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[bookmark: _Toc296615615][bookmark: _Toc408945904]INTRODUCTION
This document was drafted based on IEC 62325 series. In particular, the IEC 62325-450 methodology was applied to develop the conceptual and assembly models.
[bookmark: _Toc290892140][bookmark: _Toc295491045][bookmark: _Toc296615616][bookmark: _Toc408945905]Scope
The objective of this implementation guide is to make it possible for software vendors to develop an IT application for market players that can exchange information relative to HVDC Scheduling process 
The implementation guide is one of the building blocks for using UML (Unified Modelling Language) based techniques in defining processes and messages for interchange between actors in the electrical industry in Europe.
[bookmark: _Toc408945906]Normative references
The following documents, in whole or in part, are normatively referenced in this document and are indispensable for its application. For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document (including any amendments) applies.
IEC TS 61970-2, Energy management system application program interface (EMS-API) –Part 2: Glossary
IEC 62325-301, Framework for energy market communications – Part 301: Common information model (CIM) extensions for markets
IEC 62325-351, Framework for energy market communications – Part 351: CIM European market model exchange profile
IEC 62325-450, Framework for energy market communications – Part 450: Profile and context modeling rules
IEC 62325-451-1, Framework for energy market communications – Part 451-1: Acknowledgement business process and contextual model for CIM European market
[bookmark: _Toc408945907]Terms and definitions
For the purposes of this document, the terms and definitions of IEC 61970-2 apply, as well as the following.
NOTE: Refer to IEC 60050, International Electrotechnical Vocabulary, for general glossary definitions.
[bookmark: _Toc404325116][bookmark: _Toc404329193]
[bookmark: _Toc404325117][bookmark: _Toc404329194]high voltage direct current
HVDC
[SOURCE: entso-e metadata repository]
[bookmark: _Toc404325118][bookmark: _Toc404329195]
[bookmark: _Toc404325119][bookmark: _Toc404329196]generation shift key
[bookmark: _Toc404325120][bookmark: _Toc404329197]GSK
Generation Shift Key(s) mean a method of translating a Net Position change of a given Bidding Zone into estimated specific injection increases or decreases in the Common Grid Model. 
[SOURCE: NC CACM]
[bookmark: _Toc404325121][bookmark: _Toc404329198]
[bookmark: _Toc404325122][bookmark: _Toc404329199]common grid model
[bookmark: _Toc404325123][bookmark: _Toc404329200]CGM
Common Grid Model means European-wide or multiple-System Operator-wide data set, created by the European Merging Function, through the merging of relevant data.
[SOURCE: NC CACM]
[bookmark: _Toc301723022][bookmark: _Toc301723247][bookmark: _Toc301723576][bookmark: _Toc301723906][bookmark: _Toc301724236][bookmark: _Toc301768201][bookmark: _Toc301772985][bookmark: _Toc301773349][bookmark: _Toc301775635][bookmark: _Toc301810595][bookmark: _Toc301810935][bookmark: _Toc301811274][bookmark: _Toc301811614][bookmark: _Toc301811952][bookmark: _Toc301812292][bookmark: _Toc301812632][bookmark: _Toc301812974][bookmark: _Toc301813316][bookmark: _Toc296615635][bookmark: _Toc301723255][bookmark: _Toc301723584][bookmark: _Toc301723914][bookmark: _Toc301724244][bookmark: _Toc301768209][bookmark: _Toc301772993][bookmark: _Toc301773357][bookmark: _Toc301775643][bookmark: _Toc301810603][bookmark: _Toc301810943][bookmark: _Toc301811282][bookmark: _Toc301811622][bookmark: _Toc301811960][bookmark: _Toc301812300][bookmark: _Toc301812640][bookmark: _Toc301812982][bookmark: _Toc301813324][bookmark: _Toc296591323][bookmark: _Toc296611181][bookmark: _Toc296611955][bookmark: _Toc296615642][bookmark: _Toc301723310][bookmark: _Toc301723639][bookmark: _Toc301723969][bookmark: _Toc301724299][bookmark: _Toc301768264][bookmark: _Toc301773048][bookmark: _Toc301773412][bookmark: _Toc301775698][bookmark: _Toc301810658][bookmark: _Toc301810998][bookmark: _Toc301811337][bookmark: _Toc301811677][bookmark: _Toc301812015][bookmark: _Toc301812355][bookmark: _Toc301812695][bookmark: _Toc301813037][bookmark: _Toc301813379][bookmark: _Toc296611183][bookmark: _Toc296611957][bookmark: _Toc296615644][bookmark: _Toc301723347][bookmark: _Toc301723676][bookmark: _Toc301724006][bookmark: _Toc301724336][bookmark: _Toc301768301][bookmark: _Toc301773085][bookmark: _Toc301773449][bookmark: _Toc301775735][bookmark: _Toc301810695][bookmark: _Toc301811035][bookmark: _Toc301811374][bookmark: _Toc301811714][bookmark: _Toc301812052][bookmark: _Toc301812392][bookmark: _Toc301812732][bookmark: _Toc301813074][bookmark: _Toc301813416][bookmark: _Toc301723348][bookmark: _Toc301723677][bookmark: _Toc301724007][bookmark: _Toc301724337][bookmark: _Toc301768302][bookmark: _Toc301773086][bookmark: _Toc301773450][bookmark: _Toc301775736][bookmark: _Toc301810696][bookmark: _Toc301811036][bookmark: _Toc301811375][bookmark: _Toc301811715][bookmark: _Toc301812053][bookmark: _Toc301812393][bookmark: _Toc301812733][bookmark: _Toc301813075][bookmark: _Toc301813417][bookmark: _Toc301723353][bookmark: _Toc301723682][bookmark: _Toc301724012][bookmark: _Toc301724342][bookmark: _Toc301768307][bookmark: _Toc301773091][bookmark: _Toc301773455][bookmark: _Toc301775741][bookmark: _Toc301810701][bookmark: _Toc301811041][bookmark: _Toc301811380][bookmark: _Toc301811720][bookmark: _Toc301812058][bookmark: _Toc301812398][bookmark: _Toc301812738][bookmark: _Toc301813080][bookmark: _Toc301813422][bookmark: _Toc301723355][bookmark: _Toc301723684][bookmark: _Toc301724014][bookmark: _Toc301724344][bookmark: _Toc301768309][bookmark: _Toc301773093][bookmark: _Toc301773457][bookmark: _Toc301775743][bookmark: _Toc301810703][bookmark: _Toc301811043][bookmark: _Toc301811382][bookmark: _Toc301811722][bookmark: _Toc301812060][bookmark: _Toc301812400][bookmark: _Toc301812740][bookmark: _Toc301813082][bookmark: _Toc301813424][bookmark: _Toc301723359][bookmark: _Toc301723688][bookmark: _Toc301724018][bookmark: _Toc301724348][bookmark: _Toc301768313][bookmark: _Toc301773097][bookmark: _Toc301773461][bookmark: _Toc301775747][bookmark: _Toc301810707][bookmark: _Toc301811047][bookmark: _Toc301811386][bookmark: _Toc301811726][bookmark: _Toc301812064][bookmark: _Toc301812404][bookmark: _Toc301812744][bookmark: _Toc301813086][bookmark: _Toc301813428][bookmark: _Toc394067457][bookmark: _Toc408945908][bookmark: _Toc353225877][bookmark: _Toc307244995]The HVDC scheduling business process
[bookmark: _Toc394067458][bookmark: _Toc408945909]Overall business context
The business processes described in this standard are related to the scheduling of HVDC interconnections between TSOs. The HVDC scheduling business process uses some of the existing processes, as for the capacity determination process.
