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TRANSMISSION RESOURCE ALLOCATION BY SPLITTING PHYSICAL
RESOURCE BLOCKS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent document claims priority to and benefits of U.S. Provisional Patent

Application No. 62/545,398, entitled "TRANSMISSION RESOURCE ALLOCATION BY

SPLITTING PHYSICAL RESOURCE BOOKS [BLOCKS]," filed on 14 August 2017. The

entire content of the before-mentioned patent application is incorporated by reference as part of

the disclosure of this patent document.

TECHNICAL FIELD

[0002] The present document relates to wireless communication, and more particularly,

transmission resource allocation in wireless communication systems.

BACKGROUND

[0003] Due to an explosive growth in the number of wireless user devices and the amount

of wireless data that these devices can generate or consume, current wireless communication

networks are fast running out of bandwidth to accommodate such a high growth in data traffic

and provide high quality of service to users.

[0004] Various efforts are underway in the telecommunication industry to come up with

next generation of wireless technologies that can keep up with the demand on performance of

wireless devices and networks.

SUMMARY

[0005] This document discloses techniques for providing transmission resources that

achieve transmission diversity while reducing pilot signal overhead.

[0006] In one example aspect, a wireless communications method is disclosed. The method

may be implemented in a wireless communication system in which transmission resources are

allocated on a per physical resource block (PRB) basis, where a PRB corresponds to a two

dimensional resource pattern comprising a first number of subcarriers along a frequency

dimension and a second number time slots along a time dimension. The method includes

logically dividing subcarriers in each PRB into an integer number of sub-groups of sub-carriers,



wherein the integer number is greater than one, allocating, to a transmission, transmission

resources corresponding to one or more of the sub-groups of subcarriers, performing the

transmission in the wireless communication system.

[0007] In yet another example aspect, a method of wireless communication, implemented

in a wireless communication system in which transmission resources are allocated on a per

physical resource block (PRB) basis, where a PRB corresponds to a two dimensional resource

pattern comprising a first number of subcarriers along a frequency dimension and a second

number time slots along a time dimension, is disclosed. The method includes receiving a

transmission on a wireless channel, and demodulating signals occupying sub-groups of

subcarriers corresponding to one of a sub-group of subcarriers in which each PRB is logically

divided, wherein each PRB is logically divided into an integer number of sub-groups of sub-

carriers, wherein the integer number is greater than one.

[0008] In another example aspect, a wireless communication apparatus comprising a

processor that implements the above-described methods is disclosed.

[0009] In yet another example aspect, the method may be embodied as processor-

executable code and may be stored on a computer-readable program medium.

[0010] These, and other, features are described in this document.

DESCRIPTION OF THE DRAWINGS

[0011] Drawings described herein are used to provide a further understanding and

constitute a part of this application. Example embodiments and illustrations thereof are used to

explain the technology rather than limiting its scope.

[0012] FIG. 1 shows an example of a resource allocation to physical resource blocks.

[0013] FIG. 2 shows illustrates an example of supporting orthogonal time frequency space

(OTFS) signals in the resource allocation pattern of FIG. 1.

[0014] FIG. 3 is a flowchart representation of an example of a wireless communication

method.

[0015] FIG. 4 is a flowchart representation of another example method of wireless

communication.

[0016] FIG. 5 shows an example of a wireless transceiver apparatus.

[0017] FIG. 6 shows an example communication network.



DETAILED DESCRIPTION

[0018] To make the purposes, technical solutions and advantages of this disclosure more

apparent, various embodiments are described in detail below with reference to the drawings.

Unless otherwise noted, embodiments and features in embodiments of the present document may

be combined with each other.

[0019] Section headings are used in the present document to improve readability of the

description and do not in any way limit the discussion or the embodiments to the respective

sections only. Furthermore, the term "technique" may refer to a method, and apparatus or a

computer program product on which executable code is stored.

