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Chapter 1

Arm RAN Acceleration Library (ArmRAL)
Reference Manual

Copyright © 2020 Arm Limited or its affiliates. All rights reserved.

1.1 About this book

This book contains reference documentation for Arm RAN Acceleration Library (ArmRAL). It was gener-
ated from the source code using Doxygen.

Arm RAN Acceleration Library contains a set of functions for accelerating telecommunications applica-
tions such as, but not limited to, 5G Radio Access Networks (RANSs).

Arm RAN Acceleration Library is built as a static library. It must be linked in to any executable that needs
to connect to the library. The source code can be built and modified by customers to integrate with their
components or clients. Headers are located in the include/ directory, the source code is located in the
src/ directory, and testing and benchmarking code is located in the test / directory.

1.2 Feedback

1.2.1 Feedback on this product

If you have any comments or suggestions about this product, contact your supplier and give:

The product name.

e The product revision or version.

e An explanation with as much information as you can provide. Include symptoms and diagnostic pro-
cedures if appropriate.
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1.2.2 Feedback on content

If you have any comments on content, send ane-mailto erratafarm.com. Give:

The title Arm RAN Acceleration Library Reference Manual.
The number 102249 2010 00 _en.

If applicable, the relevant page number(s) to which your comments refer.

¢ A concise explanation of your comments.

Arm also welcomes general suggestions for additions and improvements.

1.3 Non-Confidential Proprietary Notice

This document is protected by copyright and other related rights and the practice or implementation of the
information contained in this document may be protected by one or more patents or pending patent appli-
cations. No part of this document may be reproduced in any form by any means without the express prior
written permission of Arm. No license, express or implied, by estoppel or otherwise to any intellectual
property rights is granted by this document unless specifically stated.

Your access to the information in this document is conditional upon your acceptance that you will not use
or permit others to use the information for the purposes of determining whether implementations infringe
any third party patents.

THIS DOCUMENT IS PROVIDED "AS IS". ARM PROVIDES NO REPRESENTATIONS AND NO WARRA
NTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING, WITHOUT LIMITATION, THE IMPLIED WA«
RRANTIES OF MERCHANTABILITY, SATISFACTORY QUALITY, NON-INFRINGEMENT OR FITNESS F«
OR A PARTICULAR PURPOSE WITH RESPECT TO THE DOCUMENT. For the avoidance of doubt, Arm
makes no representation with respect to, and has undertaken no analysis to identify or understand the
scope and content of, third party patents, copyrights, trade secrets, or other rights.

This document may include technical inaccuracies or typographical errors.

TO THE EXTENT NOT PROHIBITED BY LAW, IN NO EVENT WILL ARM BE LIABLE FOR ANY DAMA
GES, INCLUDING WITHOUT LIMITATION ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, PUNITIVE,
OR CONSEQUENTIAL DAMAGES, HOWEVER CAUSED AND REGARDLESS OF THE THEORY OF LIA«~
BILITY, ARISING OUT OF ANY USE OF THIS DOCUMENT, EVEN IF Arm HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

This document consists solely of commercial items. You shall be responsible for ensuring that any use,
duplication or disclosure of this document complies fully with any relevant export laws and regulations to
assure that this document or any portion thereof is not exported, directly or indirectly, in violation of such
export laws. Use of the word "partner" in reference to Arm's customers is not intended to create or refer
to any partnership relationship with any other company. Arm may make changes to this document at any
time and without notice.

If any of the provisions contained in these terms conflict with any of the provisions of any signed written
agreement covering this document with Arm, then the signed written agreement prevails over and super-
sedes the conflicting provisions of these terms. This document may be translated into other languages for
convenience, and you agree that if there is any conflict between the English version of this document and
any translation, the terms of the English version of the Agreement shall prevail.

Words and logos marked with © or ™ are registered trademarks or trademarks of Arm Limited or its affili-
ates in the EU and/or elsewhere. All rights reserved. Other brands and names mentioned in this document
may be the trademarks of their respective owners. Please follow Arm's trademark usage guidelines at

http://www.arm.com/about/trademark-usage—-guidelines.php

Copyright © 2020 Arm Limited (or its affiliates). All rights reserved.
Arm Limited. Company 02557590 registered in England.

110 Fulbourn Road, Cambridge, England CB1 9NJ.

LES-PRE-20349
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1.7 Release Information

1.4 Confidentiality Status

This document is Non-Confidential. The right to use, copy and disclose this document may be subject to
license restrictions in accordance with the terms of the agreement entered into by Arm and the party that
Arm delivered this document to.

Unrestricted Access is an Arm internal classification.

1.5 Product Status

The information in this document is Final, that is for a developed product.

1.6 Web Address

http://www.arm.com

1.7 Release Information

1.7.1 Document History

Issue

Date

Confidentiality

Change

2010-00 | 02 Oct 2020

Non-Confidential

New document for Arm RAN Acceleration Library v20.10

102249_2010_00_en

Copyright © 2020 Arm Limited or its affiliates. All rights reserved. Non-Confidential



http://www.arm.com

4 Arm RAN Acceleration Library (ArmRAL) Reference Manual

102249 2010_00_en Copyright © 2020 Arm Limited or its affiliates. All rights reserved. Non-Confidential



Chapter 2

Get started with Arm RAN Acceleration
Library

The Arm RAN Acceleration Library contains a set of functions for accelerating telecommunications appli-
cations such as, but not limited to, 5G Radio Access Networks (RANSs).

2.1 Prerequisites

The library runs on most AArché4 cores, however some parts of the library have more strict
requirements:

e To use the Cyclyic Redundancy Check (CRC) functions, you must run on a core that supports the A~
Arché64 PMULL extension. If your machine supports the PMULL extension, pmull is listed under the
"Features" list giveninthe /proc/cpuinfo file.

Also, to build the library you must have the following software already installed:

o Arecent version of a C/C++ compiler, such as GCC. The library has been tested with GCC 7.1.0, 8.2.0,
9.3.0,and 10.2.0.

e Arecent version of CMake (version 3.0.0, or higher).

o To build alocal HTML version of the documentation, you must also have Doxygen installed.

2.2 Build Arm RAN Acceleration Library

After you download the library source, you must build the library before you can use it in your application
development.

To build the library, use the following commands:

mkdir <build>

cd <build>

cmake [options] <path>
make
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Subst

itute <build> with a directory name to build the library in, <path> with the path to the root di-

rectory of the library source, and [options] with the CMake options to build the library using.

Common CMake options include:

2.3

—DCMAKE_INSTALL_PREFIX=<path>

Specifies the base directory used to install the library. The library archive is installed to
<path>/1lib and headers are installed to <path>/include.

Default <path>is /usr/local.

—DCMAKE_BUILD_TYPE=Debug\Release

Specifies the set of flags used to build the library. The default is Release which gives the optimal
performance, however Debug might give a superior debugging experience. To optimize the perfor-
mance of Release builds, assertions are disabled. Assertions are enabled in Debug builds.

Defaultis Release.

-DCMAKE_C_COMPILER=<name>

Specifies the executable to use as the C compiler. If a compiler is not specified, the compiler used de-
faults to the contents of the CC environment variable. If neither are set, CMake attempts to use the
generic system compiler cc. If <name> is not an absolute path, it must be findable in your current
environment PATH.

—DCMAKE_CXX_COMPILER=<name>

Specifies the executable to use as the C++ compiler. If a compiler is not specified, the compiler used
defaults to the contents of the CxX environment variable. If neither are set, CMake attempts to use
the generic system compiler c++. If <name>> is not an absolute path, it must be findable in your
current environment PATH.

-DBUILD_TESTING=On|Off

Specifies whether or not to build the correctness tests and benchmarking code for the library, this
enables the check and bench targets described later. If, after you build the library, you want to run
the included tests and benchmarks, you must build your library with with -DBUILD_TESTING=0n.

Defaultis Of £.

—-DARMRAL_ENABLE_WERROR=0On \ Off

Enable -werror when building the library and tests, which converts any compiler warnings into er-
rors. Disabled by default to aid compatibility with untested and future compiler releases.

Defaultis Of £.

—-DARMRAL_ENABLE_ASAN=On | Off

Enable AddressSanitizer when building the library and tests. AddressSanitizer adds additional run-
time checks to enable you to catch errors, such as reads or writes off the end of arrays. —-DARMRAL+«
_ENABLE_ASAN=On incurs some reduction in runtime performance.

Defaultis Of £.

Install Arm RAN Acceleration Library

If you have not already built the library, or if you want to rebuild the library to specify a custom install

locati

mkdi
cd <
cmak
make

on, navigate to the unpacked product directory and run CMake:

r <build>
build>
e [options] -DCMAKE_INSTALL_PREFIX=<install-dir> <path>

102249 2010_00_en Copyright © 2020 Arm Limited or its affiliates. All rights reserved. Non-Confidential
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Substitute:

e <build> with adirectory name to build the library in.
e [options] with the CMake options to build the library using.
e (Optional) <install-dir> with adirectory name to install the library in.
e <path> with the path to the root directory of the library source.
To install the library, run:

make install

For a default installation (without specifying -DCMAKE_ INSTALL_PREFIX), the library is installed to
/usr/local/lib/, and the headers to /usr/local/include/. For a custom installation make
installinstallsthelibraryto<install-dir>/1ib/andtheheadersto<install-dir>/include/.

An install creates an install manifest.txt file in the library build directory. install «
manifest.txt liststhe locations that the library and header files are installed to.

2.4 Uninstall Arm RAN Acceleration Library

To uninstall the library, navigate to the library build directory and run:

cat install manifest.txt | xargs rm

2.5 Runthelibrary tests
To run the included library tests, you must build the library with —-DBUILD_TESTING=0n. Once built, to
run the tests, use:

make check

The tests test all the available functions in the library (building them if necessary, for example if you have
not previously typed make). Testing times will vary from system to system, but typically only take a few
seconds.

2.6 Runthe benchmarks

All the functions in the library contain benchmarking code that contains preset problem sizes. To run the
benchmark tests, you must have built your library with the -DBUILD_TESTING=0n CMake option. Once
built, to run the benchmarks, use:

make bench

Benchmark results are printed as JSON objects, which can then be collected or piped into other scripts for
further processing.

2.7 Documentation

If you have Doxygen installed on your system, you can build an HTML version of the Arm RAN Acceleration
Library documentation using CMake.

To build the documentation, run:

make docs

The built HTML is output to docs/html/. To view the documentation, open the index.html filein a
browser.

102249 2010_00_en Copyright © 2020 Arm Limited or its affiliates. All rights reserved. Non-Confidential
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Chapter 3

Module Index

3.1 Modules

Here is alist of all modules:

Vector functions . . . . . . . e e 15
Vector MUltiply . . . . . o e e e 20
Vector Dot Product. . . . . . . . . e e 24

Matrixfunctions . . . . . . . . . e 16
Complex Matrix Multiplication . . . . . . . . ... . . e 29
Complex Matrix Inversion . . . . . . . . . e e e 41

Lower PHY supportfunctions . . . . . . ... . . . . . e 17
Sequence GeNErator . . . . . . . . e e e 42
Correlation Coefficient . . . . . . . .. e 46
FIRfter . . e e 47
Fast Fourier Transforms (FFT) . . . . . . o o o 0t e e e e e e e e e e 62

Upper PHY support functions . . . . . . . .. . . . . e 18
Modulation . . . . . e 44
CRC24 . . 56
PolarEncoding . . . . . . . . . . e 60

Du-RulF supportfunctions . . . . . . . . . . . . e e 19
Mu-Law Companding . . . . . . . . e e 50

Block Floating Point . . . . . . . . . . . . e 52
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Chapter 4

Data Structure Index

4.1 Data Structures

Here are the data structures with brief descriptions:

armral_cmplx_f32 t . . .. e 67
armral_emplx_int1é_t . . . . e 68
armral_compressed_data_12bit . . . . .. . .. e 68
armral_compressed_data_8bit . . . . ... ... e 69

armral_compressed_data_9bit . . . . ... e 70
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Chapter 5

File Index

5.1 FilelList

Here is a list of all files with brief descriptions:

armral.lh . e
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Chapter 6

Module Documentation

6.1 Vector functions

Modules

e \ector Multiply
e Vector Dot Product

6.1.1 Detailed Description

Functions are provided for working with arrays of 16-bit integers (Q15 format) and 32-bit floating-point
numbers. In particular:

e Vector elementwise multiplication (vector multiply)

e Vector dot product
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6.2 Matrix functions

Modules

e Complex Matrix Multiplication
e Complex Matrix Inversion

6.2.1 Detailed Description
Functions are provided for working with matrices, including:

e Matrix-matrix multiplication. Supports both 16-bit integer and 32-bit floating-point datatypes. In
addition, the solve routines support specifying a custom Q-format specifier for both input and out-
put matrices, instead of assuming that the input is in Q15 format.

e Matrix inversion. Supports the 32-bit floating-point datatype.

