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techniques is one of several techniques for facilitating communications in

which a large number of system users are present. Other muitiple access

communication system techniques, such as time division multiple access
(TDMA), frequency division multiple access (FDMA) and AM modulation
20  schemes such as amplitude companded single sideband (ACSSB) are known
in the art. These techniques have been standardized to facilitate
interoperation between equipment manufactured by different companies.
Code division multiple access communications systems have been
standardized in the United States in Telecommunications Industry
25  Association TIA/EIA/IS-95-B, entitled “MOBILE STATION-BASE STATION
COMPATIBILITY STANDARD FOR DUAL-MODE WIDEBAND SPREAD
SPECTRUM CELLULAR SYSTEMS”, incorporated by reference herein, and
hereinafter referred to as I5-95-B.
IS-95-B was originally optimized for transmission of variable-rate
30 voice frames. In order to support two-way voice communications, as
typified in wireless phone applications, it is desirable that a communication
system provide fairly constant and minimal data delay. For this reason, I5-
95-B systems are designed with powerful forward error correction (FEC)
protocols and vocoders which are designed to respond gracefully to voice
35 frame errors. Error control protocols which require frame retransmission
procedures add unacceptable delays to voice transmission, so are not
designed into the IS-95-B specification.
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used in the transmission of packet data in an IS-95-B system.
Radio Link Protocol (RLP) is described in TIA/EIA/IS-707-A.8, entitled
“DATA SERVICE OPTIONS FOR SPREAD SPECTRUM SYSTEMS: RADIO
25 LINK PROTOCOL TYPE 2”, hereinafter referred to as RLP2, and incorporated
herein by reference. RLP2 incorporates an error control protocol with frame
retransmission procedures over the I5-95-B frame layer. RLP is of a class of
error control protocols known NAK-based ARQ protocols, which are well
known in the art. The IS-707 RLP, facilitates the transmission of a byte-
30 stream, rather than a series of voice frames, through an IS-95-B
communication system. '
Several protocol layers typically reside above the RLP layer. IP
datagrams, for example, are typically converted into a Point-To-Point
Protocol (PPP) byte stream before being presented as a byte stream to the RLP
35 protocol layer. As the RLP layer ignores the protocol and framing of higher
protocol layers, the stream of data transported by RLP is said to be a
“featureless byte stream”.
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known as " WHEBLS aé@m@eza?@‘?mﬂtéhﬂaﬂ@]er referred to as WCDVA. A third

proposal was sulfie! IrtérriYiddad Teléeobhrhugiitdtidiid U‘ﬂiBﬁ ?e:temr éﬁe&@ﬂdﬂh@ate
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ETSI UMTS Terrestrial Radio Access (UTRA) ITU-R RIT Candidate
Submission”, also known as “wideband CDMA” and hereinafter referred to
as W-CDMA. A third proposal was submitted by U.S. TG 8/1 entitled “The
25 UWC-136 Candidate Submission”, hereinafter referred to as EDGE. The
contents of these submissions is public record and is well known in the art.
RLP2 was designed for use with 15-95-B. A new RLP designed for use
with ¢dma2000 is described in TIA/EIA/IS-707-A-1.10, entitled “DATA
SERVICE OPTIONS FOR SPREAD SPECTRUM SYSTEMS: RADIO LINK
30 PROTOCOL TYPE 3", hereinafter referred to as RLP3E, and incorporated
herein by reference.
In reference to the description of the related art, two items commonly
referred to as frames have the following distinction:
e In [S-95-B and cdma2000, the basic timing interval is termed a frame. A
35 frame of this variety is hereinafter referenced as a CDMA frame. A
CDMA frame can contain signaling information, primary traffic,
secondary traffic, or combinations thereof.
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ms CDMA frame length never comes into existence, it in no way detracts
from the need nor the value of the present invention. However, because a
value of 60 ms is conceivable, and the present invention takes into account
25 durations that are not presently utilized in cdma2000, various scenarios are
presented throughout this specification which assume the existence of a 60
ms CDMA frame duration.
As the amount of data that can be transmitted in a channel is related
to the CDMA frame duration, hereinafter CDMA frame durations are
30 referenced as CDMA frame lengths. <dma2000 allows the negotiated
configuration to be one in which the CDMA frame length for supplemental
2 is different than the CDMA frame length for supplemental 1. Any
telecommunications system that supports the concurrent transmission of
data packets on different code channels from one entity, such as a cdma2000
35 base station, capable of transmitting user data on a fundamental and
supplemental channel(s) concurrently, to another entity, such as a cdma2000
mobile, is hereafter referenced as a cdma2000-like system.
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updated L_V(R) is different from the previous L_V(R), and all frames
received with sequence numbers greater than the previous L_V(R) do not
have consecutive sequence numbers.

25 RLP3E is similar to RLP2 in many respects. In part, this was done to
gain the many benefits that code reuse can provide. RLP3E was designed, as
was RLP2, to associate a frame sequence number with each RLP frame
transmitted and received. Whenever an unexpected sequence number is
received, a request for retransmission, referred to as a NAK, is sent to the

30  peer RLP entity.

No unnecessary retransmissions are generated in RLP2 because all 15-
95-B CDMA frames transmitted at the same time are received by the receiver
at the same time. If an RLP2 state machine finds that a hole has been created
by the receipt of a 20 ms set of frames from the multiplex sublayer, due to the

35 simultaneous transmission of all frames on the supplemental channels, it
means that the frames in the hole have been lost or corrupted en route to
the receiver. As such a NAK generated for such a hole is not unnecessary, as
the retransmission of the frames in the hole are desirable. Utilizing the
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the time t uargdanr\]eentgkpalanrnee Gand supplemental 2. In response, the RLP engine
generates two RLP frames having sequence numbers 10 and 11. Likewise,
RLP frames with sequence numbers 12 and 13 are generated at the 80 ms
boundary for like reasons. Frames 14-17 are generated for like reasons at the
25 times illustrated in FIG. 1A.
The receipt of the aforementioned frames by the receiving RLIP3E
engine is illustrated in FIG. 1B. FIG. 1B does not show the length/duration
of the received frames, as is done in FIG. 1A. Rather, FIG. 1B shows the time
at which the frame is given to the RLP3E receive engine from the receiving
30 multiplex sublayer. FIG. 1B assumes there is zero delay from the time the
frame transmission completed in FIG. 1A to the time that the RLP3E receive
engine has the frame delivered to it by the multiplex sublayer. For example,
because the transmission of frame 5 finishes at time 20 ms in FIG. 1A, it is
received by the RLP3E receive engine at time 20 ms in FIG. 1B. Because the
35 transmissions of frames 7 and 9 complete at 60 ms in FIG. 1A, they are
received for processing by the RLP3E engine at 60 ms in FIG. 1B. Likewise,
because the transmissions of frames 6 and 10 complete at time 80 ms in FIG.
1A, these frames are received for processing by the RLP3E receive engine at
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frame | engt ha f cdma2000 unnecessary s can be generated due to the
timng at fih c1 ‘é‘?%'e Filum)ers are received. .This causes the undesirable

effect of wasti ﬂ@ oaé wkillesl bartted att hs Bovdrepnhe gengtatiar wifr NAdG shewddse
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the opposite link (an unnecessary retransmitted data frame is generated for
each received unnecessary NAK).
As over-the-air bandwidth is a valuable resource, an improved
25 method of delivering data over ¢dma2000 is desirable. In particular, a
method for delivering data over cdma2000 that doesn’t generate unnecessary
NAKs and retransmissions is highly desirable. It is desirable that such a
method neither increases the latency of the delivery of data frames to the
layer above RLP nor increases the latency of the delivery of valid NAK
30 frames to the multiplex sublayer. It is particularly desirable that such a
method leverage existing work by requiring minimal changes to existing
implementations of RLP3E.

SUMMARY OF THE INVENTION

35
The present invention is a novel and improved method and system

that prevents RLP3E from generating unnecessary NAKs, thus also
preventing unnecessary data frame retransmissions. The present invention
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20 which they were transmitted, and to deliver the packets to the RLP3E layer
in said order. This sublayer is hereafter called the frame reordering sublayer,
and is illustrated as such in FIG. 3.

The frame reordering sublayer reorders frames received by the

multiplex sublayer by determining the order in which physical layer frames

25  were transmitted by its peer, and by buffering each received frame until all

frames transmitted prior to it have been received. The frame reordering

sublayer accomplishes this by means of timers and/or frame counters, and a
memory buffering mechanism.

30 BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters

35 identify correspondingly throughout and wherein:

FIGS. 1A and 1B are timeline diagrams illustrating the time-
relationship of data frames transmitted and received on the exemplary
multi-channel data network similar to cdma2000;
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recei ved fRHMEEUP Mkt illustrating an exenplary
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RLP frames are transmitted in an exemplary cdmaZOOO like system in which
there is one active supplemental channel;
FIG. 9B is a timeline diagram illustrating the timing at which various
20  RLP frames are transmitted in an exemplary cdma2000-like system in which
there are two active supplemental channels;
FIG. 10 is an a timeline diagram illustrating alternate timing at which
various RLP frames are transmitted in an exemplary cdma2000-like system
in which there are two active supplemental channeis;
25 FIG. 11 illustrates a preterred embodiment of the operation described
in FIG. 6; and
FIG. 12 illustrates a preferred embodiment of the operation described
in FIG. 8.

