved" thus
marks in the base station those time slots of the continuocusly
transmitted time slots that have been reserved for a certain

15 mobile or for several mobiles desiring access to the system. It is
assumed that the continued communication is effected without undue
hinder to or error in the messages transmitted to the base
station.

The present method is also based on the known access method for

20 continued communication after having reserved time slots for a
mobile station. According to one embodiment of the proposed
method, a further flag is inserted in the base station, “"recei-
ved", "not received", abbreviated to R/N, which discloses whether
or not the message word transmitted to the base station from the

25 mobile station within a given time slot has actually be received
by the base station. If the message word has not been received, the
base station asks the mobile to transmit solely the latest word.
When the word concerned was one of the last words in the message,
a significant simplification is achieved in comparison with the

30 case when it is necessary to transmit the whole message again, as
is normal when errors in transmission occur. '

According to a further embodiment of the invention, there is
introduced a third flag which is additional to the aforesaid two
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the word WL correctly. The different procedures undertaken in a nobile
station in conjunction with the aforedescri bed exchange of nessages will be
described in nore detail with reference to the flow charts 25

illustrated in Figures 7 and 8. However, the Carnaugh di agram shown in
these Figures will be explained.in nore detail first, see Figure 6. In the
Carnaugh di agram of Figure 6, all flag conbinations fromthe first, second
and third rows have been conbined in four 30 colums, so that the first
colum states the case IN "idle" and "not geceived"; the second col um
states the case IR "idle" and "received"; the third colum states the case
BR "busy" and "re- ceived"; and the fourth colum states the case BN "busy"

and "not
flags. This third flag, "reserved, free", R/F, is sent from the

base station, as with other flags, and discloses to the mobile the

time slot in which the mobile shall transmit a response to the

request transmitted from the base station and in which the
5 information concerning the reserved time slot was found.

One object of the present invention is to provide a method of
achieving random access in a time divided (TDMA) mobile radio
system which will ensure that, even after the.secondary station
desiring access to the primary station has been allotted one or

10 more message time slots, a message will be completely transmitted
to a base station without unnecessary repetition of message words
that have been correctly received.

Another object of the present invention is to allocate, upon
access to a mobile radio system, a free time slot to a mobile

15 station from a base station in conjunction with transmitting
access messages which require simple confirmation from the mobile -
station in the form of a message word.

A further object of the present invention is to establish three

different flags in a base station which receives messages from
20 mobile stations for access to the base station, of which flags two

are used to allocate more than one time slot for the message from

the mobile station and to ensure that this message is received

correctly in the base station, and one is used to reserve before-

hand one time slot for an access message from a given mobile
25 station.

The inventive method is characterized by the features set forth in
the independent Claim 1. Other embodiments of the inventive method
are characterized by the features set forth in the independent
Claimps 5, 7 and 8.
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 received” for the two possibilities F "free" and R "reserved” of the third
flag The Carnaugh di agram shown in Figure 6 discloses how a state given by
the burst in a giventinme slot 1 or 4 according to Figure 55 shal | be
interpreted by a nobile station MS1-MS3 when this station receives the
burst in the tinme slot fromthe base station in the forward control channel
DFOCC. Four possible outcones are found in the Carnaugh di agram
illustrated by the references 1-4. For one of these outcones, 10 certain
conditions shall be fulfilled as indicated Py t he

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in more detail with reference
to the accompanying drawings, in which

Figure 1 illustrates schematically a primary_ station and three
5 secondary stations of a mobile radio system; _
Figure 2 illustrates a time slot format for an uplink digital
control channel in a time divided (TDMA) mobile radio system; _
Figure 3 illustrates a time slot format for a downlink digital
control channel in a time divided (TDMA) mobile radio system;
“10 Figure 4 illustrates a message sent from a secondary station
according to Figure 1 and divided into message words;
Figure 5 is a diagram which illustrates the inventive method in
respect of a message according to Figure 4;
Figure 6 is a decoding diagram which illustrates flags used in
15 accordance with the inventive method; '
Figure 7 is a flow chart J.llustrat:mg two examples of the inven-
tive method;
Figure 8 is a flow chart illustrating a third example of the
inventive method; and
20 Figuré 9 is a block diagram illustrating that part of a mobile
station which evaluates the flags illustrated in Figure 6.

BEST MODES OF CARRYING OUT THE INVENTION

Figure 1 illustrates generally a primary station and a number of
secondary stations in a mobile radio system, which may be an
25 analog or a digital system and possibly also a cellular systenm.
The primary station is a base station BS and the secondary
stations are mobile stations MS1, MS2, MS3. The inventive methocd
is intended for application in a time'divided mobile radio systen,
preferably a cellular system which includes so-called digital
30 control channels. In present—-day North American systems, control
channels are analog channels, i.e. check and control me'ssa_ges are
transmitted over analog channels, even when the traffic channels
are digital. In future systems, however, such messages, for
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rectangul ar bl ocks in the diagram The outcone 1 applies to the two fl ags:
That the received word denotes that the tine slot is idle and that the word
froma nobile station has not been received correctly and that the tine
slot is 15 either free or reserved. The outcone 2 applies to four cases:
That the time slot is idle at the sane tinme as words have been received for
the two possi- bilities free or reserved tine slot, or the tinme slot is
occupied for the sane two possibilities. 20 The outcone 3 applies to
only one case: That the tine slot is busygsnd the nessage word has not been
received correctly at the same tine as the tine slot is reserved. The
outcone 4 also applies to only one case, simlar to outcone 3,

instance authentication checks, will also be transmitted over
digital control channels.

In the simplified digital system with digital control channels
shown in Figure 1, it is assumed that each of the mobiles MS1-MS3
S is in its idle mode. The base station BS contjinuously transmits
messages with so-called flags in the forward direction over a
control channel Df'occ, although in given time slots, these flags
indicating whether the time slot in which the message is sent is
idle or busy. A mobile station MS1 is able to receive such meésages
10 in certain time slots and transmits .back to the base station in
another control channel DRECC in the reverse direction, so that
the message can be received by the base station BS. This enables

the mobile stations to obtain random access to the system.

The time slot format shown in Figures 2 and 3 has been prbposed,
15 with the intention of creating the two control channels DFOCC and
DRECC in the forward and reverse direction respectively. Compared
with the digital traffic channel as proposed in the North American
Standard EIA/TIA IS-54B, April 1992 (page 9, 1,2 "Digital Traffic
Channel Structure"), the reverse control channel DRECC has a
20 reserved space RES and the forward control channel DFOCC has a
divided reserved space RES1l, RES2. The 'spaces are used for the
information bits which are included in those flags that are
transmitted from the base station in respective control channels,
as described in more detail below. Messages (without flags) are
25 transmitted from a mobile station in the data fields Data D.

