Draft ETS| EN 303 681-4 V1.1.2 (2020-03)

Reconfigurable Radio Systems (RRS);
Radio Equipment (RE) information models and protocols
for generalized software reconfiguration architecture;
Part 4: generalized Radio Programming Interface (gRPI)



2 Draft ETSI EN 303 681-4 V1.1.2 (2020-03)

Reference
REN/RRS-0231

Keywords
architecture, interface, radio, SDR, software,
system

ETSI

650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: +334 9294 42 00 Fax: +33 493 65 47 16

Siret N° 348 623 562 00017 - NAF 742 C
Association a but non lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° 7803/88

Important notice

The present document can be downloaded from:
http://www.etsi.org/standards-search

The present document may be made available in electronic versions and/or in print. The content of any electronic and/or
print versions of the present document shall not be modified without the prior written authorization of ETSI. In case of any
existing or perceived difference in contents between such versions and/or in print, the prevailing version of an ETSI
deliverable is the one made publicly available in PDF format at www.etsi.org/deliver.

Users of the present document should be aware that the document may be subject to revision or change of status.
Information on the current status of this and other ETSI documents is available at
https://portal.etsi.org/TB/ETSIDeliverableStatus.aspx

If you find errors in the present document, please send your comment to one of the following services:
https://portal.etsi.org/People/CommiteeSupportStaff.aspx

Copyright Notification

No part may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying
and microfilm except as authorized by written permission of ETSI.
The content of the PDF version shall not be modified without the written authorization of ETSI.
The copyright and the foregoing restriction extend to reproduction in all media.

© ETSI 2020.
All rights reserved.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its Members.
3GPP™ and LTE™ are trademarks of ETSI registered for the benefit of its Members and
of the 3GPP Organizational Partners.
oneM2M™ |ogo is a trademark of ETSI registered for the benefit of its Members and
of the oneM2M Partners.
GSM® and the GSM logo are trademarks registered and owned by the GSM Association.

ETSI


http://www.etsi.org/standards-search
http://www.etsi.org/deliver
https://portal.etsi.org/TB/ETSIDeliverableStatus.aspx
https://portal.etsi.org/People/CommiteeSupportStaff.aspx

3 Draft ETSI EN 303 681-4 V1.1.2 (2020-03)

Contents

Intellectual Property RIGNES..........oi it e e s b b e e 4
0 (<1170 (o R 4
MoOdal VErDS EMINOIOQY .......civeiuieieieeie sttt st e e s re s re e aesbeeaaesbeereenseaaeenseseesneenseseesseensessens 4
1 o0 0L SR 5
2 RS L= 110 PSR 5
21 INOTMBLIVE FEFEIEINCES ... .veieeeeeee et e ettt e ettt e s et e e e et eeeeaaeessaaaeesseabeeesaasaesssabaeessssbesesansessssassnesssnbenesssensssansneas 5
2.2 INFOIMIBLIVE FEFEIEICES. ... .eeee ettt ettt ettt e e ettt e e e eaa e e e s eaae e s s e st e e e sessaesesbaeesssabesssasesessassaessssbenesssensesannneas 5
3 Definition of terms, symbols and abbreviations...........ccccceeeiiieeii e e 6
31 L= 0TSOt 6
3.2 Y 1210 S 7
3.3 F N o] oL Y/ = (o] 1 7
4 1100 [0 (o (o] o SRR 8
5 System ReqUIreMENt MaDPING ......c.cceeiriiieieiiteeiee st etee e st etesteeaeste s e sresreesbesaeessesbeensesresneentesreennessesreenns 10
6 Radio Virtual Maching SPECITICAION. .........cccueiiiecie et sre e 10
6.1 (0o g Ter=: o1 o L A SRR 10
6.2 Elementary RVM (BRVIM) ...ttt sttt sttt te e te e s ae e s aeeteenteenteesaassaenseenseeseensenneennns 12
6.3 V1Y L= = o Y 15
6.4 Dz = B 1Y 0= PP 17
6.4.1 TYPES ANU VAIUES......ceeeieeetiieet ettt bbbt bbb et bt b e et b e et b et eb e b 17
6.4.2 R R T 11 (S] DL v WSRO 17
6.5 F N 110001 (LTSRS 17
6.6 X O ONS ...ttt h e h bR R R R bR R R R AR e R AR R R R e Rt ne Rt e e ens 17
6.7 Control, Synchronization and EXECULION...........c..oiiiiiieeee et st sae e sneene e eneas 17
6.8 OPEralioNS WItI IMBIMONY .....cuiiciecie ettt et e e s et et e et eestesseesseesaeesaeeaeeneeesnesneenseenseenteeneesneesnensrens 18
6.9 RVIM TUN-LIME ENVITONIMENL .....eiiieeeie et cetee e ettt e s e ettt e e e e tee s s sbe e e e s sabeeesebbesesassseessabasessasbesesessseesssbseessansenessnnes 18
7 (0001 1T Toxe 0 (=S o) gl 1Y 19
7.1 g1 0T [ Tox 1 o o 1R 19
7.2 CONTIGCOUES GENEIBLION.........e ittt sttt sttt b et b et b e bt b s bt e bt b et e bbb e s e et b e s b et eb e b e 19
7.3 Binary format fOr CONfIGCOUES..........outiuiieiiriieet ettt bbbttt e e ens 20
74 XML sChema for CONFIGCOUES ........ooueiriiiieeete ettt b et b e et b et sb e b 24
8 (o Lo IR o] =Y ARSI 29
8.1 g0 [ Tox 1 o o 1R 29
8.2 RefErenCe RAIO Lilrary .......coooeeieieeee ettt sttt e st e b es e sraesteesreenreeeeeneeenes 30
8.3 N Fz YTl = o (Lo IR o] = 30
9 Loading, Linking and INitialiZaliON...........ccceiiiiiriieseseseeee et 31
10 Compiling for RVM (Front-End Compilation) ..........ccccieieeieiicieerieciesie sttt sae s sreere s 32
Annex A (informative): Mapping between XML and BiNary ........ccceererineneneieeneseseeseseeseee 33
Annex B (informative): S S O 0T [0 £ (TR 34
Annex C (informative): Replacement of selected components of an existing RAT ......cccocvevvveeenne 36
Annex D (informative): INtroduCing NEW SFBS........ccoi ettt 37
Annex E (informative): SV aTe a1 Qe aTo T LA o] o] e = Tex [P 38
115 PRSP 42

ETSI



4 Draft ETSI EN 303 681-4 V1.1.2 (2020-03)

Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards’, which is available from the ETS| Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org/).

Pursuant to the ETSI IPR Policy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given asto the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

Foreword

This draft European Standard (EN) has been produced by ETSI Technical Committee Reconfigurable Radio Systems
(RRS), and is now submitted for the combined Public Enquiry and V ote phase of the ETSI standards EN Approval
Procedure.

The present document is part 4 of a multi-part deliverable covering the Radio Equipment (RE) information models and
protocols, asidentified below:

Part 1:  "generalized Multiradio Interface (gMURI)";
Part 2. "generalized Reconfigurable Radio Frequency Interface (gRRFI)";
Part 3:  "generalized Unified Radio Application Interface (QURAI)";

Part 4. "generalized Radio Programming Interface (gRPI)" .

Proposed national transposition dates

Date of latest announcement of this EN (doa): 3 months after ETSI publication
Date of latest publication of new National Standard

or endorsement of this EN (dop/e): 6 months after doa

Date of withdrawal of any conflicting National Standard (dow): 6 months after doa

Modal verbs terminology

In the present document "shall”, "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" areto beinterpreted as described in clause 3.2 of the ETS| Drafting Rules (Verba forms for the expression of
provisions).

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.
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1 Scope

The scope of the present document is to define the generalized Radio Programming Interface (gRPI) for radio
equipment reconfiguration except for reconfigurable mobile devices which are covered in[i.4] to [i.9]. Thework is
based on the Use Cases defined in ETSI TR 103 585 [i.1], on the system requirements defined in ETSI EN 303 641 [1]
and on the radio reconfiguration related architecture for radio equipment defined in ETSI EN 303 648 [i.2].

The present document will be based on ETSI EN 303 146-4 [i.9] and provide a generalized interface definition for the
generalized Radio Programming I nterface (gRPI).

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected |ocation might be found at
https://docbox.etsi.org/Reference/.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

[1] ETSI EN 303 641: "Reconfigurable Radio Systems (RRS); Radio Equipment (RE) reconfiguration
reguirements’.
2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] ETSI TR 103 585: "Reconfigurable Radio Systems (RRS); Radio Equipment (RE) reconfiguration
use cases'.

[i.2] ETSI EN 303 648: "Reconfigurable Radio Systems (RRS); Radio Equipment (RE) reconfiguration
architecture”.

[i.3] Directive 2014/53/EU of the European Parliament and of the Council of 16 April 2014 on the

harmonisation of the laws of the Member States relating to the making available on the market of
Radio Equipment and repealing Directive 1999/5/EC.

[i.4] ETSI EN 302 969: "Reconfigurable Radio Systems (RRS); Radio Reconfiguration related
requirements for Mobile Devices'.

[i.5] ETSI EN 303 095: "Reconfigurable Radio Systems (RRS); Radio reconfiguration related
architecture for Mobile Devices (MD)".

