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Scheduling multiple transfer blocks
Technical Field

[1] The following disclosure relates to scheduling multiple transfer blocks, and in particular,
but not exclusively to scheduling multiple transfer blocks for enhanced Machine-Type
Communication devices.

Background

[2] Wireless communication systems, such as the third-generation (3G) of mobile telephone
standards and technology are well known. Such 3G standards and technology have been
developed by the Third Generation Partnership Project (3GPP). The 3rd generation of wireless
communications has generally been developed to support macro-cell mobile phone
communications. Communication systems and networks have developed towards a broadband
and mobile system.

[3] In cellular wireless communication systems User Equipment (UE) is connected by a
wireless link to a Radio Access Network (RAN). The RAN comprises a set of base stations which
provide wireless links to the UEs located in cells covered by the base station, and an interface to
a Core Network (CN) which provides overall network control. As will be appreciated the RAN and
CN each conduct respective functions in relation to the overall network. For convenience the term
cellular network will be used to refer to the combined RAN & CN, and it will be understood that
the term is used to refer to the respective system for performing the disclosed function.

[4] The 3rd Generation Partnership Project has developed the so-called Long Term Evolution
(LTE) system, namely, an Evolved Universal Mobile Telecommunication System Territorial Radio
Access Network, (E-UTRAN), for a mobile access network where one or more macro-cells are
supported by a base station known as an eNodeB or eNB (evolved NodeB). More recently, LTE is
evolving further towards the so-called 5G or NR (new radio) systems where one or more cells are
supported by a base station known as a gNB. NR is proposed to utilise an Orthogonal Frequency
Division Multiplexed (OFDM) physical transmission format.

[5] The NR protocols are intended to offer options for operating in unlicensed radio bands, to
be known as NR-U. When operating in an unlicensed radio band the gNB and UE must compete
with other devices for physical medium/resource access. For example, Wi-Fi, NR-U, and LAA
may utilise the same physical resources.

[6] A trend in wireless communications is towards the provision of lower latency and higher
reliability services. For example, NR is intended to support Ultra-reliable and low-latency
communications (URLLC) and massive Machine-Type Communications (mMTC) are intended to
provide low latency and high reliability for small packet sizes (typically 32 bytes). A user-plane
latency of 1ms has been proposed with a reliability of 99.99999%, and at the physical layer a
packet loss rate of 10° or 10® has been proposed.

[7] mMTC services are intended to support a large number of devices over a long life-time
with highly energy efficient communication channels, where transmission of data to and from
each device occurs sporadically and infrequently. For example, a cell may be expected to support
many thousands of devices.

[8] The disclosure below relates to various improvements to cellular wireless communications
systems.
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Summary

[9] This Summary is provided to introduce a selection of concepts in a simplified form that are
further described below in the Detailed Description. This Summary is not intended to identify key
features or essential features of the claimed subject matter, nor is it intended to be used as an aid
in determining the scope of the claimed subject matter.

[10]  There is provided a method of building a set of Hybrid Automatic Repeat reQuest (HARQ)
process IDs for use in the transmission of TBs in a cellular wireless communication system when
scheduling of multiple TBs is enabled, the method comprising the steps of for each number of
TBs that may be scheduled by a DCI, defining at least one sequence of HARQ Process IDs,
where each sequence of HARQ Process IDs is mapped to a bit sequence, wherein the HARQ
Process IDs within each sequence increase; transmitting a DCI message from a base station to a
UE to schedule transmission of at least one TB, wherein the DCI message includes one of the bit
sequences corresponding to a sequence of HARQ Process IDs defined for the number of TBs
being transmitted; and transmitting the number of TBs scheduled in the DCI using the sequence
of HARQ Process IDs indicated by the transmitted bit sequence, wherein the size of the bit
sequence is equal or greater than the number of scheduled TBs.

[11]  The number of TBs that may be scheduled may be restricted.