The HVDC scheduling process is based on the sequence of successive and dependant data exchanges between the TSOs, which are necessary to determine and agree about the HVDC schedules (as described in Figure 1). As a result, the approach is the following:
1. Determination of the HVDC link constraints 
2. Determination of the cross-border capacity
3. Configuration of the HVDC link parameters
4. Calculation of the HVDC schedule
These steps are the four identified use cases for the HVDC scheduling process (see Figure 2) and are to be carried out by the TSOs on D-1. In some cases the same process could be carried out in intraday as well.
[image: ]
[bookmark: _Ref393714102][bookmark: _Toc394067511][bookmark: _Toc408945930]Figure 1 - Overall dependency diagram
In case of a change in any input document of the process in intraday, it is recommended to re-generate and re-match the adjusted document as well as every document that was computed using the adjusted document values. However, it is not mandatory: such business rules should be discussed by the two involved TSOs in order for them to agree on the circumstances requiring a re-generation and re-matching of a document in intraday.
[image: ]
[bookmark: _Ref393714130][bookmark: _Toc394067512][bookmark: _Toc408945931]Figure 2 - Use case of the HVDC scheduling process
Participating System Operator: this is a System Operator who has delegated the matching process to another System Operator.
Matching System Operator: this is a System Operator who is responsible for the matching on a border of all data and who has the eventual possibility of applying agreed rules to resolve mismatches.
[bookmark: _Toc394067459][bookmark: _Toc408945910]HVDC Link constraints determination process
The Participating SO sends to the Matching SO the HVDC link constraints document (document type attribute as “HVDC Link constraints”). This document indicates the limits set upon the active power transmission for a given HVDC link. These limits are calculated taking into account various factors, e.g. physical constraints on the cables or on the surrounding grid.  
The Matching SO then matches the document received from the Participating SO with its own constraints and generates a common HVDC link constraint document using the most restrictive values received from the TSOs.
The matched constraints values are then sent to the Participating SO for final acceptation.
This process is described in Figure 3; the documents exchanged within this process are indicated.
These constraints may be strengthened on a daily scale (e.g. planned maintenance works in the HVDC station) or in real time (e.g. trip of key neighbouring AC lines).
[image: ]
[bookmark: _Ref393721437][bookmark: _Toc394067513][bookmark: _Toc408945932]Figure 3 –HVDC Link constraints determination process
[bookmark: _Toc394067461][bookmark: _Toc408945911]Capacity determination process
Once the HVDC-related capacity values are accepted, they are used as inputs for cross-border NTC determination process. The capacity determination process refers to the ECAN standard IEC 62325-451-3. This process is out of scope of this document.
[bookmark: _Toc394067463][bookmark: _Toc408945912]HVDC Configuration process
Once the HVDC link constraints values are determined and accepted by both TSOs, they are used as inputs for the HVDC configuration process.
Both the Matching SO and the Participating SO compute HVDC configuration values. The Participating SO generates and intermediate HVDC configuration document (document type attribute as “HVDC Configuration”). This document provides for a given set of exchange ranges a set of optimized HVDC parameters to be used for the HVDC link scheduling. This information is computed taking into account the NTC previously matched, as well as some other parameters like Generation Shift Key (GSK), Day-Ahead Congestion Forecast (DACF), Common Grid Model (CGM), etc. This HVDC configuration document is then sent to the Matching SO by the Participating SO.
The Matching SO then matches the intermediate HVDC configuration document with its own HVDC configuration values and generates a common final HVDC configuration document using the intersection of the HVDC parameter security ranges.
The final configuration is then sent to the Participating SO for final acceptation.
This process is described in Figure 4; the documents exchanged within this process are indicated.
[image: ]
[bookmark: _Ref393807462][bookmark: _Toc394067517][bookmark: _Toc408945933]Figure 4 - HVDC configuration process
[bookmark: _Toc394067464][bookmark: _Toc408945913]Schedule computation process
Once the HVDC configuration document and the cross-border nominations are exchanged and accepted by TSOs, the HVDC schedule document can be computed. 
Both the Matching SO and the Participating SO compute HVDC schedule values. The Participating SO generates an intermediate HVDC schedule document (document type attribute as “HVDC Schedule”). This document contains the operational information required to operate the HVDC link for a given time period. This information is computed taking into account the HVDC operating mode files and the HVDC configuration files, as well as the cross-border nominations (from ESS standard IEC 62325-451-2). This intermediate HVDC schedule document is then sent to the Matching SO by the Participating SO.
The Matching SO then verifies and matches the intermediate HVDC schedule document with its own HVDC schedule values. The intermediate HVDC schedules from TSOs should be identical. If there is a mismatch, the Participating SO has to send new intermediate HVDC schedule until matching is successful. Once the HVDC schedules are matched, the matching SO sends the final HVDC schedule to the participating SO for final acceptation.
This process is described in Figure 5; the documents exchanged within this process are indicated.
The HVDC schedule process is performed in D-1,intraday and whenever other inputs are adjusted in real time.
[image: ]
[bookmark: _Ref393807370][bookmark: _Toc394067518][bookmark: _Toc408945934]Figure 5 - HVDC schedule computation process
[bookmark: _Toc394067465][bookmark: _Toc408945914]Overall exchange workflow
See Figure 6 below for an overview of the HVDC scheduling process workflow. [image: ]
[bookmark: _Ref393787389][bookmark: _Toc394067519][bookmark: _Toc408945935]Figure 6 - Overall HVDC scheduling process workflow
[bookmark: _Toc353225805][bookmark: _Toc371139183][bookmark: _Toc394067466][bookmark: _Toc408945915]Business rules for the HVDC scheduling process
[bookmark: _Toc353225806][bookmark: _Toc371139184][bookmark: _Toc394067467][bookmark: _Toc408945916]General rules
For each electronic data interchange defined in this document, an acknowledgement document, as defined in IEC 62325-451-1, should be generated either accepting the whole received document or rejecting it completely.
[bookmark: _Toc394067468][bookmark: _Toc408945917]Dependencies governing the HVDCLink_MarketDocument
The dependencies are listed in the tables below.
	HVDCLink_MarketDocument

