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1 Intent & Background
This paper intends to present IOCs needed for E-UTRAN NRM IRP in support of modelling multi-antenna systems.  In addition, it also presents the modelling of antenna system that supports EUTRAN and UTRAN using multiple antenna (sub systems).

Release 7 has, in the UTRAN NRM IRP, defined AntennaFunction and TmaFunction (see Appendix A).   Our analysis reveals some problems.  Firstly, their IOC definitions contain multiple duplicated attributes.  Secondly, the currently modelled IOCs could not be used in the EUtran NRM IRP for the modelling of an antenna system using multiple antenna (sub systems) supporting EUTRAN and UTRAN radio.  
In this paper, we modify the Release 7 AntennaFunction and TmaFunction, as an exercise and proposal, such that the modified IOCs can be used together with corresponding IOCs defined in EUtran NRM IRP to model an antenna system with multiple antenna sub systems supporting EUTRAN and UTRAN radio.

Section 2 lists some inconsistencies, including duplicate attributes, found in Release 7 AntennaFunction and TmaFunction of UTRAN NRM IRP.  
Section 3 is the suggested E-UTRAN NRM IRP IOCs related to antenna system.

Section 4 is the instance diagrams supporting some typical antenna systems

Appendixes provide supporting material for reference.  

2  Release 7 AntennaFunction and TmaFunction
This section lists inconsistencies, including duplicate attributes, found in Release 7 AntennaFunction and TmaFunction of UTRAN NRM IRP.  
One reason to highlight the inconsistencies is to discuss if we need to remove them (and we should).  If we were to remove them, then it would be a good idea to remodel them in ways that can satisfy also the objective that the IOCs in E-UTRAN NRM IRP and UTRAN NRM IRP can be used to model an antenna system with multiple antenna subsystems (say, one supporting EUTRAN and one supporting UTRAN radio).  

2.1 Duplicates
In the UTRAN model the following attributes are duplicated (even though they have different names):

AntennaFunction.retUtranCellList vs TmaFunction.tmaUtranCellList
AntennaFunction.bearing vs TmaFunction.tmaAntennaBearing

They are not duplicates. 
AntennaFunction.retUtranCellList maps the relationship between RET tiltable antennas and the UTRAN cells they belong to, and TmaFunction.tmaUtranCellList  maps the relationship between TMAs and the UTRAN cells they belong to.

AntennaFunction.bearing is part of RET additional data, a piece of RET additional data from Annex B.1 of 25.466 whereas TmaFunction.tmaAntennaBearing is a piece of TMA additional data from 25.466 Annex B.3  - each is a different piece of non-operational data describing the bearing of a particular antenna not attached to a TMA, or attached to a TMA, in each case. Both are distinct in 25.466 and in Release 7 we agreed to model them both.  
TmaFunction.tmaInstalledMechanicalTilt does not have any correspondence easily find in 25.466 which the attribute definition refers to for definition.  It seems that it should be a RET attribute, rather than TMA.  But it seems by name (only) to be the same as the definition of Antenna.MechanicalOffset. 
tmaInstalledMechanicalTilt is clearly present in TS25.466 Annex B.3 – it is another piece of TMA additional data that we agreed to model in Release 7. It is non-operational data again, a record of the tilt of the antenna attached to the TMA in question. So it should stay. 
In this proposal, the TmaFunction.tmaInstalledMechanicalTilt is removed.  The AntennaUnit.mechanicalOffset is changed to AntennaUnit.mechanicalAntennaTilt.
This is not correct, as shown above the two attributes in question are not duplicates and serve different purposes.
TmaFunction.tmaSectorId will be a duplicate since the proposal here suggests the use of a SectorFunction IOC which has a relation with TmaFunction_2 IOC.
I don’t see how this identifies TmaFunction.tmaSectorId as a duplicate of anything. Once again, it is another piece of tma additional data in AnnexB.3 of TS25.466 that we agreed to mode in Release 7l. It is non-operational data, identifying the sector on the mast which the TMA is serving. It should stay. 
2.2 Inappropriate attribute placement

The following attributes are antenna system (the actual antenna pole and not the antenna subsystems) attributes independent of RET and TMA:

AntennaFunction.height

AntennaFunction.baseElevation

AntennaFunction.latitude

AntennaFunction.longitude
I disagree. These came from our Requirements TR32.804. Ericsson wanted to remove them from Release 7 but a majority of operators and vendors wanted them kept in as they are useful for Beamforming in E-UTRAN. They are attributes of any antenna (not the mast) with the possible exception of base elevation.
TS32.642 defines base elevation as “The elevation in meters above sea level at the base of the antenna structure. This value, when subtracted from height, provides the height of the antenna above the ground. 