Figure 4 illustrates a message word M, for instance a message fron
a mobile station MS1 to the base station BS concerning a reply to
an authorization query from the base station BS. The message is
divided into a number of words, in the present example five words
30 W1, W2, ... W5, each of which is intended to be sent as a burst
within a given time slot. The message need not be a "straight"
message, in-the meaning that the information is transmitted as a
continuous message in time, but may be interleaved with several
message words oxr with several messages. This procedure is known
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although in this case the time slot is free. 25 There is included a
Carnaugh diagramin each of the flow charts shown in Figures 7 and 8, so
that the various steps carried out in a nobile station can be expl ai ned.

Each Carnaugh

di agram shows the state and those outcones that are obtained

on a given occasion (instant), depending on which flag has been received

fromthe base
.. 1B, 2B,

12 station and corresponding to the various arrows 1A 2A,
., according to Figure 5. Figure 7 is a nobile station flow

chart which is. intended to 6

10

15

20

25

30

per se and has no decisive significance to the principle of the
present invention. The division of a message according to Figure
4 is called segmentation and each message word W1-W5 is channel-
coded in a known manner and formatted so as to enable it to be
transmitted as a burst in a time slot.

Figure 5 is a diagram which illustrates transmission over the two
channels DFOCC and DRECC in relation to the two time slots within
each frame that the control channels have at their disposal.

As is known, a TDMA-frame in the North American mobile radio.
system is comprised of six time slots, of which the time slots 1
and 4 are reserved for the control channels and the remaining four
time slots are reserved for the traffic channels. The time slots
of the control channels are the time slots shown in Figure 5 and
referenced 1 and 4. Not all of the time slots of all traffic

~ channels have been shown in Figure 5. The uppe_r xrow of time slots

are those which are at the disposal of flags and message words that
shall be received by a mobile station MS1-MS3, while the bottom
row of time slots are those in which a mobile station transmits
message words to the base station.

The base station initially transmits the messages continuously in
the control channel time slots (1 and 4). A mobile station Msl
which desires access to the system can seize a meséage word from
the base station BS, which therewith informs that the mobile
station can transmit béck to the base station in a given free time
slot. In the "Aloha Reservation" method, the mobile station Ms1
responds by asking the base station to reserve a given number of
time slots, so that the message from the mobile can be received by .
the base station. In response, the base station sends a flag
B/I("busy/idle"), which indicates that the time slots requested
by a.given mobile have now been reserved for said mobile MS1 and
are thus busy to other mobiles MS2, MS3. This applies in those
instances when a messaé‘e has several words and several time slots
are therewith required to transmit the message.
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kllustrate the two aforesaid exanples A and B. 5 The decoding diagram 1
in Figures 7 and 8 gives a certain outcone which will depend on the fl ags
of the first nmessage fromthe base station BS, while the diagrans 5 and 6
will give certain outcones which will depend on the flags of the second and
subsequent nessages. 10 According to exanple A nobile station M1

W shes to send a sinple nessage to the base station BS. The incomng first
nmessage including the flags I, N, F is decoded in accordance with diagram1
and gives the outcone 1 (Figure 7). The nohile station therefore brings
forward the first message word WL (in this 'case, the only 15 word to be
sent) according to block 2 (Figure 7), and transmts this word, block 3.

Subsequent to having transmtted the word W,
It is obvious that this method is not sufficiently reliable to

ensure that a message can be transmitted to the base station with
certainty. For instance, the base station must be able to es-
tablish that the message word has been transmitted correctly, and

5 if this is not the case to ask for the word to be retransmitted.
Consequently, according to the present method, the number of flags
sent by the base station BS is extended in accordance with the
following: '

One flag R/N {"received/not received"), where "R" denotes that the
10 message word is considered to have been received correctly, for
) instance by carrying out a so-called CRC ("cyclic redundancy
check"”) on the word received, and where "N thus denotes that the
base station does not consider the word to have been received
correctly, and a flag R/F ("reserved/free"), where R denotes that
15 a time slot in DRECC, i.e. for transmission by the mobile to the
base station is reserved by the base station for this particular
mobile, so that the mobile can sent its reply to the base station.
Normally, the message in DFOCC from the base station will include
a request for the mobile to transmit, e.g., an acknowledgement,
20 and the message will therefore contain information relating to the
time slot that has been reserved for this particular mobile. For
instance, the DFOCC-message will contain information as to how
many time slots the mobile can expect from a given reference time-
peint to the reserved time slot. -"F" indicates that no time slot
25 has been reserved for the mobile and that the time slot which,
e.g., should have been reserved for the mobile MS1 is instead now

free for other mobiles MS2, Ms3.

The two additional flags need not be used simultaneously. The
) flags R/N and R/F are independent of one another and in some
30 instances it is sufficient to use only the flags B/I and R/N.

All flags are set in the base station from the beginning, when no
message exchange has yet taken place.

B/I is set to I ("idling"); ,
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a query is raised, block 4, as to whether nore than one word shall be
transmtted. Since this is not the case, the answer "No" is obtained from
bl ock 4. The base station BS has sent the nessage 20 i ncluding the flags
I, R Fto M5l and has received the first word W (arrow 3A, Figure 5),
whereby the diagram5 for the second nes- sage sends the outcone to bl ock
9., disclosing that the transm s- sion was "successful”. In the case of the
ot her exanple B, the nessage is conprised of two 25 words WL, W2 from
the nobile station M52, it being assuned that these two words have been
received correctly by the base station BS.‘%he nobil e station M52 receives
the flags I, N, F fromthe base station BS (arrow 1B, Figure 5), simlar to

exanple A, and brings
R/N is set to N ("not received"); and

R/F is set to F ("free"). ?

The inventive method will now be illustrated with reference to
three examples, see Figure 5. A common feature of the following

s examples A and B is that the base station BS sends the flags I, N,
F to all mobile stations MS1-MS3 and that these flags are received
by the mobile stations MS1l, MS2 in accordance with examples A and
B respectively. B '

Thus, it is assumed in the first example A that the mobile MS1 has
10 . captured the flags I, N, F and seeks access to the system through
one single message word W1, which shall be sent by MS1 to the
system via the base station BS, in the time slot 1, frame 1,
allotted by the base station. The mobile station MS1l transmits
(arrow 2A) and the base station BS detects the sync. word (SYNC,
15 Figure 2) in DRECC, deccdes the message word and carries out a CRC-
check. No flags in the time slots are changed if CRC found the
received message word to be incorrect, i.e. the flags are main-
tained as I, ¥ and F, as shown in Figure 5. If CRC found the
received message word to be correct, which is the case according
20 to this example, the receiving flag is set to R. In this case, the
message is comprised of only one message word to the base station
BS, which sends the flags I, R, F back to the mobile station Ms1
(arrow 3A) . This station receives the flags I, R, F and therewith
observes that the message word W1, i.e. the whole of the message
25 in this particular case, has been received correctly by the systenm
and that access has thus been successful.

