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The present invention pertains generally to the field of wireless
10 communications, and more specifically to detecting delayed data frames in a
transport function.

I Background

15 The field of wireless communications has many applications
including, e.g., cordless telephones, paging, wireless local loops, and satellite
communication systems. A particularly important application is cellular
telephone systems for mobile subscribers. (As used herein, the term
“cellular” systems encompasses both cellular and PCS frequencies.) Various

20 over-the-air interfaces have been developed for such cellular telephone
systems including, e.g., frequency division multiple access (FDMA), time
division multiple access (TDMA), and code division multiple access
(CDMA). In connection therewith, various domestic and international
standards have been established including, e.g.,, Advanced Mobile Phone

25 Service (AMPS), Global System for Mobile (GSM), and Interim Standard 95
(IS-95). In particular, IS-95 and its derivatives, such as IS-95A, 1S-95B, ANSI
J-STD-008, 15-99, IS-657, 15-707, etc. (often referred to collectively herein as IS-
95), are promulgated by the Telecommunication Industry Association (TIA)
and other well known standards bodies.

30 Cellular telephone systems configured in accordance with the use of
the IS-95 standard employ CDMA signal processing techniques to provide
highly efficient and robust cellular telephone service. An exemplary cellular
telephone system configured substantially in accordance with the use of the
IS-95 standard is described in U.S. Patent No. 5,103,459, which is assigned to

35 the assignee of the present invention and fully incorporated herein by
reference. The aforesaid patent illustrates transmit, or forward-link, signal
processing in a CDMA base station. Exemplary receive, or reverse-link,
signal processing in a CDMA base station is described in U.S. Application
Serial No. 08/987,172, filed December 9, 1997, entitled MULTICHANNEL

40 DEMODULATOR, which is assigned to the assignee of the present invention
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CDVA syste escrl bed in U S. Patent No. 5,056,109, which is assigned to
Transmitting signals over the same RF spectrum provides various

15 benefits including, e.g., an increase in the frequency reuse of a cellular
telephone system and the ability to conduct soft handoff between two or
more base stations. Increased frequency reuse allows a greater number of
calls to be conducted over a given amount of spectrum. Soft handoff is a
robust method of transitioning a mobile unit from the coverage area of two

20 or more base stations that involves simultaneously interfacing with two
base stations. (In contrast, hard handoff invblves terminating the interface
with a first base station before establishing the interface with a second base
station.) An exemplary method of performing soft handoff is described in
U.S. Patent No. 5,267,261, which is assigned to the assignee of the present

25 invention and fully incorporated herein by reference.

Under the IS-99 and 1S-707 standards (referred to hereinafter
collectively as IS-707), an IS-95-compliant communications system can
provide both voice and data communications services. Data
communications services allow digital data to be exchanged using a receiver

30 and an RF interface to one or more transmitters. Examples of the type of
digital data typically transmitted using the IS-707 standard include computer
files and electronic mail.

In accordance with both the IS-95 and IS-707 standards, the data
exchanged between a wireless terminal and a base station is processed in

35 frames. To increase the likelihood - that a frame will be successfully
transmitted during a data transmission, IS-707 employs a radio link protocol
(RLP) to track the frames transmitted successfully, and to perform frame
retransmission when a frame is - not transmitted successfully.
Retransmission is performed up to three times in IS-707, and it is the
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or network layer of the failed transmission.

Under IS-95A and IS-707, frames are transmitted once every twenty

milliseconds (ms). Thus, an eight-bit sequence number can track 256 frames
20 transmitted over a five-second interval. Five seconds is typically sufficient

to allow a failed frame transmission to be detected, and a retransmission to

be performed, and therefore an eight-bit sequence number provides

sufficient time for frame retransmission. Thus, retransmitted frames can be

uniquely identified without ambiguity caused by a sequence “wrap-around”
25 whereby the eight-bit sequence number repeats.

Since the original development of IS-95A and IS-707, however,
additional protocols and standards have been proposed and developed that
allow data to be transmitted at greéter rates. Typically, these new protocols
and standards use the same frame structure as IS-95A and IS-707 in order to

30 maintain as much compatibility as possible with pre-existing systems and
standards. Nevertheless, while maintaining compatibility with pre-existing
standards and systems is desirable, the use of the same type of frame within
these higher rate protocols and standards substantially increases the number
of frames that are transmitted during a given period of time. For example, if

35 the transmission rate is increased by a factor of four, the time required to
transmit 256 frames is reduced to 1.25 seconds, rather than the five seconds
required previously. A time period of 1.25 seconds is typically insufficient to
allow a failed frame transmission to be detected, and a retransmission
attempted, before the eight-bit sequence number repeats. Thus, the use of an
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such an increase would substantially alter the frame format and therefore
15 violate the goal of maintaining substantial compatibility with previously
existing systems and standards. Additionally, increasing the number of bits
in the sequence number would waste available bandwidth. A conventional
solution such as increasing the number of bits used to represent the
sequence counter is therefore inadequate because it would introduce
20 additional overhead per transmission and decrease of the net throughput of
the transport service. Hence, it would be desirable to provide a method for
extending the sequence number range without modifying the number of bits
used for the sequence number. Such a method would advantageously be
capable of interpreting an impossibly large number of missing data frames
25 derived from the sequence number as a delayed frame, thereby increasing
the throughput of the transport function. Thus, there is a need for an
efficient method of detecting delayed frames in a transport function using a

minimum number of bits.

30 SUMMARY OF THE INVENTION

The present invention is directed to an efficient method of detecting
delayed frames in a transport function using a minimum number of bits.
Accordingly, a method for detecting delayed data frames in a transport

35 function in which frames are sent from a transmitter to a receiver includes
the steps of comparing, for a received frame, a frame sequencing counter
number with a predetermined threshold value, the frame sequencing
counter number being derived from a header of the received frame, and
detecting the received frame as a delayed frame if the frame sequencing
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repeats. Thus, thg; USR PHo@chart illustrating the operation of a transmitter and a
receiver during a communication.
FIG. 5 is a flow chart illustrating the operation of the receiver during
the reception of a newly transmitted frame.