Note: The value of this attribute has no operational impact on the network, e.g. the NE behavior is not affected by the value setting of this attribute.  Note as well that this attribute is not supported over the Iuant interface according to Ref. 3GPP TS 25.463 [22].
So whilst base elevation may not be an attribute of AntennaFunction we need it in order to work out the height of the antenna on the mast (so it is related to AntennaFunction at least). The definition above also clearly indicates that height IS an attribute of AntennaFunction.  
2.3 Attributes to be removed (inappropriate attribute placement in lieu of ‘new’ model)
The following attributes should be removed.

AntennaFunction.horizBeamwidth

AntennaFunction.vertBeamwidth

AntennaFunction.patternLabel

TmaFunction.tmaSubunitRxFrequencyBand

TmaFunction.tmaSubunitTxFrequencyBand
This is not a justification for removal, it just says “ we don’t want them in our model”. The first two were also kept in Release 7 as being useful for beamforming in E-UTRAN, and the third is described in TS32.642 as “The pattern name is a textual, alpha-numeric string to allow identification of the antenna pattern along with the antenna vendor information such as model number, etc. 

Note: The value of this attribute has no operational impact on the network, e.g. the NE behavior is not affected by the value setting of this attribute.  Note as well that this attribute is not supported over the Iuant interface according to Ref. 3GPP TS 25.463 [22]”.
The pattern is useful information for the operator (unidirectional/omnidirectional etc).
So this is just another attempt to remove them, with no real justification that I can see.
2.4 Attributes names to be changed
The ‘value’ is removed from the following attributes so that the attributes are named in the same fashion as other attributes.  For example, we do not use maxGainValue.  We use maxGain, for example.

AntennaFunction.retTiltValue

AntennaFunction.maxTiltValue

AntennaFunction.minTiltValue

AntennaFunction.maxAzimuthValue

AntennaFunction.minAximuthValue

True – TS32.642 attribute names do not end in “value”. The question is – if we change them in Release 8 do we have a backwards compatibility problem to Release 6 and 7?
Summary,

I think the rationale for the proposed changes is flawed and we should not accept this proposal. A new way to model different antennas serving different 3GPP access networks which reside on the same mast or in the same radome, some tillable and some not, some with TMAs and some not, might be useful. Unfortunately the current proposal is flawed so we need to think again. 
3 Model
3.1
Class Diagram
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3.2
Definition and legal values

	Attribute Name
	Definition
	Legal Values

	earfcnDl
	The E-UTRA Absolute Radio Frequency Channel Number (EARFNC) for the downlink carrier frequency.
	

	earfcnUl
	The E-UTRA Absolute Radio Frequency Channel Number (EARFNC) for the uplink carrier frequency.
	

	maximumTransmissionPower
	This is the maximum possible for all downlink channels, used simultaneously in a cell, added together.
	

	partOfSectorPower
	This is the requested part (i.e. %) of the total radio power available to the SectorFunction.  The requested % power should be allocated to the cell.
	

	fqBand
	This is the frequency band supported by the hardware associated with the SectorFunction., The earfcnDl and earfcnUl of cells  associated with the SectorFunction must be assigned with value within this fqBand value.
	See section 5 Table 5.2-1 “E‑UTRA frequency band” of TS 36.104


4 Sample Configurations and Instances
This section uses typical configurations to illustrate the use of the proposed model.
4.1 Configuration One

· One antenna tower
· One antenna subsystem (radio unit 1X2) supporting frequency band of EUTRAN.  

· One sector has 3 EUTRAN cells.  

Then, these are the instances.

· Three cells (EUtranGenericCell-1, -2 and -3).
· One SectorFunction-Z.
· One TmnFunction and one AntennaFunction instances.
· SectorFunction-Z.fqBand = 
Set by System from range defined in TS 36.104 (reflecting related installed HW capabilities).
· EUtranGenericCell-1.earfcnUl = 
To be set within the fqBand that can be handled by the associated sectorFunction.
· EUtranGenericCell-1.earfcnDl = 
To be set within the fqBand that can be handled by the associated sectorFunction.
· EUtranGenericCell-1.maxTransmissionPower = 
This is a calculated value of the power at the antenna reference point. This attribute makes it possible for the operator to calculate coverage. 

· EUtranGenericCell-1partOfSectorPower + EUtranGenericCell‑2.partOfSectorPower + EUtranGenericCell‑3.partOfSectorPower cannot be more than 100.
· EUtranGenericCell-2.ulBandwidth = same as that of EUtranGenericCell-1.
· EUtranGenericCell-2.dlBandwidth = same as that of EUtranGenericCell-1.
· EUtranGenericCell-2.maxTransmissionPower =
same as that of EUtranGenericCell-1.
In this the three cells’ EUtranGenericCell.partOfSectorPower could be set to 33%.  The power available to the SectorFunction is shared equally among the three cells.