[i.6] ETSI EN 303 146-1: "Reconfigurable Radio Systems (RRS); Mobile Device (MD) information
models and protocols; Part 1: Multiradio Interface (MURI)".

[i.7] ETSI EN 303 146-2: "Reconfigurable Radio Systems (RRS); Mobile Device (MD) information
models and protocols, Part 2: Reconfigurable Radio Frequency Interface (RRFI)".
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[i.8] ETSI EN 303 146-3: "Reconfigurable Radio Systems (RRS); Mobile Device (MD) information
models and protocols; Part 3: Unified Radio Application Interface (URAI)".

[i.9] ETSI EN 303 146-4: "Reconfigurable Radio Systems (RRS); Mobile Device (MD) information
models and protocols; Part 4: Radio Programming Interface (RPI)".

[i.10] ETSI EN 303 681-1: "Reconfigurable Radio Systems (RRS); Radio Equipment (RE) information
models and protocols for generalized software reconfiguration architecture; Part 1. generalized
Multiradio Interface (QMURI)".

[i.11] ETSI EN 303 681-2: "Reconfigurable Radio Systems (RRS); Radio Equipment (RE) information
models and protocols for generalized software reconfiguration architecture; Part 2: generalized
Reconfigurable Radio Frequency Interface (QRRFI)".

[i.12] ETSI EN 303 681-3: "Reconfigurable Radio Systems (RRS); Radio Equipment (RE) information
models and protocols for generalized software reconfiguration architecture; Part 3: generalized
Unified Radio Application Interface (QURAI)".

3 Definition of terms, symbols and abbreviations

3.1 Terms

For the purposes of the present document, the following terms apply:

Abstract Processing Element (APE): abstracts computational resource that executes any computations downl oaded
from Radio Library

NOTE: APE isconnected with input and output DOs. APE is reactive. Any computations are started if all input
DOs arefilled with real data.

basic operations. operations either provided by the Radio Library and/or UDFB Set to eRVM or by the Radio Library
and/or RVM/eRVM Configcodesto RVM

NOTE: Each Basic Operation is mapped to a corresponding APE in the case of eRVM or mapped to a
corresponding APE or RVM/eRVM in the case of RVM.

data flow chart: reactive data flow computational model consisting of data and operators where data are connected
with operators

NOTE: Operators abstract computations. They are triggered by full data. Results of operator computations are
written in connected output data if they are empty.

Data Object (DO): typeless token abstracting any type of data

NOTE: DO providesacontainer for storing data. It can be empty if no data in the container or it can be full if
thereisdatain the container. DO is allocated in the infinite and flat memory. Any RVM has access to this
memory. One or afew APEsfrom RVM can be connected with DO. DO acknowledges connected APES
about its status whether it empty or full.

dynamic operation: operation that is performed by allocating the computational resources during run-time for each
APE required executing the given operation

NOTE 1: The resources are deall ocated upon compl etion of the corresponding operation.

NOTE 2: Dynamic operation is available only in the case of RERC-7 defined in ETSI EN 303 641 [1]. In other
words, dynamic operation is heeded when RA requires the dynamic resource sharing.

nativeradio library: library providing platform-specific description of each SFB that represents the target platform
hardware

port configuration: specification of the number of APEsinputs and outputs

ETSI
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Radio Equipment (RE): "an electrical or electronic product, which intentionally emits and/or receives radio waves for
the purpose of radio communication and/or radiodetermination, or an electrical or electronic product which must be
completed with an accessory, such as antenna, so as to intentionally emit and/or receive radio waves for the purpose of
radio communication and/or radiodetermination”.

NOTE: Thedefinition above is as defined in the Radio Equipment Directive, Article 2(1)(2) [i.3].
radio library authority: authority empowered to decide which components can be registered as new SFBs

NOTE: Any suitable organization can take the role of a Radio Library Authority. The choice of the organization
is beyond the scope of the present document.

Radio Virtual Machine (RVM): abstract machine that supports reactive and concurrent executions

NOTE: A RVM may beimplemented as a controlled execution environment that allows the selection of atrade-
off between flexibility of base band code development and required (re-)certification efforts.

Radio Virtual Machine Runtime Environment (RVM RE): software that allows running Radio Applications that
might be Configcodes or executable codes

reconfigurable mobile device: mobile device with radio communication capabilities providing support for radio
reconfiguration

NOTE: Reconfigurable mobile devicesinclude but are not limited to: smartphones, feature phones, tablets, and
laptops.

referenceradio library: library providing normative definition of each SFB

NOTE: There may be multiple such Reference Radio Libraries. For agiven RA, a unique Reference Radio
Library is used.

Softwar e I nter mediate Repr esentation (SWIR): RA representation as data flow chart

NOTE: SWIR file containsinformation on all terminal objects, their parameters (cost, implement function, size,
etc.) and connections (links, access type, source and destination).

terminal operation: operation that will always be executed without any other interruption
NOTE 1: Furthermore, terminal operation cannot be decomposed into smaller operations.

NOTE 2: "Terminal operations' are equivalent to "atomic operations’, but additionally it indicates that a hierarchy
is being used in which the "terminal operations® are on the lowest level of hierarchy and they can be part
of another operation.

3.2 Symbols

Void.

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

AOT Ahead-Of-Time

APE Abstract Processing Element
ASF Abstract Switch Fabric

cC Configcodes Counter

CsL Communication Services Layer
CuU Control Unit

DO Data Object

eRVM elementary RVM

eSFB elementary SFB

FB Functional Block

FBRI FB Reusability Index

ETSI
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FFT Fast Fourier Transform
gMURI generalized Multiradio Interface
gRPI generalized Radio Programming I nterface
gRRFI generalized Reconfigurable Radio Frequency Interface
gURAI generalized Unified Radio Applications Interface
HD Hardware Dimension
HW Hardware
ID IDentification
IFFT Inverse Fast Fourier Transform
IR Intermediate Representation
JT Just-In-Time
LCF Last Configuration Flag
NAF Next Address Flag
NAPE Number of Abstract Processing Elements
NCAO Next Configcode Address Offset
NDO Number of Data Objects
NOP No OPeration
RA Radio Application
RAP Radio Application Package
RAT Radio Access Technology
RCF Radio Control Framework
RE Radio Equipment
RF Radio Frequency
RLA Radio Library Authority
ROS Radio Operating System
RPI Radio Programming Interface
RVM RE RVM Runtime Environment
RVM Radio Virtual Machine
SD Software Dimension
SFB Standard Functional Block
SWIR SoftWare Intermediate Representation
UDFB User Defined Functional Block
UML Unified Modelling Language
URA Unified Radio Applications
VDO Virtual Data Object
VHDL Very high speed integrated circuit Hardware Description Language
XML eXtensible Markup Language
XOR eXclusive OR
4 Introduction

A reconfigurable RE is capabl e of running multiple radios simultaneously, changing the set of radios by loading new
Radio Application Packages (RAP) and setting their parameters. All Radio Applications (RAS) are called Unified Radio
Applications (URAS) when they exhibit a common behaviour from the reconfigurable RE's point of view in ETSI

EN 303 648 [i.2]. In order to run multiple URAS, the reconfigurable RE will include Communication Services Layer
(CSL), Radio Control Frameworks (RCFs), Radio Platforms and 4 sets of interfaces for their interconnection.

ETSI
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Figure 4.1: Four sets of interfaces for Reconfigurable RE

Figure 4.1 illustrates the Reconfigurable RE architecture with the 4 sets of interfaces, i.e.:
e gMURI for interfacing CSL and RCF (in ETSI EN 303 681-1 [i.10]).
. gRREFI for interfacing URA and RF Transceiver (in ETSI EN 303 681-2 [i.11]).
. gURAI for interfacing URA and RCF (in ETSI EN 303 681-3 [i.12]).
e  gRPI for alowing an independent and uniform production of RAs which is the scope of the present document.

The present document defines gRPI.

<<interface>>
IgMURI

<<interface>>
IgRRFI

RadioComputer

: <<interface>>
| IgURAI

<<interface>>
IgRPI

Figure 4.2: UMLclass diagram for Radio Computer interfaces
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Figure 4.2 illustrates UML class diagram for Radio Computer interfaces. The reconfigurable RE may be seen as a set of
multiple Radio Computers where individual URASs are engineered as software entitiesin ETS| EN 303 648[i.2].
The present document is organized as follows:

e  Clause 5 describes the system requirement mapping.

. Clause 6 describes the radio virtual machine specification.

e  Clause 7 describes the Configcodes for RVM.

e  Clause 8 describesthe radio library structure.

. Clause 9 describes the loading, linking and initialization.

e  Clause 10 describes the compiling for RVM.

. Annex A describes the mapping between Binary and XML.

e  Annex B describes SFB Candidates.

e  Annex C describes the replacement of selected components of an existing RAT.

While UML is used for defining the information model and protocol related to gRPI, other modelling languages could
be used aswell.

5 System Requirement Mapping

The Radio Programming Interface and its related components described in the present document shall support the
system requirements shown in table 5.1 referring to clause 6 of ETSI EN 303 641 [1]. Thisis achieved by introducing

the entities/components/units given in the 1t column of table 5.1.