	Attribute Involved
	HVDC Link Constraints
	HVDC Configuration
	HVDC Schedule

	type
	A99=HVDC Link constraints
	B01=HVDC Configuration
	B02=HVDC Schedule

	docStatus
	A01=Intermediate
A02=Final
	A01=Intermediate
A02=Final
	A01=Intermediate
A02=Final

	businessType
	B30= HVDC Link settings
	B30= HVDC Link settings
	B30= HVDC Link settings

	HVDCMode_AttributeInstanceComponent.attribute
	Not used
	A01= HVDC Set point schedules
A02= HVDC Proportional external signal
A03=HVDC AC emulation
	A01= HVDC Set point schedules
A02= HVDC Proportional external signal
A03=HVDC AC emulation

	connectingLine_RegisteredResource.mRID
	used as EIC code for link
	used as EIC code for link
	used as EIC code for link

	quantity.MaximumExchange_Quantity.quantity 
	Not used
	used
	Not used

	quantity.MinimumExchange_Quantity.quantity
	Not used
	used
	Not used

	quantity
	used
	Not used
	used

	minimum_Quantity.quantity
	Not used
	used
	Not used

	maximum_Quantity.quantity
	Not used
	used
	Not used

	optimum_Quantity.quantiy
	Not used
	used
	Not used



[bookmark: _Toc408945918]Contextual and assembly models
[bookmark: _Toc408945919]HVDCLink document contextual model
[bookmark: _Toc408945920]Overview of the model 
Figure 7 shows the model. 
[image: HVDCLink document contextual model_HVDCLinkDocument contextual model]
[bookmark: ESMP_6354925660880543700][bookmark: _Toc408945936]Figure 7 – HVDCLink document contextual model
[bookmark: _Toc408945921]IsBasedOn relationships from the European style market profile
Table 1 shows the traceability dependency of the classes used in this package towards the upper level. 
[bookmark: ESMP_6355677802648408312][bookmark: _Toc408945940]Table 1 – IsBasedOn dependency 
	Name 
	Complete IsBasedOn Path 

