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TECHNI CAL FI ELD OF THE | NVENTI ON The present invention
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varies. BACKGROUND AND SUMVARY OF THE | NVENTI ON

In the evolving area of wireless communi cations, the nunber of services
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The present invention relates to data communications, and more

5 particularly, to transmitting data blocks over a communications link where the

transmission rate varies.

BACKGROUND AND SUMMARY OF THE INVENTION

In the evolving area of wireless communications, the number of services

which may be provided between a mobile station (MS) and a base station (BS) have

10 greatly increased and include real time services, such as speech and video, as well as
non-real time services, such as file transfers and electronic mail messages. Each service
typically has different transmission format requirement. One transmission format
requirement is the transmission rate over the radio channel between the mobile station
and base station. A radio channel may correspond to a radio frequency in a frequency

15 division multiple access (FDMA) system, a time slot in a time division multiple access
(TDMA) system, and a spreading code in a code division multiple access (CDMA)
system. Because of the variability of services that need to be delivered, the
transmission rate on the radio channel may change at a fairly high frequency. In fact, in
some systems, the rate at which the radio channel may change may be on the order of

20  every ten milliseconds. For higher transmission rates, the number of data bits
transmitted in each time frame can be quite large. On the other hand, for relatively low
transmission rates, a much smaller number of data bits is transmit during that same time

frame.
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10 those retransmitted blocks are received and sequenced at the receiver.

1t is important to carefully choose the size, i.e., number of bits, in each of

these smaller blocks. The larger the data block size, the larger the probability that the
retransmitted block will be received with too many errors. In order to keep the number
of errors down in such a large block situation, a very high quality radio channel is

15 required which is either unobtainable under current conditions or “expensive” in the
sense it consumes limited capacity. On the other hand, as the size of the data blocks
decreases, the effective data rate or throughput also decreases because the number of
overhead bits used in each of the data blocks, e.g., sequence number, error correction
and detection bits, etc., increases relative to the number of actual “payload” data bits

20  that make up the substantive data message.

The fact that the transmission rate on a radio channel or any type of
communication channel may change frequently complicates the determination of the
appropriate data block s'ize. Consider the example shown in Fig. 1 where the block size
is 640 bits. The data transmission rate may change to one of two rates: 64 kbit/s and 32

25  kbit/s. The frequency at which the transmission rate may change corresponds with the
frame interval of ten milliseconds. In other words, the transmission rate is only

permitted to change at the end of and not during each ten millisecond frame interval.
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pernmtted to change at the end and not during each ten ml|isecond rarre
i nterval . bits of the second half of the data block takes only one half of the third, ten miBlisecond

frame interval. This leaves the latter half of the third frame interval “empty” which then
10 is filled with “dummy” bits. The failure to transmit useful information during portions
of frame intervals wastes precious resources (especially in a radio communications

context) and reduces the effective data throughput rate over the radio channel.

One way of handling this variable transmission rate problem is to adapt

the data block size (the number of bits in each block) to the current transmission rate.

15 However, this approach causes difficulties when data blocks must be retransmit as a
result of corruption over the communications link. For example, consider the situation
where a large size data block is initially transmit at a high data transmission rate in one
ten millisecond frame interval. That large block is corrupted, and therefore must be
retransmitted. At the later time when the large data block is be retransmit, the

20  transmission rate at that time may have changed, e.g., to a lower transmission rate.
Because of the lower rate, the large block of data cannot be transmitted in a single ten
millisecond time interval, and one or more additional frame intervals must be used to
transmit the remaining data. Very likely, one of the frame intervals is transmitted with

less than a full payload.

25 It is an object of the present invention to provide a method for
determining an optimal data block size for use in communications systems where

variable transmission rates may be employed.
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time interval is fully occupied with useful information, i.e., there is no unused or
15 “filled” portion of one of the time intervals. Even though data may be initially transmit
at a first transmission rate in the fixed size data blocks, when a change is detected from
the first transmission rate to a second transmission rate, bits are allocated and transmit

at the second transmission rate into the same fixed size data blocks.

The fixed data block size is determined based on a maximum frequency at
20 which the transmission rate may change on the communications link and a lowest
available transmission rate. Preferably, the fixed size of each data block is limited by
predetermined maximum and minimum data block sizes in order to reduce the number
of bit errors per data block, maintain a certain data throughput, and limit the amount of

overhead bits relative payload bits.

25 In addition to initial data transmissions between two communications

devices over a communications link, the present invention is also beneficial in the
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transmi PDU has the same number of bits irrespective of transmission rate or other format. The
10 fixed size PDUs are then transmit over a first physical protocol layer using the second
transmission format specifying a second transmission rate different from the first
transmission rate at which the data message was originally transmitted. The fixed PDU
size is selected so that the time intervals are fully used despite frequent changes in
transmission formats and rates over the communications link. In other words, time

15 intervals are fully occupied with useful information without having to add filler data

bits to complete that frame time interval.

Although the present invention may be advantageously applied to any
communications device in any data communications system, a preferred advantageous
application is to data communications between a mobile station and base station, and in

20  particular, to code division multiple access (CDMA) mobile communications systems.
A first communications protocol layer employs spreading codes in transmitting PDUs
over a radio communications link. A second communications protocol layer above the
first layer corresponds to a radio link control/medium access control (RLC/MAC)
protocol layer. The RLC layer performs the segmenting of data into the fixed PDUs for

25 transmission over the radio interface.
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r et r ans memphasis dasteard beingplaged upea illustsating thequinciples kf theoimyention.ayer into
fixed size protocol data units (PDUs) where each fixed size

Fig. 1 is a diagram illustrating one of the problems resulting from variable

rate communications solved by the present invention;

Fig. 2 is a function block diagram illustrating example communications
10 devices and a communications link therebetween where the present invention may be
advantageously employed in accordance with a first example embodiment of the present

invention;

Fig. 3 is a flowchart diagram illustrating example procedures according to
a Fixed Block Size Transmit routine 10 in accordance with the first example

15 embodiment;

Fig. 4 is a flowchart diagram illustrating example procedures for

determining a data block size in accordance with the first example embodiment;

Fig. 5 is a diagram illustrating an example of how the present invention
can be employed over a communications link in which the transmission rate is changed

20 over the communications link;

Fig. 6 is a diagram illustrating another example application of the present

invention;
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6 BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 9 is a simplified diagram of a PDU format; and

Fig. 10 is a flowchart diagram illustrating a Retransmit Data Block

10 routine 200 in accordance with an example application of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

In the following description, for purposes of explanation and not
limitation, specific details are set forth, such as particular embodiments, data structures,
hardware configurations, data rates, techniques, etc., in order to provide a thorough

15 understanding of the present invention. However, it will be apparent to one skilled in
the art that the present invention may be practiced in other embodiments that depart
from these specific details. In other instances, detailed descriptions of well-known
methods, devices, and circuits are omitted so as not to obscure the description of the

present invention with unnecessary detail.