102249 2010_00_en Copyright © 2020 Arm Limited or its affiliates. All rights reserved. Non-Confidential
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17

6.3 Lower PHY support functions

Modules

Sequence Generator
Correlation Coefficient

FIR filter

Fast Fourier Transforms (FFT)

6.3.1 Detailed Description

The Lower PHY functions include support for:

A Gold sequence generator

A correlation coefficient of a pair of 16-bit integer arrays (in Q15 format).

decimation factors of both one and two.

FIR filters. Supports both 16-bit integer and 32-bit floating-point datatypes. Support is provided for

Fast Fourier Transforms (FFTs). Supports both 16-bit integer and 32-bit floating-point datatypes.

102249 2010_00_en Copyright © 2020 Arm Limited or its affiliates. All rights reserved.
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6.4 Upper PHY support functions

Modules

e Modulation
e CRC24
e Polar Encoding

6.4.1 Detailed Description
The Lower PHY functions include support for:

¢ Digital modulation and demodulation, using QPSK, 16QAM, 64QAM, or 256QAM.
e CRC24, both little-endian and big-endian, for the three 5G polynomials.

e Polar encoding and decoding.
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6.5 Du-Ru IF support functions

Modules

e Mu-Law Companding
e Block Floating Point

6.5.1 Detailed Description
The Du-Ru IF functions include support for:

e Mu-law companding (both compression and expansion).

e Block floating-point compression and decompression, in both 8-bit and 12-bit formats.
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6.6 Vector Multiply

Functions

e armral_status armral_cmplx_vecmul_i16 (int32_t n, const armral_cmplx_int16_t *a, const armral_cmplx_int16_t
xb, armral_cmplx_int16_t xc)
e armral_status armral_cmplx_vecmul_i16_2 (int32_t n, const int16_t xa_re, const int16_t xa_im, const
int16_t xb_re, constint16_t xb_im, int16_t xc_re, int16_t xc_im)
e armral_status armral_cmplx_vecmul_f32 (int32_t n, const armral_cmplx_f32_t xa, const armral_cmplx_f32_t
xb, armral_cmplx_f32_t xc)
e armral_status armral_cmplx_vecmul_f32_2 (int32_t n, const float *a_re, const float xa_im, const float
xb_re, const float xb_im, float xc_re, float xc_im)

6.6.1 Detailed Description

Multiplies a complex vector by another complex vector and generates a complex result. The complex ar-
rays have a total of 2xn real values.
The following algorithm is used:

for (n = 0; n < numSamples; n++) {
pDst [2n+0] = pSrcA[2n+0] % pSrcB[2nt0] - pSrcA[2ntl] % pSrcB[2n+l];
pDst[2n+1] = pSrcA[2n+0] * pSrcB[2n+l] + pSrcA[2n+1l] » pSrcB[2n+0];

6.6.2 Function Documentation

6.6.2.1 armral_cmplx_vecmul_f32()

armral_status armral_cmplx_vecmul_£32 (
int32_t n,
const armral_cmplx_f32_t * a,
const armral_cmplx_f32_t * b,

armral_cmplx_£f32_t * ¢ )

This algorithm performs the element-wise complex multiplication between two complex input sequences,
A and B, of the same length (N).

C[n] = A[n] * B[n], 0 <= n < N-1
where:

Re{C[n]} = Re{A[n]}*Re{B[n]} - Im{A[n]}*Im{B[n]}
Im{C[n]} = Re{A[n]}*Im{B[n]} + Im{A[n]}*Re{B[n]}

Both input and output arrays populate with 32-bit float elements, with interleaved real and imaginary
components:

{Re(0), Im(0), Re(l), Im(l), ..., Re(N - 1), Im(N - 1)}

Parameters

102249 2010_00_en Copyright © 2020 Arm Limited or its affiliates. All rights reserved. Non-Confidential



6.6 Vector Multiply 21
in n number of samples in each vector
in a points to the first input vector
in b points to the second input vector
out C points to the output vector
Returns

armral_status

6.6.2.2 armral_cmplx_vecmul_f32_2()

armral_status armral_cmplx_vecmul_ £32_2 (

int32_t n,

const float
const float
const float
const float
float * c_r

float * c_i

* a_re,
* a_im,
*x b_re,
* b_im,

ey

m )

This algorithm performs the element-wise complex multiplication between two complex [| and Q
separated] input sequences, 2 and B, of the same length (N).

C[n] = A[n] * B[n]l
where:

Re{C[n]} = Re{A[n]}~*
Im{C[n]} = Re{A[n]}x*

0 <= n < N-1

Re{B[n]} - Im{A[n]}+~Im{B[n]}
Im{B[n]} + Im{A[n]}*Re{B[n]}

Both input and output arrays populate with 32-bit float elements, with interleaved real and imaginary

components:
{Re(0), Re(l), ..., Re(N - 1)}; {Im(0), Im(1), ..., Im(N - 1)}

Parameters
in n number of samples in each vector
in a_re points to the real part of the first input vector
in a_im points to the imaginary part of the first input vector
in b_re points to the real part of the second input vector
in b_im points to the imaginary part of the second input vector
out cre points to the real part of the output result
out c_im points to the imaginary part of the output result
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Returns

armral_status

6.6.2.3 armral_cmplx_vecmul_i16()

armral_status armral_cmplx_vecmul_il6 (
int32_t n,
const armral_cmplx_intl6_t * a,
const armral_cmplx_intlé_t * b,

armral_cmplx_intl6_t * c )

This algorithm performs the element-wise complex multiplication between two complex input sequences,
A and B, of the same length, ().

The implementation uses saturating arithmetic, intermediate operations are computed on 32-bit variables
in Q31 format. To convert the final result back into Q15 format, the final result is right-shifted and nar-
rowed to 16 bits.

C[n] = A[n] * B[n], 0 <= n < N-1
where:
Re{C[n]} = Re{A[n]}*Re{B[n]} - Im{A[n]}*Im{B[n]}

Im{C[n]} Re{A[n]}*Im{B[n]} + Im{A[n]}*Re{B[n]}

Both input and output arrays populate with int16_t elements in Q15 format, with interleaved real and
imaginary components:

{Re(0), Im(0), Re(l), Im(l), ..., Re(N - 1), Im(N - 1)}
Parameters
in n number of samples in each vector
in a points to the first input vector
in b points to the second input vector
out C points to the output vector
Returns

armral_status

6.6.2.4 armral_cmplx_vecmul_i16_2()

armral_status armral_cmplx_vecmul_il6_2 (
int32_t n,
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const intlé6_t x a_re,
const intlé6_t * a_im,
const intlé6_t * b_re,
const intl6_t * b_im,
intl6_t % c_re,

intl6_t % c_im )
This algorithm performs the element-wise complex multiplication between two complex [I and Q
separated] input sequences, A and B, of the same length (N).

The implementation uses saturating arithmetic, intermediate operations are computed on 32-bit variables
in Q31 format. The final result is right-shifted and narrowed to 16 bits, to convert it back into Q15 format.

Cln] = A[n] * B[n], 0 <= n < N-1

where:

Re{C[n]} = Re{A[n]}*Re{B[n]} - Im{A[n]}*Im{B[n]}
Im{C[n]} = Re{A[n]}*Im{B[n]} + Im{A[n]}*Re{B[n]}

Both input and output arrays populate with int16_t elements in Q15 format, with interleaved real and
imaginary components:

{Re(0), Re(l), ..., Re(N - 1)}; {Im(0), Im(1l), ..., Im(N - 1)}

Parameters

in n number of samples in each vector

in are points to the real part of the first input vector

in a_im points to the imaginary part of the first input vector

in b_re points to the real part of the second input vector

in b_im points to the imaginary part of the second input vector

out cre points to the real part of the output result

out c_im points to the imaginary part of the output result
Returns

armral_status
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6.7

Vector Dot Product

Functions

armral_status armral_cmplx_vecdot_f32 (int32_t n, const armral_cmplx_f32_t xp_src_a, const
armral_cmplx_f32_t «p_src_b, armral_cmplx_f32_t «p_src_c)

armral_status armral_cmplx_vecdot_f32_2 (int32_t n, const float *p_src_a_re, const float xp_src_a_im,
const float xp_src_b_re, const float xp_src_b_im, float xp_src_c_re, float *p_src_c_im)

armral_status armral_cmplx_vecdot_i16 (int32_t n, const armral_cmplx_int16_t *p_src_a, const
armral_cmplx_int16_t «p_src_b, armral_cmplx_int16_t xp_src_c)

armral_status armral_cmplx_vecdot_i16_2 (int32_t n, const int16_t *p_src_a_re, const int16_t xp_«
src_a_im, const int16_t xp_src_b_re, const int16_t xp_src_b_im, int16_t xp_src_c_re, int16_t xp_src_«
c_im)

armral_status armral_cmplx_vecdot_i16_32bit (int32_t n, const armral_cmplx_int16_t xp_src_a, const
armral_cmplx_int16_t xp_src_b, armral_cmplx_int16_t xp_src_c)

armral_status armral_cmplx_vecdot_i16_2_32bit (int32_t n, const int16_t xp_src_a_re, const int16_t
xp_src_a_im, const int16_t xp_src_b_re, const int16_t xp_src_b_im, int16_t xp_src_c_re, int16_t xp_«
src_c_im)

6.7.1 Detailed Description

Computes the dot product of two complex vectors. The vectors are multiplied element-by-element and
then summed.

pSrcA points to the first complex input vector and pSrcB points to the second complex input vector. n
specifies the number of complex samples. The data in each array is stored as armral_cmplx_£f32_t
elements, with interleaved real and imaginary components:

(real, imag, real, imag, ...)

Each array has a total of n complex values.

The following algorithm is used:

real_result = 0;
imag_result = 0;
for (n = 0; n < numSamples; n++) {
real_result += p_src_a[2n+0]*p_src_b[2n+0] - p_src_al[2n+l]*p_src_b[2n+1];

imag_result += p_src_al[2n+0]*p_src_b[2n+l] + p_src_al[2n+l]xp_src_b[2n+0];

6.7.2 Function Documentation

6.7.2.1 armral_cmplx_vecdot_f32()

armral_status armral_cmplx_vecdot_£32 (

int32_t n,
const armral_cmplx_f32_t * p_src_a,
const armral_cmplx_f32_t * p_src_b,

armral_cmplx_f£f32_t % p_src_c )

This algorithm computes the dot product between a pair of arrays of complex values. The arrays are multi-
plied element-by-element and then summed. Array elements are assumed to be complex float32 and with
interleaved real and imaginary parts.

Parameters
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in n number of samples in each vector

in p_src_a points to the first complex input vector

in p_src_b points to the second complex input vector

out p_src_c points to the output complex vector
Returns

armral_status

6.7.2.2 armral_cmplx_vecdot_f32_2()

armral_status armral_cmplx_vecdot_£32_2 (

int32_

const
const
const
const
float
float

t n,

float
float
float
float

* p_s

*

*

*

*

rc

p_src_a_re,
p_src_a_im,
p_src_b_re,
p_src_b_im,

_c_re,

* p_src_c_im )

This algorithm computes the dot product between a pair of arrays of complex values. The arrays are multi-
plied element-by-element and then summed. Array elements are assumed to be 32-bit floats and separate
arrays are used for the real and imaginary parts of the input data.

Parameters

in n number of samples in each vector

in p_src_a_re points to the real part of the first input vector

in p_src_a_im points to the imaginary part of the first input vector

in p_src_b_re points to the real part of the second input vector

in p_src_b_im points to the imaginary part of the second input vector

out p_src_c_re points to the real part of the output result

out p_src_c_im points to the imaginary part of the output result
Returns

armral_status

6.7.2.3 armral_cmplx_vecdot_i16()

armral_status armral_cmplx_vecdot_il6 (
int32_t n,

const armral_cmplx_intl6_t * p_src_a,

const armral_cmplx_intl6_t * p_src_b,

armral_cmplx_intl6_t * p_src_c )
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This algorithm computes the dot product between a pair of arrays of complex values. The arrays are mul-
tiplied element-by-element and then summed. Array elements are assumed to be complex int16 in Q15
format and interleaved.

To avoid overflow issues input values are internally extended to 32-bit variables and all intermediate cal-
culations results are saved in 64-bit internal variables. To get the final result in Q15 and to avoid overflow,
the accumulator narrows to 16 bits with saturation.

