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transfer and associated control signal | BACKGROUND eyed across the same
et ead bea % r unked AL Iventio FMALID mi’eeme%‘) Sifecppele radio ?y”st?%fﬁﬁ&‘ué?%nked
mul t'i - channel nojidriatidaSiotied Wﬂﬂo toﬂﬁ&ﬁidcbed in
U. S. Patent Application No. 08/ 354 4 filed becenber 9, 1994,
" repeat request (ARQ) in such systems.
Inamobﬂepacketmdlocommunicaﬁonsysmm,abasestaﬁon(BS)
communicates with a number of mobile stations (MSs) via one or more shared packet
10 radio channels. Such mobile packet radio systems are described in U.S. Patent
No. 4,887,265 to Felix and in K. Felix, "Packet Switching in Digital Cellular
Systems”, Proc, 38th IEEE Vehicular Technology Conf. pp. 414-418 (June 1988).
| Similar systems are described in U.S. Patent No. 4,916,691 to Goodman and in
! "Cellular Digital Packet Data (CDPD) System Specification”, Vol. 1, "System
15 Overview", Release 1.0 (July 19, 1993). Packet data communication in the European
Global System for Mobile Telecommunication (GSM) is described in P. Decker,
"Packet Radio in GSM", Tech. Doc. SMG 4 58/93, European Telecommunications-
Standards Institute (ETSI) (Feb. 12, 1993); in P. Decker et al., "A General Packet
Radio Service Proposed for GSM", Aachen University of Technology (Oct. 13,
20 1993); in J. Himdliinen et al., "Packet Data over GSM Network”, Tech. Doc.
SMG 1 238/93, ETSI (Sept. 28, 1993); and in European Patent Publication
No. 0 544 464 to Beeson et al.
Downlink (BS to MS) traffic is scheduled by the BS to avoid contention, but to
get access to the BS, MSs use random multiple access that inevitably leads to
25  contention for uplink (MS to BS) traffic. Also for both directions, it is necessary that
each data packet include an identification that uniquely designates the MS
communicating with the BS (i.e., identifying the MS either as the recipient or as the
sender of the data packet). It is desirable that such identifications facilitate
implementation of an efficient radio protocol producmg little overhead and being
30 robust in various error situations.
The mobile packet radio communication system may have a single
communication channel optimized for packet data, which is to say that both packet
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In current cellular radio communication systems, radio channels are
implemented by frequency modulating radio carrier signals, which in'many systems

15  have frequencies near 800 megahertz (MHz). In a TDMA cellular radiotelephone
system, each radio channel is divided into a series of time slots, each of which
contains a burst of information from a data source, e.g., a digital computer. During
each time slot in a GSM-type system for example, 114 bits are transmitted, of which
the major portion is information to be transmitted, including bits due to error

20  correction coding, and the remaining portion is used for guard times and overhead
signalling for purposes such as synchronization. Other systems transmit other
numbers of bits during each slot (for example, 324 bits per slot in a system according
to the digital advanced mobile phone service (D-AMPS) used in North America), and
this should not be considered as limiting Applicant’s invention.

25 The time slots are grouped into successive TDMA frames having a
predetermined duration. In a GSM-type system for example, a frame comprises eight
time slots. The number of different users that can simultaneously share the radio
channel is related to the number of time slots in each TDMA frame. In general, the
maximum number of users is the number of slots in each frame, but it is possible that

30 one user may be assigned more than one slot in each frame. The successive time
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system may be considered as having at |least three layers. 5 Layer 1 (L1)
is the physical layer, which defines the parameters of the physical

comuni cation channel, e.g., radio frequency spacing, carrier nodul ation
characteristics, etc. Layer 2 (L2) defines t3te techniques necessary for the

accurate transmssmn of information within the constraints of the
physi cal channel (L1), error correction and detection, etc.
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Since each TDMA time slot has a certain fixed information carrying capacity,
each burst typically carries only a portion of an L3 message. In the uplink direction,
multipie mobile stations attempt to gain access to the channel resources on a
contention basis, while multiple mobile stations listen for L3 messages sent from the
1S  system in the downlink direction. In known systems, any given L3 message must be
carried using as many TDMA channel bursts as required to send the entire L3
message,
Referring to Fig. 1, a data packet that is to be transmitted over a GSM-type
air-interface typically comprises a user data portion and a layer-3 header portion L3H.

20 The packet is formatted, normally after encryption, into a frame comprising an
information field and a frame header FH. The frame is then segmented into as many
blocks as are needed. Each block comprises a block header BH, an information field.
and a BCS field, and each block is transmitted as four bursts in consecutive TDMA
frames.

25 As illustrated in Fig. 2, an exemplary frame header FH might comprise forty-
eight bits that carry the following information: the identity of the MS (thirty-two bits.
or four octets), the length of the frame in octets (ten bits, or one octet plus two bits),
the type of the frame (three bits), a mobile/stationary flag (one bit), and a frame
sequence number (two bits). It is possible to extend a frame header FH by setting the

30  frame-type bits to predetermined values, e.g., 111. It will be appreciated that Fig. 2
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frame header §seeacknowledginents are one-slot messages. These messages are dxscussed in more detail
below.

It will be noted that every frame transferred across the air-interface includes a
unique identification number of a MS, typically in the frame header (see Fig. 1). In
*ordinary" GSM, the unique global identification number of a MS is the International

10 Mobile Subscriber Identity (IMSI). Some systems apply an identity-confidentiality
service for IMSIs, in which case a Temporary Mobile Subscriber Identity (TMSI) that
has significance only within a particular LA is used. Outside the LA, a TMSI is
combined with a Location Area Identifier to maintain unambiguous identification. See
*European Digital Cellular Telecommunications Systems (Phase 2); Mobile Radio

15 Interface Layer 3 Specification”, GSM 04.08, Version 4.9.0, Section 4.3.1, ETSI
TC-SMG (July 1994). Although another type of complete identity of a MS might be
used in the frame header (e.g., a CDPD identity comparable to the TMSI), in this
example it is assumed to be the TMSI.

Because the TMSI can be up to four octets in length and the frame itself is

20 fragmented into blocks, much overhead is created if every block must include the
TMSI, i.e., carry the same amount of addressing information. This is also true for
blocks that are retransmitted after errors. Therefore, only the first block in the
complete or partial data frame usually carries the complete identification of a MS.
Thus in the case of retransmission, an additional primary block may have to be added

25  to the partial data frame to be retransmitted, in order to accommodate the MS’s
complete identification. This itself is an increase in overhead that is undesirable.

SUMMARY
In accordance with one aspect of Applicant’s invention, a method of
30 implementing ARQ in a mobile packet data communications system using a
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PCT/ SE96/ 00467 protocol comprises the step of assigning a TFI to each data frame transmitted from a
10  mobile station. The TFI is assigned based on information in a channel reservation
message that precedes a data frame sent from the mobile station, and the TFI assigned
is unique among concurrent frame transfer sequences in a cell.

The TF1I is included in every block belonging to a particular frame, a block
being the unit of data on which ARQ is based. A partial data frame to be

15  retransmitted in case of a transmission error contains only the blocks determined by
the ARQ protocol type (e.g., selective, and Go-back-N) used, whereby a primary
block need not be added to identify the mobile station. Blocks belonging to frames
destined for different mobile entities can be multiplexed on the downlink based on the
TFL. The mobile station may include, in its random access request, an indication that

20 a TFlis already assigned.