30 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

FIG. 1A and FIG. 1B are timeline diagrams illustrating the time-
relationship of data frames transmitted and received on a wireless data
network similar to cdma2000. FIG. 1A illustrates a 160 ms time interval of

35 RLP data frames generated for an RLP3E data transmission system 35
consisting of a fundamental channel 10 and two supplemental channels. A
first supplemental channel 20 is configured to an 80 ms CDMA frame
duration, while a second supplemental channel 30 is configured to a 60 ms
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that these are references to the same channels used by transmission system 5
in FIG. 1A. As illustrated, RLP3E data reception system 45 receives RLP3E
frames immediately following their completed transmission by RLP3E data
transmission system 5. Introduction of an arbitrary propagation delay

25 common to fundamental channel 10, the first supplemental channel 20, and
the second supplemental channel 30, does not alter the explanation and has
been omitted for the sake of simplicity. Frame 5 is received by RLP3E data
reception systern 45 on fundamental 10 at time 20. Frame 6 is received by
RLP3E data reception system 45 on first supplemental 20 at time 80. Frame 7

30  is received by RLP3E data reception system on second supplemental 30 at
time 60. The times at which frames 8-16 are received are illustrated in a
similar manner.

By examination of both FIG. 1A and FIG. 1B it is evident that the
frames are received by RLP3E data reception system 45 in a different order

35 from that which they were transmitted in by RLP3E data transmission
system 5.

FIG. 2 is a functional block diagram of an exemplary embodiment of a
cdma2000 data transmission system 250 embodied in communication
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236 which channel each frame was received on. Multiplex sublayer 236

unencapsulates the RLP frames in accordance with the <¢dma2000

specification and provides the RLP frames to RLP3E layer 234. RLP3E layer

25 234 performs RLP frame processing on these frames in accordance with the

RLP3E specification. In the event that any received frame has a sequence

number equal to V(N) the payload of all received RLP frames having

consecutive sequence numbers beginning with V(N) are provided to byte

stream layer 232 by RLP3E layer 234. In the event that a new hole is created,

30 a NAK is generated to signal that one or more data frames need to be
retransmitted.

The above description describes an exemplary embodiment of
cdma2000 data flow in the forward link direction. As is known by one
skilled in the art, data flow occurs in the reverse link direction along a path

35 in the opposite direction.

FIG. 3 is a functional block diagram of an exemplary embodiment of
the data services transmission system 360 of the present invention
embodied in communication devices 310 and 340. In base station 310, there
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di scusded reprderiagsublayes HMpfurtherrd@cussedrinGreference to FIG. 5, FIG. 6, FIG.
7, FIG. 8, FIG. 9, and FIG. 10, accurately determine when it should deliver
received frames to RLP3E layer 344.
Multipiex sublayer 318 encapsulates the RLP frames provided to it by
RLP3E layer 314 in accordance with the cdma2000 specification. Multiplex

25  sublayer 318 then provides these encapsulated RLP frames to physical layer
320 for transmission over cdma2000 air link 330 in accordance with the
cdma2000 specification. When providing frames to physical layer 320,
multiplex sublayer 318 indicates which frames are to be transmitted on
which channels.

30 Physical layer 350, of mobile station 340, receives frames from
cdma2000 air link 330. At 20 ms intervals physical layer 350 provides each
received frame to multiplex sublayer 348, and indicates to multiplex sublayer
348 which channel each frame was received on. Multiplex sublayer 348
unencapsulates the RLP frames in accordance with the cdma2000

35  specification and provides them to frame reordering sublayer 346. Frame
reordering sublayer 346, described in reference to FIG. 4 and FIG. 5, buffers
the received RLP frames according to the methodology of the present
mnvention, and provides them to the RLP3E layer 344 in the order at which
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it OBF A

frame reor dSreRgds efsSignee PIfsent gnygntipR At kincerpargted 3t vi ce
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5 635, 410, " paied IRl el el P BT RRLED et A B R lon e
COVMUNI CATISERnS fmpe dwrabions saredetermined, oanchdheses rlygreelsf anehassignesknt
i nvention ardordisglypor ated by 15 reference herein. In block 410, the nunber
(soir eesere) . S e SHRRE: dne Aeenbd Rl BReG i i lonf 828 1n
det er mi2fed b ‘afﬁfd‘lﬂ%eét@nmaﬁweie:lr@ sublayey 346 inaializesi mgtigbles and timers.
The number of active supplemental channels is recorded. If supplemental
channel 1 is active, the frame duration for that channel is recorded and a
timer is set to the value of its offset. If supplemental channel 2 is active, the
frame duration for that channel is recorded and a timer is set to the value of
25  its offset. For example, if the system were configured as illustrated in FIG.
9A, a timer would be set for 60 ms. The timer would thus expire at time 60,
point 910, indicating the time that base station 310 first transmits a frame on
supplemental 1. Additionally, it would be recorded that the frame duration
on supplemental 1 is 80 ms.
30 As another example, if the system were configured as illustrated in
FIG. 9B, a first timer would be set for 20 ms and a second timer would be set
for 60 ms. The first timer would expire at time 20, point 960, indicating the
time that base station 310 first transmits a frame on supplemental 1, while
the second timer would expire at time 60, indicating that the time that base
35 station 310 first transmits a frame on supplemental 2. Additionally, it would
be recorded that the frame duration on suppiemental 1 is 80 ms and that the
frame duration on supplemental 2 is 60 ms.



Once the channels are assigned, the process noves to block 420. In ZMM R 700
bl ock 420, frame reordering sublayer 346 initializes variables and tiner % -
The nunberw@f012e87#ve suppl enental channels is recorded. |f wuppdeeaRaal
channel 1 is active, the frane duratlormf or that channel is recorded and a
timer is set to the value of its offset’” If supplemental channel 2 is
active, the frame duration for that channel is recorded and a timer is set
to the val ue of 25,4t yagl f y wer e caqn ured
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associ ation Wit 9RE aBih ‘*B‘eggfﬁls?g %T:hg D WWWKO}&H:t f’c;“iL RUE to and

and

SUP_TI MER[ 1], . are assoc| at e pave - i ndex
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exanplls, Sh#dcBbEATH edbddnce 8 FIG. 6, FICT.onard FIGS 8SHRtDURMALNeXlali RLX3Pas a
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the art, W3%bms%4,hereafter in reference to several variables and
timers. In one I?MP@CB eHb%ﬂmEHNQb@EH 4TS AHd tieSCirel ﬂuﬁﬁtj%

i ndi cat e th V\Q%g tate enters pl ock 660 or 780,
15 descri 08d ]1°ﬁ Pas efﬁ gwtso “'PF ‘3715 setdodrsward Maﬁng Snent al

RLP3E 20r artherﬁ'amevee:brrlanhgomkblE@& thih ng mbde imveliichl itswolll fbraard ozlbar ded
to frames received from multiplex sublayer 348 to RLP3E layer 344. In the
event that at least one supplemental channel is active, SUP_DURATION(1]
is set to the CDMA frame duration negotiated for supplement channel 1 in
block 410. The timer SUP_TIMER[1] is set so as to expire following the
25 channel offset negotiated for supplemental channel 1. In the event that two
supplemental channels are active, SUP_DURATION(2] is set to the CDMA
frame duration negotiated for supplement channel 2 in block 410. A second
timer SUP_TIMER][2] is set so as to expire following the channel offset
negotiated for supplemental channel 2. In one embodiment, a flag,
30 FUND_DELIVERY_OK, is set to TRUE to indicate that it a fundamental
RLP3E frame received at the next 20 ms boundary should be forwarded to
RLP3E layer 344. Additionally, wvariables SUP_FRAME_TXD[1] and
SUP_FRAME_TXD|2] are set to NO_SUPS_TXD, indicating that base station
310 has not yet transmitted any frames on supplement channel 1 or on
35 supplemental channel 2, respectively. Finally, in the event that two
supplemental channels are active, SUP_DURATION][1] is compared with
SUP_DURATIONJ2]. If SUP_DURATIONI[2] is greater than
SUP_DURATION]J1], then index L is set to 2 and index S is set to 1.




