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METHOD AND APPARATUS FOR REDUCING SIGNALING OVERHEAD
IN A COMMUNICATION SYSTEM USING HYBRID AUTOMATIC REPEAT
REQUEST

Technical Field of the Invention

[0001] The invention relates to communications system. More particularly, the
invention relates to reducing signaling overhead in a communication system using

hybrid automatic repeat request (HARQ).

Background of the Invention

[0002] When bits of data are transmitted over a system, the bits are sometimes
corrupted. Consequently, a receiving unit that receives the data is unable to decode
the corrupted data bits, or improperly decodes one or more of the corrupted data bits.
Various error detection techniques are employed to detect bit errors. One such
technique is known as the cyclic redundancy check (CRC) technique. The CRC
technique produces a binary checksum using bits of data to be transmitted and
appends the checksum to the data bits and transmits the bits of data and the bits
making up the checksum together over the system. The receiving unit receives the
checksum and the data and uses the checksum to determine whether the data bits
contain any bit errors.

[0003] In systems that use what is known as the automatic repeat request (ARQ)
protocol to correct bit errors, blocks of data are discarded if the results of performing
the CRC technique indicate that one or more bits of a block are incorrect. Block
failures are signaled to the transmitting unit, which, in turn, retransmits the failed data
block.

[0004] In systems that use what is known as a HARQ protocol, blocks that fail
CRC are not discarded. Rather, information (e.g., hard bits, soft information (e.g., log
likelihood ratios), baseband samples, or the like) from the failed block transmissions
are stored and subsequently combined with information from previous transmissions
of the same block in order to improve error performance. However, this requires that
the receiving unit have the knowledge to determine which information from which
data block retransmissions can be combined. Normally, this knowledge is signaled at

the logical link control (LLC) layer, which is coded along with the payload



10

15

20

25

30

WO 2009/020705 PCT/US2008/067064

information. This means that the receiving unit cannot determine which data blocks
to combine unless it can decode the data blocks.

[0005]  An alternative to signaling this knowledge at the LLC layer is to signal
block ordering information at the media access control (MAC) layer. To signal this
information directly at the MAC layer requires a significant amount of signaling
overhead. For example, in the existing Telecommunications Industry Association
(TTIA)-902 standard, a 12-bit segment/sequence number is used to uniquely identify
cach data block at the LLC layer, and a plurality of data blocks are transmitted in each
slot. Each slot can have up to six blocks. Therefore, to signal this block ordering
information at the MAC layer to support HARQ requires that seventy-two additional
bits are added to a MAC header block (MHBK) which equates to one twelve-bit
sequence number for each of the possible six blocks in the slot. This translates into a
loss in raw throughput of 7.2 kilobits per second (kb/s), which does not even take into
account that duplicate segment/sequence numbers can exist on the outbound link
differentiated by the receiving unit address, which would require an even larger

numbering field for the MHBK, thereby further limiting throughput.

Brief Description of the Figures

[0006] Various embodiments of the disclosure are now described, by way of
example only, with reference to the accompanying figures, in which:

[0007] FIG. 1 illustrates a HARQ signaling protocol for a slot identifier (SI) and a
block identifier (BI) in accordance with an embodiment.

[0008] FIG. 2 illustrates a time division multiple access (TDMA) frame structure
in accordance with the TIA-902 standard.

[0009] FIG. 3 illustrates a flowchart that represents the method of the invention in
accordance with exemplary embodiments performed by the transmitting unit.
[00010] FIG. 4 illustrates a flowchart that represents the method of the invention in
accordance with an exemplary embodiment performed by the receiving unit.

[00011] FIGS. 5A — 5D illustrate different examples of MAC data blocks
(MDBKSs) being transmitted by a transmitting unit along with associated values for BI

bits in accordance with an embodiment of the present invention.
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[00012] FIG. 6 illustrates a dataflow diagram that demonstrates an example of the
manner in which MDBKSs are transmitted and retried in accordance with the
exemplary embodiment described above with reference to FIGS. 5A — 5D.

[00013] FIG. 7 illustrates the transmitting unit and the receiving unit of the
invention, which communicate with each other via a wired or wireless link to perform
the methods described above with reference to FIGS. 3 and 4, respectively.

[00014] Skilled artisans will appreciate that elements in the figures are illustrated
for simplicity and clarity and have not necessarily been drawn to scale. For example,
the dimensions and/or relative positioning of some of the elements in the figures may
be exaggerated relative to other elements to help improve the understanding of
various embodiments of the present disclosure. Also, common but well-understood
clements that are useful or necessary in a commercially feasible embodiment are not
often depicted in order to facilitate a less obstructed view of these various
embodiments of the present disclosure. It is further appreciated that certain actions
and/or steps may be described or depicted in a particular order of occurrence while
those skilled in the art will understand that such specificity with respect to sequence is
not actually required. It is also understood that the terms and expressions with respect
to their corresponding respective areas of inquiry and study except where specific

meaning have otherwise been set forth herein.