With Applicant’s invention, the first block of a data frame transmission may be
erroneous and still the remaining blocks can be correctly received and correctly
associated with a particular frame and a particular mobile station. In case of an
uncompleted frame transfer caused by an erroneous acknowledgment message from

25  the mobile station, communication can be resumed if the base station sends a message
with the TFI of the frame whose transfer was disrupted (e.g., by retransmitting the
first block of the last transmission). In case of an uncompleted frame transfer caused
by an erroneous acknowledgment message from the base station, communication can
be resumed if the mobile station sends a random access request and, after receiving a
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erroneous and still t [Fig.i2cillustratesghe stoucture ofia framecheadestt |y r ece| ved and
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erroneous acknow edgniFigs. 4As $Bghow miessage sequences across the air-interface for mobile-
| originated (MO) packet transfers;
Figs. 4C, 4D, 4E show message sequences across the air-interface for mobile-
terminated (MT) packet transfers;
15 Fig. 5 shows the structure of a random access request message;
Fig. 6 shows the structure of a short acknowledgement message;
Fig. 7 illustrates a GSM-type communication system having packet data
functions; '
Fig. 8 illustrates the protocol architecture of the system of Fig. 7; and
20 Fig. 9 illustrates another GSM-type communication system having packet data
functions.

DETAILED DESCRIPTION
The TDMA structure and the need to allow for some degree of timing
25  misalignment at first random access led to Applicant’s selection of a reservation-
slotted-ALOHA type of protocol for use in a GSM-type packet communication system
as described in this application. Nevertheless, it will be understood that Applicant’s
invention can be embodied in other system platforms as well.
In accordance with Applicant’s invention, a unique temporary frame identity
30  (TFI) is assigned to each frame to be transferred. The TFI is of local character in the
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Every block in a frame includes the same TFI, viz., the TFI uniquely assigned to the
5  blocks’ particular frame, and blocks that must be retransmitted include their original
TFIs. It will be appreciated that the TFI substantially replaces the combination of the
TMSI and the frame sequence number FN that is ordinarily included in blocks to be
Also in accordance with Applicant’s invention, each block contains a
10  respective block sequence number for indicating the relative position of the block in
the frame. Applicant’s combination of the block sequence number and the TFI
unambiguously identifies an individual block as a specific block within a particular
frame. In this way, Applicant’s invention provides an ARQ protocol without
requiring inclusion of a primary block in each retransmitted frame. It will be
15  appreciated that although this description focusses on selective ARQ, Applicant’s
invention may be applied to other types of ARQ protocol, e.g., "Go-back-N
continuous” ARQ, which is described in the literature, including F. Halsall, Data
, Addison-Wesley Publishing Co.

20 Thus, in accordance with Applicant’s invention and as shown in Figs. 3A, 3B,
a block header typically comprises the TFI (eight bits), the block sequence number
(five bits), a type of the block (two bits), and a poll/final bit. The block header of the
primary block in a frame (Fig. 3A) advantageously further comprises a number of
random access tries (e.g., four bits), with the remaining bits of the additional octet

25  being available for other uses. In the example illustrated, the length of a block
header BH in a primary block is twenty-four bits (three dchets), and the length of a
block header BH in a following block (Fig. 3B) is sixteen bits (two octets).

Assignment and release of TFI values are administrative services provided by

the media access layer management on the network side. The minimum size of the

30 TFI field is determined by the number of possible concurrent packet transfers in one
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t he 06/ 33EAR MO packet transfer, the BS assigns the TFI as a part of the channel

PCT/ SE96/ 00467 reservation procedure and sends the TFI to the MS in a channel reservation command
ChRe. For an MT packet transfer, the BS sends both the mobile’s TMSI and the TFI
assigned to the particular frame in the primary block of the frame. The TMSI is sent
as the part of the frame header FH, and the TFI is sent as the part of the block

10  headers BH. In this way, the MS is informed of the TFI for the current frame
transfer.

It is currently preferred that every block in a frame transmitted across the air-
interface, whether on the uplink or the downlink, include the same TFI, which
unambiguously identifies that particular frame. It is not strictly necessary for TFIs to

15  be included in blocks transmitted in a scheduled uplink transfer, but their presence
adds to the robustness of the protocol.

An exemplafy radio link protocol using Applicant’s invention is a selective-
ARQ type of protocol. Selective ARQ means only erroneous blocks are
retransmitted. Basic scenarios are presented in Figs. 4A-4E that should be sufficient.

20 for those of ordinary skill in this art, and the following description is based on the
patent applications cited above that have been incorporated here by reference.

In a GSM-type packet communication system using a reservation-slotted-
ALGHA type of protocol, a MS initiates a packet transfer by transmitting a random
access request Ra on a packet data channel (PDCH) uplink when allowed to do so.

25  This so-called random access sub-channel is determined by uplink state flags (USFs)
marked as "free" (indicated as USF = f in Figs. 4A-4E) or "reserved": (indicated as
USF = R in Figs. 4A-4E) on the PDCH downlink. As seen in Fig. 5, the random
access request Ra uses the same type of access burst as in ordinary GSM, and
coinprises a five-bit random number for providing an initial identification of the MS,
30 and other information that is described below.



-7- particular cell in which the transfer is to take place. In

ot her words, the particular TFl assigned to a franme is dependent on
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i nclude their original TFls. It will be appreciated that the TFI
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octet 25  bei nwu&uhﬁdﬁhmgfmaw&cbﬁmmﬁcm%ﬁwt h% %e’ the

| ength of a bl ock header. BH i n primary block is our b| ts
(three octets), (IS¥ TR fog yplink tansfer of a variable length data packet. The channel

reservation command ChRe is sent on the PDCH downlink and usually includes a
request reference and a timing advance. The purpose of the request reference

15  information is to address the particular MS by providing the random access
information used in the access request Ra and a frame number FN modulo 42432 for
the TDMA frame in which the access request was received (see "European Digital
Cellular Telecommunications Systems (Phase 2); Mobile Radio Interface Layer 3
Specification”, GSM 04.08, Version 4.9.0, Section 10.5.2.30, ETSI TC-SMG (July

20 1994)). If the system does not respond to the mobile’s random access request Ra, the
MS makes a retry after a random backoff time.

After the MS transmits a data frame in the reserved time slots, the BS
transmits a positive acknowledgment message Ack if the whole data frame was
correctly received. In the example illustrated in Fig. 4A, the data frame transmitted

25 by the MS consists of four blocks, or sixteen bursts (time slots 16-31). If the data
frame was received with an error, the BS transmits a two-burst negative
acknowledgment message Nack, in response to which the MS retransmits only the
erroneous blocks as a partial frame. This is illustrated by Fig. 4B: the third block of
the frame (time slots 24-27) was received with an error, prompting transmission of a
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by the nunber of possible concurrent packet transfers in one
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PCT/ SE96/ 00467 cell. It is currently believed that eight bits
I s a good bal ance of instantaneous capacity agai nst over head, but

ot her bal ances could be struck of course. ThggJFl val ues can . be
continually reused, thus distinguishing subsequent packet transfers from
earlier ones. 5 For an MO packet transfer, the BS

assigns the TFl 2NacR nidgdabe 8 the ystehPinWdts 34, 35, a ﬁﬁﬁﬁﬁﬁﬁfgﬁ %ﬁ',@rﬂ
sends the TFlI to the IVB I N g channel reservation conmman @‘ﬁ@h
an M packet traM$ i slots sae@mnwm mmm\mwmmﬁm 47.

gy ored Lo (e Par ! Buile s, 4 HE bl Bl AR RSB LS.

as the part of tmmmwbbwﬂﬁﬁyswmmhhsmWTﬁeﬂbm

of the TFI t he,current frane,

fer. . t i
currently pre erMPMVW%FMWQﬁ]%ngﬁm&f&hEB&% air-
location area (LA), the mobile’s recent cell location history, and MS submode. A

paging message may include reservation of an access slot on the PDCH uplink for the
MS’s response to the paging message. After receiving a paging response from the
MS, the system sends a data frame to the MS. Under certain conditions, e.g., when

10  the cell location of a MS is known with a high degree of probability, data sent in the
MT direction is sent directly as "Immediate Data® without a preceding paging
message. This situation is illustrated in Figs. 4C-4E.