20 FIG. 6 is a flow chart illustrating the operation of the receiver during
the reception of a retransmitted frame.
FIG. 7 is a message diagram illustrating the operation of the
transmitter and the receiver during an exemplary communication.
FIG. 8 is a message diagram illustrating the operation of the
25 transmitter and the receiver during an exemplary communication.
FIG. 9 is a flow chart illustrating the operation of the receiver in
recognizing and processing delayed frames.
FIG. 10 is a functional diagram of a shift register used in the receiver
to update a bit value specifying the next frame to be received.
30 _
DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The embodiments described hereinbelow reside in a personal

35 communication system operating in accordance with the use of CDMA
signal processing techniques of the IS-707 and IS-95 standards. While the
present invention is especially suited for use within such a communications
system, it should be understood that the present invention may be
employed in various other types of communications systems that transmit
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25  deys vers, FTIIMITE16 RAURIHArE D BtePcd vAith AV&hviehfidhal HBIRBWHACT easi ng
telephone network (PSTN) 18. The MSC 16 is also configured to interface
with the BSC 14. The BSC 14 is coupled to each base station 12 via backhaul
lines. The backhaul lines' may be configured in accordance with any of
several known interfaces including, e.g., E1/T1, ATM, or IP. It is to be
20 understood that there can be more than one BSC 14 in the system. Each base
station 12 advantageously includes at least one sector (not shown), each
sector comprising an antenna pointed in a particular direction radially away
from the base station 12. Alternatively, each sector may comprise two
antennas for diversity reception. Each base station 12 may advantageously
25  be designed to support a plurality of frequency assignments (each frequency
assignment comprising 1.25 MHz of spectrum). The intersection of a sector
and a frequency assignment may be referred to as a CDMA channel. The
base stations 12 may also be known as base station transceiver subsystems
(BTSs) 12. Alternatively, “base station” may be used in the industry to refer
30 collectively to a BSC 14 and one or more BTSs 12, which BTSs 12 may also be
denoted “cell sites” 12. '(Alt'ernatively, individual sectors of a given BTS 12
may be referred to as cell sites.) The mobile subscriber units 10 are typically
cellular telephones 10, and the cellular telephone system is advantageously a
CDMA system configured for use in accordance with the IS-95 standard.
35 During typical operation of the cellular telephone system, the base
stations 12 receive sets of reverse-link signals from sets of mobile units 10.
The mobile units 10 are conducﬁng telephone calls or other
communications. Each reverse-link signal received by a given base station
12 is processed within that base station 12. The resulting data is forwarded to
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the frapge twelve-bit sequencing number in accordance with the Radio Link Protocol
(RLP), a protocol that is known in the art. The algorithm is advantageously
carried out with RLP software instructions and a microprocessor. In one
embodiment, an RLP component may reside in a base station 12.
Alternatively, the RLP component may reside in a BSC 14. Those of skill in
15 the art would appreciate that the RLP algorithm may be used not only in a
BSC 14 or a base station 12, but could be used in any transport layer in which

multiple data frames are received in a particular processing period.

In FIG. 2, two communication systems configured in-accordance with
an exemplary embodiment are illustrated in block form. The higher rate

20 communication is being conducted from transmitter 50 to receiver 52. In an
exemplary configuration, transmitter 50 is located in a base station 12 and
receiver 52 is in a wireless terminal 10; however, the locations may be
reversed. Within transmitter 50, control system 54 receives data frames
from input/output (I/O) 56 and provides that data to encoder 58. Encoder 58

25 performs convolutional encoding, generating code symbols that are received
by digital modulator 60. Digital modulator 60 performs- direct sequence
modulation on the code symbols with one or more binary channel codes
and one or more binary spreading codes, yielding chipped symbols that are
received by radio frequency (RF) transmitter 62. The chipped symbols are

30 upconverted to the carrier frequency band by RF transmitter 62 and
transmitted from antenna system 64 via diplexer 66.

Various methods and apparatus for performing the digital
modulation and RF upconversion can be employed. A set of particularly
useful methods and apparatus are.deécribed in copending U.S. Applications

35 Serial Nos. 08/431,180, entitled METHOD AND APPARATUS FOR
PROVIDING VARIABLE RATE DATA IN A COMMUNICATIONS
SYSTEM USING STATISTICAL MULTIPLEXING, filed April 28, 1995;
08/395,960, entitted METHOD AND APPARATUS FOR PROVIDING
VARIABLE RATE DATA IN A COMMUNICATIONS SYSTEMS USING
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CDVA frame 70 may include other fields that are not shown because they are not
particularly relevant to the present invention. - In a preferred embodiment,
15 the frames are formatted substantially in accordance with the frame
structures defined in the IS-707 standard, with the addition of retransmit flag

74. - -

To provide data frames to-encoder 58 in an orderly manner, control
system 54 stores the frames within frame buffer 55 and updates an index

20 value L_V(S). Frame buffer 55 and index value L_V(S) are preferably stored
within a memory system. In a preferred embodiment, index value L_V(S) is
a twelve-bit sequence number that is incremented after the transmission of
each frame as described in greater detail below. The least significant eight
bits of index value L_V(S) are placed in the sequence field of a frame 72.

25 Within receiver 52, RF receiver 80 downconverts and digitizes the
RF signals on which frame 70 is transmitted using antenna system 82 and
diplexer 84. Digital demodulator 86 demodulates the downconverted, or
“baseband,” signals using the necessary binary codes, generating soft decision
data that is received by decoder 88. Decoder 88 performs maximum

30 likelihood trellis, or Viterbi, decoding, yielding hard decision data 90 that is
provided to controller 91.

Controller 91 reforms frame 70 using hard decision data 90 and
determines whether the frame has been received in sequence relative to the
frames that have already been received using the SEQ number, index

35 variable L_V(N), and L_V(R), as well as resequencing buffer 92 and NAK
list 94 as described in further detail below. _

If controller 91 determines that the frame has been received out of
sequence relative to the frames that have already been received, or if the
frame is received in error, it generates a negative-acknowledgment (NAK)
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Control system 54 receives NAK 83 and retrieves the NAKed frame
15 from transmit buffer 55. The retrieved frames are retransmitted in
accordance with the original transmission as described above (including the

"1

original sequence number).
The configuration of frame buffer 55, resequencing buffer 92, and
indexes L_V(S), L_V(N), and L_V(R), when used in accordance with one
20 embodiment, are illustrated in FIG. 3. Within the transmit frame buffer 55,
frames already transmitted once are shaded, and frames to be transmitted are
clear. In a preferred embodiment, indexes L_V(S), L_V(N), and L_V(R) are
twelve-bit numbers. Index L_V(S) is set to the sequence number of the next
frame to be transmitted. When the frame is actually transmitted, the eight-
25 bit SEQ number of the frame is set to the eight least significant bits of index
L_V(S). :
Within resequencing buffer 92, mdex L_V(R) is set to the twelve-bit
sequence of the next new frame expected. Index L_V(N) is set to the twelve-
bit sequence of the next frame needed for sequential delivery, or for which
30 processing is still pending. When a predetermined number of NAKs 83
have been sent without receipt of the corresponding frame, attempted
processing of the frame is terminated and the data with the missing frame is
passed to the higher layer protocols such as, e.g., the transport layer. As
shown, NAKed frames 96a - ¢ can be received with sequence numbers
35 Dbetween L_V(N) and (L_V(R)-1) MOD 4096, inclusively.