Detailed Description of the Invention

[00015] A need exists for a way to implement a HARQ protocol that reduces the
amount of signaling overhead required to associate a previously transmitted data
block with a retransmission of the same data block. In accordance with the invention,
a transmitting unit combines a slot identifier (SI) and a block identifier (BI) in each
header that is transmitted with the data to allow a receiving unit to associate
previously received data blocks with retransmissions, or retries, of the same
respective data blocks in order to perform bit error correction in accordance with
HARQ protocol. The receiving unit uses the SI and BI contained in the MHBKS to
determine a correspondence between a retried data and a previously transmitted data
block. It should be noted that the invention is not limited with respect to the locations

at which the SI and BI bits are contained in the MHBK, or that the SI and BI bits are
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contained in the MHBK at all. The SI and BI bits could be transmitted in a header
that is separate from the MHBK, such as in a HARQ header, for example.

[00016] The terms “retry” and “retransmission”, as those terms are used herein, are
intended to denote a transmission of a data block subsequent to the first, or initial,
transmission of the same data block. As described below, using the combined ST and
BI of the invention reduces the amount of overhead that is consumed for this purpose
compared to that which would be consumed to signal block ordering information at
the MAC layer using other signaling techniques, such as, for example, using the
aforementioned 12-bit sequence numbers to identify data blocks.

[00017] FIG. 1 illustrates the HARQ signaling frame structure for the SI and BI in
accordance with an exemplary embodiment of the invention. In accordance with this
embodiment, the SI is a 12-bit ficld and the BI is a 6-bit ficld. It should be noted that
the SI and BI are not limited to a 12-bit field and the 6-bit field, respectively, but can
vary in size in other embodiments. The SI is used to identify the slot which carries
the original MDBK transmission. The Bl is a field of bits that are either set or cleared
to indicate a correspondence between the location of a retried block in a currently
transmitted slot and the location of the same block in a previously transmitted slot. A
maximum of six MDBKSs are capable of being transmitted in a slot, and are identified
as BI-1 through BI-6, although it is not required that six MDBKSs are transmitted in
cach slot, as will become apparent from the description below of FIGS. 5A — 5D.
[00018] In accordance with an exemplary embodiment of the invention, a TDMA
frame structure as defined in the TIA-902 standard is used to create the SI. FIG. 2
illustrates the TIA-902 TDMA frame structure. In this exemplary embodiment, the
structure is defined by a super-frame (SF) 2 having 16,777,216 hyper-frames (HFs) 3;
cach HF 3 is made up of 8 multi-frames (MFs) 4; ecach MF 4 is made up of 8 frames
5; each frame 5 is made up of 60 slots 6; cach slot 6 corresponds to a time duration of
10 milliseconds (ms), and up to six data blocks can be transmitted in each slot.
[00019] In accordance with this embodiment, the SI is computed using modulo-2
logical operations in accordance with the following equation:

SLI =(S, +k(F, +8M , +64H  )%2", (Eq. 1)

where S; is the slot number, £ is the number of slots per frame, F, is the frame number,

M;yis the multi-frame number, Hyis the hyper-frame number, # is the number of bits in
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the SI field and “%” is the modulus operator. Because the TIA-902 standard allows
for a variable number of slots per frame (from 2 to 63), the variable £ is used to
identify the number of slots per frame. Per this embodiment, the values 8 and 64 are
derived from the number of frames per MF and frames per HF, respectively. Using
the TDMA frame structure to compute the SI provides an easy way to synchronize the
SI between the transmitting unit and the receiving unit without requiring the use of a
large amount of signaling overhead.

[00020] Upon the initial transmission of a MDBK, the transmitting unit uses the
hyper-frame, multi-frame, frame, and slot number of the transmission along with the
number of slots per frame, &, to compute the SI in accordance with Equation 1. The
transmitting unit stores the SI value along with the block number (1 to 6)
corresponding to the location of the MDBK within the slot for each initial
transmission. The SI and BI bits are cleared in the MHBK when all MDBKSs in the
slot are initial transmissions. Upon transmission of a retry, the transmitting unit
places the SI value that was stored from the initial transmission into the MHBK of the
slot containing the retries. The transmitting unit also marks the block number of each
retried block as it existed in the initial transmission slot, using the BI bits. An
example of the manner in which the SI and BI are used will be described with
reference to FIGS. 5A — 5D.

[00021] FIG. 3 illustrates a flowchart that represents the method of the disclosure
in accordance with an exemplary embodiment performed by the transmitting unit.
The transmitting unit first determines if any acknowledgements have been received
for previously transmitted MDBKs, as indicated by 300. If yes, any associated SI, BI
and MDBK bits are cleared from memory for all MDBKSs that have been
acknowledged in 302; otherwise, the flow proceeds directly to 304. MDBK retries
must be packed into the slot first. The transmitting unit checks for MDBKSs to be
retried in 304. When no retry MDBKSs exist, a check for new data transmission
occurs as indicated in 306. If there is no data to be transmitted, the flow returns to
300. When new data does exist for transmission, the transmitting unit determines SI
and BI values in 308 and stores the SI and the associated BI values in memory along
with the MDBK bits in 310. The transmitting unit clears the SI and BI bits in the
MHBK, as indicated by block 312. The transmitting unit then transmits the slot
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comprising at least one MDBK and the associated MHBK to the receiving unit, as
indicated by block 314. The flow returns to 300 and the transmitting unit waits for an
ACK reply from the receiving unit for all of the MDBKS that were initially
transmitted.