In the other example B, it is assumed that the mobile station Ms2
seeks access to the system (the base station BS), the access
message M consisting of two message words Wl and W2 which are -

30 recejved correctly by the base station BS. No particular time slot -
has yet been reserved for MS 2 and the base station BS sends the
flags I, N, F to all mobile stations, although it is assumed that
time slot 1 in frame 2 is picked-up by MS2 (arrow 1B).
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30 forward the first message word WL in accordance with block 2, pointed
out by the outcone fromdiagraml. A check is then made to ascertain

whet her or not nore words shall be transmtted, block 3 13 and 4. Since
this is the case, the answer "Yes" is obtained, which neans that the
diagram 6 shall apply to the flags in the next nessage incomng fromthe
base station BS. Since the nessage includes the flags B, R, F (arrow 3B),
an out cone indicating block 5 7 is obtained, this block stating that the
next word can be brought forward in the nobile station M52. According to
the | oop, the next

When the mobile station MS2 sends its first message word W1 (arrow
2B), it indicates to the base station BS at the same time that it
intends to transmit tv}o message words W1, W2. Consequently, the
base station BS indicates in its message (arrow 3B) that the time .
5 slot 1 in frame 5 has been marked as busy "B". This word is
received correctly by the base station BS, wh.ich sends the flags
"B" and "R" over DFOCC, which are received by MS2 (arrow 3B). The
mobile station MS2 now sends the other message word W2 over DRECC
(arrow 4B), and this word is also received correctly by the base
10 station BS. Consequently, the base station BS transmits the flags
"I® and "R" (arrow 5B), where "I" thus indicates that the next time
slot (time slot 1, frame 8) which should have been busy "B" is now
free to other mobile stations MS1l, MS3, since no further message
words are expected from the mobile station Ms2.

15 In the two examples A and B described above, the different mobiles
compete between themselves to obtain a free time slot when the
base station BS transmits its flégs I, N, F (arrows 1A, 1B), so as
to be able to send the first message word to the base station BS.
The first to do this is the winner. However, the system (the base

20 station) is able to allocate a reserved time slot to a given mobile
MS3 prior to transmitting the flags, so that this mobile does not
need to compete with the other mobiles MSl, MS2. In this regard,
the base station transmits the flags I, N, R, where "R" thus
denotes that a time slot in a given frame has been reserved and is

25 therefore unaccessible to other mobile stations, in this example
the mobile stations MS1, MsS2.

It is assumed in the third éxample C that the mobile MS3 begins to
transmit a message M in a time slot that has already been reserved,
this message consisting of two message words W1 and W2. It is
- 30 assumed that one of these message words is received wrongly by the
base station, due to the word being distorted (because of fading,
for instance) during transmission. It is also assumed that the
system has earlier reserved a time slot for the mobile station
MS3. This time slot may have been reserved in conjunction with an
35 earlier access to the mobile station MS3, according to example A
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step is areturn to block 3 and the second word W2 is transmitted to the
base station BS (arrow 4B, Figure 5). Since no nore words are to be
transmtted according to question block 4, the next 10 nmessage fromthe
base station BS (arrow 5B) is decoded in accor- dance with diagram5. This
nmessage includes the flags I, R, F and the transm ssion is therefore
considered to be "successful", block 9. Figure 8 is a flow chart for the
exanple C, i.e. in which atinme 15 sl ot has been reserved in advance for
the nmobile station MS3 and the base station shall thus send the flags I, N,
R (arrow 1C, Figure 5). If the correct flad8 I, N, R are sent, an outcone
is obtained indicating block 2 and the nobile station will bring forward
the first nessage word WL. I f the continued comrunicati on '

above. The last message from the base station BS (arrow 3A)
contained information relating to the position of the reserved
time slot, calculated in number (22) of half-frames, each of 20 ms
from, for instance, the time-point of the first message (arrow 223)
5 from the mobile MS3.
The base station will transmit its response with the flags I, N,
R (arrow 1C) in accordance with the aforegoing, and the mobile MS3
will transmit its first message word Wl (arrow 2C) upon receiving
the flags. The base station BS receives and checks whether or not
10 more message words are to be transmitted. Since this is the case,
the flags B, N, F are sent to the mobile MS3. However, the base
station BS has not detected the message word Wl correctly, -and
hence the base station sends "B" and "N", where "N"™ denotes that
the message word last received has not been received correctly and
15 should therefore be sent again. The base station therefore sends
(axrrow 3C) the aforesaid flags "B" and "N" and also asks MS3 to
transmit the latest message word Wl again. The mobile MS3 receives
this message and notes that the word W1l shall be transmitted
again, and complies with this request, arrow 4C. It is assumed
20 ‘that retransmission of the word is successful and that BS receives
the word Wi correctiy.

The different procedures undertaken in a mobile station in
conjunction with the aforedescribed exchange of messages will be
described in more detail with reference to the flow charts

25 illustrated in Figures 7 and 8. However, the Carnaugh diagram
shown in these Figures will be explained in more detail first, see
Figure 6.

In the Carnaugh diagram of Figure 6, all flag combinations from
the first, second and third rows have been combined in four
30 columns, so that the first column states the case IN "idle" and
"not received"; the second column states the case IR "idle" and
vreceived”: the third column states the case BR “busy" and "re-
ceived"; and the fourth column states the case BN "busy"™ and "not
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20 shows that the base station receives correctly, the steps are
executed in the sane way as that described with reference to exanples A and
B. On the other hand, if the base station BS has not understood or
correctly received the transmtted word WL (arrow 2C), the base station
wll send the flags B, N, F (arrow 3C), where 25 "N' denotes incorrect
reception, as described above. On this occasion, it is the diagram5 that
determ nes which outcome shall be given, and this outcome points to block 8

whi ch neans that the same word, i.e. W, shall be fed back to block 3, i.e.
the word WL shall be retransnmitted. On thelhext occasion, when a nessage
from 30 the base station arrives (arrow 5C), it is the diagram 6 which

determ nes what outcone is given. If, as in the present case, a further
word V2 is to pecsffdanagsr tttfe twddSodsidiliftiakl F VeErekheand R "reserved® of
the third flag.

The Carnaugh éiagram shown in Figure 6 discloses how a state given
by the burst in a given time slot 1 or 4 according to Figure 5

5 shall be interpreted by a mobile station MS1-MS3 when this station
receives the burst in the time slot from the base station in the
forward control channel DFOCC.

Four possible outcomes are found in the Carnaugh diagram,
illustrated by the references 1-4. For one of these outcomes,

10 certain conditions shall be fulfilled as indicated by the
rectangular blocks in the diagram.