In FIG. 4, a flow diagram illustrates the operation of the transmitter 50
and receiver 52 during a communication performed in accordance with one
embodiment. The transmission begins at the transmitter at step 100, with
reception at the receiver occurring at step 101. At step 102, initialization is
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PCT/ US99/ 1tedeBred or is pending, , and if so the NAKed frames are retrieved from the
15 transmit buffer using the long sequence number contained in the NAK
message and retransmitted at step 132 with the original SEQ number and the
retransmit field set to one. Once the frame is retransmitted the pending or
received NAK 83 is cleared and processing then continues at step 113.
If a NAK message has not been received or is not pending, the
20 transmitter returns to step 108 and the processing continues.

Within receiver 52, the processing begins at step 101, and at step 106
L_V(S) is received from transmitter 50. At step 110, receiver 52 receives any
frames transmitted from transmitter 50 at either step 108 (new
transmission), or at step 132 (retransmission), and at step 114 receiver 52

25 examines the status of the retransmit flag of the frame to determine if the
received frame is a retransmitted frame or a new frame. If the frame is a
retransmitted frame, retransmit processing is performed at step 116, and
then the receiver returns to step 110. If the frame is not a retransmitted
frame, first transmit processing of the frame is performed at step 120, and

30 then step 110 is performed again.

In FIG. 5, a flow chart illustrates the operation of receiver 52 when
processing the first transmission of a frame during step 120 of FIG. 4 in
accordance with one embodiment. The first transmission processing begins
at step 150, and at step 152 L_SEQ is set according to the following equation:

35 ' .

L_SEQ = {L_V(R) + [256 + SEQ -V(R)] MOD 256} MOD 4096, (1)

where V(R) is the eight least significant bits of L_V(R) and SEQ is the
sequence number contained in the SEQ field of the frame being processed.
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receive system then returns from the first transmission processing at step
20 17e.
If, at step 160, it is determined that L_SEQ equals L_V(R), the frame
has been received in order, causing it to further be determined at step 170
whether L_V(N) equals L_V(R), which indicates that no NAKed frames are
outstanding. If L_V(N) equals L_V(R), L_N(N) and L_V(R) are
25 incremented MOD 4096 at step 172. The data frame is delivered to the
higher layer protocol at step 174, and the receiver 52 returns from first
transmit processing at step 176.
If it is determined at step 160 that L_V(N) does not equals L_V(R),
and therefore that NAKed frames remain outstanding, L_V(R) is
30  incremented MOD 4096 at step 178, and at step 180 the frame is stored in the
resequencing buffer 92. The receiver 52 then returns from the first frame
transmit processing at step 176.
In FIG. 6, a flow diagram illustrates the operation of the receiver 52
during step 116 when a retransmitted frame is received in accordance with
35 one embodiment. The processing of the retransmitted frame begins at step
200, and at step 202 the SEQ field in the received frame is used as the key to
look up an L_SEQ associated with the SEQ in the NAK list 94 (see FIG. 2).
At step 204 it is determined whether the 1._SEQ is less than L_V(N), or
whether the frame has already been stored in the resequencing buffer 92. If
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therefore an error has occurred. Once the frame has been discarded, receiver
52 returns from retransmitted frame processing at step 208.

If L_SEQ equals L_V(N), the data in all the contiguous frames formed

15 by the addition of the retransmitted frame being processed from L_V(N)
upward are delivered to the next higher processing layer at step 218, and the
delivered frames are removed from the resequencing buffer 92 at step 220.
At step 222 L_V(N) is set to LAST+1, where LAST is the long sequence
number (L_SEQ) of the last frame delivered to the higher layer at step 218.

20 At step 224 the frame is removed from the NAK list and the receiver 52
returns from processing the retransmitted frame at step 226.

In FIG. 7, a message diagram illustrates the messages transmitted
during an exemplary communication performed in accordance with one
embodiment. Transmitter 50 is shown on the left, and receiver 52 is shown

25 on the right Transmitter 50 maintains index L_V(S), and frames are
transmitted with value V(S) in the sequence field, where V(S) is the eight
least significant bits of L_V(S). At the receiver 52 the NAK list after each
transmission is shown. All numbers are shown in hexadecimal.

The first frame 230 is transmitted when index L_V(S) is equal to

30 Ox2FE, and therefore with a SEQ number of OxFE. After the transmission of
frame 230, index L_V(S) is incremented to Ox2FF and frame 232 is
transmitted with a SEQ number of OxFF. Both frames 230 and 232 are
received successfully by receiver 52, causing index L_V(R) to increment
twice from 0x2FE to 0x300. . )

35 Frame 234 is transmitted with a SEQ number of 0x00 and is not
successfully received by receiver 52. L_V(S) is then incremented to 0x301,
and frame 236 is transmitted with a SEQ number of 0x01 and is received
successfully by receiver 52.
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then transmitted and received in normal fashion.

In FIG. 8, a message diagram further illustrates the operation of
20 transmitter 50 and receiver 52 during a transmission in which the sequence

number “wraps-around,” when performed in accordance with one

embodiment. Frames 240a and 240b are transmitted with SEQ numbers OxFE

(all numbers are in hexadecimal) and OxFF, respectively, which correspond

to values of 0x2FE and 0x2FF for index L_V(S), and are successfully received
25 by receiver 52, causing L_V(R) to be incremented from 0x2FE to 0x300.

Frame 240c includes SEQ number 0x00 but is not successfully received
by receiver 52. Frame 240d includes SEQ number 0x01 and is received
properly by receiver 52. Upon receipt of frame 240d, receiver 52 detects that
the SEQ number is greater than the eight least significant bits of L_V(R), and

30 therefore that a frame has been received out of order. In response, receiver
52 updates L_V(R) to 0x302, which corresponds to the next expected frame,
and places the SEQ number of the unreceived frame into NAK list 94.
Additionally, receiver 52 transmits NAK 241 containing the complete
L_SEQ number 0x300 of the frame that was not received, and initiates a

35 timer that tracks the amount of time that has expired since the transmission
of the NAK 241. As shown in FIG. 8, however, NAK 241 is not received
successfully by transmitter 50.