Table 5.1: Mapping of Radio Programming Interface and its related components to
the system requirements described in ETSI EN 303 641 [1]

Entity/Component/Unit |System Requirements [1] Comments

Radio Programming R-FUNC-RER-04 The requirement shall be as described in clause 6.4.4 of [1].

Interface

Radio Virtual Machine R-FUNC-RER-13 The requirement shall be as described in clause 6.4.13 of [1].
R-FUNC-RER-14 The requirement shall be as described in clause 6.4.14 of [1].
R-FUNC-RER-15 The requirement shall be as described in clause 6.4.15 of [1].

Radio Library R-FUNC-FB-06 A library extension shall be supported. The requirement shall

be as described in clause 6.3.6 of [1].

6 Radio Virtual Machine specification

6.1 Concept of RVM

Asintroduced in ETSI EN 303 648 [i.2], the Radio Virtual Machine (RVM) is an Abstract Machine which is capable of
executing Configcodes and it is independent of the hardware. The implementation of a RVM istarget Radio Computer
specific and it shall have access to the Back-end Compiler (on the platform itself or externally as described in ETSI

EN 303 648 [i.2], clause 4.4.1) for Just-in-Time (JIT) or Ahead-of-Time (AOT) compilation of Configcodes.

This clause describes the concept of RVM. As mentioned above, the RVM is an abstract machine, which executes a
particular algorithm presented as a data flow chart. In other words, the RVM isthe result of replacing all operators and
tokensin the particular data flow chart with Abstract Processing Elements (APES) and Data Objects (DOs),
respectively. Each APE executes computations marked by the replaced operator identifier. These computations are
taken from the Radio Library.

ETSI
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Figure 6.1 illustrates a conceptual view of RVM processing. This process requires APE, DO and Radio Library, of
which the definitions are as follows:

. APE abstracts a computational resource corresponding to the operation in a particular data flow chart.

o DO abstracts a memory resource. In other words, DO is an abstracted memory for storing data used during the
procedure of Radio processing.

o Reference/Native Radio Library includes normative definitiong/native implementation of all Standard
Functional Blocks (SFBs) [i.5] for front-end/back-end compilation. Note that the computationsincluded in the
Radio Library are represented in terms of normative definitions or native implementations of SFBs depending
upon whether the Radio Library is used for front-end or back-end compilation, respectively.

NOTE 1. User Defined Functional Blocks (UDFBs) will be created through combination of SFBs and represented

as adata flow chart to be executed in the RVM. Alternatively, a UDFB isimplemented as a stand-alone
modul e/function which can be mapped:

i)  intoone APE (i.e. this UDFB can be considered atomic); or

i) intoan eRVM/RVM (i.e. not atomic). UDFBs are not in general included into the Radio Library,
but they are part of the Radio Application Package.

The RVM beginsto work immediately after some DOs initialization. All APEs shall execute computations
asynchronously and concurrently. An individual APE shall execute the allocated operator if all the corresponding input
DOs are full. APEs shall access DOs with operations "read", "read-erase”, or "write". After reading input data from
DOs, the APE shall execute the allocated operator and, if output DOs are empty, then the APE shall write processed
data. Any full output DO shall block the corresponding writing operation. The RVM shall execute computations until
reaching the state when all APEs become inactive. In this state, there are not enough full DOs, which can activate the
inactive operators. The result of computations are full DOs, which cannot activate the inactive operators.

NOTE 2: An Output DO can become an Input DO for a subsequent operator. Then, thisinput DO can activate the
subsequent operator.

NOTE 3: The state or operation of a given APE isindependent on the state of other APEs. |.e. each APE is atomic.

( Functionality
APE Pool Radio Library Operation basis
Resources
Abstract
resources <
Data Object Pool
— Initialized data
’: object
|_'T_| '
read read
4 4 FFT APE
(7n) =
iFFT |
\T/ V.
e write data object

/ka
\ﬂ

read read

write

v

]

RVM program

Figure 6.1: Conceptual Diagram of Radio Virtual Machine Processing
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6.2 Elementary RVM (eRVM)

This clause describes the eRVM which shall consist of components of Basic Operations, Program memory, Control
Unit (CU), Abstract Switch Fabric (ASF) as well as APEs and DOs, of which the definitions are as follows. eRVM shall
not contain another eRVM or RVM:

. Basic Operations shall include operators either provided:
i) fromRadio Library as SFBs and/or;
ii) from UDFB set as UDFBSs, each of which is mapped onto one single APE.

NOTE 1. Since UDFBs might be implemented as a stand-al one modul e/function which can be mapped into one
APE, in this case, Basic Operations include operators provided by UDFB Set as well as by Radio Library
as SFBs. Note that those UDFBs are atomic.

NOTE 2: For aRVM, the SFB or UDFB can be mapped onto an APE or RVM or eRVM. In the eRVM case, the
mapping to RVM or eRVM is not possible sinceit isthe lowest level of hierarchy asit will be introduced
in clause 6.3.

NOTE 3: From an execution perspective, there is no difference between SFBs and UDFBs.
. Program memory shall be provided with Configcodes which determine the eRVM configuration.

. CU shall generate Initiaization and Set-up instructions for APEs, DOs and ASF based on decoding
Configcodes stored in the Program memory.

. ASF shall connect APEs and DOs in accordance with CU signals. One DO can be connected with multiple
APEs. One APE can be connected with multiple DOs. DO from other eRVMs can be connected with ASF
through external data ports.

Figure 6.2 illustrates a block diagram of eRVM. Basic Operationsin eRVM consist of operations provided by the Radio
Library and/orUDFB Set.

NOTE 4: A target platform may or may not provide accelerators for some/all SFBs and/or UDFBs.
NOTE 5: Three cases can be considered:

i)  RAPincludesonly SFBs;

ii)  RAPincludes only UDFBs;

iii) RAPincludes SFBs and UDFBs.
NOTE 6: Furthermore, and independent of the upper note, Basic Operations may include:

i) SFBsonly;

ii)  UDFBsonly; or

iii) SFBsand UDFBs.

ETSI
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> Basic operations Data config: init, set l
UDFB Set l v
DO, DO, LN DOy
o data ds data ds data ds
fi d © Switch fabric * ¢ * * ¢ * External ports
confrigcoaes - Program memor - = config: init, set . : <« d /\ >
> g Y | Gl » Abstract switch fabric e >
c
status 2 Aol Ao A
< data ds data ds data ds

=R~
APE, ( APE,
T |APEconfig: init, set % \T\“ @

Status: active/inactive, exception

Figure 6.2: Elementary RVM

The Data path of an eRVM shall consist of the following blocks:

° DOs;
. APEs;
. ASF.

Each DO shall have a unique number and for this purpose the DOs shall be represented as DO,, DO, ..., DO, where N
isasufficiently large number. The structure of DO is shown in figure 6.3.

init full/empty
» »
config DO status
set .
» exception -
» »
ds data
L
[79]
<

Figure 6.3: DO and its interfaces
Each DO shall be configured by a config instruction which consists of:
. init field initializes DO according to the specific initialization procedure (depending on implementation);

e st fieldisan instruction which sets up the DO attributes such as DO _ID, accesstime, size, etc. (as shownin
clause 6.2).

DO shall communicate with APEs through ASF interface which consists of:
. data status (ds) signal to indicate whether the DO isfull or empty;

° datalinesdirected to or from DO to read or write data to or from APEs.
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Status interface shall provide the status information of DO to CU and consists of:

full/empty describes whether DO isfull of data or empty;

e exception describesthe reason of fail when an APE operates with the DO.

Each APE shall have a unique number and shall be represented as APE1, APE;, ..., APEw, where M is a sufficiently
large number. The structure of APE is shown in figure 6.4.

init /_\ active/inactive
APE

A .
»
set U exception status
> »

ds data ds data

config

\4

\

port1l
port N

Figure 6.4: APE and its interfaces

APEs shall be configured by the config instruction which consists of :

e init field brings the op code operation from Basic Operations;

set field sets up APE attributes such as the number of ports, port types, the execution cost and time.
APE's ports shall connect APE to ASF and shall include data interface which consists of:

dssignal to indicate whether the DO is full or empty;

data linesto read or write data through ASF.

Status interface shall provide status information of APE to CU and consists of:

° activel/inactive describes state of the APE such as active and inactive;

e exception describesthe reason of fail when an APE's operation has an error.

NOTE 7: The APE isactive when it has consumed input DOs and processes them. The APE goes to the inactive
state with corresponding indication to CU immediately after processing all the data associated to the APE.

ASF shall connect APEs and DOs as shown in figure 6.5. One DO can be connected to multiple APESs. One APE can
also be connected to multiple DOs.
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Data ports

~ internal
~ external

[ 1 |

data data data data
port; port, cee porty see porty
Switch fabric I
config; init, set l —connector—l
—_
I
|
processing processing processing
port; port, see portm

Processing ports
Figure 6.5: Abstract Switch Fabric

ASF shall connect DOs and APEs through ports which consist of:
. data ports (internal) connect the ASF to DOs viainterface lines;
. data ports (external) connect the ASF to DOs from other eRVMs or RVMs;
. processing ports connect the ASF to APEs viainterface lines.