[00022] Returning to decision point 304, if there were retries to be transmitted, the
transmitting unit retrieves, or performs a “look up” function, of the associated SI and
BI bits for the respective MDBKSs and sets the respective SI and BI bits in the MHBK
for the appropriate MDBK retries upon packing the retry MDBK(s) in the slot in 316.
Retries can be triggered by the reception of a negative acknowledgement as well as
the expiration of an acknowledgement timer. If there is no space for additional
MDBKSs at 318, processing continues at block 314 where the slot comprising an
MHBK and at least one MDBK is transmitted to the receiving unit. If space exists in
the slot, as determined by 320, new MDBK data can be placed after the retried
MDBKSs within the slot. The ST and BI values of the new MDBK data are computed
in 322 and stored in memory along with the MDBK bits in 324. The retried and new
MDBKS are transmitted to the receiving unit in 314.The flow returns to 300 and the
transmitting unit waits for an ACK reply from the receiving unit for all of the MDBKs
that were transmitted.

[00023] FIG. 4 illustrates a flowchart that represents the method of the disclosure
in accordance with an exemplary embodiment performed by the receiving unit. The
receiving unit receives a slot comprising an MHBK and at least one MDBK
transmitted by a transmitting unit, as indicated by block 400. The receiving unit
decodes the MHBK in 401 and determines whether there is an MDBK to process in
402. If there are no MDBKSs to process for the slot, the flow returns to 400 and waits
to receive the next slot from the transmitting unit. If there is an MDBK to process in
402, the receiving unit determines if any of the received MDBKSs are retries through
examination of the SI and BI bit values contained in the associated MHBK in 403. If
the SI and BI bit values are non-zero in the MHBK, the slot contains at least some
retried MDBKSs. Cleared SI and BI bits indicate that all MDBKS in the slot are new.
When retries are received, the receiving unit uses the SI value contained in the
MHBK and the associated BI values to match up one or more of the retried MDBKs

currently being received with one or more MDBKSs that were previously received, as
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indicated by block 406. The receiving unit HARQ combines the stored soft
information associated with received SI and BI in 408 and decodes the combined soft
information, as indicated by block 410. The receiving unit sends ACK replies to the
transmitting unit for MDBKS that were successfully received, as indicated by block
414. The receiving unit sends NACK replies to the transmitting unit for MDBKSs that
were not successfully received, as indicated by block 422. The soft information from
the HARQ combined MDBK is stored with the associated SI and BI in 424. The
process then returns to block 400.

[00024] Returning to 403, if the received MDBK is a new MDBK, the receiving
unit computes the SI value and determines the BI bit value of the MDBK in 418 and
stores them into memory in 420. The newly received MDBK is decoded in 410. If
the decoding of the newly received MDBK is successful, an acknowledgement is
returned to the transmitting unit in 414, and the SI and BI bit values that had
previously been stored in 420 are cleared from memory as indicated in 416. If the
newly received MDBK fails to decode in 412, the receiving unit sends a negative
acknowledgment to the transmitting unit in 422, and the soft information for the
MDBK is stored in memory with its associated SI and BI bit values in 424.

[00025] FIGS. 5A — 5D illustrate different examples of MDBKs being transmitted
by a transmitting unit along with MHBKSs that include the SI and BI bits. For ease of
illustration and discussion, the slots are shown in FIGS. 5A — 5D as having a
maximum of four MDBKSs, although each slot in accordance with the TIA-902
standard being used for this exemplary embodiment is capable of transmitting six
MDBKSs. The initial transmission dictates which block numbers are associated with
which blocks by their position within the slot. The block number is signaled with the
retry by setting the appropriate BI bit. The ordering of the MDBKS within the retry
slot is preserved and the order in which the set and cleared BI bits occur in the MHBK
follows the order of the MDBKSs within the slot.

[00026] With reference to FIG. 5A, four MDBKSs 1 — 4 are being transmitted in the
slot 20 in an initial transmission. Therefore, all of the BI bits (BI-1 — BI-6) are
cleared in the MHBK of slot 20 to indicate that this is the initial transmission of these
MDBKSs. The SI value is computed using Equation 1 and stored in memory in the

transmitting unit along with the block numbers of the blocks being transmitted in slot
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20. The SI bits that are transmitted in the MHBK during the initial transmission are
also cleared. Each of the MDBKSs is transmitted in the slot 20 using 64 quadrature
amplitude modulation (64 QAM), % rate coding.

[00027] With reference to FIG. 5B, it is assumed that MDBKSs 1 and 4 were
successfully received by the receiving unit and that MDBKSs 2 and 3 were not
successfully received and need to be retransmitted, or retried. As stated above, block
ordering is preserved in order to enable the receiving unit to easily determine a
correspondence or association between a block that is currently being retransmitted,
or retried, and the same previously transmitted block. For this reason, the slot 30
shown in FIG. 5B transmits MDBKSs 2 and 3 in the same order in which they were
initially transmitted to preserve the ordering, i.c., MDBK 2 is transmitted immediately
preceding MDBK 3. The BI bits corresponding to these blocks are set and all of the
other BI bits are cleared in the MHBK of slot 30. The SI bits in the MHBK of slot 30
correspond to the SI value that was calculated for the initial transmission and stored in
memory. Because the slot 30 is only transmitting two MDBKSs in this example, each
of the MDBKSs 2 and 3 is transmitted using 16 QAM, - rate coding to more
efficiently utilize the entire slot. Also, retries are often transmitted at different rates
than the rates used for the initial transmissions.