Transmitter 50 continues to transmit frames as shown, including
frames 240e - 240j, all of which are successfully received by receiver 52.
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are expected sequence number 0x403. It should be noted that the sequence
numbers transmitted in NAKs 243 and 245 could be transmitted in a single
15 NAK message.

Transmitter 50 responds to NAKs 243 and 245 by transmitting
retransmitted frame 242a containing the data from frame 240k, and
retransmitted frame 242b containing the data from frame 240c. Upon receipt
of retransmission frame 242a, receiver 52 identifies the frame as a

20 retransmitted frame based on the status of retransmit flag 74 (see FIG. 2).
Once the frame is identified as a retransmitted frame, receiver 52 performs a
lookup within NAK list 94, using the SEQ number, and determines which
frame has been retransmitted. Retransmitted frame 242a is then placed in
the appropriate location within resequencing buffer 92 (see FIG. 2), and the

25 corresponding entry is removed from NAK list 94.

Upon receipt of retransmission frame 242b, receiver 52 also identifies
the type of frame and performs a lookup within NAK list 94. When the
identity of the frame is determined, it is placed within the resequencing
buffer 92 (see FIG. 2), and the corresponding entry is removed from NAK list

30 94. Transmitter 50 then transmits frame 240m having sequence number
0x03, which is successfully received by receiver 52. At this point, NAK list 94
is empty.

As should be ev1dent from the transmission shown in FIG. 8,
marking frames as either “new” or “retransmitted” allows the receiver 52 to

35 properly process both new and retransmitted frames that have the same SEQ
numbers even when wrap-around of the sequence number occurs during a
retransmission. This is possible because a retransmitted frame with the
same SEQ number as a newly transmitted frame can be distinguished by the
retransmit flag. Thus, a greater number of frames may be processed using an
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frame to be transmtted. Wien the frame is actually transmtted e el ght-
25 bit SEQ nunber of the frane is set to the eight |east S|gn|f|cant bits
of 1 ndex L_V(S). W t hi it esequenci ng buffer 92, index

L V(R i t e w

exp(ec% eijs %I%J“ &LEWSM m?% o thnCh fs\?\%'f:%@f\s m%fmﬁ__ ["';' q%}{e]e% d];{ mﬁ% next
frame needavhilomaiataining substantial spmpwabiligy wmh@re@enstmgaetegdar@ is still
pendi ntg ]\j\hteﬂ amRmdeyes drnd%ett];\aﬂnhnfstﬁfted\lﬁlﬁs opeération rdg?ﬁgsfkgeﬂzéeﬁ lerw:c ﬁ Qﬁgt
recei (0] e carres I N [ ane

S orhi e PN AL BrRRiSg 1 Befyed | Mpres, i | B6OEEaRc wlh (o he

hi gher bayemhuditnent! sAsdelyed, fremg. mayhbe tdefiregdons dnaRUP frghne that 4 own,
NAKed f u e

Lv(ﬁ) a:}g”‘{far%ﬁﬁ teEE at‘lf;gg J}&%ﬁ&?é %ﬁdth‘@ S?ersﬁx% USPGRtd} TR Hﬂigl %grﬁ&f:"‘%‘fl ow
di agramil | &t @fsothﬁ?é RbBfmames, it hae epcpansmad ar SIgmflcantlyadcffmeneu ver
52 during efdy '@%:' aaé ko3 diffetditBath lﬂngﬁf)odﬁj%oﬁay“tb r1:h@”1‘3‘ece1ver rbpdi ment .
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WD 99/ 8076 tetransmission of data frames, frames are sent over the air nﬁ’CIE{réi&?Q/ 11108

10 pe%%ﬁﬂnddﬁéquﬁg a?ll . seﬁ)&f lcffff@er{cé ?ﬁtthé Odé]s?OIS b"than

transmtter

At step 108wenhe nt‘%aﬂ@rrid?’iaéfﬁd?f@amﬁam% b% racelva@elr{ ione ©ft the fgllewing

twenty-ms processing intervals identified in IS-707-A. If not detected as a
delayed frame, a delayed RLP frame may cause an RLP reset.

15 Equation (1), described above in connection with FIGS. 4-6, presents a
method for mapping the eight-bit SEQ number (which is transmitted as a
frame header over the air) into a twelve-bit L_SEQ number at the receiver
52 to keep track of frame sequence. If, by way of example, frames 1, 2, and 4
of a four-frame bundle are received within the same twenty-ms time

20 interval, but frame 3 is delayed and is received in the following twenty-ms
time interval, equation (1) yields the following value for L_SEQ:

L_SEQ = {L_V(R) + [256 + SEQ - V(R)] MOD 256} MOD 4096
= {5+ [256 + 3 — 5] MOD 256} MOD 4096
25 =5+ 254,

which indicates that 254 frames are missing. Clearly, this is not the correct
interpretation because it is impossible to miss 254 frames within a twenty-
ms time interval. In the embodiment depicted in FIG. 9, an RLP algorithm

30 advantageously categorizes such a frame as a delayed frame at the receiver
52,

In the embodiment of FIG. 9, the value D denotes the maximum
difference in the arrival time for RLP frames that are transmitted in the
same twenty-ms time interval on the over-the-air interface. D is expressed

35 in units of twenty-ms time intervals and is typically zero, one, or two. The
number V(R); denotes the value of V(R) at a time of D x 20 ms ago. The
value N, ,, denotes the maximum number of frames that can be sent in one
twenty-ms time interval. N_,, may be eight in a particular embodiment. In
another embodiment, N, may be four.



dashed Iine) when data is available for transm ssion, with the SEQ nunber
5 of the fv{,gg;%lﬁg ng set to the eight |east si gnlflcant bits_of 1ndex