20 Fig. 2 illustrates a general communications system in which the present
invention may be employed in a first example embodiment. A sending communications
device 1 communicates over a communications link 5 with a receiving communications
device 6. Communications link 5 may correspond to any type of communications

media including a wire, an optical fiber, a microwave link, a radio link, etc. and may
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|Ilustrat| e applicatron e present I nventi on;
device 6 includes a transmltter 7, data processing circuitry 8 including one or more

buffers, and a receiver 9. The data processing circuitry 3 in sending communications
10 device 1 transmits via the transmitter 2 information over the communications link 5
using fixed size data blocks. The size is independent of the current transmission rate

over the communications link 5.

In that regard, reference is now made to the Fixed Block Size Transmit
routine 10 illustrated in flowchart format in Fig. 3. A first number of bits is assigned to
15  each fixed size data block according to a first transmission rate. Those data blocks are
sent via transmitter 2 over communications link 5 to the receiving communications
device 6 (block 12). A decision is made in block 14 whether the transmission rate for
transmitting data over communications link 5 has changed. If the rate has changed, a
second number of bits is assigned to the same fixed size data blocks according to a
20  second transmission rate. The transmitter 2 transmits those fixed blocks at that second

transmission rate over the communications link 5 (block 16).

An important aspect of the present invention is the determination of an
optimal block size to be fixed for all of the available data transmission rates that may be
employed over the communications link 5. Accordingly, reference is now made to the

25 Block Size routine 20 illustrated in flowchart format in Fig. 4. A frequency (F) at

which the transmission rate over communications link 5 may change is determined

(block 22), i.e., the number of transmission rate changes/time unit. In addition, a
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connunication protocol |ayers 5 enploygd I n comruni cati ng between nobil e
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servi ce nodes i n a nobi | e conmmuni cations systemin Fig. 7,
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_ Tx(min)
fixed block size = ——— ¢))
F
5 Consider now the example transmission scenario over communications

link 5 shown in Fig. 5 in which the present invention is employed. Assuming a frame
interval of ten milliseconds is the highest frequency at which the transmission rate may
change over communications link 5, and assuming two available transmission rates of
64 kbit/s and 32 kbit/s, the fixed block size in accordance with equation (1) above is ten
10 milliseconds * 32 kbit/s. Accordingly, each fixed data block contains 320 bits.
Assuming the initial transmission rate is the higher 64 kbit/s, each transmitted ten
millisecond frame interval contains two, 320 bit, data blocks for a total of 640 bits.
When the transmission rate changes at the end of the ten millisecond frame interval to

32 kbit/s, only a single 320 bit data block is transmitted per each frame interval.

15 Despite the fact that the transmission rate changes after only ten
milliseconds, the optimally calculated fixed block size ensures that the ten millisecond
intervals are fully occupied. Those skilled in the art will appreciate that fully occupied
means that bit positions in a frame interval are not wasted. In other words, there is no
substantial portion of a frame interval that does not contain useful information including

20  either overhead or payload bits. For example, the present invention as illustrated in
Fig. 5 contrasts with the similar scenario shown in Fig. 1 in which one half of a ten
millisecond frame interval is transmit without any useful information. Transmission of

dummy bits during that useless portion of the frame interval is wasteful and inefficient.

It may be desirable to place some constraints on the size of the fixed data

25 block depending upon parameters of the variable transmission rate communication link.



limtation, specific details are set forth, such as particul ar enbodinents,

dat a St r uctyh 685927 har dwar e conflguratlons data rates, ﬁd?%ﬂ@bﬂ”ﬁ§’
etc., in order"to prOV|de a thorough 15 under st andi ng of t he present
i nvent i on. However, it will be apparent to one skilled in the art
that the present |nvent|on may be practﬂ@ed I n other enbodi nents that
depart fromthese specific details. In other instances, detailed

descriptions of well-known nmet hods, devi ces, and circuits are onmitted

SO as nog?{/&@%@gu{ﬁhégfoctieﬁfé is%bgﬂlaﬂf gtl%%erzpercF ?% H&X%I on with

unnecess es a gener al

communi C&&ﬁﬁﬂﬁm&%ﬁg}o d oihiunicaidss B ('ij;ﬁ%?é‘hverhead bitE‘(ﬁﬂEl‘l PEdBRY tlﬁeoﬁ?ﬁ’l'l oyed

in a first exarrp odi nent. A sendi ng conmmuni catl ons device 1

conmuni Celr@eghp(e tnd eEREIEHEY.CONI the BtherMand, Miid? Hlodlgctt Provge toemamwhithi ons

device 6. Comuni cations [ink 5 may correspond to any type of

communi calay@equire one ormamhre rétrarisurissignsinvender teetrangmit saimdriydeits rediablycr onwave

link, a radio link, etc. and may

8 5 Cenﬁmnénwnmm amd/on rhinimum fizedrdatai black size lmithmay baset abl e f or

transm ssl on over any. of the comunications nedia. The transm ssion
rate oveHenEHSmeRen themppiication. may be varied quite frequently at
predeterm ned intervals. In the exarrpl e shown in Fig. 1 descri bed

- above, the predet émn dinterv qﬁgonds tQ frad"re of %e
m | liseconds. onsider an examp e wiiere the Sompunications device may ransml

over the communications link 5 using any one of the following available transmission
rates: 8 kbit/s, 32 kbit/s, 64 kbit/s. Employing equation (1), the fixed block size is ten

