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ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

ISO 20794 (all parts) specifies the application (partly), application layer, transport layer, network
layer, data link layer, and physical layer requirements of an in-vehicle network called "clock extension
peripheral interface (CXPI)".

CXPI is an automotive low-speed single-wire network. It is an enabler for reducing vehicle weight and
fuel consumption by reducing wire counts to simple devices like switches and sensors.

CXPI serves as and is designed for automotive control applications, for example door control group,
light switcly,and HVAC(Heating Ventiiation and AT Conditioning) SySTems.

The CXPI services, protocols, and their key characteristics are specified in different parts accosdinyg to
the OSI layprs.

— Applicption and application layer

— apjplication measurement and control data communication to exchange information between
applications in different nodes based on message communication;

— wake-up and sleep functionality;
— two kinds of communication methods can be selected at systefir design by each node:

i) | the event-triggered method, which supports applicatioh measurement- and control-bgdsed
(event-driven) slave node communication, and

ii)| the polling method, which supports slave nodeccommunication based on a periodic mapter
schedule;

— performs error detection and reports the result to the application;

— application error management.
— Transport layer and network layer
— trgnsforms a message into a single packet;
— adds protocol control information for diagnostic and node configuration into each packet;
— adds packet identifief-for diagnostic and node configuration into each packet;
— performs error.detection and reports the result to higher OSI layers.
— Datalipk layer and physical layer

— prpvideslong and short data frames;

— addsia frame identifier into the frame;

— adds frame information into the frame;

— adds a cyclic redundancy check into the frame;

— performs byte-wise arbitration and reports the arbitration result to higher OSI layers;
— performs frame type detection in reception function;

— performs error detection and reports the result to higher OSI layers.

— performs Carrier Sense Multiple Access (CSMA);

— performs Collision Resolution (CR);
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— generates a clock, which is transmitted with each bit to synchronise the connected nodes on the
CXPI network;

supports bit rates up to 20 kbit/s.

To achieve this, it is based on the Open Systems Interconnection (0OSI) Basic Reference Model specified
in ISO/IEC 7498-1 and ISO/IEC 1073111, which structures communication systems into seven layers.

Figure 1 illustrates an overview of communication frameworks beyond the scope of this document
including related standards:
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Thi
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Thd
con
und

ISO
Bas

Scope

5 document specifies the CXPI data link layer and the CXPI physical layer.
DLL is based on:

priority-based CXPI network access;

non-destructive content-based arbitration;

broadcast frame transfer and acceptance filtering; and

node related error detection and error signalling.

CXPI physical layer (PHY) requirements comprise of:

physical signalling (PS) sub-layer, which specifiesthe requirements of the clock generatig
the encoding and decoding of CXPI frames, ahd bit-wise collision resolution logic;

physical media attachment (PMA) sub-layer, which specifies the requirements of the sigi
waveform logic;

physical media dependent (PMD);sub-layer, which specifies the requirements of the CX
termination, electrostatic discharge protection, etc., and device connector requirement;

Normative references

Ktitutes requirements of this document. For dated references, only the edition cited ¢
ated reférgnces, the latest edition of the referenced document (including any amendmen

IEE, 7498-1, Information technology — Open Systems Interconnection — Basic Reference

n function,

nal shaping

Pl network
;and

physical media (PM), which specifies the requirements of the CXPI network cable/wirinjg harness.

following documents are referred to in the text in such a way that some or all of their content

pplies. For
[s) applies.

Model: The

ic-Model

ISO 20794-2, Road vehicles — Clock extension peripheral interface (CXPI) — Part 2: Application layer

ISO 20794-3, Road vehicles — Clock extension peripheral interface (CXPI) — Part 3: Transport and
network layer

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 20794-2, ISO 20794-3, and
ISO/IEC 7498-1 and the following apply.

©IS
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31

bit rate

transmission speed (bit/s) of the protocol within the specification range of transmit frames
3.3

higher OSHayer

OSIlayer 3|or more than higher number of layers

3.4

idle state

state of the CXPI network when no frames are exchanged (idle state) and only theyelock existp to
synchronige the nodes

3.5

inter framle space

IFS

time interyal between frames on the CXPI network

4 Symbols and abbreviated terms

4.1 Symbols

Cgus total bus capacitance

CLINE capacity of CXPI network

CMASTER capacity of master node

Cs1AVE capacity of slave node

kbit/s kilobit per second

LENgs length of CXPFbus wire

Rpus total bussresistor including all slave nodes resistors and master node resistor
RyASTER mastér node resistor

Rg avE stave node resistor

Epit bit time

Ehit_ref bit time of reference bit rate

tex_dif cont difference of the dominant time between logical value '1' and logical value '0’
trx_wakeup_clk time that the receiving clock master detects the width of dominant level as the wake-

t

rx_wakeup

t

rx_wakeup_space

up pulse.
time that the receiving node detects each width of dominant level in the wake-up pulse.

limitation time of acceptance second dominant pulse in the wake-up pulse from first
dominant pulse.

© IS0 2020 - All rights reserved
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up pulse

nt thresh-

tex wakeup time that the transceiver node transmits the dominant voltage of the wake-

tex_wakeup_space interval time between two of dominant level of transmitting wake-up pulse

tex 010 dominant time of logical value '0’

tex 0_1o_dom dominant time of logical value '0' (THyy 4o, = 30 % of Vgyp)

tex_0_pd at the time of logical value '0' outputs, time from the LO level detection of the CXPI
network until falling the voltage THy 4o, = 30 % of Vgyp

tex 1 10 dominant time of logical value '1'

tex 1 1o_dom dominant time of logical value "1' (THyy 4o, = 30 % of Vgyp)

tex 1 o rec dominant time of logical value 1" (THyy . = 70 % of Vgyp)

TH dom dominant threshold voltage of the driver node

THy, rec recessive threshold voltage of the driver node

THy dom dominant threshold voltage of the received node

TH rec recessive threshold voltage of the received nade

Veuk voltage of CXPI network

Veuk_cNT centre recessive threshold voltage ofthe received node

Vsukdom dominant voltage of the receiveditode

Veukrec recessive voltage of the regejved node

Vavk hysteresis voltage between the recessive threshold voltage and the domina
old voltage of the réceived node

Vied master maximum recessive level of logical value “1”

Vi lom measured value of the dominant threshold voltage of the received node

Vin frec measuted value of the recessive threshold voltage of the received node

4.2| Abbreviated terms

AC alternating current

CRd cyclic redundancy check

CT count

DLC data length code

DLL data link layer

ECU electronic control unit

FI frame information

Ftype frame type

HI high

© IS0 2020 - All rights reserved
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IBS
ID

IFS
ind

LO
LSB
MSB
NM
NRZ
0SI
PDU
PID
PHY
PM
PMA
PMD
PS
PTYPE
PWM
Reqld
ReqTypeld
RXpwm
RXDyrz
SIP

TH
TXpwm

inter byte space
identifier

inter frame space
indicator

link

low

least significant byte

most significant byte
network management
non-return to zero

open systems interconnection
protocol data unit

protected identifier

physical layer

physical media

physical media attachment
physical media dependent
physical signalling

protected type identifiex
pulse width modulation
request identifiér

request type identifier

PMA r€ceiver interface signal

PS\receiver interface signal

mtarfaca ;oo

Laryuica
SCTrvICCTIIeCT atepararrCeeT

threshold
PMA transmit interface signal

PS transmitter interface signal

5 Conventions

This document is based on the conventions discussed in the OSI Service Conventions as specified in
ISO/IEC 10731.
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Introduction to data link layer and physical layer

Frames

Information on the CXPI network is sent in fixed format frames of different limited lengths. When the
CXPI network is in idle state, any connected node is allowed to start the transmission of a Protected
Identifier (PID). The CXPI network is in idle state when no frames are transmitted.

6.2

Frame collision avoidance

If tv
by
prid

6.3

For

To

higher OSI layers is provided.

6.4

The
CXH
per

7

7.1
Thd

Vo or more nodes start to transmit a PID value at the same time, the bus access confliet
fontent-based arbitration using the PID value. The transmitter with the PID value of1
rity gains the bus access.

Error detection and indication
detecting errors, the following measures are specified:
byte value error (Err_DLL Byte);
cyclic redundancy check value error (Err DLL_CRC);
data length code value error (Err DLL DLC);
data length code extension value error (Err DLI DICext);
parity value error (Err DLI, Parity); and

framing value error (Exrr DLL Framing).

is resolved
he highest

confirm an error occurrence during data transmission and reception, an error indicafion to the

Clock transmission and detection

node (master node by default), that generates the clock, continuously transmits the d
forms communicationmsynchronised with the node, that generates the clock.
Service intérface parameters (SIP)

SIP —< General

following subclauses specify the service interface parameters and data types, which 4

the

lock to the

[ network. Clock existefice”is detected by the falling edge of the clock on the CXPI netwg¢rk. A node

re used by

CXPI data link and physical layer services.

7.2

SIP — Data type definitions

This requirement specifies the data type definitions of the CXPI service interface.