The outcome 1 applies to the two flags: That the received word

denotes that the time slot is idle and that the word from a mobile

station has not been received correctly and that the time slot is
15 either free or reserved. :

The outcome 2 applies to four cases: That the time slot is idle at
the same time as words have been received for the two possi-
bilities free or reserved time slot, or the time slot is occupied
for the same two possibilities.

20 The outcome 3 applies to only one case: That the time slot is busy
and the message word has not been received correctly at the same
time as the time slot is reserved.

The outcome 4 also applies to only one case, similar to outcome 3,
although in this case the time slot is free.

25 There is included a Carnaugh diagrém in each of the flow charts
shown in Figures 7 and 8, so that the various steps carried out in
a mobile station can be explained. Each Carnaugh diagram shows the
state and those outcomes that arée obtained on a given occasion
(instant), depending on which flag has been received from the base
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diagram 6 indicates an outcome to block 7 to be given and that the further"

word W2 is transmtted. If this word is received correctly 35 by the
base station, the flags I, R F are sent, since the wordlW2 was the |ast
word. If the word W2 had not been the |ast word and a 14 further word WB

shoul d have been sent fromthe nobile station MS3, the base station would
have sent B, R, F and the steps according to exanple B woul d have been
carried out. The different flags are transmtted as binary values in a
known 5 manner fromthe base station tqgarespective nobile stations in
t he

station and corresponding to the various arrows 1A, 2A, ...; 1B,
2B, ..., according to Figure 5.

Figure 7 is a mobile station flow chart which is intended to
illustrate the two aforesaid examples A and B.

5 'i'he-deéoding diagram 1 in Figures 7 and 8 gives a certain outconme
which will depend on the flags of the first message from the base
station BS, while the diagrams 5 and 6 will give certain outcones
which will depend on the flags of the second and subsequent
messages.

10 According to example A, mobile station MS1 wishes to send a simple
message to the base station BS. The incoming first message
including the flags I, N, F is decoded in accordance with diagram
1 and gives the outcome 1 (Figure 7). The mobile station therefore
brings forward the first message word Wl (in this case, the only

15 word to be sent) according to block 2 (Figure 7), and transmits

' this word, block 3. Subsequent to having transmitted the word W1,
a query is raised, block 4, as to whether more than one word shall
be transmitted. Since this is not the case, the answer "No" is
obtained from block 4. The base station BS has sent the message

20 including the flags I, R, F to MS1 and has received the first word
Wl (arrow 3A, Figure 5), whereby the diagram 5 for the second mes-
sage sends the outcome to block 9, disclosing that the transmis-
sion was "successful".

In the case of the other example B, the message is c_:_on_lprised ‘of two

25 words W1, W2 from the mobile station MS2, it being assumed that
these two words have been received correctly by the base station
BS. '

The mobile station MS2 receives the flags I, N, F from the base
station BS (arrow 1B, Figure 5), similar to example A, and brings
30 forward the first message word Wl in accordance with block 2,
pointed out by the outcome from diagram 1. A check is then made to
ascertain whether or not more words shall be transmitted, block 3

This is the replacement sheet
2 9 MAY 1996

Date:



forward control channel DFOCC according to Figure 3, and in the spaces
RES1, RES2 and possibly also in the space RES. The m cro- processor of the
nobil e station includes a register for storing and eval uating the incom ng
bi nary val ues of each of the flags. 10 - These registers are illustrated
schematically in Figure 9 and are designated REGlL, RER, REG3 for the
respective three flags R'N, R'F and B/I. Thus, in the present exanple, each
of the three flags is represented by a three-bit word and the binary val ue
of this word decides howthe flag is interfret ed. 15 Eval uation units
V1, V2, V3 are each connected to a respectt¥e register and eval uate the

I ncom ng binary value of respective flags in an appropriate manner (see
bel ow), i.e. determine which of the two values in a flag is applicable.
Conveni ently, ah€ME $nce this is the case, the answer "Yes" is obtained, which

means that the diagram 6 shall apply to the flags in the next
message incoming from the base station BS. Since the message
includes the flags B, R, F (arrow 3B), an outcome indicating block
5 7 is obtained, this block stating that the next word can be brought
forward in the mobile station MS2. According. to the loop, the next
step is a return to block 3 and the second word W2 is transmitted
to the base station BS (arrow 4B, Figure 5). Since no more words
are to be transmitted according to question block 4, the next
10 message from the base station BS (arrow 5B) is decoded in accor-
dance with diagram 5. This message includes the flags I, R, F and
the transmission is therefore considered to be "successful", block

9.

Figure 8. is a flow chart for the example C, i.e. in which a time
15 slot has been reserved in advance for the mobile station MS3 and
the base station shall thus send the flags I, N, R (arrow 1C,
Figure 5). If the correct flags I, N, R are sent, an outcome is
obtained indicating block 2 and the mobile station will bring
forward the first message word Wl. If the continued communication
20 shows that the base station receives correctly, the steps are
executed in the same way as that described with reference to
examples A and B. On the other hand, if the base station BS has not
understood or correctly received the transmitted word W1 (arrow
2C), the base station will send the flags B, N, F (arrow 3C), where
25 "N" denotes incorrect reception, as described above. On this
occasion, it is the diagram 5 that detexrmines which outcome shall
be given, and this outcome points to block 8 which means that the
same word, i.e. W1, shall be fed back to block 3, i.e. the word W1
shall be retransmitted. On the next occasion, when a message from
30 the base station arrives (arrow 5C), it is the diagram 6 which
determines what outcome is given. If, as in the present case, a
further word W2 is to b.e' senf and the flags I, R, F arrive, the
diagram 6 indicates an outcome to block 7 to be given and that the
further word W2 is transmitted. If this word is received correctly
35 by the base station, the flags I, R, F are sent, since the word W2
was the last word. If the word W2 had not been the last word and a
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found a set of registers REGL-REG3 and associ ated eval uation units 20

V1-V3 for each of the decoding diagrans 1, 5 and 6 according to Figures 7
and 8. Inits sinplest form each of the evaluation units V1-V3 is a sinple
conparator and deals with respective flags, by prescribing that any one of
the first four three bit binary values 000, 001, 010, 011 constitutes the
"R', "R'" and "B" flags 25- respectively, while any one of the four

remai ning three bit binary values 100, 101, 1 10, 1 11 constitutes the "N',
"F' and "1" flags.  flags. The flag B/l iséfartiCuIarIy sensitive to a wong
interpre- tation, i.e. if the flag is intetbreted as "I" when "B" is neant
to be sent, or vice versa. It is therefore convenient, in accor- 30

dance with the following, to allow the first seven binary val ues 000, ...
110 to represaixthBr @l A8lstonlaneava Baey sedtufrdn thé mobile station Ms3,

the base station would have sent B, R, F and the steps according
to example B would have been carried out.