10 milliseconds * eight kbit/s which equals 80 bits. It may be that a block size of 80 bits is
too small, i.e., less than a f_hresho]d (T) as shown in decision block 28 in Fig. 4. In that
case, the block size is set at 320 bits consistent with the next higher rate of 32 kbit/s, but
the highest fréquency at Which the transmission rate over communications link 5 may
change is reduced by a factor inversely proportional to the difference between the

15 lowest and next lowest transmission rate. In this example, that factor is four.
Therefore, the highest frequency at which the transmission rate may change in this
example is 40 milliseconds when the transmission is 8 kbit/s. Fig. 6 shows that the
fixed size data block of 320 bits is transmitted using four frame intervals of 80 bits
each. During those four frame intervals, the transmission rate rhay not change. Thus,

20 the invention limits the frequency at which transmission rates may change when low
transmission rates are used (block 30). Again, the present invention ensures that even
though the transmission rate may change dramatically, e.g., from 64 kbit/s to 8 kbit/s,
the size of the data block is determined so that all of the frame time intervals are

employed to transmit useful overhead and payload information.

25 The present invention may be advantageously applied to any
communications system including mobile communications network systems that are

FDMA-, TDMA-, and CDMA-based systems. Fig. 7 shows an example mobile

5




Conmuni cations device 1 includes a transmtter 2, data processing
circuitry 3waedsadrsg one or nore buffers, and a receiver 4. ge1sEafois

comuni cati ons device 6 includes a transmitter 7, data processing
circuitry 8 including one or nore ?1 fers, and a receiver 9. The data
processing circuitry 3 in sending commn ations |0 device 1 transmts via

the transmtter 2 information over the conmunications link 5 usi ng
fixed size data bl ocks. The size is independent of the current transm ssion
rate cotAfunici®ions @S%thCPOO OASrepte3kntative connection-oriented, extetnal toR!
regard, reference is now made to the Fixed Bl ock Size Transmi t routine

10 i Il ust netivantk, shomoawtlaud 1201 maly benfoFiegample thefPuldic Switbked Flephose i s
assigned to 15 ‘each fixed size data bl ock according to a first transm ssion

rate. ThoNetwierk{PSIdEkanddorthe Integratnd Services Emgllﬁalt @W@kdI/SiPNdoﬁrrum cations

link 5 to the recei ving conmuni cations ice 6 (block 12) ci sion
i s made | ¥ePEESsBtativg mﬁe@ﬁ&nl@wmxﬁﬁ@mﬁ@m@hcwﬁtr@twgr showntafSaﬁigmlﬂ Snr@ay
dat a over cgq:m'runlctlon Ilnrﬁﬂls ch I t e rate ha change

second nub® 8 U’%‘?Q"e‘pﬂa ingse

accordi ng %&) 816%)0 second transm ssi on rate The transmtter 2 transmts
those fix3%Bl'ocks at that second - transm ssion rate over the

comuni cations link 5 (block 16). An inportant aspect

of the present inverht PITN/ISDN EGirReHbAMrieAfedhet¥ork 120 15’%!115@8&&”«95‘( si ze

to be fixed for all of the available data transm ssion rates that may be

enpl oyed eomiiectibg-oriemedieraiceaindelshovntas Fmobildiskdiching edmec(MB8O) nodewggade
to the 25 Block Size routine 20 illustrated in flowhart format in Fig. 4.

A fr equenﬁxylt pryvides circuit-switchéd séreices.alrs ainsehibncomtminications systen suchi asthe
i nk may change i s _determ ned |(E,\1| ock 22) e., the nunber, of
tr ansffﬁ ssWEH-knoven &M g¥stem eraplayied in Furepeiped ékeWzbere the mobile switching

center 180 is connected over an interface A to a base station system (BSS) 220 which in
turn is connected to a radio base station 230 over interface A’. The Internet
connectionless-oriented network 140 is connected to a General Packet Radio Service

(GPRS) node 20 tailored to provide packet-switched type services.

15 Each of the core network service nodes 180 and 200 connects to a radio
access network (RAN) 240 over a radio access network interface. Each radio access
network controller 260 is connected to a plurality of base stations 280 which
communicate over the radio interface with a plurality of mobile stations 300. Although
any radio access may be employed, radio access is preferably based on

20 Wideband-CDMA (W-CDMA) with individual radio channels allocated using
W-CDMA spreading codes. W-CDMA provides wide bandwidth for multimedia
services and other high rate demands as well as robust features like diversity handoff

and RAKE receivers to ensure high quality.

Fig. 8 illustrates a schematic view of a possible communications protocol
25 stack of lower communication protocol layers for use in the mobile communications
system 100 shown in Fig. 7. A radio link control/medium access control (RLC/MAC)

protocol layer is placed on top of a physical protocol layer L1. Assuming a Wideband-



9 m ni mum or | owest available transmission rate (Tx(mn)) over fhe

conmmuni cat | link is determ ned (block 24). A fixed | S
‘then deter W?&”{%"l ock 26) in accordance with the foll o?ﬁbﬁg%%%togﬁ on:
fixed block size = Tx(mn)(1)

F 5 Consi der now t he e3<%1rrp| e transm ssi on scenari o over
conmuni cati ons link 5 shown in Fig. 5 in which the present invention
is enpl oyed. Assunming a frane interval of ten mlliseconds is the

conmunt GPMHPRSIR! L8 e LRGATIRRAT IR L, 7B a5 the REGNARCO(ST
64 kbi t/graRthtdt f{xg'rtaﬂq&i rfét%rﬁ Eﬁgﬂglmggkg’lé)' fo? diverSit§ RAAANER plirpdsesd Thiei ON

(1) above 1s ten I secon bit/s. Accordingly, "each fixed data

bl ock comird protobdd 1d¥et Sorresponds 6 dilbgigal lisk control(LIC pwhivhstieiminatatat ths t he
hi gher 64 kbit/s, each transmtted ten mllisecond frame interval

cont ai nscdrametBatks{CNs)ddthe RILOMAQC and LG praitoai] 18yeds maysbe viewedwsdawehe
transm ssion rate changes at the end of the ten mllisecond frape interval
to 5 3ulkigher datadinkylayerstypgpeotecol levelsgrespeativel indhe context okthg per each
frame interval . 15 Despite the fact that the transm ssion
rate cha‘ﬁ@%ﬂféﬂﬂm@ﬂﬂy ten mlliseconds, the optimally cal cul ated
fixed bl ock size ensures that the ten mllisecond

While each of these three protocol layers provide numerous functions, for
purposes of describing this particular embodiment of the present invention, only certain
tasks are described. At the physical layer, data streams originating from different

10 communications services are multiplexed onto a radio communications channel. These
services can have different quality of service requirements, e.g., different bit error
requirements, different types of coding (convolutional coding, Reed-Solomon coding,
etc.), and different transmission rates. To change the transmission rate, for example in
the uplink path from the mobile station to the base station, the spreading factor of the

15 spreading code assigned to that mobile station is changed. The mobile station,
therefore, may transmit data for different services at the same time while also using the
limited radio resources efficiently by adapting to the required transmission rate for a

specific service.