© IS0 2020 - All rights reserved
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REQ

|0.1 SIP — Data type definitions

Byte

Enum =

8-bit

16-bi

The data types shall be in accordance to:

8-bit enumeration

Unsigned Byte = 8-bit unsigned numeric value

Array = sequence of 8-bit aligned data

2-bit Bit String = 2-bit binary coded

Bit String = 8-bitbinary coded

L Bit String = 16-bit binary coded

7.3 SIP

This requi

— Ftype, frame type

rement specifies the frame type parameter value of the CXPI service interface.

REQ [0.2

SIP — Ftype, frame type

The Ftype

Range: [No

address inf]

parameter shall be of data type Enum and shall be used to identify. theframe type and range of
prmation included in a service call.

fmalCom, DiagNodeCfg]

7.4 SIP

This requil

— Reqld, request identifier

ement specifies the request identifier parameter value of the CXPI service interface.

REQ (0.3

SIP — Reqld, request identifier

The ReqId

Range: [01]

parameter shall be of data type Unsigned Byte and shall contain the request identifier.

¢ to TF ]

7.5 SIP;

This requil

— ReqTypeld, request type identifier

ement specifies the request type identifier parameter value of the CXPI service interfacsg.

REQ |0.4l SIP — ReqTypeld, réquest type identifier

The ReqTyy
Range: [00
NOTE ReqT]

eId parameter'shall be of data type Unsigned Byte and shall contain the request type identifie
o] in DLL

g

vpeIdis-uSed by the application to enable the polling method. It has a fixed value.

7.6 SIP -

—PDU, protocol data unit

This requirement specifies the protocol data unit parameter value of the CXPI service interface.

REQ |0.5 SIP — PDU, protocol data unit

The PDU pa

rameter shall be of data type Byte Array and shall contain the frame data (PDU) content of the

request or response frame to be transmitted/received.

Range: [00,, to FF(]

© IS0 2020 - All rights reserved
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SIP — Length, length of PDU

This requirement specifies the length parameter value of the CXPI service interface.

REQ |0.6 SIP — Length, length of PDU

The Length parameter shall be of data type Unsigned Byte and shall contain the length of the PDU to be
transmitted/received.

Range: [00,, to FF;(]

7.8 _SIP — ev_wakeup_ind, event wake-up indication (optional)

Thip requirement specifies the event wake-up indication parameter value of the CXPI setvic

b interface.

RE(Q |0.7 SIP — ev_wakeup_ind, event wake-up indication (optional)

Thg

Tah

Raige: [ev_wakeup pulse detect, ev dominant pulse detect, ev ¢¥K) detect,

le 1 describes the network management information values.

ev_clk loss]

ev_wakeup_ind parameter shall be of data type Enum and shall include the network‘management informa-
tion in the response, which is composed of wake-up indication information of a CXPI node.

Table 1 — ev_wakeup_ind, event wake-up.indication (optional)

Enum values Description

ev |wakeup_pulse_ detect This service primitiye parameter value indicates the receptign of the
wake-up pulse event from the DLL. This parameter is optiongl if cmd_
wakeup pulselon in Table 2 is (optional).

ev |dominant pulse_ detect This serviceprimitive parameter value indicates the receptign of the
dominant pulse event from the DLL. This parameter is optiorfal if cmd
wakeupopulse onin Table 2 is (optional).

ev |clk_detect Thissservice primitive parameter value indicates the receptign of the
clock detection event from the DLL.

ev |clk loss This service primitive parameter value indicates the receptign of the
clock loss event from the DLL.

7.9 SIP — cmd_wakeup_req, command wake-up request

Thip requirement-specifies the command wake-up request parameter value of the CYPI service

intq

rface.

RE

) |0.8 SIP — cmd_wakeup_req, command wake-up request

Thg
inf

cmd Wakeup reqg parameter shall be of data type Enum and shall include the wake-up request cq
rmation to wake-up a CXPI node. Table 2 describes the cmd wakeup_ reg values.

Ranger[cmd_cIk generator on, cmd ClK _generator Orf, cmd wakeup pulse on]

mmand

Table 2 — cmd_wakeup_req values

Enum values Description

cmd clk generator on

to turn on the clock transmission to the DLL.

This service primitive parameter value commands the clock generator

cmd clk generator off

to turn off the clock transmission to the DLL.

This service primitive parameter value commands the clock generator

cmd_wakeup pulse on (optional) |This service primitive parameter value commands the transmission of

the wake-up pulse to the DLL.
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7.10 SIP — NMiInfo, network management information

This requirement specifies the network management information parameter value of the CXPI service
interface.

REQ |0.9 SIP — NMlInfo, network management information
The NMInfo parameter shall be of data type Enum and shall contain the NM information in the response field.

Type: Enum
Range: 00, = [no request for wakeup ind, sleep ind prohibition]

01, F [norequestior wakeup ind, sleep ind permission|

10, F [request for wakeup ind, sleep ind prohibition]

11, F [request for wakeup_ind, sleep_ ind permission]

7.11 SIP +— SCT, sequence count

This requifement specifies the sequence count parameter value of the CXPI seryiceinterface.

REQ |0.10 SIP — SCT, sequence count

The scT pafameter shall be of data type Unsigned Byte and shall contain the sequence count information ip
the respongse field to be transmitted/received.

Type: 2-bif Unsigned Byte

Range: [004 to 11,]

7.12 SIP + Result, result

This requifement specifies the result parameter value of the CXPI service interface.

REQ |0.1|1 SIP — Result, result
The Result parameter shall be of data type Bit ;String and shall contain the status relating to the outcomg of
a RegField pr RespField execution.

Range: [OK DLL Arb Lost, Err DLL~Byte, Err DLL CRC, Err DLL DLC,
Ery DLL DLCext, Err DLL/Pa¥ity, Err_DLL_Framing]

Range: [0, [to 1,]

8 Data link layer (DLL)

8.1 SI — L_Datarreq and L_Data.ind service interface

The service irterface defines the service primitives and parameter mapping to the DLL.

Figure 2 shows the DLL 1. pata.regand L _Data.ind service interface.
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Sender CXPI node Receiver CXPI node
/A /A
Network SAP Data link Data link SAP Network
layer layer layer layer
(service user) (provider) (provider) (service user)
request indication
O—L_Data.ljeq—b ———_ _ | |
<4——L_Data.ind \i TI—==-» e———L Data.ind—>»
2

Key

For
pro
All

whi
resj

For

including a protected identifier fieldjand the N_PDU (1 _pata.req) onto the CXPI network

rec
req

8.2
Thi

service intefface
service inteifface

4 - —————"————— — ~

e \a

service access point
read back from CXPI network provided by lower OSI layer
time

Figure 2 — DLL L_Data.req and L_Dataind service interface

normal communication (NormalCom) the sender@ode transmits, if master node, eithe
fected type identifier field (polling method), ot a request protected identifier field (t.|
nodes receive the request protected identifier field of type NormalCom (L _pata.ind).
ch has corresponding PDU data transmits the response PDU (1_pata.req) and all nodes
ponse PDU (L_Dpata. ind).

diagnostic and node configuration’ (DiagNodeCfg) the sender node transmits a reque

bive the DiagNodeCfg request ‘message (._pata.ind). The node(s), which is (are) targe
1lest message, transmit a DiagNodeCfg response message (1._Data.req) onto the CXPI net

SI — L_Data.req@nd L_Data.ind service interface parameter mapping

5 requirement specifies the data link layer service interface parameter mapping to lower

[ a request

|Data. req).
The node,
receive the

5t message
All nodes

ted by the

work.

OSI layers.

RE

0] |2.1 SI <= L_Data.req and L_Data.ind service interface parameter mapping

Thg

L Datavxggand L Data.ind service interface parameter mapping is specified in Table 3.

The

normal communication frame (NormalCom) either consists of a L Reqid (L PID

) only (L_

Len

jth)= NULL) Or L Reqld (I, PID) and aresponse L PDU (L Length > 00,.).

The diagnostic and node configuration frame (DiagNodeCfg) always consist of a1 _RrReqtd (1, P1D) and a
response L_ppuU. Therefore, the L_Length > 00,,.
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Table 3 — L_Data.req and L_Data.ind service interface parameter mapping

L_Data.req and L_Data.ind parameter validity
Higher OSI layers Data link layer NormalCom with L_Length | DiagNodeCfg with L_Length
(service user) (service provider) = NULL 2004, >0044
req |.ind | .req | .ind req .ind
N_Ptype L_Ftype Xa Xa Xa Xa Xa Xa
N Length L Length —cC —c Xa Xa Xa Xa
N ReqgId L ReqId Xa Xa Xa Xa Xa Xa
N ReqTypefrab L ReqTypelIdP Xa Xa —c —c¢ —c —cC
N:PDU L:DATA —c _c Xa Xa Xa xd
N NMInfo L NMInfo —c —c Xa Xa Xa Xa
N_SCT L SCT —c —c Xa Xa Xa Xa
N Result L Result —c Xa —c Xa —c Xa

NOTE A sefvice interface call either includes a ReqId or a ReqTypeId parameter.
a  Supported "X".
b Notusedl if DiagNodeCfg.

¢ Notsupported "—".

8.3 DLL|— Service interface with L_Ftype parameter mapping

8.3.1 DIL — L_Data.req and L_Data.ind with L_Ftype = NormalCom (L_Length = NULL)

This requifement specifies the data link layer frame type NormalCom with 1. 1ength = wnuLL via[the
L Data.req and L Data.ind interface.