Each connector of ASF shall connect ports bounded to DO with ports bounded to APE. Each connector shall have the
same interface lines as ports do, i.e. ds, data. Connectors shall convey interface values between ports when they appear
in corresponding ports.

CU shall configure the ASF by the following commands:
. init associates data ports with DOs and processing ports with APES;

e et creates connections between data ports and processing ports.

6.3 RVM Hierarchy

Figure 6.6 illustrates RVM hierarchy which shall consist of APEs, DOs, Basic Operations, Program memory, CU, ASF
and eRVMSRVMs. Note that RVM might contain another eRVM(s)/RVM(s). Each eRVM/RVM in this case functions
like an APE. Similarly to the case of figure 6.2, the CU in figure 6.6 connects the DO(s) to the corresponding APE(S)
through the ASF. But in this case the data might be connected to eRVM/RVM aswell asto APE.

For aRVM, the SFB or UDFB shall be mapped onto an APE or RVM or eRVM.
NOTE 1: Inthe eRVM case, the mapping to RVM or eRVM is not possible sinceit isthe lowest level of hierarchy.

NOTE 2: Only Basic Operations can be mapped to an APE, but these Basic Operations can furthermore be mapped
toan eRVM or RVM. If an SFB or UDFB is not included in the Basic Operations, it cannot be mapped to
an APE, it is mapped to an eRVM or RVM.

The RVM shall be scalable vertically and/or horizontally. Asfor vertical scaling, since each eRVM contains exactly one
particular data flow chart, i.e. specific algorithm, in order to build aRVM hierarchy, an APE can contain another
eRVM/RVM which executes another particular data flow chart. Asfor horizontal scaling, several RVMs can be
arranged on the same level. These horizontally arranged RV Ms shall be independent, meaning that fully independent
processes are executed in parallel.
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RVM )
Status: full/empty, exception
Radio Library X X
> Basic operations Data config: init, set
RVM/eRVM l v v
Configcodes
DO, DO, cee DOn
o data ds data ds data ds
configcodes e Switch fabric v v v External ports
- = config: init, set »i d >
g™ TR g Gl > Abstract switch fabric D | >
=
status E) | 4
< o data ds data ds data ds
APE, APE, | *°° %
T |APE config: init, set
Status: active/inactive, exception
Figure 6.6: RVM hierarchy
eRVM Status: full/empty, exception
Radio Library —— ' '
> Basic operations Data config: init, set
UDFB set 1 ) 4
Do, DO, | wes m
A data ds data ds data ds
configcodes Q | switchfabric _ § ¥ v v E“e”‘?\' ports
» > = config: init, set ’ i <«
> Program memory > 3 3 Abstract switch fabric e U
c
status = A A A
< data ds data ds data ds
APE; APE, | *°° @
T |APE config: init, set
Status: active/inactive, exception
data ds
eRVM Status: full/empty, exception
Radio Library — . ‘
> Basic operations Data config: init, set l l l
UDFB set l v
Do, DO, ees M
o data ds data ds data ds
. o Switch fabric ¢ ¢ ¢ ¢
COangCOdES - PRI CERaT - g" config: init, set . . < /\
- 8 Y g © > Abstract switch fabric [ 1]
c ) Vi
status E o k) External ports
<t dlta ds dita ds data ds
APE; APE, | *°° @
T |APE config: init, set
Status: active/inactive, exception

Figure 6.7: Horizontal scaling of eRVM
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6.4 Data types

6.4.1 Types and Values

The only data types for DOs shall be tokens which have some size in bits. The DOs structure is recognized by
initialized APE.

NOTE: Asoneexample, full DOs can be treated an allocation of bitsin memory.

6.4.2 Run-Time Data
There shall be the following Run-Time Data types:
1) CC (Configcodes Counter) register: positive 32-bit integer.

2) Constant DOs: dynamic allocation of bits existing only during task execution and initialized by some external
agent. In short, this DO isrelated to externally provided data.

3) Intermediate DOs: dynamic alocation of bits existing only during task execution and initialized by
intermediate value created as aresult of corresponding APE operation.

6.5 Arithmetic

Arithmetic is not fixed but defined by operations from Basic Operations.

6.6 Exceptions
There shall be 2 types of exceptions:

. Generated by DOs, seetable 6.1.

Table 6.1: DO Exceptions

Value Semantic
00 No exception
01 Operation with size > DO size
10 Conflicting writes
11 Conflicting read-erase operations

. Generated by APES(e)RVMs, seetable 6.2.

Table 6.2: APE/(e)RVM Exceptions

Exception Semantic
00 No exception
01 Change CC flow
10 Arithmetic overflow/underflow
11 Incorrect operation (operation is carried out on data
where the operation is not defined)
6.7 Control, Synchronization and Execution

Control shal be data-driven only. Execution shall be done by APE in case that:
. All input DOs are configured and full in case of terminal operations.

e Allinput DOs are configured and some of them are full in case of nonterminal operations.

ETSI



18 Draft ETSI EN 303 681-4 V1.1.2 (2020-03)

e  APEisconfigured.
. APE is connected with configured DOs.

After APE has been configured, some output DOs of APE might be non-empty while the APE is executing its
operation. The task of execution is not instantaneous but has some finite duration. All operation on the data path shall
be concurrent and asynchronous.

CU does not manage task execution directly. CU shall:
. configure all data path elements before Configcodes execution;
. receive status signals from all data path element during task execution;
. detect end of each Configcode;
. detect the last Configcode in the task;

. stop execution in case of any exception.

6.8 Operations with Memory

In the applied model, memory is considered be flat and infinite. Its implementation is out the scope of the present
document. Any RVM shall have access to the memory. DOs shall be allocated in the memory during their
configuration. The memory shall allow multiple parallel read write operations. Conflicting operations shall enforce
exceptions. Attempts to write more data than there is allocated DO memory shall also enforce exceptions. During
particular memory operation the entire DOs shall be consumed.

6.9 RVM run-time environment

The RVM Runtime Environment (RVM RE), e.g. software based, allows to run RAs which might be Configcodes or
executable codes:

1) Incase of CConfigcode execution, the RVM RE comprises aRVM interpreter.

2) Incaseof executable codes, binary platform-specific codes are created which are executed on the target
platform.

The RVM RE provides access for RAsto platform hardware resources and radio spectrum. For that purpose RVM RE
and RAs shall implement interfaces including gMURI, gRRFI, gURAI.

In particular, installation and uninstallation of RAs are supported by gMURI. Access to platform hardware resourcesis
provided by gURAI. Accessto radio spectrumis provided by gRRFI.

In case of Configcodes, JT compiler might be a part of the RVM RE.

Any type of code representation (i.e. executable code, source code, IR) should comply with the interfaces defined in
ETSI EN 303 648]i.2].

NOTE 1: Inthe case of executable code, the ROS defined in ETSI EN 303 648 [i.2] allows the executable RA code
to access the platform HW in order to generate or receive aradio signal.

NOTE 2: Inthe case of source code, compilation is performed on the platform as an additional step prior to
execution.

NOTE 3: The RVM isonly used for the IR case.
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7 Configcodes for RVM

7.1 Introduction

This clause explains how the Configcodes are generated as a result of front-end compilation of the software
Intermediate Representation (SWIR) during the design time of RA code distribution. The Configcodes are typically
generated in either binary or eXtensible Markup Langugage (XML) depending on vendor's choice.

7.2 Configcodes generation

This clause explains how the Configcodes are generated in either binary or XML format, which isreferred to asaRVM
Input file in the present document. Figure 7.1 illustrates the processing steps of generating the Configcodes from
corresponding SWIR. Processing of Configcodes generation shown in figure 7.1 starts from SWIR which consists of
functions and processes of a given RA code. The SWIR shall be generated through the procedure of paralelizing a
given RA code created in a high-level language, e.g. C, C++, etc. The operation of SWIR is based on data-driven
mechanism as mentioned in clause 6.1. The conversion of SWIR into corresponding Configcodes shall consist of the
following 3 steps:

1) Parsing SWIR file.
- Input: SWIR file.

- Output: Intermediate Representation (IR) objects which consist of terminal objects and links that connect
the terminal objects.

- Actions: Parsing of SWIR file and creating IR objects consisting of sections and links.
2) Mapping of IR objectsinto Configcodes objects.
- Input: List of IR objects.

- Output: Configcodes objects each of which represents one configuration determined by terminal
operators, APE, DO and Switch configurations and text file with OpCode which specifies implemented
data flow chart.

- Actions: Conversion of each object from IR data format to Configcodes format with al configurations of
the Configcodes in the task being determined by parameters for APE, DO and Switch. Creation of
OpCode file with matches between the name of each implemented function and corresponding OpCode.

3) Creation of RVM Input file.
- Input: Configcodes objects.
- Output: RVM Input file.
- Actions: Creation of RVM Input file from Configcodes objects.
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e SWIR
v

Step 1I— Parsing SWIR

> IR objects

v

Convert to OpCode
Step 2 RVM IR file

v
> Configcode

objects
v

Create
Step 3— RVM Input

v

RVM
\ Input file

NOTE:  While there might be various formats in the RVM Input file, the present document considers XML and
Binary format. Examples of Configcodes defined in Binary and XML format are shown in clauses 7.3 and
7.4, respectively.