Reliable transmission over the radio interface is achieved, for example,

20 using an Automatic Repeat reQuest (ARQ) scheme at the RLC protocol layer. Higher
layer data packets provided by the LLC protocol layer are segmented into smaller
blocks, referred to as RLC protocol data units (PDUs), suitable for transmission over
the radio interface. An RLC PDU is the smallest retransmission unit. An example RLC
PDU is shown in Fig. 9 and includes a header field 32 having among other things a

25  sequence number, a payload data field 34 which contains a portion of the LLC message

to be retransmit, and an error detection and/or correction field such as a cyclic code



intervals are fully occupied. Those skilled in the art wll| appreciate that
ful |y occupwmaslesssez7s neans that bit positions in a frane i nterrCI/SEIN/G008T
wasted. In other words, there is no substantial portion of a frane

i nterval that does not contain useful in I mation including 20 either

over head or payload bits. For exanple, tfie present invention as illustrated
I n Fig. 5 contrasts with the simlar scenario shown in Fig. 1 in which
one half of a ten mllisecond frane interval is transmt w thout any
usef ul i e@hR@dricythedk ¢ORT)SY. OThY, if a Pacléhlﬂ ¥HotXeliabNufecivet ThdméSrekeiving
portion of the fifanme interval is wasteful and inefficient.

It may baledées, ftisiretrimsnit bydhe RIEC tayesi rai nts on the size of the fixed data
25 Dbl ock dependi ng upon paraneters of the variable transm ssion rate
communi cation link. ] L. .

10 For exanpbimildritorwhatiwascdesstibed above; she RluG PDU sizede fixgd apdis age
of the data bits transmtted over the ¢o nicatiqns |link are pver head
bi t 5 whi (JeieRINEd basarbon e highest ﬁeqqen%abw&m%dﬂt!pmléﬁleﬂwﬁr@w &t her

rand J G5 R g SR e Rl el TR g A7 1
Conseeny b it YRR FRFLIHEHEibfot bbbl iy T Do
crarm! o A, PAEPAARIAQERSH 60 g MUOMERRERng scherTor ki

matching.

A Retransmit Data Message routine 200 is now described in conjunction

10 with the flowchart shown in Fig. 10. An indication is made to retransmit a data

message which was initially transmit using a first transmission format (block 202). The

RLC layer segments the data message into fixed size PDUs (block 204). The fixed size

of the PDUs is determined in accordance with the Block Size routine 20 shown in

Fig. 4. The fixed size PDUs are retransmitted over the radio interface fully occupying
15 one or more radio frames using a different, second transmission format (block 206).

Even though the two different formats include two different transmission rates, the

fixed PDU size, having been optimally selected, ensures that there is efficient use of

radio resources.

While the present invention has been described with respect to particular
20 embodiments, those skilled in the art will recognize that the present invention is not
limited to these specific exemplary embodiments. Different formats, embodiments, and
adaptations besides those shown and described as well as many variations,
modifications, and equivalent arrangements may also be used to implement the
invention. Therefore, while the present invention has been described in relation to its
25  preferred embodiments, it is to be understood that this disclosure is only illustrative and

exemplary of the present invention and is merely for the purposes of providing a full



rates: 8 kbit/s, 32 kbit/s, 64 kbit/s. Enploying equation (1), the fixed

bl ock size Wég%@ggio mlliseconds * eight kbit/s which equglcdQobbs- |t '

may be that a size of 80 bits is too small, i.e., less than a
threshold (T) as shown in decision block 28 in Fig. 4. In that case,
the block size is set at 320 bits consistent with the next hi gher rate of
32 kbit/s, but t he hi ghest frequency at which the transm ssion rate
over comuni cations link 5 may change is reduced by a factor inversely

{ransm ot erpBibe o FE ALSolha T if Mgl R FRpPeiticift iy
t he hi ghast ther, Wsc%hemitﬁ@cltaﬂﬁsh?gégﬁ%ﬁ%}&& rate may change in this

exanple is 40 I'1'l seconds when the mssion is 8 kbit/s. Fig. 6 shows

that the fixed size data block of 320 bits is transmtted using four
frame intervals of 80 bhits each. During those four frane intervals,
the transm ssion rate may not change. Thus, 20 the invention |imts the
frequency at which transm ssion rates may change when | ow transm ssi on

rates are used (block 30). Again, the present invention ensures that even
t hough the transm ssion rate may change dramatically, e.g., from64 kbit/s

to 8 kbit/s, the size of the. data block is determned so that all of
the frame tinme intervals are enpl oyed to transmt useful overhead and
payl oad i nformation. 25 The present invention may be
advant ageously applied to any comuni cati ons system i ncl udi ng nobil e
communi cati ons network systens that are FDVA-, TDMA-, and CDMA- based

systens. Fig. 7 shows an exanpl e nobile
11



communi cations system 100. A representative connection-oriented, external

core navome/k27&hown as cl oud 120, may be for exanpl e t hep®rr/bE9domo70s
Swi t ched Tel ephone Net work (PSTN) and/or the Integrated Services
Digital Network (I1SDN). A repr esent 81t5 ve connectionl ess-orient ed,
external core network, shown as cloud 14 my 5 be for exanple the
Internet. Both networks are coupled to correspondi ng service nodes
160. The PSTN/ | SDN connection-oriented network 120 is