[00028] The receiving unit knows what type of coding is being used and
determines that only two MDBKSs are being transmitted in slot 30. The receiving unit
also knows that the two MDBKSs in the slot 30 are in the same order that they were in
during the initial transmission of slot 20. Because BI bits BI-2 and BI-3 are set, the
receiving unit determines that the first MDBK in slot 30 corresponds to a retry of
MDBK 2 and that the second MDBK in slot 30 corresponds to a retry of MDBK 3.
Because the SI value contained in the MHBK of slot 30 is the same as the SI value
that was calculated and stored for the initial transmission in slot 20, the receiving unit
determines that MDBKSs 2 and 3 being transmitted in slot 30 correspond to MDBKs 2
and 3 that were initially transmitted in slot 20.

[00029] With reference to FIG. 5C, it is assumed for exemplary purposes that
MDBKSs 1, 2 and 3 of the initial transmission depicted in FIG. SA were successfully
received and that only MDBK 4 needs to be retried in slot 40. Only BI bit BI-4 is set
in the MHBK of slot 40 to indicate that MDBK 4 is being retried in slot 40. The SI
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bits contained in the MHBK of slot 40 correspond to the SI value that was calculated
for the initial transmission in slot 20 and stored in memory. The initial transmissions
of two new blocks, New MDBK 1 and New MBDK 2, are also contained in slot 40.
Therefore, a new SI value is computed for these initial transmissions and stored in
memory in the transmitting unit along with the block numbers of the new blocks.
[00030] Another way in which ordering is preserved is that retried blocks always
reside before initial transmissions of new blocks in the slot. The receiving unit
determines from set BI bit BI-4 in the MHBK of slot 40 that MDBK 4 is being retried,
and that the first MDBK in slot 40 corresponds to MDBK 4. Because BI bit BI-4 is
the only one of the BI bits that is set, the receiving unit determines that New MDBK 1
and New MDBK 2 are initial transmissions. Because the SI value contained in the
MHBK of slot 40 is the same as the SI value that was calculated and stored for the
initial transmission of slot 20, the receiving unit determines that MDBK 4 retried in
slot 40 correspond to MDBK 4 initially transmitted in slot 20. The retry of MDBK 4
is transmitted using 16 QAM, ' rate coding. The initial transmissions of New
MDBKs 1 and 2 in this embodiment are transmitted using 64 QAM, % rate coding.
[00031] With reference to FIG. 5D, because only BI bit BI-4 is set in the MHBK
header, the receiving unit determines that MDBK 4 is the only block being retried in
slot 50. Again, the SI bits contained in the MHBK of slot 50 correspond to the SI
value that was calculated for the initial transmission and stored in memory. Because
there is no other MDBK being transmitted in slot 50, the receiving unit determines
that the MDBK contained in slot 50 corresponds to MDBK 4. Because the SI value
contained in the MHBK of slot 50 is the same as the SI value contained in the MHBK
of slot 20, the receiving unit determines that MDBK 4 retried in slot 50 corresponds to
MDBK 4 initially transmitted in slot 20.

[00032] FIG. 6 illustrates a dataflow diagram that demonstrates an example of the
manner in which MDBKSs are transmitted and retried in accordance with the
exemplary embodiment described above with reference to FIGS. 5A — 5D. For this
example, four MDBKs, namely MDBKSs 1 — 4, of data are to be sent from a
transmitting unit to a receiving unit in slot 33 of a 60-slot frame (k~=60) of HF number
8724, MF number 2, frame number 6. Stream 80 represents the downlink data, which

corresponds to the direction of desired data message flow from a transmitting unit to a
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receiving unit. Stream 90 represents the uplink data, which includes ARQ protocol
responses sent by the receiving unit to the transmitting unit. Using Equation 1, the
transmitting unit calculates the SI value to be 329. The corresponding binary SI value
is stored in memory in the transmitting unit along with the associated block number
for each block. The SI and BI bits are all cleared during the initial transmission, as
indicated in the MHBK 70. The LLC data 60 is then transmitted with the associated
MHBK 70 in slot 33.

[00033] Upon reception of slot 33, the receiving unit determines that all blocks in
the slot contain newly transmitted data (i.e., there are no retries) since the SI and BI
fields are cleared in the MHBK 70. The receiving unit computes the SI value to be
329 using Equation 1. An attempt to decode each block is made. The receiving unit
stores the LLRs of any block which fails to decode correctly, along with the
associated BI value and the computed SI value. In the example of FIG. 6, MDBK 1
decodes correctly but MDBKSs 2, 3 and 4 do not. The receiving unit will store the
LLRs, the computed SI value of 329, and the associated BI values for MDBKSs 2, 3,
and 4. It then transmits an acknowledgement (ACK) for MDBK 1 and negative
acknowledgement (NACK) for MDBKSs 2, 3, and 4 to the transmitting unit.

