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(57) Abstract: There are provided an apparatus and method for retransmitting data according to a radio link protocol in a mobile
communication system. In the method of requesting frame retransmission, a receiver stores the sequence numbers of a plurality of
RLP (Radio Link Protocol) frames that are not received from a transmitter and transmits a retransmission request frame including
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APPARATUS AND METHOD FOR RETRANSMITTING DATA ACCORDING TO
RADIO LINK PROTOCOL IN MOBILE COMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a CDMA (Code Division Multiple Access)
mobile communication system, and in particular, to an apparatus and method for rapidly
retransmitting frames that are lost during data transmission/reception according to a radio
link protocol (RLP) used for efficient data transmission in a radio environment.

2. Description of the Related Art

CDMA has evolved from the IS-95 standards that provide primarily voice
transmission service to CDMA 2000 standards that can provide the additional services of
high quality voice transmission, moving picture transmission, and Internet browsing.

Packet data service in CDMA 2000 is illustrated in FIG. 1. In FIG. 1, a terminal is
comprised of a terminal equipment TE and a mobile termination MT. BS/MSC denotes a
base station/mobile switching center and IWF denotes an interworking function (IWF) unit
that interworks with a data network (e.g., Internet). The IWF unit serves to convert protocols
when different protocols are used. Upper service (web service) processors of the terminal
and the IWF unit communicate data through an Internet protocol (IP) processor and a point-
to-point protocol (PPP) processor. That is, the upper service processors transfer data in link
protocol packets to lower layers and the lower layers transmit the received data by
appropriate protocols.

In FIG. 1, an EIA-232 controller is used between the TE and the MT by way of
example. Link protocol packets received at the MT through the EIA-232 controller become
RLP frames according to the RLP, which the present invention is directed to. The RLP
frames are transmitted over a physical channel connected by the CDMA 2000 standards,
namely IS-2000 standards. The RLP packets received at the base station over the physical
channel are recovered to the link protocol packets, which are transmitted to the IWF unit
through relay layers. The interface between the base station and the IWF unit is generally
based on IS-658 standards. The IWF unit takes out data from the link protocol packets and
transmits them to a network protocol processor and finally to the upper service processors.
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The procedure describes data transmission from the terminal to the base station and
data transmission from the base station to the terminal is performed similarly.

Different configurations from that shown in FIG. 1 can be contemplated to provide
various services in CDMA 2000. However, they are the same in that link protocol packets
including web service data are transmitted over a physical channel by RLP.

FIG. 2 is a detailed block diagram of a mobile communication system for
transmitting/receiving data according to the RLP of FIG. 1.

Referring to FIG. 2, transmission data buffers 122 and 222 and reception data
buffers 124 and 224, being memory devices, store data that EIA-232 controllers or IS-658
controllers received from link protocol processors 110 and 210. RLP processors 130 and 230
receive a necessary amount of data from the data buffers 122 and 222 and transmit them to
their receiving sides. The RLP processors 130 and 230 store the received data in the data
buffers 124 and 224. The EIA-232 controllers or the IS-658 controllers transmit the stored
data to PPP processors, that is, the link protocol processors 110 and 210. The EIA-232
controllers and the IS-658 controllers operate based on the EIA-232 standards and the IS-658
standards, respectively. These controllers are not shown in FIG. 2 because the current
CDMA 2000 packet service allows other schemes as well as the EIA-232 and IS-658
controllers.

Multiplexing/demultiplexing (MUX/DEMUX) controllers 140 and 240 attach
information about the destinations and sizes of RLP frames and transmit the RLP frames to
physical layer processors 150 and 250. The MUX/DEMUX controllers 140 and 240 also
check the destinations and sizes of received RLP frames and transmit the RLP frames to the
RLP processors 130 and 230.

The physical layer processors 150 and 250 connect physical channels between the
terminal and the base station according to the IS-2000 standards, transmit information
received from the MUX/DEMUX controllers 140 and 240 over the physical channels, and
transmit information received over the physical channels to the MUX/DEMUX controllers

140 and 240.

According to the RLP type 3 standard, if received frames are defective, a frame
retransmission request is transmitted to an RLP frame transmitter. That is, an RLP frame
receiver transmits a NAK (Non-Acknowledgment) frame including a retransmission request
for a specific frame to the RLP frame transmitter and then the RLP frame transmitter
retransmits the frame. The NAK frame and the retransmitted frame might also be damaged.
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Hence, the RLP frame receiver retransmits the NAK frame if it fails to receive the requested
frame within a predetermined time period. After transmitting the NAX frame, the RLP frame
receiver sets a retransmission timer to an appropriate value and retransmits the NAK frame if
it cannot receive the requested frame until the retransmission timer value is decreased one by
one and finally to 0.

The retransmission timer value is decreased if the RLP frame receiver receives a null
frame, an idle frame, or a new data frame. The RLP frame transmitter transmits a null frame
or an idle frame when it has no data to transmit or no retransmission requests to process. The
RLP frame transmitter transmits a new data frame when it has data to transmit but no
retransmission requests to process. Receipt of such frames at the RLP frame receiver implies
that the RLP frame transmitter has received no retransmission request. Therefore, the RLP
frame receiver decreases the retransmission timer value.

However, if the RLP frame transmitter has too many frames to retransmit, it cannot
transmit a null frame, an idle frame, or a new data frame until it finishes retransmitting the
frames. Consequently, in case some retransmitted frames are lost again, the RLP frame
receiver does not transmit a retransmission request until it receives a null frame, an idle frame,
or a new data frame.

FIG. 3 is a view illustrating a conventional frame retransmission request and
retransmission procedure. Here, two time slots (i.e., 40ms) are occupied for requesting
retransmission by the RLP frame receiver and then retransmitting a requested frame by the
RLP frame transmitter, by way of example. While a retransmission timer is set for each
retransmission frame according to the RLP Type 3 standard, only the case that frame #1 is
damaged during retransmission will be considered here.

In FIG. 3, the RLP frame receiver recognizes at time T1 that frames #0 to #5 have
been damaged and transmits an NAK frame, setting a retransmission timer for frame #1 to
two time slots. The RLP frame transmitter retransmits the requested frames at time T2. The
RLP frame receiver receives none of the requested frames at time T3 and thus decreases the
retransmission timer value by 1. At time T4, the RLP frame receiver receives frame #0 and
need not decrease the retransmission timer value because the RLP frame receiver has
received no null frames, idle frames, or new data frames. When frame #1 is damaged at time
T5, the RLP frame receiver does not decrease the retransmission timer value for the above-
described reason. The RLP frame receiver does not decrease the retransmission timer value
at time T6 either because it receives frame #2.

As noted from FIG. 3, according to the current RLP Type 3 standard, retransmission
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of frame #1 that is lost again cannot be requested until the last frame #5 is retransmitted. In
case too many frames are to be retransmitted, the retransmission request is much delayed.
Thus, an upper link protocol controller performs retransmission, thereby decreasing the
whole performance.

The reason that the RLP Type 3 standard sets the above timer decrease conditions is
that the RLP frame transmitter processes retransmission requests in the received order.
Although the RLP frame receiver requests for retransmission of frame #1 at T6, the RLP
frame transmitter processes the retransmission request received at T2 for frames #0 to #5
prior to processing of the retransmission request for frame #1 received later than T6.
Therefore, arrival of retransmission frames in the order of their sequence numbers is not
guaranteed. As a result, the RLP frame receiver cannot recognize that a specific frame has
not been received until the RLP frame transmitter finishes transmitting all the retransmission
frames.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to provide an apparatus and
method for transmitting/receiving RLP data in a new RLP frame retransmitting scheme other
than the RLP Type 3 scheme.

It is another object of the present invention to provide an apparatus and method for
transmitting/receiving RLP data, in which an RLP frame transmitter transmits retransmission
frames in the order of their frame sequence numbers in order to reduce stand-by time at an
RLP frame receiver and thus increase data transmission efficiency.

It is a further object of the present invention to provide an apparatus and method for
transmitting/receiving RLP data, in which an RLP frame receiver can request retransmission
more rapidly by decreasing a retransmission timer value in a new manner.

It is still another object of the present invention to provide an apparatus and method
for transmitting/receiving RLP data, in which an RLP frame transmitter determines
transmission priority of retransmission frames according to their sequence numbers and an
RLP frame receiver decreases a retransmission timer value based on the sequence numbers of
the received frames.

The above objects can be achieved by providing an apparatus and method for
retransmitting data according to a radio link protocol in a mobile communication system. In
the method of requesting frame retransmission, a receiver stores the sequence numbers of a



10

15

20

25

30

35

WO 01/13542 PCT/KRO00/00850

-5-

plurality of RLP frames that are not received from a transmitter and transmits a
retransmission request frame including fields that indicate the sequence numbers. Then, the
transmitter sequentially transmits the requested RLP frames in the order of the sequence
numbers to the receiver. The receiver compares the stored sequence numbers with the
sequence numbers of received RLP frames and if it receiver fails to receive one of the
requested RLP frames, the receiver requests retransmission of the lost RLP frame upon
receipt of an RLP frame of a higher sequence number than the sequence number of the lost
RLP frame.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the present invention will
become more apparent from the following detailed description when taken in conjunction
with the accompanying drawings in which:

FIG. 1 illustrates the configuration of a general CDMA communication system for
packet data service;

FIG. 2 is a block diagram of an RLP-based data transmitting/receiver to which the
present invention is applied,

FIG. 3 illustrates a conventional frame retransmission procedure;

FIG. 4 illustrates a frame retransmission procedure according to the present
invention;

FIG. 5 is a block diagram of an RLP data transmitter according to the present
invention;

FIG. 6 is a block diagram of an RLP data receiver according to the present
invention;

FIG. 7 illustrates an example of transmission and reception of RLP frames of a
variable length in a two dimensional addressing scheme according to the present invention;

FIGs. 8A to 8F illustrate frame formats transmitted over a fundamental channel and
a dedicated control channel on which to transmit/receive an RLP frame generated according
to the present invention;

FIGs. 9A and 9B illustrate frame formats transmitted over a supplemental channel
on which to transmit/receive an RLP frame generated according to the present invention; and

FIG. 10 is a flowchart illustrating a physical channel information bit generating
procedure in a MUX/DEMUX controller according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of the present invention will be described herein below
with reference to the accompanying drawings. In the following description, well-known
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functions or constructions are not described in detail since they would obscure the invention
in unnecessary detail.