connect ed WHIAT IS CL £ [gn-ori ented service node shown as a nobile

Swi t chi ng?@—r—ms%e—‘rao that provides circuit-swtched
services. In a nobile communications system such as the 10 well-known GSM
system enpl oyed.i n Bumegthodod trahsmitting datd tevariabld mtesrovertd cgnmunications er
180 is connected over an interface Ato a base station system (BSS) 220

whi ch in link intpredetesminedrtime éntervals; wheste eathnofthet predeterm®ddime intereals has
A' . The Internet . connectionless-oriented network 140 is connected to a
General Pib&samegyrations compsising: (GPRS) node 20 tailored to provide
packet - switche he core network

dty
servi cé nodes fgﬁ}lgﬁlgscg%% f‘g’gﬁsﬁﬁmlgmf’ﬂ og(eftalm(&pmmumcgglgggimketmrk (RAN) 240

control | o 260 MBI AR frap s s REPor Al GoR T8 e coramfi ks ik

communi cat e ov&frobidfn agﬂagntsrﬁﬁﬁé firk tmnfsmgum fat@'.mbxﬁﬁd dPdHAE blbals, eRch

300. Al though an adi o access may be enployed, radio access Is

pref er abl yfixedssize @itaHochhavdhg ke SEMn(ibebWRbityd t h i ndi vi dual radio
channel s al | ocat ed usi ng W CDVA spreadi ng codes. W CDMVA provi des w de

bandwi dt h for rtrdnsmittifigiover the semmurdeations Intkhatrthhifiyst tratsmissionmate dwinge! |
as robust features |ike diversity handoff and RAKE receivers to ensure
hi gh d@al iang.or more of the predetermmeqitrgne mtenvialss fisst apmber of ¢hafixed vizewats a

ossi bl e ni cation r ot
P Cb‘igéﬁ’s corresponaln% to tﬁe %rst transmission rate;

detecting a change in transmission rate over the communications link from the

first transmission rate to a second transmission rate;
providing data bits at the second transmission rate into the fixed size data blocks;
15 and
transmitting a second number of the fixed size data blocks corresponding to the

second transmission rate during one or more predetermined time intervals.

2. The method in claim 1, wherein the fixed size of each data block is
determined so that the fixed size data blocks fully occupy each of the one or more
20  predetermined time intervals for both the first and second transmission rates with useful

information.

3. The method in claim 1, wherein the fixed size of each data block is
determined based on a frequency at which the transmission rate may change and a

minimal data transmission rate.

) O 0



25 stack of | ower comrunication protocol |ayers for use in the nobile )
conmmuni cat | system 100 shown in Fig. 7. Aradio lin medi um
access con ro?%/s(gﬁlfd MAC) protocol |ayer is placed on tg%fggg%&z ysi cal
protocol layer L 1. Assum ng a W deband-

12 CDMA physi cal | ayer, the physiléal protocol layer L1 as well as
the RLC/ MAC termnate at the radio network controller (RNC) for

di versity handover purposes. The third protocol |ayer corresponds to a

logi cal 1ink Sg)”t I ¢he M{d Whliéﬂntiff R}fﬂe‘?@ih%e ?fqugﬁc\y correspohfls Bh Yiisum

(CNs). The RLL MAC an protoco ayers my lewed as lower 5 and
hi gher dﬂ’e&uéﬂd;‘%&'\ﬂ%ﬂ the REn@hiREAGhtd 14§ changeambtiei titlimnal datatthmsnrissiont
stan arJ oSl m).réel. :

of the Whi |l e each of these

three prpii@eetresponds o Midlwist riteavsileblé unwhicindata huay be trangmitfedses of
describing this particular enbodi nrent of the present invention, only

certain tasks are described. At the physjical layer, data streans
ori gi nati ng f5om diTheenethod i claindynwhereini the fixed sigecefcagh of the ﬁi"ﬁ&é%@d ont o
a radi o communi cati ons channel. These, services can have different

qual i1y dataddecksopusicayseed ppnedefinedgninigpum &izent bit error
requi renments, different types of coding (convolutional coding, Reed-Sol onon
codi ng, tc.)..and

(Fansi ssion Fat o, ThEfefat s €l 4 \ilichae Sl @R redfrd iR
st at { i : :
2sei onoatanisPRIG Ry chlned i TR RNERGRAA kel e BB code

predefined rate.

7. The method in claim 1, wherein the transmission rate is prevented from

10 changing during the predetermined time interval.

8. The method in claim 1, further comprising:

retransmitting at the second transmission rate one or more of the first number of

data blocks during one of the predetermined time intervals,
wherein the retransmitted one or more of the first number of data blocks together

15 with any one or more of the second number of data blocks fully occupy the one or more

predetermined time intervals.

9. The method in claim 1, wherein the communications link employs a wire

or optical cable for transmitting data.

10.  The method in claim 1, wherein the communications link employs a

20 wireless radio frequency resource for transmitting data.

11. A method of retransmitting data at variable rates at a first communications
protocol layer in predetermined time intervals, where each of the predetermined time

intervals has the same duration, comprising:
receiving a request for retransmission of a data message previously transmitted

25  using a first transmission format specifying a first transmission rate;

A L



therefore, may transmt data for different services at the same tinme while
al so using twe9yse27sl imted radio resources efficiently by adpgtisighdoges he
required transm ssion rate for a speci fic service.

Rel i abl e transm ssion over the radio interface is achieved, for exanple, 20
usi ng an Automatic Repeat reQuest (ARQ d¢hene at the RLC protocol | ayer.

Hi gher | ayer data packets provided by the LLC protocol- layer are
segnented into snaller bl ocks, referred to as RLC protocol data units

(PDUs), sui tabééagrrﬁé?fti AR QBm?fflﬁﬁcations ré)#ﬁ?ocrﬁﬁgﬂr ia%ﬁ%ﬁ?elcﬁrsg An RLC PDU

is the small est "retraffsm ssi on uni n exa [2) hown in

Fig. 9 angbrhamnicheons pF&%dGFla?éﬂh@ difa fit¥sdpe t8BR8trahdRlt ihfd 8 §iz8°

sequence nunber, a payl oad data field 34 which contains a portion of the

LLC nessagetocol dataouriits (FDUs)) eath fixed dize PRUMavinelRGan manbéosf Bigs r ecti on
field such as a cyclic code L _

13 indgpensieah of whiether thiecROU bas therfiest of 4 secquakctransmissiontformbi; andy
received froma recgiving . device, it is retransmt by the RLC |ayer.
Similar to whatangmitingte Heed sipe PO Us wia the Orsimonsmunidations peetoeoldayer

I ned.b d he hi gh freque at which the transm ssion rate
my - changiinga SEY HraTsmisFion foBPa) Shicuy Ing & sRepradratmnissian raig sharany are

transm ssg Q‘{rﬁ?&&ﬁfiﬁsmn rat%(%:? ﬁ){'gl{l'cﬁ thd fad rf[lerses‘arllgsemwgg 'o?i%n];a?fynt‘%itins?rln%rég cmrltng
ot her parameters such as eodi

one or more of the predetermined time intervals.