The different flags are transmitted as binary values in a known

5 manner from the base station to respective mobile stations in the

forward control channel DFOCC according to Figure 3, and in the

spaces RES1, RES2 and possibly also in the sﬂace RES. The micro-

processor of the mobile station includes a regiéter for storing

and evaluating the incoming binary values of each of the flags.

10 These registers are illustrated schematically in Figure 9 and are

designated REGl, REG2, REG3 for the respective three flags R/N,

R/F and B/I. Thus, in the present example, each of the three flags

is represented by a three-bit word and the binary value of this
word decides how the flag is interpreted.

15 Evaluation units Vi, V2, V3 are each connected to a respective'
register and evaluate the incoming binary value of respective
flags in an appropriate manner (see below), i.e. determine which
of the two values in a flag is applicable. Conveniently, there is
found a set of registers REG1-REG3 and associated evaluation units

20 ' V1-V3 for each of the decoding diagrams 1, 5 and 6 according to
Figures' 7 and 8.

In its simplest fornm, each of the evaluation units Vi-v3 is a
simple comparator and deals with respective flags, by prescribing

_ that the first four binary values 000, 001, 010, 011l constitute
25 the "R", "R" and "B" flags respectively,' while the four remaining
binary values 100, 101, 110, 111 constitute the "N", "F" and "I
flags. The flag B/I is particularly sensitive to a wrong interpre-
tation, i.e. if the flag is interpreted as "I" when ¥B" is meant

to be sent, or vice versa. It is therefore convenient, in accor-

30 dance with the following, to allow the first seven binary values
000, ..., 110 to represent "B" and solely one binary value 111 to
represent "IY", Naturally, it is possible to insert a similar
distribution of the binary values in the registers for the flags
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represent "I". Naturally, it is possible to insert a simlar distribution
of the binary values in the registers for the flags R'N and R/'F. Thus,
vari abl e threshol ds can be introduced when evaluating the different flags.
In the case of the decoding diagram 1 shown in Figures 7 and 8, which

applies to the flags of the first nessage fromthe base 5 station BS,
the register REG3 for the B/l flag is constructed so that "B" will be given
priority, since the wong interpretation "I" instead of "B" would nmean t hat

the nobile station in the process of a nmesgfge transm ssion (access) woul d
be interrupted by

R/N and R/F. Thus, variable thresholds can be introduced when
evaluating the different flags.

In the case of the decoding diagram 1 shown in Fiqures 7 and 8,
which applies to the flags of the first message from the base
5 station BS, the register REG3 for the B/I flag is constructed so
that "B" will be given priority, since the wrong interpretation
"I" instead of "B" would mean that the mobile station in the
process of a message transmission (access) would be interrupted by
an access attempt from another mobile station. From the aspect of
10 hardware, this means that the first seven values 000, ..., 110
should be allowed to represent "B" and the value 111 should be
allowed to represent "I", in accordance with the aforegoing.

In the case of diagrams 5 and 6, which apply to the steady~state
progress, the B/I flag need not be afforded any particular

15 priority. This means that the threshold is placed in the centre,
i.e. as many binary values are reserved for "B" as those reserved
for “In.

With regard to diagram 1, the same priority applies to flag R/F as

that which applies to the flag B/I. No special priority is
20 required for the flag R/N in the diagram 1.

The flags R/F and R/N need no sp'eéial priority in respect of the
diagrams 5 and 6.
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an access attenpt from another nobile station. Fromthe aspect of 10
hardware, this nmeans that the first seven values 000, ..., 110 should be

al lowed to represent "B" and the value 111 shoul d be aTT_VFd—tﬁ—-ILeﬁF%&DI_

"I", in accordance with the aforegoing. In the case of UhiaSHedHs Beef

whi ch apply to the steady-state progress, the B/l flag n ?dded
any particular 15 priority. This means that the thres mmﬁﬂuﬂﬂ

the centre, i.e. as many binary values are reserved for

reserved for "1". Wth regard to diagram is the sanme priority applies to
flag RRF as that which applies to the flag B/I. No special priority is 20
required for the flag RN in the diagram1l. The flags R'F and R/'N need no
special priority in respect of the CLAIMS

1. A method of achieving random access in a time divided (TDMA)

mobile radio system, in which control channels and traffic

channels are formed by time slots within a frame, and which

5 includes at least one primary station (BS) and a number of

secondary stations (MS1l, MS2, MS3), each of which intends to send

access messages in the form of short message words (Wi, W2, ...),

each during a time slot allocated by the primary station (BS) by

virtue of the primary station sending continuously a first flag

10 (B/I) which denotes a state whether or not a time slot during which

a secondary station shall transmit a message word to the primary

station (BS) is idle (I) or busy (B), so that one (MSl) of the

secondary stations, in response to the state transmitted from the

primary station, can send a first (W1) of said message woxds in the

15 time slot indicated by the first flag as idle (I), or a seconc_l word

(W2), a third word (W3), and so on, in those time slots that the

first flag has indicated as busy (B), characterized in

that the pfi.mary station sends simultaneously with said first flag

(B/N) a second flag (R/N) which indicates to the transmitting

20 secondary station (MS1) whether or not the primary station (BS)

has received said méssage word; and in that the primary station

requests retransmission of the message word (Wl) that has not been
received.

2. A method according toClaiml1l, characterized in

25 that, after having received said message word, the primary station

" again transmits the first flag (B/I) which denotes that said time

slot is continuously allocated the secondary station (MS2) if this

station intends to transmit more message words (W2, W3, ...), and

at the same time transmits the second flag (R/N) which ack-

30 nowledges whether or not the first message word (W1) has been
received by the primary station (BS).

3. A method according to Claim2, characterized in
that when the primary station has not received the first message
word (Wl), the second flag (R/N) includes a request for the first

This is the replacement sheet

A oee: 29 Y 06



diag}ans 5 and 6. 16 CLAIMS 1. A random access nethod in a tine

division nultiple access nobile radio system in which control channels and

traffic channel's are fornmed by tinme slots within a frane, and which

includes a pri mamyis StieéttaoBeeaReblagedp| ural ity of secondary stations, each of

whi ch sends acces J“ﬂ ﬁ I}he formof short message words during tine
atlon ftirst.

slots allocated b tation, conprising the steps of: sending
fromthe primary s | ags, each first flag being associated wth
a respective tinme slot and denoting a stat&’whether or not the respective

associated time

message word to be retransmitted by the secondary station (MS) in
the time slot allocated by the primary station according to the
first flag (B/I).