RLP3E, | ayer 344,. In the exenplary enbodi ment, the variables and ti nmgnRsvware),
initialized 1in block 420 as follows. A MODE variable is set to Forward,
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t he exenpl ering frames and
retrievi n %aﬁrggﬂﬁ Q&bhﬁfee éﬁgocgg E{O%fq%?%fr%\;/\%lpﬂi those skilled in
the art, in anQmdee a@@taesems@d@%ﬁﬂ istqpanegtede fdate dloss beging it dledk ne can
be repl aC%tOWBlJStl@ssmfslfabﬂ-@rﬁbaénbe&i uSRderdHicé to Fmesreference wWith a

gramul a1 o e LESEL e PBriob b N syl AL IR o
buf f er20ng ihitializationd ofetframei mgmfdwn@ subdayarh@4buf f There are alternate
embodiments in which variables L and 5 do not need to be stored. One such
embodiment replaces each use of variable L with the return value of a call to
a process which returns the index associated with the maximum of
SUP_FRAME_DURATION[1] and SUP_FRAME_DURATION[2], and
25 which replaces each use of variable S with the return value of a call to a
process which returns the index associated with the minimum of
SUP_FRAME_DURATION][1}] and SUP_FRAME_DURATIONI[2].
FIG. 5 is a flowchart illustrating the method employed by frame
reordering layer 346 in the exemplary embodiment.
30 In block 500, the process waits for a fundamental channel frame
boundary before proceeding further. In the exemplary embodiment, the
process detects a 20 ms frame boundary each time multiplex sublayer 348
delivers a message to Frame Reordering Sublayer 346, containing the RLP3E
frames that were received by multiplex sublayer 348 during a 20 ms period.
35 In an alternate embodiment, the RLP3E frames received by multiplex
sublayer 348 are put in a data store accessible by frame reordering sublayer
346, after which a layer in communication with frame reordering sublaver
346 delivers a message to frame reordering sublayer 346 indicating that a 20
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upon the reference to FIG. 6
If the number of active supplementals is 2, then the process moves to
block 540. In block 540, frame reordering sublayer 346 process frames in
accordance with the dual supplemental methodology described with
25  reference to FIG. 5.
FIG. 6 is a flowchart illustrating an exemplary embodiment of the

single supplemental channel methodology of the present invention. In
block 600, the value of MODE is checked.
If MODE is equal to Forward at this point, the channel offset for
30 supplemental channel 1 has yet to be reached, which indicates that base
station 310 has yet to transmit any frames on supplemental channel 1. Thus,
during this time period, because all frames must be received in the order in
which they were transmitted, all received frames should be forwarded to the
RLP3E layer. If the timer has expired, as illustrated as point 910 in FIG. 94, it
35 indicates that base station 310 is about to begin transmitting frames on
supplemental 1. At such a point, the mode is switched to Buffer and the
timer is reset to the frame duration of supplemental 1. In figure 9A, the
timer next expires at time 140, as illustrated as point 920.



nunber of active supplemental channels. |f the number of active 17 MAR 7000
supplenentals is 0, then the process noves to block 520. In block 520, all
frames receMQU22% i medi at el y forwarded to RLP3E Layer 3X§TUS8¢3%e in a
call without any active supplenental chapnels 15 all franes are received in
the sane order in which they were transmtted. The process then noves to

bl ock 500, where.the process will begin again at the end of the next 20 ns
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moves to bl aalmﬁibounplnr}bp&gk t]@:g@mqrh@xplres at point 920, frame contammg P
sequence number 4 can be forwarded without generating an unnecessary

20 NAK. However, if the frames had been delivered at a time between points
915 and 920, then a NAK would have been generated unnecessarily for
frame RLP frame 4. Once the frames are delivered, the timer is reset to
indicate when the next frame will be received on the supplemental channel.

Additionally, in one embodiment, a flag, FUND_DELIVERY_OK, is

25 checked. In such an embodiment, if a fundamental RLP3E frame was
received in step 502, and the value of FUND_DELIVERY_OK is TRUE, then
the fundamental RLP3E frame is delivered to RLP3E layer 344 and is not
buffered. In such an embodiment, FUND_DELIVERY_OK is then set to
TRUE if the timer, SUP_TIMER([1], expired during this interval, and is set to

30 FALSE otherwise. If, in block 600, MODE does not equal Forward, the
process moves to block 660, where it is checked whether timer
SUP_TIMER[1} has expired. If SUP_TIMER[1] has not expired, then the
process move to block 670 where the received frames are placed in a
memory buffer.

35 In an alternative embodiment, the value of FUND_DELIVERY_OK is
checked. If FUND _DELIVERY_OK is set to FALSE, then the received frames
are placed in a memory buffer. If, however, variable FUND_DELIVERY_OK
has a value of TRUE, and a fundamental RLP3E frame was received during



node i s changed from Forward to Buffer. The process then noves to bl ock? MAR 2004
640 where SUP-TIMER[ 1] is set to the supplenental channel frane duration
SUP_DURATI & 44/2087he process then noves to bl ock 500. |f, iPCHU824850,

MODE does not equal Forward, then the fyg@nmes are 10 buffered until the

timer expires. This prevents received franes frombeing delivered to RLP3E
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suppl eR8nt aixpiredrbkem the (prpsess é@o‘éﬁf’d te thloglq1630.0fIn block 1630, the mode is
changed from Forward to Buffer.  Additionally, in this preferred

embodiment, a variable, T_DELIVER, is set to the value of the current time

reference plus 20 ms. This will be used to indicate that the fundamental

frame received during the next period should be forwarded to RLP3E layer

25 344. The process then moves to block 1640 where SUP_TIMER([1] is set to

supplemental channel frame duration SUP_DURATION[1]. The process
then moves to block 500.

If, in block 1600, MODE does not equal Forward, then the frames are

buffered until the timer expires. Only after the timer expires, are all buffered

30 frames, as well as the frame(s) received at the next 20 ms boundary,

forwarded to RLP3E layer 344. This prevents received frames from being

delivered to RLP3E layer 344 in such a way that unnecessary NAKs are

generated. When the timer expires, as illustrated at points 920 and 930 of

FIG. 9, all of the buffered frames can be delivered to RLP3E layer 344 without

35 generating any unnecessary NAKS. For example, at point 920, CDMA

frames containing RLP sequence numbers 3 through 7 have all been

received. As these are consecutive sequence numbers, no NAKS will be

generated unnecessarily. . As well, at point 915, the point that is at the next
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01720874 PC;Ii/SUaSI(‘)CP /9%6,9 ?I'A(en a NAK would have been generated unnecessarily for
frame RLP frame 4. Once the frames are delivered, the timer is reset to
indicate when the next frame will be received on the supplemental channel.
If, in block 1600, MODE does not equal Forward, the process moves to
25  block 1660. In block 1600, it is determined whether SUP_TIMER[1] has
expired. If the SUP_TIMER(1] has expired, the process moves to block 1662.
In block 1662, the variable T_DELIVER is set to the value of the current time
reference plus 20 ms. The process then moves to block 1664, where
SUP_TIMER[1] is set to the supplemental channel frame duration
30 SUP_DURATION]1]. The process then moves to block 1670.
In block 1660, if it is determined that SUP_TIMER[1] has not expired,
the process moves to block 1670.
In block 1670, it is determined whether the value of the current time
reference is greater than the value of T_DELIVER. If the current time
35 reference is greater than the value of T_DELIVER, then the process moves
to block 1675, where the received frames are buffered into a memory area.

The process then moves to block 500.
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when the next frame will be received on the supplenental channel. If, in

bl ock 1600, MODE, uoelwckdb7@qibas dﬁtﬁrménet;l thatghetdwerdntaime woferebod fiened unti |

the timer g@grq%mq?eyvaqug oF Tt gﬁg tﬁéﬂltﬁggyro@ésg ﬁbbe?%ft%asiméd anes,

as wel | 2 receive next ound ar% 10 forwarded
to RLP3E |hybloc34&80m1§f¢h@\$we§ i‘l@cr@m{fdffrfaﬁbé § e Peffereprd &ed t o

RLP3E | ayeforaddded M QL RBEVAydh 344 UARRGE Soidh Y tiNAKEadlefs) @edeeveéd efforvhen f
0

the tiner ex S|Ilutrated oints 920 .a |G_9, all
Lhe buft erguitipiresioanenitdbriog: O 5%%&%3@@9%2&%&%&5? B G¥REr at i ng
any unnecegsiliovk BMKS. For exanple, at point 920, CDVA 15 franmes containing
RLP sequence nunbers 3 through 7 have all been received. As these are
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bl ock500. agso%iaw»\zi%%upplemental channel 1 expires, indicating that base station
310 is about to begin transmitting frames on supplemental channel 1.
Whenever MODE equals Forward and one or more of the channel
25 timers expire, MODE is switched to Buffer. In such a case, each expired timer
is then set to the duration of the supplemental channel associated with it.
Counters are initialized to denote the time at which frames began
transmission on supplemental channel(s) associated with the timer(s) that
expired. And, counters are initialized to keep track of the relative sequence
30 numbers that were transmitted on the supplemental channel(s) associated
with timer(s) that expired. The term ‘relative sequence numbers’ is used to
indicate that the receiving entity need not track the absolute count of the
actual sequence numbers transmitted on each channel. Rather, the
receiving entity need only track the relationship of the RLP sequence
35 numbers encapsulated in the last frame transmitted on each supplemental
channel. In particular, the receiving entity needs to keep track of whether
the sequence number of the RLP3E frame being transmitted on one
supplemental channel is less than or greater than the sequence number of
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current tinme reference is not greater than the value of T _DELIVER, then