12.  The method in claim 11, wherein different transmission formats include

10 different coding schemes, interleaving lengths, or repetition schemes.

13, The method in claim 11, wherein each PDU includes a header having a

sequence number, at least a portion of the data message, and an error detection field.

14, The method in claim 11, wherein the fixed size of each PDU is selected so
that the PDUs integrally occupy the predetermined time interval despite differences in

15  transmission formats.

15. The method in claim 14, wherein the PDUs occupy the predetermined

time interval without having to add filler data bits to complete the predetermined time

interval.

16.  The method in claim 11, wherein the fixed PDU size is determined based

20 on a frequency at which the transmission rate may change and a minimal data

transmission rate.

17.  The method in claim 16, wherein the frequency corresponds to a
maximum frequency at which the transmission rate may change and the minimal data

transmission rate corresponds to the lowest rate available at which data may be

25 transmitted.

AR R



information, interleaving information, and repetition/puncturing schenes

for rate wm&@sb%“ ng. A Retransm t Dat&—l&%ar msh%wn in.

routine 200 1s now described in conjunction 10 wth the flow

Fig. 10. An indication is nade to retrar@rrit a data message whi ch was
initially transmt using a first transm’®sion format (block 202). The

RLC | ayer segnents the data nessage into fixed size PDUs (bl ock 204). The
fixed size of the PDUs is determi ned in accordance with the Bl ock Size

routine 20 shqgn i g'l%eurpfth%h% cfaim'{'E 1\%1‘;8?@91 the HhaxXiiidin Sxfegugnr?g &wHichitRe over

the radio interfac y occupying one or nore ra nmes using a
di ff er eniranSMERith fat@RY chahge iy RUIBéd WhkR @ie 28 transmissiéty %tte Eﬂ@élgw 4 P? two

different formats include two different transm ssion rates, i xed
PDU si ze prédefined rhteen optinmal |y sel ected, ensures that there is efficient
use of radi o resources. Whi |l e the present

i nvention has been described with respect to particular 20, enbodi nents,

t hose skilled1Pn t Alkeanethadiin claimolyhiwhereindhe trapspissiemrate ispreventadifeom ot
limted tpo these specjfic exenplary enbodi nents. Different formats,

enbod$ nehangipgduring %HEF&FE&WBH%J B I§EValhose shown and described as wel |
as nmany vari ati ons, nodi fi cations, and equival ent arrangenents may

al so be used i Myl enent the. invention Therefore, while the present
i nvention hasag'eegadg%m%lé‘ba%oﬁsp&V’eﬁeic(S’Herbs“?g's 25 preferred enbodi nents,

L ohs, Lo be uadi oathda 1 SailnicliBa gver b SohunibhdotR Al ve and

exenpl ary of the presen nvention and 1I's nere or the purposes of
providing a fudhfa processing circuitry detecting a first transmission rate associated with data

to be transmitted over the communications link, and providing data bits at the first
10 transmission rate into fixed size data blocks, each fixed size data block having the same
nﬁmber of bits; and
a transmitter transmitting over the communications link at the first transmission
rate during one or more of the predetermined time intervals, each time interval having
the same duration, a first humber of the fixed size data blocks per time interval
15 corresponding to the first transmission rate;
wherein the data processing circuitry detects a change in transmission rate over
the communications link from the first transmission rate to a second transmission rate,
provides data bits at the second transmission rate into the fixed size data blocks, and
transmits a second number of the fixed size data blocks per time interval corresponding

20  to the second transmission rate during one or more of the predetermined time intervals.

21.  The communications device in claim 20, wherein the fixed size of each
data block is determined so that the fixed size data blocks fully occupy the one or more
predetermined time intervals with useful information for both the first and second

T

transmission rates.

[T



14 and. enabl i ng disclosure. Accordingly, it is intended that the

i nvention beWDi%459298 only by the spirit and scope of the cl ai reTsRPRIVIE]
her et o. 15

VWHAT 1S CLAI MED 1| S: 1. A1|~9‘ethod of transmtting data at
vari abl e rates over a comruni cations link in predetermned tine

I ntervals, where each of the predetermned tine intervals has t he sane
duration, conprising: 5 receiving data for transm ssion over the

comuni cat i ons 2R2i nk;The communicatiofl€ Heeice M chiirl 205 twhdreinstie ThiedrsizedPedchr
transm ssi on over the conmunications |ink; providing data bits
at the fi data blogkindeteimineddiased oha frequencyiat ehich thettransinsissioacate may fi xed
size data bl ock having, the same nupber of bits; transmtting
over the €bamgmande mipimal data transmissianrate.t r ansni ssion rate during 10 one
or nore of the predetermined tinme intervals a first nunber of the fixed

Si ze data | oc corresponding,.ta the fir transm ssion rate;

detecting a chgﬁge :ﬁﬁ]et(?%@HBg:@ leﬂgf‘%\chﬁeH\‘/EImm s@ﬂ?ﬁﬁ‘ﬁi'@ﬁtﬁ%@y nk from

the corresponds to a maximum frequency at which the transmission rate may change and
the minimal data transmission rate corresponds to the lowest rate available at which

data may be transmitted.

24.  The communications device in claim 22, wherein the fixed size of each of

the fixed size data blocks must exceed a predefined minimum size.

10 25.  The communications device in claim 24, wherein the maximum frequency
at which the transmission rate may change is reduced when the data transmission rate is

below a predefined rate.