[00034] Sometime later, the transmitting unit receives the acknowledgement
indicating that MDBK 1 was received correctly and negative acknowledgements
indicating that MDBKSs 2 — 4 need to be retried. In the meantime, new LLC data is
ready to be sent by the transmitting unit which requires confirmed delivery in this
embodiment. As stated above, the blocks that are to be retried are sent in the same
order as in the initial transmission and before any new blocks. Because three blocks
need to be retried, and because the initial retry is encoded with % rate 16 QAM data
which each take up ' of a slot, two different slots are needed. Therefore, two slots of
the downlink stream 80, namely slots 2 and 3, are used to send, respectively, the data
110 and the data 130. Slot 2 is used to retry MDBKs 2 and 3 of data 110 and slot 3 is
used to retry MDBK 4 and send new MDBKSs 1 and 2 of data 130.

[00035] Because MDBKSs 2 and 3 are being resent, the SI value contained in the
MHBK 120 is 329 and the BI bits BI-2 and BI-3 are set. The LLC data 130 being
sent in slot 3 is part of frame 4 of MF 5 of HF 8724. Therefore, the SI value

calculated in accordance with Equation 1 for the new blocks is 1619, which is stored
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in memory along with the block numbers of the new blocks. The SI value contained
in the MHBK 140 is also 329 because MDBK 4 is being retried. The only BI bit that
is set in the MHBK 140 is BI-4 to indicate that MDBK 4 is being retried.

[00036] When the receiving unit receives the LLC data 110 in slot 2, the receiving
unit determines from the BI bits that are set (BI-2 and BI-3) in the MHBK 120 that
MDBKSs 2 and 3 are retries. The receiving unit determines from the SI value of 329
that MDBKSs 2 and 3 sent in slot 2 correspond to MDBKSs 2 and 3 sent initially in slot
33, and subsequently matches up retried MDBKSs 2 and 3 with initially transmitted
MDBKSs 2 and 3 to perform error correction in accordance with the HARQ protocol.
The receiving unit determines from the BI bit that is set (BI-4) in the MHBK 140 that
MDBK 4 is a retry and that new MDBKSs 1 and 2 are newly transmitted blocks. The
receiving unit determines from the SI value of 329 that MDBK 4 sent in slot 3
corresponds to MDBK 4 sent initially in slot 33, and subsequently matches up retried
MDBK 4 with initially transmitted MDBK 4 to perform error correction in
accordance with the HARQ protocol.

[00037] FIG. 7 illustrates the transmitting unit 200 and the receiving unit 300 of the
invention, which communicates with each other via a wired or wireless link 190 to
perform the methods described above with reference to FIGS. 3 and 4, respectively.
The transmitting unit 200 receives a data stream containing data to be sent to the
receiving unit 300. The transmitting unit 200 may receive data from any location,
such as, for example, from the LLC layer or from the MAC layer. An input/output
(I/0) device 210 of the transmitting unit 200 receives the data stream and forwards
data to a processor 220 of the transmitting unit 200. The processor 220 of the
transmitting unit 200 performs the tasks described above with reference to FIG. 3,
including, for example, computing the SI and storing the SI and associated block
numbers in a memory device 230 of the transmitting unit 200, setting and clearing BI
and SI bits in the MHBK, etc., ordering the MDBKSs in the slot, and sending the
MHBKSs and the associated MDBKSs to the receiving unit 300.

[00038] The receiving unit 300 receives data in a data stream from the transmitting
unit 200. The receiving unit 300 may receive data from any location, such as, for
example, from a LLC layer device or from a MAC layer device. An I/O device 310

of the receiving unit 300 receives the data stream and forwards data to a processor
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320 of the receiving unit 300. The processor 320 of the receiving unit 300 performs
the tasks described above with reference to FIG. 4, including, for example,
determining whether any of the BI bits are set, using the SI value contained in the
received MHBK to match up currently received retried blocks with previously
received blocks, decoding data, performing error correction, sending ACK/NACK
replies to the transmitting unit 200, etc. The receiving unit 300 also typically includes
a memory device 330 for storing information. It should also be noted that the
receiving unit 300 may also perform the functions of the transmitting unit 200
described above when the receiving unit 300 is required to function as a transmitting
unit to send data to another network node (not shown). Likewise, the transmitting
unit 200 may also perform the functions described above of the receiving unit 300
when the transmitting unit 200 is required to function as a receiving unit to receive
and decode data, perform error correction, etc.

[00039] It can be seen from the description of FIGS. 1 — 7 above that the amount of
signaling overhead that is required in accordance with the invention is much less than
that which would be required if seventy-two bits were used in the MHBK to identify
the six blocks that can potentially be sent in each slot, as would be the case using the
twelve bits per block called for in current TIA-902 standard. A total of eighteen
combined SI and BI bits are used in the MHBK described above with respect to the
exemplary embodiments for the entire slot, which results in a significant reduction in
signaling overhead and, consequently, more available bandwidth for data.

[00040] The processors 220 and 320 may be any type of computational devices
including, for example, a microprocessor, a microcontroller, a programmable logic
array, a programmable gate array, an application specific integrated circuit (ASIC),
etc. The processors 220 and 320 may be implemented solely in hardware or in a
combination of hardware and software or firmware. The memory devices 230 and
330 may be used to store any computer instructions that are executed by the
processors 220 and 330, such as, for example, instructions needed to perform the
algorithms described above with reference to FIGS. 3 and 4. The memory devices
230 and 330 may be any type of computer-readable mediums including, for example,
random access memory (RAM), read only memory (ROM), flash memory, compact

disks (CDs), digital video disks (DVDs), magnetic disks, magnetic tapes, etc. The
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invention also encompasses signals modulated on wired and wireless carriers in
packets and in non-packet formats.