the processWABYE874 o bl ock 1680. In block 1680, all of thePEHESOL4e
renoved fromthe menory buffer and are zforwarded to RLP3E | ayer 344 al ong
with the frame(s) received from5 multiplex sublayer 348 during the current
period. The process then noves to block 500. FIG 7 is a flowhart
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only t (?ck the rel at) onshi p of sequence rs encapsul ated in
the | as? fPuRBlememaheited on each suppl enental channel. In particul ar,

the receiving el blockmaryisllt foakesard Fafibved (R the buffeRan@eRiaasgedgber of
the RLP3E Ripap El?r!ep Gy ansﬁ‘\ H ergcé)ss fheh moves to block 720, where it is
determined whether either timer, SUP_TIMER[1] or SUP_TIMER[2], has
expired. If neither timer has expired, then the process moves to block 500..
25 In the event that only one of the timers expired, the process moves from
block 730 to block 750. In block 750, it is determined whether SUP_TIMER([1]
or SUP_TIMER|2] expired. If it is determined that SUP_TIMER[1] expired,
then index variable E is set to 1 and index variable N is set to 2. Otherwise, E
is set to 2 and N is set to 1. E is used as a reference to the timer, the duration,
30  and the last transmit-time associated with the channel for which the timer
has expired. N is used as a reference to the last transmit-time associated
with the channel for which the timer has not yet expired. The process, then,
moves to block 760.
In block 760, a single timer and multiple variables are set utilizing the
35 E and N indexes determined in Dblock 750. The variable
SUP_FRAME_TXD(E] is set equal to 1, denoting that the first supplemental
frame was transmitted on supplemental channel E. The variable
SUP_FRAME_TXDI[N] is set equal to a value equal to one greater than the
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The process then moves from block 760 to block 770. In block 770 the
mode is switched from Forward to Buffer, after which the process moves to
block 500. In block 730, if it is determined that both timers have expired, the

25 prbcess moves to block 740. In block 740, multiple variables and timers are
set to track when frames are being transmitted by base station 310. In block
740, variables are set utilizing the S and L indices determined in block 410.
In the exemplary embodiment of block 740, the wvariable
SUP_FRAME_TXDIS] is set equal to 1, denoting that the RLP3E frame with
30 the smaller sequence number is about to be transmitted on supplemental
channel S. The variable SUP_FRAME _TXD][L] is set equal to 2, denoting
that the RLP3E frame with the larger number is about to be transmitted on
supplemental channel L. Although the frame transmitted on supplemental
L is transmitted at the same time as the frame on supplemental S, the
35 methodology of the present invention requires that SUP_FRAME_TXD(S]
be set to a lower number than SUP_FRAME_TXD[L] to prevent the frame
with the larger RLP sequence number from being delivered to RLP3E layer
344 prior to the frame with the smaller sequence number. This is in
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SUP_FRAME_TXD{ S|, .1 s set cﬁjl

the smaller sequ&‘l"cd"ﬁﬁ%emqv@a'é’omoct?‘gmI nggst&h tﬁiit&{]aghsﬁlgﬁgfgﬂ];%‘{ Wlttéfp >0
channel2(S. piweessaiiobs €o BldkBAOVE _TXD[ L] is set equal to 2, denoting

In block 700, if it is determined that the MODE does not equal
Forward, then the process moves to block 780 which is described in FIG. 8.

FIG. 8 is a flowchart illustrating an exemplary embodiment of the
dual channel buffered methodology of the present invention.

25 In block 810, MODE equals Buffer. When MODE equals Buffer, all
frames are buffered until either timer expires.

If neither timer expires, the alternate embodiment which uses a flag,
FUND_DELIVERY_QK, to denote whether a received fundamental frame
can be delivered in a given period, an exception is accordingly made. In this

30 alternate embodiment, if during a given period neither timer has expired,
and FUND_DELIVERY_OK is set to true, a received fundamental is
immediately forwarded to RLP3E layer 344. In this alternate embodiment
FUND_DELIVERY_OK is set to false during each period in which neither
timer has expired.

35

In a preferred embodiment, in a period in which a timer has not
expired, the value of T_DELIVER is compared against the current time
reference. In such a case, if the value of the current time reference is not
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20 In the dual channel buffered methodology, it is determined whether
one or both timers expired at the same time. If one timer is still running
when the other expires, as illustrated at points 970, 980, and 985, of FIG. 9B,
and is illustrated at points 1020, 1036, and 1040, of FIG. 10, the following
methodology 1s used.

25 First, the relative sequence numbers of the last transmitted frame on

each channel are compared.

If it is determined that the sequence number last transmitted on the
supplemental channel associated with the expired timer is greater than the
sequence number last transmitted on the other supplemental channel, then

30 the received frames are buffered, and the expired timer is set to the frame
duration of the supplemental channel associated with it. The term ‘greater’
can be used to mean that a value in a finite set is considered greater than
another value in a finite set via the use of a predetermined process, such as
arithmetic operations or modulo arithmetic operations. For instance, the

35 RLP2 specification describes the use of unsigned modulo 256 arithmetic
operations as a means to determine which values in a set are greater than on
another. As is well known to those skilled in the art, there are a plurality of
means for setting variables to be greater, less than, or equal to each other and
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used. frame transmission began on the other supplemental channel. If the
20 current time is not greater than 20 milliseconds after the last frame
transmission began on the other supplemental channel, then the current
fundamental frame received is also forwarded to RLP3E layer 344, otherwise
the current fundamental frame is buffered.

As an example of the above methodology, at point 980, in FIG. 9B,
25  frames that were received before or on time 80 (60 + 20) would be forwarded
to the RLP3E layer. Likewise, at point 985, frames that were received before
or on time 120 (100 + 20) would be forwarded to the RLP3E layer.
Additionally, the expired timer is set to the frame duration of the
supplemental channel associated with it, and it is recorded that a frame is
30 about to begin transmission on the channel associated with the expired
timer, and that the frame about to begin transmission on this supplemental
will contain an RLP sequence number greater than the frame which already

began transmission on the other supplemental channel.
If it is determined that both timers expired at the same time, as is
35 illustrated in point 990 of FIG. 9B, then all received frames and all buffered
frames are forwarded to RLP3E layer 344. For example, at point 990, in FIG.
9B, all received and buffered frames are forwarded to the RLP3E layer.
Additionally, each expired timer is set to the frame duration of the
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neither timer has expued the process moves to block 830. In block 830, all
frames received from multiplex sublayer 348 are buffered into memory and
are associated in the buffer memory with the value of the current time

25 reference. Additionally, in an alternative embodiment, a flag,
FUND_DELIVERY_OK, is checked. In such an embodiment, if a
fundamental RLP3E frame was received in step 502, and the value of
FUND_DELIVERY_OK is TRUE, then the fundamental RLP3E frame is
delivered to RLP3E layer 344 and is not buffered. In such an embodiment,

30 FUND_DELIVERY_OK is then set to a value of FALSE. The process then
moves to block 500. :

In block 810, if either one of the timers has expired, then the process
moves to block 840, where it is checked whether both timers expired. If both
timers expired, then the process moves to block 850. In block 850 multiple

35 variables and timers are set to track when frames are being transmitted by
base station 310.

In block 850, variables are set as follows. The variable
SUP_FRAME_TXDI[S] is set equal to 1 and the \wvariable
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the index E is associated with the channel for which the timer expired, while
N is associated with the channel for which the timer did not expire.
In block 880 it is checked whether the value in wvariable
25 SUP_FRAME_TXD[E] is greater than the value in variable
SUP_FRAME_TXD[N]. If the value in SUP_FRAME_TXDIE] is greater than
SUP_FRAME_TXD[N], or the value of SUP_FRAME_TXD[N] is set to
NO_SUPS_TXD, it indicates that the frame received on the supplemental
contains a greater RLP sequence number than the frame in transit on the
30 other supplemental. In such a case, the process moves to block 882. In block
882, SUP_FRAME_TX_TIME[E] is set to the value of the current time
reference to indicate that a new frame is about to be transmitted on the
channel associated with the timer that just expired. Additionally, the timer,
SUP_TIMER[E], is set to SUP_DURATIONI[E]. Thus, SUP_TIMER[E] will
35 expire as soon as the transmission of the next frame finishes. The process
then moves to block 884. In block 884, all frames received from multiplex
sublayer 348 are buffered into a memory area and are associated in the buffer
memory with the value of the current time reference. The one exception to
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the value of the current tine 25 referefice. Additionally, in an alternative
enbodi nent, a flag, FUND DELIVERY _OK, is checked. In such an enbodi nent,
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20 supplemental frame currently in transit began transmission, are removed
from the buffer and forwarded to RLP3E layer 344 along with the
supplemental frame just received. In the embodiment which utilizes the
variable FUND_DELIVERY_OK, the variable FUND_DELIVERY_OK is
reset to FALSE. The process then moves to block 896.

