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3	Rationale
Relations between a cell and other cells in the same RAT or another RAT are needed in all mobile network management standards. The relation modelled serves two purposes: 
1. Allow the operator to configure parameters or policies related to RAT, frequency and cell relations as well as defining explicit cell relations.  
2. Show all system defined and configured cell relations to allow observability. 

The new TS 28.541 [2] have not modelled the said relations. 
This paper, based on a previous submitted paper [1], proposes one such model satisfying the two objectives above for NR and E-UTRAN achieving the same-management-look-and-feel for operators.
Note the diagrams used in section 4 is not UML diagram. They will not be used in TSs. (see Appendix for the UML diagrams that capture the NRM fragmenets in section 4 and the UML diagrams would be suggested for use in the TSs.) The dashes denote name-containment relation. The dashes with arrow denote uni-direction association.  
Key points to note:
1. NRNetwork and EUTRANetwork introduced to serve as:
- parents for neighbours outside of the MF (ManagedFunction);
- parents for network information common to the MF’s cells;
- group of object instances per RAT;
- a separate and independent MFs within the EM context for maintenance flexibility (creation, removal, restart, re-location)

2. ExtGNBCUCPFunction
- same class used for all neighbour MFs (under same or other ME)
- flexibility to move MFs without rebuilding model

3. ExtNRCellCU
- same class used for all neighbour cells outside the MF (under same or other ME)
- flexibility to move MFs without rebuilding model
4	Proposal
4.1	 View on cell/frequency relations
The following NRM fragments are views of NR(gNB and en-gNB) and should be placed in TS 28.541 [2].
ManagedElement
     |
GNBCUCPFunction
     | 
NRCellCU
     |--------------|
     |              |
NRFreqRelation <-- NRCellRelation--->NRCellCU or ExtlNRCellCU
Figure 1: NR view 1 of cell/frequency relation
ManagedElement
     |
GNBCUCPFunction1
     | 
NRCellCU-------------------|
     |                     |
EUtranFreqRelation <---  EUtranCellRelation ---> EUtranCell or ExtEUtranCell                                          
Figure 2: NR view 2 of cell/frequency relation                               
The following NRM fragments are views of eNB and should be placed in TS 28.658 [3].
ManagedElement
     |
ENBFunction
     | 
EUtranCell -----------|    
     |                |
NRFreqRelation <--- NRCellRelation--->ExtNRCellCU
Figure 3: eNB view 1 of cell/frequency relation
ManagedElement
     |
ENBFunction
     | 
EUtranCell -----------|    
     |                |
EUtranFreqRelation <--- EUTranCellRelation ---> ExtEUtranCell or EUtranCell
Figure 4: eNB view 2 of cell/frequency relation
4.2	View on ext entities and frequencies
The following NRM fragments are view of NR(gNB and en-gNB) and should be placed in TS 28.541 [2] 
       NRNetwork                             EUtranNetwork
            |----|                               |------|
            |  NRFrequency <-NRFreqRelation      |    EUtranFrequency<-EUtranFreqRelation
   |                                    |
       ExternalGNBCUCPFunction               ExternalENBFunction
   |                                    |
       ExternalNRCellCU                      ExternalEUtranCell
Figure 5: NR view of frequencies and external entities

The following NRM fragments are views of eNB and should be placed in TS 28.658 [3].
           
        NRNetwork                           EUtranNetwork
            |-------|                           |-----------|
            | NRFrequency<--EUTranFreqRelation  |    EUtranFrequency--EUtranFreqRelation
            |                                   |    
        ExternalGNBCUCPFunction             ExternalENBFunction
            |                                   |
        ExternalNRCellCU                    ExternalEUtranCell
Figure 6: eNB view of frequencies and external entities

Appendix A: NRM fragments
This is the UML NRM fragment for 28.541. This UML NRM fragment is equivalent to Figure 1, Figure 2 and Figure 5 combined. 
The NRNetwork and EUtranNetwork are subclasses of SubNetwork (defined in TS 28.622). They do not have additional attributes compared that of SubNetwork. The reason to use NRNetwork and EUtranNetwork is for a clearn separation of NR external entities and frequency and LTE external entities and frequency. The use of one SubNetwork to contain both NR and LTE external entities and frequency is also possible (but not shown in the Figures).
Figure 7: UML NRM fragment for NR
[image: ] 
This is the UML NRM fragment for 28.658. This UML NRM fragment is equivalent to Figure 3, Figure 4 and Figure 6 combined. 