	Domain 
	TC57CIM::IEC62325::MarketManagement::Domain

	Exchange_Quantity 
	TC57CIM::IEC62325::MarketManagement::Quantity

	HVDCLink_MarketDocument 
	TC57CIM::IEC62325::MarketManagement::MarketDocument

	HVDCMode_AttributeInstanceComponent 
	TC57CIM::IEC62325::MarketManagement::AttributeInstanceComponent

	MarketParticipant 
	TC57CIM::IEC62325::MarketCommon::MarketParticipant

	MarketRole 
	TC57CIM::IEC62325::MarketCommon::MarketRole

	Measure_Unit 
	TC57CIM::IEC62325::MarketManagement::Unit

	Point 
	TC57CIM::IEC62325::MarketManagement::Point

	Process 
	TC57CIM::IEC62325::MarketManagement::Process

	Quantity 
	TC57CIM::IEC62325::MarketManagement::Quantity

	RegisteredResource 
	TC57CIM::IEC62325::MarketCommon::RegisteredResource

	Series_Period 
	TC57CIM::IEC62325::MarketManagement::Period

	Time_Period 
	TC57CIM::IEC62325::MarketManagement::Period

	TimeSeries 
	TC57CIM::IEC62325::MarketManagement::TimeSeries



[bookmark: _Toc408945922]HVDCLink document assembly model
[bookmark: _Toc408945923]Overview of the model 
Figure 8 shows the model. 
[image: HVDCLink document assembly model_HVDCLink document assembly model]
[bookmark: ESMP_6354925661818105340][bookmark: _Toc408945937]Figure 8 – HVDCLink document assembly model
[bookmark: _Toc408945924]IsBasedOn relationships from the European style market profile
Table 2 shows the traceability dependency of the classes used in this package towards the upper level. 
[bookmark: ESMP_6355677802943252094][bookmark: _Toc408945941]Table 2 – IsBasedOn dependency 
	Name 
	Complete IsBasedOn Path 

	HVDCLink_MarketDocument 
	TC57CIM::IEC62325::MarketManagement::MarketDocument

	Point 
	TC57CIM::IEC62325::MarketManagement::Point

	Series_Period 
	TC57CIM::IEC62325::MarketManagement::Period

	TimeSeries 
	TC57CIM::IEC62325::MarketManagement::TimeSeries



[bookmark: _Toc408945925]Detailed HVDCLink document assembly model
HVDCLink_MarketDocument root class
An electronic document containing the information necessary to satisfy the requirements of a given business process. 
This document is to be used to exchange the following information for a HVDC link: 
- operational power range through the HVDC link constraints document type 
- power control mode through the HVDC operating mode document type 
- power setpoint through the HVDC configuration document type 
- operational table through the HVDC schedule document type
Table 3 shows all attributes of HVDCLink_MarketDocument. 
[bookmark: ESMP_6355677803054013515][bookmark: _Toc408945942]Table 3 – Attributes of HVDCLink document assembly model::HVDCLink_MarketDocument 
	Order 
	mult. 
	Attribute name / Attribute type 
	Description 

	0
	[1..1]
	mRID 
ID_String 
	The unique identification of the document being exchanged within a business process flow.

	1
	[1..1]
	revisionNumber 
ESMPVersion_String 
	The identification of the version that distinguishes one evolution of a document from another.

	2
	[1..1]
	type 
MessageKind_String 
	The coded type of a document. The document type describes the principal characteristic of the document. 

	3
	[1..1]
	process.processType 
ProcessKind_String 
	The identification of the nature of process that the document addresses.
--- The process dealt with in the document depending upon the document type.

	4
	[1..1]
	sender_MarketParticipant.mRID 
PartyID_String 
	The identification of a party in the energy market.
--- The document owner.

	5
	[1..1]
	sender_MarketParticipant.marketRole.type 
MarketRoleKind_String 
	The identification of the role played by a market player.
--- The document owner.
--- The role associated with a MarketParticipant.

	6
	[1..1]
	receiver_MarketParticipant.mRID 
PartyID_String 
	The identification of a party in the energy market.
--- The document recipient.

	7
	[1..1]
	receiver_MarketParticipant.marketRole.type 
MarketRoleKind_String 
	The identification of the role played by a market player.
--- The document recipient.
--- The role associated with a MarketParticipant.

	8
	[1..1]
	createdDateTime 
ESMP_DateTime 
	The date and time of the creation of the document.

	9
	[1..1]
	schedule_Period.timeInterval 
ESMP_DateTimeInterval 
	The start and end date and time for a given interval. 
--- This information provides the start and end date and time of the schedule time interval. 