The present invention is directed to an apparatus and method for requesting RLP
frame retransmission and retransmitting requested frames in a new method other than the
RLP Type 3 method. AN RLP frame transmitter transmits retransmission frames in the order
of their sequence numbers so that a frame that should arrive at the RLP frame receiver in the
first place can be transmitted earlier than the others. Consequently, time required for the RLP
frame receiver to receive frames with lower sequence numbers later than frames with higher
sequence numbers is reduced, thereby increasing data transmission performance. Since the
RLP frame transmitter always transmits retransmission frames in the order of their sequence
numbers, the RLP frame receiver can decrease a retransmission timer value at an optimal
time point and thus transmit a retransmission request more rapidly.

According to a frame retransmitting method in the RLP frame transmitter that the
present invention suggests, the priority of retransmission frames are determined and the
frames are retransmitted according to the determined priority. The priority can be determined
based on sequence numbers. Since the RLP frame receiver should receive a frame with the
lowest sequence number earlier than the other frames, the highest priority is given to the
frame with the lowest sequence number.

According to a retransmission timer value decreasing method in the RLP frame
receiver that the present invention suggests, the highest of the sequence numbers of frames
received in one time slot is stored and retransmission timer values for frames with lower
sequence numbers are decreased by one. Since all retransmission frames are transmitted in
the order of their sequence numbers, arrival of a frame with a higher sequence number than
intended implies that a retransmission request for an awaited frame has not reached the RLP
frame transmitter or the awaited frame has been lost during transmission.

FIG. 4 illustrates a retransmission procedure according to the present invention.
Here, it is assumed that frame #1 is damaged during retransmission and only a retransmission
timer for frame #1 is considered.

Referring to FIG. 4, the RLP frame receiver recognizes that frames #0 to #5 are
damaged and transmits an NAK frame to the RLP frame transmitter, setting a retransmission
timer for frame #1 to two time slots, at T1. The RLP frame transmitter arranges the requested
retransmission frames in due order and begins to transmit the frames at T2. The RLP frame
receiver decreases the retransmission timer value by 1, that is, to “1” at T3 because no frames
have arrived. Upon receipt of frame #0 at T4, the RLP frame receiver does not decrease the
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retransmission timer value because the sequence number of the received frame is less than
that of frame #1. Although frame #1 is damaged during retransmission at TS5, the RLP frame
receiver does not decrease the retransmission timer value because it does not know which
frame has been damaged. Upon receipt of frame #2 at T6, which implies that frame #1 has
already been transmitted from the RLP frame transmitter, the RLP frame receiver decreases
the retransmission timer value to 0 and thus transmits a retransmission request for frame #1
to the RLP frame transmitter.

As noted from FIG. 4, the retransmission request for frame #1 can be transmitted
shortly after frame #2 is received in the present invention. A retransmission request can be
generated even in the case that there are many retransmission frames, thereby increasing the
whole performance. ‘

FIG. 5 is a block diagram of an RLP frame transmitter according to the present
invention. '

Referring to FIG. 5, the RLP frame transmitter of the present invention includes a
transmission data buffer 122, an RLP processor 130, a MUX/DEMUX controller 140, and a
physical layer processor 150. The transmission data buffer 122 stores a data stream to be
transmitted. Upon request for RLP frame generation from the MUX/DEMUX controller 140,
the RLP processor 130 reads data within a requested size from the data stream stored in the
transmission data buffer 122 and generates RLP frames. Upon request for RLP frame
retransmission from an RLP frame receiver, the RLP processor 130 retransmits
corresponding RLP frames. The MUX/DEMUX controller 140 requests the RLP processor
130 to generate RLP frames, multiplexes RLP frames (or data blocks) received from the RLP
processor 130 in response to the request to physical channel information bits, and feeds the
physical information bits to the physical layer processor 150. While the MUX/DEMUX
controller 140 is shown to request one RLP processor 130 to generate or retransmit RLP
frames, a plurality of RLP processors can be used. The physical layer processor 150 subjects
the received physical channel information bits to encoding and modulation based on the
CDMA standards and transmits the resulting information bits to a receiver over a physical
channel.

The RLP processor 130 has an RLP controller 131, an L_V(S) register 132, a V(SS)
register 141, a forward resequencing buffer 133, a retransmission request queue 134, and a
segment buffer 146. The RLP controller 131 provides overall control to operations for
generating RLP frames to be transmitted/retransmitted. The L_V(S) register 132 acts as a
sequence number counter for counting the sequence number of a new RLP frame and storing
it under the control of the RLP controller 131. The sequence number includes the frame
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sequence number of an RLP frame and the data sequence number of a byte data in the RLP
frame. The RLP controller 131 reads a count value from the L_V(S) register 132, generates a
new frame, and then increases the count value of the L_V(S) register 132 by 1. The V(SS)
register 141 segments an RLP frame and stores the sequence numbers of the segmented
frames.

The forward resequencing buffer 133 stores an RLP frame generated by the RLP
controller 131. The retransmission request queue 134 stores a retransmission frame
generated upon request for retransmission from the RLP frame receiver. Here, the
retransmission frame is stored along with its sequence number. The retransmission request
queue 134 functions to arrange stored retransmission frames in the order of their sequence
numbers. The segment buffer 146 stores segmented RLP frames. |

FIG. 6 is a block diagram of an RLP frame receiver according to the present
invention.

Referring to FIG. 6, the RLP frame receiver of the present invention includes the
physical layer processor 150, the MUX/DEMUX controller 140, the RLP processor 130, and
a reception data buffer 124. The physical layer processor 150 subjects physical channel
information bits received from the RLP frame transmitter over a physical channel to
demodulation and decoding based on the CDMA 2000 standards and feeds the resulting RLP
frames to the MUX/DEMUX controller 140. The MUX/DEMUX controller 140
demultiplexes the received RLP frames and feeds the demultiplexed RLP frames to the RLP
processor 130. The RLP processor 130 determines whether the received RLP frames include
new data or retransmitted data. If there are no frames lost during transmission, the RLP
processor 130 stores the received RLP frames in the reception data buffer 124. On the other
hand, if there is a lost frame, the RLP processor 130 requests the RLP frame transmitter to
retransmit the lost frame.

The RLP processor 130 includes the RLP controller 131, registers 135 to 137 and
142 to 145, a NAK list 138, and a rearranging buffer 139. The RLP controller 131 provides
an overall control to the operation of receiving RLP frames and storing them in the reception
data buffer 124 and requests retransmission of a lost frame to the RLP frame transmitter if
there exists a lost frame.

The L_V(R) register 135 stores the sequence number of a frame expected to be
received under the control of the RLP controller 131. The L_V(N) register 136 stores the
lowest of the sequence numbers of frames that have not been received. The E register 137
stores the count number of lost RLP frames.
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The RLP controller 131 checks whether RLP frames received from the
MUX/DEMUX controller 140 are in due order. The L_V(R) register 135 compares the
stored frame sequence number with the sequence number of a received RLP frame. If they
are equal, the RLP controller 131 determines that there are no frames lost during transmission
and transmits the data of the received RLP frame to the reception data buffer 124. Otherwise,
the RLP controller 131 determines that a frame with a sequence number between the stored
sequence number and the sequence number of the received RLP frame has been lost. Then,
the data of the received RLP frame is stored in the rearranging buffer 139, information about
the lost frame to be requested for retransmission is written in the NAK list 138, and the
information is later transmitted along with a control frame. Upon notification of the lost RLP
frame from the MUX/DEMUX controller 140, the RLP controller 131 reflects the lost frame
in the value of the E register 137 for use in initialization.

The NAK list 138 lists the sequence numbers of lost frames, the data sequence
numbers of the first and last bytes of each data, an indicator indicating that a frame is
completely received, a retransmission timer, and a round timer. The NAK list 138 writes
information about data to be re-received and maintains a retransmission timer value used to
request retransmission or quit a retransmission request. The rearranging buffer 139 stores
data in a random order and rearranges them in due order upon receipt of lost data, and feeds
the rearranged data to the reception data buffer 124.

The V(RS) register 142 and the V(NS) register 143 store the data sequence numbers
of segmented frames. The V(RS) register 142 stores the data sequence number of a new
segmented frame expected to be received next time and the V(NS) register 143 stores the data
sequence number of first data of the RLP frame with the sequence number stored in the
L _V(N) register 136. The R_L_SEQ register 144 stores the highest of the sequence numbers
of RLP frames received for a predetermined time period. The R_S_SEQ register 145 stores
the highest of the sequence numbers of segmented frames received for a predetermined time
period. The RLP controller 131 determines whether to decrease a retransmission timer value
in each NAK entry based on the values stored in the R_L_SEQ register 144 and the
R_S_SEQ register 145.

RLP frame retransmission request and retransmission operations in the RLP frame
transmitter and the RLP frame receiver shown in FIGs. 5 and 6 can be summarized as below.

The RLP frame transmitter transmits a plurality of RLP frames each having a frame
sequence number and a data sequence number.
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The RLP frame receiver receives the RLP frames from the transmitter and stores the
sequence numbers of lost frames. Then, the RLP frame receiver transmits a NAK frame
including a field that provides the sequence numbers of the lost frames to the RLP frame
transmitter.