The MS replies to an “Immediate Data” transmission by sending an
acknowledgement message in a reserved access slot. The acknowledgment message

15  can be either a short (one burst) Ack message if all blocks were correctly received
(see Fig. 4C) or a short (one burst) Nack message if all blocks were not correctly
received (see Figs. 4D, 4E). As illustrated in Fig. 6, the short Nack message
includes a bitmap indicating the erroneous blocks, at least for smaller packets (e.g.,
up to seven blocks), and an acknowledgment flag (ACK in Fig. 6). If the

20 acknowledgement flag is set to a predetermined value, e.g., 1, then all blocks have
been received without errors. If a bit in the bitmap is set to a predetermined value,
e.g., 1, an error in the corresponding block is indicated. In the situation illustrated in
Fig. 4D, the frame consisted of four blocks, the third of which was incorrectly
received; the ACK flag in the short Nack message sent by the MS was then set to 0

25 and with the bitmap caused the system to retransmit the third block.

For larger packets (i.e., more than seven blocks), the short Nack message
indicates to the system that a channel reservation is needed for a longer (two burst),
complete negative acknowledgment message Nack. This can be indicated by setting
the values of all bits in the bitmap to the value indicating no errors, e.g. 0, and at the

30 same time setting the value of the ACK flag bit to 0, indicating errors. In Fig. 4E,




I nterface, whether on the uplink or the downlink, include the sane TFI,
whi_ch unanbi guously identifies that partlcul ar frane. It i s not
strictly necessary for TFls to 15 be included in bl ocks transmtted In a
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of the protocol. An exenplary radio link protocolu

Applicant's invention is a selective- ARQ type of protocol. Selective
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ref erence. In a GSMtype packet comuni cation systemusing a

reseration-sl otth@d:kss 9, mﬂmammaﬂymmoindﬁekﬁmﬁspaﬁ&a:awcket

transfer by transm.tji ndom access request Ra on a packet data
channel ( PDCH) ‘&ﬁ@&"&ﬁlm‘t@lm wsh%mem@ ndom

access sub- chanigdicdting Wtﬁﬁ‘éj M ked
as free" (indicated as USF = blockndin I n Figs. mﬁ 4E) or resg&ye |n(?°mg{@:j
USF = R in Fi gs bitmap ferall, nhz:ﬁaavsm ink. As seen in Fig. 5, the random

S e M en” T SR chd - BlraC RRBOPedubil Aol SrFbeR] ey T,

i dentification ¢ie Atk/Natk indlicatorpantl list(bitmap)cofremonesusly reéeived KI6AA! | OF the

neT) So6) 00467 dOWaltk, 1R burst acknowledgement message also includes a channel reservation
for retransmission. The MS transmitted the long (two-burst) Nack message in the
assigned slots, and that message indicated to the system that retransmission of

10  blocks 8, 9, and 10 was needed. For either short or long negative acknowledgement

messages, partial frames that consist of not-acknowledged blocks are sent by the |
system until a positive acknowledgment message is received from the MS.

Thus in accordance with Applicant’s invention, each transmission of a
complete or partial frame is followed by an acknowledgment message that includes the

15  TFI of the frame to.which it refers and, if needed, a list of the blocks that were
erroneous. Since a one-burst Ack/Nack message is sent only in a reserved slot, the
sending mobile station is indirectly identified and does not need to include the TFI in
the one-burst Ack/Nack message. Pamal frames that consist of retransmitted not-
acknowledged blocks are sent until a positive acknowledgment is received, viz., until

20  reception of an acknowledgement message that does not include a list of erroneous
blocks.

A TFI remains valid even if the communication is disrupted for some short
period of time. For example, when an erroneous acknowledgment message is sent by
the BS, the MS can reestablish the communication by sending a random access

25  request message Ra that notifies the BS that a TFI is already assigned. As illustrated
in Fig. 5, the random access request message Ra advantageously comprises a single
octet in which some bits (e.g., five) convey the pseudo-random number identifying the
MS, one bit (RETR in Fig. S) indicates an initial/retransmission request, one bit
(SING in Fig. 5) indicates whether the MS intends to transmit only a single block on

30 the uplink, and another bit (PRIO in Fig. 5) indicates a priority. The pseudorandom




Figs. 4A-4E illustrate nessage sequences across the air-interface for
nobi | e oi ginated (M) _and nobile-term nated (M) packet transfers.
An index for tine slots nunbered 1 through 51 is shown across the

top of Fig. 4%oeesisss As illustrated in Fig. 4A packgbrbiRels’ 1N
the MO direction starts with a 5 nobile's transmtting a random access

request Ra. The MS checks that the USF = f, and if it is, the M5
transmts the random access request in the next tine slot. If t he USF
= R the Mstypically would wait until the USF = f, randomy sel ect one of
a predet er mi ned nunber of subsequent tj@e slots, and transmt the
random access request in the selected slot if the USF is still free.
10 The normal response fromthe systemto such a random access

request is a numb&Sns&nsédM W hagestd fromsdiffereit mobile MTR8d ChRe,
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address the par trespohser to s> rapdom @ecess message:Raqthe MS sarcidentify and resumiedherat i on

e TOWA {1 afte. ARSUPENS Hame it by obiltg W 0%, i umining o Rimpry

Di gital Oelildul:ldrthél’nioemhumm)l, and the\BS cancthériPtontinue@the fivinis transféa diyo
I nterface Layer 3 S eC| 04.08, \Version 9.0.. Section
10.5. 2. 30, ETS Sqdingthe %&“ﬁﬁ Zb‘ GREVIONS hond t o

the nobile's rammeﬁswuﬂm niiawa hﬁ vmhga aWhe reestablishinga

random backof f ti me. After t he transmts a data franme in
the reserved t| @"@%MW@B@WWPf%WM|m3%MMWt

message Ack jp tahﬁgimai ;n@ﬁgg ﬁgm BS), it is sufficicn W ?ﬁ‘rﬂ
exanple ill ust rated | ngl?:rll g. 4 \(ljlﬁé rla#e tﬁ?angH %‘?‘é &bthét VS
consi sts of fouwmmfﬂmWMBstbymwmﬂs ﬁ;&lsg?kollﬂletltse dat a
frame was recei QN:n error, the BS transmts a two-burst negative

acknow edgnent nessage Kack, in response to which the M5 ransnits only the
erroneous bl ocks as a&fpaatﬁuielsrssﬁilyi transferred |acrosy the air-interfece; . vizl Bafterrae

third bl ook of  posive biiGoblelehHad Besl Rkiva 1 etk ddb b Sohokpdoet ey
15  can release the TFI value and make it available for future use. Release of the TFI
value can also occur in the case of persistent loss of response from an MS or when a
MS roams to another cell. |
It should be appreciated that Applicant’s invention provides a communication
system having many advantages over other sysnems. The TFI is a short identity that
20  replaces the combination of the TMSI and frame sequence number FN during frame
transfers across the air-interface. Also, the combination of the TFI and the block
sequence number unambiguously identifies a block in a particular frame sent to/from a
particular MS. Moreover by using a TFI as a part of every block’s header, there is
no need for the additional primary block that is necessary for each retransmitted
25  partial data frame in order to accommodate the complete identification of the MS.
Furthermore by including a TFI in every block of a frame, the first block of the
frame can be incorrectly received and still the remaining blocks can be correctly
received and correctly associated with a particular frame and a particular MS.
As a result of Applicant’s invention, the scheduling of downlink traffic is made
30 simpler, more flexible, and more spectrum efficient for the following reasons:
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Nack nessage by the systemin slots 34, 35, a retransmission of the third
bl.ock by they M5 in slots 40-43, and transm ssion of ng ge by
‘the systemin qs?ﬁcl)stsss“%, 47. : Referring to Figs. ;E)q;cket
transfer in the MI direction starts with a pagi ng nessage
transmtted by the systemon the PDCH downlink. To econonize on 5 radi o
spectrum paging is limted to the smallest possible group of cells based
on location area (LA), the nobile's reggnt cell |ocation history, and
M5 subnode. A pagi ng nessage may include reservation of an access
sl'ot on the PDCH upl i nk for .the M5' s response to the pagi ng nessage.
After receiving @ Qi#ktine@ for differeEMS’segn B¥ wi

data frane to the Ms. Under certain conditions, e.g., when 10 Iit he cel |

location of a NMIame downlink ghannel(eig. qwhile-writing er as asknowledgment message &fom an

