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Discussion and decision
1.  Introduction
In [1] overall flow of CSG inbound handover was clarified and open issues were identified. This paper proposes way forward on the following open issue regarding proximity indication.

· How to implement proximity indication and its control, e.g., to reuse the measurements model as far as possible or to define a new RRCConnectionReconfigurationRequest procedure.
2. Discussion
Since proximity indication is strongly related to measurements, retrofitting proximity indication and related control to the existing measurements framework seems desirable. That is, to reuse the measId structure as far as possible. However, ASN.1 imposes some tricky restrictions, tempting to define a new procedure like RRCConnectionReconfigurationRequest as seen in [2]. Nevertheless, before we make such a fast decision to introduce a new procedure, we should look at the extensibility of the measurements framework. Two approaches are studied below.

2.1
Alt.1 – Reusing the measId structure

The Rel-8 specification requires that a measId is linked to a measObjectId and a reportConfigId. Hence, if proximity indication is implemented by reusing the measId mechanism, the proximity indication control needs to be realised by measObject and/ or reportConfig. Although ignoring of either the measObjectId or the reportConfigId can be considered to reduce extension impacts, before deviating from the fundamental measId principles, we should first look at how far the measId principles can be reused.
In Rel-8 measObject has an extension marker within the CHOICE structure. Since the information fields inside MeasObjectEUTRA, etc. are irrelevant for proximity indication control, the simplest is to define a new “CSG” object type, namely “MeasObjectCSG”. To realise per RAT control of proximity indication (as proposed in [3]), MeasObjectCSG should carry information on what RAT it corresponds to (unless the RAT type is expressed by the reportConfig part).
MeasObjectToAddMod ::=
SEQUENCE {


measObjectId





MeasObjectId,


measObject






CHOICE {



measObjectEUTRA





MeasObjectEUTRA,



measObjectUTRA





MeasObjectUTRA,



measObjectGERAN





MeasObjectGERAN,



measObjectCDMA2000




MeasObjectCDMA2000,



...,


measObjectCSG-v9x0




MeasObjectCSG-r9

}

}
MeasObjectCSG-r9 ::=
SEQUENCE {


ratType-v9x0


ENUMERATED { eutra, utra, ... }
}
However, reportConfig is in a more troublesome shape:
ReportConfigToAddMod ::=
SEQUENCE {


reportConfigId





ReportConfigId,


reportConfig





CHOICE {



reportConfigEUTRA




ReportConfigEUTRA,



reportConfigInterRAT



ReportConfigInterRAT


}

}

This implies that extension is only possible within ReportConfigEUTRA and ReportConfigInterRAT. If we look at ReportConfigEUTRA, only two places (yellow marked in the below excerpt) can be extended. Moreover, the triggerType is mandatory and either the “event” or “periodical” needs to be chosen. Since the periodical branch has no room for extension, the event branch seems to be the only choice. Alternatively, the triggerType can be ignored and extensions can be made at the end of the structure. However, since proximity indication can be seen as a type of event, i.e., the UE is entering/ leaving a fingerprint area, it seems more natural to define a new event type that corresponds to proximity indication. Then, the fields hysteresis, timeToTrigger, triggerQuantity, reportQuantity, maxReportCells, reportInterval and reportAmount are unnecessary and should be ignored. Note that some of these fields are already ignored in case of “reportCGI” (ANR) in Rel-8. Consequently, this approach would result in the following extension of ReportConfigEUTRA, for example.
ReportConfigEUTRA ::=