25 In block 896, SUP_FRAME_TXDI[E] is set to a value greater than
SUP_FRAME_TXD[N], indicating that the frame about to begin
transmission on the supplemental will contain an RLP sequence number
greater than that contained in the frame already in transit on the other
supplemental. SUP_FRAME_TX_TIME({E] is set to the value of the current

30 time reference, system time in the exemplary embodiment, to indicate that a
new frame is about to be transmitted on the channel associated with the
timer that just expired. Additionally, the timer, SUP_TIMER[E], is set to
SUP_DURATIONI[E]. Thus, SUP_TIMER[E] will expire as soon as the
transmission of the next frame finishes. The process then moves to block

35  500.

FIG. 12 illustrates a preferred embodiment of the operation described
in FIG. 8. Turning to FIG. 12, in block 1810, MODE equals Buffer. It is
desired to buffer all frames that come in at a time which is greater than the



bl ock 840, if it is determned that only one timer expired, the prodd&s@éar 200i
noves' to block 870 _ In block 870, it is determ ned whether SUP_TIMER] 1] or
20 SUP_TI VEwp2hi.2esgpi red. If it is determ ned that SUP_TI MERpg&Tgdieed,
then Eis set to 1 and Nis set to 2. herwise, Eis set to 2 and Nis
set to 1. Thus, the index E is associat®ed with the channel for which the
timer expired, Wmle N is associated with the channel for which the timer
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when the other expires, as illustrated at points 970, 980, and 985, of FIG. 9B,
and is illustrated at points 1020, 1030, and 1040, of FIG. 10, the following
methodology is used.
25 First, the relative sequence numbers of the last transmitted frame on
each channel are compared.

If it is determined that the sequence number last transmitted on the
supplemental channel associated with the expired timer is greater than the
sequence number last transmitted on the other supplemental channel, then

30 the received frames are buffered, and the expired timer is set to the frame
duration of the supplemental channel associated with it. In the preferred
embodiment, the setting and comparison of the values associated with
SUP_FRAME_TXD is done via unsigned modulo 8 arithmetic operations.

As an example of the dual buffered methodology in which both

35 supplemental timers expire at the same time, at point 1030, in FIG. 10,
frames 4 and 5 would both be buffered. As a second example, at point 1040,

frames 6 and 7 would both be buffered.



15 SUP- FRAME- TX-TIME[N] + 20 ns, thus saving the step of buffering {hesap 20
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moves from"B%2®B7892 to bl ock 894. In block 894, all bufferfd W38  hat
were received at a tinme on or prior to 3the value in SUP_FRAME-TX - TIME[ N
+ 20 ns, representing a time 20 ns after the 20 suppl enental frame
currently in transit began transm ssion, are renoved fromthe buffer and
forwarded to RLESEhoawarer344 & oderevartified hehats uel esegnéade f namberudast
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began transmission on the other supplemental channel.
If it is determined that both timers expired at the same time, as is
illustrated in point 990 of FIG. 9B, then all received frames and all buffered
25 frames are forwarded to RLP3E layer 344. For example, at point 990, in FIG.
9B, all received and buffered frames are forwarded to the RLP3E layer.
Additionally, each expired timer is set to the frame duration of the
supplemental channel associated with it. It is recorded that the sequence
number encapsulated in the frame being generated on the supplemental
30 with the larger duration is of a relatively larger value than the RLP sequence
number encapsulated in the frame being generated on the other
supplemental channel. In the preferred embodiment, a variable,
T_DELIVER, is set equal to the value of the current time reference plus 20
ms, indicating that a fundamental RLP3E frame received at the next interval
35 should be forwarded to RLP3E layer 344.
In a system in which both supplementals are guaranteed to have the
same frame duration, when exactly one timer expires, the frame in transmit
on the other supplemental will contain an RLP sequence number that is



suppl enmental channel | expires. The received franmes, at this point, F?%Pllzd’m
sequence nunbers 0,1,3,4,6, and 2. Thus, although it is desirable to
forward 15 YO %EMEE | ayer 344 all frames havi ng sequence nuRBEVEOYZ4RY  han
5, it is undesirable to forward frane G1to RLP3E | ayer 344, as this would
cause the generation of an unnecessary NAK for franme 5. The method of the
present invention succeeds in forwarding to RLP3E | ayer 344 the desired
and only tgreatigsiheedte anescoritirlen hﬂnetkdua]hpphmmﬂhl lrdrheriast retdioed) ogy,
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both timers e ired, then the process moves to block 1850. In block 1850
xp P

multiple variables and timers are set to track when frames are being

'I._)

transmitted by base station 310.
In block 1850, variables are set as follows. The variable
25 SUP_FRAME_TXD[S] is set equal to 1 and the wvariable
SUP_FRAME_TXDI[L] is set equal to 2, denoting that the sequence number
associated with supplemental channel having the largest duration is larger
than the sequence number associated with the supplemental channel
having the smaller duration. The variable T_DELIVER is set to the value of
30 the current time reference plus 20 ms, denoting that all frames that arrive
prior to time T_DELIVER should be forwarded to RLP3E layer 344.
Additionally, timer SUP_TIMERIS] is set to SUP_DURATION(S], and timer
SUP_TIMER|L] is set to SUP_DURATIONI(L]. Thus, timer SUP_TIMER[S]
will expire as soon as the transmission of the frame being transmitted on
35 supplemental S finishes, and timer SUP_TIMER[L] will expire as soon as the
transmission of the frame being transmitted on supplemental L finishes.
The process then moves to block 1860.



fundanental franme received is also forwarded to RLP3E | ayer 344, ot heywhsen;
the current fundanental frame is buffered. As an exanple of the above

met hodol ogWOY2%di nt 980, in FIG 9B, franes that were r & YE2W¥ore or
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ei ther ti nigt SUBUPRANERIXDIE] is greater than the value in SUP FRAME_TXD[N]

indicating that the sequence numbers in the frame received on channel E is
greater than the sequence numbers in the frame yet to be received on
channel N, then it is determined that no frames should be forwarded to the
25 RLP3E layer during this period, and the process moves to block 1892. In
block 1892, all RLP frames received from multiplex sublayer 348 are buffered
into a memory area and are associated in the buffer memory with the value

of the current time reference.
In block 1880, if it is determined either that SUP_FRAME_TXD[N]
30 equals -1, indicating that no frames have begun transmission on
supplemental channel N, or the value of SUP_FRAME_TXDI[E] is less than
the value of SUP_FRAME_TXDIN], indicating that the frame received on
supplemental channel N has a sequence number that is lower than that
currently being transmitted on supplemental channel E, then the process
35 moves to block 1882, where the appropriate frames are buffered and the
appropriate frames are forwarded to RLP3E layer 344.
In block 1882, if the current reference time is less than or equal to
T_DELIVER, all of the frames are removed from the buffer memory and are



or SUP_TIMER] 2], has expired. If neither tinmer has expired, the proo!ezﬁ, R
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1830, the fundanmental franme received d ng this period is buffered into
menory and is associated in the buffer nenory with the val ue of the
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only one t itheve iexgnier &divet sifpplemental channel. FIG 9A illustrates a 220 ms time

period in which CDMA frames containing RLP sequence numbers 0 through

12 are transmitted in an RLP3E data transmission system 900 consisting of a

fundamental channel 901 and one supplemental channel 902.

Supplemental channel 902 is configured to have a CDMA frame duration of
25 80 ms, and to have a 60 ms channel offset.

As illustrated, fundamental channel 901 -transmits 20 ms CDMA
frames containing RLP3E frames of sequence numbers 0,1,2,3,5,6,7,8,10, and
12. Supplemental channel 902 transmits 80 ms CDMA frames containing
RLP3E frames of sequence numbers 4 and 9. As illustrated in FIG. 9A, frame

30 0 begins transmission at time 20 and finishes transmission at time 20.

At point 910, representative of the 60 ms supplemental channel offset,
fundamental channel 901 finishes transmission of frame 2 (the frame
containing RLP sequence number 2) and begins transmission of frame 3.
Additionally, supplemental channel 902 begins transmission of frame 4.

35 At point 915, fundamental channel 901 finishes transmission of frame
3 and begins transmission of frame 5.
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set to 2 and Nis set to 1. Thus, the3#ndex E is associated with the
channel for 10 which the tiner expi red, while Nis associated with the
channel for which the timer did not expire. The process then noves to
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frames receive
20 frames of sequence numbers 5,10, and 15. As illustrated in FIG. 9A, frame 0

begins transmission at time 20 and finishes transmission at time 20.

At point 960, representative of the 20 ms supplemental channel offset,
fundamental channel 951 finishes transmission of frame 0 (the frame
containing RLP sequence number 2) and begins transmission of frame 1.

25  Additionally, first supplemental 952 begins transmission of frame 2.

At point 970, representative of the 60 ms supplemental channel offset,
fundamental channel 951 finishes transmission of frame 3, and begins
transmission of frame 4. Additionally, second supplemental 953 begins
transmission of frame 5.

30 At point 980, fundamental channel 951 finishes transmission of frame
6, and begins transmission of frame 7. Additionally, first supplemental 952.
finishes transmission of frame 2, and begins transmission of frame 8.