L?gcedl ng 'r\)gg:jlngjﬁgmn Irffgg?ggeh%l STsI ﬁ%’%@e@%ﬁ%gs.

4C- 4E. @mmpmmmmmmmefmmmmm by
sendi ng an ac dgenen ssage, | re c ess_sl The
acknow edgmer?t r@!’éﬁ§° 1@& Bﬁgﬁm fﬁ'%ﬂf?‘)ﬁ Eo

if all blocks wems, & thes mﬂﬁmmmw@mmbwméone

burst) Nack ness%ug}&c %&oc%(gdomfre no Corr?rcartnecanben'ansuuttedondlfferent

channels and the intended MS can still properly receive them, provided the MS is
capable of moritoring multiple channels in parallel.

10 As described above, Applicant’s invention may be applied in a digital TDMA
cellular radiotelephone system having a GSM-type architecture. In one such system
that is described first below, packet data services are added to a GSM-type system in
a closely integrated way, using current GSM infrastructure to the maximum extent
possible. The second such system described below uses primarily the BS portion of a

15 GSM network and adds a separate mobile packet data infrastructure for the other
network parts.

Fig. 7 illustrates a GSM system enhanced with packet data (PD) functions, the
major PD function blocks being indicated by bold contour lines. A plurality of base
transceiver stations (BTSS), each providing radio communication service to multiple

20 MSs in a respective cell, together provide complete coverage of the GSM public land
mobile network (PLMN) service area. Only one BTS and one MS, which comprises
a mobile termination (MT) part and a terminal equipment (TE) part, are shown
schematically in Fig. 7. The functional units of the BTS carry out the above-
described steps of assigning, to each data frame transmitted to an MS, a TFI that is

25 unique among other TFIs assigned to data frames concurrently transmitted to other
mobile stations.

A group of BTSs is controlled by a base station controller (BSC), and these
together form a base station system (BSS). In the preceding description, a BS may be
considered as a combination of a BTS and its BSC. One or more BSSs are served by

30 a mobile services switching center (MSC) and an associated visitor location register



received (see Figs. 4D, 4E). As illustrated in Fig. 6, the short Nack
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without errors. If a bit inthe bitmap is set to a predeterni ned val ue,
e.g., 1, an error in the corresponding block is indicated. In the situation

illustrated in Fig. 4D, the frane consisted of four blocks, the third
of which was incorrectly received; theACK flag in the short Nack
nmessage sent by the M5 was then set to 0 25 and with the bitmap caused
the systemto retransnmt the third bl ock. For | arger packets

(i.e., m)rethansggﬁn Q54 sontioicall gmd\g.g @ém“" ' to
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bl ocks 8, 9, AndPIMNSeR¥icCRd: oct|y received, and the system respondd to

the . mobi I e’ s ?WM%ﬁM‘mﬁ?ﬁﬁmw&%ﬁﬁ?iﬁky%ﬁm
ge ChRe indicating reserved tine slots for a ng (two-burst)
Nack that i ncl udcemmonshainel signalling (CCS) system No. 7 network, which is standardized by
the International Telegraph & Telephone Consultative Committee (CCITT), now the
International Telecommunications Union (ITU). The HLR is a data base comprising
10 information on all subscribers, including location information identifying the
MSC/VLR where a subscriber is currently (or was last) registered. Connected to the
HLR is an authentication center (AUC) that provides the HLR with authentication
parameters. To allow identification of subscriber equipment, an equipment identity
register (EIR) is also connected to the MSC(s). Finally, an operations and
15 maintenance center (OMC) may be included for providing overall network support.
The packet data functionality in the BTS includes capability to provide one or
more shared PDCHs, depending on demand. In a cell only occasionally visited by a
packet data user, a PDCH may be allocated temporarily on user demand. In a cell
having continuous packet data traffic demand, one or more PDCHs may be allocated
20 either semi-permanently or dynamically, adapted to the current load situation. The
allocation of PDCHs is controlled from the BSC. Information defining the support
level and any PDCH allocated for initiating packet transfer is broadcast on a
conventional GSM broadcast control channel (BCCH).
The packet data radio link protocol over the PDCH(s) allocated in a cell is
25  handled by a PD transfer controller in the BTS. In a BTS having at least one PDCH
allocated, the PD transfer controller has a physical connection for packet transfer to
and from the MSC. The physical connection is typicaily unique and uses ordinary
internode trunks.
The MSC/VLR includes a PD router for routing packets to and from the MSC
30 service area and a PD signalling controller for handling signalling exchange with a
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priority. The pseudorandom
t MSC service areas in the same PLMN is normally routed directly between
15  the respective MSCs, across the backbone network. For routing purposes, the HLR
‘may be interrogated from entities on the backbone network through an HLR
interrogation server, which provides the functions necessary for such interrogation
from the packet data network. The AUC, EIR, OMC, and HLR interrogation server
may also be enhanced from time to time to support new types of subscriptions,
20  services, and equipment.
The basic packet data network service provided by a cellular packet data
PLMN such as that illustrated in Fig. 7 is a standard connectionless network
(datagram) service based on a standard connectionless IP protocol. The term "IP
protocol” should be understood to denote either the Internet Protocol (the de facto
25 standard IP protocol used in the TCP/IP-protocol suite) or the International Standards
Organization (ISO) Internetwork protocol ISO 8473. Value-added services, including
multicast, broadcast, and electronic mail services, may be provided by Network
Application Server(s) (NAS(s)), attached to the backbone network and accessed by
using higher layer protocols on top of the IP. Thus, from a packet data
30 communication point of view, the PLMN basically appears as an IP network.
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i niktal /retranggogssgs ' equest indicates that a TFl is al readypﬁﬁw&%
Upon receiving the channel reservation nmessage ChRe sent by the I'n

response to the random access nessage Ra, the M5 can identify and resune
the 5 unconpl eted frame transfer by restating its TFl (e.g., by
retransmtting the primary bl ock of the inconplete transfer), and the
BS can then continue the frame transfer by ¢ sendi ng the sane.

acknow edgnent nmessage that was erroneous in the previous

transm ssion. Operation in this way has significant advantages. \Wen
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appreci at ed that ApplBetisen the MSCoand the MS, dbe BTS agts @8 artink layeri(ayer 2) relay

ettty t hat ogetwee YR FAR ol @Eford RLF P pig” Akl te i RO socnomn

number FN duri nd.2) usedeacross the truainednaectionc 'Thesadib @ratocol ihandied by the BYSis, t he
conbi nation gt eIl 380 ik & f#5tcol described above. In contrast to ordinary GSM,
encryption/decryption is performed between the MT part of the MS and the MSC.
An MS is identified on layer 3 with an IP address and on layer 2 with standard GSM
identities: the IMSI, or more typically, the TMSI.