Parameters
in p_src_a points to the first input vector
in p_src_b points to the second input vector
in n number of samples in each vector
out p_src_c points to the output complex result
Returns

armral_status

6.7.2.4 armral_cmplx_vecdot_i16_2()

armral_status armral_cmplx_vecdot_il6_2 (
int32_t n,
const intl6_t * p_src_a_re,
const intl6_t * p_src_a_im,
const intl6_t * p_src_b_re,
const intl6_t * p_src_b_im,
intl6_t * p_src_c_re,

intl6_t * p_src_c_im )

This algorithm computes the dot product between a pair of arrays of complex values. The arrays are mul-
tiplied element-by-element and then summed. Array elements are assumed to be int16in Q15 format and
separate arrays are used for real parts and imaginary parts of the input data.

To avoid overflow issues input values are internally extended to 32-bit variables and all intermediate cal-
culations results are saved in 64-bit internal variables. To get the final result in Q15 and to avoid overflow,
the accumulator narrows to 16 bits with saturation.

Parameters
in p_src_a_re points to the real part of first input vector
in p_src_a_im points to the imag part of first input vector
in p_src_b_re points to the real part of second input vector
in p_src_b_im points to the imag part of second input vector
in n number of samples in each vector
out p_src_c_re points to the real part of output complex result
out p_src_c_im points to the imag part of output complex result
Returns

armral_status
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6.7.2.5 armral_cmplx_vecdot_i16_2_32bit()

armral_status armral_cmplx_vecdot_il6_2_32bit (
int32_t n,

const
const
const

const

intl6_t
intlé6_t
intl6_t
intlo_t

*

*

*

*

intl6_t * p_src

p_src_a_re,
p_src_a_im,
p_src_b_re,
p_src_b_im,

_C_re,

intl6_t * p_src_c_im )

This algorithm computes the dot product between a pair of arrays of complex values. The arrays are mul-
tiplied element-by-element and then summed.

Array elements are assumed to be int16 in Q15 format and separate arrays are used for both the real parts
and imaginary parts of the input data.

All intermediate calculation results are saved in 32-bit internal variables, saturating the value to prevent
overflow. To get the final result in Q15 and to avoid overflow, the accumulator narrows to 16 bits with

saturation.

Parameters

102249_2010_00_en

Copyright © 2020 Arm Limited or its affiliates. All rights reserved. Non-Confidential



28 Module Documentation
in n number of samples in each vector
in p_src_a_re points to the real part of the first input vector
in p_src_a_im points to the imaginary part of the first input vector
in p_src_b_re points to the real part of the second input vector
in p_src_b_im points to the imaginary part of the second input vector
out p_src_c_re points to the real part of the output result
out p_src_c_im points to the imaginary part of the output result
Returns

armral_status

6.7.2.6 armral_cmplx_vecdot_i16_32bit()

armral_status armral_cmplx_vecdot_il6_32bit (
int32_t n,

const armral_cmplx_intlé_t * p_src_a,

const armral_cmplx_intlé_t * p_src_Db,

armral_cmplx_intl6_t * p_src_c )

This algorithm computes the dot product between a pair of arrays of complex values. The arrays are mul-
tiplied element-by-element and then summed. Array elements are assumed to be complex int16 in Q15

format and interleaved.

Allintermediate calculations results are saved in 32-bit internal variables, saturating the value to prevent

overflow. To get the final result in Q15 and to avoid overflow, the accumulator narrows to 16 bits with

saturation.
Parameters
in n number of samples in each vector
in p_src_a points to the first input vector
in p_src_b points to the second input vector
out p_src_c points to the output complex result
Returns

armral_status
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6.8 Complex Matrix Multiplication

Functions

e armral_status armral_cmplx_mat_mult_i16 (uint16_t m, uint16_tn,uint16_tk, constarmral_cmplx_int16_t
*p_src_a, const armral_cmplx_int16_t xp_src_b, armral_cmplx_int16_t xp_dst)

e armral_status armral_cmplx_mat_mult_i16_32bit (uint1lé6_t m, uintlé_t n, uintlé_t k, const
armral_cmplx_int16_t «p_src_a, const armral_cmplx_int16_t «p_src_b, armral_cmplx_int16_t *p_«
dst)

e armral_status armral_cmplx_mat_mult_f32 (uint16_t m,uint16_t n,uint16_t k, const armral_cmplx_f32_t
*p_src_a, const armral_cmplx_f32_t xp_src_b, armral_cmplx_f32_t xp_dst)

e armral_status armral_cmplx_mat_mult_2x2_f32 (const armral_cmplx_f32_t xp_src_a, const armral_cmplx_f32_t
xp_src_b, armral_cmplx_f32_t xp_dst)

e armral_status armral_cmplx_mat_mult_2x2_f32_iq (const float32_t xsrc_a_re, const float32_t xsrc_«

a_im, const float32_t xsrc_b_re, const float32_t xsrc_b_im, float32_t xdst_re, float32_t +dst_im)

e armral_status armral_cmplx_mat_mult_4x4 {32 (const armral_cmplx_f32_t xp_src_a, const armral_cmplx_f32_t
xp_src_b, armral_cmplx_f32_t xp_dst)

e armral_status armral_cmplx_mat_mult_4x4_f32_iq (const float32_t xsrc_a_re, const float32_t xsrc_«-

a_im, const float32_t xsrc_b_re, const float32_t xsrc_b_im, float32_t xdst_re, float32_t +dst_im)

e armral_status armral_solve_2x2 32 (uint32_t num_sub_carrier, uint32_t type, const armral_cmplx_int16_t
*p_y, uint32_t p_ystride, const armral_fixed_point_index xp_y_num_fract_bits, const float32_t xp_«

g real, const float32_t *p_g_imag, uint32_t p_gstride, armral_cmplx_int16_t xp_x, uint32_t p_xstride,
armral_fixed_point_index num_fract_bits_x)

e armral_status armral_solve_2x4 {32 (uint32_t num_sub_carrier, uint32_t type, const armral_cmplx_int16_t
xp_Y, uint32_t p_ystride, const armral_fixed_point_index xp_y_num_fract_bits, const float32_t xp_«-
g_real, const float32_t xp_g_imag, uint32_t p_gstride, armral_cmplx_int16_t xp_x, uint32_t p_xstride,
armral_fixed_point_index num_fract_bits_x)

e armral_status armral_solve_4x4 {32 (uint32_t num_sub_carrier, uint32_t type, const armral_cmplx_int16_t
*p_Y, uint32_t p_ystride, const armral_fixed_point_index xp_y_num_fract_bits, const float32_t xp_«
g_real, const float32_t xp_g_imag, uint32_t p_gstride, armral_cmplx_int16_t xp_x, uint32_t p_xstride,
armral_fixed_point_index num_fract_bits_x)

e armral_status armral_solve_1x4 32 (uint32_t num_sub_carrier, uint32_t type, const armral_cmplx_int16_t
*p_y, uint32_t p_ystride, const armral_fixed_point_index xp_y_num_fract_bits, const float32_t*p_g_«
real, const float32_t xp_g imag, uint32_t p_gstride, armral_cmplx_int16_t xp_x, armral_fixed_point_index
num_fract_bits_x)

e armral_status armral_solve_1x2_f32 (uint32_t num_sub_carrier, uint32_t type, const armral_cmplx_int16_t
*p_y, uint32_t p_ystride, const armral_fixed_point_index xp_y_num_fract_bits, const float32_t xp_g_«
real, const float32_t xp_g imag, uint32_t p_gstride, armral_cmplx_int16_t «p_x, armral_fixed_point_index
num_fract_bits_x)

6.8.1 Detailed Description

Computes a matrix-by-matrix multiplication, storing the result in a destination matrix.
The destination matrix is only written to and can be uninitialized.

To permit specifying different fixed-point formats for the input and output matrices, the solve routines
take an extra fixed-point type specifier.

6.8.2 Function Documentation
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6.8.2.1 armral_cmplx_mat_mult_2x2_f32()

armral_status armral_cmplx_mat_mult_2x2_£32 (
const armral_cmplx_f32_t * p_src_a,
const armral_cmplx_f32_t * p_src_b,

armral_cmplx_f32_t * p_dst )

This algorithm performs an optimized product of two square 2x2 matrices. This algorithm assumes that
matrix A (first matrix) is transposed before entering the armral_cmplx_mat_mult_2x2_f£32 function
and is then processed as a column major matrix.

Matrix B (second matrix) is considered to be row major. In LTE/5G, you can use the cmplx_mat_mult+«
_2x2_£32 function in the equalization step in the formula:

x_hat = G » y

Equalization matrix G corresponds to the first input matrix (matrix A) of the function.

It is assumed that matrix G is transposed during its computation so that it is presented column-major on
input.

The second input matrix (matrix B) is formed by four 4x1 vectors (y vectors in the preceding formula) so
that each row of B represents a 2x1 vector output from each antenna port, and each call to armral_«
cmplx_mat_mult_2x2_£32 computes four distinct x_hat estimates.

Parameters
in p_src_a points to the first input complex matrix structure
in p_src_b points to the second input complex matrix structure
out p_dst points to the output complex matrix structure
Returns

armral_status

6.8.2.2 armral_cmplx_mat_mult_2x2_f32_iq()

armral_status armral_cmplx_mat_mult_2x2_£32_iqg (
const float32_t % src_a_re,
const float32_t % src_a_im,
const float32_t % src_b_re,
const float32_t * src_b_im,
float32_t * dst_re,
float32_t * dst_im )

This algorithm performs an optimized product of two square 2x2 matrices whose complex elements have
already been separated into real component and imaginary component arrays.

This algorithm assumes that matrix A (first matrix) has been transposed before entering the armral_«
cmplx_mat_mult_2x2_f£32_iqgfunctionandisthen processed as a column major matrix.

Matrix B (second matrix) is considered to be row major. In LTE/5G, you can use the armral_cmplx_<«
mat_mult_2x2_f£32_iqgfunctioninthe equalization step in the formula:

x_hat = G » y
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Equalization matrix G corresponds to the first input matrix (matrix A) of the function. It is assumed that
matrix G is transposed during its computation so that it is presented column-major on input.

The second input matrix (matrix B) is formed by two 2x1 vectors (y vectors in the preceding formula) so
that each row of B represents a 2x1 vector output from each antenna port, and each call to armral_«
cmplx_mat_mult_2x2_f£32_igcomputestwo distinct x_hat estimates.

Parameters
in src_a_re points to the real part of the first input matrix
in src_a_im points to the imag part of the first input matrix
in src_b_re points to the real part of the second input matrix
in src_b_im points to the imag part of the second input matrix
out dst_re points to the real part of the output matrix
out dst_im points to the imag part of the output matrix
Returns

armral_status

6.8.2.3 armral_cmplx_mat_mult_4x4_f32()

armral_status armral_cmplx_mat_mult_4x4_£32 (
const armral_cmplx_f£f32_t * p_src_a,
const armral_cmplx_f£f32_t * p_src_b,

armral_cmplx_f£f32_t * p_dst )

This algorithm performs an optimized product of two square 4x4 matrices. This algorithm assumes that
matrix A (first matrix) has been transposed before entering the armral_cmplx_mat_mult_4x4_£32
function and is then processed as a column-wise matrix.

Matrix B (second matrix) is considered to be row major. In LTE/5G, you can use the cmplx_mat_mult«
_4x4_£32 function in the equalization step in the formula:

x_hat = G » y

Equalization matrix G corresponds to the first input matrix (matrix A) of the function.

It is assumed that matrix G is transposed during its computation so that it is presented column-major on
input.

The second input matrix (matrix B) is formed by four 4x1 vectors (y vectors in the preceding formula) so
that each row of B represents a 4x1 vector output from each antenna port, and each call to cmplx_mat+«
_mult_4x4_£32 computes four distinct x_hat estimates.

Parameters
in p_src_a points to the first input complex matrix structure
in p_src_b points to the second input complex matrix structure
out p_dst points to the output complex matrix structure
Returns

armral_status
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6.8.2.4 armral_cmplx_mat_mult_4x4 _f32_iq()

armral_status armral_cmplx_mat_mult_4x4_£32_iqg (
const float32_t % src_a_re,
const float32_t * src_a_im,
const float32_t % src_b_re,
const float32_t % src_b_im,
float32_t * dst_re,
float32_t * dst_im )

This algorithm performs an optimized product of two square 4x4 matrices whose complex elements have
already been separated into real and imaginary component arrays.

This algorithm assumes that matrix A (first matrix) is transposed before entering the armral_cmplx_+«
mat_mult_4x4_£32_iqgfunctionandisthen processed as a column major matrix.

Matrix B (second matrix) is considered to be row major. In LTE/5G, you can use the armral_cmplx_<«
mat_mult_4x4_f£32_iqgfunctioninthe equalization step in the formula:

x_hat = G x y

Equalization matrix G corresponds to the first input matrix (matrix A) of the function. It is assumed that
matrix G is transposed during its computation so that it is presented column-major on input.

The second input matrix (matrix B) is formed by four 4x1 vectors (y vectors in the preceding formula) so
that each row of B represents a 4x1 vector output from each antenna port, and each call to armral_«
cmplx_mat_mult_4x4_£32_1iqgcomputes four distinct x_hat estimates.