L V(S), and ng referred to as V(S). Additionally, t hECTEIPHRIMR ¢
flag is set to zero to indicate that the frane is a newy transmtted
frame. At step 112, index L V(S) i1é increnmented MDD 4096 and at step
113 the transmjter

ecei v OCGSSI K pessage
transmitted fro ?tEBﬁbe? ﬁ@f‘e 1srf'eg%vexg ‘bﬁ i JHE
avai | abl e, ptocdeds td stepe302wnd dgterinines whethen“ dﬁé fﬁlﬁ@ rismbmerwnfaambe Kent

repeat ed| ytﬁénfrhﬂlquk[anéwcfpﬁéoﬁxt\é flt? 1thm Rr??ee(:lsg éé 302 e’ Qim@l\m( a3

shown erm nes i
has been not a ngwefreme, the a sor;él#aumgs:eedértg step 306 tprogesethe framss agpe

ret{l evseg I—étperﬁshh&eanrah{@nsmdte;babé Sl'heutﬁl lthﬂ't?t xgeéhsé@?h@rfganauagtoﬁrt ]
contained in and retransmtte s e
ori gi nal s@&wm}gégaﬁaﬂl%&a aat%g}eetaisaﬂg‘ﬁ"g $ alhoa'ese&i‘F a'%éltﬁ@]wge{‘he
frane is redtumssiolstep 300 hadpeoeiveg ther next framecei ved NAK 83 is cleared and

processing theny cgggﬂ %HES&?é %gﬁﬂ%ﬁB Ster{nmes w Me aLNe(kidT?% g,eeegas not

been received of is‘not pendin rans m Fer rert ste)g 108
c

and t he prbEé%@ﬁﬂgltbéhﬂ}%Bé‘"é x 20 ms. L_V(R)t isi thertvelvebit waluet ofe essi ng

Pegl nsuﬁ whédh ia@ints ?BQhéane&'t Framé Ghe RLP hlgdrithmi $xp @&etdeétew@m the
ransmtter e ecei ver r ec

transnitt etf® F]V(?nﬁf‘ffgﬁsﬁ#tllr q{aéo ay gt §5¥%§‘(%§W35t ’f:@f\ﬁﬁ ’ssi on),

or at st epeqsiofr @) weillgmityreldrgn impassibtlydarge nambee ofi missirg? fiafnesesani nes

the stat usyQl ipRREHA! gg&aaé td 626 e, pR&cbsAFRNL BLERSTh Ieriaho e

recelvedf ame | ?-ggﬁe ﬂ rame rane is a
retransmt réﬂ‘efr B §‘§§’P’H in ¢ ﬁé?ﬁsblqrédzoa{nsstthﬁ"%%a and
then tige rp@ssimnfy f}a&uh@nevvoﬁamns hldelaydd fraend, madethe ailgsrithin pedderdsm tt ed
frame, fir é mt processing of the frame is perforned at step 120, and
30 thense ‘is perforned again. In FIG 5, a flow chart

i |l ustrates thénostppaﬁp%nﬂcﬁ algerithyr commgnaes new [frames progessing by r st

transm ssi @inphtifgftharaldeHng (286ep SKY -OV(R),G) MO 256. The algorithm
then proceeds to step 310. In step 310, the algorithm determines whether H

20 is greater than N, x D. If H is greater than N, x D, the algorithm detects
the frame as a delayed frame and proceeds to step 306, advantageously
processing the detected delayed frame as a retransmitted frame. Those of
skill in the art would understand that because L_SEQ equals [L_V(R) + H]
MOD 4096 (see equation (1)), checking if H is greater than the threshold

25 value N_, x D (which represents the maximum number of frames that
could be missing) simply amounts to comparing L_SEQ with a threshold
value. If L_SEQ is found to exceed the threshold value, a delayed frame is
detected and processed accordingly. Those of skill in the art would likewise
appreciate that in an alternate embodiment not employing RLP frames, the

30 delayed frame need not necessarily be processed as a retransmitted frame,
but might instead be processed in some other manner. If H is not greater
than N,, x D, the algorithm proceeds to step 312 and processes the frame as
a new frame via equation (1), as described above. The algorithm then
returns to step 300 and receives the next frame.

35 In one embodiment, illustrated in FIG. 10, a shift register 400 in the
receiver 52 (see FIG. 2) may advantageously be used to keep track of the
value of V(R),,. The shift register 400 must have D+1 stages (ie., the shift
register 400 must have a number of bits equal to (D+1) multiplied by the bit
length of V(R)). The bit value V(R) is put into the shift register 400 and, as



accordance with one embodi nent. The first transnission processi ng begi ns
at step 150,w@6isds; St P 152 LSEQ i's set according to the foli,%g%gé 08

equation: 35 L_SEQ = {L_V(R) + [256 + SEQ -V(R)]
4096, (1) where V(R) is the ei ght | east significant bits of L V(R)
and SEQ is the sequence number corained in the SEQ field of the frame
g(é'.l.?%sgg?ii Sl the shift reglstegyxaog is s?u?te& every twenty ms to update V(R)np. If ep 154
it is det eiLaM(IEli (Maqmevalem VéR))ewas mbampldatt{d\bfvlﬂun theapast twenty-mg r ane
has been Sh&l‘ié%ie?v UpdlGk " e@é@éﬁﬂm@& td HefiGte ﬁh‘f\u?f"agfm'bal is

di scarded at, step e rec ve systemreturns fromfirs

transni ssi @ vantagegﬁ;y “hfh%ﬁ registen40Qdoerepsgiant thaymg changet to

t he nex§ flt(&fk? ldee. Nneeded for sequentl al delivery of the data.

'It LeLrSES eaﬁeﬂgf n e%tgmgan@;vgf'\%‘ef‘gsdfqtf? L:P%ﬁ%ﬁr&?}sﬂvnﬁg'%m& n"‘Weep m her

L_SEQ i s gshawar amdhaiesmbemiquklwomciLhQ hppam@tltestmet lo&rordir(ary , slalicin the

whet her thgrf 1,3 (Y'aest &llefoust QIt@fi\tidﬁs Gy BSRAEENS B8 Sbhimdats | T SO
10 the fr rrE|s i.sc ed at ste e recelve s stemre?lurns from
first Fein disclesed \withgut dep u}ﬁ refrb elmmterwsmg the inyentigp; her

dﬁt er mme]g Thkerefore, the reb@@t bhairition hsSEfi) tgqlldalliinite_d/(d?%:e th abesrghfce | fs
t he next sequentl a elivery L_V I
LSEQ does noﬁéﬁ%ﬁ?n{‘s\eﬂd&g I out-of-order franme has been

WE CLAIM:



15 received, and the franme is stored in the resequencing buffer 92 at step

162, a Is set to L_SEQ at step 164. At step 166, the recel ve
system %g%é’ﬁlts one or nore NAK nmessages requesting r e PEEASRYL08, )
al | unreceived franes fromL V(N to (L V(R - 1) MOD 4096, inclusiVe.
The receive systemthen returns fi®mthe first transm ssion processing
at step 20 176. _ ~If, at step 160, it is determ ned that L SEQ
equals L V(R), the frane ~ has been received in order, causing it to

further be determ ned at step 170 CLAMher L V(N equals L V(R), which
I ndi cates that no NAKed franes are out st andi ng. If L_V(N) equals

LV(R, L_N(N) hnd Avpedhog ef detecting racdelayed franss i actransport fungtion The

dat a framewhsréfla Pﬁhﬁﬁt ¥ of tﬁbﬁnes are $trf'Teém! AYRInsRIiAEP Bl a dbcelvedp thé4, and
the receiver ,52, returns f firs transmt processing at step 176.