Another GSM-type system that can benefit from Applicant’s invention is

15  schematically illustrated in Fig. 9, in which the major PD function blocks are
indicated by bold outlines. In Fig. 9, only the BSS portion of the GSM infrastructure
is utilized for packet data. The PD functions in the BTS are almost the same as in the
system illustrated in Fig. 7, as are the PDCH-allocation functions in the BSC. Again,
the functional units of the BTS carry out the above-described steps of assigning, to

20  each data frame transmitted to an MS, a TFI that is unique among other TFIs
assigned to data frames concurrently transmitted to other mobile stations.

As illustrated in Fig. 9, the packet data transfer connection of a BTS is
coupled to a separate Mobile Packet Data Infrastructure (MPDI) instead of a PD
router in the MSC/VLR. The MPDI provides the necessary packet routing, mobility

25 management, authentication, and network management functions. Together, the
MPDI and the portions of BSS(s) utilized for packet data constitute a mobile packet
data system. With respect to GSM, the system may be regarded as a separate system,
and a GSM operator may choose to lease radio channe! capacity to a separate packet
data system operator. An MS requiring both packet data and regular GSM services

30 may then need a separate subscription in each system. The packet data services




sequence numnber unanbi guously identifies a block in a particular frame sent
to/froma particular MsS. Mdrreover by using a TFI as a part of every
bl ock' s header, there is no need for fhe additional p;lnary blocg
that is nece ? each retransmtted 25 partial data frame in order
to acconnnda?gat e conplete identification of the M. PGS0 o by
including a TFlI in every block of a frane, the first block of the

frame can be incorrectly received and still the remaining bl ocks can be
correctly received and correctly associated with a particular frame
and a particul ar M. As a resul jz0f Applicant’'s invention, the
scheduling of downlink traffic is nade 30 S|npler more flexible, and

nor e spectrun1eff|0|ent for the follow ng reasons: WO 96/ 33586
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(1) -bl ocks bel or¥g| ng to Tmea#g cfmsl{ nga ng d"‘Fff“'%%‘ﬂ'E"ﬁ% SHBD]‘?"““

rrulkt | \5)\/: eéed on tameasmosemmdddmmc;sxmmum §1g.|7vx/m | e wali E)I ng f;)rtgna
acknowl edgnent nessa w plocks can

second I\/Bg t her eby fgﬁ WW‘P@% wbﬁﬁ?ﬁhﬁém&fﬁ‘i%
downl i nk transmHBCHnnd regulin (GSM ibroadcast claninels. Thas, registration) Mcation GiidatihgdCks

can be |nterru ted r_exa copt r,ol ssgage fo sone other
M8, and then rgs‘gﬁgﬂiﬁﬁm%“% nﬁd’é‘!‘g" &ignalling arespexfosmed viac

for the kamrma;umﬁamkasﬁae ala Kha R OMPDR) Giffsel
transmtted on dlfferent . channel s and the I nt ende can st
properly recei vaiemandy usingrrdinaty G8M signalling as in Fig. 7, is not possible. With this

exception, the functions for providing PDCHs are the same as described for Fig. 7.

The MPDCH is the first PDCH allocated in a cell on which packet transfers

10  are initiated and is normally allocated by system configuration, although the method
of using a PDCH of an adjacent cell for requesting allocation of an MPDCH in a
*PDCH on demand* cell, prior to moving into that cell, is also feasible. In that case,
the allocation request would be transferred to a system entity in the MPDI. This
system entity would then send an allocation request to the BTS of the "PDCH on

15 demand” cell in question, and that cell would, in turn, convey the request to the
PDCH allocation controller in the BSC.

Regular GSM broadcast control channels are used in the same way as in the
system illustrated in Fig. 7 for defining PDCH support level and MPDCH allocated in
the cell (via information on BCCH) and for performing cell selection with two

20  alternative criteria for cell selection. Listening to cell broadcast short messages is
also possible in a way similar to that of the system in Fig. 7.

Packet transfer across PDCHs may be performed according to the principles
described for Fig. 7. The PD transfer controller and associated interface functions in
the BTS are also adapted to the interconnection requirements of the MPD], e.g., to

25  allow interconnection via a routing network. The functions of the MS in the system
of Fig. 9 are basically the same as the MS functions in the system of Fig. 7, except
for functions related to regular GSM signalling and PD mode, which are not
applicable in the system of Fig. 9.

While specific embodiments of the present iﬁvenl:ion applied to a GSM type of

30  cellular system have been described, it should be understood that the present invention




i:apabl e of nonitoring nmultiple channels in parallel. 10 As
descri bed above, Applicant's invention nay be applied in a digital TDVA
cellul ar radiotel ephone system having a GSMtype architecture. In one such

system g descrl bed first bel ow, packet data services are added
to a GSMtype a closely integrated way, usi nBCEERSRM467 GSM
infrastructure to the maxi mum ext ent possi bl e. The second such system

descri bed bel ow uses primarily the BS portion of a 15 GSM net wor k and
adds a separate nobil e packet data infrastructure for the other

network parts. Fig. 7 illustrates a GSM system enhanced with
packet data (PD) functions, the maj or B8 functi on bl ocks being

i ndi cated by bold contour lines. Aplurality of base transcei ver
stations (BTSs), each providing radi o conmmuni cation service to multiple 20
MSs in a respectmumwmmmmmmmm dnd FESEY/
public | and il P .ce .area, ,Only one BTS and one
MS, which corrprl‘gggw‘g Wﬁﬁe‘ %ﬁ%&wmﬁsm

equi pnent (TE) pentity, carrespohding base stationciontroller Sarictiyns dndRssbeiated IEWE‘PD

functi onal unlts of the BT LS t the ve- . described steps of

assigning, to e Jufctings WQH@M’@%%‘WWi that is 25

uni que among ot her Tﬁtms&mﬂd&mﬂﬂﬂmﬁdﬁmﬁv&ﬁ ﬁ?@,ﬁ&g&bto
s |s con

ot her nobi l e stations. %“oup of BT
a base station c@mmﬂmmmw tedg Fhiscapplicationcontemplates

station system (gg g”E?
considered as a cg%dnatl on Q?Bﬁ&@?is ‘ﬁ I'ts %g@m& W%ggg I%Wmn
served by 30 @Srdsﬁn%bssﬂle\fnuwmi\ﬂmmm ng center (MSC) and an associ ated

visitor |location register WO 96/ 33586
PCT/ SE96/ 00467



-14- (VLR). The MSC controls calls to and fromgther networks, such
as the public switched t f tM n i ntegrated
services diglital network ( SDNﬁm% er An I\/ISC equl pped for
royting inco S is 1 Gdcfist oﬁo da..5.. 1o aéb%t eway (GVBC) . One or
%@g@% | oh § paS P ser ’(f%”g“

nore MSC servi as toge¢ rn,gc;ns £¢éte ,hhqo
The MBC/ VLR(s) communi cate horB39e8 et I PRE i'é'f'é'r (HLR) via a
common channel signalling (BO¥pwingE) & RA9GS. Ot ~*whi ch i s standardized
by _ the International |[CrAssgacph : §ages ephdmpaganh.s-u-l tjative Committee
(CATT), now the I nt | TU). The
HLR is a data base conprising 10 informatiod9on all subscribers,
| ocation information identi fying the MsC/ VLR vvhe mmmuﬂ
currently (or was last) registered. Connected to the " " ”",
aut henti cation CEEAMS( AUC) that provides the HLR with dut hent i cat ison *
paraneters. To all ow ntifica n of sub.scrl ber equi,pnent, an e |prrent
i dentity regi st ﬁt %bﬁF HﬂR ,
operations and 1§L0mpmﬁﬁwm@ﬁrﬁin%wm§ﬁd Ing
ket data functlona