4. A method ac.cording toclaim1l, characterized in
5 that the primary. station, in addition to said first and second
flags (B/I, R/N), transmits continuously and together with said
flags, a third flag (R/F) to all secondary stations (MS1-MS3),
indicating that a given time slot is reserved for a given secon-
dary station (Ms3) for the purpose of transmitting a first message

10 word (Wl1l) from this secondary station (MS3).

5. A method of detecting a flag in conjunction with random access
in a time divided (TDMA) mobile radio system, in which control
channels and traffic channels are formed by time slots within a
frame and which comprises at least one primary station (BS) and a
15 number of secondary stations (MS1, MS2, MS3), each of which
intends to transmit access messages in the form of short message
words (Wl, W2, ...) each during a time slot allocated by the
primary station (BS) by continuously transmitting said flag (B/I)
which indicates whether a time slot during which a secondary
20 station shall transmit a message word to the primary station (BS)
is idle (I) or busy (B), so that one (MS1l) of the secondary
stations is able to transmit in response to the state transmitted
by the primary station, a first (Wl) of said message words in the
time slot indicated by the flag as idle (I), and can also transnit
25 a second word (W2), a third word (W3), and so on, in those tinme
slots that are indicated as busy (B) by said flag, charaec-
terized in that when detecting the flag in the secondary
station (MSl), a first number of binary values (000, ... 011) is
. assigned to one state (B) of a flag (B/I) and a second number of
30 binary values (100, ... 111) is assi_gned to another state (I) of
said flag, wherein the first number of binary values is greater
than-the second number of binary values when the one state (B)
shall be given priority over the other state (I).
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sl ot during which a secondary station shall transmt a nmessage word to the
primary station is idle or busy, initiating a comunication by sending,
fromone of the secondary stations in response to a received firstlfhag
"denoting an idle state, a first one of the message jsgheef PAE sl ot
associated with the received first flag and sendi ng, r ﬁi t he
secondary stations, subsequent ones of the nessage wo nt tinme
slots associated with first flags that indicate to other secondary stations
that the subsequent tinme slots are busy, nding fromthe primary station
.together with the first flags, second flags, each second flag indicating to
t he sendi ng secondary station whether or not the primary station has
received a respective one of the nessage words sent by the sending
secondary st & oh, mehblod expresiing teClad®n? ssicoh afr entyt ene ieseade iwmor d
in an access 4RaS388atdidbrity is given in conjunction with detecting the flag

{B/I) of the first message (arrow 1A, Figure 5) from said primary

station (BS) to a given secondary station (Msl1) which after having

5 sent one message word (Wl1l) intends to send a further message word

(W2) .

7. A method of detecting a flag in conjunction with random access
in a time divided (TDMA) mobile radio system, in which control
‘channels and traffic channels are formed by time slots within a
10 frame and which includes at least one primary station (BS) and a
number of secondary' stations (MS1, MS2, MS3), each of which
intends to send access messages in the form of short message words
(W1, W2, ...), each within a time slot that is aXlocated by the
primary station (BS) by said station continuously transmitting
15 said flag (R/N), which denotes whether a message word (Wl)
transmitted in a given time slot from a secondary station has been
received (R) or has not been received (N) by the primary station
(BS), so that the secondary station can continue or terminate
transmission of message words, characterized in that
20 upon detection of the flag in the secondary s_tation (MS1), there
is allocated a first number of binary values (000, ... 011) to one’
state (R) of the flag (R/N) and a second nunmber of binary values
(000, ... 111) is allocated to another state (N) of the flag,
wherein the first number of binary values is equal to the second

25 number of binary values.
8. A method of detécting a flag in conjunction with random access
in a time divided (TDMA) mobile radio system, in which control
channels and traffic channels are formed by t.ime slots within a
frame, and which includes at least one primary station (BS) and a
30 numbex of secondary stations (MS1, MS2, MS3) of which each intends
to transmit access messages in the form of short message words
(W1, W2, ...), each within a time slot which is allocated by the
primary station (BS) by said primary station continuously
transmitting said flag (R/F) which denotes whether a time slot
35 during which a secondary station shall transmit a message word to

R

s
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has not been correctly received. 2. The nmethod of claim 1, wherein after
havi ng received the first nmessage word, the primary station again transmts
a first flag which denotes that the associated tine slot is allocated to

t he sendi ng secondary station if the sending secondary station intends to
transmt nore nmessage words, and together with the first flag transmts the
second flag which acknowl edges whether or not the first nessage word has

been received by the primary station. 3. The nethod of claim 2, wherein
when the prinmary station has not received%e first message word, the
second flag includes a request for the first nessage word to be 17

“the primary station (BS) has earlier been reserved (R) or is free
(F), so that one (MS3) of the secondary stations in response to the
state transmitted from the primary station can send said message
word in the time slot that the primary station has previously
5 g‘ivenasreserved (R, characterized in that upon
detection of the. flag in the secondary station (MSl), there is
allocated a first number of binary values (000, ... 0l1l1l) to one
state (R) of the flag (R/F) and a second number of binary values
(100, ... 111) is allocated to another state (F) of the flag,
10 ' wherein the first number of binary values is greater than the
second number of binary values when one state (R) of the flag shall

be given priority over the second state (F) of said flag.
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retransmtted by the sending secondary station in the tinme slot allocated
“-by the primary station according to the first flag. 4. - A method
according to claim1l, wherein the primary station, in addition to the first’
and second flags, transmts together with said flags, third flags to al
secondary stations, each third flag indicating that an associ ated
predetermned tine slot is reserved for a predeterm ned secondary station
for the purpose of sending a first oné%of the message words fromthe

predet erm ned secondary station. 5. A method of detecting a flag in
conjunction wth random access in a tinme division nultiple access nobile
radi o system ai REWIOE o€ @FEor IO anlon acdess afN iac mobanmetapyar e f or med by
time slots wi shismEm frane and which conprises a primary station and a
plurality of secondary stations, each of which transmts access nessages in
the formof short message words during taesersémts al |l ocated by the primary
station, including the steps of: continually transmtting flags, each flag

indicating a Sltx %[eetho etfgxe‘\ rra(;‘-a o%sgggés%[ %q a time divided mobile radio systen,

for instance an FDMA/TDMA system, which includes digital traffic
channels and control channels which are organized so that four
5 ‘traffic channels (TC) and two control channels (CC) are included
in a TDMA-frame. A base station (BS) transmits continuously flags
(B/I, R/N, R/F) in the time slots (1, 4) of the control channels.
A mobile station desiring access to the system responds by sending
a first message word (W1) in the time slot indicated by the base
10 station in a first flag (B/I). When the mobile station (MS1)
wishes to transmit several message words (W2, %W3), the base
station (BS) reserves one or more time slots’to this end by
transmitting the first flag (B/I), although this flag now states
that these time slots are busy for other mobile stations (Ms2,
15 MS3). Furthermore, the base station transmits a flag (R/N) which
states whether or not a message word has been received from the
mobile station (MS1). The base station can transmit a further flag
(R/F), which denotes that a given time slot has been reserved for
a given mobile station (MS3) from the very beginning of an access
20 procedure and cannot. therefore be used by any-other mobile station
(MS1, MS2). (Fig. 5)