Figure 7.1: Processing step of generating RVM Input file

7.3 Binary format for Configcodes

In this clause, the format of binary Configcodes is presented.

Each task shall include one or several Configcodes. Each of them shall consist of Control Configcode, DO Configcode,
APE Configcode, ASF Configcode and optionally Next Configcode Address Offset (NCAO). The field NCAO shall be
augmented if NAF = 1. The binary format of Configcodesis shown in figure 7.2 and shall consist of:

e  Thecontrol section provides general information regarding the task and consists of:
- LCF, 1 bit, LCF = 1 meansthat thisis the last Configcode in the task;
- NAF, 1 bit, NAF = 1 meansthat the field NCAO is augmented to this Configcode;
- Task_ID, 8 bits, is an automatically generated identifier of thistask;
- gRPI version, 8 bits, is version number of supported gRPI;
- Reference_|D, 8 hits, is SFB identifier of the reference Radio Library;
- Implementation version, 8 bits, is the version number of the implemented task;

- Developer_ID, 16 hits, isthe identifier of the developer who creates the current task;
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- Creation_Date, 16 bits, is the date of task creation.
. DO section provides general information regarding DO configuration and consists of:
- N_DO, 8 hitsis the number of DOs involved in this Configcode;
- N_DO particular DO configuration fields:
" DO_config isaparticular DO Configcode;
L] ASF_config isthe ASF Configcode without DO field.
. APE section provides general information regarding APE configuration and consists of:
- N_APE, 16 bitsis the number of APEsinvolved in this Configcode;
- N_APE particular APE configuration fields:

=  APE config field is a particular APE Configcode.

1 bit 1 bit
LCF NAF
8 bits 8 bits 8 bits 8 bits
Control . Implementation
section | Task_ID | RPI version | Reference_ID -
16 bits 16 bits
| Developer_ID | Creation_Date |
~ 8 bits variable length field variable length field
| N_DO DO 0 DO_config DO 0 ASF_config
DO < DO 1 DO_config DO 1 ASF_config
section ce e
\_ DO (N_DO-1) DO_config DO (N_DO-1)ASF_config
16 bits 9 bytes+2*NN bits
/
| N_APE APE O APE_config
APE < APE 1 APE_config
section
o o0
APE (N_APE-1) APE_config
N~ 16 bits
I NCAO |
e |

Figure 7.2: Binary format for Configcodes

Format of aparticular DO_Configcode shall consist of two parts. one part is afixed length field of DO set code and the
other part isavariable length field of DO init code. It is shown in figure 7.3.

1 byte 4 bytes 4 bytes

DO set code { ‘ DO_ID ‘ SIZE ACCESS TIME
1byte up to 256 bytes
DO init code { ‘ LENGTH ‘ VARIABLE LENGTH FIELD }
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, I

Figure 7.3: Format of a particular DO_Configcode

DO shall be configured by an instruction DO_config (Set, I nit) with Set field and Init field.
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Figure 7.4 illustrates the format of the DO set code and it shall consist of:
. SIZE isthe positive integer number showing the DO size in bytes;

e  ACCESSTIME isthe positive integer number showing accesstimein ns.

4 bytes 4 bytes

SIZE ACCESS TIME

Figure 7.4: Format of DO set code

The Set field shall set DO attributesusing Set(YYYY, ZZZZ) where YYYY isthe sizein bytes, ZZZZ isthe access
timeinns.

Figure 7.5 illustrates the format of DO init code and it consists of:
. LENGTH, 1 byte, isthe length of the variable part of the field in bytes;

e VARIABLE LENGTH FIELD up to 256 bytes brings immediate val ues.

1 byte up to 256 bytes

LENGTH VARIABLE LENGTH FIELD I

Figure 7.5: Format of DO init code

The Init field shall initialize the DO according to the specific initialization procedure (depending on implementation)
and make DO full after initialization if LENGTH # 0, i.e. Init( XXXX), where XXXX contains the length and
initialization value in the form of a bit sequence. Init field might be empty if LENGTH = 0, in such casethe DO is
empty.

Figure 7.6 illustrates the format of APE_Configcode and it shall consist of:
. APE_1D, 2 bytes, isthe number of APE;
. op code, 20 bitsis the code of operation from Basic Operations;

. T, 1 bit flag, when T = 1 for dynamic operations, APE isinactive just after completion of the operation, when
T =0 for static operations, APE is active even after completion of the operation;

NOTE 1: The statement "APE isinactive just after completion of the operation" indicates that another functionality
may be allocated to the APE. The statement "APE is active even after completion of the operation”
indicates that no change of functionality will occur.

. NN, 3 bitsisthe number of ports;

. cost, 2 bytes isthe execution cost value;

e time, 2 bytesisthetime constraint value;

. port access type, 2 bits per port describes the accesstype{r, re, w, rew}.

2 bytes 20 bits 1 bit 3 bits 2 bytes 2 bytes 2*NN bits

APE_ID op code ‘ T ‘ NN cost time access type

Figure 7.6: Format of a particular APE_Configcode

APE shall be configured by an instruction APE_config (APE_Port_ID, Set, Init) with APE port identifier field, Set
field and Init field.

The APE_Port_ID field shall have identifier APE_Port_ID (XXXX.YY, PORT_TY PE), where XXXX = APE_ID,
YY isthe number of APE ports and PORT_TYPE ={r, re, w, rew}.
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The Set field shall set APE attributes using Set(NN, PP, XXXX, YY YY) where NN is the number of ports (decimal),
PP isthe field defining port types, XXX X isthe execution cost (decimal), if XXXX = 0thenthereisnocost, YYYY is
timein ms(decimal), if YYYY = 0 then there are no time constraints.

The Init field shall bring the identifier of an operation from the set of Basic Operations and port configuration. During
the APE configuration procedure, the APE shall be bound with op operation from the Basic Operations using I nit(op).
Input and output parameters of the operator shall be bound to the APE's ports of corresponding access types.

NOTE 2: The op code is obtained by applying some unique mapping function to the SFB identifiers. The choice of
the mapping function needs to be defined. However, it is beyond the scope of the present document.

NOTE 3: APE Configuration comprises two stages, i.e. initialization and set-up. The Configcodes provide the
parameters for both procedures.

NOTE 4: Accesstype are defined as{r, re, w, rew}.

After APE configuration procedure is successfully completed, the APE shall:
. be moved to the active state with corresponding indication to CU;
3 process valuesin lines ds (data status) and data.

APE exception codes shall be used as shown in table 7.1.

Table 7.1: APE Exceptions

Exception Semantic
00 No exception
01 Change CC (Configcodes Count) flow
10 Arithmetic overflow/underflow
11 Incorrect operation

Figure 7.7 illustrates the format of the ASF_Configcode. Ports shall connect ASF with DOs or with APEs as described
in figure 6.5. Connectors of ASF shall connect ports bounded to DO with ports bounded to APE. Each connector shall
have the same interface lines as ports: ds, data. Connectors shall convey interface values between ports when they
appear in the corresponding ports.

1 byte 6 bits 12 bits 12 bits 12 bits

DO | N |APTPT _1_—I .| oA
___I ___I

Figure 7.7: Format of ASF_Configcode

Figure 7.7 illustrates the format of ASF_Configcode and it shall consist of:
. DO, 1 byte field shall provide the DO ID number;
J N, 6 bits shall be the number of APEs connected with DO;
. APE _K.P, 12 hitswhere K runs from 0 to N-1:
- APE_K, 8-bit shall denote the APE number;
- P, 4-bit shall denote the port number.
ASF shall be configured by an instruction ASF_config (Set, Init) with Set field and Init field.

The Set field shall set the ASF attributes using Set(DO, N) where DO isthe ID number of DO, N is the number of
APESs connected with the DO.

The Init field shall initialize the ASF using I nit(APE_K.P) where APE_K, with K running from 0 to N-1, denotes the
APE number, P denotes the port number. After configuration connectors shall convey interface values to DOs and
APEs.
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7.4 XML schema for Configcodes

In this clause, the XML schema for Configcodesis presented. Each task includes one or several Configcodes.

DO >  AsF fo{  Port |

Task | configcode H d APE 1 Port |
—>| Complex |—>| Port |
—>| Switch |—>| Port |
L»l APEconfig I—
——| IF F>{  Port |
—>| FOR |—>| Port |
1 WHILE | Port |

Figure 7.8: XML elements consisting of Configcodes

Figure 7.8 illustrates the XML elements consisting of Configcodes. The following XML elements shall be used:
. task;

. Configcode;

. DOconfig;
° DO;

. ASF,

e  Virtua,

. APEconfig;
. APE;

. Complex;

. FOR,;

e SWITCH;
° IF;

e  WHILE;
. Port.

Attributes of each element shall be used as given by tables 7.2 to 7.15. It isillustrated in figure 7.8.
Element /task

. Parent element: document root
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. Children:
- <Configcode>

<task> isthe root e ement of the xml.

Table 7.2: Attributes of <task>

Attribute Description
TaskID Task identifier.
gRPIVersion Version of gRPI.
DeveloperID Developer identifier.
CreationDate Date of task creation.
ReferencelD SFB identifier of reference Radio Library.
TaskimpVersion |Task implementation version.
num Contain number of configurations in the task.