[12] There is also provided a method of building a Hybrid automatic repeat request (HARQ)
process set. The method comprises adding each new sequence of HARQ processes to a group
of all the HARQ process sequences, and iterating the adding step J; times for each possible
number of Transport Blocks to be transmitted. Each HARQ process sequence may be correlated
to a bit sequence which may transmitted in a DCI message to request re-transmission of certain
TBs corresponding to the sequence numbers.

[138] The disclosed methods enable an eMTC network with increased scheduling flexibility
when in need of retransmission, and transmission of different HARQ processes using a DCI.

[14]  The non-transitory computer readable medium may comprise at least one from a group
consisting of: a hard disk, a CD-ROM, an optical storage device, a magnetic storage device, a
Read Only Memory, a Programmable Read Only Memory, an Erasable Programmable Read Only
Memory, EPROM, an Electrically Erasable Programmable Read Only Memory and a Flash
memory.

Brief description of the drawings

[15] Further details, aspects and embodiments of the invention will be described, by way of
example only, with reference to the drawings. Elements in the figures are illustrated for simplicity
and clarity and have not necessarily been drawn to scale. Like reference numerals have been
included in the respective drawings to ease understanding.

[16] Figure 1 shows selected elements of a cellular wireless communication network;

[17] Figure 2 shows a schematic of scheduling of multiple transfer blocks using a single
MPDCCH transmission;

[18] Figure 3 shows a flowchart of a a method of building a HARQ process set for transmission;
[19] Figure 4 shows a flowchart of a method of generating a HARQ process sequence;

[20]  Figure 5 shows a schematic of an eight Transport Block transmission with some
successful and some failed transmissions; and
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[21]  Figure 6 shows a schematic of a time domain for transmission of a plurality of Transport
Blocks.

Detailed description of the preferred embodiments

[22] Those skilled in the art will recognise and appreciate that the specifics of the examples
described are merely illustrative of some embodiments and that the teachings set forth herein are
applicable in a variety of alternative settings.

[28] Figure 1 shows a schematic diagram of three base stations (for example, eNB or gNBs
depending on the particular cellular standard and terminology) forming a cellular network.
Typically, each of the base stations will be deployed by one cellular network operator to provide
geographic coverage for UEs in the area. The base stations form a Radio Area Network (RAN).
Each base station provides wireless coverage for UEs in its area or cell. The base stations are
interconnected via the X2 interface and are connected to the core network via the S1 interface.
As will be appreciated only basic details are shown for the purposes of exemplifying the key
features of a cellular network. The interface and component names mentioned in relation to
Figure 1 are used for example only and different systems, operating to the same principles, may
use different nomenclature.

[24] The base stations each comprise hardware and software to implement the RAN’s
functionality, including communications with the core network and other base stations, carriage of
control and data signals between the core network and UEs, and maintaining wireless
communications with UEs associated with each base station. The core network comprises
hardware and software to implement the network functionality, such as overall network
management and control, and routing of calls and data.

[25] eMTC (enhanced Machine-Type Communication) is a 3GPP technology designed for
machine to machine communication. eMTC includes several changes to LTE for machine to
machine communication use cases. An example use case is extended coverage, in which to
compensate for low signal-to-noise ratio (SNR) corresponding to a maximum coupling loss (MCL)
162dB, eMTC enables repetitions for a transmission.

[26] DCI (Downlink Control Information) messages are utilised by the network to control uplink
and downlink transmissions for a UE. For eMTC there are five types of DCI messages: 6-0A, 6-
0B, 6-1A, 6-1B, and 6-2. Types 6-0A, and 6-0B are used to allow an uplink (UL) transmission or
as feedback for previous UL transmission, ie acknowledgement (ACK) or negative-
acknowledgement (NACK). Type 6-0B specifics may be viewed in Table 1. Types 6-1A and 6-1B
are used to schedule transmission in the physical downlink shared channel (PDSCH). Type 6-1B
specifics may be viewed in Table 2. Type 6-2 is used for paging transmission. Type 6-1A
specifics may be viewed in Table 3.