This is the replacement shewt

Date: 2 3 MAY 1998



time slot, during which a secondary station shall transrrit a_nessage word
tothe primary station, is idle or busy, and transm S e SG
secondary stations in response to a received flag;tg

pri‘mary station, a first one of the nessage wor dsi i -Iahﬁfﬁ@pso_c;;agb@déttbn@ged I8

ot her secondary stations as busy by the associ at ed flags and V\ﬁeré'l"n e&é;ﬁd """
flag has one of a first plurality of binagy value o.a fi LS

state of the associated tine slot and one of a seemﬁ‘ ff‘]ﬂ % :rrV""
values to indicate a second state of the associated tinme slot, and the

first plurality of binar ues is greater than the second pI urality of

bi nary val ues'Reiservahionh | stBhis khewn mgghgd\gan be |"(§teidtB}aWéW1PﬁéY§é‘cond
state. 6. alBegitihsbrithrod! Shanfel wharie aseeds piesaigey ¢an Gievesentint he

transmtting t%%%%ng%é/ spaces that are created in such a channel when certain
control information (SACCH, DVCC) normally used in a traffic chan-
5 nel is not used.

SUMMARY OF THE INVENTION

The known access method according to the aforesaid U.S. patent
deals with the problem of how a mobile station can communicate
with a base station by requesting for certain time slots and a

10 certain number of time slots to be reserved for the continued
access message. In this regard, the base station uses a flag
marked "reserved" and "idle", respectively, where "reserved" thus
marks in the base station those time slots of the continuously
transmitted time slots that have been reserved for a certain

15 mobile or for several mobiles desiring access to the system. It is
assumed that the continued communication is effected without undue
hinder to or error in the messages transmitted to the base
station.

The present method is also based on the known access method for

20 continued communication after having reserved time slots for a
mobile station. According to one embodiment of the propeosed
method, a further flag is inserted in the base station, "recei-
ved%, "not received", abbreviated to R/N, which discloses whether
or not the message word transmitted to the base station from the

25 mobile station within a given time slot has actually‘%greceived
by the base station. If the message word has not been received, the
base station asks the mobile to transmit solely the latest word.
When the word concerned was one of the last words in the message,
a significant simplification is achieved in comparison with the

30 case when it is necessary to transmit the whole message again, as
is normal when errors in transmission occur.

According to a further embodiment of the invention, there is
introduced a third flag which is additional to the aforesaid two
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station after .the transmtting secondary station has transmtted the first
oneé of the message words and has received a succeeding flag when the
transmitting secondary station intends to send a further message word.
18 7. ~A method of detecting a flag in conjunction with random access in
atime division nultiple access nobile radio system in which control
channel's and traffic channels are formed by time slots within a frame, and
which includes a primary station and a plurality of secondary stations of
which each transmts access nessages in the formof short nessage words,
each within a tinme slot which is allocated by the primry station,
I ncl udi ng the steps of:
flags. This third flag, "reserved, free";, R/F, is s_ent from the -
base station, as with other flags, and discloses to the mobile the
time slot in which the mobile shall transmit a response to the
request transmitted from the base station and in which the

5 information concerning the reserved time slot was found.

One object of the present invention is to provide a method of
achieving random access in a time divided (TDMA) mobile radio
system which will ensure that, even after the secondary station
desiring access to the primary station has been allotted one or

10 more message time slots, a message will be completely transmitted
to a base station without unnecessary repetition of message words
that have been correctly received.

Another object of the present invention is to allocate, upon
access to a mobile radio system, a free time slot to a mobile

15 station from a base station in conjunction with transmitting
access messages which require simple confirmation from the mobile
station in the form of a message word.

A further object of the present invention is to establish three

different flags in a base station which receives messages from
20 mobile stations for access to the base station, of which flags two

are used to allocate more than one time slot for the message from

the mobile station and to ensure that this message is received

correctly in the base station, and one is used to reserve before-

hand one time slot for an access message from a given mobile
25 station. )
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transmtting a succession of flags, wherein each flag has one of two states

denoti ng whet her an associated tine slot, during which a secondary station
shall transmt a nmessage word to the primary station, has earlier been

reserved or

is free, transmtting, fromone of the secondary stations i

response to a flag transmtted fromthe primary station, the nmessage wo
in the associated tinme slot that the primary station has indicated as
reserved, and detecting the transmitted flag in the secondary station,
evaluating a binary value of the transmtted flag, wherein the transmt
flag has one of a plurality of binary values. to indicate one state of the
flag and a second plurality of binary values to indicate another state of

the flag, and the nunber of the first plurality of binary values is greater
t han the nunb®¢/Nois tsiet tedbrfiinpt uredeivedt) : HAndary val ues when the one sfate

of the flag skaFl ibeedi ¥o'r Rriepeéty. @ler the other state of the flag.

10

i5

20

25

30

The inventive method will now be illustrated with reference to
three examples, see Figure 5. A common feature of the following
examples A and B is that the base stétion BS sends the flags I, N,
F to all mobile stations MS1-MS3 and that these flags are received
by the mobile stations MS1, MS2 in accordance with examples A and
B respectively.

Thus, it is assumed in the first example A that the mobile MS1 has
captured the flags I, N, F and seeks access to the system through
one single message word W1, which shall be sent by MS1 to the
system via the base station BS, in the time slot 1, frame 1,
allotted by the base station. The mobile station MS1 transmits
(arrow 2A) and the base station BS detects the sync. word (SYNC,
Figure 2) in DRECC, decodes the message word and carries out a CRC-
check. No flags in the time slots are changed if CRC found the
received message word to be incorrect, i.e. the flags are main-
tained as I, N and F, as shown in Figuré 5. If CRC found the
received message word to be correct, which is the case according
to this example, the receiving flag is set to R. In this case, the
message is comprised of only one message word to the base station
BS, which sends the fiags I, R, F back to the mobile station MS1
(arrow 3A). This station receives the flags I, R, F and therewith
observes that the message word W1, i.e. the whole of the message
in this particular case, has been received correctly by the systen
and that access has thus been successful.