Element /task/Configcode
o Parent: <task>
J Children:
- <DOconfig>
- <APEconfig>

<Configcode> is tag for one configuration in the task.

Table 7.3: Attributes of <Configcode>

Attribute Description
LCF Last Config Flag. Identify last Configcode in the task.
ID Automatically generated identifier.
NDO Number of DOs in the configuration.
NAPE Number of APE in the configuration.

Element /task/Configcode/DOconfig
. Parent: <Configcode>
. Children:
- <DO>
- <Virtua/>
<DOconfig> istag for DOs configurations.
Element /task/Configcode/DOconfig/DO
. Parent: <DOconfig>
. Children:
- <ASF>

<DO> istag for configuration of one DO.

ETSI



26 Draft ETSI EN 303 681-4 V1.1.2 (2020-03)

Table 7.4: Attributes of <DO>

Attribute Description

ID Automatically generated identifier.
Size Size of DO.
AccT Accesses time of DO.

Length Length of initial data in object.
Data Initial data.

Element /task/Configcode/DOconfig/DO/ASF
. Parent: <DO>
J Children:
- <Port/>

<ASF> istag for configuration of ASF for DO.

Table 7.5: Attributes of <ASF>

Attribute
APENum

Description
Number of APE connected to DO.

Element /task/Configcode/DOconfig/ASF/Port
. Parent: <ASF>
. Children: none

<Port> istag for Switch port.

Table 7.6: Attributes of <Port>

Attribute Description
APEid APE identifier.
Portld Port identifier.

Element /task/Configcode/DOconfig/Virtual

Parent: <DOconfig>

Children: none

<Virtual> istag for virtual DO.

Table 7.7: Attributes of <Virtual>

Attribute Description
ID Automatically generated identifier.
Type Size of DO.
PortRef Port of the main control operator, to which VDO is connected.
InPortRef Port of the main control operator, which will be the input port for the VDO.
OutPortRef |Port of the main control operator, which will be the output port for the VDO.

Element /task/Configcode/APEconfig

Parent: <Configcode>
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. Children:
- <APE>
- <Complex>
- <Switch>
- <IF>
- <FOR>
- <WHILE>
<APEconfig > istag for abstract physical elements configurations.
Element /task/Configcode/APEconfig/APE
. Parent: <APEconfig>
J Children:
- <Port>

<APE> istag for configuration of one functional APE.

Table 7.8: Attributes of <APE>

Attribute Description
ID Automatically generated identifier.
OpCode OpCode of implemented function.
T Flag for dynamic operations.
Cost Execution cost value.
Time Time constrain value.
PortNum Number of Switch ports for APE.

Element /task/Configcode/APEconfig/Complex
. Parent: <APEconfig>
J Children:
- <Port>

<Complex> istag for configuration of complex APE.

Table 7.9: Attributes of <Complex>

Attribute Description
ID Automatically generated identifier.
Body ID of body configuration.
T Flag for dynamic operations.
Cost Execution cost value.
Time Time constrain value.
PortNum  |[Number of Switch ports for APE.

Element /task/Configcode/APEconfig/FOR
. Parent: <APEconfig>
. Children:
- <Port>

<FOR> istag for configuration of FOR-cycle.
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Table 7.10: Attributes of <FOR>

Attribute Description
ID Automatically generated identifier.
Body ID of cycle body configuration.
T Flag for dynamic operations.
Cost Execution cost value.
Time Time constrain value.
PortNum  |[Number of Switch ports for APE.

Element /task/Configcode/APEconfig/WHILE
. Parent: <APEconfig>
e  Children:
- <Port>

<WHILE> istag for configuration of While-cycle.

Table 7.11: Attributes of <WHILE>

Attribute Description
ID Automatically generated identifier.
Body ID of cycle body configuration.
T Flag for dynamic operations.
Cost Execution cost value.
Time Time constrain value.
PortNum  |[Number of Switch ports for APE.

Element /task/Configcode/APEconfig/I F
. Parent: <APEconfig>
. Children:
- <Port>

<IF>istag for configuration of IF operator.

Table 7.12: Attributes of <IF>

Attribute Description
ID Automatically generated identifier.
Then ID of body-then configuration.
Else ID of body-else configuration.
T Flag for dynamic operations.
Cost Execution cost value.
Time Time constrain value.
PortNum  [Number of Switch ports for APE.

Element /task/Configcode/APEconfig/Switch
. Parent: <APEconfig>
J Children:
- <Port>
- <Cese>

<Switch> istag for configuration of Switch-Case operator.
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Table 7.13: Attributes of <Switch>

Attribute Description
ID Automatically generated identifier.
T Flag for dynamic operations.
Cost Execution cost value.
Time Time constrain value.
PortNum _ [Number of Switch ports for APE.

Element /task/Configcode/APEconfig/APE|Complex|For [WHILE|l F|Switch/Port
. Parent: <APE|Complex|FOR|WHILE|IF|Switch>

. Children: none

<Port> istag for ASF port.

Table 7.14: Attributes of <Port>

Attribute Description
ID Port identifier.
AccType Accesses type.

Element /task/Configcode/APEconfig/Switch/Case
. Parent: <Switch>
. Children: none

<Port> istag for case part of Switch operator.

Table 7.15: Attributes of <Port>

Attribute Description
Body ID of case-body configuration.
Condition _|Case condition.

8 Radio Library

8.1 Introduction
The Radio Library shall include the entire set of SFBs[i.5]. The Radio Library is categorized into two kinds as follows:
. Reference Radio Library shall provide normative definition of each SFB.

o Native Radio Library shall provide platform-specific description of each SFB which represents the target
platform hardware.

NOTE 1: The computationsincluded in the Radio Library are represented in terms of normative definitions or
native implementations of SFBs depending upon whether the Radio Library is used for front-end or back-
end compilation, respectively.

NOTE 2: The examplesin the present document illustrate the use of the Radio Library for physical layer functions,
but the library is extensible to provide functions of higher layers, e.g. encryption, channelization, radio
link selection, etc.

Reference Radio Library and Native Radio Library are described in detail in clauses 8.2 and 8.3, respectively.
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Reference Radio Library

The Reference Radio Library shall include the information regarding each operator downloaded from the Basic
Operations of RVM introduced in clause 6 in the case of front-end compilation. The operator corresponds to each SFB
defined in ETSI EN 303 648 [i.2].

The Reference Radio Library shall include normative definition of each SFB of the entire set of SFBs[i.5].

NOTE 1: The normative definition should include information for the 3" party to use while making RA code, such
as, e.g. resources required at each function of a given SFB, etc.

NOTE 2:

Each SFB corresponds to an operator used in Radio Computing, e.g. FFT, IFFT, Convolution, etc. A

normative description of each SFB might be given in a high-level language, e.g. C, C++, C#, etc. for the
3 party RA provider to refer to.

NOTE 3: The most primitive leveled SFB is denoted as Elementary SFB (eSFB). It means that eSFBs are terminal
library elements such that they are not decomposed into more fine grained elements. Table 8.1 shows
operators that may be defined as eSFBs.

Table 8.1: List of eSFB

Name Input | Output Description
NOP 1 1 No operation, coping input to output.
Copy operator 1 2 Coping 1 input to 2 outputs.
Filter > 1 1 predicate input and 1 data input, if predicate input is true than coping data input
to output.
Multiplexer 2 1 Any input triggers coping this input to output.
Demultiplexer 2 2 If predicate is true than copy input to the 15t output else to the 2N,
Return 1 1 Stop configuration execution with corresponding code sent to output.
Add 2 1 Returns the sum of two inputs.
Subtract 2 1 Subtract the second input from the first input.
Multiply 2 1 Returns the multiple of two inputs.
Divide 2 1 Devides one input value by the other input.
Logical AND 2 1 Returns ture if both inputs can be converted to ture; otherwise, returns false.
Loai Returns ture if either input can be converted to ture; if both can be converted to
ogical OR 2 1
false, returns false.
Logical NOT 1 1 Returns false if input can be converted to ture; otherwise, returns ture.
Bitwise AND > 1 Returns a one in each bit position for which the corresponding bits of both inputs
are ones.
Bitwise OR 5 1 Returns a one in each bit position for which the corresponding bits of either or both
inputs are ones.
Bitwise XOR > 1 Retur_ns a one in each bit position for which the corresponding bits of either but not
both inputs are ones.
Bitwise NOT 1 1 Inverts the bits of its input.
Left shift 1 1 ﬁglqutts a in binary representation b (< 32) bits to the left, shifting in zeroes from the
Right shift 1 1 Shifts a in binary representation b (< 32) bits to the right, discarding bits shifted off.
Preincrement 1 1 Increment input by 1, then use the new value of input in the current operation.
Postincrements 1 1 Use the current value of input in the current operation, then increment input by 1.
Predecrement 1 1 Decrement input by 1, then use the new value of input in the current operation.
Postdecrements 1 1 Use the current value of input in the current operation, then decrement input by 1.

Typical candidates for SFBs are given in annex B.