overal | network support The pac |ty In the -

BTS i ncl udes cap®ebils stytions, 3 method.of 4

daa user, o PO e ca%orar i ué*#ﬁﬁ@%ﬁw?,ﬁwﬁsﬂ@@“et

havi ng conti nuownmneﬁaMtidﬂmmfmn whenain the TiFicassignetois amigueiam onﬁmﬂee'rﬂs
d tot

oad i tuat i on, el ©ks AEREPRERlergad) i Gttt bl bttt n psc

I nformati on defining the support | evel and any PDCH al | ocated for
initiating packet tr a cast n a convent Il onal GSM .
br oadcast contr ol g:: %ﬁ‘(‘\g&?ﬂ) ?cij“ whereln the 1] ip assigoed Qased on-infosmation

pr ot ocol quothﬁtmwﬁaﬁﬁiﬂw&ﬁnﬂﬁidsﬁﬁ%n% handl ed by a PD
transfer controller in the BTS. In a BTS havi ng at | east one PDCH

ng

3. The method of claim 1, wherein the TFI is assigned based on information
in a channel reservation message that precedes- the data frame transmitted to the
mobile station.

15

4. The method of claim 1, further comprising the step of including the TFI

assigned in an acknowledgment message transmitted by the mobile station.

5. The method of claim 1, wherein a data frame comprises a plurality of data
20  blocks, and the method further comprises the step of including the assigned TFI in
every data block in the data frame.

6. The method of claim 5, wherein the base station retransmits only those data
blocks that have been received with transmission errors without changing contents of
25 those data blocks. |

7. The method of claim 6, wherein a first data block of the data frame is
received with a transmission error and remaining data blocks of the data frame are
correctly received and correctly associated with the data frame and the mobile station.

30
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al l ocated, the PD transfer controller has a physical connection for packet

transfer to and fromthe MSC. The physical connect lon is typically

uni que and uses ordi nary Faternode trunks. The MSC/ VLR

i ncl udes a ngéou (r’r'a"iackets to and fr M,vr ce
area and a P |n contr I Si naII|n Wth a
area and a o con 1 Ao <7 onartine

PCT/ SE96/ 00467 -15-
circuit node MSC. The PD signallng controller also handl es control,

noni t ori ng, and paraneter storage functions related to packet data
MSs. The PD controller conpri ses a pr2@essor, nenory, signalling
interface functions, and software. Al t hough the PD router and PD

signalling controller are shown as parts of the 5 MSC/VLR, it will be
under st ood that eithe8. The methiod aof iclaivh 3, durthericompeising the stepabfiresuming

hysi cal | li zed as. ext | ] te_at t d t he, NBC. .
VEES (PD T out or smasioR & s dfremaiied 35 i, YR behstmision was jutsrrumied by
or nore int ermrﬁm&wwmwmylmmoymmbbﬁ

internetworking with external .network(s), . such as the |nternet €., IP
network) 10 amemmatEMBE!ﬂ%rWaﬂmm ped ©

an X. 25 net woy K) she ulsiSinpleted dath HaftleCONnecting fixed stations (FSs) with t he
MSs. An I'WF rmay perform pr ot ocol
9. The method of claim 8, wherein the predetermined message is a first data
block of the uncompleted data frame,

10 10. The method of claim 6, wherein data blocks in data frames transmitted to
different mobile stations are multiplexed on a downlink communication channel based
on TFIs assigned to the respective data frames.

11. In a mobile packet communications system using a reservation slotted-

15 ALOHA protocol in which data frames are exchnnged between a base station and
mobile stations, a method of implementing automatic repeat request (ARQ),
comprising the step of assigning, to each data frame transmitted by a mobile station, a
temporary frame identity (TFI), wherein the TFI is assigned based on information in a
channel reservation message that precedes a data frame transmitted by the mobile

20 station, and the TFI assigned is unique among other TFIs assigned to data frames
concurrently transmitted by other mobile stations.

12. The method of claim 11, further comprising the step of including the TFI
assigned in an acknowledgment message transmitted by the mobile station.

13. The method of claim 11, wherein a data frame comprises a plurality of
data blocks, and the method further comprises the step of including the assigned TFI
in every data block in the data frame.
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conversion and address translation, as required, and an W nmay al so route
packet data traffic betme#—e@ar%ml\ls Packet data traffic
bet ween Mss in di fferent ervice are A t he same PLMN is

normal Iy route, iiEﬂ?t |y between m i ve MSCs, h
backbone netwogaﬂ or routing purljm ”] ﬁmﬂ may be 4t ed
fromentities on the backbone network tlhrd'uglsl an HLR I nterrogation
server, which provides the functions necessazy for such interrogation
fromthe packet data network.- The AUC, EIR, OMC, and HLR interrogation
server may al so be enhanced fromti e 4,9 time to support new types of

subscriptions, 20 servi ces, and equi pnent. The basi ¢ packet
data network service prOV|ded by a cellular packet data PLMN such as

(dat agram, sorvi ce. batodme e 8 GHRELLE RRGF dl R4E Sauf nipimies oy

"IP pr ot oiata'bledks shatl hivee hudeee:wd&nﬂm'damlimanegbbemﬂri]dtﬁ
Protocol (the de_fact | P protocol used in the TCP/I
protocol suite) W fﬁﬁf‘e%??‘ﬁﬁ% St andar ds Organi zation (I SO)
| nternetwork protocql |1SO 8473. Val ue-added services, including
mul ti cast, broadcast cﬁ? el ectronic mail services, nmay be provided by

Net wor k Appl i c38i e guethyd- glcglaimn s wherein &tﬁ?ﬁdh@d’l@ e dats |framecis

net wor k and accmﬁgg I
| P. Thus, from a packet at a%ﬂ comng}ﬁlacl%'?iﬁgﬁﬁp‘)%lﬁnt Vi evwﬁlﬂéfﬁll
basi cal | y appearcorregly-naceived aad\orrectly associated wﬁmwmeand the mobile station.

PCT/ SE96/ 00467

16. The method of claim 13, further comprising the step of resuming
10  transmission of an uncompleted data frame, wherein transmission was interrupted by
an acknowledgment message erroneously transmitted by the mobile station, by the
base station’s transmitting a predetermined message that includes the TFI assigned to
the uncompleted data frame.

15 17. The method of claim 16, wherein the predetermined message is a first
data block of the uncompleted data frame.

18. The method of claim 13, further comprising the step of resuming
transmission of an uncompleted data frame transfer, wherein transmission was
20 interrupted by an acknowledgment message erroneously transmitted by the base
station, by the mobile station’s carrying out the steps of: transmitting a random
access request; receiving a channel reservation message; and sending a predetermined
message that includes the TFI assigned to the uncompleted data frame.

25 19. The method of claim 18, wherein the predetermined message is a first
data block of the uncompleted data frame. |

20. The method of claim 18, wherein the mobile station includes an indication
that a TFI is already assigned in the random access request.
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whith shows an exanpl e of

The

pr ot ocol

architecture fs illustrated by Fig. 8,

communi cati on between an M5 and an FS,

e.g., a host conputer, attached to an . external IP network. Thus, the
| W= -and M5C R dkasksey the role of IP (I ayer 3). router and the \V/S
and FS can communi cate end-to-end using a transm ssion cont?" 6/00467
protocol (TCP), or transport (layer 4) protocol. For the archltecture
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data system operator. An MS requiring both packet data and regul ar GSM
services 30 may then need a separate subscription in each system The
packet data services WD 96733586
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provi ded by the Svarem may (depending on the functionality ofCTHESHRIT) pe
t he sane as those provided by the systemillustrated in Fig. 7.