In response to the NAK frame, the RLP frame transmitter retransmits the
corresponding frames in the order of their sequence numbers. The retransmitted frames are
also given to their sequence numbers.

The RLP frame receiver receives the retransmitted frames in the order of their
sequence numbers from the RLP frame transmitter and compares the stored sequence
numbers with those of the received frames. If it turns out that one RLP frame is not received
again in the comparison, the RLP frame receiver transmits a NAK frame including a field
that provides the sequence number of the non-received RLP frame to the RLP frame
transmitter.

While an RLP frame generation and transmission/reception operation can be
described separately with respect to the RLP processors 130 and 230, they operate in the
same manner. Therefore, the RLP processor 130 only will be described for clarity of
description.

Two dimensional Addressing Scheme

The RLP controller 131 in the RLP frame transmitter reads data from a data stream
stored in the transmission data buffer 122 and generates RLP frames of or below a size
requested by the MUX/DEMUX controller 140. The data stream stored in the transmission
data buffer 122 is assumed to have an infinite length. Therefore, the RLP controller 131
makes no distinction between the start and end of the data stream. The generated RLP frames
can be divided into RLP frames of a fixed size and RLP frames of a variable size. The two
kinds of RLP frames may have N, byte-data at maximum.

In the present invention, the bytes of an RLP frame are numbered with 0 to Np,;.—1.
These sequence numbers are termed data sequence numbers. 0 is assigned to the first data
byte of the RLP frame and the next data byte is numbered with a sequence number 1 higher
than that of the previous data byte. Since the RLP frame can have N ,;, bytes, there is no

data sequence number greater than Np,r,—1.

Also in the present invention, a sequence number is given to each RLP frame. This
sequence number is called a frame sequence number. The first generated RLP frame is
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numbered with 0 and a new RLP frame is numbered with a sequence number higher than that
of the previous RLP frame by 1. If the previous RLP frame is labeled with (2V-1), the next
RLP frame is labeled with 0.

Use of frame sequence numbers and data sequence numbers allow a specific data
byte of a specific RLP frame to be identified. This scheme will be termed “two dimensional
addressing” in the present invention. In addition, a two dimensional address including the
frame sequence number and the data sequence number of a specific data byte will be called
“a sequence number” in brief.

The greater than/less than/equal relationship between two sequence numbers is
defined in the two dimensional addressing scheme as follows.

(Table 1)

There are two sequence numbers (L_SEQ,, S_SEQ,) and (L_SEQ,, S_SEQ,), L_SEQ,
and L_SEQ, are frame sequence numbers, and S_SEQ, and S_SEQ, are data sequence
numbers in two dimensional addressing. Then,

(1) if (L_SEQ,+1) modulo 2" < L_SEQ, < (L_SEQ,+2%'-1) modulo 2~ then
(L_SEQ,, S_SEQ,) > (L_SEQ,, S_SEQ,);

@) if (L_SEQ,+2¥") modulo 2~ < L_SEQ, < (L_SEQ,+2%'-1) modulo 2~ then
(L_SEQ,, S_SEQ,) <(L_SEQ,, S_SEQ,);

(3) if L_SEQ, = L_SEQ, and S_SEQ, < S_SEQ,, (L_SEQ, then S_SEQ,) >
(L_SEQ,, S_SEQ,);

4 if L SEQ, = L_SEQ, and S_SEQ, < S_SEQthen (L_SEQ,, S_SEQ,) <
(L_SEQ,, S_SEQ,); and

(5) L_SEQ, =L_SEQ, and S_SEQ, = S_SEQ), then (I_SEQ,, S_SEQ,> = (L_SEQ,,
S_SEQ,>.

A specific data in a specific RLP frame can be designated by the use of the above-
defined two dimensional addressing scheme of the present invention. That is, the data can be
represented using the sequence numbers of the first and last bytes of the data. Since the
sequence number of the first byte < the sequence number of each byte of the data < the
sequence number of the last byte, it is easily determined whether a certain data byte is
included in the designated data referring to Table 1. Therefore, a specific data is represented
by two sequence numbers. For example, two sequence numbers <L_SEQ,, S_SEQ,> and
<L _SEQ;, S_SEQy> designate all data having <L_SEQ,, S_SEQ,> < sequence numbers <
<L _SEQ;, S_SEQy>. The sequence number <L_SEQ,, S_SEQ,> of the first byte is called
the first sequence number and the sequence number of <L_SEQjg, S_SEQy> of the last byte,
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the last sequence number of the data.

Table 2 defines a sequence number between two sequence numbers when there are
the three sequence numbers in the two dimensional addressing scheme.

(Table 2)

There are three sequence numbers (I._SEQ,, S_SEQ,), (L_SEQ,, S_SEQ,), and
(L_SEQ,, S_SEQ,), L_SEQ,, L_SEQ, and L_SEQ, are frame sequence numbers, and
S_SEQ,, S_SEQ, and S_SEQ, are data sequence numbers. Then, if (L_SEQ,, S_SEQ,)
< (L_SEQ,, S_SEQ,) < (L_SEQ,, S_SEQ,) (L_SEQ,, S_SEQ,) represents data included
in the data represented by (L_SEQ,, S_SEQ,) and (L_SEQ,, S_SEQ,).

To transmit/receive an RLP frame of a variable length, the present invention uses a
field LAST SEQ indicating the last frame segment and (Np,r,—1) as a data sequence number
indicating the last byte. When transmitting the RLP frame separately m a plurality of frame
segments, the RLP frame transmitter sets LAST_SEG of the last frame segment to 1 because
the RLP frame receiver does not know the length of the RLP frame. If LAST SEG is 1, the
RLP frame receiver determines that the received frame segment is the last one of the RLP
frame.

When requesting retransmission, the RLP frame receiver designates data to be
retransmitted by setting its first and last sequence numbers. In the case of an RLP frame of a
variable length, the RLP frame receiver does not know the frame length, as stated above.
Therefore, if the RLP frame receiver fails to receive the last frame segment, it cannot find out
the last sequence number. In this case, (Np,r4—1) 1s used as the last sequence number of the
retransmission data. If the RLP frame transmitter receives a retransmission request for data
with (Np,ra—1) as the last sequence number, it considers that a corresponding frame should
be retransmitted up to its last byte.

FIG. 7 illustrates an example of transmission and reception of RLP frames of a
variable length in the two dimensional addressing scheme according to the present invention.
Frame segments are communicated on the assumption that there are frame #1 with 40 bytes
and frame #2 with 30 bytes and each frame can have 4096 bytes at maximum.

Referring to FIG. 7, the RLP frame transmitter transmits frame #1 separately in two
20-byte frame segments at T1 and T2, respectively. At T1, the RLP frame transmitter
transmits the first frame segment with 20-byte data. Since this frame segment is not the last
one, its LST SEQ is set to 0. The RLP frame transmitter transmits the last frame segment
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with LST SEQ set to 1 at T2. The RLP frame receiver determines from the field LST SEQ
set to 1 that frame #1 occupies a total of 40 bytes. The RLP frame transmitter transmits
frame #2 in separate frame segments with 20 and 10 bytes, respectively at T3 and T4. In case
the last frame segment of frame #2 is damaged and the first frame segment of frame #3
arrives at the RLP frame receiver, the RLP frame receiver transmits a retransmission request
for the 21* through the last bytes of frame #2, that is, the 21% through 4095(i.e., 4096—1)"
bytes of frame #2 at T5. The RLP frame transmitter retransmits the 21* through the last bytes
of frame #2 at T6. Here, LST_SEQ is set to 1. The RLP frame receiver recognizes from
LST SEQ set to 1 that frame #2 has a total of 30 bytes and all data of frame #2 has been
received.

RLP Frame Transmission/Reception

Basically, RLP operates based on NAK in the present invention. In other words, if
there exists non-received data among data transmitted from the RLP frame transmitter, the
RLP frame receiver requests retransmission of data of a lost frame.

According to the RLP utilizing the two dimensional addressing scheme, non-
received data can be represented by the use of two sequence numbers (a frame sequence
number and data sequence numbers). Therefore, the RLP frame receiver transmits the two
sequence numbers as a retransmission request to the RLP frame transmitter.

To implement a rapid retransmission requesting and requested frame retransmitting
operation in the RLP supporting the two dimensional addressing scheme according to the
present invention, the RLP frame transmitter and the RLP frame receiver operate in the
following way. The RLP frame transmitter, if it is to transmit a plurality of retransmission
frames, transmits a retransmission frame of the lowest sequence number in the first place
according to Table 1. Since each retransmission frame has a frame sequence number and a
first byte data sequence number, the first sequence number of data to be transmitted can be
achieved. Therefore, the RLP frame transmitter arranges the retransmission frames in an
ascending order according to their first sequence numbers and Table 1. The RLP frame
transmitter transmits the retransmission frames in the arranged order so as to transmit data
that the RLP frame receiver needs to receive in the first place, earlier than the other data.

The RLP frame receiver prepares a retransmission timer for each retransmission
request to request retransmission of lost data in case a retransmission request does not reach
the RLP frame transmitter or the requested data is damaged during transmission. Because the
RLP frame transmitter processes a retransmission request for data with the lowest sequence
number first, the RLP frame receiver decreases a retransmission timer value for awaited data
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on the following conditions. That is, the RLP frame receiver decreases the retransmission
timer value by 1 if it receives data with a higher first sequence number than that of the
awaited data. However, if the RLP frame receiver receives data with a lower first sequence
number than that of the data awaited, it does not decrease the retransmission timer value.

Data Transmission of MUX/DEMUX Controller

The MUX/DEMUX controller 140 in the RLP frame transmitter requests the
transmitting RLP controller 131 to generate RLP frames. The MUX/DEMUX controller 140
generates such requests at every predetermined intervals but when and how large RLP frame
it requests varies depending on the configuration of the MUX/DEMUX controller 140.