At point 985, fundamental channel 951 finishes transmission of frame
7, and begins transmission of frame 9. Additionally, second supplemental

35 953 finishes transmission of frame 5, and begins transmission of frame 10.

At point 990, fundamental channel 951 finishes transmission of frame
12, and begins transmission of frame 13. Additionally, first supplemental 952
finishes transmission of frame 8, and begins transmission of frame 14.



subl ayer 348 during the current period. In block 1882, if the current Zt4AR€00L
reference is greater than T_DELIVER, all franmes received fromnultiplex

subl ayer 3062087y this period are buffered into nmenory arRCTAIS90RA4956cCi at ed
5 in the buffer menory with the val ue o% the current tinme reference.
Additionally, all franmes stored in the buffer nmenory, which are associ ated
wth atine |ess.than or equal to T _DELIVER, are renoved fromthe buffer

menory and F?ﬁ% Iy, 0§e¥)&%’n Qu% leRtdrik |9%$efm%ﬁés tT%ers@ﬁ)‘%ﬁ%ftﬂ?SﬁemPMeﬁnao

bl ock 1896 timer SUP_T Is set to the val ue of
SUP_DURATI BE}S. trangryissiqypo meq B owill exp| re as soon as the

transm ssi on Of F1Ge 10ria8R abﬁﬂn@ﬁné It Lieghtit anﬁ{mattﬁhxr% &t witsbRS.

Addi ti onal | VR i S _se SE to the vaI e of agﬁﬂ(ent i me

ref erence ﬁ'é’“? %‘Bﬁ%taf‘:ﬁ rat"lffgll 5] iny ?‘ér?é‘gmt 14 aﬁiﬂ 8‘3 58 “E‘l me 15
T _DELI VER shauhnthbme‘reramrtdmdacttw eRbR3Helrayneal SdanndiastFlg. 10SiRsHRESEa TXD] E]
Is set to t FW@:T t hen
noves to bllggk%%ogﬁleglﬁr@: ég f%ﬂesa%'aﬂﬁlﬁlrfgr %I ngg({ﬂ %?m ng
at whi ch vawimbgrs leoxughr?e@reairensmstrgdnmtaéu B dlagy Eiappayission mystan- | i ke

system in wope Rond8tihB&Ifa hﬁlcﬁ&@erﬁﬁl trveﬁu&mnpbf@ﬂmls@maehtaﬁtﬁm%
illustrates a 220, ns 8 od in V\{l}lch% nmes Co aln{aiguﬁﬁ
Soquence. mafrando SRS AEDpTe Al Y li3h, Suppigm

t ransnigsi QOnﬁgﬁfe@M@wﬁvem@[ﬁﬂmg—aMe durd tivrd af80trab, adhhodlaveOd 28ndsone

Suppl ement dhabr@"BfseOdecondt BRIl qh%sqglcogggukéd foHdusaephpanave a

CDMA frane ura i on channel
i |1 ustrat edrame duaation &f 20rBsraad ophave azsmist hapmehwitspin Ast illygtrated,

cont ai Nni ng fRhXEhtABRnAE! 100 BARSMINITERS ODMAR fParhed conbridhg RISIEL2.

Suppl enmental channel 902 transmts S, cont Lol n
i anee of JEREnCE AeABaiE ROners OAB) A% St ohieh SRsiegs, 3615, g
begi nslBrammmsmts)mmBOthECW&n&amesl soeiningnRKPSEi name of pEIENCEAL

poi nt 910, gnt ag&efcgacpf Eg’?erﬁgnﬁq iwyoln%%%@ z@hﬁm@DMAs&smes
fundarrenta nnef 9 I ni s transm ssion of _fra 2 (the frane
cont ai ni ngcmlial%l@ﬁ rﬁ’ﬁ’rﬁ’b‘“e’i'o Dsequeace ByimRersr 53<nfRe%n of frame 3.

Addi tionally, smpb@m&nnam alp mehta&aéb tufgtm:s 201 m3s sipplemnental fcleamned. 35
beatns-t - antrs SBREGRAL, ST 84450 5 %%S%%%@%f%%gﬁﬁ >
20 containing RLP sequence number 0} and begins transmission of frame 1.

Additionally, first supplemental 1002 begins transmission of frame 3, and
second supplemental 1003 begins transmission of frame 2.

At point 1020, fundamental channel 1001 finishes transmission of

frame 1, and begins transmission of frame 4. Additionally, second
25 supplemental 1003 finishes transmission of frame 2, and begins
transmission of frame 5.

At point 1030, fundamental channel 1001 finishes transmission of
frame 4, and begins transmission of frame 6. Additionally, second
supplemental 1003 finishes transmission of frame 35, and begins

30 transmission of frame 7.

At point 1040, fundamental channel 1001 finishes transmission of
frame 6, and begins transmission of frame 8. Additionally, second
supplemental 1003 finishes transmission of frame 7, and begins
transmission of frame 9.

35 At point 1050, fundamental channel 1001 finishes transmission of
frame 8, first supplemental 1002 finishes transmission of frame 2, and
second supplemental 1003 finishes transmission of frame 9.



"

At point 920, fundamental channel 901 finishes transnission of framd 2 MAR ICi
and begins transnlssion of franme 8. Additionally, supplenental channel 902
fini shes tr‘%‘ﬁg'rf?“?éﬁ on of frame 4 and begins transnission of PEVRAYIS
poi nt 930, fundanental channel 901 fini%hes transm ssion of frame 5 12,
and suppl enmental channel 902 finishes transm ssion of frane 9. FIG 9B is a
tineline diagramillustrating the timng at which various RLP franes are
transmi ttedI in zifheﬁxmvmh' Lmrtlslesrdl@mND@f-' i tHd(ipreeﬁmé@mdtﬁbd/ihieﬁhs i peveidedetd \C/iVO
active sup n nnel. kI 9B, i es._a 220 I e eriod in
i ch COVR ARy, BEER PhBecyih el Mk Shr Bsd o Pg§§$ﬁt151&%9t4?%—

t ransmi t t edhienvanow rBEitications tinthesesimhodiyserdm WHD be gpad By iapgpaséntato

f undanent al 9 ir t.ak ngle; : d
Suppl enpnt a1 panmier BE (e art i S BERCRE ingd JRINGCnAF hetbin map
CDMVA f rane agitigeli oh obrergembodimgnts gvitagut dheousts of HhgnEvestthveet facalt¥ond
Suglolt errﬁnt thL@.g?vtﬂes p&@éﬁtgimeg?ﬁ@?haag r@altml tnﬂeag&ogtﬁeatlii@mttea}‘ ﬁﬁ e | 1851
an o have ns . channel, offset.. illustra .yndanent al _channe
ransri o SERAIERS FaB et te g e 5erdet i vid e oRR SonS DG <
0,1, 3, 4, 6, with e pRirkiplenndd iovetifestureudpcosedttedre®52 transmts 80 ns
CDVA franmes containing RLP3E franmes of sequence nunbers 2,8,and 14. Second
suppl emental 953 transmits 60 ns CDVA franes containing RLP3E 20 franes of
sequence nunbers, 5, 10, and 15. As illustrated in FIG 9A franme 0 begins
transmi@si dRe flaiming 20 and finishes transmission at tine 20. At point 960,
representative of the 20 ns suppl enental channel offset, fundanental
channel 951 finishes transm ssion of frane O (the frane containing RLP;
sequence nunber 2) and begins transm ssion of frame 1. 25 Additionally,
first supplenental 952 begins transm ssion of frame 2. At point 970,
representative of the 60 ns suppl enental channel offset, fundanental
channel 951 finishes transm ssion of frame 3, and begins transm ssion of
frame 4. Additionally, second supplenental 953 begins transm ssion of
frame 5. 30 At point 980, fundanental channel 951 finishes transm ssion of
frame 6, and begins transm ssion of frame 7. Additionally, first

suppl emental 952. finishes transm ssion of frane 2, and begins

transm ssion of frane 8. At point 985, fundanental channel 951 finishes
transm ssion of frame 7, and begins transm ssion of frame 9. Additionally,
second supplenental 35 953 finishes transm ssion of frame 5, and begins
transm ssion of franme 10. At point 990, fundanmental channel 951 fi nishes
transm ssion of frame 12, and begins transm ssion of frane 13.
Additionally, first supplenental 952 finishes transm ssion of frane 8, and
begins transm ssion of franme 14. 1 2 MAR 2004