Parameters
in src_a_re points to the real part of the first input matrix
in src_a_im points to the imag part of the first input matrix
in src_b_re points to the real part of the second input matrix
in src_b_im points to the imag part of the second input matrix
out dst_re points to the real part of the output matrix
out dst_im points to the imag part of the output matrix
Returns

armral_status

6.8.2.5 armral_cmplx_mat_mult_f32()

armral_status armral_cmplx_mat_mult_£32 (
uintl6_t m,
uintlé_t n,
uintleé_t k,
const armral_cmplx_f£f32_t * p_src_a,
const armral_cmplx_f£f32_t * p_src_b,

armral_cmplx_f£f32_t * p_dst )
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This algorithm performs the multiplication A x B for square matrices of float values, and assumes that
matrices are saved in memory row major.

Parameters
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in p_src_a points to the first input complex matrix structure
in p_src_b points to the second input complex matrix structure
out p_dst points to the output complex matrix structure
in m number of rows matrix A
in n number of columns matrix A
out k number of rows matrix B

Returns

armral_status

6.8.2.6 armral_cmplx_mat_mult_i16()

armral_status armral_cmplx_mat_mult_i16 (
uintl6_t m,
uintlé_t n,
uintle_t k,
const armral_cmplx_intl6_t * p_src_a,
const armral_cmplx_intlé_t * p_src_b,

armral_cmplx_intl6_t * p_dst )

This algorithm performs the multiplication A x B for square matrices, and assumes that:

e Matrix elements are complex int16in Q15 format.

e Matrices are saved in memory row major.

A 64-bit Q32.31 accumulator is used internally. If you do not need such a large range, consider using
armral_cmplx_mat_mult_i16_32bit instead. To get the final result in Q15 and to avoid overflow, the ac-
cumulator narrows to 16 bits with saturation.

Parameters
in p_src_a points to the first input complex matrix structure
in p_src_b points to the second input complex matrix structure
out p_dst points to the output complex matrix structure
in m number of rows matrix A
in n number of columns matrix A
out k number of rows matrix B

Returns

armral_status
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6.8.2.7 armral_cmplx_mat_mult_i16_32bit()

armral_status armral_cmplx_mat_mult_il6_32bit (
uintl6_t m,
uintlé_t n,
uintleé_t k,
const armral_cmplx_intl6_t * p_src_a,
const armral_cmplx_intl6_t * p_src_b,

armral_cmplx_intl6_t * p_dst )

This algorithm performs the multiplication 2 x B for square matrices, and assumes that:

e Matrix elements are complex int16in Q15 format.

e Matrices are saved in memory row major.

A 32-bit Q0.31 saturating accumulator is used internally. If you need a larger range, consider using
armral_cmplx_mat_mult_i16 instead. To get a Q15 result, the final result is narrowed to 16 bits with satu-
ration to get a Q15 result.

Parameters
in p_src_a points to the first input complex matrix structure
in p_src_b points to the second input complex matrix structure
out p_dst points to the output complex matrix structure
in m number of rows matrix A
in n number of columns matrix A
out k number of rows matrix B

Returns

armral_status

6.8.2.8 armral_solve_1x2_f32()

armral_status armral_solve_1x2_£f32 (
uint32_t num_sub_carrier,
uint32_t type,
const armral_cmplx_intlé_t * p_y,
uint32_t p_ystride,
const armral_fixed_point_index * p_y_num_fract_bits,
const float32_t * p_g_real,
const float32_t * p_g_imag,
uint32_t p_gstride,
armral_cmplx_intl6_t * p_x,

armral_fixed_point_index num_fract_bits_x )

In LTE/5G, you can use the armral_solve_1x2_£32 function in the equalization step, as in the
formula:

x_hat = G » y
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where y is a vector for the received signal, size corresponds to the number of antennae and x_hat is the
estimate of the transmitted signal, size corresponds to the number of layers. G is the equalization complex
matrix and is assumed to be a 2x4 matrix. | and Q components of G elements are assumed to be stored
separated in memory.

Also, each coefficient of G (G11,612,G621,G22) is assumed to be stored separated in memory locations set
at pGstride one from the other.

The number of input signals is assumed to be a multiple of four.

When the type parameter is 1, the same G matrix is used for the equalization of four consecutive antenna
inputs.

When the type parameter is 2, the same G matrix is used for the equalization of six consecutive antenna
inputs.

Parameters
in num_sub_carrier number of sub-carrier to equalize
in type type 1 or type 2
in p_y points to the input received signal
in p_ystride stride between two Rx antennae
in p_y_num_fract_bits number of fractional bits in y conversion
in p_g_real points to the real part of coefficient matrix G
in p_g imag points to the imag part coefficient matrix G
in p_gstride stride between elements of G
out p_Xx points to the output received signal
in num_fract_bits_x number of fractional bits in x
Returns

armral_status

6.8.2.9 armral_solve_1x4 f32()

armral_status armral_solve_1x4_f32 (
uint32_t num_sub_carrier,
uint32_t type,
const armral_cmplx_intl6_t * p_y,
uint32_t p_ystride,
const armral_fixed_point_index * p_y_num_fract_bits,
const float32_t * p_g_real,
const float32_t * p_g_imag,
uint32_t p_gstride,
armral_cmplx_intl6_t * p_x,

armral_fixed_point_index num_fract_bits_x )

In LTE/5G, you can use the armral_solve_1x4_£32 function in the equalization step, as in the
formula:

x_hat = G » y

102249 2010_00_en Copyright © 2020 Arm Limited or its affiliates. All rights reserved. Non-Confidential



6.8 Complex Matrix Multiplication 37

where y is a vector for the received signal, size corresponds to the number of antennae and x_hat is the
estimate of the transmitted signal, size corresponds to the number of layers.

G is the equalization complex matrix and is assumed to be a 2x4 matrix. | and Q components of G elements
are assumed to be stored separated in memory.

Also, each coefficient of G (G11,612,G621,G22) is assumed to be stored separated in memory locations set
at pGstride one from the other.

The number of input signals is assumed to be a multiple of four.

When the type parameter is 1, the same G matrix is used for the equalization of four consecutive antenna
inputs.

When the type parameter is 2, the same G matrix is used for the equalization of six consecutive antenna
inputs.

Parameters
in num_sub_carrier number of sub-carrier to equalize
in type type 1 or type 2
in p_y points to the input received signal
in p_ystride stride between two Rx antennae
in p_y_num_fract_bits number of fractional bits in y conversion
in p_g_real points to the real part of coefficient matrix G
in p_g imag points to the imag part coefficient matrix G
in p_gstride stride between elements of G
out p_Xx points to the output received signal
in num_fract_bits_x number of fractional bits in x
Returns

armral_status

6.8.2.10 armral_solve_2x2 f32()

armral_status armral_solve_2x2_f32 (
uint32_t num_sub_carrier,
uint32_t type,
const armral_cmplx_intl6_t * p_y,
uint32_t p_ystride,
const armral_fixed_point_index * p_y_num_fract_bits,
const float32_t * p_g_real,
const float32_t * p_g_imag,
uint32_t p_gstride,
armral_cmplx_intlé_t * p_x,
uint32_t p_xstride,

armral_fixed_point_index num_fract_bits_x )

In LTE/5G, you can use the armral_solve_2x2_£32 function in the equalization step, as in the
formula:

x_hat = G » y
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where y is a vector for the received signal, size corresponds to the number of antennae and x_hat is the
estimate of the transmitted signal, size corresponds to the number of layers. G is the equalization complex
matrix and is assumed to be a 2x2 matrix. | and Q components of G elements are assumed to be stored
separated in memory.

Also, each coefficient of G (G11,G12,G21,G22) is assumed to be stored separated in memory locations set

at pGstride one from the other.
The number of input signals is assumed to be a multiple of four.
When the type parameter is 1, the same G matrix is used for the equalization of four consecutive antenna

inputs.
When the type parameter is 2, the same G matrix is used for the equalization of six consecutive antenna
inputs.
Parameters
in num_sub_carrier number of sub-carriers to equalize
in type type 1 or type 2
in p_y points to the input received signal
in p_ystride stride between two Rx antennae
in p_y_num_fract_bits number of fractional bitsin y
in p_g_real points to the real part of coefficient matrix G
in p_g imag points to the imag part coefficient matrix G
in p_gstride stride between elements of G
out p_Xx points to the output received signal
in p_xstride stride between two layers
in num_fract_bits_x number of fractional bits in x
Returns

armral_status

6.8.2.11 armral_solve 2x4 £32()

armral_status armral_solve_2x4_f32

(

uint32_t num_sub_carrier,

uint32_t type,

const armral_cmplx_intlé_t * p_y,

uint32_t p_ystride,

const armral_fixed_point_index * p_y_num_fract_bits,

const float32_t * p_g_real,

const float32_t * p_g_imag,

uint32_t p_gstride,

armral_cmplx_intl6_t * p_x,

uint32_t p_xstride,

armral_fixed_point_index num_fract_bits_x )

In LTE/5G, you can use the armral_solve_2x4_£32 function in the equalization step, as in the

formula:

x_hat = G » y
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where y is a vector for the received signal, size corresponds to the number of antennae and x_hat is the
estimate of the transmitted signal, size corresponds to the number of layers.

G is the equalization complex matrix and is assumed to be a 2x4 matrix. | and Q components of G elements
are assumed to be stored separated in memory.

Also, each coefficient of G (G11,612,G621,G22) is assumed to be stored separated in memory locations set
at pGstride one from the other.

The number of input signals is assumed to be a multiple of four.

When the type parameter is 1, the same G matrix is used for the equalization of four consecutive antenna
inputs.

When the type parameter is 2, the same G matrix is used for the equalization of six consecutive antenna
inputs.

Parameters
in num_sub_carrier number of sub-carrier to equalize
in type type 1 or type 2
in p_y points to the input received signal
in p_ystride stride between two Rx antennae
in p_y_num_fract_bits number of fractional bitsin y
in p_g_real points to the real part of coefficient matrix G
in p_g imag points to the imag part coefficient matrix G
in p_gstride stride between elements of G
out p_Xx points to the output received signal
in p_xstride stride between two layers
in num_frac_bits_x number of fractional bits in x
Returns

armral_status

6.8.2.12 armral_solve 4x4 £32()

armral_status armral_solve_4x4_f32 (
uint32_t num_sub_carrier,
uint32_t type,
const armral_cmplx_intlé_t * p_y,
uint32_t p_ystride,
const armral_fixed_point_index * p_y_num_fract_bits,
const float32_t * p_g_real,
const float32_t * p_g_imag,
uint32_t p_gstride,
armral_cmplx_intl6_t * p_x,
uint32_t p_xstride,

armral_fixed_point_index num_fract_bits_x )

In LTE/5G, you can use the armral_solve_4x4_£32 function in the equalization step, as in the
formula:

x_hat = G » y
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where y is a vector for the received signal, size corresponds to the number of antennae and x_hat is the
estimate of the transmitted signal, size corresponds to the number of layers.

G is the equalization complex matrix and is assumed to be a 2x4 matrix. | and Q components of G elements
are assumed to be stored separated in memory.

Also, each coefficient of G (G11,612,G621,G22) is assumed to be stored separated in memory locations set
at pGstride one from the other.

The number of input signals is assumed to be a multiple of four.

When the type parameter is type 1, the same G matrix is used for the equalization of four consecutive
antenna inputs.

When the type parameter is 2, the same G matrix is used for the equalization of six consecutive antenna
inputs.

Parameters
in num_sub_carrier number of sub-carrier to equalize
in type type 1 or type 2
in p_y points to the input received signal
in p_ystride stride between two Rx antennae
in p_y_num_fract_bits number of fractional bitsin y
in p_g_real points to the real part of coefficient matrix G
in p_g imag points to the imag part coefficient matrix G
in p_gstride stride between elements of G
out p_Xx points to the output received signal
in p_xstride stride between two layers
in num_frac_bits_x number of fractional bits in x
Returns

armral_status
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6.9 Complex Matrix Inversion

Functions

e armral_status armral_cmplx_hermitian_mat_inverse_f32 (uint1lé_t size, uintlé_t par, const

armral_cmplx_f32_t xp_src, armral_cmplx_f32_t «p_dst)

6.9.1 Detailed Description

Computes the inverse of a complex hermitian squared matrix of size NxN.

6.9.2 Function Documentation

6.9.2.1 armral_cmplx_hermitian_mat_inverse_f32()

armral_status armral_cmplx_hermitian _mat_inverse_£32 (
uintlé6_t size,
uintlé6_t par,
const armral_cmplx_f£f32_t * p_src,

armral_cmplx_f£f32_t * p_dst )

This algorithm computes the inverse of a complex hermitian squared matrix of size NxN.
The supported dimensions are 2x2, 4x4, 8x8, and 16x16.