8.3

Native Radio Library

The Native Radio Library shall include information on how each SFB in the Reference Radio Library isimplemented in
atarget hardware platform. The information shall explicitly specify the implementation of each SFB in the Reference
Radio Library using dedicated hardware accel erators and/or programmable devices provided in the target hardware
platform. The native Radio Library shall be used for the back-end compilation of the Configcodes.
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Reference
Radio Library

Mapping between Reference Radio ¢ Hardware Library
Library and Hardware Library

Native Radio Library

\
Hardware Platform
( )

Figure 8.1: Generation of Native Radio Library

Figure 8.1 shows aflow chart for generating Native Radio Library from the corresponding Reference Radio Library. It
is obtained from the available Reference Radio Library and the Hardware Library from which atarget hardware
platform is built. Elements of the Native Radio Library are created as the result of mapping Reference Radio Library
elements onto the Hardware Library elements.

NOTE: A Reference Radio Library is preferably publicly available.

9 Loading, Linking and Initialization

RVM shall be instantiated for execution of platform-specific Configcodes obtained from the back-end compiler. The
instantiation consists of three steps (following back-end compilation creating platform-specific ConfigCodes for RVM
(note: in adifferent set-up, back-end compilation may create binary code, then no RVM processing is required, but only
arun-time environment)):

. Loading.
. Linking.
° Initialization.

Loading isthe process of finding the binary representation of particular Basic Operations which configure APEs. The
binary files corresponding to the set of identified Basic Operations shall be downloaded into RVM from Native Radio
Library.

NOTE: Inthisstage, the corresponding RVM is optimized for a specific target platform. The Basic Operations
are specific to the target platform.

Linking isthe process of taking Configcodes for a particular task and combining the corresponding Basic Operations
included in the Configcodes to the run-time executable image. Linking process can be static or dynamic depending on
the T flag value in APE_config as shown in figure 7.6. If T = 1 then the corresponding operation is linked dynamically
during run-time execution. In the opposite case, when T = 0, all the Basic Operations included in the Configcodes are
linked before run-time execution.
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Initialization consists of the instantiation and initialization procedures for DOs, APEs and ASF. Information for this
process is taken from corresponding Configcode Init fields (see clause 7). During this process al full DOs are initialized
with immediate val ues according to i mplementati on-dependent procedures (i.e. the way of storing theinitial value and
how to transfer them to DOs in the initialization phase typically depends on the target platform). Each APE isinitialized
with the binary code of the corresponding operations. Connections between APEs and DOs are established in the ASF
according to the implementati on-dependent initialization procedure.

After instantiation, an executable version of the original RA is available that is optimized for the specific target
platform. The processis fully finalized and the RA can be executed.

10 Compiling for RVM (Front-End Compilation)

This paragraph describes the front-end part of the compilation process related to the transformation of input source code
into platform independent RVM Configcodes. There are two aternatives to obtain Configcodes:

1) RadioApp code (e.g.inC, C++, Java, etc.) is used as an input. Following paralelization (SWIR is obtained as
output of the parallelization operation) and RVM compilation, the Configcodes are obtained.

2) RadioApp represented as Data Flow Chart (corresponding to SWIR) is used as an input. Following RVM
compilation, the Configcodes are obtained.

The generic compilation flow is shown in figure 10.1. The compilation procedure of SWIR to Configcodes is described
in clause 7.2. The RVM Compiler uses also the Radio Lib to produce Configcodes.

Reference

RadioApp code

(C,C+t,etc) ¢ —— — — — — — Radio

Library
. I
Parallelization |
|
|
A

> RVM

> Compiler

RadioApp

Configcodes

\J

Data Flow chart

Figure 10.1: Compilation for RVM

NOTE: Inthe context of the present document, it is assumed that there is no mathematical representation of the
compilation process. Consequently, thereis no formal validation that the compilation output is atrue
representation of the original Source Code. A manufacturer will typically use its own (proprietary) model
for validation.
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Annex A (informative):
Mapping between XML and Binary

Table A.1 shows the mapping between XML and binary.

Table A.1: Mapping of XML schema to binary format

XML schema Binary format Description
TaskID Task ID Task identifier.

gRPIVersion gRPI version Version of gRPI.

DeveloperID Developer_ID Developer identifier.

CreationDate Creation_Date Date of task creation.

ReferencelD

Reference ID

SFB identifier of reference Radio Library.

TaskimpVersion

Implementation version

Task implementation version.

num NAF Contain number of configurations in the task.
LCF LCF Last Config Flag. Identify last Configcode in the task.
NDO N_DO Number of DOs in the configuration.
NAPE N_APE Number of APE in the configuration.
ID(DO) DO _ID Automatically generated identifier.
Size SIZE Size of DO.
AccT ACCESS TIME Accesses time of DO.
Length LENGTH Length of initial data in object.
Data VARIABLE LENGTH FIELD Initial data.
APENum N Number of APE connected to DO.
APEid APE_ID APE identifier.
Portld APE_Port_ID Port identifier.
Type Not applicable Size of DO.
. Port of the main control operator, to which Virtual DO is
PortRef Not applicable connected.
. Port of the main control operator, which will be the input
InPortRef Not applicable port for the Virtual DO.
. Port of the main control operator, which will be the
SARTRE Not applicable output port for the Virtual DO.
Body Not applicable ID of body configuration.
Then Not applicable ID of body-then configuration.
Else Not applicable ID of body-else configuration.
Condition Not applicable Case condition.
ID(APE) APE_ID Automatically generated identifier.
OpCode op code OpCode of implemented function.
T T Flag for dynamic operations.
Cost cost Execution cost value.
Time time Time constrain value.
PortNum NN Number of Switch ports for APE.
AccType port access type Accesses type.
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Annex B (informative):

SFB Candidate

Annex B describes some typical candidates of SFBs. Each SFB consist of eSFBs. Table B.1 shows the definition of data
types. The generally applied definition of each SFB candidate are shown in tables B.2 to B.5.

Table B.1: Definition of Data types

Classification Data type Range Byte(bit)
char -128 ~ 127 1(8)
unsigned char 0~ 255 1(8)
short -32 768 ~ 32 767 2(16)
inteqer int -2 147 483 648 ~ 2 147 483 647 4(32)
9 long -2 147 483 648 ~ 2 147 483 647 4(32)
unsigned short 0 ~ 65535 2(16)
unsigned int 0~ 4294 967 295 4(32)
unsigned long 0~ 4294 967 295 4(32)
real-floating tvpe float 8,4x107-37~3,4%x10"39 4(32)
gtyp double 2,2 x 10~ -309 ~ 1,8 x 10 / 309 8(64)
Table B.2: Definition of eSFBs related to arithmetic operations
Name Syntax NI 227 Description
operands
Basic assignment a=b 2 Allocate b to a.
Addition at+b 2 Add a to b.
Subtraction a-b 2 Subtract b from a.
Multiplication axb 2 Multiply a with b.
Division alb 2 Divide a by b.
Modulo Modulus Operator and remainder of after a
. . a%b 2 A
(integer remainder) division.
. Increment the value of the a and return a
Prefix ++a 1
reference to the result.
Increment -
) Create a copy of a, increment the value of the a
Postfix at++ 1
and return the copy to the result.
) decrement the value of the a and return a
Prefix --a 1
reference to the result.
Decrement
Postfix a- 1 Create a copy of a, decrement the value of the
a and return the copy to the result.
Table B.3: Definition of eSFBs related to comparison operations
Number of .
Name Syntax operands Description
L Checks if the values of a and b are equal or not. If yes, then the
Equal to a== 2 ”
condition becomes true.
Not equal to al=b > Checks if the values of a anq_b are equal or not. If the values
are not equal, then the condition becomes true.
Checks if the value of a is greater than the value of b. If yes,
Greater than a>b 2 then the condition becomes true.
Less than a<b 5 Checks if the value of a is less than the value of b. If yes, then
the condition becomes true.
Greater than or Checks if the value of a is greater than or equal to the value of
azb 2 -,
equal to b. If yes, then the condition becomes true.
Less than or Checks if the value of a is less than or equal to the value of b. If
asb 2 i
equal to yes, then the condition becomes true.
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Table B.4: Definition of eSFBs related to logical operations

Name Syntax MITIRET @ Description
operands
Loglc(ell\ll gt_erg;jatlon la 1 It is used to reverse the logical state of its operand.
. If both the operands are non-zero, then the condition
Logical AND a&&b 2 becomes true.
Logical OR allb 5 If any _of the two operands is non-zero, then the
condition becomes true.
Table B.5: Definition of eSFBs related to bitwise operations
Number of .
Name Syntax operands Description
Bitwise NOT ~a 1 Switching state 0 to 1, and vice versa.
Bitwise AND a&b > Binary AND Operator copies a bit to the result
if it exists in both operands.
o Binary OR Operator copies a bit if it exists in
Bitwise OR alb 2 either operand.
Lo Binary XOR Operator copies the bit if it is set in
N
Bitwise XOR anb 2 one operand but not both.
Bitwise left shift a<<b > The g_value is moved left by the number of bits
specified by the b.
N . The a value is moved right by the number of
Bitwise right shift a>>Db 2 bits specified by the b.