SEQUENCE {


triggerType






CHOICE {



event







SEQUENCE {




eventId







CHOICE {





eventA1







SEQUENCE {






a1-Threshold





ThresholdEUTRA





},





eventA2







SEQUENCE {






a2-Threshold





ThresholdEUTRA





},





eventA3







SEQUENCE {






a3-Offset






INTEGER (-30..30),






reportOnLeave





BOOLEAN





},





eventA4







SEQUENCE {






a4-Threshold





ThresholdEUTRA





},





eventA5







SEQUENCE {






a5-Threshold1





ThresholdEUTRA,






a5-Threshold2





ThresholdEUTRA





},





...,




eventA6-v9x0





NULL
-- Proximity indication



},




hysteresis






Hysteresis,




timeToTrigger





TimeToTrigger



},



periodical







SEQUENCE {




purpose








ENUMERATED {















reportStrongestCells, reportCGI}



}


},


triggerQuantity





ENUMERATED {rsrp, rsrq},


reportQuantity





ENUMERATED {sameAsTriggerQuantity, both},


maxReportCells





INTEGER (1..maxCellReport),


reportInterval





ReportInterval,


reportAmount





ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},


...
}

Note that, with this approach, the ReportConfigInter-RAT also needs to be extended in a similar manner. This implies that a separate set of measId, measObject and reportConfig needs to be configured per RAT. If ReportConfigInter-RAT is extended in the following manner, then the MeasObjectCSG can be RAT agnostic (i.e., measObjectCSG can be NULL) and the same measObject can be reused for different RATs. Otherwise, eventB3 can be NULL and a separate MeasObjectCSG can be configured per RAT.
ReportConfigInterRAT ::=


SEQUENCE {


triggerType






CHOICE {



event







SEQUENCE {




eventId







CHOICE {





eventB1







SEQUENCE {






b1-Threshold





CHOICE {







b1-ThresholdUTRA




ThresholdUTRA,







b1-ThresholdGERAN




ThresholdGERAN,







b1-ThresholdCDMA2000



ThresholdCDMA2000






}





},





eventB2







SEQUENCE {






b2-Threshold1





ThresholdEUTRA,






b2-Threshold2





CHOICE { 











b2-Threshold2UTRA




ThresholdUTRA,







b2-Threshold2GERAN




ThresholdGERAN,







b2-Threshold2CDMA2000



ThresholdCDMA2000






}





},





...,





eventB3-v9x0





SEQUENCE {
-- Proximity indication





ratType-v9x0





ENUMERATED { utra, ... }




}



},




hysteresis





Hysteresis,




timeToTrigger




TimeToTrigger



},



periodical







SEQUENCE {




purpose








ENUMERATED {















reportStrongestCells,















reportStrongestCellsForSON,















reportCGI}



}


},


maxReportCells





INTEGER (1..maxCellReport),


reportInterval





ReportInterval,



reportAmount





ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},


...
}

If these changes are acceptable, the proximity indication control can be implemented by the meadId structure. A question is whether this approach creates too much complexity or overhead. From an overhead perspective, this might not be a significant issue considering that typically, proximity indication control would only happen at connection establishment.
A benefit of this approach is that the r8-IEs branch can be used for the MeasurementReport message by simply extending the MeasResults to include proximity indication as shown below. The eNB can detect proximity indication easily by inspecting the measId.
MeasResults ::=





SEQUENCE {


measId







MeasId,


measResultServCell




SEQUENCE {



rsrpResult






RSRP-Range,



rsrqResult






RSRQ-Range


},

measResultNeighCells



CHOICE {



measResultListEUTRA




MeasResultListEUTRA,



measResultListUTRA




MeasResultListUTRA,



measResultListGERAN




MeasResultListGERAN,



measResultsCDMA2000




MeasResultsCDMA2000,



...


}

















OPTIONAL,


...,


proximityIndication-v9x0


ProximityIndication-r9



OPTIONAL

}
ProximityIndication-r9



SEQUENCE {

type-v9x0






ENUMERATED { entering, leaving },

carrierFreq-v9x0




CHOICE {



eutra-v9x0






ARFCN-ValueEUTRA,



utra-v9x0






ARFCN-ValueUTRA,



...