The input matrix, which is filled in row major order, is made of complex float32_t elementsin aninterleaved

form:

{Re(0), Im(0), Re(l), Im(l), ..., Re(N - 1), Im(N - 1)}

The output matrix follow the same assumptions of the input matrix.

This kernel enables the inversion of more than one matrix in parallel.
For parallel inversion, two options are supported: 2x[2x2] and 4x[4x4].

Parameters
in size size of the input matrix
in par 0: Process a single matrix 1: Process multiple matrices in paral-
lel
in p_src points to input matrix structure
out p_dst points to the output matrix structure
Returns

armral_status
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6.10 Sequence Generator

Functions

e armral_status armral_seq_generator (uint16_t sequence_len, uint32_t seed, uint8_t xp_dst)

6.10.1 Detailed Description

Fills a pointer with a gold sequence of the specified length, generated from the specified seed.

6.10.2 Function Documentation

6.10.2.1 armral_seq_generator()

armral_status armral_seqg generator (
uintl6_t sequence_len,
uint32_t seed,
uint8_t * p_dst )

This algorithm generates a pseudo-random sequence (Gold Sequence) that is used in 4G and 5G networks
to scramble data of a specific channel or to generate a specific sequence (for example for Downlink Refer-
ence Signal generation).

The sequence generator is the the same generator that is described in 3GPP 36.211, Chapter 7.2. The
generator uses two polynomials, x1 and %2, defined as:

x1 (n+31) x1 (n+3)+x1(n) mod 2
x2 (n+31) = x2 (n+3)+x2 (n+2)+x2 (n+1l)x2 (n) mod 2

to generate the output sequence:

c(n) = x1(n+Nc) + x2 (n+Nc) mod 2

where Nc is a constant with a value of 1600. The initialization for x1 and x2 satisfies the condition that:

x1(0) 1, x1(1)=0, i=1,2...30
cinit = Sum(x2(i)*2”n, n=0..30)

The cinit parameter is provided as an input parameter for the algorithm, which is used to derive x2. The
algorithm generates x1 and x2, and skips the first 1600 bits.

Parameters
in sequence_len length of the sequence in bits (cinit)
in seed random sequence starting point
in p_dst points to the output bits
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Returns

armral_status
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6.11 Modulation

Functions

e armral_status armral_modulation (uint32_t nbits, armral_modulation_type mod_type, const int8_«-
t*p_src, armral_cmplx_int16_t «p_dst)

e armral_status armral_demodulation (uint32_t n_symbols, int1lé_t amp, uintlé_t noise_power,
armral_modulation_type mod_type, const armral_cmplx_int16_t «p_src, int8_t xp_dst)

6.11.1 Detailed Description

Performs modulation and demodulation of digital signals. Modulation takes a bitstream and outputs a
series of Q2.13 fixed-point complex symbols, with demodulation doing the reverse. The functions take as
parameter the modulation type being used, namely either QPSK or QAM, see armral_modulation_type.

The number of complex samples needed for a given bitstream (and therefore the size of the memory buffer
passed) depends on the modulation type being used: QPSK, 16QAM, 64QAM, and 256QAM correspond
to two, four, six, and eight bits per symbol, respectively (log base-2 of the constellation size).

6.11.2 Function Documentation

6.11.2.1 armral_demodulation()

armral_status armral_demodulation (
uint32_t n_symbols,
intl6_t amp,
uintl6_t noise_power,
armral_modulation_type mod_type,
const armral_cmplx_intl6_t * p_src,
int8_t % p_dst )

This algorithm implements the soft-demodulation (or soft bit demapping) for QPSK, 16 QAM, 64QAM, and
256QAM constellations.

The input sequence is assumed to be made of complex symbols rx = rx_re + j*rx_im, whose com-
ponents | and Q are 16 bits each (format Q2.13) and in an interleaved form:

{Re(0), Im(0), Re(l), Im(l), ..., Re(N - 1), Im(N - 1)}

The output of the soft-demodulation algorithm is a sequence of Log-Likelihood-Ratio (LLR) int8_t values,
which indicate the confidence of the demapping decision, component by component, instead of taking a
hard decision and giving the bit value itself.

The LLRs calculations are made approximately with thresholds method, to have similar performance of the
raw calculation, but with a lower complexity.
All the constellations mapping follow the 3GPP TS 38.211V15.2.0, Chapter 5.1 Modulation mapper.

Parameters
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in amp input signal average amplitude
in pwr noise power
in modType modulation type
in pSrc points to input complex source (format Q2.13)
out pDst points to the output byte seq
Returns

armral_status

6.11.2.2 armral_modulation()

armral_status armral_modulation (
uint32_t nbits,
armral_modulation_type mod_type,
const int8_t * p_src,

armral_cmplx_intl6_t * p_dst )
Performs modulation of a bitstream, outputs a series of Q2.13 fixed-point complex symbols.

The expected size of p_dst depends on the modulation type being used: QPSK, 16QAM, 64QAM, and
256QAM consume two, four, six, and eight bits per symbol, respectively.

Parameters

in nbits Number of input modulated bits

in mod_type The type of modulation to perform

in p_src Points to input bit flow

out p_dst Points to output complex symbols (format Q2.13)
Returns

armral_status
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6.12 Correlation Coefficient

Functions

e armral_status armral_corr_coeff_i16 (int32_t n, const armral_cmplx_int16_t *p_src_a, const

armral_cmplx_int16_t xp_src_b, armral_cmplx_int16_t *c)

6.12.1 Detailed Description

Calculates Pearson's Correlation Coefficient from a pair of complex vectors.

6.12.2 Function Documentation

6.12.2.1 armral_corr_coeff_i16()

armral_status armral_corr_coeff il6 (
int32_t n,
const armral_cmplx_intl6_t * p_src_a,
const armral_cmplx_intl6_t * p_src_b,

armral_cmplx_intl6_t * c )

Calculates Pearson's Correlation Coefficient from a pair of vectors of complex numbers in Q15 format
with real component and imaginary component interleaved, with the result stored to a pointer to a single

complex number.

Pearson's correlation coefficient is calculated using:

SUM (x*conj(y)) — nxavg(x)*avg(y)
rRry = - ----——-+"1"7-=------->---"--"""----">--""-"""""""-"-"-"———
SORT (SUM (x*conj(x)) - n*avg(x)*conj(avg(x)))
* SQRT (SUM(y+*conj(y)) — nxavg(y)*conj(avg(y)))
Parameters
in n number of complex samples in each vector
in p_src_a points to the first input vector
in p_src_b points to the second input vector
out C points to result
Returns

armral_status
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6.13 FIRfilter

Functions

e armral_status armral_fir_filter_cf32 (uint32_t size, uint32_t taps, const armral_cmplx_f32_t xinput,
const armral_cmplx_f32_t xcoeffs, armral_cmplx_f32_t xoutput)

e armral_status armral_fir_filter_cf32_decimate_2 (uint32_t size, uint32_t taps, const armral_cmplx_f32_t
xinput, const armral_cmplx_f32_t xcoeffs, armral_cmplx_f32_t xoutput)

e armral_status armral_fir_filter_cs16 (uint32_t size, uint32_t taps, const armral_cmplx_int16_t xinput,
const armral_cmplx_int16_t xcoeffs, armral_cmplx_int16_t xoutput)

e armral_status armral_fir_filter_cs16_decimate_2 (uint32_t size, uint32_t taps, const armral_cmplx_int16_t
xinput, const armral_cmplx_int16_t xcoeffs, armral_cmplx_int16_t xoutput)

6.13.1 Detailed Description

FIR filter implemented for single-precision floating-point and 16-bit signed integers.

For example, given an input array x, an output array y, and a set of coefficients b, the following is
calculated:

y[n] = box[n] + bix[n — 1]+ ... + bya[n — N|] = Z biz[n — i

The FIR coefficients are assumed to be reversed in memory, such that b_N above is the first coefficient in
memory rather than the last.

6.13.2 Function Documentation

6.13.2.1 armral_fir_filter_cf32()

armral_status armral_fir_ filter_cf32 (
uint32_t size,
uint32_t taps,
const armral_cmplx_f£f32_t * input,
const armral_cmplx_f32_t * coeffs,

armral_cmplx_f£f32_t * output )
Computes a complex floating-point single-precision FIR filter.

The size of the input data must be a multiple of four, and both the input array and the coefficients array are
padded with zeros.

Parameters
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in size number of complex samples in input
in taps number of taps of the FIR filter
in input points to the input samples buffer
in coeffs points to the coefficients array
out output points to the output array
Returns

armral_status

6.13.2.2 armral_fir_filter_cf32_decimate_2()

armral_status armral_fir_filter_cf32_decimate_2 (

uint32_t size,

uint32_t taps,

const armral_cmplx_£32_t * input,

const armral_cmplx_f32_t * coeffs,

armral_cmplx_f£f32_t * output )

Computes a complex floating-point single-precision FIR filter with a decimation factor of two.

The size of the input data must be a multiple of four, and both the input array and the coefficients array are
padded with zeros.

Parameters
in size number of complex samples in input
in taps number of taps of the FIR filter
in input points to the input samples buffer
in coeffs points to the coefficients array
out output points to the output array

Returns

armral_status

6.13.2.3 armral_fir_filter_cs16()

armral_status armral_fir_filter_csl6 (

uint32_t size,

uint32_t taps,

const armral_cmplx_intlé_t * input,

const armral_cmplx_intl6_t *x coeffs,

armral_cmplx_intl6_t * output )

Computes a complex signed 16-bit integer FIR filter.

Parameters
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in size number of complex samples in input
in taps number of taps of the FIR filter
in input points to the input samples buffer
in coeffs points to the coefficients array
out output points to the output array
Returns

armral_status

6.13.2.4 armral_fir_filter_cs16_decimate_2()

armral_status armral_fir_filter_csl6_decimate_2 (
uint32_t size,
uint32_t taps,
const armral_cmplx_intlé_t * input,
const armral_cmplx_intl6_t * coeffs,

armral_cmplx_intl6_t * output )

Computes a complex signed 16-bit integer FIR filter with a decimation factor of two.

Parameters
in size number of complex samples in input
in taps number of taps of the FIR filter
in input points to the input samples buffer
in coeffs points to the coefficients array
out output points to the output array

Returns

armral_status
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6.14 Mu-Law Companding

Functions

e armral_status armral_mu_law_compression (constint16_t xp_rb_in, int8_t xp_out, int8_t xcomp_shift)
e armral_status armral_mu_law_expansion (const int8_t xp_comp_rb_in, int8_t comp_shift, int16_t xp«
_expanded_out)

6.14.1 Detailed Description

The Mu-law companding algorithm enables the compression of UP data over the fronthaul interface.

6.14.2 Function Documentation

6.14.2.1 armral_mu_law_compression()

armral_status armral_mu_law_compression (
const intl6_t * p_rb_in,
int8_t * p_out,
int8_t * comp_shift )

The Mu-law compression method combines a bit shift operation for dynamic range with a nonlinear piece
wise approximation of the original logarithmic Mu-law. The algorithm uses Mu=8 for implementation effi-
ciency. The Mu-law compression works on a fixed block size of one Resource Block (RB). Each block con-
sists of 12 16-bit complex resource elements. Each block taken as input is compressed into 12 complex
output samples, each 8 bits wide, and a shift value.

Parameters
in p_rb_in points to the input Resource Block, 12 complex resource ele-
ments, therefore 24 interleaved values.
out p_out points to the output compressed RB, 12 complex resource ele-
ments with fixed word length of 8-bit, including sign, exponent,
and mantissa.
out comp_shift the shift applied to the entire PRB.
Returns

armral_status

6.14.2.2 armral_mu_law_expansion()

armral_status armral_mu_law_expansion (

const int8_t * p_comp_rb_in,
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int8_t comp_shift,
intl6_t * p_expanded_out )

The Mu-law expansion method is a logical reverse function of the compression method. The MU-law ex-
pansion works on a fixed block size of one Resource Block (RB). Each block consists of 12 8-bit complex
resource elements. Each block taken as input is expanded into 12 complex output samples, each 16 bits
wide, and a shift value.