REQ |2.2 DLL — L_Data.req and L_Data.ind with L_Ftype = NormalCom (L_Length = NULL)

TheL Datd.regand L Data.ind service interface with L Ptype = NormalComwithL Length = NULL shall
use the seryice interface parameters specified'in Table 3 and Figure 3.

If the DLL grovider is the sender then thesfollowing mapping shall be implemented for a L_Data.req:
— L Ftypge = N _Ptype (NormalCom);

— L ReqTypelId = N ReqTypeld,

— L ReqTypeId[Bit 6 toBM 0] = N ReqTypeld;

— L ReqTlypeId[Bit 71)s/ ODD Parity (N ReqTypeld);

— L RegIld[Bit 6_&9(Bit 0] = N ReqId;

— L ReqI|d[Bit "7 = ODD Parity (N _ReqId);

— L Lenglth. = NULL.

Ifthe DLL Pl UVidUl ib LllU I ELCiVCl LllUll L‘llE fU‘llUVVillg Illdppillg b‘lld‘ll 1U€ illlp‘ltlllUllLCd fux d J_A_Ud Ld. LIId.
— N Ptype = L Ftype (NormalCom);

— N _ReqTypelId = L ReqTypeld;

— N_ReqgId = L Reqgld;

— N _Length = NULL;

— N_Result = L Result.

10 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=6537ba79b21e723db8bf01ddfdfc023d

IS0 20794-4:2020(E)

i €——NormalCom—p

P | LPTYPE/L PID
BYTE_1

Figure 3 — DLL L_Data.req and L_Data.ind with L_Ftype = NormalCom (L_Length = NULL)

8.3.2 DLL — L_Data.req and L_Data.ind with L_Ftype = NormalCom (L_Length = 00156)

Thi

L D

sTequiTenent specifies the data tink tayer frame type Normat€Comrwith T Tengtr =0
bta.reqgand I Data.ind interface.

1¢ Vvia the

RE

) |Z.3 DLL — L_Data.req and L_Data.ind with L_Ftype = NormalCom (L_Length 2,007 /)

Thg
use

L Data.regandL Data.ind serviceinterface withL Ftype = NormalCom with-L)length 2
the service interface parameters specified in Table 3 and Figure 4.

If the DLL provider is the sender then the following mapping shall be implementéd for a L_Data.req:

L Ftype = N Ptype (NormalCom);
L ReqId[Bit 6 to Bit 0] = N _ReqgId;
L ReqId[Bit 7] = ODD Parity (N ReqId);

If (0 <= N _Length £ 12) then (L FI DLC = N_Lengthj) &lse
(L FI DLC = 1111, and L FI DLCext = N Length);

L PDU = [F FI, N PDU, L CRC];
L MNInfo = N MNInfo;

L SCT = N_SCT.

If the DLL provider is the receiver then the following mapping shall be implemented for a L_Data.ind}

N Ptype L Ftype (NormalCom);
N ReqgId = L ReqlId[Bit 6 to B&B\N0];
N Length = L Length;

If (L_FI DLC < 12) them\(N Length = L FI DLC) else
(N_Length = L FI DLCext);

N _PDU = [L PDU, whAoJL FI, w/o L _CRC];
N MNInfo = L MN&nhfo;
N _SCT = L_ggMy

N Resulpg~X L Result.

INULL shall

© IS0 2020 - All rights reserved
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< L_PDU >
<«€NormalCom—» «—— 1. Length = LENGTH(N_PDU)———
L_FI N_PDU
L_Reqld DLC NM | scT A_PDU L_CRC
4bit | 2bit | 2bit DATA_1 DATA._... DATA_12 |CRC8(L_PDU w/o L_CRC)
BYTE_1 [€IBS>] BYTE_2 BYTE_3 BYTE_4 BYTE.... BYTE_14 BYTE_15
< L_PDU- >
“«—NormalCom— <«—— 1 _Length = LENGTH(N_PDU)——
L_FI N_PDU
L_CRC
L_Reqld DLC | NM | SCT DLCext A_PDU
4bit | 2bit [ 2bit 8 bit DATA_1 DATA._... DATA_255 | CRC16(L_PDU w/0 L-CRC)
BYTE_1 l€IBS > BYTE_2 BYTE_3 BYTE_4 BYTE._... BYTE_258 | BYTE_259 | g\\ﬁ’ﬁ,\z’e 0

Figure 4 — DLL L_Data.req and L_Data.ind with L_Ftype = NormalCom (L_Length’= 001¢6)

8.3.3 DIL — L_Data.req and L_Data.ind interface with L_Ftype = DiagNodeCfg

This requirement specifies the data link layer frame type DiagNodeCfg via thed, pata.regand 1, pdta.
ind interfafe.

REQ |2.4 DLL — L_Data.req and L_Data.ind interface with L_Ftype ="DiagNodeCfg

TheL Datq.regandl Data.ind serviceinterface with L Ftype = DiagNodeCfg shall use the service intgr-
face parampters specified in Table 3 and in Figure 5.

If the DLL grovider is the sender then the following mapping shalkbé implemented fora L Data.req:
— L Ftyge = N _Ptype (DiagNodeCfq);

— L Length = LENGTH(N_PDU);

— L RegIld[Bit 6 to Bit 0] = N ReqId;

— L ReqIljd[Bit 7] = ODD Parity (N ReqId);

— If (0 N Length < 12) then (L _FI BUC = N Length) else
(L_FI|DLC = 1111, and L FI DLCéxt‘= N Length);

— L PDU  [F FI, N PDU, L CRCJ}
— L MNInffo = N MNInfo;
— L SCT | N _SCT.

If the DLL grovider is the réceiver then the following mapping shall be implemented fora L Data.ind:

— N _Ptype L FtypelfDiagNodeCfq);
— N Reqljd = L_Regld[Bit 6 to Bit 0];

— If (L [FIODC < 12) then (N Length = L FI DLC) else
(N_Lepdgeh = L FI DLCext);

— N PDU = [L PDU, w/o L FI, w/o L CRC];
— N MNInfo = L MNInfo;

— N SCT = L_SCT;

— N Result = L Result.

12 © IS0 2020 - All rights reserved
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€-DiagNodeCfg» <€ L_PDU- »
«—— | Length=LENGTH(N.PDU)——
L_FI N_PDU
L_CRC
P| L_Reqd DLC | NM [ scT A_PDU
= = = N_NAD T_PCI
4 bit 2 bit | 2 bit DATA_1 DATA._... DATA_10 CRC8
BYTE_1 BYTE_2 BYTE_3 BYTE_4 BYTE_5 BYTE_... BYTE_12 BYTE_13
‘€-DiagNodeCfgpi< L_PDU >
< L_Length = LENGTH(N_PDU) »>
L_FI N_PDU
L_CRC
P L_Reqld DLC NM | SCT DLCext A_PDU
DN NAD T PCL
4 bit | 2 bit | 2 bit 8 bit b - DATA_1 DATA.... DATA_255 I CRC16
BYTE_1 BYTE_2 BYTE_3 BYTE_4 BYTE_5 I BYTE_6 BYTE_7 BYTE_... BYTE_261 VMZ I BYTE_263
2

8.4

8.4
Thi

Figure 5 — DLL L_Data.req and L_Data.ind with L_Ftype = DiagNodeCfg

DLL — Frame fields

1 DLL — Frame field definition

5 requirement specifies the CXPI frame fields.

RE

) [2.5 DLL — Frame field definition

A f1
ide

pri
Thg

rity.

ame shall consist of a request protected type identifier field (polling method only), a request pro
htifier field, and a response PDU field (see Figure 6). The’t. PIDor L PTYPE value shall be used fo
tionh on the CXPI network in order to gain access to the GXPI network. The protected type identifier lhas highest

response field shall consist of the L r1 field,-the N _PDU field, and the 1. cRrc field.

tected
I arbitra-

An
eith

bde transmits the request field of the frame on the CXPI network and if arbitration is
er the same node or a responding-nede transmits the response field of the frame.

© IS0 2020 - All rights reserved
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Request field Request field Response field = L_PDU
Request type identifier field Request identifier field FI field DATA field CRC field
] L_PTYPE parity | 7 L_PTYPE value 3 L_PID parity | 4. L_PID value Sim 6 L_DATA "7 LCRC

A

Key

protect]
protect]
protect]
protect]
frame i
data fig
cyclicr
request

O© 0 N O U1 B W N -

request
10 L_Leng
11 L_PDU

8.4.2 DIL — Request type identifier and request identifier fields

84.2.1 1

This requil

bd type identifier parity
bd type identifier

bd identifier parity

bd identifier

hformation field

Id

dundancy check field

type identifier field, request identifier field, response field

identifier field, response field
h = LENGTH(N_PDU)

Figure 6 — DLL frame field definition

)LL — Request type identifier field

ement specifies the 1, pryPr field.

REQ |[2.6

DLL — Request type(identifier field

The reques|
L _PTYPE V&

t type identifier field f. PTYPE Parity, L PTYPE] shall contain the parity bit in one bit, and the

lue in seven bits-(seé Table 4).

The maste
then trans

‘node transntits a request type identifier field, if the polling method is activated. A node

mit a request identifier field.

Table 4 — Configuration of request type identifier field

can

L_PTYPE parity (bit 7)

L_PTYPE value (bit 6 to 0)

0dd parity

bit (fixed at 1,)

Fixed at 004

8.4.2.2 DLL — Request identifier field

This requirement specifies the L_PID parameter.