[0020] In the Long Term Evolution (LTE) and third generation partnership project (3GPP)

New Radio (NR), the allocation of resources for data transmissions is done using Physical

Resource Blocks (PRBs). A PRB is a logical grouping, defined as 12 consecutive subcarriers by

N OFDM symbols. In LTE, N = 14 when using a normal cyclic prefix (CP) and 12 when using

extended CP. In NR, N can be any number from 2 to 14. The PRB is the smallest allocation size,

and additional resources are assigned as multiple contiguous PRBs. When the size of the data to

be transmitted is small, a small number of PRBs may be allocated for the transmission. In LTE,

such a small or limited allocation of bandwidth corresponds to a small frequency bandwidth. As

a result, the transmission of the small packets may not use or exploit the full diversity of the

channel.

[0021] This document discloses a new approach for partitioning the entire frequency band

into PRBs of similar sizes as the LTE PRB. Among other features, this new approach extracts

more channel diversity without increasing the overhead of the channel acquisition, and as a result

can increase the overall channel throughput. For example, for short transmissions that may

occupy only half of the frequency band in a traditional LTE system, the corresponding

transmission may be spread over the entire frequency band by allocation transmissions to the

transmission of the signal using PRBs of half the size as the traditional system.

[0022] Examples of split PRBs

[0023] Using the size of the LTE/NR PRBs, in some embodiments, the PRB can be split

into K smaller group, or sub-groups, of subcarriers. The number K is an integer and may

represent split level or split count of the PRB. The smaller groups can be equally distributed

along the frequency band allocated for the channel. This type of a PRB may be called a Split



PRB (S-PRB). In one embodiment K=3. In other embodiments, K can be equal to 2, 4, 6, or 12.

In some embodiments, the size of the PRB may be different than 12 subcarriers, and other values

of K may be used. An example of a S-PRB of 12 subcarriers with N=14, and K=3 occupying a

10 MHz channel is shown in FIG. 1.

[0024] FIG. 1 shows an example of a resource allocation grid 100 in which resources are

allocated to transmissions based on split physical resource blocks. The depicted embodiment

example uses S-PRB with K=3 equally spread over a band with 600 subcarriers, supporting 4

demodulation reference signals (DM-RSs). The horizontal axis represents time slots making up

a PRB. The vertical axis represents the frequency dimension, with each resource element

representing a given subcarrier and a given time slot of the resource allocation grid 100.

[0025] FIG. 1 shows the first of 50 S-PRBs that cover the whole band. The first subcarrier

group occupies subcarriers 0, 1, 2, 3, 200, 201, 202, 203.... 400, 401, 402, 403. The second

group of S-PRBs will occupy subcarriers 4, 5, 6, 7, 204, 205, 206, 207, 404, 405, 406, 407. The

50th S-PRB will occupy subcarriers 196, 197, 198, 199, 396, 397, 308, 139, 596, 597, 598, 599.

The assignment of S-PRBs as shown in FIG. 1 enables the receiver to extract more of the

frequency diversity of the channel compared to the LTE or NR PRB. In some embodiments,

when a transmission requires multiple PRBs, the additional S-PRBs can be allocated

contiguously. In some embodiments, the allocation could be non-contiguous, e.g. in a pattern

that spreads all the allocated S-PRBs along the band equally as much as possible to better extract

the channel diversity.

[0026] In some embodiments, for a transmission with 4 layers, 4 demodulation reference

signals (DM-RSs) - one per antenna port - are transmitted. This is typically implemented in NR

using 1 OFDM symbol. When using S-PRBs with K=3, one RE for each antenna port can be

assigned to a DMRS in each of the S-PRB sub-sections. In one advantageous aspect, this will

allow the estimation of the 4 channels in each of the sub-blocks of S-PRBs without increasing

the overhead of the RSs.

[0027] The S-PRB structure can be used to support any waveform, including orthogonal

frequency division multiplexing OFDM, orthogonal time frequency space OTFS, and OTFS-D.

OTFS represents a modulation scheme in which signals are represented in a two dimensional

representation along delay-Doppler axis. A symplectic transform may be used for converting

signals between delay-Doppler representation and the traditional time-frequency domain



representation. Using OTFS, signals representing data and pilots may be allocated along the

delay-Doppler plain, and may be converted into time domain signals by transforming using a

symplectic Fourier transform.