[00041] It should be noted that the invention has been described above with
reference to some exemplary embodiments and that the invention is not limited to the
embodiments described herein. Many modifications can be made to the embodiments
described herein and all such modifications are within the scope of the invention. For
example, the invention is not limited to using the SI and BI bit fields described above
with reference to FIGS. 1, 2, 5 and 6. Rather, any SI and BI identifiers that are
capable of being used in the manner described above to identify a particular block are
suitable for use with the invention. Thus, the SI and BI cach include one or more bits
for accomplishing this objective. Likewise, the invention is not limited to the
methods described above with reference to FIGS. 3 and 4. Some of the blocks may be
combined, or changed in order, or eliminated altogether, provided the goals of the
invention can still be achieved. Those skilled in the art understands the manner in
which these and other modifications can be made, and that all such modifications are

within the scope of the invention.
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CLAIMS

What is claimed is:
1. A method for reducing signaling overhead in a communication system using
hybrid automatic repeat request (HARQ), the method comprising:

identifying at least one block of data to be transmitted in a slot from a
transmitting unit to a receiving unit;

for each block of data to be transmitted for the first time, determining a slot
identifier (SI) value based on a frame structure and a block identifier (BI) value based
on a position of the block within the slot;

storing the SI value, the BI value and bits from the block of data in a memory
for each block of data to be transmitted for the first time;

clearing an SI field and a BI field in a header if all the blocks of data to be
transmitted in the slot will be transmitted for the first time; otherwise, setting at least
one bit in the SI field and the BI field in the header such that the receiving unit is
capable of determining which blocks of data are a retransmission and which
information to retrieve from its memory to HARQ combine with the blocks of data
that are a retransmission; and

transmitting the slot comprising the header and the at least one block of data to

the receiving unit.

2. The method of claim 1 further comprising:

receiving an acknowledgement from the receiving unit for each block of data
successfully decoded by the receiving unit; and

clearing the SI value, the BI value and the bits from the block of data from

memory for each block of data in which an acknowledgement was received.
3. The method of claim 1 wherein the step of identifying comprises identifying
any blocks of data that need to be retransmitted to the receiving unit before

identifying any blocks of data to be transmitted to the receiving unit for the first time.

4, The method of claim 1 wherein the blocks of data that need to be retransmitted

reside within the slot before blocks of data to be transmitted for the first time.
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5. The method of claim 1 wherein the blocks of data that need to be retransmitted

reside in the same order within the slot in which they were initially transmitted.

6. The method of claim 1, wherein the frame structure includes a hyper-frame
comprising a plurality of multi-frames, each multi-frame comprising a plurality of

frames, and each frame comprising a plurality of slots.

7. The method of claim 1 wherein an initial transmission of a block of data
dictates a block number associated with the block of data based on a position of the

block of data in the slot.

8. The method of claim 7 wherein the step of setting at least one bit in the BI
field comprises preserving an order of the initial transmission of the block of data by
setting the at least one bit in the BI field that corresponds to the block of data being

retransmitted based on the order of its initial transmission in the slot.

9. The method of claim 1 wherein the blocks of data to be transmitted for the
first time are transmitted at a different modulation rate than blocks of data that need to

be retransmitted.
10. The method of claim 1 wherein the blocks of data to be transmitted for the

first time are transmitted at a same modulation rate as blocks of data that need to be

retransmitted.
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11. A method for reducing signaling overhead in a communication system using
hybrid automatic repeat request (HARQ), the method comprising:

receiving a slot from a transmitting unit comprising a header and at least
one block of data;

decoding the header to determine whether any of the blocks of data received in
the slot are retransmissions;

for each block of data determined to be received for the first time, determining
a slot identifier (SI) value based on a frame structure, determining a block identifier
(BI) value based on a position of the block within the slot, and storing the SI value,
the BI value and bits from the block of data in a memory; and

for each block of data determined to be a retransmission, determining the SI
value and the BI value for the block of data that is a retransmission from the header,
retrieving information from memory corresponding to the SI value and the BI value
determined for the block of data that is a retransmission, and combining the block of
data that is a retransmission with the retrieved information using HARQ to create a

combined block of data.

12. The method of claim 11 wherein if the block of data is being received for the
first time, decoding the block of data received in the slot; otherwise decoding the

combined block of data.

13.  The method of claim 11 wherein the step of decoding the header to determine
whether any of the blocks of data transmitted in the slot are retransmissions further
comprises determining a value in an SI field and a BI field within the header to
determine whether any of the blocks of data transmitted in the slot are

retransmissions.

14. The method of claim 11 further comprising sending an acknowledgement to

the transmitting unit for a block of data upon successful decoding of the block of data.

15. The method of claim 14 further comprising clearing stored information from

memory relating to the block of data that was successfully decoded.
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16. The method of claim 11 further comprising sending a negative
acknowledgement (NACK) to the transmitting unit for a block of data if the block of

data was not decoded successfully.

17. The method of claim 16 further comprising storing additional information in

memory for the block of data that was not decoded successfully.

18. The method of claim 17 wherein the additional information is from the

combined block of data.