Field #bits Indication
Flag format 6-0B/6-1B | 1 ‘0 -6-0B, ‘1" —6-1B
Flag sub-PRB 1 ‘0’ — not enabled, ‘1" — sub-PRB resource allocation
resource allocation enabled
UL UL
Resource block lo Nre +4 [logz [bﬂ is the narrowband index 4 bits resource
assignment incase 82 6 6
sub-PRB allocation allocation within the narrowband.
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Resource block [log [ H is the narrowband index 3 bits resource
assignment incase Ing +3 2
PRB allocation allocation within the narrowband.
Number of resource 1 This field is present when the flag for sub-PRB
units resource allocation is present and is reserved when
the flag for sub-PRB resource allocation is set to 0.
Modulation and 3/4 3 for sub-PRB allocation, 4 otherwise.
coding scheme
Repetition number 3 The 3-bit field applies when ce-pdsch-
puschEnhancement-config is configured by higher
layers, otherwise the 2-bit field applies.
HARQ process 1
number
New data indicator 1
DCI subframe 2
repetition number
Table 1 - DCI type 6-0B specifics
Field #bits Indication
Flag format 6-0B/6-1B 1 ‘0’—6-0B, ‘1" —6-1B
Reserved bits [ DL l All bits set to 1
logy [—|| + 2
Preamble Index 6
PRACH Mask Index 4
Starting CE level 2 Provide the PRACH starting CE level.
Modulation and coding 4

scheme

Resource block assignment in case bandwidth is 5SMHz

Resource block NEE [ [ ”

assignment incase [logz -4 l +4 | [log; MSB provide the wideband index

Ngs > 25 4 bits provide narrowband bitmap within the
wideband

Resource block NBE If =1, 1 bit provide the resource allocation

assignment otherwise 6 within the narrowband

Otherwise provide the allocated narrowband

Resourc

e block assignment in case bandwidth is 20MHz

Resource block
assignment incase
NBPE > 50

bogz

_H+5

[mg2 [ ” + 1 MSB provide the wideband
index

4 bits provide narrowband bitmap within the
wideband

Resource block
assignment otherwise

DL
NRB

If =1, 1 bit provide the resource allocation
within the narrowband
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Otherwise provide the allocated narrowband

Resource block assignment otherwise

Resource block
assignment

g, [ 44

[logz [ ” MSB provide the narrowband index

1 bit provide the resource allocation within the
narrowband.

Repetition number 3 The 3-bit field applies when ce-pdsch-
puschEnhancement-config is configured by
higher layers, otherwise the 2-bit field applies.

HARQ process number 1

New data indicator 1

HARQ-ACK resource Oor2

offset

Information for SC- 2

MCCH change

notification

DCI subframe repetition | 2

number

Table 2 - DCI type 6-1B specifics

Field #bits Notes

Flag format 6-0A/6-1A

0 indicates format 6-0A

Frequency hopping flag

0 indicates frequency hopping is not enabled

Resource Block

e

3bits for narrowband, 5bits resource allocation

Assignment (RBA): using DL resource allocation type2, rest
NBE > 25 provide the narrowband index.
. DL DL

RBA: 6 < Nps < 25 Nﬂ +5 [ J provide the allocated narrowband, 5 bits
resource allocation using DL resource
allocation type2.

RBA: NPk <6 5 5 bits resource allocation using DL resource
allocation type2.

MCS 4 Modulation and coding scheme

Repetition Number

HARQ Process Number

3 (FDD), 4(TDD)

New Data Indicator (NDI)

1

Redundancy version (RV) 2 Can be relevant for Reps>4,
Transmitter Power 2 For PUCCH

Control

Downlink Assignment {}

Index

Antenna Ports and 2

scrambling
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SRS request 1 Sounding Reference Signals. Reference
signals transmitted in the LTE UL to enable the
eNB to perform channel sounding. For
PUCCH.

TPMI information for

precoding

PMI confirmation for 1 For TM6

precoding

HARQ-ACK resource 2

offset

DCI subframe repetition 2 Or Transport block in a bundle

number

HARQ ACK bundling flag 1+2 Once this is one, there is Transport block in a
bundle. Relevant for cases with high SNR. 7.3
in 36.213.