	10
	[1..1]
	docStatus 
Action_Status 
	The identification of the condition or position of the document with regard to its standing.

	11
	[1..1]
	domain.mRID 
AreaID_String 
	The unique identification of the domain.
--- The Domain associated with an electronic document header.



Table 4 shows all association ends of HVDCLink_MarketDocument with other classes. 
[bookmark: ESMP_6355677803055573536][bookmark: _Toc408945943]Table 4 – Association ends of HVDCLink document assembly model::HVDCLink_MarketDocument with other classes 
	Order 
	mult. 
	Role 
	Class type name 
	Description 

	12
	[1..*]
	TimeSeries 
	TimeSeries
	The planned resource schedule time series. MXM to be detailed. 
Association Based On : 
HVDCLink document contextual model::HVDCLink_MarketDocument.[]
-----
HVDCLink document contextual model::TimeSeries.TimeSeries[1..*]



Point
The identification of the values being addressed within a specific interval of time.
Table 5 shows all attributes of Point. 
[bookmark: ESMP_6355677803074293777][bookmark: _Toc408945944]Table 5 – Attributes of HVDCLink document assembly model::Point 
	Order 
	mult. 
	Attribute name / Attribute type 
	Description 

	0
	[1..1]
	position 
Position_Integer 
	A sequential value representing the relative position within a given time interval. 

	1
	[0..1]
	quantity 
Decimal 
	The principal quantity identified for a point. 
--- The value of the scheduled product. This information is dependent. The attribute quantity is used in case there is only one quantity needed for a given market period, otherwise the optimum quantity is used.

	2
	[0..1]
	minimum_Quantity.quantity 
Decimal 
	Quantity value.
--- The minimum value of power exchange on the HVDC line for a scheduled point. 
This information is dependent of the document type.

	3
	[0..1]
	maximum_Quantity.quantity 
Decimal 
	Quantity value.
--- The maximum value of power exchange on the HVDC line for a scheduled point. 
This information is dependent of the document type.

	4
	[0..1]
	optimum_Quantity.quantity 
Decimal 
	Quantity value.
--- The value of the optimum power exchange on the HVDC line for a scheduled point. 
This information is dependent onof the document type.



Series_Period
The identification of the period of time corresponding to a given time interval and resolution.
Table 6 shows all attributes of Series_Period. 
[bookmark: ESMP_6355677803078973838][bookmark: _Toc408945945]Table 6 – Attributes of HVDCLink document assembly model::Series_Period 
	Order 
	mult. 
	Attribute name / Attribute type 
	Description 

	0
	[1..1]
	timeInterval 
ESMP_DateTimeInterval 
	The start and end time of the period. 

	1
	[1..1]
	resolution 
Duration 
	The definition of the number of units of time that compose an individual step within a period. 



Table 7 shows all association ends of Series_Period with other classes. 
[bookmark: ESMP_6355677803080533859][bookmark: _Toc408945946]Table 7 – Association ends of HVDCLink document assembly model::Series_Period with other classes 
	Order 
	mult. 
	Role 
	Class type name 
	Description 

	2
	[1..*]
	Point 
	Point
	The Point information associated with a given Series_Period.within a TimeSeries. 
Association Based On : 
HVDCLink document contextual model::Series_Period.[]
-----
HVDCLink document contextual model::Point.Point[1..*]



TimeSeries
A set of time-ordered quantities being exchanged in relation to a product.
Table 8 shows all attributes of TimeSeries. 
[bookmark: ESMP_63556778031070541910][bookmark: _Toc408945947]Table 8 – Attributes of HVDCLink document assembly model::TimeSeries 
	Order 
	mult. 
	Attribute name / Attribute type 
	Description 

	0
	[1..1]
	mRID 
ID_String 
	A unique identification of the time series.

	1
	[1..1]
	businessType 
BusinessKind_String 
	The identification of the nature of the time series. 

	2
	[1..1]
	product 
EnergyProductKind_String 
	The identification of the nature of an energy product such as power, energy, reactive power, etc. 

	3
	[1..1]
	objectAggregation 
ObjectAggregationKind_String 
	The identification of the domain that is the common denominator used to aggregate a time series.

	4
	[1..1]
	connectingLine_RegisteredResource.mRID 
ResourceID_String 
	The unique identification of a resource.
--- The identification of the HVDC link or group of HVDC links.

	5
	[0..1]
	hVDCMode_AttributeInstanceComponent.attribute 
HVDCMode_String 
	The identification of an attribute for a given request component.
--- A specific characteristic associated with a TimeSeries. 
This information provides the mode in which the HVDC link is set. Permitted codes are: 
- A01 HVDC power setpoint schedule 
- A02 HVDC proportional external signal. 
- A03 HVDC AC emulation 
This information is dependent of the document type.

	6
	[1..1]
	out_Domain.mRID 
AreaID_String 
	The unique identification of the domain.
--- The area where the product is being extracted.

	7
	[1..1]
	in_Domain.mRID 
AreaID_String 
	The unique identification of the domain.
--- The area where the product is being delivered.

	8
	[1..1]
	measurement_Unit.name 
MeasurementUnitKind_String 
	The identification of the formal code for a measurement unit (UN/ECE Recommendation 20).
--- The unit of measure associated with the quantities in a TimeSeries.