The MUX/DEMUX controller 140 notifies a channel to be used for transmission and
information about the maximum permitted size T of an RLP frame, requesting the RLP
controller 131 to generate the RLP frame. The RLP controller 131 generates RLP frames
within the maximum size T. When necessary, the MUX/DEMUX controller 140 specifies an
RLP frame size for the RLP controller 131. In this case, the RLP controller 131 generates
RLP frames of the designated size. If the MUX/DEMUX controller 140 receives RLP frames
of a size less than the intended size, it can adjust the RLP frame size to the intended size by
adding “0s” to the ends of the RLP frames.

The MUX/DEMUX controller 140 receives data blocks from RLP controllers 131
provided for each service, constructs physical channel information bits out of the data blocks,
and feeds the physical channel information bits to the physical layer processor 150. Herein
below, RLP frames that the RLP controller 131 transmits to the MUX/DEMUX controller
140 are called “data blocks” and transmission units that the MUX/DEMUX controlier 140
transmits to the physical layer processor 150 are called “physical channel information bits”.
The physical layer processor 150 subjects the physical channel information bits to encoding
and modulation according to the CDMA 2000 standards and transmits the resulting frames
over a physical channel.

FIG. 10 is a flowchart illustrating a procedure of generating physical channel
information bits in the MUX/DEMUX controller 140 of the transmitter.

Referring to FIG. 10, the MUX/DEMUX controller 140 determines the priority of
each RLP frame prior to generation of physical channel information bits in step 1100. The
transmission priority can be changed to ensure the quality of each service in which data is
communicated by RLP. The MUX/DEMUX controller 140 has a table listing combinations
of data blocks available over each physical channel. These data block combinations are
shown in Table 3. It is to be noted here that Table 3 does not show all information bit
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structures of all channels - available in CDMA 2000 but show only the structure of
fundamental channel information bits available in a transmission rate set 1.

(Table 3)
Fundamental channel information bit structure available in transmission set 1
transmission information bit first RLP second information bit
rate header RLP length
0 171 bits -
1100 80 bits 88 bits
9.6 kbps 1101 40 bits 128 bits 172 bits
1110 16 bits 152 bits
1111 - 168 bits
4.8 kbps - 80 bits - 80 bits
2.7 kbps - 40 bits - 40 bits
1.5 kbps - 16 bits - 16 bits

In Table 3, transmission rate indicates a transmission rate at which generated
physical channel information bits are transmitted and information bit length indicates the
maximum permitted number of information bits. Transmission rate varies with information
bit length, as noted from Table 3. That is, 172 information bits and 80 information bits are
transmitted at 9.6 and 4.8 kbps, respectively, and 40 information bits and 16 information bits
are transmitted at 2.7 and 1.5 kbps, respectively.

In the physical channel information structure of Table 3, RLP frames are generated
from two RLP controllers at maximum and the RLP controllers are called a first RLP
controller and a second RLP controller herein below. As shown in Table 3, RLP frames
included in physical channel information bits are discriminated bascd on an information bit
header at the start of the information bits. For example, in the case of information bits
including a 171-bit RLP frame generated in the first RLP, the first information bit is set to
“0”. In the case of information bits including an 80-bit RLP frame generated in the first RLP
and an 88-bit RLP frame generated in the second RLP, the first four information bits are set
to “1100”. Therefore, the MUX/DEMUX controller 140 in the receiver detects the sizes,
number, and destinations of RLP frames included in received information bits from such an
information bit header.

The MUX/DEMUX controller 140 in the RLP frame transmitter stores 8 possible
combinations of data blocks shown in Table 3 in a set C in step 1100. Then, the
MUX/DEMUZX controller 140 determines the maximum size T of an RLP frame that is to be
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transmitted by the first RLP frame controller and setsito 1.

In step 1100, the MUX/DEMUX controller 140 requests an RLP controller with
higher priority to generate an RLP frame of a permitted maximum size. If the higher priority
is given to the first RLP controller in Table 3, the MUX/DEMUX controller 140 requests the
first RLP controller to generate an RLP frame of 171 bits at maximum. If the higher priority
is given to the second RLP controller, it requests the second RLP controller to generate an
RLP frame of 168 bits at maximum. In the following description, it is assumed that priority
is given to the second RLP controller.

In step 1120, the MUX/DEMUX controller 140 deletes combinations other than
combinations in which the generated RLP frame can be transmitted from the set C. When the
second RLP controller generates a 40-bit RLP frame and a combination that can transmit the
40-bit second RLP frame is expressed as <first RLP frame, second RLP frame>, possible
combinations are <80bits, 88 bits>, <40 bits, 128bits>, <16 bits, 152 bits>, and <0 bit, 168
bits>.

In step 1130, the MUX/DEMUX controller 140 determines whether only one
combination remains in the set C. If only one combination remains, the procedure goes to
step 1180 and, otherwise, it goes to step 1140. The MUX/DEMUX controller 140
determines whether i is equal to N in step 1140. If they are equal, the procedure goes to step
1170. Otherwise, i is increased by 1 in step 1150 and the procedure goes to step 1160.

In step 1160, the MUX/DEMUX controller 140 determines the maximum size of an
RLP frame that it will request an RLP controller second in priority to generate from the
remaining combination. Then, the MUX/DEMUX controller 140 returns to step 1100 to
request the corresponding RLP controller to generate the RLP frame. Here, the first RLP
controller is requested to generate an RLP frame of 80 bits at maximum.

If different combinations can be made for a given data block, the MUX/DEMUX
controller 140 selects one of them that it considers appropriate in step 1170. If the first RLP
controller generates a 16-bit RLP frame in step 1110, constructible combinations for the 40-
bit second RLP frame are <80 bits, 88 bits>, <40 bits, 128 bits>, and <16 bits, 152> bits,
referring to Table 3. The combinations are of the same transmission rate. Therefore, the
MUX/DEMUX controller 140 can select any of them. On the other hand, if the first RLP
controller generates no RLP frames in step 1110, <0 bit, 168bits> is the only combination
available for the 40-bit second RLP frame.

In step 1180, the MUX/DEMUX controller 140 generates information bits out of the
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given data block and the one remaining combination. In the case of a 16-bit first RLP frame,
a 40-bit second RLP frame, and combination <80 bits, 88 bits> the MUX/DEMUX
controller 140 adds 64 Os to the end of the first RLP frame to make an 80-bit data block, 48
Os to the end of the second RLP frame to make an 88-bit data block, and “1100” as an
information bit header to the start of the two blocks, thereby completing 172 information bits.
In the case of a 0-bit first RLP frame and a 40-bit second RLP frame, 128 Os are added to the
end of the second RLP frame to make a 168-bit data block and a information bit header
“1111” is added to the start of the data block, thereby completing 172 information bits. The
information bits are fed to the physical layer controller 150 and then transmitted to the
MUX/DEMUX controller 140 of the receiver over a physical channel.

Data Reception of MUX/DEMUX Controller

The MUX/DEMUX controller 140 in the RLP frame receiver separates RLP frames
from physical channel information bits based on possible physical channel information bit
structures and the information bit header and transmits the separated RLP frames to
corresponding RLP controllers. Having a table listing constructible combinations of data
blocks for each physical channel such as Table 3, the MUX/DEMUX controller 140 can
interpret the received information bits. If the MUX/DEMUX controller 140 considers that
the received information bits are defective, it notifies each RLP controller of the reception of
the defective frames.

RLP Frame Formats
FIGs. 8A to 8F and FIGs. 9A and 9B illustrate RLP frame types that the RLP
controller 131 can transmit to the MUX/DEMUX controller 140.

In the present invention, SYNC, SYNC/ACK, and ACK shown in FIG. 8A and a
NAK frame shown in Table 4 are grouped into “control frames”, and a data transmitting
frame is called “data frame”. Data frames are divided into a new data frame and a
retransmission data frame according to whether the frame is newly transmitted or
retransmitted. The data frames are also divided into an unsegmented data frame and a
segmented data frame. As shown in FIG. 8F, a frame with SEQ fields of 12 bits is called “an
idle frame or intersegment fill frame”, aside from the terms of the control frame and the data

frame.

FIGs. 8A to 8F illustrate the formats of RLP frames transmittable over a
fundamental channel or a dedicated control channel.

When necessary, the RLP controller 131 constructs a control frame in the following
way. For a SYNC, ACK, or SYNC/ACK frame, SEQ is set to the lower 8 bits of a frame
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sequence number stored in the L_V(S) register 132, CTL is set according to a frame type, and
then FCS follows the CTL. FCS is a 16-bit frame check sequence generated by a polynomial
as provided by RFC-1662. The FCS field is formed for all the previous bits. The RLP
controller 131 sets all bits following FCS to Os.

When there exists a frame to be retransmitted, the RLP controller 131 in the RLP
frame receiver generates a NAK frame and transmits the NAK frame to the MUX/DEMUX
controller 140. The structure of the NAK frame is shown in Table 4.

(Table 4)
field length
SEQ 8 bits
CTL 8 bits
L SEQ HI 4 bits
NAK _FRM_COUNT 3 bits
NAK _SEQ _COUNT 3 bits
The following fields occur (NAK_FRM_COUNT+1) times
FIRST 12 bits
LAST 12 bits
The following fields occur (NAK_SEQ_COUNT+1) times
NAK _SEQ 12 bits
FIRST _SEQ 12 bits
LAST_SEQ 12 bits
The following fields follow the above fields
PADDING 1 variable
FCS 16 bits
PADDING 2 variable

The RLP controller 131 fills the upper 4 bits of a sequence number stored in the
L_V(N) register 136 in L_SEQ_HI and the lower 8 bits of the sequence number stored in the
L_V(N) register 136 in SEQ, and sets CTL to “1100 1000”. The RLP controller 131 sets
NAK _FRM_COUNT to (the number of retransmission requests for a frame to be included in
the NAK frame) —1. The RLP controller 131 sets NAK_SEQ COUNT to (the number of
retransmission requests for part of the frame to be included in the NAK frame) —1.