Parameters
in p_comp_rb_in points to the input compressed Resource Block (8 bits), 12 com-
plex resource elements, therefore 24 interleaved values.
in comp_shift the shift applied to the entire PRB in compression.
out p_expanded_out points to the output expanded RB, 12 complex resource ele-
ments with fixed word length of 16 bits.
Returns

armral_status
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6.15 Block Floating Point

Functions

e armral_status armral_block_float_compr_8bit (uint32_t n_prb, const armral_cmplx_int16_t xsrc,
armral_compressed_data_8bit xdst)
Block floating-point compression to 8-bit.
e armral_status armral_block_float_compr_9bit (uint32_t n_prb, const armral_cmplx_int16_t xsrc,
armral_compressed_data_9bit xdst)
Block floating point compression to 9-bit.
e armral_status armral_block_float_compr_12bit (uint32_t n_prb, const armral_cmplx_int16_t xsrc,
armral_compressed_data_12bit xdst)
Block floating point compression to 12-bit.
e armral_status armral_block_float_decompr_8bit (uint32_t n_prb, const armral_compressed_data_8bit
xsrc, armral_cmplx_int16_t xdst)
Block floating-point decompression from 8 bit.
e armral_status armral_block_float_decompr_9bit (uint32_t n_prb, const armral_compressed_data_9bit
xsrc, armral_cmplx_int16_t xdst)
Block floating point decompression from 9 bit.
e armral_status armral_block_float_decompr_12bit (uint32_t n_prb, const armral_compressed_data_12bit
xsrc, armral_cmplx_int16_t xdst)

Block floating point decompression from 12 bit.

6.15.1 Detailed Description

Implements algorithms for data compression/decompression through block floating-point representation
of complex samples.

6.15.2 Function Documentation

6.15.2.1 armral_block_float_compr_12bit()

armral_status armral_block_float_compr_12bit (
uint32_t n_prb,
const armral_cmplx_intl6_t * src,

armral_compressed_data_12bit * dst )

The algorithm operates on a fixed block size of one Resource Block (RB). Each block consists of 12 16-
bit complex resource elements. Each block taken as input is compressed into 24 12-bit samples and one
unsigned exponent.

Parameters
in n_prb number of input resource blocks
in src points to the input complex samples sequence
out dst point to the output 12-bit data and exponent
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Returns

armral_status

6.15.2.2 armral_block_float_compr_8bit()

armral_status armral_block_float_compr_8bit (
uint32_t n_prb,
const armral_cmplx_intl6_t * src,

armral_compressed_data_8bit * dst )

The algorithm operates on a fixed block size of one Resource Block (RB). Each block consists of 12 16-
bit complex resource elements. Each block taken as input is compressed into 24 9-bit samples and one
unsigned exponent.

Parameters
in n_prb number of input resource blocks
in src points to the input complex samples sequence
out dst point to the output 8-bit data and exponent
Returns

armral_status

6.15.2.3 armral_block_float_compr_9bit()

armral_status armral_block_float_compr_9bit (
uint32_t n_prb,
const armral_cmplx_intlé_t * src,

armral_compressed_data_9bit * dst )

The algorithm operates on a fixed block size of one Resource Block (RB). Each block consists of 12 16-
bit complex resource elements. Each block taken as input is compressed into 24 9-bit samples and one
unsigned exponent.

Parameters
in n_prb number of input resource blocks
in src points to the input complex samples sequence
out dst point to the output 12 bit block

Returns

armral_status
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6.15.2.4 armral_block_float_decompr_12bit()

armral_status armral_block_float_decompr_12bit (
uint32_t n_prb,
const armral_compressed_data_12bit * src,

armral_cmplx_intl6_t * dst )

The algorithm operates on a fixed block size of one Resource Block (RB). Each block consists of 12 12-
bit complex resource elements and an unsigned exponent. Each block taken as input is expanded into 12
16-bit complex samples.

Parameters
in n_prb number of input resource blocks
in src points to the input compressed block sequence
out dst point to the complex output sequence

Returns

armral_status

6.15.2.5 armral_block_float_decompr_8bit()

armral_status armral_block_float_decompr_8bit (
uint32_t n_prb,
const armral_compressed_data_8bit * src,

armral_cmplx_intl6_t * dst )

The algorithm operates on a fixed block size of one Resource Block (RB). Each block consists of 12 8-bit
complex resource elements and an unsigned exponent. Each block taken as input is expanded into 12 16-
bit complex samples.

Parameters
in n_prb number of input resource blocks
in src points to the input compressed block sequence
out dst point to the complex output sequence

Returns

armral_status

6.15.2.6 armral_block_float_decompr_9bit()

armral_status armral_block_float_decompr_9bit (
uint32_t n_prb,

102249 2010_00_en Copyright © 2020 Arm Limited or its affiliates. All rights reserved. Non-Confidential



6.15 Block Floating Point 55

const armral_compressed_data_9bit * src,

armral_cmplx_intl6_t * dst )

The algorithm operates on a fixed block size of one Resource Block (RB). Each block consists of 12 9-bit
complex resource elements and an unsigned exponent. Each block taken as input is expanded into 12 16-
bit complex samples.

Parameters
in n_prb number of input resource blocks
in src points to the input compressed block sequence
out dst point to the complex output sequence

Returns

armral_status
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6.16 CRC24

Functions

e armral_status armral_crc24_a_le (uint32_t size, const uint64_t xinput, uinté64_t xcrc24)
e armral_status armral_crc24_a_be (uint32_t size, const uinté64_t xinput, uint64_t xcrc24)
e armral_status armral_crc24_b_le (uint32_t size, const uinté4_t xinput, uinté64_t xcrc24)
e armral_status armral_crc24_b_be (uint32_t size, const uinté64_t xinput, uinté4_t xcrc24)
e armral_status armral_crc24_c_le (uint32_t size, const uinté4_t xinput, uinté64_t xcrc24)
e armral_status armral_crc24_c_be (uint32_t size, const uinté64_t «input, uinté4_t xcrc24)

6.16.1 Detailed Description

Computes a 24-bit Cyclic Redundancy Check (CRC) of an input buffer using carry-less multiplication and
Barret reduction.

CRC24A polynomial = x"24 + x723 + x718 + x"17 + x714 + x*11 + x"~10 + x"7 +
X6 + x5 + x4 + x*3 + x*1 + x70

CRC24B polynomial = x"24 + x723 + x"6 + x"5 + x*1 + x"0

CRC24C polynomial = x"24 + x"23 + x"21 + x720 + x*17 + x*15 + x713 + x"12 +
x"8 + x™ + x"2 + x*1 + x70

The input buffer is assumed to be padded to at least 8 bytes. If the input size is at least 8 bytes, then a

padding to 16 bytes (128 bits) is assumed.

Both little-endian and big-endian orderings are provided, using the 1e and be suffixes, respectively.

6.16.2 Function Documentation

6.16.2.1 armral_crc24_a_be()

armral_status armral_crc24_a_be (
uint32_t size,
const uint64_t *x input,
uint64_t * crc24 )

Computes the CRC24 of an input buffer using the CRC242 polynomial. Blocks of 64 bits are interpreted
using big-endian ordering.

Parameters
in size number of bytes of the given buffer
in input points to the input byte sequence
out crc24 the computed CRC on 24 bit
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Returns

armral_status

6.16.2.2 armral_crc24_a_le()

armral_status armral_crc24_a_le (
uint32_t size,
const uint64_t * input,
uint64_t % crc24 )

Computes the CRC24 of an input buffer using the CRC242 polynomial. Blocks of 64 bits are interpreted
using little-endian ordering.

Parameters
in size number of bytes of the given buffer
in input points to the input byte sequence
out crc24 the computed CRC on 24 bits
Returns

armral_status

6.16.2.3 armral_crc24_b_be()

armral_status armral_crc24_b_be (
uint32_t size,
const uint64_t * input,
uint64_t % crc24 )

Computes the CRC24 of an input buffer using the CRC24B polynomial. Blocks of 64 bits are interpreted
using big-endian ordering.

Parameters
in size number of bytes of the given buffer
in input points to the input byte sequence
out crc24 the computed CRC on 24 bit
Returns

armral_status
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6.16.2.4 armral_crc24 _b_le()

armral_status armral_crc24_b_le (
uint32_t size,
const uint64_t * input,
uint64d_t * crc24 )

Computes the CRC24 of an input buffer using the CRC24B polynomial. Blocks of 64 bits are interpreted
using little-endian ordering.

Parameters
in size number of bytes of the given buffer
in input points to the input byte sequence
out crc24 the computed CRC on 24 bit
Returns

armral_status

6.16.2.5 armral_crc24 _c_be()

armral_status armral_crc24_c_be (
uint32_t size,
const uint64_t * input,
uint64_t x crc24 )

Computes the CRC24 of an input buffer using the CRC24C polynomial. Blocks of 64 bits are interpreted
using big-endian ordering.

Parameters
in size number of bytes of the given buffer
in input points to the input byte sequence
out crc24 the computed CRC on 24 bit
Returns

armral_status

6.16.2.6 armral_crc24 c_le()

armral_status armral_crc24_c_le (
uint32_t size,
const uint64_t * input,
uint64_t * crc24 )
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Computes the CRC24 of an input buffer using the CRc24¢ polynomial. Blocks of 64 bits are interpreted
using little-endian ordering.

Parameters
in size number of bytes of the given buffer
in input points to the input byte sequence
out crc24 the computed CRC on 24 bit
Returns

armral_status
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6.17 Polar Encoding

Functions

e armral_status armral_polar_encoder (uint16_t n, const uint32_t xp_u_seq_in, uint32_t xp_d_seq_out)
e armral_status armral_polar_decoder (uint1é_t n, uint1é_t k, const int8_t xp_lIr_in, uint32_t xp_u_«-
seqg_out)

6.17.1 Detailed Description

Polar codes are used to encode the Uplink Control Information (UCI) over the PUCCH and PUSCH, and
the Downlink Control Information (DCI) over the PDCCH, in downlink. By construction, polar codes only
allow code lengths that are powers of two (N = 2" n). The number of input information bits, K, can take any
arbitrary value up to the maximum value of N (K <= N). In particular, 5G NR restricts the usage of polar
codes length from N = 32 bits to N = 1024 bits. For N < 32, other types of channel coding are performed.

Given the input sequence vector [u] = [u(0), u(l), ..., u(N-1)],ifindex i isincluded inthe
frozen bits set, then u (i) = 0. The input information bits are stored in the remaining entries. [d] =
[d(0), d(1), ..., d(N-1)] isthevectorof outputencoded bits. [G_N] is the channel transforma-
tion matrix (NxN), obtained by recursively applying the Kronecker product from the basic kernel c_2 =
[1 0; 1 1|totheordern = log2(N).

The output after encoding, [d],isobtained by [d] = [u]*[G_N].

For more information, refer to 3GPP TS 38.212 V16.0.0 (2019-12).

6.17.2 Function Documentation

6.17.2.1 armral_polar_decoder()

armral_status armral_polar_decoder (
uintl6_t n,
uintlé6_t k,
const int8_t * p_llr_in,

uint32_t * p_u_seq_out )

Decodes k real information bits from a Polar-encoded message of length n, given as input as a sequence of
8-bit log-likelihood ratios.

The decoder is implemented using the Successive Cancellation (SC) method.

Parameters
in n polar code length in bits, must be a power of 2
in k number of real information bits (message + CRC) within the
codeword of length N, K must be < N
in p_llr_in points to the input sequence of LLR bytes.
out p_u_seq_out points to the output decoded sequence [u] of bits [u(0),
u(l), ..., u(N-1)].
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Returns
armral_status
6.17.2.2 armral_polar_encoder()
armral_status armral_polar_encoder (
uintl6_t n,
const uint32_t * p_u_seq_in,
uint32_t % p_d_seqg_out )
Encodes the specified sequence of n input bits using Polar encoding.
Parameters
in n polar code length in bits, where n must be a power of 2
in p_u_seq_in points to the input sequence [u] of bits [u (0), u(l), ...,
u(N-1)]
out p_d_seq_out points to the output encoded sequence [d] of bits [d(0),
da(l), ..., d(N-1)]
Returns

armral_status
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6.18 Fast Fourier Transforms (FFT)

Typedefs

e typedef struct armral_fft_plan_t armral_fft_plan_t

Enumerations

e enum armral_fft_direction_t { ARMRAL_FFT_FORWARDS = -1, ARMRAL_FFT_BACKWARDS =1}

Functions

e armral_status armral_fft_create_plan_cf32 (armral_fft_plan_t xxp, int n, armral_fft_direction_t dir)
Creates a plan to solve a complex fp32 FFT.
e armral_status armral_fft_execute_cf32 (const armral_fft_plan_t xp, const armral_cmplx_f32_t xx,
armral_cmplx_f32_t xy)
Performs a single FFT using the specified plan and arrays.
e armral_status armral_fft_destroy_plan_cf32 (armral_fft_plan_t xxp)
Destroys an FFT plan.
e armral_status armral_fft_create_plan_cs16 (armral_fft_plan_t xxp, int n, armral_fft_direction_t dir)
Creates a plan to solve a complex int16 (Q0.15 format) FFT.
e armral_status armral_fft_execute_cs16 (const armral_fft_plan_t *p, const armral_cmplx_int16_t *x,
armral_cmplx_int16_t xy)
Performs a single FFT using the specified plan and arrays.
e armral_status armral_fft_destroy_plan_cs16 (armral_fft_plan_t xxp)
Destroys an FFT plan.