REQ |2.7 DLL — Request identifier field

The requestidentifier field [L_PID Parity, L PID]shall contain the parity bitin one bit, and the _p1D value
in seven bits (see Table 5).

All nodes can transmit a request identifier field.

14

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=6537ba79b21e723db8bf01ddfdfc023d

IS0 20794-4:2020(E)

Table 5 — Configuration of request identifier field

L_PID parity (bit 7) L_PID value (bit 6 to 0)

0dd parity bit 01,,t0 7F 4

8.4.2.3 DLL — L_PTYPE and L_PID parity determination

This requirement specifies the 1._p1D parity determination.

REQ |2.8 DLL — L_PTYPE and L_PID parity determination

the|total count of '1s' in the whole set [including the parity bit (P)] an odd number.

The odd parity shall be calculated according to the Formula (1).

For]IDO to ID6 bits, if the count of bits with a value of ‘1" is even, the parity bit value shall be set to/ 1’

If the count of bits with a value of '1' is odd, the count is already odd so the parity bit's (P) valueshal

making

be'0".

Deflnition of formula:

P==(ID0O® ID1®ID2®ID3® ID4® ID5® ID6)

8.4]3 DLL — L_FI (frame information) field

8.413.1 DLL — L_FI configuration

Thip requirement specifies the 1. 1 of the response field:

(D

REQ |2.9 DLL — L_FI configuration

(data length code extension).

The frame information (L_FI) field shall contain théT, F1_DLC (datalink data length code), the L F
link network management parameter), the L _E#, SCT (data link frame sequence count), and the L1

T NM (data
_DLCext

8.4]3.2 DLL — L_FI_DLC (data length code)

Thip requirement specifies thex*r1_prc of the response field.

REQ |2.10 DLL — L_FI_DLC (data length code)

'1111," the opeération shall be in accordance with the definition in 8.4.3.3.

Th¢ . F1_DLC defines thedata length of the number of data bytes contained in a response field of a
Th¢ length of the response field of the frame is changed according to the value of the L FI DLC (se¢
Talle 6). If the datalength is set to 12, the transmitting node sets the . FI DLC to '1100," The data
be et to 12, evenifthe . FI_DLC value is greater than 12 at the receiving node. If the . FI_DLC valie is set to

rame.
710 and
ength sh

all

Table 6 — Configuration of L_FI (L_FI_DLC #'1111,")

L_FI_DLC (bit 7 to 4) L_FT_NM (bit 3 to 2) L_FI_SCT (bit 1 to 0)
Datalength wakeup ind sleep ind Frame sequence count
0 byte to 12 byte (see 7.10) (see 7.10)
© IS0 2020 - All rights reserved 15
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8.4.3.3 DLL — L_FI_DLCext (data length code extension)

This requirement specifies the 1. 71 _nM of the response field.

REQ |2.11 DLL — L_FI_DLCext (data length code extension)

TheL FI DLCext (extension) is an optional feature of the DLL. Ifthe L FI DLCext is supported by the DLL,

it shall be used for long frame transmissions. The value of the . FI_DrC shall be setto '1111," and the value of
the L FI DLCext (1 byte) shall be set to the data length by the transmitting node. The data up to 255 byte shall
be set following the . FI DLCext value (see Table 7).

—TFabte 7—C€onfiguratiomof tL - FHEFI-DEEC=t111; )

L_FI_DLC|(bit 7 to 4) L_FI_NM (bit 3 to 2) L_FI_SCT (bit1to 0) | L_FI_DLCext (bit7to D)
Fixedgt1111, wakeup_ind sleep_ind | Frame sequence count Data length
(see 7.10) (see 7.10) 0 < L FI DfCext < 255

8.4.3.4 DLL — L_FI_NM (network management)

This requifement specifies the 1. 1 nm of the response field.

REQ |2.12 DLL — DLL — L_FI_NM (network management)

TheL FI §M(ev_wakeup ind, sleep ind) parameter shall be filled with.the N NMInfo (see 7Z.10) paramefer
as specified by the higher OSI layer service interface.

8.4.3.5 DLL — L_FI_SCT (sequence count)

This requitement specifies the 1._r1_scT of the response field.

REQ |2.13 DLL — L_FI_SCT (sequence count)

The L F1_gcT bits shall be filled with the (numeric)fvalue as specified by the service primitive interface to the
higher OSI layers.

8.4.4 DLL — L_DATA (data field)

This requifement specifies the 1. dapa (data field) of the response field.

REQ |2.14 DLL — L_DATA (data field)
The data fi¢ld shall containthe’. DATA, which is the payload data.

This requifement spetifies the 1_para (big endian).

REQ |2.15 DLLE— L_DATA (data field) — Big endian
The byte ofdéxrshall be big endian (order in 1. DATA: MSB, LSB), when the data of frame includes 2 or

b ted afdatas Ifthao r o o ool ic ) o anora doto bhen MCD ofdibo dotra challba cot o fiect b 10 h
more by lestetdataH-the—————valneis 2 ormoeredatabyte MoBolthedatashalt besettoHrstbytetnthe

order of transmitting to the CXPI network, LSB of the data shall be set to last byte in the order of transmitting
to the CXPI network.

The transmitting node can freely store data in the data of frame. The data length is the number of bytes
described with 1 r1 pLc of frame information, and it stores the data of 0 byte to 12 byte. Figure 7
shows the 1 para bytes of the frame and named © paTa 1, © pata 2, to L DaTa 12 in the order of
transmitting to the CXPI network.
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DATA bytes
( ~ )
L_PID L_FI L_DATA_1 L_DATA_2 L_DATA_3 L_DATA_12 L_CRC
Y
L_PDU
------ nata bjﬁtes “Fithiﬂ 3 fl’ﬂme

x ls“l < 7 iy
8.4)5 DLL — L_CRC field
8.4)5.1 DLL — L_CRC field determination
Thip requirement specifies the 1._crc field in the response field.
RE{) |2.16 DLL — L_CRC field determination
The 1_crc (data link cyclic redundancy check) parameter field shall be determined according to the|conditions:
— | _Crc8:see8.4.5.2if L Length < 12(L FI DLC # '1111,')d
— |L_CRCl6:see8.4.5.31fL Length < 255(L FI DLC = '11M,").
8.4)5.2 DLL — CRC8 calculation
Thip requirement specifies the DLL crcs calculation.
REQ |2.17 DLL — CRC8 calculation
The¢ L crcs calculation shall be performed-ifthe . F1 DLC # '1111," for both, the transmitting ard the
recpiving nodes. The L _CRc8 operation shall be performed in bit order as it is received from the CXFI network,
and it shall exclude the start bit and a stop bit of each byte. An inversion of logical value '0," and '1," pefore and
aftér the calculation shall not be ddne:
The L crC8 operation of transmission node shall be performed according to the range defined in Taple 8 in the
datp which transmits according to Formula (2), and the result shall be stored to L_CRC8 as it transnfits from
LSR of crc_rgin order on'the CXPI network. The L PTYPE field shall be excluded from 1. Crc8 opefand.
The¢ L crcs operatiortefthe receiving node shall perform the logic as specified in Table 8 according|to Formu-
la (P) and it shall sdpport error detection. The initial value of crc_rg shall be '00,."'.

Def]

nition offormula:

CRC8=X8+X4+X1+1

(2)

© IS0 2020 - All rights reserved
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Table 8 — CRC8 operand processing

static uns

Operand L P1ID (1 byte)
L FI (1byte)
L DATA (0 byte to 12 byte)
#define MSB_CRC8 R (0xC8) // x8 + x4 + x1 + x0

igned char GetCRC8 R(const void *buff, size t size)

{

retur

unsigphed char *p = (unsigned char *)buff;
unsigped char crc rg = 0x00;

int 1

for(cfkc rg = 0x00 ; size != 0 ; size--){

cyc rg "= *p++;

fgr (1 = 0 ; i < 8 ; 1i++){

if (crc rg & 0x01) {
crc_rg >>= 1;
crc_rg “= MSB CRC8 R;
}
else{

crc rg >>= 1;

crc_rg;

84.5.3 1

This requil

)LL. — CRC16 calculation

ement specifies‘the DLL © crcié calculation.

REQ |2.1|8 DLL — CRE16 calculation

The L cRrc]

ing nodes.
it shall excl
shall not bq done.

The L_CRrC16 operation of transmission node shall be performed according to the range defined in Table 9 in

the data which transmits according to Formula (3), and the result shall store to L_CRC16 as it transmits from
LSB of crc_rgin order on the CXPI network. The . pTYPE field shall be excluded from . crc16 operand.

6 calculation shall be performed ifthe L I DLC = '1111,' for both, transmitting and the recejv-
he L (6RC16 operation shall be performed in bit order which is received from CXPI network, and
dé the start bit and a stop bit. An inversion of logical '0," and '1," before and after the calculatioxr

The L_CRrC16 operation of receiving node shall perform the logic as specified in Table 9 according to
Formula (3) and it shall support error detection. The initial value of crc_rg shall be '0000,,".