4.2 Configuration Two
· One antenna tower.
· One LTE cell and one WCDMA cell are supported.

· The LTE cell uses two TX-branches (MIMO).  The WCDMA cell using one TX‑branch.
Then, these are the Instances.
· Two Cells (EUtranGeneirCell-Y and UtranGenericCell_2-X)

· One SectorFunction-Z 

· EUtranGenericCell-Y.partOfSectorPower = 66 
· UtranGenericCell_2-X.partOfSectorPower = 33 
4.3 Configuration Three

· 3x1 RBS supporting 3 LTE cells.

Then, these are the instances.

· Three cells (EUtranGenericCell-1, -2 and -3).

· Three SectorFunctions

· EUtranGenericCell-1.partOfSectorPower = 100 

· EUtranGenericCell-2.partOfSectorPower = 100 

· EUtranGenericCell-3.partOfSectorPower =100 
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Appendix A:

The class diagram and the two IOC definitions in this appendix are extracted from [1].
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NOTE 1:
The listed cardinality numbers, in particular the use of cardinality number zero, do not represent transient states.  The transient state is considered an inherent property of all IOC instances and therefore there is no need to represent them by individual IOC cardinality numbers.

NOTE 2:
The relation between GsmRelation and GsmCell is optional. It may be present if both the UtranGenericCell and the GsmCell are managed by the same management node.

NOTE 3:
The UtranRelation and GsmRelation can be name-contained under IOCs defined in other NRMs.
NOTE 4:
ExternalUtranGenericCell is contained under SubNetwork or ExternalRncFunction.

Figure 6.2.1.2: Cell view UTRAN NRM Containment/Naming and Association diagram

6.3.7
AntennaFunction
6.3.7.1
Definition

This optional IOC represents an array of radiating elements that may be tilted to adjust the RF coverage of a cell(s).

6.3.7.2
Attributes

Attributes of AntennaFunction
	Attribute name
	Support Qualifier
	Read Qualifier
	Write Qualifier

	id
	M
	M
	-

	userLabel
	O
	M
	M

	retUtranCellList
	O
	M
	M

	retTiltValue
	O
	M
	M

	bearing
	O
	M
	M

	maxTiltValue
	O
	M
	M

	minTiltValue
	O
	M
	M

	mechanicalOffset
	O
	M
	M

	retGroupName
	O
	M
	M

	height
	O
	M
	M

	baseElevation
	O
	M
	O

	latitude
	O
	M
	O

	longitude
	O
	M
	O

	maxAzimuthValue
	O
	M
	M

	minAzimuthValue
	O
	M
	M

	horizBeamwidth
	O
	M
	M

	vertBeamwidth
	O
	M
	M

	patternLabel
	O
	M
	O


6.3.19
TmaFunction
6.3.19.1
Definition

This IOC represents a Tower Mounted Amplifier or a number of TMA subunits within one TMA, each separately addressable by a specific index at the application layer.

6.3.19.2
Attributes

Attributes of TmaFunction
	Attribute name
	Support Qualifier
	Read Qualifier
	Write Qualifier

	tmaFunctionId
	M
	M
	-

	userLabel
	M
	M
	M

	tmaSubunitNumber
	M
	M
	M

	tmaStateFlag
	M
	M
	O

	tmaFunctionFlag
	M
	M
	M

	tmaMinGain
	M
	M
	-

	tmaMaxGain
	M
	M
	-

	tmaResolution
	M
	M
	-

	tmaGainFigure
	M
	M
	O

	tmaNumberOfSubunits
	M
	M
	-

	tmaNumberOfNon-LinearGainValues
	M
	M
	-

	tmaNon-LinearGainValue
	M
	M
	M

	tmaUtranCellList
	M
	M
	M

	tmaAdditionalDataFieldNumber
	CO
	M
	CO

	tmaAntennaModelNumber
	CO
	M
	CO

	tmaAntennaSerialNumber
	CO
	M
	CO

	tmaAntennaOperatingBands
	CO
	M
	CO

	tmaBeamwidthForEachOpBandInBandOrder
	CO
	M
	CO

	tmaGainForEachOpBandInBandOrder
	CO
	M
	CO

	tmaInstallationDate
	CO
	M
	CO

	tmaInstallersId
	CO
	M
	CO

	tmaBaseStationId
	CO
	M
	CO

	tmaSectorId
	CO
	M
	CO

	tmaAntennaBearing
	CO
	M
	CO

	tmaInstalledMechanicalTilt
	CO
	M
	CO

	tmaSubunitType
	CO
	M
	CO

	tmaSubunitRxFrequencyBand
	CO
	M
	CO

	tmaSubunitTxFrequencyBand
	CO
	M
	CO

	tmaMaxSupportedGain
	CO
	M
	CO

	tmaMinSupportedGain
	CO
	M
	CO

	tmaGainResolution
	CO
	M
	CO
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