6.18.1 Detailed Description

Computes the Discrete Fourier Transform (DFT) of a sequence (forwards transform), or the inverse (back-
wards transform).

FFT plans are represented by an opaque structure. To fill the plan structure, define a pointer to the struc-
ture and call armral_fft_create_plan_cf32 or armral_fft_create_plan_cs16. For example:

armral_fft_plan_t xplan;

armral_fft_create_plan_cf32(&plan, 32, ARMRAL_FFT_FORWARDS) ;
armral_fft_execute_cf32 (plan, x, V);
armral_fft_destroy_plan_cf32 (&plan);

6.18.2 Typedef Documentation
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6.18.2.1 armral_fft_plan_t

typedef struct armral_fft_plan_t armral_fft_plan_t

The opaque structure to an FFT plan. You must fill an FFT plan before you use it. To fill an FFT plan, call
armral_fft_create_plan_cf32 or armral_fft_create_plan_cs16.

6.18.3 Enumeration Type Documentation

6.18.3.1 armral_fft_direction_t

enum armral_fft_direction_t

The direction of the FFT being computed. The direction is passed to armral_fft_create_plan_cf32 and
armral_fft_create_plan_cs16.

Enumerator

ARMRAL_FFT_FORWARDS | Compute aforwards (non-inverse) FFT.
ARMRAL_FFT_BACKWARDS | Compute a backwards (inverse) FFT.

6.18.4 Function Documentation

6.18.4.1 armral_fft_create_plan_cf32()

armral_status armral_fft_create_plan_cf32 (
armral_ fft_plan_t *x p,
int n,

armral_fft_direction_t dir )

Fills the passed pointer with a pointer to the plan that is created. The plan that is created can then be
used to solve problems with specified size and direction. It is efficient to create plans once and reuse them,
rather than creating a plan for every execute call. For some inputs, creating FFT plans canincur a significant
overhead.

To avoid memory leaks, call armral_fft_destroy_plan_cf32 whenyou no longer need this plan.

Parameters
in,out | p A pointer to the resulting plan pointer. On output *p is a valid
pointer, to be passedto armral_fft_execute_cf32.
in n The problem size to be solved by this FFT plan.
out dir The direction to be solved by this FFT plan.
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Returns

armral_status

6.18.4.2 armral_fft_create_plan_cs16()

armral_status armral_fft_create_plan_csl6 (
armral_fft_plan_t *xx p,
int n,

armral_fft_direction_t dir )

Fills the passed pointer with a pointer to the plan that is created. The plan that is created can then be
used to solve problems with specified size and direction. It is efficient to create plans once and reuse them,
rather than creating a plan for every execute call. For some inputs, creating FFT plans canincur a significant
overhead.

To avoid memory leaks, call armral_fft_destroy_plan_csl6whenyou no longer need this plan.

Parameters
in,out | p A pointer to the resulting plan pointer. On output *p is a valid
pointer, to be passedto armral_fft_execute_cslé.
in n The problem size to be solved by this FFT plan.
out dir The direction to be solved by this FFT plan.
Returns

armral_status

6.18.4.3 armral_fft_destroy_plan_cf32()

armral_status armral_fft_destroy_plan_cf32 (

armral_fft_plan_t #**x p )

The armral_fft_execute_cf32 function frees any associated memory, and sets xp = NULL, for a
plan that was previously created by armral_fft_create_plan_cf32.

Parameters

in,out | p A pointer to the FFT plan pointer. The pointer must be the value
that is returned by an earlier call to armral_fft_create_«
plan_cf32. Onfunction exit, the value that is pointed to is set
to NULL.
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Returns

armral_status

6.18.4.4 armral_fft_destroy_plan_cs16()

armral_status armral_fft_destroy_plan_csl6 (

armral_ fft_plan_t ** p )

The armral_fft_execute_csl16 function frees any associated memory, and sets xp = NULL, for a
plan that was previously created by armral_fft_create_plan_cslé6.

Parameters
in,out | p A pointer to the FFT plan pointer. The pointer must be the value
that is returned by an earlier call to armral_fft_create_«
plan_cs16.Onfunction exit, the value that is pointed to is set
to NULL.
Returns

armral_status

6.18.4.5 armral_fft_execute_cf32()

armral_status armral_fft_execute_cf32 (
const armral_fft_plan_t * p,
const armral_cmplx_f32_t * x,

armral_cmplx_f32_t % vy )

Uses the plan created by armral_fft_create_plan_cf32 to perform the configured FFT with the
arrays that are specified.

Parameters
in p A pointer to the FFT plan. The pointer is the value that is filled
inby anearlier calltoarmral_fft_create_plan_cf32.
in X The input array for this FFT. The length must be the same as

the value of n that was previously passed to armral_fft_«
create_plan_cf32.
out y The output array for this FFT. The length must be the same as
the value of n that was previously passed to armral_fft_«
create_plan_cf32.

Returns

armral_status
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6.18.4.6 armral_fft_execute cs16()

armral_status armral_fft_execute_csl6 (
const armral_fft_plan_t * p,
const armral_cmplx_intlé_t * x,

armral_cmplx_intl6_t * y )

Uses the plan created by armral_fft_create_plan_csl6 to perform the configured FFT with the
arrays that are specified.

Parameters
in p A pointer to the FFT plan. The pointer is the value that is filled
inby anearliercalltoarmral_fft_create_plan_cslé.
in X The input array for this FFT. The length must be the same as

the value of n that was previously passed to armral_fft_+«
create_plan_csloé.
out y The output array for this FFT. The length must be the same as
the value of n that was previously passed to armral_fft_«
create_plan_cslé.

Returns

armral_status
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Data Structure Documentation

7.1 armral_cmplx_f32_t Struct Reference

#include <armral.h>

Data Fields

o floatre

32-bit real component
e floatim

32-bit imaginary component

7.1.1 Detailed Description

32-bit floating-point complex data type.

7.1.2 Field Documentation

7.1.2.1 im

float armral_cmplx_£f32_t::im

7122 re

float armral_cmplx_£32_t::re

The documentation for this struct was generated from the following file:

e armral.h
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7.2 armral_cmplx_int16_t Struct Reference

#include <armral.h>

Data Fields

e intl6 tre

16-bit real component
e intlé tim

16-bit imaginary component

7.2.1 Detailed Description

16-bit signed int complex data type.

7.2.2 Field Documentation

7221 im

intl6_t armral_cmplx_intlé_t::im

7222 re

intl6_t armral_cmplx_intlé_t::re

The documentation for this struct was generated from the following file:

e armral.h

7.3 armral_compressed_data_12bit Struct Reference

#include <armral.h>

Data Fields

e int8_t mantissa [36]

Packed data, 12 bits per element.
e int8_texp
Block exponent, in the range 0-8 (inclusive)

102249 2010_00_en Copyright © 2020 Arm Limited or its affiliates. All rights reserved. Non-Confidential



7.4 armral_compressed_data_8bit Struct Reference

69

7.3.1 Detailed Description

The structure for a 12-bit compressed block.
See armral_block_float_compr_12bit and armral_block_float_decompr_12bit.

7.3.2 Field Documentation

7.3.21 exp

int8_t armral_compressed_data_1l2bit::exp

7.3.2.2 mantissa

int8_t armral_compressed_data_1l2bit::mantissal[36]

The documentation for this struct was generated from the following file:

e armral.h

7.4 armral_compressed_data_8bit Struct Reference

#include <armral.h>

Data Fields

e int8_t mantissa[24]

Packed data, 8 bits per element.
e int8 texp
Block exponent, in the range 0-4 (inclusive)

7.4.1 Detailed Description

The structure for an 8-bit compressed block.
See armral_block_float_compr_8bit and armral_block_float_decompr_8bit.

7.4.2 Field Documentation
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7421 exp

int8_t armral_compressed_data_8bit::exp

7.4.2.2 mantissa

int8_t armral_compressed_data_8bit::mantissal[24]

The documentation for this struct was generated from the following file:

e armral.h

7.5 armral_compressed_data_9bit Struct Reference

#include <armral.h>

Data Fields

e int8_t mantissa[27]

Packed data, 9 bits per element.
e int8_texp
Block exponent, in the range 0-5 (inclusive)

7.5.1 Detailed Description

The structure for a 9-bit compressed block.
See armral_block_float_compr_9bit and armral_block_float_decompr_9%bit.

7.5.2 Field Documentation

7521 exp

int8_t armral_compressed_data_9bit::exp

7.5.2.2 mantissa

int8_t armral_compressed_data_9bit::mantissal[27]

The documentation for this struct was generated from the following file:

e armral.h
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File Documentation

8.1

armral.h File Reference

#include <arm_neon.h>
#include <inttypes.h>

Data Structures

struct armral_cmplx_int16_t

struct armral_cmplx_f32_t

struct armral_compressed_data_8bit
struct armral_compressed_data_9bit
struct armral_compressed_data_12bit

Macros

#define ARMRAL_NUM_COMPLEX_SAMPLES 12

Typedefs

typedef struct armral_fft_plan_t armral_fft_plan_t

Enumerations

enum armral_status { ARMRAL_SUCCESS = 0, ARMRAL_ ARGUMENT_ERROR =-1}

enum armral_modulation_type { ARMRAL_MOD QPSK = 0, ARMRAL_MOD_16QAM = 1,
ARMRAL_MOD_64QAM =2, ARMRAL_MOD _256QAM =3}

enum armral_fixed_point_index {

ARMRAL_FIXED _POINT_INDEX_ Q15 = 15, ARMRAL_FIXED_POINT_INDEX Q1_14 = 14,
ARMRAL_FIXED_POINT_INDEX_Q2_13 =13, ARMRAL_FIXED_POINT_INDEX_Q3_12 =12,
ARMRAL_FIXED_POINT_INDEX_Q4_11 = 11, ARMRAL_FIXED_POINT_INDEX_Q5_10 = 10,
ARMRAL_FIXED_POINT_INDEX_Q6_9 = 9, ARMRAL_FIXED_POINT_INDEX_Q7_8 =8,
ARMRAL_FIXED_POINT_INDEX_Q8_7 =7, ARMRAL_FIXED_POINT_INDEX_Q9 6 = 6,
ARMRAL_FIXED_POINT_INDEX_Q10 5=5, ARMRAL_FIXED_POINT_INDEX_Q11_4 =4,
ARMRAL_FIXED_POINT_INDEX_Q12_3 =3, ARMRAL_FIXED_POINT_INDEX_ Q13 2 =2,
ARMRAL_FIXED_POINT_INDEX_Q14_1=1, ARMRAL_FIXED_POINT_INDEX_ Q15 0=0}

enum armral_fft_direction_t { ARMRAL_FFT_FORWARDS = -1, ARMRAL_FFT_BACKWARDS =1}
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Functions

e armral_status armral_cmplx_vecmul_i16 (int32_t n, const armral_cmplx_int16_t xa, const armral_cmplx_int16_t
xb, armral_cmplx_int16_t xc)

e armral_status armral_cmplx_vecmul_i16_2 (int32_t n, const int16_t xa_re, const int16_t xa_im, const
intlé_t xb_re, constint16_txb_im,int1é_t xc_re,int1é_t xc_im)

e armral_status armral_cmplx_vecmul_f32 (int32_t n, const armral_cmplx_f32_t xa, const armral_cmplx_f32_t
xb, armral_cmplx_f32_t xc)

e armral_status armral_cmplx_vecmul_f32_2 (int32_t n, const float *a_re, const float *a_im, const float
xb_re, const float xb_im, float xc_re, float xc_im)

e armral_status armral_cmplx_vecdot_f32 (int32_t n, const armral_cmplx f32_t xp_src_a, const
armral_cmplx_f32_t xp_src_b, armral_cmplx_f32_t xp_src_c)

e armral_status armral_cmplx_vecdot_f32_2 (int32_t n, const float +p_src_a_re, const float xp_src_a_im,
const float xp_src_b_re, const float xp_src_b_im, float xp_src_c_re, float *p_src_c_im)

e armral_status armral_cmplx_vecdot_i16 (int32_t n, const armral_cmplx_int16_t xp_src_a, const
armral_cmplx_int16_t xp_src_b, armral_cmplx_int16_t xp_src_c)

e armral_status armral_cmplx_vecdot_i16_2 (int32_t n, const int16_t *p_src_a_re, const int16_t xp_«
src_a_im, const int16_t xp_src_b_re, const int16_t xp_src_b_im, int16_t xp_src_c_re, int16_t xp_src_«
c_im)

e armral_status armral_cmplx_vecdot_i16_32bit (int32_t n, const armral_cmplx_int16_t xp_src_a, const
armral_cmplx_int16é_t «p_src_b, armral_cmplx_int16_t xp_src_c)