Definition

of formula:

CRC16=X16+X12+X5+1

18

(3)
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Table 9 — CRC16 operand processing

Range L _PID (1 byte)

L FI(2 byte)

L DATA (0 byte to 255 byte)

#define MSB _CRC16 R (0x8408) // %16 + x12 + x5 + x0

static unsigned short GetCRC1l6 R(const void *buff, size t size)

{

unsigned char *p = (unsigned char *)buff;
unsigned short crc rg = 0x0000;
int 1i;
for (crc rg = 0x0000; size != 0; size--){
crc rg "= *p++;
for (i = 0; 1 < 8; i++){
if (crc_rg & 0x0001) {
crc_rg >>= 1;
crc rg N= MSB_CRC16_R;
}
else{

crc rg >>= 1;

}

return crc rg;

8.5/ DLL — Internal operation

Theg DLL exchanges.frames with the physical layer.

REQ |2.19 DLE~— Internal operation — Unsegmented frame
Thg internaloperation of the CXPI DLL shall specify unsegmented frame transmission and reception.

Thip réquirement specifies the frame serialisation and bit order.

REQ |[2.20 DLL — Internal operation — Frame serialisation and bit order

Figure 8 specifies frame serialisation and bit order.
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|
:4 L_PTYPE request field, L_PID request field, Response field }:
' € L_PID request field, Response field >
| ! |
L_PTYPE L_PID L_FI
L_DATA L_CRC
P| PprYPE p| P pLC [NM|scT[ DLCext
BYTE_1 BYTE_2 BYTE_3 BYTE_ 4 |BYTE_5 | | BYTE_258 | BYTE_259 | BYTE_260

T BYFE-field >
|
Start | LSB MSB Stop

8.6 DLL

~———
-_——— S
-_——— Teea

\ bit [ (bit0) (bit7) [ bit

Figure 8 — DLL frame serialisation and bit order

— Timing parameters

8.6.1 DILL — IBS timing handling

When bytd data is continuously transmitted at the time of transmission of response, the intervdl of
each byte data is called IBS (inter-byte-space) in a frame.
REQ |[2.71 DLL — IBS timing handling
The transmjitting node shall use an IBS of less than 9-bit length or more than 1-bit length with a logical value of '1".
Figure 9 shows the relation between byte data amnd IBS that composes the frame when byte datja is
continuougly transmitted.
frame frame
A A
( 10 ]
L_PTYPE IBS L_PID IBS L_FI IBS | LDATA }JIBS| L_DATA |IBS L_CRC L_PID IBS L_FI IBS| L_DATA |IBS L_CRC t
Key
t time

Figure 9 =DLL relation between byte data and IBS that compose a frame

8.6.2 DL|L —\IFS timing handling

The bit field with the consecutive logical value '1', called IFS (inter-frame-space) exists just behind the
frame, and it is used for the separation to the next frame. All nodes generate an IFS after the reception
of the CRC in the response field.

REQ [2.22 DLL — IFS timing handling

The IFS shall be inserted after the L CRC of a transmitted frame. The IFS shall consist of logical value '1' of 20-
bit length or more.

Figure 10 shows the relation of frame, IFS and idle state.

20
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.
Idle state—P» <¢—Idle state—P> <¢—Idle stat

¢ state Frame IFS ¢ state Frame IFS ¢ state t
Key
t time

Figure 10 — DLL relation of frame, IFS and idle state

8.6]3 DLL — Beginning condition of frame
Thip requirement specifies the beginning condition of frame.

REQ |2.23 DLL — Beginning condition of frame

Th¢ reception beginning condition of frame for the receiving node shall be when either-of the definifion col-

umps is established.

— | After logical value '1' of 10-bit length or more from a stop bit receiving completion or transmissfion
completion. It shall include at the time of framing error occurring to rec€jving and transmissior
completion of a stop bit.

— | After IFS.

Th¢ transmission beginning condition of frame for the receiving node shall be when either of the definition

colfimn is established.

— | After IFS. It may perform from a stop bit receiving completion or transmitting completion. In thfat case, it
shall include at the time of framing error occurringto-receiving and transmission completion of a stop bit.

NOTE Immediately after wake-up, the reception beginning condition of frame is only “after IFS” forf synchro-

nisation with frame.

Figlire 11 shows the timing chart of theiwake-up condition for the DLL. While Node X| and Node

A cpmmunicate, Node X and Node A change the state after a fixed time elapse with a stop bit as the
stafting point.
Start bit Stop bit Start bit Stop bit Start bit
! L ! ! !
| [ Responsefield 1 ) 1 1 1 1 1 —— e i e
|
! — ! ¢ + > A After IFS

! IBS

Reception N frame reception l N+1 frame reception

condition

» A Afterlogical valu# 1, ofld‘-bit length

s

|
Tr |

or more

condition N frame transmission l Not allowed any transmit I N+ 1 fr]
T +

me transmission ‘

} » A After IFS

P

No

Reception N frame reception l N + 1 frame receptiol

condition

T T
» A After logical value '1,' of 10+bit length
| |

L—— @4

L

or more

NO T

|
i
RAEL
|

ame tr issi ‘

|
+ > }AAfter IFS
|

-

Figure 11 — Wake-up condition for DLL

Figure 12 shows the timing chart of the beginning condition of a frame after wake-up. Since the position

ofa

stop bit is unknown, Node B changes the state after the IFS.
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Start bit Stop bit Start bit Stop bit Start bit
l l l l l
| T T T T T [ LI T T T T R R R R I | b
! Response field [ T O O A A | | [ I |
| [ N N B | 1 T T T O S A O R O A A R | [ N N |
| | |
| %/—/ ! ¢ + » A After IFS
! IBS ! ! ! !
Reception N frame reception l N + 1 frame reception ‘
condition 7 7 —
| " L4 » A Afterlogical valu(% "1, of lq-bit length or more
NodeX I I I I I
Tr issi | I I I |
condition N frame transmission l Not allowed any transmit [ N + 1 frame transmission ‘
T T T T
} } ¢ —> hAfter IFs
| I ! | !
Reception l No transmission allowed I N + 1 frame reception ‘
condition F T T I T
| ® I
Node B I L4 ! » A After IFS
Transmpission ! ! ! ! !
condjtion [ No transmission allowed I N + 1 frame transmission| ‘
Node B wake-
up this timing }
|
|

|

° 1 > After IF
| | | |
| i | |

Figure 12 — Wake-up condition for DLL (after wake-up)

8.6.4 DIJL — Start of frame

This requifement specifies the start of frame.

REQ |2.74 DLL — Start of frame
The start bjt received first after IFS is detected shall be the start bit of.aframe (see Figure 13).

. 1
i< >
1dl i 14 >
| IFS € L_PID L_FI . C " L_DATA L_CRC t
state AN
recessive —=—H1 ., Ff-====- v------ b i b i Fo--=-- ro-=--- v------ A=-----
ngt b bit0 § bit1 } bit2 } bit3 } bit4 i bit5 § bit6 | bit7 ! S;‘i’f
dominant ?—‘ ------- REELLE heeee-- tooo--- docooondeconn.d SERELL SRCLEL !
start of frame
Key
1 frame
t time

Figure 13 — DLL start of frame

8.6.5 DLL — Frame transmission time

This requirement specifies the frame transmission time. The calculation excludes the IFS.

REQ |2.25 DLL — Frame transmission time

The total frame transmission time shall be comprised of the frame length, which is specified from the start bit
of the start of frame to the stop bit of the frame end including the inter byte spaces (IBS). Table 10 specifies the
maximum frame length.
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Table 10 — Maximum frame transmission time calculation

Frame type (byte) Transmission mode Maximum frame length (t;,)

L FI_DLC #'1111," response transmission | t,iq response = [30 + (10 x data length)] = (1 + 0,9)?
time after L_PID -
response transmission | When there is L_PTYPE field: 10 + 9 + ;4 response’
time after L_PTYPE B

L FI_DLC = '1111,' response transmission | t,iq response_long = [0 + (10 x data length)] x (1 + 0,9)?
time after L_PID h B
response transmission |When there is L_PTYPE field: 10 + 9 +
time after L_PTYPE thid response long.

Sle¢p frame response transmission | t,iq response = [30 + (10 x data length)] x(1+P,9)¢

(daa length = 8) time after L_PID

9 bi

NOTE Itis recommended to use an IBS = 6 for implementations.

0,9 in the formula indicates the total of IBS, which is composed of L_PID field and response field.

If there is a L_PTYPE field, the maximum frame length shall be long that L_PTYPE fiéld,10-bit and followig maximum
L of IBS are added maximum length of L_PID field and response field.

For the maximum frame length of response transmission after L_PID, data length/shall be 8 byte.

8.7

8.7
Thi

8.7
Thi

5 subclause describes the completing condition offfame, L prypE field, and »_p1D field re

2 DLL — Completing condition of L_PTYPE field

5 requirement specifies the completing¢ondition of 1._pTvPrE field.

DLL — Completion of frame

1 DLL — General

Spectively.

) |2.26 DLL — Completing condition of L_PTYPE field

Tah

le 11 specifies the completing condition of L PTYPE field.

Table’11 — Completing condition of L_PTYPE field

Item Description
Corphpleting — _Trahsmitting node
condition Complete transmission of all bits of . pTYPE field to CXPI network.

< Receiving node
Reception of all bits of the L pTYPE field and confirmation that there is no erroj

8.7

3C- DLL — Completing condition of L_PID field

This requirement specifies the completing condition of 1. p1p field.