It it is doetiod RYGPLEI & s.LtSBSP at L_V(N) does not equals LV(R), and
therefake that NAKe:(d)mp sforearmeceivesli frnaeyda ftamée._ségidencing SGunter

| ncrement el B uenCI h aaL Lﬁ%ﬁ&e&%&e’cﬁ“ﬂu@hﬁhe%@g@ e Fr&@%‘fng&?éﬁﬁﬁgd in

t he rese receiver Fom
first f& angounter ntlmg peing derdved fram atheadep of the recelved frame;jppdr| G 6, a

flow di agram il | ust rit€&irghtheO Pedeitdd fradhe taBea (debiedCframé if the §kHth8g Step

ebod fontoedTRBe B ot fuBper ﬁéé%ﬁ?%ﬁiﬁﬁeh?w“w%iﬂ ShPld Vel o

200, and at step 202 the SEQfield in the received frane is used as the key
to | ook up an L_SEQ associated with the SEQin the NAK |ist 94 (see

FIG 2). \ 204|t er m ned ether the L Qis less than
LV(N), " or Snet hqcian%fj FISI| oS o FORPGIRE | F& Hidep” of
resequenci pil@cbsshiga d%&ctdcf delayed frame as a retransmitted frame.

3. The method of claim 1, wherein the plurality of frames is sent
2  in bundles of frames, each bundle including an equal number of frames, the
frames within any bundle being sent simultaneously, and wherein the
4 comparing step comprises:

comparing the frame sequencing counter number with a
6 threshold value proportional to the product of the number of frames within
a bundle and the maximum delay time in frame-length time increments

8 between frames sent in a bundle.

4. The method of claim 1, wherein the transport function is a
2 Radio Link Protocol interface.

5. An apparatus for detecting a delayed frame in a transport
2 function wherein a plurality of frames are sent from a transmitter to a
receiver, the apparatus comprising:
4 means for comparing, for a received frame, a frame sequencing
counter number with a predetermined threshold value, the frame
6 sequencing counter number being derived from a header of the received
frame; and
8 means for detecting the received frame as a delayed frame if the
frame sequencing counter number exceeds the predetermined threshold

L) O O T

10 value.



WO 99/.60761. ' PCT/ US99/ 11108
12 SO, 1 I's discarded at step 206, and the recei returns,,
from re‘%’krig%é&n?? processing at step 208. If L @u?@n&@{s
| ess than LV(N), and the frane has not been stored in the resequencing
buffer 92, it is further determned at ¥tep 210 whether 5 L_SEQis.
greater than or equalmto L V angd l.ess th V(R , and.i f the frame
has not been st(ﬁ’e ed iTr'het mfé%ﬁugﬂc?lﬂﬁ‘bﬁf ?%rhé.{ﬁé:_.:'ggfn%rds,mghén?ﬁmsfofs
stored 2n tprecessinggjacietécteyl delayed fGEneas atrefragditiest framest ep 214 i s
perforned. - O herwi se, step 214 is perforned. At step 214,
it is determ ned whether LSEQis equal to LV(N), and jf 10 not, the frane
i s discarded at “step %aBE%r&HS%O?HEN%tSr arhsrein dher phirality, of frames is
sequence nugherint baindles bf dhines,heich MAntdyt inthydihga @l eYRSIC hRehbaN &f
therefore a0 errohhﬁ occuriﬁﬁd. Once t he f{,a.rre has, been EI scarlded d
recei ver amgs, " the' framey Within,, gny, hundie (being sent. simulfageously,, andoog.
| f LSEQ4equaherein Wié\meariscfod apmparing tomipeisemnt i guous franmes fornmed 15 by
the addition of the r ' : ' :

RE AR 38K Eéxﬁﬁﬁ?hg”&@?ﬁ?ﬂe &fegrgsﬁgglg Eémetk\ea%fgf o

upward are delivered tqo the next gHer processi rat s

the ~ 6 devither thresheldecalue propestinnal te dhe medwgs@fqﬂ%aumemf?féamz at
step 220. withirta Silﬁﬂil&éand-\/ﬂﬁf) Ihhsxiliietimt ]Qdé-lfﬁTﬁﬁmed I \me!ftc?rhé\%hg'tﬁhtthﬁd ong
sequenc . nunber (L _SEQ) of the.la nme delivered to the higher

| ayer at% st”é‘ﬁreﬂ%? Sfﬁgwﬁ?n Ragbeszsfﬁtlﬂgs}%%%@' Is renoved fromthe NAK |i st
and the receiver 52 returns fromprocessing the retransmtted frame at
step 226. 8.  THe Epfaratus 8f FRERATLwepsihaRd Ha&hgfgéﬁt Ridiidh [Easages
transm ét eck di _dgrl; n?Ral.exe | ary conmmuni cation performed in accordance
with on adig g Frofpeol 1ptg tter 50 is shown on the left, and receiver
52 is showmn 25 on the right. Transmtter 50 maintains index L_ V(S), and
franes are 9.

0

A data transmission system, comprising:
2 a transmitter;
a receiver coupled to the transmitter via an interface for
4 receiving data frames from the transmitter; and
a protocol processing component housed in the receiver for
6 comparing a frame sequencing counter number with a predetermined
threshold value, the frame sequencing counter number being derived
8 from headers of the data frames,
wherein the protocol processing component detects a delayed
10 data frame if the frame sequencing counter number for that frame
exceeds the predetermined threshold value.

10. The data transmission system of claim 9, wherein the data
2 frames are transmitted in groups having equal numbers of frames, the
frames within any group being transmitted simultaneously, and wherein
4 the predetermined threshold value comprises a value proportional to the
product of the number of frames within a group and the maximum delay

6 time in frame-length time increments between frames sent in a group.