[0028] When using OTFS and S-PRBs of size 12 subcarriers with K=3, each S-PRB may be

divided into 4 OTFS frames. This may be done by allocating the 1th row of each S-PRB section to

form an OTFS frame (i = 0 to K-l). As an example, if a particular transmission is allocated one

S-PRB in a configuration with K=3, the data may be split into 4 pieces, and 4 OTFS frames may

be transmitted occupying the REs. This example is illustrated in the resource pattern grid 250

example depicted in FIG. 2 which also shows different pilot positions than that of FIG. 2 . When

a transmission is allocated M PRBs, the total number of OTFS frames used for that transmission

will be 4xM. Therefore, FIG. 2 shows an example of OTFS frames when using S-PRBs spread

equally along frequency, with 4 DM-RSs and a single PRB allocation. In FIG. 2, each of the

colored rows (e.g., rows 252, rows 254, rows 256 and rows 258) represent one OTFS frame.

[0029] When using OTFS-D, one OTFS-D frame can cover all the allocated S-PRBs

regardless of how they are assigned, and regardless of how many and where the DM-RSs (or

other reference signals) are located within each S-PRB.

[0030] In some embodiments, the S-PRB scheme may be fixed a priori and used throughout

the life of a wireless system. Alternatively, in some embodiments, a technique may be provided

to update the S-PRB scheme (or not using S-PRB at all) on a dynamic basis by signaling from

the base station to user devices. For example, when the number of legacy devices in a network is

above a threshold, or a percent threshold, the legacy PRB scheme may be used (e.g., 12 or 14

subcarriers). When the number of new user devices that are able to receive transmissions using

the S-PRB increases beyond a certain percent, then the base station may begin to transmit

messages using S-PRB allocation. This change may be indicated to the user device by

transmission of an upper layer message. Alternatively, or in addition, the base station may

logically divide the available bandwidth into a first portion for supporting communication

to/from legacy devices and a second portion for communicating with new devices that

implement the S-PRB mechanism. The base station's logical partitioning of the available

bandwidth need not be communicated to the user devices because each user device will perform

its receptions and transmissions based on allocated resources, without needing to know how the

bandwidth is grouped into multiple logical groups by the base station.



[0031] In some embodiments, the use of S-PRB may be dependent on the channel

characteristics. For example, when a channel frequency response is relatively flat over the entire

frequency band, S-PRBs may not be used. When the channel frequency response becomes

variable within the allocated frequency band, S-PRBs may be used to that each data transmission

(especially small data packets) gets spread over a larger portion of the frequency band and

becomes more robust.

[0032] FIG. 3 shows a flowchart of an example method 300 of wireless communication.

The method 300 may be implemented by a base station in a wireless communication system in

which transmission resources are allocated on a per physical resource block (PRB) basis. As

described herein, a PRB corresponds to a two dimensional resource pattern comprising a first

number of subcarriers along a frequency dimension and a second number time slots along a time

dimension.

[0033] The method 300 includes logically dividing (310) subcarriers in each PRB into an

integer number of sub-groups of sub-carriers, wherein the integer number is greater than one.

[0034] The method 300 further includes allocating (320), to a transmission, transmission

resources corresponding to one or more of the sub-groups of subcarriers (also called sub-carriers).

[0035] The method 300 includes performing (330) the transmission in the wireless

communication system. The wireless communication system may include a base station and one

or more wireless terminals that are wirelessly communicating with the base station. The

transmission is performed by radiating a signal over a wireless channel between the base station

and the one or more wireless terminals. As disclosed throughout the document, the transmission

may use an OTFS scheme in which an OTFS frame (delay-Doppler domain unit) may be

assigned a subcarrier in each sub-group. Alternatively, dispersed OTFS may be used for

performing the transmission. Alternatively, OFDM may be used for performing the transmission.

[0036] A dispersed OTFS modulation transmission may operate by replacing the physical

delay-Doppler domain with a virtual domain named "Spread domain". This domain is may not

be physically reciprocal to the time-frequency domain. Constellation symbols in this domain are

converted to different symbols using an invertible transform and placed on non-regular resources

in the time-frequency grid.