In the systemshown in Fig. 9, the only radio channels avail able for Mss
are PDCHs and regul ar GSM br oadcast &fannel s. Thus, registration

| ocati on updating 5 (or cell location teporting), authentication, and
simlar signalling are perforned via /&B )CHg7 and thus allocation of a
first master packet data channel (MPDCH) ﬁﬁ g{ demand, using
ordinary GSMsjgnalling as in Fig. 7, is d? £Zible. Wth this

exception, theyfunctipns fory providing P ‘are|the s as describqd for
Fig. 7. i Thé NF} isC’t hed fir|st -53Dd4 albl oiﬁfea ﬂ a &el 1| OBTET
whi ch packet trySpeNPITYI0 are initrated and I's normal Ty alTocated gy |
system confi gufation, although the nethod of using a PDCH of ar
adj acent cell for requesting allocati.on of an MPDCH in a "PDCH|on 2
demand” cell, prior to noving into that cell, is also feasible. In tlat——
case, the allocation request would be transferred to a systen1enti5y
in the MPDI. This systementity would then send an all ocation fequEsf
to the BTS of phe—RDCH-Qn. 15 deonmnd- cell in question and that cell
woul d, in turn| FRAME&ENGTHE request to the ' 5
FRAME TYPE M/S | SEQ NUM 6

Fig 3A

2 | 3 | a4 | s 8 | 7 8 | octer
TFI 1
BLOCK SEQ NUM TYPE e | 2
NUM OF TRIES | FOR FURTHER USE 3

Fig 38

HEEEN N 6 | 1 8 | octer
TFI | | i
BLOCK SEQ NUN EE E | 2

Frg 5

1 2 | 3 4 5 6 7 8 | ocTeT
RANDOM NUMBER RETR | SING | PRIO | 4

Fig 6

t 2 |3 ] & | s ] s |7 8 | octer
ERROR BIT MAP - ack | 4
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systens. Although in these systens, BSC is not provided as a separate

f uncti onal entity, corresponding base statign.controller functions and
associrat ed new PD Tunctions are instead divided bet ween MSC and base
stations. It will be understood that Applicant ¥6smbiedN 1S
not |i mi ted VO *68B8par ti cul ar embodi ments that have bee? ’gSCI’I b‘gd and
Illustrated. This application contenplates any and all nodificati ons
that fall within the spirit and scope of A;)Gpl i cant!:s invention as
defined by the follow ng clains.

-19- 1. In a nobile packet comyr]i catiohg, pystemusing a
reservation sl otted- ALOHA protocol in which'ddta frapts]are exchanged
bet ween a base station and nobil e stations t hod of i npl enmenti ng
automati c repeat request (ARQ, 5 co I si g the\s;:eps.\of asqigning, to
each data frame transmtted to a nobil® statlﬁt%a &egpor ry frane
identity (TFl); wherein the TFI assign®d is [uni qu§ &, ng her TFIs
assigned to data frames concurrently t&ansnijtted @g)t\ha‘\m)bl | e
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frane.

assi gned based on

nmobil e station to which the TFI

The method of claim 1, wherein the TFI
information i.n the data. frane transnrtted to the
15 i s assigned.

I s assigned based on-

met hod of cl ay@vézsagherei n the TFI

a channel

to the mobile station to which the TFI

met hod of claiml1,

S

further conprising the g

reservati on nessage that precedes the data frame
I S assi gned.
p of

w-%ﬁr»w

i.ncl udi ng the 20'TFI

The

assi gned in an acknow edgnent nessage transmtted by the nobile station.
5. The met hod of claim 1, wherein the base station retransmts.only

t hose
wi t hout changi ng

received with a transm ssion
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data bl ocks that have been received with transm ssion errors
contents of those data bl ocks.

nmet hod of claimb5, wherein a first data bl ock of the data frane
data blocks of the data frane
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are correctly received and correctly associated with the data frame and the

nobi | e station. . 7. In a_mobile packet—eerrani-catTomns
syst em wstng—aTEServation . sl otted- ALOHA protocol in which data frames
are exchanged between a base station 5 and nobil e stati oneCTSENGN0MET] Of
i'npl ement i NPt i ¢ repeat request (ARO, conprising the steps of:

assigning, to each data frane transmtted to a nobile station, a tenporary
franme identity (TFl), wherein the TFl assi d is unique anong other TFIs

assi gned to data frames .concurrently transmtted to other nobile
stations; 10 i ncluding the assigned TFl in every data block in the
data franme to which the TFl is assigned, wherein each data frane

conprises.a plurality of data bl ocks; and res ng trang si on
of an unconpl eted data franme, wherein transm ssion Ao
an acknow edgment nmessage erroneously transmtted by the
station, by the base station's transmtting a predeter
i ncl udes the TFI assigned to the unconpl @ed data frang.

The nethod of claim?7, wherein the prede rmned nessafge is
data bl ock of the unconpleted data franes .
claim 5, wherein data blocks in data fr%?es trangm t
nobil e stations are nultiplexed on a dowdink 20 co i-cati-on-chahne

based on TFls assigned to the respective datafranes
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. S Exe DD r Y
I n a nmobiH-e—paecket—communi cati ons system using a reservation

sI otted AL ch data franes are exchanged between a base
statlon ﬂmm mHé“m m‘ ons a net hod of’ e NMEREPLACEME T BHSE Teepest
requést (A:_‘jS,l* L COMTprsl Si*ng the st eps_ of aSSI g ||-_1pg)es§ WRAC afiat & kb 39Bed 7.
transnitted by a nobile 25 station, a tEhporary gnti.t \-,&JTIF!}, ~o2d 22

wherein the TFl is assigned based on i nfor @lbrh@ (5? h, .,1 -
reservati on nessage that precedes a data frane . &ﬁﬁ t%a
nobi | e st atWihat i tlainiéd imssi gned i s uni que anong t%er

assigned to data frames concurrently transmtted. py ot her_ npbil at
I ncl udi ng the assigned TFl in every data bl oc DATE@FREG Pﬂnz ggﬂm

uhi ch the TFI | s1ass! Ao mobile Hathir*SHihliitdtla haR "ufihe 3 JOGOUBLE"

data frane, whereln transm ssi o I nt errupt lron's

transmtti mjoﬁetbn&d@ﬂérpmﬂim&l mewhltge!atahfnanﬁes laneémlhngé&beﬁléhn abas@station o
t he unconpl et The ngthod of claim 10

Furthos O Sad SolilerstafiSte s wethodof implgmenting atttymptic Jepent daansst AARQ),

acknow egangjrhpAGing R $tbpdofMalsdighin) té fb‘icm& Frame ! fr@fsmitted to a mobile12-
The met hod of cIa|m10 erein the nobile station retransmts only

t hose dat a $thtions atﬂqmponme fitamee) identity (dHI)si wheneim thei 58 assigiedoissumiquiout

changi ng among other TFIs assigned to data frames concurrently transmitted to other mobile

stations; including the assigned TFI in every data block in the data frame to which
the TFI is assigned; and resuming transmission of an uncompleted data frame,
10 wherein transmission was interrupted, by the base station’s transmitting a

predetermined message that includes the TFI assigned to the uncompleted data

frame.

2. The method of cla_im 1, wherein the TFI is assigned based on

information in the data frame transmitted to the mobile station to which the TFI

15 is assigned.

3. The method of claim 1, wherein the TFI is assigned based omn
information in a channel reservation message that precedes the data frame

transmitted to the mobile station to which the TFI is assigned.