In the other example B, it is assumed that the mobile station MS2
seeks access to the system (the base station BS), the access
message M consisting of two message words W1 and W2 which are
recejived correctly by the base station BS. No particular time slot
has yet been reserved for MS 2 and the base station BS sends the
flags I, N, F to all mobile stations, although it is assumed that
time slot 1 in frame 2 is picked-up by MS2 (arrow 1B).
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19 the primary station (BS) has earlier been reserved (R) or is free (F),
so ‘that one (MsS3) of the secondary:stations in response to the state
transmtted fromthe primary station can send said nessage word in the tine
sldt that the primary station has previously 5 given as reserved (R, ¢
har acter i zedinthat upon detection of the. flag in the
secondary station (MSl), there is allocated a first nunber of binary val ues
(000, ... 011) to one state (R) of the flag (R'F) and a second nunber of

bi nary values (100, ... 111) is allocated ]B‘o anot her state (F) of the flag,

further word W3 should have been sent from the mobile station MS3,
the base station would have sent B, R, F and the steps according
to example B would have been carried out.

The different flags are transmitted as binary values in a known
5 manner from the base station to respective mobile stations in the
forward control chanx:xel DFOCC according to Figure 3, and in the
spaces RES1, RES2 and possibly also in the spéce RES. The micro-
processor of the mobile station includes a register for storing
and evaluating the incoming binary values of each of the flags.
10 These registers are illustrated schematically in Figure 9 and are
designated REG1l, REG2, REG3 for the respective three flags R/N,
R/F and B/I. Thus, in the present example, each of the three flags
is represented by a three~bit word and the binary value of this

word decides how the flag is interpreted.

15 Evaluation units v1, V2, V3 are each connected to a respective
register and evaluate the incoming binary value of respective
flags in an appropriate manner (see below), i.e. determine which
of the two values in a flag is applicable. Conveniently, there is
found a set of registers REG1-REG3 and associated evaluation units

20 V1-V3 for each of the decoding diagrams 1, 5 and 6- according to
Figures 7 and 8. )

In its simplest form, each of the evaluation units V1-V3 is a simple comparator and
deals with respective flags, by prescribing that any one of the first four three bit
binary values 000, 001, 010, 011 constitutes the “R", “R” and “B” flags

25° respectively, while any one of the four remaining three bit binary values 100, 101,

110, 111 constitutes the “N”, “F” and “1” flags.
flags. The flag B/I is particularly sensitive to a wrong interpre-
tation, i.e. if the flag is ihterpreted as "I" when "B" is meant.
_ to be sent, or vice versa. It is therefore convenient, in accor-
30 dance with the following, to allow the first seven binary values
000, ..., 110 to represent "B" and soleiy one binary value 111 to -
represent "I"., Naturally, it is possible to insert a similar
distribution of the binary values in the registers for the flags .
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10 wherein the first nunmber of bi na__r.y'_vial ues is greater than the second
nurber of binary val ues when one stat e (R) of.-the flag shall be given
priority over the second state (F) of said flag.

16

CLAIMS

1. A random access method in a time division multiple access mobile radio system, in
which control"channels and traffic channels are formed by time slots within a frame, and
which includes a primary station and a plurality of secondary stations, each of which
sends access messages in the form of short message words during time slots allocated by
the primary station, comprising the steps of: '

sending from the primary station first flags, each first flag being associated with a
respective time slot and denoting a state whether or not the respective associated time
slot during which a secondary station shall transmit a message word to the primary
station is idle or busy,

initiating a communication by sending, from one of the secondary stations in
response to a received first flag denoting an idle state, a first one of the message words in
the time slot associated with the received first flag and sending, from the one of the
secondary stations, subsequent ones of the message words in subsequent time slots
associated with first flags that indicate to other secondary stations that the subsequent
time slots are busy,

sending from the primary station together with the first flags, second flags, each
second flag indicating to the sending secondary station whether or not the primary station
has received a respective one of the message words sent by the sending secondary
station, and

requesting retransmission of only one message word in an access message that

has not been correctly received.

2, The method of claim 1, wherein after having received the first message word, the
primary station again transmits a first flag which denotes that the associated time slot is
allocéted to the sending secondary station if the sending secondary station intends to
transmit more message words, and together with the first flag transmits the second flag
which acknowledges whether or not the first message word has been received by the

primary station.

3. ° The method of claim 2, wherein when the priméry station has not received the first

message word, the second flag includes a request for the first message word to be

This is the replacement sheet

o -5 RO _AMERD - AEET ‘A OO




17

retransmitted by the sending secondary station in the time slot allocated by the primary

station according to the first flag.

4, A method according to claim 1, wherein the primary station, in addition to the first
and second flags, transmits together with said flags, third flags to all secondary stations,
each third flag indicating that an associated predetermined time slot is reserved for a
predetermined secondary station for the purpose of sending a first one of the message

words from the predetermined secondary station.

5. A method of detecting a flag in conjunction with random access in a time division
multiple access mobile radio system, in which control channels and traffic channels are
formed by time slots within a frame and which comprises a primary station and a plurality
of secondary stations, each of which transmits access messages in the form of short
message words during time slots allocated by the primary station, including the steps of:

continually transmitting flags, each flag indicating a state whether an associated
time slot, during which a secondary station shall transmit a message word to the primary
station, is idle or busy, and

transmitting from one of the secondary stations in response to a received flag
transmitted by the primary station, a first one of the message words in the associated
time slot indicated by the received flag as idle and transmitting succeeding ones of the
message words in succeeding ﬁme slots that are indicated to other secondary stations as
busy by the associated flags, and

wherein each flag has one of a first plurality of binary values to indicate a first
state of the associated time slot and one of a second plurality of binary values to indicate
a second state of the associated time slot, and the first plurality of binary values is greater
than the second plurality of b_inary values when the first state shall be given priority over

the second state.

6. The method of claim 5, wherein said priority is given by the transmitting secondary
station after the transmitting secondary station has transmitted the first one of the
message words and has received a succeeding flag when the transmitting secondary

station intends to send a further message word.
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7. A method of detecting a flag in conjunction with random access in a time division
multiple access mobile radio system, in which control channels and traffic channels are
formed by time slots within a frame, and which includes a primary station and a plurality
of secondary stations of which each transmits access messages in the form of short
message words, each within a time slot which is allocated by the primary station,
including the steps of:

transmitting a succession of flags, wherein each flag has one of two states
denoting whether an associated time slot, during which a secondary station shall transmit
a message word to the primary station, has earlier been reserved or is free,

transmitting, from one of the secondary stations in response to a flag transmitted
from the primary station, the message word in the associated time slot that the primary
station has indicated as reserved, and

detecting the transmitted flag in the secondary station, and evaluating a binary
value of the transmitted flag,

wherein the transmitted flag has one of a plurality of binary values to indicate one
state of the flag and a second plurality of binary values to indicate another state of the
flag, and the number of the first plurality of binary values is greater than the number of
the second plurality of binary values when the one state of the flag shall be given priority

over the other state of the flag.
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