WO 01/ 20874 PC fUSOQ 24954 35 Final ly, second suppl enental 953 fi ni sHesMAR 2004
transm ssion of frame 10, and begins transm ssion of frame 15. FIG 10 is

an atinmeline diagramillustrating alternate timng at which various RLP
frames are transmtted in an exenplary cdna2000-1i ke system 5 in which
there are two active supplenental changgels. FIG 10 illustrates a 100 ns

time period in which CDVA franes contai ning RLP sequence nunbers 0 through
9 are transmtted in an RLP3E data Héﬂﬂﬁﬂ%FSion system 1000 consisting of
a fundamental channel 1001, a first supplenmental channel 1002, and a
second suppl enental channel 1003. First supplenental 1002 is 10 configured
to have a CDVA frame duration of 80 ns, and to have a 20 ns. channel

of fset. Jecond sgdideios praventimpBnnesessanifnegeti epckaowledgementiiamestip fadio
duration a .have a 20 nms channel offset. As illustrated,
fundanenggﬁk%ﬁgﬁﬁgﬁ’%85@%?@§nsnits 20 ns CDVA franes containi ng RLP3E
frames of sequesepdngusrbarfirst supplerientélnchainelFRadio BinkPretaeol dlypd G0fkarthbs
transmts an 80 ns,  COVA frames contai ning RLP3E franme of sequence nunber
3. Secondwa¥ingd fstelmme lenghs transnits 20 ns CDMA frames containi ng RLP3E

frames of seq a , At Lve of
the 20 s supirananb o &reondsteriemBiAl chandll, RANDLE Pobuok PR fank

t ransm sdiaoimgaf sebomhframe (erpth, fwienein tROsevond flameriength B didfprem dmm thebfiust 0)
and begi r}g transmssion of frame 1. Additionally, first supplenental 1002
begins tr 88fon of frame 3, and second suppl enental 1003 begins
transm ssion Qb fibhed Bhithe 102 %rst HAHEERR and B RArdOfidvih thhes
transm ssion of frame 1, and eg%ns transm ssion of frane 4_ Additionally,
second 2scandddnemtengthifron0 sltiplexs sukdayer toresframe reondasingfsnblager2, and begi ns

transm ssion qf frane 5.  At.point 1030, fundame | channel 100 inishes
transm ssi on %uﬁteflp%rm?yf,heaﬁgmﬁeﬁf’ﬁgnpgaﬁ’@rﬁygrsi %ﬁ]ﬁbef %F’P?ﬁeu%t:h ﬂ‘édf‘?‘ﬁn%al ly,
second  SHRBMRRAPrdL toldSdrdnt HasBdavd batngidewsdon of frame 5, and begins 30
transm ssion of frame 7. At point 1040, fundanental channel 1001 fi ni shes

transni ssi on cfetermining by the framsegordsrieg sitblayes shoardst i whieh the frames tveghal | vy,

tr anoni s JRRnEfERtidth o139 slchlhR ERat SRR AR UM AR nof b b7
fi ni shes insequentialBireceivdd frdmesre 8, first suppl emental 1002 fini shes

transm ssion of frame 2, and secqond. s | eprent al, 1003, f | ni shes
tr ansmi ss: on d‘porfiprz%oét_heafrmes, by 81e fra.nlljepl%or ering sublayer, in tlhe Ior er the frames

were transmitted from the peer by means of timers and/or counters; and

delivering the reordered frames to a Radio Link Protocol Type 3 sublayer.

2. A method for generating Radio Link Protocol Type 3 data frames, comprising:
receiving requests, at a Radio Link Protocol Type 3 sublayer, for data frames from
a multiplex sublayer; and
generating, by the Radio Link Protocol Type 3 sublayer, multiple new data frames,
wherein a lowest new sequence number is placed in the new data frame having the
smallest frame length and a highest new sequence number is placed in the new data frame
having the largest frame length.

3. A method for delivering Radio Link Protocol Type 3 data frames to a Radio
Protocol Type 3 sublayer, comprising:

determining a number of supplemental channels;



1 2 MAR 2R9 WD 01/20874 PCTI USOO 24954 36 The previous description of the
preferred enbodi nents is provided to enable any person skilled inlth¥AR#f!
to make or use the present invention. The various nodifications to these
enbodi ments will be readily apparent to those skilled in the art, and the
generic principles defined herein may 5 applied to other enbodi nents

w t hout the use of the inventive faculty. Thus, the present invention is
not intended to be limted to the enbodinments shown herein but is to be
accorded the vttiagta eounjse andiesitimasfor eaght supplemestal ghagneb foraprdering, Badio

featuresdi.scligsed i n. | P, 7204 37 CLAIMS 1. A net hod
for pr evgﬁ?tf)%odqsméQigggﬂggﬁesn%gggﬁﬁr%%cn%&%g%errent frames in Radio

Prot ocol Type oaderi(ﬁ? Fedeivied REdid Bk Ptbidgo!l Dyped ddtd fhmesipqoaling tod sefamoeel |
Radi o Link Protocol Type 3 franmes having a first franme |ength; receiving,

on a sec8Hmbe greins@ddinel , Radio Link Protocol Type 3 frames having
a second fra . h My Sec n ' i from
the first v acieicne i0ER RIS (SRR WILhETTpe 3G (g o B Radio

| engt h aPdotbdet Typadueftvareisnplayére second frane length froma nultipl ex
subl ayer to a franme reordering sublayer; buffering, by the franme reordering
subl ayer, of the franmes until all franmes transmtted prior to a current

frame haye been f&fis] V¢ iniflalAidTa"RAflo Difk! PrStdcoRpE OB SufthiRver

the order in e franes re transmtte a peer such that
negat i ve camprigsingedgenent franes are not generated by unsequentially

received framgs;, reordering of the fr S t he frame reordering

subl ayer, in%@WaP%g¥P£%§V§ %P’&Eém%‘@d fromthe peer by means
of timers andgeiermmity £&ipplehiaitd ShantRl skt FdrRadleavtive saspiéreitRichhtned; Radi o
Li nk Protocol Type 3 sublayer. 2. A nethod for generating Radi o Link

Protocol Type assighing afsupplementabgharingl frgme dugationvfon gashe siinplamentaltchanmeddi o
Li nk Protogol Type 3 sublayer, for data frames from a nultiplex sublayer;
and genef‘g ing, by the Radio Link Protocol Type 3 sublayer, nmultiple new

data franes, initiglifihga tinlepVetht chamebeffsee fneathiadies siyspl@hassaichanndlhe new
data frane having the snmallest frane |ength and a hi ghest new sequence
nunber is placed in the new data frame having the |argest franme | ength.

5. A mobile station, comprising:

a multiplex software sublayer for generating requests for Radio Link Protocol Type
3 data frames from a Radio Link Protocol Type 3 software sublayer, and for receiving
sequentially numbered data frames from the Radio Link Protocol Type 3 software
sublayer; and

a frame reordering software sublayer for ordering data frames received from the
multiplex software layer according to a sequence number, and delivering the ordered

frames to the Radio Link Protocol Type 3 software sublayer.

6. A base station comprising:

a multiplex software sublayer for generating requests for Radio Link Protocol Type
3 data frames from a Radio Link Protocol Type 3 software sublayer, and for receiving
sequentially numbered data frames from the Radio Link Protocol Type 3 software
sublayer; and

a frame reordering software sublayer for ordering data frames received from the
multiplex software layer according to a sequence number, and delivering the ordered

frames to the Radio Link Protocol Type 3 software sublayer.



3. A nethod for delivering Radio Link Protocol Type 3 data franes th%%RZML
Radi o Protocol Type 3 sublayer, conprising: determ ning a nunber o ‘
suppl emental channels; 1 2 MAt;j ~1 setting a counter and/or timer for
each suppl enental channel for ordering Radio Protocol Type 3 data franes
of different frame | engths; ordering rggei ved Radi o Link Protocol Type 3
data franes according to a sequence n er contained therein; and
delivering the ordered Radio Link Protocol Type 3 data franes to the Radio
Protocol Type 3 software sublayer. 4. A nethod for initializing a Radio

Link Protpcol dypgnd LRoLOer EbOeaNPY ifctess COMRLRAAG: ARIGE FhibDG, Argpurber

of active ‘supplenen nne ermning a supplene fset

for each sapplementalipgaaneintaal ahaeqald; supslemgitain Gchansalpphifsreint ahe cieaone!
frame duration for each supplenmental channel; and initializing a timer to

t he chanrippigmenial chagpelds eonfigured te haye aifemerlength different fronsa framedength of
station, kS G rgwj[glj I of tware subl ayer for generating requests
for Radi otﬁ€ﬁﬁ#<g®rdgtfqg%%‘ ypéegc?ﬁl&gl?lgbfranes froma Radio Link Protocol Type
3 software sulsettingra tiawed foorthe festisupplgmesalckatnicbhhd ey sdrend dugplemehtahines
fromthe Radio Li Prot ocol Type 3. softwar suhl ayer, and a frane

reor der i @%ﬁf%ﬁgymgwsmwrw%@gﬁw ‘AWFBQHE%‘ fragessi ved from the
mul i pl ex SOf (kg BUH e AERPR HhRad:Ordin B4R HASCO HERBEr cofiindithbntft, 1 10 L he
ordered franes to%he F\%.dlo lIs_rlgllfll %’rotocgzﬁ% Tyge § o) t\/\%cre subl ayer. 6. A
base station cosgting thegtimer sucht thptl Begativé taskrosvledgeineptsraré giot gransmteid fgr
requests for Radi B’ Li nk@:’iqg% col .‘zl;xge 3 data franmes froma Radi o Link

Prot ocol UApWeBIA TGy & 29nd for receiving sequentially numbered

data franmes fremvég thedh@ fran¥s tPhRIRGAbitWIRSuBlag& t war e subl ayer; and a
frame reordering software sublayer for ordering data frames received from

the nmultiplex software |ayer according to a sequence nunber, and

subl ayer P12 AR G BB THhe ) sifneploBim fBVRERRERE 2 oo "
conmmuni cat i onshufesd fombaffetimoRadid iLisk Proseyop TepeB fames bfdiffdrerafrthnee kaghnd

suppl enental channel, wherein the second supplenental channel is
conf i gur dBVING SRANABCE NEMBESE Angt h different froma frame |ength of

timers and/or counters for ordering the Radio Link Protocol Type 3 frames

according to the sequence numbers.