e armral_status armral_cmplx_vecdot_i16_2_32bit (int32_t n, const int16_t «p_src_a_re, const int16_t
xp_src_a_im, const int16_t xp_src_b_re, const int16_t xp_src_b_im, int16_t xp_src_c_re, int16_t xp_«
src_c_im)

e armral_status armral_cmplx_mat_mult_i16 (uint16_t m, uint16_tn,uint16_tk, constarmral_cmplx_int16_t
*p_src_a, const armral_cmplx_int16_t xp_src_b, armral_cmplx_int16_t xp_dst)

e armral_status armral_cmplx_mat_mult_i16_32bit (uint1lé6_t m, uintlé_t n, uintlé_t k, const
armral_cmplx_int16_t «p_src_a, const armral_cmplx_int16_t xp_src_b, armral_cmplx_int16_t *p_«
dst)

e armral_status armral_cmplx_mat_mult_f32 (uint16_t m, uint16_t n,uint16_tk, const armral_cmplx_f32_t
*p_src_a, const armral_cmplx_f32_t xp_src_b, armral_cmplx_f32_t xp_dst)

e armral_status armral_cmplx_mat_mult_2x2_f32 (const armral_cmplx_f32_t «p_src_a,constarmral_cmplx_f32_t
xp_src_b, armral_cmplx_f32_t xp_dst)

e armral_status armral_cmplx_mat_mult_2x2_f32_iq (const float32_t xsrc_a_re, const float32_t xsrc_«-
a_im, const float32_t xsrc_b_re, const float32_t «src_b_im, float32_t «dst_re, float32_t «dst_im)

e armral_status armral_cmplx_mat_mult_4x4 32 (const armral_cmplx_f32_t xp_src_a, const armral_cmplx_f32_t
xp_src_b, armral_cmplx_f32_t xp_dst)

e armral_status armral_cmplx_mat_mult_4x4_f32_iq (const float32_t xsrc_a_re, const float32_t xsrc_«-
a_im, const float32_t xsrc_b_re, const float32_t xsrc_b_im, float32_t «dst_re, float32_t *dst_im)

e armral_status armral_solve_2x2_{32 (uint32_t num_sub_carrier, uint32_t type, const armral_cmplx_int16_t
*p_Y, uint32_t p_ystride, const armral_fixed_point_index xp_y_num_fract_bits, const float32_t xp_+«

g _real, const float32_t xp_g_imag, uint32_t p_gstride, armral_cmplx_int16_t xp_x, uint32_t p_xstride,
armral_fixed_point_index num_fract_bits_x)

e armral_status armral_solve_2x4 32 (uint32_t num_sub_carrier, uint32_t type, const armral_cmplx_int16_t
*p_y, uint32_t p_ystride, const armral_fixed_point_index xp_y_num_fract_bits, const float32_t xp_«

g real, const float32_t *p_g_imag, uint32_t p_gstride, armral_cmplx_int16_t xp_x, uint32_t p_xstride,
armral_fixed_point_index num_fract_bits_x)

e armral_status armral_solve_4x4 {32 (uint32_t num_sub_carrier, uint32_t type, const armral_cmplx_int16_t
*p_Y, uint32_t p_ystride, const armral_fixed_point_index xp_y_num_fract_bits, const float32_t xp_+«
g_real, const float32_t xp_g_imag, uint32_t p_gstride, armral_cmplx_int16_t xp_x, uint32_t p_xstride,
armral_fixed_point_index num_fract_bits_x)

e armral_status armral_solve_1x4 32 (uint32_t num_sub_carrier, uint32_t type, const armral_cmplx_int16_t
*p_y, uint32_t p_ystride, const armral_fixed_point_index xp_y_num_fract_bits, const float32_t xp_g_«-
real, const float32_t xp_g imag, uint32_t p_gstride, armral_cmplx_int16_t «p_x, armral_fixed_point_index
num_fract_bits_x)
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e armral_status armral_solve_1x2_f32 (uint32_t num_sub_carrier, uint32_t type, const armral_cmplx_int16_t
*p_y, uint32_t p_ystride, const armral_fixed_point_index xp_y_num_fract_bits, const float32_t*p_g_«
real, const float32_t xp_g imag, uint32_t p_gstride, armral_cmplx_int16_t xp_x, armral_fixed_point_index
num_fract_bits_x)

e armral_status armral_cmplx_hermitian_mat_inverse_f32 (uint1é_t size, uintlé_t par, const
armral_cmplx_f32_t xp_src, armral_cmplx_f32_t «p_dst)

e armral_status armral_seq_generator (uint16_t sequence_len, uint32_t seed, uint8_t xp_dst)

e armral_status armral_modulation (uint32_t nbits, armral_modulation_type mod_type, const int8_«-
t*p_src, armral_cmplx_int16_t «p_dst)

e armral_status armral_demodulation (uint32_t n_symbols, intl6 t amp, uintlé_t noise_power,
armral_modulation_type mod_type, const armral_cmplx_int16_t xp_src, int8_t xp_dst)

e armral_status armral_corr_coeff_i16 (int32_t n, const armral_cmplx_int16_t =*p_src_a, const
armral_cmplx_int16_t «p_src_b, armral_cmplx_int16_t *c)

e armral_status armral_fir_filter_cf32 (uint32_t size, uint32_t taps, const armral_cmplx_f32_t xinput,
const armral_cmplx_f32_t xcoeffs, armral_cmplx_f32_t xoutput)

e armral_status armral_fir_filter_cf32_decimate_2 (uint32_t size, uint32_t taps, const armral_cmplx_f32_t
xinput, const armral_cmplx_f32_t xcoeffs, armral_cmplx_f32_t xoutput)

e armral_status armral_fir_filter_cs16 (uint32_t size, uint32_t taps, const armral_cmplx_int16_t xinput,
const armral_cmplx_int16_t xcoeffs, armral_cmplx_int16_t xoutput)

e armral_status armral_fir_filter_cs16_decimate_2 (uint32_t size, uint32_t taps, const armral_cmplx_int16_t
xinput, const armral_cmplx_int16_t xcoeffs, armral_cmplx_int16_t xoutput)

e armral_status armral_mu_law_compression (constint16_t =p_rb_in, int8_t xp_out, int8_t xcomp_shift)

e armral_status armral_mu_law_expansion (const int8_t xp_comp_rb_in, int8_t comp_shift, int16_t xp«
_expanded_out)

e armral_status armral_block_float_compr_8bit (uint32_t n_prb, const armral_cmplx_int16_t =src,
armral_compressed_data_8bit *dst)

Block floating-point compression to 8-bit.

e armral_status armral_block_float_compr_9bit (uint32_t n_prb, const armral_cmplx_int16_t =src,

armral_compressed_data_9bit *dst)
Block floating point compression to 9-bit.

e armral_status armral_block_float_compr_12bit (uint32_t n_prb, const armral_cmplx_int16_t xsrc,

armral_compressed_data_12bit xdst)
Block floating point compression to 12-bit.

e armral_status armral_block_float_decompr_8bit (uint32_t n_prb, const armral_compressed_data_8bit
xsrc, armral_cmplx_int16_t xdst)

Block floating-point decompression from 8 bit.

e armral_status armral_block_float_decompr_9bit (uint32_t n_prb, const armral_compressed_data_9bit
xsrc, armral_cmplx_int16_t xdst)

Block floating point decompression from 9 bit.

e armral_status armral_block_float_decompr_12bit (uint32_t n_prb, const armral_compressed_data_12bit
*src, armral_cmplx_int16_t «dst)

Block floating point decompression from 12 bit.

e armral_status armral_crc24_a_le (uint32_t size, const uint64_t xinput, uinté4_t xcrc24)

e armral_status armral_crc24_a_be (uint32_t size, const uinté4_t xinput, uint64_t xcrc24)

e armral_status armral_crc24 _b_le (uint32_t size, const uinté4_t xinput, uinté64_t xcrc24)

e armral_status armral_crc24_b_be (uint32_t size, const uinté64_t xinput, uinté4_t xcrc24)

e armral_status armral_crc24 c_le (uint32_t size, const uinté4 _t xinput, uinté4_t xcrc24)

e armral_status armral_crc24_c_be (uint32_t size, const uinté64_t xinput, uinté4_t xcrc24)

e armral_status armral_polar_encoder (uint16_t n, const uint32_t *p_u_seq_in, uint32_t xp_d_seq_out)

e armral_status armral_polar_decoder (uint1é_t n, uint1é_t k, const int8_t xp_lIr_in, uint32_t xp_u_«-
seq_out)

e armral_status armral_fft_create_plan_cf32 (armral_fft_plan_t xxp, int n, armral_fft_direction_t dir)

Creates a plan to solve a complex fp32 FFT.

e armral_status armral_fft_execute_cf32 (const armral_fft_plan_t xp, const armral_cmplx_f32_t xx,
armral_cmplx_f32_t xy)
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Performs a single FFT using the specified plan and arrays.
e armral_status armral_fft_destroy_plan_cf32 (armral_fft_plan_t xxp)

Destroys an FFT plan.

e armral_status armral_fft_create_plan_cs16 (armral_fft_plan_t xxp, int n, armral_fft_direction_t dir)

Creates a plan to solve a complex int16 (Q0.15 format) FFT.
e armral_status armral_fft_execute_cs16 (const armral_fft_plan_t *p, const armral_cmplx_int16_t *x,

armral_cmplx_int16_t xy)

Performs a single FFT using the specified plan and arrays.
e armral_status armral_fft_destroy_plan_cs16 (armral_fft_plan_t xxp)

Destroys an FFT plan.

8.1.1 Macro Definition Documentation

8.1.1.1 ARMRAL_NUM_COMPLEX_SAMPLES

#define ARMRAL_NUM_COMPLEX_ SAMPLES 12

The number of complex samples in each compressed block.

8.1.2 Enumeration Type Documentation

8.1.2.1 armral_fixed_point_index

enum armral_ fixed point_index

Fixed-point format index Q[integer_bits,

tion,seethe armral solve_xfunctions.

Enumerator

ARMRAL_FIXED_POINT_INDEX_Q15

1 sign bit, O integer bits, 15 fractional bits

ARMRAL_FIXED_POINT_INDEX_Q1_14

1sign bit, 1 integer bit, 14 fractional bits

ARMRAL_FIXED_POINT_INDEX_Q2_13

1 sign bit, 2 integer bits, 13 fractional bits

ARMRAL_FIXED_POINT_INDEX_Q3_12

1sign bit, 3 integer bits, 12 fractional bits

ARMRAL_FIXED_POINT_INDEX_Q4_11

1 sign bit, 4 integer bits, 11 fractional bits

ARMRAL_FIXED_POINT_INDEX_Q5_10

1sign bit, 5 integer bits, 10 fractional bits

ARMRAL_FIXED_POINT_INDEX_Q6_9

1sign bit, 6 integer bits, 9 fractional bits

ARMRAL_FIXED_POINT_INDEX_Q7_8

1 sign bit, 7 integer bits, 8 fractional bits

ARMRAL_FIXED_POINT_INDEX_Q8_7

1 sign bit, 8 integer bits, 7 fractional bits

ARMRAL_FIXED_POINT_INDEX_Q9_6

1 sign bit, 9 integer bits, 6 fractional bits

ARMRAL_FIXED_POINT_INDEX_Q10+
5

1 sign bit, 10 integer bits, 5 fractional bits

fractional_bits] for int16_t. For usage informa-
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Enumerator

ARM RAL_FIXED_POINT_INDEX_Qll: 1sign bit, 11 integer bits, 4 fractional bits

ARM RAL_FIXED_POINT_INDEX_QlZ;3 1sign bit, 12 integer bits, 3 fractional bits

ARM RAL_FIXED_POINT_INDEX_Q13;>2 1sign bit, 13 integer bits, 2 fractional bits

ARM RAL_FIXED_POINT_INDEX_Q14; 1sign bit, 14 integer bits, 1 fractional bit
1

ARM RAL_FIXED_POINT_INDEX_QlS; 1 sign bit, 15 integer bits, O fractional bits
0

8.1.2.2 armral_modulation_type

enum armral_modulation_type

Formats that are supported by modulation and demodulation. See armral_modulation and armral_demodulation.

Enumerator

ARMRAL_MOD_QPSK

QPSK, size 4 constellation, 2 bits per symbol.

ARMRAL_MOD_16QAM

16QAM, size 16 constellation, 4 bits per symbol

ARMRAL_MOD_64QAM

64QAM, size 64 constellation, 6 bits per symbol

ARMRAL_MOD_256QAM

256QAM, size 256 constellation, 8 bits per symbol

8.1.2.3 armral_status

enum armral_status

Error status returned by functions in the library.

Enumerator

ARMRAL_SUCCESS

No error.

ARMRAL_ARGUMENT_ERROR

One or more arguments are incorrect.
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