11.  The data transmission system of claim 9, wherein the protocol
processing component serves to process delayed frames as retransmitted

A

frames.




transmtted with value V(S) in the sequence field, where V(S) is the eight
|l east significant bits of LV(S). At the receiver 52 the NAK [ist after eac
transm ssiQn i s shown. All nunbers are shown in hexadeci mal. '
first franev93¥478T ¢ ansnitted when index L V(S) is ‘equal t PO L8 and’
therefore with a SEQ nunber of OxFE. After the transm ssion of frame”
230, index L V(S) is incremented to Ox2FF and frame 232 is transmtted
with a-SEQ nunbér of OxFF. Both fra 40530 and 232 are recei ved
successfully by receiver 52, causing index L_V(R) to increnent tw ce
fromOx2FE to 0x300. 35 Frane 234 is transmtted with a SEQ nunber
of 0x00 and i s not successfully received by receiver 52. L_V(S) is
then increnented to 0x301, and franme 236 is transmtted with a ¥EQ
number of Ox01 and is received successfully by receiver 52. »

WO 99/ 60761 8  rcr/usodBiii08
13 Upon recei pt of frame 236, receiver #t ects the L

out; of - or der sequence nunber becays® frane 23 not received. In
response, receiver 52 gener at espha# jmessage 240 containing the ful |
twel ve-bit index L_V(R for the¥ugrdgcei ved f pdme 0x300. Additionally,
recei ver® 52 updates the . NAK 5 |i st O i ndicatg that a NAK 83 has been
transnmitted for a frane with SEQ n¥nber OxO0O0gand L SEQ nunber 0x300.
Al so, receiver 52 starts a NAK ti mer, which {r the time that has
expirted since the transm ssion g nessagy ¢
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'Durihg t he transm ssion of NAK nessage 2

40, transmitter 50 10 transnmits

anot her ra t a nu er o X , | C | S recel ve
her f ng o6t th a SEQ nunb f 0x02, which i i T/US99/11108

successfully by receiver 52. Upon receip
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retransni 74 ee FIG 2) is g t
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Transmitter 50 continues to transmit frames as shown, including _ franes

240e - 240j, all of which are successfully received by receiver .
VO 99/ 6076IWO 99/60761 %%f‘/‘%é@b‘/“illos

14 During the transm ssion of frarres 240e - 240j, index L_V(9) chang"‘es
from 0x302 t@ 0x400, causing a wap-around in eight |east significant
bits, and ti@refore in the SEQ rdafPer contained in the frames.

Frane 240k is tramsmtted wi th SEQ nunber :0x01 and is not received 5
successful Iy by riecei ver- §2. Frame 2401 is transmitted with SEQ nunber 0x02
and is received ccessfullly by receiver 52. Upon receipt of frame 2401,
receiver 52 dete&s an o of -order transnission, and responds by
transmtting NAK 33 ni ng sequence val ue 0x401 and by #0di.ng

sequence nunber E(@ K Tist 94.- Additionally, at this tige the tiner
10 for NAK 241 ?x;ﬁ- using_a second NAK 85 cont ai ni nmequence val ue
0x300 to be transhi® ted f ranggitter 50. Thys, a second

transnmitted for frane 24(G >ionally, recever 52 sets L_V(R) to the
next expect gd sequerg #r 0x403. It sHbuld be noted that the
sequence nugpers tra in NAKs 843 #hd 245 coul d be transnitted
in asingle 15 I$AK nessj o TIr nsmﬁter 50 responds to NAKs 243
and 245 by transﬁttl ng ®re ansnﬁtte fraMe 242a contai ni ng the data
fromfranme 240k, saBd etrafgsmtt gl freane E42b contai ning the data from
frame 240c. Upon'-r.gcei pt oDretr@nsmBsio frarre 242a, receiver 52
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b4

20 retranspitted frame based on the status of retransnit flag 74 (see FIG

2) . On the frame is identifired as a retransmtted frang Lyer 52.
perforns a %ﬁogwwgﬁkup within NAK |ist 94, using the SEQ nungﬁgvﬁgﬁéh“ﬁ »
determ nes whi ch frame has been retransmtted. Retransmtted frane
242a is then placed in the appropriate | ocation within resequencing
buffer 92 (see FIG 2), and the 25 corﬂéé%onding entry is renoved from NAK
list 94. Upon recei pt of retransnissiohﬁﬁhane 242D, reg i ver 52
al so identifies the #¥¥e of frane and perforns a |ookup witAin NAK

list 94. When ity of the frane is deter

buffer 92 (see FIG 2), &

_is)placed
NAK list 30 94. Transnmitter 50 then

Zspondi ng
ransmts frane

240m havi ng sequencejnunber 4g0 0x03, which is successfully recejwsd by
recei ver 52. Atlhis¥ogig NAK [ist 94 s enpty shoul d
be evident frothe transm psion shown in FIG 8, g ' frdﬁzs as

ei ther "new' or}-" P@f‘f%%{‘f G= @l 0wE =t he +ceciver 8P 'kﬁ%#ﬁé opgerly
process both n ngmtted frames that have the sane E %

nunbers even ¥ oetd of the sequence nunber &ccurspgurtTg a

retransni ssion. Thigfi's possible because a retransmtted fr
sane SHOQ nunber as agnew y Bhsmitted frane can be disti
retranspmt fl qo: TeAL el nuober Of —f Lares—
WD 99/ 6P761

W thybh

y the
be processed fusi hg an
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15 ei ght - it 38Qm¥Ste dunber, whi ch, supports sigpificatly higher data
rat es i
l |
~112 l
! FRAME
INCREMENT : CONTAINS
LV(S) TRANSMIT
MODULO-4096 | Raipp
r |
113
_ — . . YES
RECEWENAKIF [ | L 116
TRANSMITTED i pem——— |
H RETRANSMITTED | >
1 | FRAME PROCESSING
|
NAK 1w | N
RECEIVED/ 1
PENDING? T
1]
"
132 W Nak
: H (F OuT 120
XMIT NAKed | _J| OFSEQUENCE
FRAME FROM - - - ERAOR) : PERFORM
FRAME BUFFER s - - — — FIRST TRANSMIT
- FRAME PROCESSING




whi | e mai ntai ning substantial conputability with pre-existing standards

In FIG 9, a flowchart illustrates the operation of the receiver 52 in’
recogni zi nd¥@AUWEcessi ng del ayed frames in accordance wit RCBAISY/E108
enbodi ment. A del ayed frane may be defined as an RLP frame that is
transmtte -on the ovsmet he-air interface with a group, or
bundl e, of}| ot SIARRIBECEWENes, | is6 has experienced a significantly different
delay (e.g PROGRSSING EDRFIASTor Fnt path length) on its way to the receiver 52.
1In ac %WQ’WWE S-707-A standard and RLP, a known protocol for
10 retransni ssron ’r dat & Trarres frajges are sent over the air in twenty-
mllisecaond (0x . he—gibter~ence in the delay is nmore than

t went =1glh_w(l=liela9£8£0‘ mmm}mm&m ved in one of the follow ng

t went —eein | S-707-A. If not detected as a
del ayed frarre a de ayed RLP frarre may cause an RLP reset. 15