9. A communications apparatus, comprising:

means for receiving requests, at a Radio Link Protocol Type 3 sublayer, for data
frames from a multiplex sublayer; and

means for generating, by the Radio Link Protocol Type 3 sublayer, multiple new
data frames, wherein a lowest new sequence number is placed in the new data frame
having the smallest frame length and a highest new sequence number is placed in the new
data frame having the largest frame length.

10. A communications apparatus, comprising:

means for determining a number of supplemental channels;

means for setting a counter and/or timer for each supplemental channel for
ordering Radio Protocol Type 3 data frames of different frame lengths;

means for ordering received Radio Link Protocol Type 3 data frames according to

a sequence number contained therein; and



the first supplenmental channel, conprising: setting a timer for the1f'pﬁ;pm
suppl enental channel and the second suppl enental channel for delayirf'}gl h@
transm ssi on of negative acknow edgnent franes; ordering received data
frames according to a sequence nunber contained therein; resetting the
timer such that negative acknow edgemephs are not transmtted for
unsequentially received data franes; and delivering the data franes to

anot her software subl gyer., 8.. A Radio_Li.nk Protocol Type frame reordering
subl ayer conprmgqnﬁégr i reing thepragind %ﬁlﬂi}%ﬁr%ﬂp&l Jmﬁofa&&anw% the
frames ofgfhid f’ﬁﬁ@d&lT}é@S@oﬁﬁﬁQEﬁlﬂa Jdpavi ng sequence nunbers; and tiners

and/ or counters for ©Ordering the Fgédi o Link Protocol Type 3 franes

according to the sequence nunbers. 9. A communi cations appar at us,
conpri si nlq means for.receiving requests, at a Radio Link Protocol Type 3

subl ayer,"'f or ﬁ?Qm“Pfc_ﬁﬂ‘é‘gqu » PR subl ayer; and neans for
generating, byméde BaeRink! AifEOFACHe fiYsPSufplembhaY Shannllahli e f2e¥hd data

frames, wherein a | owest new sequence nunber 1s placed in the new data
frame haupplgmentel ehanh¢ldor ddlayamgthe dragsiissing obnégatneatknowledgmgoieiiaaeshunber

is placed in the new data frane vi.ng the largest frame length. 10.. A
communt cat i ondhepp ek B Fafel A€ot B A el aymR Sinsipeds
suppl emenhékinghannel s; neans for setting a counter and/or timer for each

suppl enental channel for _ordering Radio Protocol Type 3 data frames of
di fferent frarfeeansnor hgsetting e ftispero serdy ithay negatdye, askmradedeements preonietcol

Type 3 d R0 ke . ) nber contained therein; and 1
2 MAR ZU%aﬁﬁﬂmangr@%?ﬁ(fglhg%é;re?%&gqﬁ@g%g?’e HRadi o Link Protocol Type 3
data frames tanddne foritiveridg the datalfraiepeo andhdrisofiwaresublaggrer . 11. A

communi cati ons apparatus, conprising: neans for setting a tiner for the
first supplenental channel and the second supplenental channel for

del ayi ng thhe t b b0k td cnowl edgnent franes; neans for
ordering ltrz'ecei"f/ed at a ?r arrggﬁggfg’oérom{gﬁ% a sequence nunber contai ned

t her ei n; nmeansndaps forcldferingRadiveLinkrRyotosalcTypehaframesyof different Knaoed legigsrent s
are not .transmtted foagunsgquenti ally received data frames; and neans for

deliveri d’@"'ﬂ’ﬁé%&?f‘&"?‘f‘a & 4% anot her software subl ayer. 12. A

conmuni cat i On%%ﬁ%ﬁtdﬂﬁeriﬂgpﬂw RﬁdiBQLinKE%SocBDrfgpé'fj GahRe dZakdthgl tdkhe
Protocol Type 3 frames of different frame | engths
sequence numbers,

13. A computer readable media embodying a method for generating Radio Link
Protocol Type 3 data frames, comprising:

receiving requests, at a Radio Link Protocol Type 3 sublayer, for data frames from
a multiplex sublayer; and

generating, by the Radio Link Protocol Type 3 sublayer, multiple new data frames,
wherein a lowest new sequence number is placed in the new data frame having the
smallest frame length and a highest new sequence number is placed in the new data frame
having the largest frame length.

14. A computer readable media embodying a method for delivering Radio Link
Protocol Type 3 data frames to a Radio Protocol Type 3 sublayer, comprising:

determining a number of supplemental channels;

setting a counter and/or timer for each supplemental channel for ordering Radio

Protocol Type 3 data frames of different frame lengths;



havi ng sequence nunbers; and nmeans for ordering the Radio Link Protocol
Type 3 frames according to the sequence nunbers. 13. A conputer regdaiken
medi a enbodyi ng a nethod for generating Radio Link Protocol Type 3 data
frames, conprising: receiving requests, at a Radio Link Protocol Type 3

subl ayer, for data franmes from a nulthQIex subl ayer; and generating, by
the Radi o Link Protocol Type 3 sublayer, nultiple new data franes, wherein
a | owest new sequence nunber is placed in the new data franme having the
smal | est fr anePriemnyg igeeived Badip dials Protens! $eppi2 dete frames@ccarding|te asdquence he

new dat a I  largest frame length. 14. A conputer readable
medi a enbé) yi namg‘q%%?%lghé?'?’o#adel ivering Radio Link Protocol Type 3 data

frames to a Raikliverftigotic otdefadpRadioSLinkaPtocot AVPE Bidath frdRes i i Madio
nunber of_suppl enental channels; setting a counter and/or timer for each
suppl enerfiratocelbypse) softaresublayefhg Radi o Prot ocol Type 3 data frames of
different frame lengths; 1 2 MAn 2004 41 ordering received Radio Link
Protocol Type 3 data franes according to a sequence nunber contai ned

t herei n; Bnd delcompuiengeadhlde analiex etlbdbdiga metod foe it slizidgy p RadiciBioodol anes

to the di o.. Protocol Type 3 software sublayer. 15. A conputer readable
medi a eﬁd%ﬂﬂ@c gf%fm%'mrn?wmr%;ng a Radio Protocol Link Type 3

reordering subjef¥flining Q2 Hnbst d¥%cti [E'rrﬂe}n j ﬂqrﬁ'lF er of active
suppl enment al channerlmééf gg‘?ler rrdl}%ic%g@%%upp {ehgmgn a 1r§}ghannel of fset for each
active suppl erdeterminioga supglemerdaichamieh gffset fompmatle aetiveaupplemental canaete

duration for each .suppl enental ,channel.; and initjalizin tiner to the
channel of f set®}&Me £C§PP§E5P}°&£’1 §'!J?J‘H1"E Wa‘fmﬁqﬂhh’é |each 6‘.9PFﬁe‘E‘ ¢hannel;

r eadabl e gggdi a enbodyi ng a nethod of franme reordering in wireless

comuni cati ons system having a first supplenental channel and a second
suppl enent al  iewtighrag a times tethe charnet effest dorsapip hesiversupplembntahehianiel.
configured to have a frame length different froma frame | ength of the
first supplenmental channel, conprising: setting a tinmer for the first

suppl enerisal  chaompltennchdable ralioBmbsdying &TRthal of GameebrdeAhg dehanidag t he
transm ssi on of negative acknow ﬁgﬁgrrent frames; ordering recelved data

frames aCCBYRHRRFICBS aysterp JeKiag o b supriemenial chpnpelaand; 4 second swpplemgniahe
tinmer suGhatdapt At ghﬂeﬁ ] d
unsequent%ihal Y ?@g@vﬂgé%ggﬁgn%pgﬁeﬂgﬁﬁgﬁ g{ Fsv%(r?kll g t@rﬂégt&ga ?‘fﬁlg?réesn 0
anot her slhfferentrfeors aftamyedength of the first supplemental channel, comprising;

setting a timer for the first supplemental channel and the second supplemental

channel for delaying the transmission of negative acknowledgment frames;
ordering received data frames according to a sequence number contained therein;
resetting the timer such that negative acknowledgements are not transmitted for
unsequentially received data frames; and

delivering the data frames to another software sublayer.