The RLP controller 131 fills as many retransmission requests as
(NAK_FRM _COUNT + 1) for the whole frame. Its frame sequence number is enough to
generate a retransmission request for the whole frame. The RLP controller 131 fills the 12-



10

15

20

25

30

35

WO 01/13542 PCT/KR00/00850

-19-

bit frame sequence number of a first frame in FIRST and the 12-bit frame sequence number
of a last frame in LAST.

The RLP controller 131 fills as many retransmission requests as
(NAK_SEQ COUNT + 1) for part of the frame. The first and last sequence numbers of the
data part are required to request retransmission of the frame part. The RLP controller 131
fills the 12-bit frame sequence number of the frame part in NAK SEQ, the 12-bit first
sequence number of the frame part in FIRST_SEQ, and the 12-bit last sequence number of
the frame part in LAST_SEQ. The retransmission request for the data part is valid for the
frame part only. By giving just two frame sequence numbers, a retransmission request can be
generated for data across a plurality of frames.

After filling the retransmission requests, the RLP controller 131 pads the FCS field
with Os for byte arrangement and fills the FCS field. The FCS field is a 16-bit frame check
sequence generated by a polynomial as provided by RFC-1662. The FCS field is constructed
for all the previous bits. Then, the RLP controller 131 fills the remaining part of the NAK
frame with Os.

The RLP controller 131 generates a data frame to be transmitted over a fundamental
channel or a dedicated control channel in the following manner. As shown in FIG. 8B, the
RLP controller 131 fills the lower 8 bits of the frame sequence number of an RLP frame to be
transmitted in SEQ and sets CTL to 0. If the RLP frame is to be retransmitted, REXMIT is
set to 1 and otherwise, it is set to 0. The RLP controller 131 sets LEN to the length of data to
be transmitted, fills the data following LEN, and fills the remaining part of the RLP frame
with Os.

The RLP controller 131 generates a segmented data frame including part of an RLP
frame to be transmitted over a fundamental channel or a dedicated control channel in the
following ways. As shown in FIG. 8C, the RLP controller 131 fills the lower 8 bits of the
frame sequence number of an RLP frame segment to be transmitted in SEQ and sets CTL to
“10000”. If the RLP frame segment is to be retransmitted, REXMIT is set to 1 and,
otherwise, it is set to 0. The RLP controller 131 fills S_SEQ with the 12-bit data sequence
number of the first byte of the data to be transmitted. If the segmented data frame includes
the last byte of a corresponding RLP frame, LAST is set to 1. Otherwise, it is set to 0. The
RLP controller 131 sets LEN to the length of the data to be transmitted, places the data
following S_SEQ, and fills the other part of the data frame with Os.

RLP frames according to the present invention use two different formats shown in
FIGs. 8D and 8E at the highest transmission rate (i.e., 9.6 or 14.4 kbps) of a fundamental
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channel or a dedicated control channel. The two formats are identified by their last 2-bit
fields TYPE. The format shown in FIG. 8D is used to transmit only data and has SEQ filled
with the lower 8 bits of a frame sequence number stored in the L_V(S) register 132 and
TYPE set to 11 for retransmitted data and 10 for new data. In the format shown in FIG. 8E,
an information field is filled with a frame in the format shown in FIGs. 8A, 8B, or 8C and
TYPE is set to 00.

The RLP controller 131 generates an idle frame or an intersegment fill frame to be
transmitted over a fundamental channel or a dedicated control channel in the following
manner. As shown in FIG. 8F, SEQ is filled with the lower 8 bits of a frame sequence
number stored in the L_V(S) register 132 and L_SEQ with the upper 4 bits of the frame
sequence number of the L_V(S) register 132. CTL is set to “1001” for an idle frame and to
“1010” for an intersegment fill frame.

FIGs. 9A and 9B illustrate the formats of an RLP frame transmitted over a
supplemental channel according to the present invention.

The RLP controller 131 generates a data frame to be transmitted over a supplemental
channel in the following way. In FIG. 9A, SEQ is filled with the lower 8 bits of the frame
sequence number of an RLP frame to be transmitted. If the RLP frame is to be retransmitted,
TYPE is set to 10 and otherwise, it is set to 11. The RLP controller 131 fills the other part of
the data frame with data.

The RLP controller 131 generates a segmented data frame including part of an RLP
frame to be transmitted over a supplemental channel in the following way. In FIG. 9B, SEQ
is filled with the lower 8 bits of the frame sequence number of the RLP frame and CTL and
TYPE are set to “00” and “01”, respectively. If the segmented frame is to be retransmitted,
REXMIT is set to 1 and otherwise, it is set to 0. The RLP controller 131 fills S_SEQ with
the 12-bit data sequence number of the first byte of the data to be transmitted. If the
segmented data frame includes the last byte of the RLP frame, LST is set to 1 and otherwise,
it is set to 0. The RLP controller 131 places data following LAST and fills the other part of
the frame with Os.

Initialization of RLP Controller

Prior to frame transmission/reception, the RLP controller 131 sets the initial values
of the L_V(S) register 132, the LV(R) register 135, the LV(N) register 136, the E register 137,
the V(SS) register 141, the V(RS) register 142, the V(NS) register 143, the R_L_SEQ register
144, and the R_S_SEQ register 145 to 0s. Also the RLP controller 131 deletes all entries of
the forward resequencing buffer 133, the retransmission request queue 134, the NAK list 138,
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the rearranging buffer 139, and the segment buffer 146. In the present invention, it is
assumed that each of the L_V(S) register 132, the L_V(R) register 135, the L_V(N) register
136, the R_L_SEQ register 144, the V(SS) register 141, the V(RS) register 142, the V(NS)
register 143, and the R_S_SEQ register 145 can store a 12-bit integer.

The RLP controller 131 is initialized as follows:

(1) the RLP controller 131 continuously transmits SYNC frames to the
MUX/DEMUZX controller 140;

(2) upon receipt of a SYNC frame from the MUX/DEMUX controller 140 during
performing step (1), the RLP controller 131 continuously transmits SYNC/ACK frames to
the MUX/DEMUX controller 140 until it receive a different frame from the SYNC frame;
and ‘

(3) upon receipt of a SYNC/ACK frame from the MUX/DEMUX controller 140
during performing step (1), the RLP controller 131 continuously transmits ACK frames to the
MUX/DEMUX controller 140 until it receive a different from the SYNC/ACK frame.

Upon receipt of a different frame from the SYNC/ACK frame, that is, upon
completion of the initialization, the RLP controller 131 initiates data transmission. The RLP
controller 131 can transmit all other frames than the SYNC, SYNC/ACK, and ACK frames to
the MUX/DEMUX controller 140.

Data Frame Transmission of RLP Controller

The RLP controller 131 uses the L_V(S) register 132 to designate a frame sequence
number. When a new RLP frame is generated, the RLP controller 131 designates a value
stored in the L_V(S) register 132 as the 12-bit frame sequence number of the new RLP frame.
The RLP controller 131 stores the RLP frame in the forward resequencing buffer 133 in
preparation for a possible retransmission request from the receiving side. The RLP controller
131 segments the RLP frame prior to transmission if the size of the RLP frame is a maximum
size set by the MUX/DEMUX controller 140. If the RLP frame is less than the maximum
size, the RLP controller 131 simply feeds the RLP frame to the MUX/DEMUX controller
140. The RLP controller 131 does not generate a new RLP frame until the generated data
frame is completely transmitted.

When finishing transmitting the data frame, the RLP controller 131 sets the value of
the L_V(S) register 132 to the remainder of dividing (the value of the L_V(S) register 132 +
1) by 2'2. If data is retransmitted or a control frame/idle frame is transmitted, the value of the
L_V(S) register 132 is not increased.

If there exists a retransmission frame in the retransmission request queue 134, the
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RLP controller 131 should retransmit the frame. The retransmission frame may be an
unsegmented data frame or a segmented data frame. If the retransmission frame is an
unsegmented data frame, the first sequence number of the data of the retransmission frame
has a 12-bit frame sequence number stored along with the retransmission frame and a data
sequence number “0”. If the retransmission frame is a segmented data frame, the first
sequence number of the data of the retransmission frame has a 12-bit frame sequence number
stored along with the retransmission frame and 12 bits of S_SEQ as a data sequence number.

The RLP controller 131 transmits a retransmission frame with the lowest first
sequence number in the first place in transmitting retransmission frames stored in the
retransmission request queue 134. The RLP controller 131 segments the RLP frame to be
retransmitted if it is greater than the maximum size set by the MUX/DEMUX controller 140.
Otherwise, the RLP controller 131 just feeds the RLP frame to the MUX/DEMUZX controller
140.

When there are no control frames, retransmission frames, and new data frames to
transmit, the RLP controller 131 can transmit an idle frame shown in FIG. 8F to the
MUX/DEMUX controller 140.

Transmission of Segmented Data Frame in RLP Controller

If an unsegmented data frame or a segmented data frame to be transmitted is larger
than a maximum size set by the MUX/DEMUX controller 140, the RLP controller 131
segments the data frame prior to transmission. The unsegmented/segmented data frame to be
transmitted will be referred to as “an RLP frame to be transmitted”. If the maximum size is
too small to transmit any segmented data frame, the RLP controller 131, the RLP controller
131 transmits no frame or an intersegment fill frame to the MUX/DEMUX controller 140.