	9
	[0..1]
	curveType 
CurveType_String 
	The identification of the coded representation of the type of curve being described. 

	10
	[0..1]
	minimumExchange_Quantity.quantity 
Decimal 
	The quantity value.
--- The minimum value of a power exchange range between the In_Domain and the Out_Domain of the timeseries. 
This information is dependent of the document type.

	11
	[0..1]
	maximumExchange_Quantity.quantity 
Decimal 
	The quantity value.
--- The maximum value of a power exchange range between the In_Domain and the Out_Domain of the timeseries. 
This information is dependent of the document type.



Table 9 shows all association ends of TimeSeries with other classes. 
[bookmark: ESMP_63556778031086142111][bookmark: _Toc408945948]Table 9 – Association ends of HVDCLink document assembly model::TimeSeries with other classes 
	Order 
	mult. 
	Role 
	Class type name 
	Description 

	12
	[1..*]
	Series_Period 
	Series_Period
	The time interval and resolution for a period associated with a TimeSeries. 
Association Based On : 
HVDCLink document contextual model::TimeSeries.[]
-----
HVDCLink document contextual model::Series_Period.Series_Period[1..*]



[bookmark: _Toc408945926]Datatypes
The list of datatypes used for the HVDCLink document assembly model is as follows:
Action_Status compound
ESMP_DateTimeInterval compound
AreaID_String datatype, codelist CodingSchemeTypeList
BusinessKind_String datatype, codelist BusinessTypeList
CurveType_String datatype, codelist CurveTypeList
EnergyProductKind_String datatype, codelist EnergyProductTypeList
ESMP_DateTime datatype
ESMPVersion_String datatype
HVDCMode_String datatype, codelist HVDCModeTypeList
ID_String datatype
MarketRoleKind_String datatype, codelist RoleTypeList
MeasurementUnitKind_String datatype, codelist UnitOfMeasureTypeList
MessageKind_String datatype, codelist MessageTypeList
ObjectAggregationKind_String datatype, codelist ObjectAggregationTypeList
PartyID_String datatype, codelist CodingSchemeTypeList
Position_Integer datatype
ProcessKind_String datatype, codelist ProcessTypeList
ResourceID_String datatype, codelist CodingSchemeTypeList
[bookmark: _Toc408945927]XML schema
[bookmark: _Toc408945928]Schema structure
Figure 9 and Figure 10 provide the structure of the schema.
[image: hvdc_1]
[bookmark: _Ref343008290][bookmark: _Toc353225944][bookmark: _Toc408945938]Figure 9 – HVDCLink_MarketDocument XML schema structure 1/2
[image: hvdc_2]
[bookmark: _Ref343609591][bookmark: _Toc353225945][bookmark: _Toc408945939]Figure 10 – HVDCLink_MarketDocument XML schema structure 2/2
[bookmark: _Toc408945929]Schema description
<?xml version="1.0" encoding="utf-8"?>
<xs:schema xmlns:cl="urn:entsoe.eu:wgedi:codelists" xmlns:sawsdl="http://www.w3.org/ns/sawsdl" xmlns="urn:iec62325.351:tc57wg16:451-8:hvdclinkdocument:1:0" xmlns:cimp="http://www.iec.ch/cimprofile" attributeFormDefault="unqualified" elementFormDefault="qualified" targetNamespace="urn:iec62325.351:tc57wg16:451-8:hvdclinkdocument:1:0" xmlns:xs="http://www.w3.org/2001/XMLSchema">
  <xs:import schemaLocation="urn-entsoe-eu-wgedi-codelists.xsd" namespace="urn:entsoe.eu:wgedi:codelists" />
  <xs:element name="HVDCLink_MarketDocument" type="HVDCLink_MarketDocument" />
  <xs:simpleType name="ID_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#String">
    <xs:restriction base="xs:string">
      <xs:maxLength value="35" />
    </xs:restriction>
  </xs:simpleType>
  <xs:simpleType name="ESMPVersion_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#String">
    <xs:restriction base="xs:string">
      <xs:pattern value="[1-9]([0-9]){0,2}" />
    </xs:restriction>
  </xs:simpleType>
  <xs:simpleType name="MessageKind_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#String">
    <xs:restriction base="cl:MessageTypeList" />
  </xs:simpleType>
  <xs:simpleType name="ProcessKind_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#String">
    <xs:restriction base="cl:ProcessTypeList" />
  </xs:simpleType>
  <xs:simpleType name="PartyID_String-base" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#String">
    <xs:restriction base="xs:string">
      <xs:maxLength value="16" />
    </xs:restriction>
  </xs:simpleType>
  <xs:complexType name="PartyID_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#String">
    <xs:simpleContent>
      <xs:extension base="PartyID_String-base">
        <xs:attribute name="codingScheme" type="cl:CodingSchemeTypeList" use="required" />
      </xs:extension>
    </xs:simpleContent>
  </xs:complexType>
  <xs:simpleType name="MarketRoleKind_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#String">
    <xs:restriction base="cl:RoleTypeList" />
  </xs:simpleType>
  <xs:simpleType name="ESMP_DateTime" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#DateTime">
    <xs:restriction base="xs:dateTime">
      <xs:pattern value="((([0-9]{4})[\-](0[13578]|1[02])[\-](0[1-9]|[12][0-9]|3[01])|([0-9]{4})[\-]((0[469])|(11))[\-](0[1-9]|[12][0-9]|30))T(([01][0-9]|2[0-3]):[0-5][0-9]:[0-5][0-9])Z)|(([13579][26][02468][048]|[13579][01345789](0)[48]|[13579][01345789][2468][048]|[02468][048][02468][048]|[02468][1235679](0)[48]|[02468][1235679][2468][048]|[0-9][0-9][13579][26])[\-](02)[\-](0[1-9]|1[0-9]|2[0-9])T(([01][0-9]|2[0-3]):[0-5][0-9]:[0-5][0-9])Z)|(([13579][26][02468][1235679]|[13579][01345789](0)[01235679]|[13579][01345789][2468][1235679]|[02468][048][02468][1235679]|[02468][1235679](0)[01235679]|[02468][1235679][2468][1235679]|[0-9][0-9][13579][01345789])[\-](02)[\-](0[1-9]|1[0-9]|2[0-8])T(([01][0-9]|2[0-3]):[0-5][0-9]:[0-5][0-9])Z)" />
    </xs:restriction>