19. The method of claim 11 wherein the blocks of data that are determined to be
received for the first time are decoded at a different modulation rate than blocks of

data that are determined to be a retransmission.
20. The method of claim 11 wherein the blocks of data that are determined to be

received for the first time are decoded at a same modulation rate as blocks of data that

are determined to be a restransmission.

17



WO 2009/020705

PCT/US2008/067064

1/7
ST (12 bits)|{ b11 [ b10 | b9 | b8 | b7 | b6 | b5 | b4 [ b3 [ b2 [ bl | bO
BI-(6 bits) | BI-1|BI-2 | BI-3 | BI-4 | BI-5 BI-6I
FI1G. 1
= 1 SUPERFRAME = 16,777,216 HYPERFRAMES
o| HF ' HF HF HF HF HF HF 7 - HF
1 2 3 4 5 6 16,777,2151 16,771,216
4 1 HYPERFRAME = 8 MULTIFRAMES
3| MW MF MF MF MF MF MF MF
1 2 3 4 9 6 1 8
f | MULTIFRAME = 8 FRAMES
4| FRAME | FRAME | FRAME | FRAME | FRAME | FRAME | FRAME | FRAME
1 2 3 4 9 6 1 8
59
b 1 FRAME = 60 SLOTS
{
5| SLOT SLot SLoT SLOT SLOT SLOT sLoT" " stor
1 2 3 4 9 6 7 -39 60

FI1IG. 2



WO 2009/020705 PCT/US2008/067064

START 2/7

CLEAR MDBK BITS AND FIG. 3

ASSOCTATED SI AND BI

FROM MEMORY FOR THE
ACK'D MDBK(S)

ARE THERE ANY
MDBK RETRIES TO BE
TRANSMITTED?

| 36
LOOK UP ASSOCIATED SI
AND BI FOR RETRY MDBK(S)
AND SET RESPECTIVE BITS
IN THE MHBK

[RANSMITTED?

THERE SPACE IN 8

308

DETERMINE SI AND BI VALUES
FOR NEW MDBK(S)

| 30
STORE SI, BI AND NDBK
BITS FOR NEW WDBK(S)
IN MEMORY

| 30
CLEAR ST AND BI BITS TN WK |

FOR NEW MDBK(S)
| 304

COMPUTE ST AND BI VALUESl

STORE SI, BI AND MDBK
BITS FOR NEW MDBK(S)
IN MEMORY

L |

y
TRANSMIT SLOT COMPRISING AN MHBK AND 34
AT LEAST ONE MDBK TO THE RECEIVING UNIT

|




WO 2009/020705

3/7

RECEIVE SLOT COMPRISING AN MHBK AND AT LEAST
ONE MDBK FROM TRANSMITTING UNIT

y
DECODE THE MHBK

401

PCT/US2008/067064

400

H8 <

COMPUTE SI AND
DETERMINE BI

404
DOES THE SI
AND BI READ FROM THE WHBK MATCH
ANY STORED ST AND

NO

BT VALUES?
20~ |
STORE SI_AND BI YES 406
IN MENORY RETRIEVE SOFT
INFORMATION ASSOCIATED
WITH THE SAME SI AND BI
READ FROM THE WHBK
T 408
HARQ COMBINE SOFT INFORWATION
WITH RECEIVED NDBK
4
pecoot woak b~ H0
A2 A%
SEND ISNTF%RREM STOIFOTN
A
NACK | |2 wemory |
YES
FIG. 4 SEND ACK i
T 46

CLEAR STORED SOFT

INFORMATION AND ASSOCIATED
SI AND BI FROM MEMORY




PCT/US2008/067064

WO 2009/020705

4/7

G LA

as HII1I.H
18 /1 AVD ¢ M8HN 010 | 01010
7XaaN 9-18 5-18 -18 ¢-18 ¢-16 I-16
05—7 SLIq I
DG POOIH
VY §/7 NYD ¥9|3LVYH £/7 VD 9 VY /L AVD 9 yauw | ool |ololfo
AL IE NERED T EL 9-18 S-18 7-18 ¢-18 ¢-18 I-1
0— SLIq 1
<SG OI.H
11vY¥ 7/1 ‘AVD 91 31v¥ 7/1 ‘AVD 91 M8HN 01010 | | 0
CXAAN Ia0N 9-18 G-18 ¥-10 £-18 ¢-14 I-16
00— SLIq 1
VS OI.A
VY S/7 YD ¥9|3LVH £/7 VD #9| 3LV €/ ‘NVd #9[3Lvy ¢/z Wvo v9| xauw | [ o [ o [ o o]0 0

yXEQN
00—

£Xaan

CXaan

IXEQN

9-18 G-I v-18€-18¢-18 1-1
S1I8 I8



PCT/US2008/067064

WO 2009/020705

57

V9O “OLAd

09 09 09
| 1InVY4 b INVY 9 :INVY4
0 :INVYI-ILTION G INVYA-ILION T INVEA-ILION
$7L8 ‘INVYI-YIdAH §TL8 INVYI-YIdAH 7.8 INVYI-YIdAH  op
| I | l A\
oz |6 |8 | & Wl v e T ] \ YIENEREREL
iw [ ot | 6 [ 8 ¢ | v | ¢ | @ IR
/) ] e
0L~ 08
IR EINT EINT IV T yamn
£/T "WY0P91€/T "WYDP9|€/T "WyDPI[€/T ‘WYDH9
A
09
000000%=18
000000000000%=IS
¥ 18 '62¢ CIS[ ¥ YAQW
¢ 'I8 '67¢ ‘IS[ € )AaN
7 'I8 '62¢ (IS[ 7 YAON
| '18 '62¢ IS | | ¥GON