Figure 8: UML NRM fragment for E-UTRAN
[image: ]  
Appendix B: Class attributtes and properties
This is the Class definitions and class attributes properties TS 28.541. 
This Appendix B is for information and is not a part of the Endorsement. The spelling of names of class and attributes may need alignment at a later stage.
X.3.7a	NRCellRel
X.3.7a.1	Definition
The GNBCUCPFunction name-contains multiple NRCellCU. The GNBCUCPFunction is said to be the parent of these multiple NRCellCU. Each NRCellCU instance has relations with multiple neighbour cells. This IOC represents a Neighbour cell Relation from a source cell to a target cell, where the target cell is from the same parent (NRCellCU) or of different parent (ExtNRCellCU).
X.3.7a.2	Attributes
	Attribute name
	Support Qualifier
	isReadable
	isWritable
	isInvariant
	isNotifyable

	cellIndividualOffset
	M
	T
	T
	F
	T

	nRTCI
	O
	T
	T
	F
	T

	adjacentCell
	M
	T
	T
	F
	T


X.3.7a.3	Attribute constraints
None.
X.3.7a.4	Notifications
The common notifications defined in subclause 4.5 are valid for this IOC, without exceptions or additions.
Y.3.7b	NRFreqRel
Y.3.7b.1	Definition
This IOC, together with the NRFrequency, represents the frequency properties applicable to the referencing NRCellRel. 
Y.3.7b.2	Attributes
	Attribute name
	Support Qualifier
	isReadable
	isWritable
	isInvariant
	isNotifyable

	cellIndividualOffset
	M
	T
	T
	F
	T

	blackListEntry
	M
	T
	T
	F
	T

	blackListEntryIdleMode
	M
	T
	T
	F
	T

	cellReselectionPriority
	M
	T
	T
	F
	T

	cellReselectionSubPriority
	M
	T
	T
	F
	T

	pMax
	M
	T
	T
	F
	T

	qOffsetFreq
	M
	T
	T
	F
	T

	qQualMin
	M
	T
	T
	F
	T

	qRxLevMin
	M
	T
	T
	F
	T

	threshXHighP
	M
	T
	T
	F
	T

	threshXHighQ
	CM
	T
	T
	F
	T

	threshXLowP
	M
	T
	T
	F
	T

	threshXLowQ
	M
	T
	T
	F
	T

	tReselectionNr
	M
	T
	T
	F
	T

	tReselectionEutraSfMedium
	M
	T
	T
	F
	T

	tReselectionEutraSfMedium
	M
	T
	T
	F
	T

	attribute related to role
	M
	T
	T
	F
	T

	nRFrequencyRef
	M
	T
	T
	F
	T


Y.3.7b.3	Attribute constraints
	Name
	Definition

	threshXHighQ
	Condition: The Struct Member threshServingLowQ in SIB3 is used in systemInformationBlockType3.


Y.3.7b.4	Notifications
The common notifications defined in subclause 4.5 are valid for this IOC, without exceptions or additions.
Z.3.7c	NRFrequency
Z.3.7c.1	Definition
This IOC represents certain NR frequency properties.
Z.3.7c.2	Attributes
	Attribute name
	Support Qualifier
	isReadable
	isWritable
	isInvariant
	isNotifyable

	absoluteFrequencySSB
	M
	T
	T
	F
	T

	subCarrierSpacing
	M
	T
	T
	F
	T

	multiFrequencyBandListNR
	M
	T
	F
	F
	T


Z.3.7c.3	Attribute constraints
None.
Z.3.7c.4	Notifications
The common notifications defined in subclause 4.5 are valid for this IOC, without exceptions or additions.
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	Attribute Name
	Documentation and Allowed Values
	Properties

	cellIndividualOffset
	It is a list of offset values for the neighbour cell. Used when UE is in connected mode. The unit is 1dB. It is defined for rsrpOffsetSSB, rsrqOffsetSSB, sinrOffsetSSB, rsrpOffsetCSI-RS, rsrqOffsetCSI-RS and sinrOffsetCSI-RS. See TS 38.311 [31].  
allowedValues: N/A.
	type: Integer
multiplicity: *
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	blackListEntry
	It specifies a list of PCI (physical cell identity) that are blacklisted in EUTRAN measurements as described in 3GPP TS 38.331 [31].

allowedValues: { 0…1007 }
	type: Integer
multiplicity: *
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False


	blackListEntryIdleMode
	It specifies a list of PCI (physical cell identity) that are blacklisted in SIB4 and SIB5.

allowedValues: { 0…1007 }
	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False


	cellReselectionPriority
	It is the absolute priority of the carrier frequency used by the cell reselection procedure. See CellReselectionPriority IE in TS 38.331 [31].
It corresponds to the parameter priority in 3GPP TS 38.304 [x].

Value 0 means lowest priority. The UE behaviour when no value is entered is specified in subclause 5.2.4.1 of 3GPP TS 38.304 [x]. 
The value must not already used by other RAT, i.e. equal priorities between RATs are not supported.
allowedValues: N/A
	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	cellReselectionSubPriority
	It indicates a fractional value to be added to the value of cellReselectionPriority to obtain the absolute priority of the concerned carrier frequency for E-UTRA and NR. See CellReselectionSubPriority IE in TS 38.331 [31].
allowedValues: { 0.2, 0.4, 0.6, 0.8 }.

	type: Short
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	pMax
	It calculates the parameter Pcompensation (defined in 3GPP TS 38.304 [x]), at cell reselection to an GUTRA Cell. Its unit is 1 dBm. It corresponds to parameter PEMAX in 3GPP TS 38.101 [??]. 
allowedValues:  { -30..33 }. 