[0037] In some embodiments, the subcarriers in each group may be contiguous (e.g., FIG. 1

and FIG. 2). In some embodiments, the subcarriers in each group may be non-contiguous. The



non-contiguous occurrence may be periodic or may be randomly placed along frequency domain.

During operation, the transmission may be that of data, a control message, a system message or a

reference signal or all of the above.

[0038] In some embodiments, the base station may determine the integer number of sub

groups based on a run-time condition of the wireless communication system. For example, when

the run-time condition is such that at least one legacy wireless device is operating in the system,

then the base station may perform a logical partition of the entire available resource pool such

that one partition may use PRBs in the legacy manner while another partition may use the S-PRB

technique disclosed in the present document. For example, in some embodiments, the run-time

condition may relate to the estimate of channel characteristics such as variations in the channel

response over the entire bandwidth. For example, the run-time condition may relate to the

number of bits of message transmission. For example, for short, bursty transmissions, the base

station may use S-PRB. Here, short or bursty transmissions may for example have duty cycles of

between 1 to 10 percent of transmission time.

[0039] In some implementations, the integer number may be communicated, via an over the

air transmission, to the user devices or terminals. This communication may be a higher layer

message sent to the user device. Alternatively, the integer number may be programmed into the

user device based on a pre-defined algorithm or rule.

[0040] In some embodiments, one of the reference signal transmitted may be a

demodulation reference signal (DM-RS).

[0041] FIG. 4 shows flowchart for an example method 400 of receiving signals in a

wireless communication system in which transmission resources are allocated on a per physical

resource block (PRB) basis, where a PRB corresponds to a two dimensional resource pattern

comprising a first number of subcarriers along a frequency dimension and a second number time

slots along a time dimension. The method 400 includes receiving (410) a transmission on a

wireless channel, and demodulating (420) signals occupying sub-groups of subcarriers

corresponding to one of a sub-group of subcarriers in which each PRB is logically divided,

wherein each PRB is logically divided into an integer number of sub-groups of sub-carriers,

wherein the integer number is greater than one.

[0042] In addition to the above described steps, various embodiments of the method 400

may include transmission of reference signals, data signals, system message signals or control



signals, the use of non-contiguous bandwidth, and so on. Other features of the method 400 are

similar to the description provided for the method 300.

[0043] The methods 300 or 400 may be implemented in a system that uses an OFDM

modulation scheme, an OFDM-A modulation scheme, an OTFS transform based scheme or a

dispersed OTFS transform based transmission signal.

[0044] FIG. 5 shows an example of a wireless transceiver apparatus 500. The apparatus

500 may be used to implement various techniques described herein (including, but not limited to,

methods 300 and 400. The apparatus 500 includes a processor 502, a memory 504 that stores

processor-executable instructions and data during computations performed by the processor. The

apparatus 500 includes reception and/or transmission circuitry 506, e.g., including radio

frequency operations for receiving or transmitting signal and/or receiving data or information

bits for transmission over a wireless network.

[0045] FIG. 6 shows an example communication network 600 in which the disclosed

technologies can be implemented. The network 600 may include a base station transmitter that

transmits wireless signals s(t) (downlink signals) to one or more receivers 602, the received

signal being denoted as r(t), which may be located in a variety of locations, including inside or

outside a building and in a moving vehicle. The receivers may transmit uplink transmissions to

the base station, typically located near the wireless transmitter. The technology described herein

may be implemented at a receiver 602 or at the transmitter (e.g., a base station).

[0046] It will be appreciated that techniques for splitting a PRB into smaller integer number

of groups is disclosed. Using the disclosed technique, frequency diversity of a channel can be

exploited to the advantage of performance of the network.