26. The communications device in claim 20, wherein the transmission rate is

prevented from changing during the predetermined time interval.

15 _ 27.  The communications device in claim 20, wherein the transmitter
retransmits at the second transmission rate one or more of the first number of data
blocks during one of the predetermined time intervals, and

wherein the retransmitted one or more of the first number of data blocks together
with any one or more of the second number of data blocks fully occupy the one or more

20 predetermined time intervals.

28.  The communications device in claim 20, wherein the communications

link uses a wire or an optical cable for transmitting data.

29.  The communications device in claim 20, wherein the communications

link employs a wireless radio frequency resource for transmitting data.
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first transm ssion rate to a second transmni ssion rate;

provi di ng %?gpézz%dat the second transm ssion rate into thg,ré‘fﬁ%?/ﬂ@o;e ’

dat a bl ocks; transmtting a second nunb i xed
si ze data bl ocks corresponding to the second transm ssion rate during
one or nore predetermned time interval20 2. The nethod in
claim1, wherein the fixed size of each data block is determ ned so

that the fixed size data blocks fully occupy each of the one or nore 20

ates w th usthul The &S fgtca s WBlibein Siaih 30, fteh RO BRERNSE 0T

1, V\heredéq,i‘%éﬁﬁd‘linéﬁﬂ fdfibtetdproach data block is det erm ned based on a
frequency at whic tﬁe transpm ssion rate may change and a m ni mal data
transm ssion rate. 16

4. The met gy i MTld esmmhniodtions devicedn tiAmE0)ayherein theRoRtAuARatomEXi MM
frequency at which the transm ssion rate nay change and the m ninmal data

t ransmi sieivice is a radicebasestationsponds to the | owest rate avail able at which

data nmay be transmtted. 5. The nethod in claim3, wherein
the fixed size of each of the fixed size L
5 32. A communications protocol for data communications over a

communications link between a mobile station and a base station, comprising:

a first communications protocol layer for transmitting data over the
communications link at variable rates in predetermined time intervals, where each of the
predetermined time intervals has the same duration, and

10 a second communications protocol layer:
(a) receiving a request to retransmit a data message previously transmitted
using a first transmission format specifying a first transmission rate, and
(b) segmenting the data message into fixed size protocol data units

(PDUs), each fixed size PDU having the same number of bits,

15 wherein the fixed size PDUs are transmit at a second transmission rate different
from the first transmission rate at which the data message was originally transmit during
one or more of the predetermined time intervals via the first communications protocol

layer.

33.  The communications protocol of claim 32 as applied to a code division
20  multiple access (CDMA) mobile communications system, wherein the first
communications protocol layer employs a spreading code in transmitting the PDUs over
a radio communications link and the second communications protocol layer corresponds

to a radio link control access control (RLC) protocol layer.

ey
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5 data bl ocks must exceed a predefined mni mum size. 6. The
met hod in clwoByse7svherei n the maxi num frequency at which thepeysgoomoros
transm ssion rate may change i s reduced vvhen the data transm ssion rate is
bel ow a predefined rate. . The nmethod in claim1,
wherein the transm ssion rate is preven%)aéi from 10 changi ng during the
predet er m I nterval . . The nmethod in claiml,
further ml retransmtting at the second transm ssion
rate one or nore of the first nunber of data bl ocks during one of the

predetermﬂed—t-l—n'e-|Dawm@k——><———wherga@at3|@dke¢-pa-n&m%ed one or
nmore of t first nunber of data bl ocks together e Oor nore

of the sedqond nunb ta bl ocks fully occu one or nore
pr edet er mjned ti ma%zh@g' %y‘"ﬁﬁg thod in clagm1,

wherein t |l e for
transm ttlhg dat a. 10., The nmet hod |,r1 claim1, Wne;fel n the
comuni catitons |ink enploys a 20 WI rel ess radi o’frequency resource for
transmtting data. 1Y. A nethod Gf retransm t¢ing data at
vari abl e rates at a first communj‘cations 'prot ocol |ajer in
predeternminedl tine intervals, were each of ,the predetefmned tine

i nterval s haé t he d@rasdur at i orf, coh@Pmssi ng’ 10ims recejving a

request for retransﬁ_ssi on of 4d datEa massade previﬂ__g‘u‘sly transmtted 25
using a first ¢gransti@®ien _forgt ERMEEying a f BMeansni ssi on rate;
Interval Interval'\L> Interval >

Requires Filling with
"Dummy" Bits

<+——64K bit/s ——» <32k bit/s —»<«——864k bit/ls ——»

Tx Rate Tx Rate Tx Rate

Change Change
Tx Rate Tx Rate

Fig. 2
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Data Processing | gyfier Data Processing
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17 segnenting at a second conmuni cations protocol |ayer

above the fy communi cations protocol |ayer the data to be °
bodhepr SR

retransmt 1Tnto 11 xed size protocol data units (PDUS),P

si ze PDU having the sane nunber of bits i ndependent of whether the
PDU has the first or a second transm ssion format; and 5

transmtting the fixed size PDUs vi a2/ first communications pr ot ocol

| ayer using a second transni ssion format specifying a second

transm ssion rate different from the first transm ssion rate at which
the data nessage was originally transmtted during one or nore of the
predeterm ned tine intervals. 12. The nethod in claim11,
wherein different transm ssion forngts include 10 different coding
schenes, interleaving |l engths, or r i {4 on schenes. 13.

The method in claim 11, wherein each I ncl udes a header having a
sequence nunber, at |east a portion of the data nessage, and an error
detection field. 14. The nmethod in claim1l, wherein the
fixed size of each PDU is sel ected so that the PDUs integrally occupy
the predetermned tine interval despite differences in 15 transm ssion

f or mat s. 15. The pet+hod—im—elai m 39 wherein the PDUs occupy

the predeterm ned time JNiked BdkSite ™y ng to add filler data bits

to conplete the predeterm ned tineTransmit

_—12

Assign a first number of bits to each
fixed size data block according to a first
Tx rate and then transmit blocks

Change of
Tx rate?