In segmenting the RLP frame to be transmitted, the RLP controller 131 forms a
segmented frame of the size requested by the MUX/DEMUX controller 140 by segmenting
the RLP frame from the start. The segmented frame will be referred to as “a frame segment
to be transmitted”.

In forming frame segments from a new data frame, the RLP controller 131 uses the
lower 8 bits of the frame sequence number of the RLP frame and the data sequence number
of the first byte of the frame segment, stored in the V(SS) register 141. After the frame
segment is completed, the RLP controller 131 increases the value of the V(SS) register 141
by the number of data bytes included in the frame segment.

On the other hand, in forming frame segments from a retransmission data frame, the
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RLP controller 131 operates in a different manner. The data sequence number of the first
byte of a frame segment to be transmitted is “0” when the frame segment comes from an
unsegmented data frame. If the frame segment comes from a segmented data frame, the field
S_SEQ of the segmented data frame is used as the data sequence number of the first byte of
the frame segment to be transmitted. The frame segment to be transmitted is formed using
the lower 8 bits of the frame sequence number of an RLP frame to be transmitted and the
above data sequence number.

The RLP controller 131 forms another frame segment out of the remaining data of
the RLP frame to be transmitted. This frame segment will be referred to as “a remaining
frame segment”’.

In forming frame segments from a new data frame, the RLP controller 131 uses the
lower 8 bits of the frame sequence number of the RLP frame to be transmitted and the data
sequence number of the first byte of the remaining frame segment, stored in the V(SS)
register 141.

On the other hand, in forming frame segments from a retransmission data frame, the
RLP controller 131 uses (the above-obtained data sequence number + the number of the data
bytes of the frame segment to be transmitted) as the data sequence number of the first byte of
the remaining frame segment. The remaining frame segment is formed using the lower 8 bits
of the frame sequence number of an RLP frame to be transmitted and the above data
sequence number.

The RLP controller 131 transmits the frame segment to the MUX/DEMUX
controller 140. If the RLP frame to be transmitted is a retransmission data frame, the RLP
controller 131 stores the remaining frame segment along with the 12-bit frame sequence
number of the RLP frame in the retransmission request queue 134. If the RLP frame is a new
data frame, the RLP controller 131 stores the remaining frame segment along with the 12-bit
frame sequence number of the RLP frame in the segment buffer 146. When transmitting a
new data frame, the RLP controller 131 performs the frame segment transmission procedure
on the remaining frame segment stored in the segment buffer 146. After transmitting the
remaining frame segment, the RLP controller 131 sets the value of the V(SS) register 141 to
0 and the value of the L _V(S) register 132 to the remainder of dividing (the L_V(S) register
value + 1) by 2™

Reception of Control Frame in RLP Controller
The MUX/DEMUX controller 140 informs the RLP controller 131 of the size T of a
received RLP frame, transmitting the RLP frame to the RLP controller 131.
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Upon receipt to a SYNC, SYNC/ACK, or ACK frame, the RLP controller 131
performs the initialization operation. Upon receipt of a NAK frame, the RLP controller 131
interprets the NAK frame referring to Table 4. First, the RLP controller 131 forms a 12-bit
sequence number using L,_SEQ_HI of the NAK frame as the upper 4 bits and SEQ of the
NAK frame as the lower 8 bits. Since the sequence number is the value of the L_V(N)
register 136 in the receiver, the RLP controller 131 can delete retransmission entries with
frame sequence numbers lower than the value of the I V(N) register 136 from the forward
resequencing buffer 133.

The RLP controller 131 can detect the number of frame retransmission requests and
the number of frame part retransmission requests in the received NAK frame based on
NAK _FRM_COUNT and NAK_SEQ_COUNT.

The RLP controller 131 performs the following procedure on each of
(NAK_FRM_ COUNT+1) frame retransmission requests included in the received NAK frame.

(1) The frame sequence number L_SEQ of a frame requested to be retransmitted is
set as FIRST of its frame retransmission request.

(2) An RLP frame with a 12-bit frame sequence number identical to the frame
sequence number L_SEQ is searched for in the forward resequencing buffer 133. If the RLP
frame exists in the forward resequencing buffer 133, a copy of the RLP frame is stored in the
retransmission request queue 134 along with its 12-bit frame sequence number.

(3) If L_SEQ 1is equal to LAST of the frame retransmission request, then the
procedure ends. Otherwise, L_SEQ 1s updated to the remainder of dividing (the L_SEQ
value +1) by 2'? and the above procedure is repeated.

The RLP controller 131 performs the following procedure on each of
(NAK_SEQ COUNT+1) frame part retransmission requests included in the received NAK
frame.

(1) The sequence number L_SEQ of a frame requested to be retransmitted is set as
NAK_SEQ of its frame part retransmission request.

(2) An RLP frame with a 12-bit frame sequence number identical to the frame
sequence number L_SEQ is searched for in the forward resequencing buffer 133. If the RLP
frame exists in the forward resequencing buffer 133, then segmented data frames are formed
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out of data with FIRST_SEQ and LST_SEQ of the retransmission request as its data
sequence numbers. A segmented data frame is constructed by the use of the lower 8 bits of
the frame sequence number of the RLP frame and the data sequence number of the first byte
of the data. The RLP controller 131 stores the segmented frame in the retransmission request
queue 134 along with the 12-bit frame sequence number of the RLP frame.

Reception of Data Frame in RLP Controller
The MUX/DEMUX controller 140 transmits the size T of a received RLP frame
along with the RLP frame to the RLP controller 131.

Upon receipt of a new data frame, the RLP controller 131 computes the 12-bit
sequence number L, SEQ of the received new data frame using the 12-bit value of the
L_V(R) register 135 and SEQ of the received new data frame by

L SEQ=[L_V(R) + {2° + SEQ - (L_V(R) modulo 2*)}
modulo 2°} modulo 2¥ ... .. )]

In case the RLP controller 131 receives a retransmission data frame, it should refer
to the NAK list 138 shown in FIG. 6. Each NAK entry in the NAK list 138 includes L_SEQ
(the 12-bit frame sequence number of a lost frame), FISRT _S_SEQ (the 12-bit data sequence
number of the first byte of data), LAST_S_SEQ (the 12-bit data sequence number of the last
byte of the data), RECEIVED (an indicator indicating whether a whole frame has been
received), REXMIT TIMER (retransmission timer), and ROUND_COUNTER (round
counter). The RLP controller 131 searches for a NAK entry equal to the value of the 8-bit
SEQ field of the received retransmission frame in the NAK list 138. If such a NAK entry
exists, then the RLP controller 131 makes the frame sequence number stored in the NAK
entry the frame sequence number L_SEQ of the received frame. If there is no such NAK
entry, then the RLP controller 131 discards the received frame.

The RLP controller 131 processes the received frame utilizing the frame sequence
number L_SEQ, data sequence number S_SEQ, and LAST of the received frame. If the
received frame is not a segmented data frame but an unsegmented data frame, the RLP
controller 131 considers the data sequence number S_SEQ to be “0” and the last segment
indicator LAST to be “1”. If the received frame is a segmented data frame, the RLP
controller 131 determines the data sequence number S _SEQ to be the value of the field
S_SEQ of the received frame and the last segment indicator LAST to be the value of the field
LAST of the received frame. The RLP controller 131 processes the received segmented and
unsegmented data frames in the same manner as described below.
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If the RLP controller 131 receives a new data frame, then it performs the following
operation.

(1) If the RLP controller 131 considers that the received frame is a delayed frame,
then it processes the received frame like a retransmission frame.

(2) If the sequence number (I._SEQ, S_SEQ) of the received frame is <the value of
the L_V(R) register 135, the value of the V(RS) register 142>, then the RLP controller 131
increases the value of the V(RS) register 142 by the number of the received data bytes. If
LAST of the received frame is 1, the RLP controller 131 sets the value of the V(RS) register
142 to “0” and the value of the L_V(R) register 135 to the remainder of dividing (the value of
the L_V(R) register 135 +1) by 2. If LAST is 1 and the value of the I, V(R) register 135
before it is incremented by 1 is equal to the value of the L _V(N) register 136, then the RLP
controller 131 sets the value of the L_V(N) register 136 to the remainder of dividing (the
value of the L_V(N) register 136 +1) by 2'* and stores the received data in the reception data
buffer 124. In this case, the data frame has been received normally. If the value of the
L_V(R) register 135 before it is incremented by 1 is different from the value of the L_V(N)
register 136, then the RLP controller 131 stores the received frame in the rearranging buffer
138. In this case, the data frame has not been received normally and thus a retransmission
frame is awaited.

(3) If the sequence number (L_SEQ, S_SEQ) of the received frame is larger than
<the value of the L_V(R) register 135, then the value of the V(RS) register 142>, the RLP
controller 131 forms a NAK entry for data or a frame with <the value of the L V(R) register
135, the value of the V(RS) register 142> < first sequence number < (L_SEQ, S_SEQ). In
the NAK entry, L_SEQ is set to a frame sequence number, FIRST S SEQ to the data
sequence number of the first byte of each data, LAST S_SEQ to the data sequence number of
the last byte of each data, RECEIVED to 0, and ROUND_COUNTER to a predetermined
value. The RLP controller 131 sets the value of the V(RS) register 142 by (the data sequence
number S_SEQ + the number of the bytes of the received data). If LAST of the received
segmented frame is 1, then the RLP controller 131 sets the value of the V(RS) register 142 to
0 and the value of the L_V(R) register 135 to the remainder of dividing (the value of the
L_V(R) register 135 +1) by 2'*and stores the received data in the rearranging buffer 139.

If the RLP controller 131 receives a retransmission data frame, then it performs the
following operation.
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(1) If the sequence number (L_SEQ, S_SEQ) of the received frame is less than <the
value of the L_V(N) register 136, the value of the V(NS) register 143> and the received data
does not include data represented by <the value of the L_V(N) register 136, the value of the
V(NS) register 143>, then the RLP controller 131 discards the received frame.