ETSI



36 Draft ETSI EN 303 681-4 V1.1.2 (2020-03)

Annex C (informative):
Replacement of selected components of an existing RAT

As mentioned in clause 4, areconfigurable RE is capable of running multiple radios simultaneously and of changing the
set of radios by loading new Radio Application Package (RAP). While a RAP may provide an entire novel RAT to a
target radio equipment, it is also possible that a RAP is replacing one or several components of an existing (hardwired)
RAT implementation.

For such a selected replacement of existing (hardwired) RAT components, the Radio Library will provide an SFB

which providesinterfaces to (3" party) software developers for accessing the (hardwired) RAT internal interfaces. The
basic principleisillustrated below.

Figure C.1 presents an exampl e representation of a transmission chain which is comprised of components A, B, C, D, E.

Transmission
> A > B > C > D > E >

Figure C.1: Example representation of components of a transmission chain

It is assumed that a manufacturer may choose to enable (39 party) software developers to replace one or multiple of
these components by novel software components. Figure C.2 illustrates the replacement of component B through a
novel implementation by (3" party) software developers.

Transmission
—.—» —.—» c D E >

A\ 4
>

\ 4

\ 4

The novel ,,Black Box SFB“ is replacing the
original (hardwired) component

Novel inputs/outputs are visible to the
developer of 3rd party software

Novel component replaces the original
(hardwired) component through accessing
the ,,black box“ interfaces.

Novel
component

Figure C.2: Example replacement of a component through interfacing with novel SFB
provided by a (39 party) software provider
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Annex D (informative):
Introducing new SFBs

Asfor the determination of new SFBs, Radio Library Authority (RLA) will determine whether or not a candidate SFB
isregistered as anew SFB. The reusability of the candidate Functional Block (FB) is akey factor in the determination
of SFB. Therefore, the RLA will evaluate "how importantly and/or how often is the candidate FB used in agiven
RA(9)?".

Proposal of a new
SFB candidate

Radio Library Authority
(FB Reusability Index Evaluation in

terms of Hardware Dimension (HD)
and Software Dimension (SD))

Is FB Reusability Index
acceptable?
(Radio Library Authority)

— >
D
Radio Library Pool [ P ]

Figure D.1: Flow chart for determining SFBs

Figure D.1illustrates atypical procedure for RLA to determine anew SFB. In order to be considered as an SFB
candidate, the candidate FB will be presented in the form of areference code, which consists of a proper combination of
eSFBs. Since the reusability is the key factor of determining a new SFB, an evaluation quotient such as FB Reusability
Index (FBRI) as shown in figure D.1 should be set up by the RLA in the viewpoint of both hardware- and software-
related factors of the candidate FB. Hardware Dimension (HD) and Software Dimension (SD) shown in figure D.1 are
concerned with hardware- and software-related factors of the candidate FB, respectively. In the evaluation for HD, the
candidate FB might be evaluated in terms of the degree of performance improvement, hardware implementation
difficulty, time to market, etc. In the evaluation for SD, the candidate FB might be evaluated in terms of the software
correctness and completeness, complexity and/or reusability of the FB algorithm, etc.
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Annex E (informative):
Synchronous Approach

The Radio Virtual Machineisillustrated in figure E.1 as defined in the present document. The Abstract Switch Fabric
connects Data Objects ("data") with Abstract Processing Elements (APESs). A functional block is processing itsinput
data as soon as al Data Objects connected to the APE are "full"”.

RVM

Data config: init, set

] o
Eﬂ Eaﬂ o e
Switch fabric
A

config: init, set Y

E |
—>| Abstract switch fabric |4— m»

APE APE ) e
A

configcodes

4

Program memory L

Hun [o13u0)

status

Status

APE config: init, set

Figure E.1: Radio Virtual Machine

Depending on the target application, there is typically a selection between a synchronous and asynchronous approach.

NOTE: TheRadio Virtual Machine asillustrated in figure E.1 is used to represent an algorithm in a concurrent
way. The description of an algorithm istypically independent on implementation choices, including a
synchronous or asynchronous implementation approach. Ideally, a compiler would process the algorithm
description such that the desired implementation approach is applied. In practice, however, it can be
preferred by adesigner to facilitate the tasks of a compiler and describe the algorithm closer to an
hardware implementation level, including provisions for a synchronous or asynchronous i mplementation
approach. Thisis a common approach in hardware design programming languages such as VHDL (Very
High Speed Integrated Circuit Hardware Description Language). Also, some critical applications
requiring deterministic behaviour need to be implemented using a synchronous approach.

In order to synchronize the design to a clock signal, an input to a Data Object is generated leading to a"full Data
Object" state when the clock changes to a predetermined state (e.g. from LOW to HIGH or from HIGH to LOW) as
indicated bel ow.

Creation of an output which forces a Data
Object (DO) to the state ,,full“. For example,

_I_I_I_I_ this DO state change is triggered by the clock
changing its state as follows:

Clock Signal l

Figure E.2: Input to Data Object is generated when the clock changes from LOW to HIGH

Alternatively, the DO state change can also be enforced by a clock state change from HIGH to LOW.
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Creation of an output which forces a Data
Object (DO) to the state ,,full”. For example,

_I_I_I_I_ this DO state change is triggered by the clock
changing its state as follows:

Clock Signal j

Figure E.3: Input to Data Object is generated when the clock changes from HIGH to LOW

As yet another alternative, the DO state change can be enforced by any state change of the clock, i.e. from HIGH to
LOW aswell asfrom LOW to HIGH.

Creation of an output which forces a Data
Object (DO) to the state ,,full”. For example,

_I_I_I_I_ this DO state change is triggered by the clock
changing its state as follows:

Clock Signal _L _+_

Figure E.4: Input to Data Object is generated when the clock changes
from LOW to HIGH or from HIGH to LOW

Therelated Data Object is used in the following way: Multiple Data Objects are fed with the outputs of the entity
indicated above (i.e. generating a"full state" of the Data Object when the clock state changes from LOW to HIGH,
from HIGH to LOW or in both cases). Then, different APES are connected to different such Data Objects enforcing the

execution to be synchronous.

Creation of an output which forces a Data
Object (DO) to the state ,,full“. For example,
this DO state change is triggered by the clock

—m changing its state as follows:

Clock Signal 1 _f_

Data config: init, set
> Basic operations l Status l
1 y \ad Y
data data] see data
& Switch fabric
configcodes g | config:init, set
> > 3 . . External ports
> Program memory | ci > Abstrat switch fabric < P >
S
=,
=

\
APE APE see
A A A
1

Status

datus

APE config: init, set

Figure E.5: Connection of a Data Object fed upon clock state changes to a single APEs
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Note that there are two ways of creating the full Data Object state:

i)  RVM internal: One or multiple entities inside the RVM are creating the full Data Object state in function of a
clock.

ii)  External: Data Objects for synchronization are part of the design in the present document, but the creation of
the full Data Object state for clock synchronization is out of scope.

An example for clock distribution is given below, consisting of a Clock generator (Clk), a Clock Reader and an APE
connected to ainput Data Object, a Sync Data Object and an output Data Object. The specific case is addressed that a
the input Data Object remains empty during multiple clock cycles. Typically, asingle Clock generator feeds
independent Sync Data Objects for each APE and corresponding Clock Readers.

Clk

Clock Reader

|
| Sync Data Data Object
| Object1 (APE Input Data)

\ 4
[

Sync Datal
Object 2 1

Issue to be addressed: Assume that Data Object remain empty for several clock cycles.
Then, Clk would overwrite full Sync Data Object 1 which would trigger an exception. This
exception is avoided by the following mechanism:

1) Sync Data Object 2 is full, blocking R/W operation.

2) Operator R consumes Sync Data Object 2 content.

3) If Data Object is empty, operator R/W will consume Sync Data Object 1 content.

4) Clk will create new input to Sync Data Object 1 and 2 accessing to an empty Data Object.

Figure E.6: Example for input Data Object remaining empty during one or multiple Clock cycles

An example for afull Data Object case is given below, consisting of a Clock generator (Clk), a Clock Reader and an
APE connected to ainput Data Object, a Sync Data Object and an output Data Object.
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Clock Reader

o ®
Sync Data Data Object
Object 1 (APE Input Data)
| @

Sync Datal
Object 21

\ 4
o

Issue to be addressed: Assume that Data Object is full, block R/W operation from reading
Sync Data Object 1 and empty all Data Objects after reading. This is achieved by the
following mechanism:

1) Sync Data Object 2 is full, blocking R/W operation.

2) Operator R consumes Sync Data Object 2 content.

3) If Data Object and Sync Data Object 1 are full, so APE is executed and consumes both
Data Object contents. Data Object, Sync Data Object 1 and 2 are empty.

4) Clk will create new input to Sync Data Object 1 and 2.

Figure E.7: Example for full input Data Object

In the approaches presented above, exception handling needs to be addressed. Idedlly, full Data Objects provide inputs
to Abstract Processing Elements which execute the respective processing during the duration of a clock cycle. Then, the
Data Objects return to an empty state and are being filled again for processing during the next clock cycle. In case of an
exception, the concerned Data Object may not return to an empty state before the end of the clock cycle. In this
situation, an exception may occur if new datais provided to a Data Object although it is still in full state. In such a case,
it is proposed that the concerned Data Objects are forced to empty spaces and the Data Objects contents are destroyed.
The Control Unit will trigger a corresponding exception status information.
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