Assign a second number of bits to each
of the same fixed size data blocks
according to a second Tx rate and then

transmit blocks




I nterval. 16. The nethod in claim11l, wherein the fixed PDU
size is det eVNQIINERTHased 20 on a frequency at which the tranBaT/SE$0708at e
may change and a mini mal data transm ssion rate. 17. The
method in claim16, wherein the frequency corresponds to a maxi mum
frequency at which the transm ssion r3 my change and the m ninmal data
transm ssion rate corresponds to the | owest rate avail able at which data

may be 25 nspitted.
18 Fig- 4118. The neth ikg &ﬁkg 7,2Q/\/ner ein the nmaxi num
frequency at which the tra % @ y change i s reduced when

the data transm ssion rate is belo predefined rate.
19. The nmethod in claim11l, whereinythe transnission ratega% prevented

from 5  changing Brétamﬁﬁé_agp T8t fretftibricy™er) Bt iith,

A commruni cati ons deyi ce conph :
transm ssi on over ajconmmruni czg I ons I’ﬁt%&’r;'lay changé‘

20.
ring data for

24

Determine a minimum or lowest
Tx rate (Tx(min))

Y

Fixed Block = Tx{min)
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6

Block Size
ess than T?

Limit F to a predetermined value
for low Tx rates

Fig. 5
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data processing circuitry detecting a first transm ssion rate associ ated

w th data ,% Hope transmtted over the conmmunications |i iggr/sHesiooros
provi di ng dw?a Its at the first 10 transmssion rate into fixed size data
bl ocks, each fixed size data bl ock having the sanme nunber of bits; and
a transm’tter transmtting over the comrunications link at the first
transm ssi on rate during one org/fgre of the predeterm ned tine

i nterval s, ch_tinme interval having the sane duration, a first nunber
of the fix rT%iée data bl ocks per tinme interval 15 corresponding to the
first transn®ssion rate; wherein the data processing circuitry
detects _a change in transnmission rate ouer t he communi cati ons |ink

from t h¢ FixedtSize apsixedSize r at &ixed Sizeecond transni ssion rate,
provi de$ DataeBloicks| DataBloslkecohdatadisek ssi on rate into the fixed size data

bl ocks, \anoq pits t r amppiblts a/se gg@lbm;u the fixed size data bl ocks
per time \nterval correspondi nsm ssion rate during
one or norg of the predet i The
conmmruni cat i §s device i dat a

bl ock i s det qﬁn med—sU_t[frat_ the fi{ed sfze daja bl ocks T{TTy occupy|the one

or nore predet erm ned tinme intervals with useful information for both
the first and second m ssi on
19 1 > The c ni cati or@%ew ce |110rg§a| m 20, V\Wgr ein the
fixed size ofteach
64kbit/s 8kbit/s 8kbit/s 8kbit/s 8kbit/s
Change of rate  Rate may Rate may Rate may Rate may

notchange notchange notchange  change
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data block is determ ned based on a frequency at which the transm ssion
rate may woobhange and a mninael data transmssion rate. PCT/SE99/00708 25-
The conmmuni cations device in claim22, wherein the frequency %
corresponds to a maxi num frequency at which the transm ssion rate may

change and the m nimal data transni 5i5| on rate corresponds to the

| onest rate avail able at which dat y be transm tted.

24. The conmuni cations device in claim22, wherein the fixed size of each
of the fixed size S nust exceeqg-a, 5 ggum si ze.

| O 25. The Bce in Ia|m24 wher e}jn the maxi num

frequency at i chps'ma“s[gnnsm ssion ratg may IN"’%W
' ne

the data transm ssi rate.
26. The comrunicatio 3 : 3
S prevent ed from changi during the predetermi\ned tine i nterYéH 15
27. The commruni cati ons device \n claim?20, wherein tRe transm tte

retransm S at tNe sSecond [T ansnikSSiom Tate one or_nor s of —the—ffst—gpunber

of data Cor8! ocks during one of the predetgrmned tine ntervalfp, apd
wherein t retr nsm tted loRebik SWkchingf tfhe rélLP‘é?ﬁt t af bl ogks
t oget her ‘ﬁ t ﬁh any ong @(re @? ; secogdé?fe W § R d?’: bj ock
fully occ ﬁgrviee one or mgr&°B § ervige (GRRY),Npde

28. The cati ons dgvi@euitrswitchedh 2, wh@wket -swikchednmuni cal i on
link uses| a wre or an tli Sahviceabl e for frars dat a. 200 29.
The commulhi cati ons devi@@.; n cI ai 2\ 20, whdr ei ns%'?{gj communi cat i onsi/
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link enploys a wireless radio frequency resource for transmtting. data.

20 \Noswﬁmﬁg' The communi cations device in claim20,_wherein the
comuni cati ons device is a nobile radi otel ephone. PCT/SESS/00708
The conmuni cations device in claim20, wherein the comunications

device is a radio base station. 5 32. A communi cati ons protocol
for data communications over a @ygruni cations |ink between a nobile
station and a base station, conprising: a first conmmunications
protocol |ayer for transmtting d Oﬂﬁ@ t he comuni cations |ink at
variable rates in predetermned ti i rval s, where each of the
predeterm ned tine intervals has the sane duration, and 10 a second
comuni cati ons protocol |ayer: (a) receiving a request
to retransmt a data nessage previously transmtted 200 using a

ssion rate, and
tocol data units

first transmssion formai_specifying a first trap
(b) segnenting the datag/nessage into fixed size p
(PDUs), each fixed sizd POBetransimit Datadvlessageer Jof bits, 15

wherein the fixed size are transmt at a se d transm ssion rate

di fferent fromthe fiIrs e at which the data nessage

was originally transmt during
- 202

Retransmit data message initially
transmit using Tx format 1

204

Segment data message at RLC/MAC layer
into fixed size PDU’s

206

Retransmit PDU’s over radio interface in one
or more radio frames using Tx format 2

C Return ’




one or nore of the predetermned time intervals via the first
conmmuni cati ons pr ot ocol

pr ot ocol

| ayer.

33.

(CDVA) nobil e conmuni cations system wherein the first

pr ot ocol

, . The conmuni cati ons
of claim32 as applied to a code division 20 rmultiple access

conmuni cati ons

( | ayer enploys a spreading code in transnmtting the PDUs over
a radi o communi cations |ink and the second communi cati ons protocol

| ayer

corresponds to a radio link control access control (RLC) protocol
| ayer .
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