HARQ ACK delay 3

Table 3 - DCI type 6-1A specifics

[27] IneMTC, multiple uplink or downlink Transport Blocks (TBs) for both unicast and multicast
transmissions may be scheduled. Figure 2 shows how scheduling may be carried out using the
MTC Physical Downlink Control CHannel (MPDCCH). In Figure 2, multiple TBs are allocated with
consecutive resources in time. However, the skilled person would understand that other ways of
allocating resources are possible.

[28] Scheduling may be carried out via a DCI without increasing the number of blind decodes.
For Coverage Enhancement (CE) Mode A of LTE, the maximum number of scheduled transport
blocks with one single DCI may be 8 in the UL, and 8 in the DL. For CE Mode B of LTE, the
maximum number of scheduled transport blocks with one single DCI may be 4 in the UL, 4 in the
DL. For both UL and DL unicast, at least consecutive resource allocation in time may be
supported when multiple TBs are scheduled by one single DCI. This applies for valid subframes
within the consecutive resource allocation in time. When scheduling of multiple TBs is enabled,
the number of scheduled transport blocks (= 1) may be dynamically selected via DCI.

[29] For the DL unicast for a UE, when multiple TBs are scheduled by one DCI, the following
parameter values may be the same across all the TBs: Frequency-hopping flag, PMI confirmation
(TM6-specific), Precoding information (TM6-specific), DM-RS scrambling / antenna ports (TM9-
specific), Downlink assignment index (TDD-specific), PUCCH power control. For the DL or UL
unicast for a UE, when multiple TBs are scheduled by one DCI, the parameter values for MCS,
Resource assignment, and/or Repetitions may be the same across all the TBs scheduled by that
DCI.

[30] Inorder to address limitations in prior Hybrid automatic repeat request (HARQ) processes,
a set of rules may be applied within the HARQ system to define possible combinations of HARQ
process sequences. These rules may be applicable for both Frequency Division Duplex (FDD)
and Time Division Duplex (TDD) transmission, along with UL, DL, and interleaved UL/DL
transmission. Each of the following rules may be applied in combination or individually as
appropriate to provide functioning system.

[31] HARQ process numbers may be limited to a defined order, for example always increasing
or decreasing. This will not limit behaviour on the network side as the base station still has access
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to arbitrary numbers of process numbers, but it minimises the number of available combinations
of HARQ process number sequences.

[32] Retransmission may need to be done using a single-TB transmission. As it may not be
possible to cover all per process transmission/retransmission combinations, it may be necessary
to allow for a single retransmission. This can be implemented using a legacy 6-1/0A DCI or using
a multi-TBs DCI set with number of TBs to transmit as 1, or any appropriate DCI message or
signalling technique.

[33] As many combinations as possible may be allowed based on “best effort” and with respect
to the probability of each combination. Not all HARQ process, number of TBs, and retransmission
combinations are possible given the limited number of bits available. For example, a best effort
approach may be giving higher score to these combinations when constructing larger
combinations of HARQ process numbers. There may be some source coding when building the
combination using the base station’s (for example eNB’s) scheduler information. For example, if a
combination of process 2 followed by process 3 is not available in case of 2 TBs transmission,
then it is preferable to allow this combination in another case. In such a scenario, in a 3 TBs
transmission this combination of HARQ process 2 followed by process 3 will be included as part
of the available combinations. Another example is if the probability of retransmission for each
HARQ process is 10%, therefore there will be less of an emphasis on NDI="0’, as retransmission
are much less likely to occur. However, if a combination is prevalent enough, it may be necessary
to still allow for a sequence with a retransmission.

[34] As many unique retransmissions as possible may be allowed. A unique retransmission is
a combination of HARQ process numbers adjoined by their NDI fields that have not occurred in
previous combinations. This may allow for new HARQ process transmission sequences while
allowing for these sequences to also retransmit.