	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	qOffsetFreq
	It is the frequency specific offset for G-UTRA frequencies used in connected mode. In idle mode, the negative value of this offset is used. See TS 38.304 [x]. Its unit is 1 dB.

allowedValues: { -24, -22, -20, -18, -16, -14, -12, -10, -8, -6, -5, -4, -3, -2, -1, 0, 1, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 } 

	type: Real
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	qQualMin
	It indicates the minimum required quality level in the cell (dB). See qQualMin in TS 38.304 [x]. Unit is 1 dB.

Value 0 means that it is not sent and UE applies in such case the (default) value of negative infinity for Qqualmin. Sent in SIB3 or SIB5.

allowedValues:{ -34..-3, 0 } 
	type: Real
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	qRxLevMin
	It indicates the required minimum received Reference Symbol Received Power (RSRP) level in the (E-UTRA) frequency for cell reselection. It corresponds to Qrxlevmin defined in 3GPP TS 38.304 [x]. It is broadcast in SIB3 or SIB5, depending on whether the related frequency is intra- or inter-frequency. Its unit is 1 dBm and resolution is 2.

allowedValues: { -140..-44 }.
	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	threshXHighP
	This specifies the Srxlev threshold (in dB) used by the UE when reselecting towards a higher priority RAT/ frequency than the current serving frequency. Each frequency of NR and E-UTRAN might have a specific threshold. It corresponds to the ThreshX, HighP in 3GPP TS 38.304 [x]. Its unit is 1 dB and resolution is 2.
allowedValues: { 0..62 } 
	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	threshXHighQ
	This specifies the Squal threshold (in dB) used by the UE when reselecting towards a higher priority RAT/ frequency than the current serving frequency. Each frequency of NR and E-UTRAN might have a specific threshold. It corresponds to the ThreshX, HighQ in TS 38.304 [x]. Its unit is 1 dB.
allowedValues: { 0..31 }
	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	threshXLowP
	This specifies the Srxlev threshold (in dB) used by the UE when reselecting towards a lower priority RAT/ frequency than the current serving frequency. Each frequency of NR might have a specific threshold. It corresponds to ThreshX,LowP in 3GPP TS 38.304 [x]. Its resolution is 2.
allowedValues: { 0..62 } 
	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	threshXLowQ
	This specifies the Squal threshold (in dB) used by the UE when reselecting towards a lower priority RAT/ frequency than the current serving frequency. Each frequency of NR might have a specific threshold. It corresponds to ThreshX,Low in TS 38.304 [x].
allowedValues: { 0..31 }.
	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	tReselectionNr
	It is the cell reselection timer and corresponds to parameter TreselectionRAT for NR defined in 38.331 [4]. Its unit is in seconds. 

allowedValues: { 0..7 }.

	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False


	tReselectionEutraSfHigh
	The attribute t-ReselectionNr (a parameter TreselectionNR in TS 38.304 [x]) is multiplied with this factor if the UE is in high mobility state. It corresponds to the parameter Speed dependent ScalingFactor for TreselectionNr for medium high state in 3GPP TS 38.304 [x]. The unit is one %.

Value mapping:
25 = 0.25
50 = 0.5
75 = 0.75
100 = 1.0 

allowedValues: { 25, 50, 75, 100 }. 
	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	tReselectionEutraSfMedium
	The attribute t-ReselectionEUTRA (a parameter "TreselectionEUTRA in TS 38.304 [x]”) is multiplied with this factor if the UE is in medium mobility state. It corresponds to the parameter Speed dependent ScalingFactor for TreselectionNr for medium mobility state in 3GPP TS 38.304 [x]. Its unit is one %.
Value mapping:
25 = 0.25
50 = 0.5
75 = 0.75
100 = 1.0 

allowedValues: { 25, 50, 75, 100 }. 
	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	absoluteFrequencySSB
	Frequency of the SSB to be used for this serving cell. SSB related parameters (e.g. SSB index) provided for a serving cell refer to this SSB frequency unless mentioned otherwise. The frequency provided in this field identifies the position of resource element RE=#0 (subcarrier #0) of resource block RB#10 of the SS block. The cell-defining SSB of the PCell is always on the sync raster. Frequencies are considered to be on the sync raster if they are also identifiable with a Global Synchronization Channel Number (GSCN) value (see TS 38.101 [y]). If the field is absent, the SSB related parameters should be absent, e.g. ssb-PositionsInBurst, ssb-periodicityServingCell and subcarrierSpacing in ServingCellConfigCommon IE. If the field is absent, the UE obtains timing reference from the SpCell. This is only supported in case the Scell is in the same frequency band as the SpCell 
allowedValues: {0.. 3279165}.
	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	NRRequency.subCarrierSpacing
	This SSB is used for for synchronization. See subclause 5 in TS 38.104 [12]. Its units are in kHz.
allowedValues: { 15, 30, 60, 120, 240 }.
Note that the allowed values of SSB used for representing data, by e.g. a BWP, are: 15, 30, 60 and 120 in units of kHz.
	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False


	multiFrequencyBandListNR
	It is a list of additional frequency bands the frequency belongs to. The list is automatically set by the gNB. 
allowedValues: { 1..256 } 

	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False
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