4, The method of claim 1, further comprising the step of including the

20 TFI assigned in an acknowledgment message transmitted by the mobile station.

5. The method of claim 1, wherein the base station retransmits only those
data blocks that have been received with transmission errors without changing

contents of those data blocks.

6. The method of claim S, wherein a first data block of the data frame
25 is received with a transmission error.and-renprifiing data blocks of the data frame
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10 contents of those data bl ocks. - 213."__1@_,r]331ﬂod_9f——£—| aim

12, wherein a first data block of the data frane Is.receiv th a
transm ssion error and renai ni ng data bl ocks of thﬂm““m“’ m re
corréctly received and correctly associated with t t he

nmobile  station. 15 14. I8 nobile packet cormunl cations
system using a reservation sl otted- ALOHA protocol i'n which data franes
are exchanged between a base station and nobil e stations, a nethod of

i npl ement i ngwrewbareetly eedebyedaind envetly dsédsted with tleodgtaifeame antlche meghileof :
assigning, to each data franme transmtted by a nobile station, a temporary
20 frane |(fé‘mqll'y (TF1), wherein the TFl is assigned based on information
in a channel reservati on nessage that precedes a data frane
transmtted by the nobile station, and the TFl assigned is unique
anong ot her TFls 7assi dned wmwhilet padkeanennmumcatmm:wystem lagingr anscaertatwnby

h bi | h
ol ock 1t noeHstAR R protagak inhish d5ts et arsexERaedd Depyona Bos sfitions; o
frame congrisREndbik ‘éia'%idnk)’ a Ghetfisdl fihplmenthiii automatic repeat {'&ﬁiéﬂi' (IQRO),

transm ssion of an unconpleted data frane, wherein transm ssion

i nt er r upt ed dosmprising keostepsigfrent nessage erroneously transmitted by the
-22-

assigning, to each data frame transmitted to a mobile station, a temporary
frame identity (TFI), wherein the TFI assigned is unique among other TFIs assigned

to data frames concurrently transmitted to other mobile stations;
10 including the assigned TFI in every data block in the data frame to which the
TFI is assigned, wherein each data frame comprises a plurality of data blocks; and
resuming {ransmission of an uncompleted data frame, wherein transmission
was interrupted by an acknowledgment message erroneously transmitted by the
mobile station, by the base station’s transmitting a predetermined message that

15 includes the TFI assigned to the uncompleted data frame.

8. The method of claim 7, wherein the predetermined message is a first

data block of the uncompleted data frame.

9. The method of claim 5, wherein data blocks in data frames
transmitted to different mobile stations are multiplexed on a downlink

20 communication channel based on TFIs assigned to the respective dataframes.

10. In a mobile packet communications system using a reservation
slotted-ALOHA protocol in which data frames are exchanged between a base station
and mobile stations, a method of implementing automatic repeat request (ARQ),
comprising the steps of assigning, to each data frame transmitted by a mobile

25 station, a temporary frame identity (TFI); wherein the TFI is assigned based on
information in a channel reservation message that precedes a data frame

transmitted by the mobile station, the TFI assigned is unique among other TFIs
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nobil e station, by the base station's transmtting a predeterm ned nessage

t hat I ncl udes the TFI assigned to the unconpl-e .

15. The nethod of claim 14, wherein the predeterm ' first
dat a ‘bl ock of the unconpleted data frane. 5 n“iﬁﬂ}ﬂﬂ]ﬂﬂﬁﬂ(lﬂﬁll e
packet conmmunications systemusing a redrvation '% d el pr ot ocol
I n which data frames are exchanged between a base station and nobile

stations, a method of inplenenting automatic repeat request (ARO),

conpri si Ng dskignéd PEatdfiames c_dncurrentlﬁﬁ&h&ﬂit?éﬂllg‘ &h@?ﬂbbﬂ@fsﬁtifohi’;rﬁclu)ding

transmtted by a nobile station, a tenporary frame identit

(TFI
wher ei n t h¢hgmpsigred;EET imesery datachloek imtherdaga fuame to which ahmIFi/ is assigned;
reservation r ecedes. a_dat r ransn,tted by the.nmobile
ot on ! O hdERERhd GRhsrRiEHE R A AubhPsteriiia st Mieeif rlhalRidh: o
data framesnterrupiedy by’ €e (bnsé Isttfon’s (tPshsiittiid @ praddtérnitibd ! me&age that
I ncl udi ng the assigned TFl in every data block in the data frame to which

the 15 SF|influadgs theyREY assignadetorthemeompleted dataframepr i ses a plurality of
data bl ocks; and resum ng transm ssion of an unconpl eted data
frame transfer, wherein transm ssion was interrupted by an

acknow edgment nEssagFhe ifetiabDof¢lim 10, furtliv ohiprikiny tlie e of inchidihg the DY
the nobile station's carrying out the steps of: ~ transmtting a_ random
access requEEE assigned; ip; anyacknondedgmentanessoge transmittedoby theymebile station.ng a
predet ermi ned nessage that includes the TFl assigned to the unconpleted
data frane. 17. The net hod of claim 16, wherein the

predet er mi ned nekkageThe niethiod of claim 10gwherdi tidkmobilt stationaRtinnsingts ohdy a
f :
rame those data blocks that have been received with transmission errors without changing

10 contents of those data blocks.

13. The method of claim 12, wherein a first data block of the data frame
is received with a transmission error and remaining data blocks of the data frame

are correctly received and correctly associated with the data frame and the mobile

station.

15 14. In a mobile packet communications system using a reservation
slotted-ALOHA protocol in which data frames are exchanged between a base station
and mobile stations, a method of implementing automatic repeat request (ARO),
comprising the steps of: ]

assigning, to each data frame transmitted by a mobile station, a temporary

20 frame identity (TFI), wherein the TFI is assigned based on information in a channel
reservation message that precedes a data frame transmitted by the mobile station,
and the TFI assigned is unique among other TFIs assigned to data frames
concurrently transmitted by other mobile stations;

including the assigned TFI in every data block in the data frame to which the

25 TFl is assigned, wherein each data frame comprises a plurality of data blocks; and

resuming transmission of an uncompleted data frame, wherein transmission

was interrupted by an acknewledgment message-exrroneously transmitted by the
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18. The nethod of claim 16, wherein the nobile station includes an 25
indication that a TFl is already assigned in the random access request.™

10

15

20

25

N O

mobile station, by the base station’s transmitting a predetermined message that

includes the TFI assigned to the uncompleted data frame.

15. The method of claim 14, wherein the predetérmined message is a first

data block of the uncompleted data frame.

16. In a mobile packet communications system using a reservation
slotted-ALLOHA protocol in which data frames are exchanged between a base station
and mobile stations, a method of implementing automatic repeat request (ARQO),
comprising the steps of:

assigning, to each data frame transmitted by a mobile station, a temporary
frame identity (TFI), wherein the TFI is assigned based on information in a channel
reservation message that precedes a data frame transmitted by the mobile station,
and the TFI assigned is unique among other TFIs assigned to data frames
concurrently transmitted by other mobile stations;

including the assigned TFI in every data block in the data frame to which the
TF1I is assigned, wherein each data frame comprises a plurality of data blocks; and

resuming transmission of an uncompleted data frame transfer, wherein
transmission was interrupted by an acknowledgment message erroneously
transmitted by the base station, by the mobile station’s carrying out the steps of:
transmitting a random access request; receiving a channel reservation message; and

sending a predetermined mes;age that includes the TFI assigned to the uncompleted

data frame.

17.  The method of claim 16, wherein the predetermined message is a first

data block of the uncompleted data frame.

18. The method of claim 16, wherein the mobile station includes an

indication that a TFI is already assigned in the random access request.
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