[35] The number of retransmissions with 2 or more TBs in sequence may be maximised, in
contrast to an interleaved transmission and retransmission scheme. The wireless channels may
be slow to change, and if there is an interference it will most likely affect several TBs in sequence,
hence increased the probability of needing to retransmit more than one TB This effect may be
stronger in CE Mode A where there are fewer repetitions per transmission.

[36] The maximum process number per number of TBs may be limited. For example, in a
transmission of 4 TBs, HARQ process number 6 may be the maximum. This may reduce the
number of possibilities for the HARQ process sequence set. However, this reduction comes at a
cost of flexibility for the network, as it may not possible to transmit in higher HARQ processes.

[37] In DCls there are 3 bits allocated for the HARQ process number, along with 1 bit for a new
data indicator (NDI). The NDI is used as a flag to notify if the DL transmission allocation or UL
transmission grant is for a retransmission or a transmission of new information. Transmitting
multiple TBs may be carried out by transmitting the first HARQ process ID along with the number
of TBs. However, this results in very limited options for retransmission (if any) and transmission of
consecutive HARQ processes numbers only. For example, a transmission of HARQ process
number of 1 followed by 4 would not be possible using this method. Another HARQ process
scheme may be to use a bitmap for the transmission. This allows for high complexity in the
transmission and allows for out-of-order transmission of HARQ processes. However, this method
is resource expensive, as it requires high number of bits for the DCI transmission (at least 8-bit).

[38] Figure 3 shows a method of building a HARQ process set for transmission. In Figure 3, Sy
represents the group of all the HARQ process sequences, | is a vector with the same number of
elements as the number of different numbers of TBs available to transmit. For example, to
transmit 1-8 TBs with one DCI, the size of vector | is 8. Each element in this vector represents the
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number of different HARQ process sequences that are available for the relevant number of TBs.
That is, Jg = 1 will specify only 1 HARQ process sequence available for 8 TB transmission,
implying there will not be any retransmissions in this scenario. The vector X = [xq, x4 ...] is also
the same size as | and each element represents the number of TBs to be transmitted (nrg). L is
specified as the total number of combinations available using the allocated number of bits. For
example, for 4 bits allocated for the sequence pool numbering, L would be 2*=16.

[39] Atstep 302, indices i and j are initialized as zero. At step 304, the number of TBs to be
transmitted is determined. At step 306, a sequence of HARQ process to be transmitted is
generated (for example, using the method discussed with reference to Figure 4). At step 308, the
new sequence of HARQ processes is added to the HARQ process set S, At step 310, index j is
incremented by one. At step 312, if j < J;, then the process returns to step 306. At step 312, if

j = J; then the process continues to step 314. At step 314, index i is incremented by one. At step
316, if i < L, then the process returns to step 304. At step 316, if i = L, then for each possible
number of TBs to be transmitted, the iterations have been completed J; times, and the process
ends.

[40] Figure 4 shows an example method for implementing step 306 of Figure 3. At step 402,
Sau» Sau » and npg are received. S, is defined as all possible combinations of HARQ process
sequences taking into consideration, for example, the rules and factors discussed above, along
with S,;; N S, = 0. At step 404 a new sequence set is created. The sequence set includes all the
possible combinations from S,;; for nyg TBs for transmission. At step 406 s, is defined as the
sequence in set Syp containing the least distance from set S,;.

[41]  An example application of the methods of Figures 3 and 4 is discussed with reference to
Tables 4, 5 and 6. Referring to Table 4, using 4 bits covers all use cases for 8 HARQ processes
with retransmission for each one. However, in Table 5 only some of the use cases are considered,
and transmission of HARQ sequence 4 followed by HARQ sequence 5 is not possible using the
bit formula. This is of course an example and the skilled person would understand that it is
possible to have several types of tables with different distance formulas. Referring to Table 6,
some of the use cases missing in Table 5 are available in this use case. For example, the
combination of HARQ process 4 followed by 5 is found with different NDI possibilities in the first
five rows.