REQ |Z.27 DLL — Completing condition of L_PID field

Table 12 specifies the completing condition of L_P1D field.
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Table 12 — Completing condition of L_PID field

Item Description
Completing — Transmitting node
condition Complete transmission of all bits of L_P1D field to CXPI network.
— Receiving node
Complete reception of all bits of the ._PID field and confirmation that there is no error.
8.7.4 DLL — Completing condition of frame

This requil

ement specifies the completing condition of frame.

REQ |[2.2

8 DLL — Completing condition of frame

Table 13 sp

ecifies the completing condition of frame.

Table 13 — Completing condition of frame

Item Description
Completing — Transmitting node
condition The frame is completed when there is no error until the traiismission of the last bit of |
CRC and detecting the logical value '1' continuously durifig the 10-bit after . cRrc.
— Receiving node
The frame is completed when there is no error until'receiving the last bit of . crc and
detecting the logical value '1' continuously duringthe 10-bit after I crc.
8.8 DLL|— Byte arbitration
Each CXPI hode performs byte comparison between a‘transmitted and the received byte from the XPI
network. If there is no equal match of the byte values, the transmission is aborted.
REQ |2.29 DLL — Byte arbitration
The DLL refeption function shall perform byte arbitration by comparing the transmitted byte to the physicgl
layer with the received byte from the physical layer.

If ther

If ther
and sh|

If the ¢
recept

 is an equal match betweényboth bytes, then the remaining bytes of the frame shall be transmitt

 is no equal match between both bytes, then the transmission of remaining bytes shall be stoppe
hll set an arbitratjoiNost (DLL _Arb Lost) in the L_Result parameter.

ompared byt€s.are not equal, the transmitting node shall stop transmission and shall transit int
on mode.

ed.

NOTE A
transmissio

\t the time of the start of a frame transmission, the existence of data reception is checked, and fr|
n is'started when no data are received.

ame

8.9 DLL

— Function models

8.9.1 DLL — Transmission logic

The DLL transmission function model specifies the logic and the mapping of service interface
parameters to the DLL-specific frame parameters. The DLL transmission logic distinguishes between
frame type L_Ftype = NormalCom and L_Ftype = DiagNodeCfg transmissions.

24
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Ifthe . Ftype = Normalcomthen the length of the N_PDU determines, whether a Normalcom[L ReqId] or
aNormalCom[I_Reqld, L PDU] istransmitted to the lower OSI layer. If the 1, Ftype = DiagNodecfg then

a DiagNodeCfg[L ReqId, L PDU] is transmitted to the lower OSI layer.

REQ |2.30 DLL — Function models — DLL — Transmission logic
The DLL transmission function model shall be in accordance with the logic specified in Figure 14.

( Network layer service interface )

L_Ftype = N_Ptype

NormalCom DiagNodeCfg

L_Ftype

N_Length > NULL

N_Length
N_Length = NULL ¢

y
L_Redld [Bit 7] = ODD_Parity(L_Reqlq)
L_Reqld

[ L_ReqId [Bit 7] = ODD_Parity(L_Reqld) | Y |
>| L_ReqTypeld [Bit 7] =

ODD_Parity(L_Reqld)

+ o
| s\\ [ L Length=LENGTH(N_PDU)

| L_Length = LENGTH(N_PDU)

NULL <[L_Length < 255

NULL < L_Length < 12 H NULL < L_Length < 255 < . QLL <L_Length <12 %

L_FI_DLC = L_Length L_FLDC=1111,

L_FI_DLCekt = L_Length

L_FI_DLC = 1141%
L_FI_DLCext = L_Length

0ODD_Parity(L_Reqld) L_FLDLC = L_Length

| L_Reqld [Bit 7] =

Y
"
L_CRC83 formula(3) L_CRC8 = formula(2)
N ] y L
L.RDU = [L_FI, N_PDU, | L_PDU = [L_FI, N_PDU, | L_PDU = [}|._FI, N_PDU,
L_CRC16] L_CRC8] L_CRC16]

L_NMiInfo = N_NMinfo
L_SCT = N_SCT
L_Result = N_Result

L_NMIufo = N_NMInfo
L_SCT =N_SCT
L*Result = N_Result

o\

Figure 14 — DLL transmission logic

8.9)2 DLL — Reception logic

The DLL reception fiinction model specifies the logic and the mapping of service interface IErameters
to the NL-specific'packet parameters. The DLL reception logic distinguishes between frage type 1.
Ftype = NoxMmalCom and L Ftype = DiagNodeCfg receptions.
REQ |2.31 DLL — Function models — DLL — Reception logic
Th¢ DLL reception function model shall be in accordance with the logic specified in Figure 15.
25
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8.10 DLL

( Physical layer interface )

v

| CheckArb(BYTE_1) |

v

| Parity = 0DD Parity(BYTE 1) |

=00, i = (01, to 7F,()

L_Reqld

# (1F,, or 5F,,) = (1F,, or 5F,)
L_Reqld
v

NorjmalCom[L_Reqld]

N_Ptype = N_Ptype =

NormalCom[L_Reqld, L_PDU]

N_Ptype =
DiagNodeCfg[L_Reqld, L_PDU]

[ Length = NULL | #1111, @ =1111, b‘ !
N\ 7

\V
q/Q

Y I N_Length = L_FI_DLC

N_Length, £ D\FI_DLCext I

Result = L_Result I +

N\

I L_CRC8 = formula (2)

L_CRC16 = formula (3)

v

LG NR

w/o L_CRC8]

N_PDU = [L_PDU, w/o L_FI,

NJPDU = [L_PDU, w/o L_FI,
w/0 L_CRC16]

Vi

~¥

N_NMiInf6 = L_NMInfo

N_ Result = L_Result

N.SCT =L_SCT

\V

— Error detection

8.10.1 DIJL — General

The DLL h4

a)
b)
‘)
d)
e)
f)

Byte e
CRCer
Parity
Data le

Data ld

s the function to detect thefollowing errors:
ror (Err DLL Byte);

ror (Err DLL CRCJ;

error (Err DEL\Parity);

ngth codeerror (Err DLL_DLC);

ngth'c¢ode extension error (Err DLL DLCext);

Framin

hoarraor (o R e S

Figure 15 — DLL reception‘function model

CTITOT (ITf £ Do T Lt o ity gy

8.10.2 DLL — Byte error (Err_DLL_Byte)

This requirement specifies the byte error.

REQ |2.32 DLL — Byte error (Err_DLL_Byte)

The transmitting node shall compare the byte value (including start bit of request field, stop bit of request field
and response field) of the transmitted byte and the received byte and shall indicate the byte error when there
is no match. The node shall stop the transmission.

If the transmitting node detects the byte error it shall set the byte error (Err DLL Byte)inthe L Result
parameter.

26
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8.10.3 DLL — CRC error (Err_DLL_CRC)

This requirement specifies the 1._crc error.

REQ |2.33 DLL — CRC error (Err_DLL_CRC)

If the CRC operation result (including L_p1D, 1 FI, and L_DATA) differs from the received L_CRC, the receiv-
ing node shall discard the frame and shall set the CRC error (Err DLL CRC)inthe L Result parameter.

8.10.4 DLL — Parity error (Err_DLL_Parity)

Thi

. - ] +1 e
p [ TUUITCIITIILU SPTUITITS UIT PdlIty CITUIL.

RE

0] |2.34 DLL — Parity error (Err_DLL_Parity)

rec
L H

If the receiving node detects an even number of bits of the received request field with a logical value

piving node shall discard the received request filed and shall set the parity error (Er¥,/DLL Pari
esult parameter.

of '1', the
tv) in the

8.1
Thi

).5 DLL — Data length code error (Err_DLL_DLC)

5 requirement specifies the data length code error.

RE

0] |2.35 DLL — Data length code error (Err_DLL_DLC)

Ift
sh

Ift
ceiy
pay

e transmitting node receives more or less bytes as indicated i the data length value, the transn
1 stop the transmission and shall set a data length code errorr(Err DLL DLC)inthe L Result p3

e receiving node receives more or less bytes as indicated in the L_FI_DLC or L_FI_DLCext value,
ring node shall discard the frame and shall set a datadength code error (Err DLL DLC)inthe L _
ameter.

itting node
rameter.

he re-
Result

RE

0] |2.36 DLL — Data length code error, (Err_DLL_DLC) — L_FI_DLC = [D44 to E;¢]

IfF
Ei¢

the frame shall be ignored.

type = DiagNodeCfgand if the receivingnode receives a frame with L Length of L FI DLC equyal to D, to

RE

D |2.37 DLL — Data lengthteode error (Err_DLL_DLC) — L_FI_DLC = [D4 to E;¢] L_Result
DLC

t Err_DLL_

Ifr
to T

1o it shall set the Erg. PZL DLC inthe L Result parameter.

type = DiagNodeCfgandifthe receiving node receives a frame with . Length of . FI DLC equal to D,

8.1
Thi

).6 DLL — Data length code extension error (Err_DLL_DLCext)

5 requirement specifies the data length code extension error.

RE

) |2.38 DLL — Data length code error (Err_DLL_DLC) — L_FI_DLCext = [0, to C;¢]

Ifr

fvee = DiagNodeCfgand ifthe receiving node receives a frame with 1. TLength of I FI_DICext

equal to

016

to C,, the frame shall be ignored.