[0047] The disclosed and other embodiments, modules and the functional operations

described in this document can be implemented in digital electronic circuitry, or in computer

software, firmware, or hardware, including the structures disclosed in this document and their

structural equivalents, or in combinations of one or more of them. The disclosed and other

embodiments can be implemented as one or more computer program products, i.e., one or more

modules of computer program instructions encoded on a computer readable medium for

execution by, or to control the operation of, data processing apparatus. The computer readable

medium can be a machine-readable storage device, a machine-readable storage substrate, a

memory device, a composition of matter effecting a machine-readable propagated signal, or a



combination of one or more them. The term "data processing apparatus" encompasses all

apparatus, devices, and machines for processing data, including by way of example a

programmable processor, a computer, or multiple processors or computers. The apparatus can

include, in addition to hardware, code that creates an execution environment for the computer

program in question, e.g., code that constitutes processor firmware, a protocol stack, a database

management system, an operating system, or a combination of one or more of them. A

propagated signal is an artificially generated signal, e.g., a machine-generated electrical, optical,

or electromagnetic signal, that is generated to encode information for transmission to suitable

receiver apparatus.

[0048] A computer program (also known as a program, software, software application,

script, or code) can be written in any form of programming language, including compiled or

interpreted languages, and it can be deployed in any form, including as a standalone program or

as a module, component, subroutine, or other unit suitable for use in a computing environment.

A computer program does not necessarily correspond to a file in a file system. A program can be

stored in a portion of a file that holds other programs or data (e.g., one or more scripts stored in a

markup language document), in a single file dedicated to the program in question, or in multiple

coordinated files (e.g., files that store one or more modules, sub programs, or portions of code).

A computer program can be deployed to be executed on one computer or on multiple computers

that are located at one site or distributed across multiple sites and interconnected by a

communication network.

[0049] The processes and logic flows described in this document can be performed by one

or more programmable processors executing one or more computer programs to perform

functions by operating on input data and generating output. The processes and logic flows can

also be performed by, and apparatus can also be implemented as, special purpose logic circuitry,

e.g., an FPGA (field programmable gate array) or an ASIC (application specific integrated

circuit).

[0050] Processors suitable for the execution of a computer program include, by way of

example, both general and special purpose microprocessors, and any one or more processors of

any kind of digital computer. Generally, a processor will receive instructions and data from a

read only memory or a random access memory or both. The essential elements of a computer are

a processor for performing instructions and one or more memory devices for storing instructions



and data. Generally, a computer will also include, or be operatively coupled to receive data from

or transfer data to, or both, one or more mass storage devices for storing data, e.g., magnetic,

magneto optical disks, or optical disks. However, a computer need not have such devices.

Computer readable media suitable for storing computer program instructions and data include all

forms of non-volatile memory, media and memory devices, including by way of example

semiconductor memory devices, e.g., EPROM, EEPROM, and flash memory devices; magnetic

disks, e.g., internal hard disks or removable disks; magneto optical disks; and CD ROM and

DVD-ROM disks. The processor and the memory can be supplemented by, or incorporated in,

special purpose logic circuitry.

[0051] While this patent document contains many specifics, these should not be construed

as limitations on the scope of an invention that is claimed or of what may be claimed, but rather

as descriptions of features specific to particular embodiments. Certain features that are described

in this document in the context of separate embodiments can also be implemented in

combination in a single embodiment. Conversely, various features that are described in the

context of a single embodiment can also be implemented in multiple embodiments separately or

in any suitable sub-combination. Moreover, although features may be described above as acting

in certain combinations and even initially claimed as such, one or more features from a claimed

combination can in some cases be excised from the combination, and the claimed combination

may be directed to a sub-combination or a variation of a sub-combination. Similarly, while

operations are depicted in the drawings in a particular order, this should not be understood as

requiring that such operations be performed in the particular order shown or in sequential order,

or that all illustrated operations be performed, to achieve desirable results.

[0052] Only a few examples and implementations are disclosed. Variations, modifications,

and enhancements to the described examples and implementations and other implementations

can be made based on what is disclosed.



CLAIMS

What is claimed is:

1. In a wireless communication system in which transmission resources are allocated on a

per physical resource block (PRB) basis, where a PRB corresponds to a two dimensional

resource pattern comprising a first number of subcarriers along a frequency dimension and a

second number time slots along a time dimension, a wireless communication method, comprising:

logically dividing subcarriers in each PRB into an integer number of sub-groups of sub-

carriers, wherein the integer number is greater than one;

allocating, to a transmission, transmission resources corresponding to one or more of the

sub-groups of subcarriers; and

performing the transmission in the wireless communication system.