n=1

Bit formula | P # | NDI
0/]0]0]0 0 0
00|01 0 1
0J0]1]0 1 0
0J]0]1][1 1 1
0J]1]0]0 2 0
0]1]0][1 2 1
0|1]1]0 3 0
O[1[1]1 3 1
1/{0/0]0 4 0
110[0]1 4 1
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Table 4 - HARQ Process Set and NDI for nyp

=2

Nt

NDI

1

1

P#

3/0]0

30

1

Bit formula

0

0

01315

015(7]/0]0

0 15]7]0

1

0

1

2

Table 5 - HARQ Process Set and NDI for nyp

NDI

1

1

0

1

1
1

P#

214|5]0

214|5]0

3147

N1e =3

Bit formula

0 [2(4[5]0]0]0

1

0 [2]4]|5

1

0 [2]4]|5

1

0
0

1

0
0
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O(1[1]0[3]|6]7]1]1]1
O 1 [ 1] 1[4]6]/7]1]1]1
1101010 [1]2][3[1[1]1
110101 11]12[(3]0]/0]0
110|110 [2|3][7]|1[1]1
110 1 [ 1 14|5]6]1[1]1
111]10]01]2]6[7]0/0]0
111101 12|6][7/0[1]1
1111110 (2|6[7]|1]1]0
1111 [ 1 ]2]|5]6]1[1]1

Table 6 - HARQ Process Set and NDI for nyp = 3

[42] Figure 5 shows an example of transmitting 8 TBs. Transmission has failed in HARQ
process numbers 2, 6 and 7. Using previous methods significant resources would be required to
generate a DCI to retransmit the failed TBs (for example, a bitmap of 16 bits). Only the lowest
HARQ process number and the number of processes could be transmitted, but would require
transmission of 2 DCls. Applying the method of Figures 3 and 4 to the failures in Figure 5, only
DCI with nyp = 3 with the bit formula ‘1100’ need be transmitted as seen in Table 6. The DCI size
is thus significantly reduced compared to a bitmap, and only one DCI is required.

[43] In another example, 5 bits may be allocated for HARQ process management. This allows
for a maximum of 25 = 32 HARQ process sequences. In this example the bits are shared
between all ntg possibilities. As can be inferred from Tables 7A and 7B, it is only possible to
transmit a maximum of 4 TBs continuously. Considering there are 1960 possible HARQ
processes with NDI possibilities, the number of HARQ process combinations with NDI flag for
each process may be defined by Equation 1.

possibilities = ZIiV:Tg (in (8+L‘)‘xL‘) Equation 1
[44] In this example, ] = [16 9 5 2] with a maximum of 8 HARQ process numbers. This allows
for high flexibility for the 1 process transmission. Therefore, retransmission is always possible if
required due.

[45] Inthis example, there are no possible HARQ combinations of processes #2, #3, and #4

together. This may be because the scheduler has decided it is less likely to happen, and as it is
always possible to use single DCI per transmission for this use case. If retransmissions are less
likely, some or all of this combination may be added to the tables.

[46] The sequence distance formula of step 406 from Figure 4 takes several behaviours into
consideration. The first behaviour is the HARQ process number. In case there are two or more
HARQ processes in sequence and they are enclosed by the new longer sequence, the distance
for the new sequence is highly increased. The second behaviour is to make sure it is possible to
retransmit for all HARQ processes. The third behaviour is the transmission probability of different
HARQ processes. In this case, HARQ process 4 and 5 had high transmission probability,
therefore there was an allocation for both new transmission and retransmission.

Bit formula P# NDI
000000]J1---]10-- -
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[47] Referring to Figure 6, an example of two transmissions of three TBs are executed. Out of
these six TBs, two have transmission failure, TB#4 and TB#5. Using another DCI for two TB
transmission with HARQ process bit formula of [01100] it is possible to retransmit both TBs, thus
conserve overhead of transmission. In case it is not possible to retransmit using a hard-coded
transmission, it is possible to still use the 1-HARQ process NDI.