REQ

sult = Err_ DLL_DLCext

2.39 DLL — Data length code error (Err_DLL_DLC) — L_FI_DLCext = [0,, to C;,] — L_Re-

016

If Ftype = DiagNodeCfg and if the receiving node receives a frame with I, Length of L FI DLCext equal to

to C,,, itshall setthe Err DLL DLCext in the L_Result parameter.

©IS
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8.10.7 DL

L — Framing error (Err_DLL_Framing)

This requirement specifies the framing error.

REQ |2.40 DLL — Framing error (Err_DLL_Framing)

If the stop bit of the received byte is a logical value '0’, the transmitting node shall stop the transmission and
shall setthe Err DLL Framinginthe L Result parameter.

If the stop bit of the received byte is a logical value '0’, the receiving node shall stop the reception, shall discard
the frame, and shall set the Err DLL Framinginthe L Result parameter.

8.10.8 DIJL — Exception handling for L_FI_DLC ='1111,' detection

This requil

ement specifies the exception handling for L_Length > 12 detection.

REQ (24

1 DLL — Exception handling for L_Length ='1111," detection

If a node dd
setting . R

es not support frames with I Length > 12, the node shall disregard the 1. F1..DLC value witho
esult indicating an error.

9 Physical layer (PHY)

9.1 PHY|

The CXPI
in the CXP
physical m
the CXPI SI
The CXPI B
the termin

Figure 16 5

Physic
the en

Physic
Physic
termin

Physic

— Overview

hysical layer (PHY) comprises the physical signalling\(PS) sub-layer, which is implemer
protocol or the CXPI transceiver or the CXPI Systent Base Chip (SBC). It also comprises
pdia attachment (PMA) sub-layer, which is implemented normally in the CXPI transceive

HY also comprises the physical media dependent (PMD) sub-layer, which includes cable,
htion resistors.

pecifies an overview of the PHY sub:layers. The PHY sub-layers are comprises the:

hl signalling (PS) sub-layer, which.specifies the requirements of the clock generation funct
foding and decoding of CXPI frames, and the bit-wise collision resolution logic.

al media dependent{PMD) sub-layer, which specifies the requirements of the CXPI netw
ation, electrosftatic discharge protection, etc., and device connector requirements.

h] media (PMY), which specifies the requirements of the CXPI network cable/wiring harng

ted
the
r or

BC, which also may implement additional protection circuitry, not in scope of this documjent.

and

ion,

bl media attachment (PMA)sub-layer, which specifies the requirements of the signal shaping
wavefgrm logic.

ork
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Physical signalling Physical media Physical media dependent (PMD) sub-
attachment layer
1 PS 3 h PMA ;
_L> sub-layer > sub-layer
Clock Termination,
generation Signal shaping elec;rroostt:cttiico(lis:thcarge PhYSi(C:;,l r)nedia
- (waveform) P
Encoding, (cable/wiring
2 decoding 4 harness)
— Bit-wise < 5
collision P N
resolution h ”
Key
2 |RXDyg;
3 TX, PWM
4 |RXpwu
5 |CXPI network

Figure 16 — PHY sub-layers overyiew

9.2 PHY — Concept of waveform generation

Figlire 17 shows the concept of waveform generation of the logical values '1' and '0":
a) |TXpyy for logical values '1" and '0" for clock master,

b) |TXpwy for logical values '1" and '0’ for other'nodes than clock master,

c) |CXPI network integrated output of a) and b).
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Key

N O U W

9.3

, 4 , 5 ,
- gh >
1
Z
3
- 7 [ <1 7 -

TXpww Pf clock master
TXpywy pf another node

CXPI ngtwork integrated output of a) and b)

logical yalue ‘1’
logical yalue ‘0’
1st bit
2nd bit]

PHY|— Physical signalling (PS) requirements

9.3.1 PHY — PS genéral

The

30

PS has|the following properties:

encodingfunction;

Figure 17 — PHY conceptof waveform generation of logical values '1' and '0’

decoding function;

clock generation;

clock synchronisation;
detection of clock existence;
bit synchronisation;

bit-wise collision resolution.
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9.3.2 PHY — PS physical interface configuration

Figure 18 shows an example of the physical interface configuration.

Vearrery Physical signalling (PS)
Drev_Bat sub-layer
Vear ev- Ve P
G W »'—. st T Master only:
RXDyz <@ Decode Dser stave : Dser master :
o circuit h
| €—Viec master |
Rsiave Rwaster [
RXrwm | |
=5, ——————1 i N ——————-—€EXPI
' T Clock ~network
LClock master only K generation
collision
i resolution
<
TXpwm 3
TXDnrz P E‘ll:;f}: —TXpwm _\_/_ _>| r Chaster/|Cslave
CDecoupling T VGND ECU

AAA
VW

=& Venp_BatTERY

Figure 18 — Example of PHY PS physical interface configuration

9.3]3 PHY — PS bit rate

Thip requirement specifies the PS system bit rate.

REQ |1.1 PHY — PSbitrate

makimum.

Thg¢ PS sub-layer shall transmit symbols (logical value '1," and logical value '0,") with a bit rate of 2( kbit/s at

Thd recommended maximum bit rateis.19,2 kbit/s.

9.314 PHY — PS bit sample timing

Signmal edges from HI level to0 [0 level can be used for synchronisation.

REQ | 1.2 PHY — PS.bit'sample timing

be fulfilled.

— | Earliest bit sample time (t,) is 7/16 ty;; as minimum.

— | Latest bit sample time (£,) is 10/16 tp;, = ty-

To ¢nsure proper operation under worst case conditions, the parameters specified below and in Figyire 19 shall

— | Value of acguracy of the byte field detection (t,,) is 1/16 ty;, as typical and 2/16 t;, as maximurp.
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TXD,,/RXD gy ‘ \ Start bit | / LSB [bit0] X

4 | |

TXDNRZ/ R)‘DNRZ \ Slt:::t / [l:'lst[(;)] X> X X X X X X(lnﬁfg’</ Sl‘;(i)tp

TXDyg;/RXDyg, MSB [bit7] l ’ Stop Bit \ s

10
11
12

Key
1 teps=7[16 ty;, 7  LBS[O0]
2 taps[1] T teps[0] = tyie 8 EBS[1]
3 s = 1Q/16 iy — g 9 LBS[1]
4 g 10ty =7/16 tyy
5 falling ¢dge of start bit detect 11 o =10/16 t — by
6  EBS[0] 12ty

Figure 19 — PHY PS network system bit sample timing

9.3.5 PHY — PSéncoding and decoding logic

9.3.5.1 HHY'- PS general

In the normal state, the PWM encoding and PWM decoding are implemented. This subclause describes
each processing.

9.3.5.2 PHY — PS encoding function

This requirement specifies the function.

REQ [1.3 PHY — PS encoding function
The encoding function of the clock master shall convert the NRZ signal to a PWM signal mixing with the clock.

The encoding function of the node shall convert the NRZ signal to a PWM signal.

Figure 20 specifies the waveform of TXDyg; and TXpyy .
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logical value ‘0’

Figure 20 — PHY PS conversion of the waveforms of TXDyg; and TXpy,y

5.3 PHY — PS decoding function

5 requirement specifies the decoding fungtion.

RE

) | 1.4 PHY — PS decoding function

The
wid
0"
not
log

decoding function shall convert the’PWM signal to an NRZ signal. Figure 21 specifies the differe
th of LO level at the constant thteshold that receiving node discriminates logical value '1' and log
lable 14 specifies the differenice of width of LO level parameter. If rescessive voltage of CXPI netv
reach V. the fall €dgeé of next bit will become early. As a consequence, extends the LO wid

rec_master’
cal value '1', and therefoxe here it prescribes the min value of ¢, ;16 cont-

nce of

ork does
th of the

ical value
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— 7 |
3 = E
5
Key
1  CXPIngtwork 6 Ly dif cont
2 logical yalue ‘1" of RXpyy\m 7 tsample_cont
3 logical yalue ‘0’ of RXpyyp 8  Viecmaster
4 iy 10 dont 9 Vpysent
5 trx_O_lo_( ont
Figure 21 — PHY PS difference of width of LO level
Table 14 — Difference of width of LO level parameter

P::ll':m Symbol min. typ. max. | unit Description
1 trx_dif_cont 2,5 - - HS trx_dif_cont = (trX_O_lo_cont - trx_l_lo_cont);
tpic = 50 ps;
trxfdif,cont =0,05x tbit'
2 t 0,8 — — us |The value in which this parameter is added to the

sample_cont
width of LO level of last logical value '1"is to be a

threshold used for the decoding processing.
tpie = 50 ps;
t =0,016 x ty;,.

sample_cont ~
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9.3.6 PHY — PS clock generation

The clock is a signal (logical value '1,' or logical value '0,") including the periodical following edge on
the PMA sub-layer as shown in Figure 22.

REQ |1.5 PHY — PS clock generation

Clock transmission during the period which is not transmitting the data shall transmit consecutively the wave-
form equal to the logical value '1,".

eriodical falling edge

I
]JUUUYUUUHFLF

y,

No data transmission duration

Figure 22 — PHY PS example of clock ofi the PMA sub-layer

REQ | 1.6 PHY — PS clock generation — Transmitter jitter
Figlire 23 specifies the transmitter jitter of the falling TXpy,\ edge.