(2) If the sequence number (L_SEQ, S_SEQ) of the received frame is greater than or
equal to <the value of the L_V(N) register 136, the value of the V(NS) register 143>, then the
RLP controller 131 discards the received frame.

(3) If the received data includes data represented by <the value of the L. V(N)
register 136, the value of the V(NS) register 143>, then the RLP controller 131 stores data
having <the value of the L_V(N) register 136, the value of the V(NS) register 143> as a first
sequence number and the data sequence number of the last byte of the received data as a last
sequence number in the reception data buffer 124. The RLP controller 131 sets the value of
the V_(NS) register 146 to (the data sequence number of the last byte of the received data +
1). If LAST of the received frame is 1, then the RLP controller 131 sets the value of the
V(NS) register 146 to 0 and the value of the L_V(N) register 136 the remainder of dividing
(the value of the L _V(N) register 136 +1) by 2"2. The RLP controller 131 repeats the
retransmission frame receiving procedure for the retransmission frames stored in the
rearranging buffer 139 in the order of their sequence numbers. If no retransmission frame
stored in the rearranging buffer 139 includes a frame with <the value of the L_V(N) register
136, the value of the V(NS) register 143>, then the above procedure ends.

(4) If the sequence number <L_SEQ, S_SEQ> is greater than <the value of the
L V(N) register 136, the value of the V(NS) register 143>, then the RLP controller 131
stores the received frame in the rearranging buffer 139.

Then, the RLP controller 131 performs the following operation for each NAK entry.

(1) IfL_SEQ in the NAK entry is different from the frame sequence number L_SEQ
of the received frame, then the RLP controller 131 leaves the NAK entry unchanged. Only if
L SEQ in the NAK entry is equal to the frame sequence number L_SEQ of the received
frame, the following steps are implemented.

(2) The RLP controller 131 calculates the data sequences of the first and last bytes of
the received data, that is, F S SEQ and L_S_SEQ. F_S SEQ is the data sequence number
S_SEQ of the received frame and L_S_SEQ is the data sequence number of the last byte of
the received frame. If LAST of the received frame is 1, then L_S_SEQis (2'>~1).
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(3) If data represented by FIRST_S_SEQ and LAST_S_SEQ of the NAK entry is
included in the received data, then the RLP controller 131 sets RECEIVED to 1.

(4) If all of the data represented by FIRST S_SEQ and LAST S _SEQ of the NAK
entry is not included in the received data, then the RLP controller 131 forms different NAK
entries for the included data and the non-included data. That is, L SEQ is set to the frame
sequence number of the received frame, FIRST S_SEQ and LAST S SEQ are set to
appropriate values for each data, RECEIVED is set to 1 for the included data and to 0 for the
non-included data, REXMIT_TIMER is set to the same value of REXMIT TIMER of the
NAK entry, and ROUND_COUNTER is set to a predetermined value. The RLP controller
131 deletes the existing NAK entry.

(5) If any of the data represented by FIRST_S _SEQ and LAST S_SEQ of the NAK
entry is not included in the received data, then the RLP controller 131 renders the NAK entry
unchanged.

Reception of Idle/Intersegment Fill Frame in RLP Controller

Upon receipt of an idle frame or an intersegment fill frame, the RLP controller 131
obtains the 12-bit frame sequence number L_SEQ of the received frame by combining the
L _SEQ_HI value of the received frame as the upper 4 bits and the SEQ value as the lower 8
bits.

The RLP controller 131 operates for the received idle/intersegment fill frame in the
following manner.

(1) If the frame sequence number L _SEQ of the received frame is larger than the
value of the L_V(R) register 135, then the RLP controller 131 makes NAK entries for all
frames with the value of the L_V(R) register 135 < frame sequence numbers < (L SEQ-1)
modulo 22. L SEQ of each NAK entry is set to the frame sequence number of a
corresponding frame, FIRST _S_SEQ to 0, LAST S_SEQ to (2'>~1), RECEIVED to 0, and
ROUND_COUNTER to a predetermined value.

(2) If the frame sequence number L_SEQ of the received frame is less than the value
of the L_V(R) register 135, then the RLP controller 131 performs the initialization operation.

Reception of Damaged Frame in RLP Controller
Informed of receipt of a damaged RLP frame by the MUX/DEMUX controller 140,
the RLP controller 131 increases the value of the E register 137 by 1. If the increases E
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register value is larger than 255, then the RLP controller 131 performs the initialization
operation. '

If there exists a normally received RLP frame during data reception, the RLP
controller 131 sets the value of the E register 137 to 0.

Amendment of NAK List in RLP Controller

After processing all frames received for a predetermined time period, the RLP
controller 131 determines whether a retransmission request is to be issued for each NAK
entry of the NAK list 138 or it will await no more retransmission in the following way.

In the present invention, the process of requesting a retransmission to the RLP frame
transmitter and awaiting reception of a retransmission data frame by the RLP frame receiver
is defined as “one round”. One round is terminated a predetermined time after transmission
of a NAK frame including a retransmission request or when a requested frame arrives. A
retransmission request can be transmitted across a plurality of successive NAK frames in one

round.

A base station RLP determines whether after several rounds, the RLP frame receiver
should give up data reception or how many NAK frames will be used to transmit a
retransmission request in each round.

Every time the RLP controller 131 receives RLP frames, it stores an RLP frame with
the highest sequence number in the R_L_SEQ register 144. The RLP controller 131 stores
the data sequence number of the first byte of an RLP frame with a frame sequence number
equal to the value of the R_L_SEQ register 144 in the R_S_SEQ register 145. If a plurality
of RLP frames have frame sequence numbers equal to the value of the R_L_SEQ register 144,
the RLP controller 131 stores the highest of the data sequence numbers of the first bytes of
the RLP frames. For example, if the received frame is an unsegmented data frame with a
frame sequence number equal to the value of the R_L_SEQ register 144, then 0 is stored in
the R_S_SEQ register 145. If received frames with frame sequence numbers equal to the
value of the R_L._SEQ register 144 are all segmented frames, then the highest of S_SEQ field
values of the segmented frames is stored in the R_S_SEQ register 145.

The RLP controller 131 performs the following operation for all the NAK entries of
the NAXK list 138, starting with the oldest NAK entry.

(1) If REXMIT_TIMER of the NAK entry is larger than 0 and data designated by
the NAK entry is included in as many NAK frames as the base station RLP determines for a
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current round, then the RLP controller 131 compares the sequence number <L_SEQ,
FIRST_S_SEQ> of the NAK entry with <the value of the R_L_SEQ register 144, the value
of the R_S_SEQ register 145>. If <L_SEQ, FIRST S SEQ> is less than <the value of the
R_L_SEQ register 144, the value of the R_S_SEQ register 145>, then the RLP controller 131
decreases REXMIT_TIMER by 1.

(2) If the decreased REXMIT TIMER is 0, then the RLP controller 131 decreases
ROUND_COUNTER of the NAK entry by 1. If RECEIVED of the NAK entry is 1, then the
RLP controller 131 deletes the NAK entry from the NAK list 138.

(3) On the other hand, if RECEIVED is 0 and ROUND_COUNTER is 0, then the
RLP controller 131 considers that an awaited frame has not been received and sets the value
of the V(NS) register 143 to (LAST_S_SEQ + 1). If the value of V(NS) register 143 is 0,
then the RLP controller 131 sets the value of the L_V(N) register 136 to the remainder of
dividing (the value of the L_V(N) register 136 + 1) by 2'>. The RLP controller 131 performs
the retransmission frame receiving procedure for frames stored in the rearranging buffer 139.
If there is no frame that includes data represented by <the value of the R_L_SEQ register 144,
then the value of the R_S_SEQ register 145> in the rearranging buffer 139, the above
procedure ends.

(4) If RECEIVED of the NAK entry is 0 and ROUND_COUNTER is not 0, then the
RLP controller 131 sets REXMIT_TIMER of the NAK entry to a value larger than 0 and
includes the data designated by the NAK entry in as many frames as designated by the base
station RLP for a current round.

The RLP controller 131 performs the following operation for all NAK entries whose
REXMIT TIMER values are not set in the NAK list 138.

(1) The RLP controller 131 sets ROUND_COUNTER of the NAK entry to a value
set by the base station RLP controller.

(2) REXMIT_TIMER of the NAK entry is set to a value larger than O and the data
designated by the NAK entry is included in as many NAK frames as designated by the base
station RLP.

As described above, the present invention provides a more rapid data retransmission
method than the conventional one to efficiently transmit data. Therefore, the transmission
efficiency of the RLP is increased.
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While the invention has been shown and described with reference to a certain
preferred embodiment thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the spirit and scope
of the invention as defined by the appended claims.
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WHAT IS CLAIMED IS:

1. A method of requesting frame retransmission in a mobile communication
system, comprising the steps of:

storing a sequence numbers of a plurality of RLP (Radio Link Protocol) frames that
are not received from a transmitter in a receiver;

transmitting a retransmission request frame including fields that indicate the
sequence numbers from the receiver;

sequentially receiving the requested RLP frames in the order of the sequence
numbers from the transmitter in the receiver; and

comparing the stored sequence numbers with the sequence numbers of received RLP
frames when if the receiver fails to receive one of the requested RLP frames, requesting
retransmission of the lost RLP frame upon receipt of an RLP frame of a higher sequence
number than the sequence number of the lost RLP frame.

2. A mobile communication system comprising:

a transmitter for transmitting a plurality of RLP (Radio Link Protocol) frames each
having a sequence number; and

a receiver for receiving the plurality of RLP frames,

wherein the receiver transmits a retransmission request frame including fields that
indicate the sequence numbers of non-received RLP frames, the transmitter sequentially
transmits the requested RLP frames along with the sequence numbers of the requested RLP
frames in the order of the sequence numbers to the receiver upon receipt of the retransmission
request frame, and if the receiver fails to receive one of the requested RLP frames, the
receiver RLP transmits a retransmission request frame for the RLP frame the receiver failed
to receive upon receipt of an RLP frame of a higher sequence number than the sequence
number of the lost RLP frame.