[48] The processes and systems described above thus provide mechanisms for retransmission
of TBs from a multiple-TB transmission while minimising the control signalling overhead
compared to previous methods. In particular the available HARQ process number sequences that
are available may be constrained and each available sequence allocated to a bit value. That bit
value may be utilised in a DCI message to request retransmission such that the bit value
indicates the HARQ process numbers that are to be retransmitted.

[49] Although not shown in detail any of the devices or apparatus that form part of the network
may include at least a processor, a storage unit and a communications interface, wherein the
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processor unit, storage unit, and communications interface are configured to perform the method
of any aspect of the present invention. Further options and choices are described below.

[50] The signal processing functionality of the embodiments of the invention especially the gNB
and the UE may be achieved using computing systems or architectures known to those who are
skilled in the relevant art. Computing systems such as, a desktop, laptop or notebook computer,
hand-held computing device (PDA, cell phone, palmtop, etc.), mainframe, server, client, or any
other type of special or general purpose computing device as may be desirable or appropriate for
a given application or environment can be used. The computing system can include one or more
processors which can be implemented using a general or special-purpose processing engine
such as, for example, a microprocessor, microcontroller or other control module.

[51] The computing system can also include a main memory, such as random access memaory
(RAM) or other dynamic memory, for storing information and instructions to be executed by a
processor. Such a main memory also may be used for storing temporary variables or other
intermediate information during execution of instructions to be executed by the processor. The
computing system may likewise include a read only memory (ROM) or other static storage device
for storing static information and instructions for a processor.

[52] The computing system may also include an information storage system which may include,
for example, a media drive and a removable storage interface. The media drive may include a
drive or other mechanism to support fixed or removable storage media, such as a hard disk drive,
a floppy disk drive, a magnetic tape drive, an optical disk drive, a compact disc (CD) or digital
video drive (DVD) read or write drive (R or RW), or other removable or fixed media drive. Storage
media may include, for example, a hard disk, floppy disk, magnetic tape, optical disk, CD or DVD,
or other fixed or removable medium that is read by and written to by media drive. The storage
media may include a computer-readable storage medium having particular computer software or
data stored therein.

[53] In alternative embodiments, an information storage system may include other similar
components for allowing computer programs or other instructions or data to be loaded into the
computing system. Such components may include, for example, a removable storage unit and an
interface , such as a program cartridge and cartridge interface, a removable memory (for example,
a flash memory or other removable memory module) and memory slot, and other removable
storage units and interfaces that allow software and data to be transferred from the removable
storage unit to computing system.

[54] The computing system can also include a communications interface. Such a
communications interface can be used to allow software and data to be transferred between a
computing system and external devices. Examples of communications interfaces can include a
modem, a network interface (such as an Ethernet or other NIC card), a communications port
(such as for example, a universal serial bus (USB) port), a PCMCIA slot and card, etc. Software
and data transferred via a communications interface are in the form of signals which can be
electronic, electromagnetic, and optical or other signals capable of being received by a
communications interface medium.

[55] Inthis document, the terms ‘computer program product’, ‘computer-readable medium’ and
the like may be used generally to refer to tangible media such as, for example, a memory, storage
device, or storage unit. These and other forms of computer-readable media may store one or
more instructions for use by the processor comprising the computer system to cause the
processor to perform specified operations. Such instructions, generally 45 referred to as
‘computer program code’ (which may be grouped in the form of computer programs or other
groupings), when executed, enable the computing system to perform functions of embodiments of
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the present invention. Note that the code may directly cause a processor to perform specified
operations, be compiled to do so, and/or be combined with other software, hardware, and/or
firmware elements (e.g., libraries for performing standard functions) to do so.

[56] The non-transitory computer readable medium may comprise at least one from a group
consisting of: a hard disk, a CD-ROM, an optical storage device, a magnetic storage device, a
Read Only Memory, a Programmable Read Only Memory, an Erasable Programmable Read Only
Memory, EPROM, an Electrically Erasable Programmable Read Only Memory and a Flash
memory. In an embodiment where the elements are implemented using software, the software
may be stored in a computer-readable medium and loaded into computing system using, for
example, removable storage drive. A control module (in this example, software instructions or
executable computer program code), when executed by the processor in the computer system,
causes a processor to perform the functions of the invention as described herein.