Talle 15 specifies the transmitter jitter parameter.

2 3 4
- > > < >
1
Key]
1 [TXpwm
2 |ty reeBit width of reference bit rate)
3 tbit_ref x (1 + Atbit_cont)
4 f’Dl[_I‘e[ x (1 - AfDl[_COl’l[)

Figure 23 — PHY PS transmitter jitter of the falling TX,, edge

Table 15 — PS transmitter jitter parameter

Pz;r(z)am Symbol min. typ. max. | unit Description
3 Atpit cont -0,005 |— +0,005 |— Transmitter jitter of falling TXpyyy edge. The jitter
tolerance is related to bit width y;; ,..r
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The clock is stopping as shown in Figure 24.

REQ | 1.7 PHY — PS clock generation — Clock stop
During the clock stopping, the potential of the TXpyy shall be fixed to HI level.

Clock transmission | Clock stop

JUUUUW

Figure 24 — PHY PS clock stop

9.3.7 PHY — PS node clock synchronization and bit synchronization

This requitement specifies the PS node clock synchronisation andbit synchronization.

REQ | 1.§ PHY — PS node clock synchronization and bit synchronization

The node shall perform communication processing by synchrenizing with the clock which determines the sfart
of bit by th¢ timing of the waveform of the PMA sub-layer changing from HI level to LO level (see Figure 25).

2 : 2
¢ > < L
1

| AN Y | A

A A A

3 3 3
Key
1 RXpwum

2 waveform for I bit
3 start of bit

Figure 25 — PHY PS start of bit

9.3.8 PHY — PS detection of clock existence

This requirement specifies the PS detection of clock existence.

REQ |1.9 PHY — PS detection of clock existence
Table 16 specifies the requirement of clock existence detection.
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Table 16 — Clock existence condition

Condition Description

with clock Detecting the edge of clock on the RXpyy €xcept in case of the wake-up pulse sent
by own node.

Setthe ev_wakeupto'ev_clk detect'.

without clock There is no edge except for 5 ms or more, on the RXpy .

Setthe ev_wakeupto'ev _clk loss'

9.3 19— PHY—PSbitwi Hist -

In the normal state, each node compares any received bit from the RXpy,),, withCthe frelated bit
trapsmitted to the TXpyy .

REQ | 1.10 PHY — PS bit-wise collision resolution

Th¢ transmitting node shall discontinue the transmission of the next bit, when the\read-back value ¢f a bit in
the|[PMA sub-layer is different compared to the transmitted bit.

When the value of the bit is corresponding, the node may continuously transmit to the PMA sub-layer.

When two or more nodes begin transmitting simultaneously, the node that transmits the highest
prigrity frame completes the transmission.

9.3{10 PHY — PS AC parameters

Figlire 26 shows propagation delay of node transmitter logical value '0' timing parameters.

Key
TXpww

ttx_O_pd_cont

Figure 26 — PHY PS propagation delay of node transmitter logical value '0’

Figure 27 shows receiving node detects HI level.
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1
Key
2t

rx_0_hi_dont

Figure 27 — PHY PS receiving node detects Hl level

REQ |1.1ft PHY — PS AC parameters
Table 17 specifies the AC parameter of the PS entity.

Table 17 — PS entity AC parameter

Param

no Symbol min. typ. max. unit Description

tde 0_pd_cont — — 0,5 pus |Atthe time of logical value '0' outputs, time
from the LO level detection of the RXpyy until
falling of the TXpyyy (see Figure 26).

tir = SO Ks;
ttx_O_pd_cont = 0'01 x tbit'

5 tds 0 hi_cont 1 — >~ pus | The time that should be detected the receiving
node is HI level (see Figure 27).

tir = SO Ks;

trx 0 hi cont = (0'06 x tbit) B trx pwm_pd_sym-*

9.3.11 PHY — PS node transmission of wake-up pulse

Nodes can [issue wake-up pulses.

REQ | 1.12 PHY<==PS node transmission of wake-up pulse

The higher|OSIlayers shall command the PS layer using the interface in 9.7 to send a wake-up pulse. Figure 28
specifies the'waveform of the wake-up pulse and Table 18 specifies the parameters.
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1
Transmission 4
regulation of wake- ,
up pulse issued by 4—;>
node - : : L
2
3 5
= > - | —
Key]
1 |TXDygz
2 | TXpwm
3 ttx_wakeup
4 ttx_wakeup_space
5 ttx_wakeup

Figure 28 — PHY PS wake-up pulsé€ waveform

Theg node may stop transmitting second dominant voltage.of wake-up pulse, when the node Hetects the

walte-up pulse on the CXPI network in the act of transmitting the wake-up pulse by the nodg.

Table 18 — PS network systeni’parameter of wake-up pulse

Pzﬂr:m Symbol Node | min. typ: max. | unit Description

6 tix_wakeup node | 400 — 2500 | ups |Specifications of dominant lev¢l of the
wake-up pulse that transmitting node
transmits to PMA sub-layer.
min:
tpie = 50 ps;
ttx_wakeup =8 x tbit'

7 tix_wakeup_space| node 5 — 10 ms |Interval time between two of dominant
level of transmitting wake-up pulse.

9.4 PHY =Physical medium attachment (PMA) requirements

9.4]1 ~PHY — PMA general

Waveform shaping is a responsibility of the PMA. Figure 29 shows an example of the physical interface
configuration.
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Physical media attachment (PMA) sub-layer
VBaTTERY

Vear Drev_pat Vsup r——————————————
4>|—Q— Master only:

Dser stave v Dser_master

>
> Rwaster

T
|
|
|
Rsiave : < Vrec_master
|
|

<-RXpww X b -

.\CCXPI network

—_ > I
Cpecoupling TXpww _\—/_ r :|: Cmaster/ Cslave BUS_LIM

Igus_pas_dom

[ *_. * TBUS_PAS_rec

Ius_no ‘GND,

AN~

Iys.No_BAT

Venp_Ecu

— VonpfsaTTERY

Figure 29 — Example of PHY PMA physical interface configuration

9.4.2 PHY — PMA electrical parameters

This requifement specifies the PMA electrical parameters.

REQ | 1.13 PHY — PMA electrical parameters
Table 19 spcifies the PMA electrical parameters.

Table 19 — PMA electrical parameters

Param

no Symbol min. | typ. | max. | unit Description

=

BAT 8 — 18 V  |Operating voltage range

9 kup 7,0 — 18 V  [Supply voltage range
10

~

JUS_LIM 40 — |.200 mA |Current limitation for driver dominant state drivel on
VBus = VBAT max

§US_PAS_dom -1 - — mA  |Inputleakage current at the receiver including pul}
resistor as specified in Table 23 Param 40 driver o

Veus=0V

Vgar =12V

12 Ifus_pas._rec — — 20 uA |Driver off
8V<Vgar<18V
8V < Vgys <18V

11

~

up

-

Ypos =T
13 |Igys no GND -1 — 1 mA |Control unit disconnected from ground

Venp = Vsup
0V<Vpys<18V
Vgar =12V

Loss of local ground shall not affect communication in
the residual network.
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Table 19 (continued)
P;:.:.m Symbol min. | typ. | max. | unit Description
14 |Igys no_BaT — — 100 HA | Vgar disconnected
Vsup = Venp
0V<Vpys<18V
Node shall sustain the current that can flow under
this condition. Bus shall remain operational under
this condition
15 Vshife_BAT 0 — 0,1 Vgar |Battery shift
Vshite_Bat = VBATTERY ~ Vshift_oND ~ ViBT
VeartEry = Voltage of vehicle battery
16 Vshift GND 0 — 0,1 Vgar |GND shift
Vsnite_aND = VoND ~ VaNDBAPTERY
Venp = Voltage of GND
Venp BaTTERY = Voltage of vehicle battery GND
17 | Vshift_Difference 0 — | 0,08 | Vgar Difference betiwéen battery shift and GND hift
Vshife pisterestce = [Vshift BaT = Vsnife gnpl
18 VBUsdom — — | 0,423 | Vgyp |Receiverdominant state
19 | Vgusrec 0,556 | — — Vsyp |Receiver recessive state
20 |Vus cNt 0475 | 0,5 | 0,525 | Vsup{¥gus cnt = (Vin_dom * Vin red / 2
Pl Viys _ — 10133 | Vaipt [Viys = Vin rec = Vin_dom
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9.4.3 PHY — PMA AC parameters

Figure 30 and Figure 31 show the PHY PMA propagation delay of transmitter timing parameters that
impact the behaviour of the CXPI network.

|
|
i
2 |
|
|
|
|

|

|
- -
|

Key
TXpww [clock master)
CXPI nqtwork

tx_pwm_pdf clk
TH tx_do

n

ttx_pwm_ pdr
TH

tx_red

N U1 AW N

Figure 30 — PHY PMA propagation delay of transmitter (clock master)
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clock master) 6 TH
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Figure 31 = PHY PMA propagation delay of transmitter (node)
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Figure 32 shows the PHY PMA propagation delay of receiver timing parameters that impact the
behaviour of the CXPI network.
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Figure32 — PHY PMA propagation delay of receiver
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