  </xs:simpleType>
  <xs:simpleType name="AreaID_String-base" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#String">
    <xs:restriction base="xs:string">
      <xs:maxLength value="18" />
    </xs:restriction>
  </xs:simpleType>
  <xs:complexType name="AreaID_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#String">
    <xs:simpleContent>
      <xs:extension base="AreaID_String-base">
        <xs:attribute name="codingScheme" type="cl:CodingSchemeTypeList" use="required" />
      </xs:extension>
    </xs:simpleContent>
  </xs:complexType>
  <xs:simpleType name="Status_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#String">
    <xs:restriction base="cl:StatusTypeList" />
  </xs:simpleType>
  <xs:complexType name="Action_Status" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Status">
    <xs:sequence>
      <xs:element minOccurs="1" maxOccurs="1" name="value" type="Status_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Status.value">
      </xs:element>
    </xs:sequence>
  </xs:complexType>
  <xs:simpleType name="YMDHM_DateTime" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#DateTime">
    <xs:restriction base="xs:string">
      <xs:pattern value="((([0-9]{4})[\-](0[13578]|1[02])[\-](0[1-9]|[12][0-9]|3[01])|([0-9]{4})[\-]((0[469])|(11))[\-](0[1-9]|[12][0-9]|30))T(([01][0-9]|2[0-3]):[0-5][0-9])Z)|(([13579][26][02468][048]|[13579][01345789](0)[48]|[13579][01345789][2468][048]|[02468][048][02468][048]|[02468][1235679](0)[48]|[02468][1235679][2468][048]|[0-9][0-9][13579][26])[\-](02)[\-](0[1-9]|1[0-9]|2[0-9])T(([01][0-9]|2[0-3]):[0-5][0-9])Z)|(([13579][26][02468][1235679]|[13579][01345789](0)[01235679]|[13579][01345789][2468][1235679]|[02468][048][02468][1235679]|[02468][1235679](0)[01235679]|[02468][1235679][2468][1235679]|[0-9][0-9][13579][01345789])[\-](02)[\-](0[1-9]|1[0-9]|2[0-8])T(([01][0-9]|2[0-3]):[0-5][0-9])Z)" />
    </xs:restriction>
  </xs:simpleType>
  <xs:complexType name="ESMP_DateTimeInterval" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#DateTimeInterval">
    <xs:sequence>
      <xs:element minOccurs="1" maxOccurs="1" name="start" type="YMDHM_DateTime" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#DateTimeInterval.start">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="1" name="end" type="YMDHM_DateTime" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#DateTimeInterval.end">
      </xs:element>
    </xs:sequence>
  </xs:complexType>
  <xs:complexType name="HVDCLink_MarketDocument" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#MarketDocument">
    <xs:sequence>
      <xs:element minOccurs="1" maxOccurs="1" name="mRID" type="ID_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#IdentifiedObject.mRID">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="1" name="revisionNumber" type="ESMPVersion_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Document.revisionNumber">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="1" name="type" type="MessageKind_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Document.type">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="1" name="process.processType" type="ProcessKind_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Process.processType">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="1" name="sender_MarketParticipant.mRID" type="PartyID_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#IdentifiedObject.mRID">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="1" name="sender_MarketParticipant.marketRole.type" type="MarketRoleKind_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#MarketRole.type">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="1" name="receiver_MarketParticipant.mRID" type="PartyID_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#IdentifiedObject.mRID">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="1" name="receiver_MarketParticipant.marketRole.type" type="MarketRoleKind_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#MarketRole.type">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="1" name="createdDateTime" type="ESMP_DateTime" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Document.createdDateTime">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="1" name="schedule_Period.timeInterval" type="ESMP_DateTimeInterval" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Period.timeInterval">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="1" name="docStatus" type="Action_Status" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Document.docStatus">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="1" name="domain.mRID" type="AreaID_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#IdentifiedObject.mRID">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="unbounded" name="TimeSeries" type="TimeSeries" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#MarketDocument.TimeSeries">
      </xs:element>
    </xs:sequence>
  </xs:complexType>
  <xs:simpleType name="Position_Integer" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Integer">
    <xs:restriction base="xs:integer">
      <xs:minInclusive value="1" />
      <xs:maxInclusive value="999999" />
    </xs:restriction>
  </xs:simpleType>
  <xs:complexType name="Point" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Point">
    <xs:sequence>
      <xs:element minOccurs="1" maxOccurs="1" name="position" type="Position_Integer" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Point.position">
      </xs:element>
      <xs:element minOccurs="0" maxOccurs="1" name="quantity" type="xs:decimal" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Point.quantity">