3. A mobile communication system comprising:

a transmitter for transmitting a plurality of RLP (Radio Link Protocol) frames each
having a sequence number, and sequentially transmitting to a receiver requested RLP frames
along with sequence numbers of a requested RLP frames in the order of the sequence
numbers upon receipt of a retransmission request frame; and

a receiver for receiving the plurality of RLP frames, transmitting a first
retransmission request frame including fields that indicate the sequence numbers of non-
received RLP frames, and transmitting a second retransmission request frame if the receiver
fails to receive one of the requested RLP frames.



PCT/KR00/00850

WO 01/13542

1/10

I

“IId

dIAVT
AV

_ d3AVT

_ AV

000Z-S|

did

(ddd)
70001034
YN

(LINY3LNI)

(dl)
100010¥d
MHOMLIN

(01AY3S g3m)
JONY3S
d3ddn

AMI

JOSW/S8

000¢-SI

[AYA IE

¢ge-via

A
<d e
| N

(ddd)
700010¥4d
NI

(dN)
702010¥d
AHOMLAN

(301AN3S gIM)
O NERS

diddn

El}
TVNINY3L



PCT/KRO00/00850

WO 01/13542

2/10

¢ Ild

TINNVHD TVOISAHd

d0SS330¥8d d3IAVT VIISAHd

i

b2 x_ HITIONLNOD XNWIA/XNI

1} %4 K_ d0SS300dd 4

yzzJ33Inaviva)  [§333nE viva
NOLLd303 OISSINSNY YL

—¢CC il

012 _ d40SS300dd
1000.108d NI

NOLLVLS 3SvH

X

_ d0SS300¥d ¥3IAVT TVIISAHd

— 0G|

L

_ 4ITIOULNOD XNW3A/XNN

~— 0¥l

W !

_ 40SSI008d dY

—~ 0¢1

d344n8 viva
NOILd303y

d344n8 viva
OISSINSNV Y]

—~ ¢Cl

d0SS330¥d
1020108d NI

—~ Ol

TVNINYEL



PCT/KR00/00850

& OId
81 Ll al Gl 121 ¢l L

| 4 | | | | ¢

Y3AIL NOISS HINIL NOISS ¥INLL NOISS ¥3NLL NOISS  ¥3IAIL NOISS ¥INLL NOISS ¥3WIL NOISS
—IASNVHLIY —INSNVYLIY —INSNVHLIY —INSNVYLIY —INSNVHLIY —INSNVHLIY —INSNVHLIY  ¥3AFD3Y

NONCN /o

yi# NOISS  ¢f NOISS  z# NOISS \ O# NOISS -
CCINSNVALIY -IWSNVELIY —HSNVALY D -iWsNvildy  \§oQ)lsanodd

3/10

\ YALLINSNVL
i d1d

WO 01/13542



PCT/KR00/00850

WO 01/13542

4/10

v OId
8L L1 9] el 71 £l 1

(). g | ! Z

1S3N03Y NOISS Y3NIL NOISS  ¥3INIL NOISS ¥INWIL NOISS ¥3NIL NOISS
—INSNVH13Y  —IASNVHLIY  —INSNVHL3Y —INSNVHL3d —INSNVYL3Y  ¥3AI303d

di¥

v# NOISS  ¢#XOISS  Z# NOISS 0ISS _
N Ay MW Ok e (S dsanon

NOISSINSNV Y134
St
\ d3LLINSNVYL

Zl diy



WO 01/13542 PCT/KR00/00850

5/10
122
2 — I 1
130 FORWARD
____________ [ RESQUENCING}- 133
N U N BUFFER

[ L_V(S 13
132 -—E f +g.
| REGISTER =L
T, CONTROLLER
" Reaster [~ T j

| SEGMENT
__[MUX/DEMUXY | |- 146
140 CONTROLLERI ; BUFFER
Y
BHYSICAL
150 |  LAYER
PROCESSOR

QUEUE

RETRANGMISSION]
RESQUENCING|- 134!

FIG. S



WO 01/13542 PCT/KR00/00850

6/10
130
e z 1224
' r2e ' [RECEPTION
| 199 | DATA
| — " |__BUFFER
- 136~ REGISTER P T
| R0 |
137 1 REGISTER CONTROLLER NAK LIST |- 138
| 142 —| V(RS Ty T 7 |
E REGISTER [WUX/DEMUX| ARRANGINGE 135
CONTROLLER}
i 143 — V NS ! S
: REGISTERl | 40
144 | REL_SEQ [ PAYSICAL
| REGISTER | LAYER
| '| PROCESSOR
45 [R5 SEQ |
| | REGISTER 150
R |



PCT/KR00/00850

WO 01/13542

7/10

al

L "Ild

Z# ANV 40 2F INvyd 40 1F INvN4 40
UAG ISIZ AAGHIO  3UAB ISIZ

404 LIvM  ¥04 1IVM d04 1IVM <EQYEWEL]

Gl
/ dy
S,
404 1S3N03Y X/ ¢l Al 1L
OISSINSNY AL 3 Vi / // /
¥ \ ¥ALLINSNV¥L

1=93S" 1S 0=93S"1S71 1=93S IST 0=93S IST 1=93S"1S1 0=93S I1ST dW
S31A8 0€-12 S3LAE 02-0S3LA8 0F -1Z SILAG 0Z—0S3LAE 0F—12 SALAE 02-0
Z# NV oF INVEY  ZF INVHY  ZF Invdd  F Jved 1 nvad



WO 01/13542 PCT/KR00/00850

8/10
SYNC, SYNC/ACK, ACK FRAME
(BBITS sle 8BITS 5 <1 fiBITS>

(@) | SEQ | ¢ | Fcs PADDING

CTL="1101 1000" for SYNC, "1110 1000" for
ACK,'1111 1000" for SYNC/ACK

FUNDAMENTAL/DEDICATED DATA FRAME
(BBITS>‘ 1BIT sle 1BIT )(GBITS)<LEN * BBITS)

(b) | SEQ | CTL |REXMIT| LEN DATA p

CTL="0", P(PADDING)

(BBITS)‘5BITS>< 1BIT sle 1BIT ,K581T5)<128|TS)<LEN * 88ITS>

(c) | SEQ | CTL |REXMIT| LAST | LEN |S_SEQ DATA P

CTL="10000", P(PADDING)

BBITS, | 160/256BITS ) 2BITS
(d) | SEQ DATA P| TYeE

TYPE='10' or 11', P(PADDING)
168/264BITS 2BITS

(¢) INFORMATION P| TYPE

TYPE="00", P(PADDING)
IDLE /INTERSEGMENT FILL FRAME

 BBITS  4BITS ,, 4BITS
() SEQ CL | L.SEQ [P

CTL="1001" or '1010’ FIG. 8




WO 01/13542

9/10

SUPPLEMENTAL DATA FRAME

PCT/KR00/00850

2BITS | 8BTS |
TYPE SEQ DATA
TYPE="10" or "11’
KZBITS ><ZB|TS)( 1BIT sle 1BIT )(BBlTS ,e'lZBITS)
TYPE CTL LAST | REXMIT SEQ S_SEQ DATA

TYPE='01", CTL="00"

FIG. 9




WO 01/13542

1100—

1110— WTH iTH PRIORITY TO

10/10

« DETERMINE PRIORITY OF RLP FRAMES

« STORE POSSIBLE DATA BLOCK
COMBINATIONS IN SET C

*SET T OF FIRST RLP FRAME

«SET i TO 1

«SET N _TO NUMBER OF RLP FRAMES

PCT/KR00/00850

REQUEST RLP CONTROLLER

GENERATE RLP FRAME

1120 —

DELETE DATA BLOCK
COMBINATIONS UNAVAILABLE
FOR RLP FRAME FROM SET C

COMBINATION PRESENT

1801 BITS USING REMAINING

1140
i =N? NO 1 1150
¥ YES .
"LEAVE ONLY DATA BLOCK INCREASE i BY 1
1170—| COMBINATION AT LOWEST
TRANSMISSION RATE IN e —
SET C
RLP FRAME WITH
iTH_PRIORITY

GENERATE PHYSICAL (
CHANNEL INFORMATION 1160

(DATA BLOCK COMBINATION

END

FIG. 10

L




INTERNATIONAL SEARCH REPORT

International application No.
PCT/KR00/00850

A. CLASSIFICATION OF SUBJECT MATTER
IPC7 HO04B 7/204

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimun documentation searched (classification system followed by classification symbols)

Documentation searched other than minimun documentation to the extent that such documents are included in the fileds searched

IBM, USPTO, EPO, PATROM

Electronic data base consulted during the intertnational search (name of data base and, where practicable, search trerms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 6021124(2000.2.1 Published), Abst, FIG1, FIG2 1-3
Y US 5701312(97.12.23 Published), Abst, FIG 1-3

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevence

"E" earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
citedto establish the publication date of citation or other

special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

o

wye

ngv

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevence; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevence; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

24 NOVEMBER 2000 (24.11.2000)

Date of mailing of the international search report

28 NOVEMBER 2000 (28.11.2000)

Name and mailing address of the ISA/KR

Korean Industrial Property Office
Government Complex-Taejon, Dunsan-dong, So-ku, Taejon
Metropolitan City 302-701, Republic of Korea

Facsimile No. 82.42-472-7140

Authorized officer

Telephone No.

JEON, Jong Seong

82-42-481-5948

Form PCT/ISA/210 (second sheet) (July 1998)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