2 . The method of claim 1 wherein subcarriers in each sub-group are contiguous.

3 . The method of claim 1 or 2, wherein the transmission comprises a data transmission.

4 . The method of any of claims 1 to 3, wherein the transmission comprises a control

message or a system message transmission.

5 . The method of any of claims 1 to 4, wherein the transmission comprises a reference

signal transmission.

6 . The method of any one of claims 1 to 5, wherein the integer number of sub-groups is

determined using a run-time condition of the wireless communication system.

7 . The method of any one of claims 1 to 6, wherein run-time condition comprises at least

one of a number of legacy user devices operating in the wireless communication system,

characteristics of a channel over which the transmission is performed, and length of data

transmitted over the transmission.



8. The method of claim 7, further comprising communicating the integer number to a user

device.

9 . The method of claim 5, wherein the reference signal transmission includes a

demodulation reference signal transmission.

10. The method of any of claims 1 to 9, wherein the performing the transmission comprises

performing transmission using an orthogonal time frequency space (OTFS) scheme, and wherein

each subcarrier in each sub-group is assigned to a different OTFS frame.

11. The method of any of claims 1 to 9, wherein the performing the transmission comprises

performing transmission using a dispersed orthogonal time frequency space (D-OTFS) scheme,

and wherein each subcarrier in each sub-group is assigned to a different D-OTFS frame.

12. The method of any of claims 1 to 9, wherein the performing the transmission comprises

performing transmission using an orthogonal frequency division multiplexing (OFDM) scheme,

and wherein each subcarrier in each sub-group is assigned to a different OFDM frame.

13. In a wireless communication system in which transmission resources are allocated on a

per physical resource block (PRB) basis, where a PRB corresponds to a two dimensional

resource pattern comprising a first number of subcarriers along a frequency dimension and a

second number time slots along a time dimension, a wireless communication method, comprising:

receiving a transmission on a wireless channel;

demodulating signals occupying sub-groups of subcarriers corresponding to one of a sub

group of subcarriers in which each PRB is logically divided;

wherein each PRB is logically divided into an integer number of sub-groups of sub-

carriers, wherein the integer number is greater than one.

14. The method of claim 13 wherein subcarriers in each sub-group are contiguous.



15. The method of any of claims 13 to 14, wherein the transmission comprises a data

transmission.

16. The method of any of claims 13 to 15, wherein the transmission comprises a reference

signal transmission or a system message transmission or a control message transmission.

17. The method of any of claims 13 to 16, wherein the integer number of sub-groups is

determined using a run-time condition of the wireless communication system.

18. The method of any of claims 13 to 17, wherein run-time condition comprises at least one

of a number of legacy user devices operating in the wireless communication system,

characteristics of a channel over which the transmission is performed, and length of data

transmitted over the transmission.

19. The method of claim 16, wherein the reference signal transmission includes a

demodulation reference signal transmission.

20. The method of any of claims 13 to 19, wherein the receiving the transmission comprises

receiving a signal modulated using a dispersed orthogonal time frequency space (D-OTFS)

scheme, and wherein each subcarrier in each sub-group is assigned to a different D-OTFS frame.

21. The method of any of claims 13 to 19, wherein the receiving the transmission comprises

receiving a signal modulated using an orthogonal frequency division multiplexing (OFDM)

scheme, and wherein each subcarrier in each sub-group is assigned to a different OFDM frame.

22. The method of any of claims 13 to 19, wherein the receiving the transmission comprises

receiving a signal modulated using an orthogonal time frequency space (OTFS) scheme, and

wherein each subcarrier in each sub-group is assigned to a different OTFS frame.



23. A wireless communication device comprising a memory storing instruction and a

processor, wherein the instructions, when executed by the processor, cause the processor to

implement a method of any of claims 1 to 22.

24. A wireless signal transmission apparatus comprising a memory, a processor and

transmission circuitry, the apparatus implementing a method recited in any of claims 1 to 22.

25. A non-transitory computer-readable program medium having code stored thereon, the

code, when executed by a processor, causing the processor to implement a method recited in any

of claims 1 to 22.
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