[57] Furthermore, the inventive concept can be applied to any circuit for performing signal
processing functionality within a network element. It is further envisaged that, for example, a
semiconductor manufacturer may employ the inventive concept in a design of a stand-alone
device, such as a microcontroller of a digital signal processor (DSP), or application-specific
integrated circuit (ASIC) and/or any other sub-system element.

[58] It will be appreciated that, for clarity purposes, the above description has described
embodiments of the invention with reference to a single processing logic. However, the inventive
concept may equally be implemented by way of a plurality of different functional units and
processors to provide the signal processing functionality. Thus, references to specific functional
units are only to be seen as references to suitable means for providing the described functionality,
rather than indicative of a strict logical or physical structure or organisation.

[59] Aspects of the invention may be implemented in any suitable form including hardware,
software, firmware or any combination of these. The invention may optionally be implemented, at
least partly, as computer software running on one or more data processors and/or digital signal
processors or configurable module components such as FPGA devices.

[60] Thus, the elements and components of an embodiment of the invention may be physically,
functionally and logically implemented in any suitable way. Indeed, the functionality may be
implemented in a single unit, in a plurality of units or as part of other functional units. Although the
present invention has been described in connection with some embodiments, it is not intended to
be limited to the specific form set forth herein. Rather, the scope of the present invention is limited
only by the accompanying claims. Additionally, although a feature may appear to be described in
connection with particular embodiments, one skilled in the art would recognise that various
features of the described embodiments may be combined in accordance with the invention. In the
claims, the term ‘comprising’ does not exclude the presence of other elements or steps.

[61]  Furthermore, although individually listed, a plurality of means, elements or method steps
may be implemented by, for example, a single unit or processor. Additionally, although individual
features may be included in different claims, these may possibly be advantageously combined,
and the inclusion in different claims does not imply that a combination of features is not feasible
and/or advantageous. Also, the inclusion of a feature in one category of claims does not imply a
limitation to this category, but rather indicates that the feature is equally applicable to other claim
categories, as appropriate.

[62] Furthermore, the order of features in the claims does not imply any specific order in which
the features must be performed and in particular the order of individual steps in a method claim
does not imply that the steps must be performed in this order. Rather, the steps may be
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performed in any suitable order. In addition, singular references do not exclude a plurality. Thus,
references to ‘a’, ‘an’, first’, ‘second’, etc. do not preclude a plurality.

[63] Although the present invention has been described in connection with some embodiments,
it is not intended to be limited to the specific form set forth herein. Rather, the scope of the

present invention is limited only by the accompanying claims. Additionally, although a feature may
appear to be described in connection with particular embodiments, one skilled in the art would
recognise that various features of the described embodiments may be combined in accordance
with the invention. In the claims, the term ‘comprising’ or “including” does not exclude the
presence of other elements.
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Claims

1. A method of building a set of Hybrid Automatic Repeat reQuest (HARQ) process IDs for use in
the transmission of TBs in a cellular wireless communication system when scheduling of multiple
TBs is enabled, the method comprising the steps of

for each number of TBs that may be scheduled by a DCI, defining at least one sequence
of HARQ Process IDs, where each sequence of HARQ Process IDs is mapped to a bit sequence,
wherein the HARQ Process IDs within each sequence increase;

transmitting a DCI message from a base station to a UE to schedule transmission of at
least one TB, wherein the DCI message includes one of the bit sequences corresponding to a
sequence of HARQ Process IDs defined for the number of TBs being transmitted; and

transmitting the number of TBs scheduled in the DCI using the sequence of HARQ
Process IDs indicated by the transmitted bit sequence,

wherein the size of the bit sequence is equal or greater than the number of scheduled TBs.

2. A method according to claim 1, wherein the number of TBs that may be scheduled is restricted.
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