Equation (1), descriXped qgﬁve in connection with FIGS. 4-6, presents a

nmet hod for nappi g th t-bit SEQ nunmber. (which is transmtted as a
frame header ' |nto a twel ve- bi 156 SEQ nurrber at
52 to keep .
4 Q

We receiver
AT 2, and

- p@éﬁ‘?@ it hin tlag sanm:‘mmmy- 5 tIrTE

20 inte? el aye dFﬁMﬁls recei ved |nthefoIIOW| g
twenty-ns - equa yi el ds t he oW var ue for
LSEQ “ILV(R) + [286 + SEQ - V(R)] |voD256} MOD 4096

= {5+ [256 + 3 - WD 256} MOD 4096 45 =5+254, whi ch

indicates that 254 frthnmes are missing. |Clearly, this is not the correct
interpretation becalfse it is inpossiblg to mss 254 frames within a twenty-
ms tine interval ™Ne a8bodi ment defdicted in FIG 9, an RLP al gorithm 30
advant ageousl i 28§ such a franmd as a delayed frame at the receiver
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the al gorithm proceeds to step 306, processing the frane as a retransnitted
frame. If L V(R) has been updated within the past D x 20 ns a 15
possi bi | i t W@PAHE0T6he new frane is a delayed frame, and the Mﬂ'&?gh‘ﬁﬁs

pr oceeds to step 308. In step 308, the algorithm comences
new frame processing by conputing the value H = (256 + SEQ -.V(R) TD)
MOD 256. The al gorithm t hen @/a0eeds to step 310. In step 310, the

al gorithm determ nes whether H20 is greater than Nerr]x D. If His
greater than N err] x D, the algorithmdetects - the frame as a del ayed
frame and proceeds to step 306, advantageously processing the detected
del ayed frane as a retransmtted frame. Those of skill in the art

woul d understand t hat because L_SEQ equals [LV(R) + H MOD 4096 (see
equat i ﬁiheckl ng if His greater than the threshold 25 value Nerr]
x D ( sqrts the maxi num nunber of franes that coul d be

m ssi ng) si rrpl y afounts to conparing L_SEQ with agthr ed¥AK List LMRbe. |f
L_SEQ ioxeFPunoxFED] exceed t238 threshol d value, a deflaj .
detect ed and procgsse Those of skill
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PCT/ US99/ 11108

WD 99/.60761 _ -
17 shown, the shift register 400 is shifted every twenty ns _to update
V(R)[err]. IVO9/60T61\(R) (or, equivalently, V(R)) was not updﬁFE’&’SW/ﬁm%
t he past twenty-ns time interval, a special value predetermned to
denote a "null" synbol is advant ageously placed in the shift register
400 to represent that no change 5 t8Ja& place. _ Preferred
enbodi rents of the present invention have thus been:: shown and
described. It would be apparent to one of ordinary skill in the art,

however, that nunerous alterations may be nade to the enbodi nents
herein discl osed wthout departing fromthe spirit or scope of the
i nvent i onViSL0 W@herefore, the present invention is not to be l[imted except

i n accordamee—— With the foll ow ng clains. \/\E{;j‘ﬂ:’%{r WO
99/ 60761 2re oxFE Rx [ US99/ 1108
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CLAI M5 1. A nethod of detecting a delayed franme in a transport

function 2 wherein a plurality of frames are sent froma transnitter to .a
recei ver, tvwe@99/60761 et hod conprising the steps of: 4 PCT/US9/11108
conparing, for a received franme, a frane sequenci ng counter nunber

with a predeterm ned threshold value, the franme sequencing 6 counter
nunber being derived froma headegyfg the received frane; and

detecting the received frame as a delayed frame if the frame 8 sequencing
counter nunber exceeds the predeterm ned threshold val ue. 2.
The method of claim 1, further conprising the step of 2 processing a
detected del ayed-frane as a retransmtted frane. 3. The net hod
of claim1, wherein the plurality of franmes is sent 2 in bundles of
frames, each bundl e including an equal nunber of franes, the frames

W thin an undl e bel ng sent] sinul taneously, and wherein the 4 conparing
step conpfi ses: gonparlng the frame sequenci ng counter
nunber wigh a 6 thresHo

valjug proportional to the product of the number
of frames|within a bugple and the maxi numdelay tine in frame-1ength
tinme increnments 8 bet fragmes sent in a bundle. - 4, The
met hod of{claim1, wher »
Protocol |nterface.
frame in p transdort 2
froma tragnsmttgr to a

he fransport tunction 14 a 2 Radio Link

] ) An apparatus f detecting a del ayed
§§:|o wherein a plurali of frames are sent
[
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'rece}ver t he apparatus conprising: 4 means for conparing, for
a recelved f frame sequencing count.er nunber with a
OPRsud

pr edet er m ne old value, the frame 6 sequencing count BFT/H§t08
bei ng derived froma header of the received frame; and 8
means for detecting the received frame as a delayed frane if the - frame
sequenci ng counter nunber exceeds t h&80fk0edet er m:-ned threshold 10 val ue.
WD 99/ 60761 S8 PCT/ US99/ 11108
19 6. The apparatus of claim 5, furtheﬁ conprising neans for 2
processing a detected del ayed frane as a retransm tted frane. 7.
The apparatus of claim5, wherein the plurality of frames is 2 sent in
bundl es of franes, each bundl e including an equal nunber of frames, the
frames within any bundl e being sent sinultaneously, and 4 wherein the
means for conparing conprises: . neans for conparing the
frame sequencing counter number 6 wth a threshold value proportional to
t he product of the nunber of franes wi thin a bundl e and the nmaxi num
delay tinme in frame-length td 8 increments between frames sent in a
bundl e. 8. The&™apparatus of claimb5, wherein the transport
function is a

V(R)T VR TD

_—> V(R) T ——’ V(R) T-1 -+ .ns V(R) T{D-1) __> V(R) D __>

F16: 10
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(57) Abstract

A method for detecting delayed data frames in a transport function includes the steps of comparing a frame sequence counter with
a predetermined threshold value (304), detecting a delayed frame if the sequence counter exceeds the threshold value, and processing the
detected delayed frame accordingly (306). In an RLP data transport protocol, the delayed frame may be processed as a retransmitted frame.
The threshold value may be proportional to the maximum number of frames sent in a given bundle times the maximum delay, in units of
frame intervals, between frames sent simultaneously over the air in the same frame interval.