PCT/US2008/067064

WO 2009/020705

6/7

9 ODI1A

09 ¥ 09 ¥ 09 ¥

[ IV LNV b INVY

0 :INVE4-TLTON 0 :INVE4-TLTON ¢ :INVY4-TLTON

I8 INVHNIH J218 INVYI-YIdAN | y208 INVYI-YIdAH

wlalalw \\JowJal]al]o \\[ + [ ¢ [z _
AERERERRR | o | 6 | 8 ] ) s | v | ¢ | 1
/ \3_ /7 0l
A A
Su%_% Suﬂqog VY 7/ W09 | veHw | lvd 2/ ‘wvosl VY 7/ W09 | aHw
oL~ o~
001000%=18 00010%=1
100100101000%=IS 100100101000%=I5
(MIN) XEaN ¢ MAaN
(MIN) YEan 7 MAan
7 Yaa

=/ \s



WO 2009/020705 PCT/US2008/067064

717
| 200
| |
[ 1/0 [
| DE;&CE PROCESSOR |
| 210 220 |
[ [
| |
| |
| MEMORY |
| DEVICE |
| 230 |
| |
| |
S d

| |
| |
| |
| DEV¥%E PROCESSOR |
| 310 320 |
| |
| |
[ [
| MEMORY |
| DEVICE |
| 330 |
| |
| |
b e e e e e e e e e e e e e e e e o |



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2008/067064

A. CLASSIFICATION OF SUBJECT MATTER

H040 7/38(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC 8 : H04Q 7/38

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean Utility models and applications for Utility Models since 1975
Japanese Utility models and applications for Utility Models since 1975

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKIPASS(KIPO internal) "HARQ, header, slot, block, identifier, retransmission"

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2003-0210669 A1 (VAYANOS, ALKINOOS HECTOR et al.) 13 Nov. 2003 1-20
See abstract, figures 3,8,9A,9B, claims 8-11,23-24, and paragraphs [0012]-[0015], [0056]-[0057],
[0165]-[0177]

A US 2005-0048920 A1 (LIU, JUNG-TAO) 03 Mar. 2005 1-20
See abstract, figure 5, claims 1-20, and paragraphs [0011]-[0012], [0026]-[0045]

A US 2005-0213536 A1 (VIRTANEN, ANU et al.) 29 Sep. 2005 1-20
See abstract, figure 2, claims 1-24, and paragraphs [0015]-[0026], [0046]-[0055]

A US 2002-0093937 A1 (KIM, MIN-KOO et al.) 18 Jul. 2002 1-20
See abstract, figures 4,7, claims 1-10, and paragraphs [0009]-[0018], [0110]-[0137], [0141]-[0158]

A WO 2005-060145 A1 (MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD.) 30 Jun 2005 1-20
See abstract, figure 13, claims 1-6, and page 22, line 29 - page 24, line 4

|:| Further documents are listed in the continuation of Box C. IE See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
27 NOVEMBER 2008 (27.11.2008) 27 NOVEMBER 2008 (27.11.2008)
Name and mailing address of the ISA/KR Authorized officer
' Korean Intellectual Property Office
Government Complex-Daejeon, 139 Seonsa-ro, Seo- KIM, Kwang Sik
. gu, Daejeon 302-701, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.  82-42-481-8355

Form PCT/ISA/210 (second sheet) (July 2008)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2008/067064
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2003-210669 A1 13.11.2003 AU 2003-239459 A1 11.11.2003
AU 2003-239459 A8 11.11.2003
EP 1504559 A1 09.02.2005
JP 2005-525745 A 25.08.2005
KR 10-2004-0106544 A 17.12.2004
US 6901063 B2 31.05.2005
US 2005-0048920 A1 03.03.2005 NONE
US 2005-0213536 A1 29.09.2005 EP 1712028 A1 18.10.2006
WO 2005-093985 A1 06.10.2005
US 2002-0093937 A1 18.07.2002 AU 1104302 A 29.04.2002
AU 767043 B2 30.10.2003
BR 0107354 A 10.09.2002
CA 2395215 A1 25.04.2002
CN 1264301 C 12.07.2006
CN 1394406 A 29.01.2003
EP 1229682 A2 07.08.2002
EP 1229682 A3 07.09.2005
JP 2004-512733 A 22.04.2004
JP 3765792 B2 12.04.2006
KR 10-2002-0031094 A 26.04.2002
RU 2002116683 A 27.02.2004
RU 2236091 C2 10.09.2004
US 7185257 B2 27.02.2007
WO 02-33877 A1 25.04.2002
WO 2005-060145 A1 30.06.2005 CN 1914846 A 14.02.2007
EP 1545040 A1 22.06.2005
JP 2007-124682 A 17.05.2007
JP 2007-517431 A 28.06.2007
KR 10-2006-0131808 A 20.12.2006
US 2007-0168827 A1 19.07.2007

Form PCT/ISA/210 (patent family annex) (July 2008)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report