      </xs:element>
      <xs:element minOccurs="0" maxOccurs="1" name="minimum_Quantity.quantity" type="xs:decimal" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Quantity.quantity">
      </xs:element>
      <xs:element minOccurs="0" maxOccurs="1" name="maximum_Quantity.quantity" type="xs:decimal" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Quantity.quantity">
      </xs:element>
      <xs:element minOccurs="0" maxOccurs="1" name="optimum_Quantity.quantity" type="xs:decimal" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Quantity.quantity">
      </xs:element>
    </xs:sequence>
  </xs:complexType>
  <xs:complexType name="Series_Period" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Period">
    <xs:sequence>
      <xs:element minOccurs="1" maxOccurs="1" name="timeInterval" type="ESMP_DateTimeInterval" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Period.timeInterval">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="1" name="resolution" type="xs:duration" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Period.resolution">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="unbounded" name="Point" type="Point" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Period.Point">
      </xs:element>
    </xs:sequence>
  </xs:complexType>
  <xs:simpleType name="BusinessKind_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#String">
    <xs:restriction base="cl:BusinessTypeList" />
  </xs:simpleType>
  <xs:simpleType name="EnergyProductKind_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#String">
    <xs:restriction base="cl:EnergyProductTypeList" />
  </xs:simpleType>
  <xs:simpleType name="ObjectAggregationKind_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#String">
    <xs:restriction base="cl:ObjectAggregationTypeList" />
  </xs:simpleType>
  <xs:simpleType name="ResourceID_String-base" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#String">
    <xs:restriction base="xs:string">
      <xs:maxLength value="18" />
    </xs:restriction>
  </xs:simpleType>
  <xs:complexType name="ResourceID_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#String">
    <xs:simpleContent>
      <xs:extension base="ResourceID_String-base">
        <xs:attribute name="codingScheme" type="cl:CodingSchemeTypeList" use="required" />
      </xs:extension>
    </xs:simpleContent>
  </xs:complexType>
  <xs:simpleType name="HVDCMode_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#String">
    <xs:restriction base="cl:HVDCModeTypeList" />
  </xs:simpleType>
  <xs:simpleType name="MeasurementUnitKind_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#String">
    <xs:restriction base="cl:UnitOfMeasureTypeList" />
  </xs:simpleType>
  <xs:simpleType name="CurveType_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#String">
    <xs:restriction base="cl:CurveTypeList" />
  </xs:simpleType>
  <xs:complexType name="TimeSeries" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#TimeSeries">
    <xs:sequence>
      <xs:element minOccurs="1" maxOccurs="1" name="mRID" type="ID_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#IdentifiedObject.mRID">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="1" name="businessType" type="BusinessKind_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#TimeSeries.businessType">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="1" name="product" type="EnergyProductKind_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#TimeSeries.product">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="1" name="objectAggregation" type="ObjectAggregationKind_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#TimeSeries.objectAggregation">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="1" name="connectingLine_RegisteredResource.mRID" type="ResourceID_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#IdentifiedObject.mRID">
      </xs:element>
      <xs:element minOccurs="0" maxOccurs="1" name="hVDCMode_AttributeInstanceComponent.attribute" type="HVDCMode_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#AttributeInstanceComponent.attribute">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="1" name="out_Domain.mRID" type="AreaID_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#IdentifiedObject.mRID">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="1" name="in_Domain.mRID" type="AreaID_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#IdentifiedObject.mRID">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="1" name="measurement_Unit.name" type="MeasurementUnitKind_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Unit.name">
      </xs:element>
      <xs:element minOccurs="0" maxOccurs="1" name="curveType" type="CurveType_String" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#TimeSeries.curveType">
      </xs:element>
      <xs:element minOccurs="0" maxOccurs="1" name="minimumExchange_Quantity.quantity" type="xs:decimal" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Quantity.quantity">
      </xs:element>
      <xs:element minOccurs="0" maxOccurs="1" name="maximumExchange_Quantity.quantity" type="xs:decimal" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#Quantity.quantity">
      </xs:element>
      <xs:element minOccurs="1" maxOccurs="unbounded" name="Series_Period" type="Series_Period" sawsdl:modelReference="http://iec.ch/TC57/2013/CIM-schema-cim16#TimeSeries.Series_Period">
      </xs:element>
    </xs:sequence>
  </xs:complexType>
</xs:schema>
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