}
}
2.2
Alt.2 – Extension at the top level within MeasConfig
An alternative approach is to introduce an extension for proximity indication control at the top level within MeasConfig as follows:

MeasConfig ::=





SEQUENCE {


-- Measurement objects


measObjectToRemoveList



MeasObjectToRemoveList



OPTIONAL,
-- Need ON


measObjectToAddModList



MeasObjectToAddModList



OPTIONAL,
-- Need ON


-- Reporting configurations


reportConfigToRemoveList


ReportConfigToRemoveList


OPTIONAL,
-- Need ON


reportConfigToAddModList


ReportConfigToAddModList


OPTIONAL,
-- Need ON


-- Measurement identities


measIdToRemoveList




MeasIdToRemoveList




OPTIONAL,
-- Need ON


measIdToAddModList




MeasIdToAddModList




OPTIONAL,
-- Need ON


-- Other parameters


quantityConfig





QuantityConfig





OPTIONAL,
-- Need ON


measGapConfig





MeasGapConfig





OPTIONAL,
-- Need ON


s-Measure






RSRP-Range






OPTIONAL,
-- Need ON


preRegistrationInfoHRPD



PreRegistrationInfoHRPD



OPTIONAL, 
-- Need OP


speedStatePars


CHOICE {



release







NULL,



setup







SEQUENCE {




mobilityStateParameters



MobilityStateParameters,




timeToTrigger-SF




SpeedStateScaleFactors



}


}

















OPTIONAL,
-- Need ON


...,

proximityIndConfig-v9x0



ProximityIndConfig-r9



OPTIONAL
-- Need ON
}
ProximityIndConfig-r9



SEQUENCE {


eutra-v9x0






ENUMERATED { allowed, not-allowed },

utra-v9x0






ENUMERATED { allowed, not-allowed },

...
}
This approach departs from reusing the measId structure, but is simpler compared to Alt.1 in the sense that no extensions are necessary for MeasObject and ReportConfig. However, a drawback is that the measId included in MeasResults becomes floating. The UE can set the measId to an arbitrary value when transmitting the measurement report, but the handling in the network when a measurement report is received becomes slightly difficult. That is, the eNB needs to inspect first whether the proximityIndication is included in the MeasResults before inspecting the measId to determine the corresponding event.

If this is to be avoided, alternatively, a critical extension can be defined for Rel-9 at the message level as shown below. The approach would be preferable in the sense that no fields in exchanged messages become floating.
MeasurementReport ::=



SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE{




measurementReport-r8



MeasurementReport-r8-IEs,




measurementReport-r9



MeasurementReport-r9-IEs,




spare6 NULL, spare5 NULL, spare4 NULL,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

MeasurementReport-r8-IEs ::=

SEQUENCE {


measResults






MeasResults,


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}
MeasurementReport-r9-IEs ::=

SEQUENCE {


proximityIndication-v9x0


ProximityIndication-r9,


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}
2.3
Comparison
The approaches are compared in Table 1.

Table 1  Comparison.
	
	Alt.1 – Reusing the measId structure
	Alt.2 – Extension at the top level within MeasConfig

	
	
	Alt.2-1
	Alt.2-2

	Configuration
	MeasId structure is reused. MeasObject and ReportConfig are extended to retrofit proximity indication control. A new reporting event is defined.
	Proximity indication control is done by a top level IE within MeasConfig.
	Same as Alt.2-1.

	Reporting
	proximityIndication is included as a non-critical extension within MeasResults. The eNB can detect proximity indication from the reported measId.
	Same as Alt.1, but the UE sets MeasId to an arbitrary value and the eNB ignores the reported MeasId.
	An r9-IEs critical extension is used at the MeasurementReport message level.

	Pros
	- measId is valid for proximity indication.
	- Less impact to ASN.1.

- Less overhead.
	- Less overhead.

	Cons
	- Impact to ASN.1, especially MeasObject and ReportConfig.
- Signalling overhead.
	- A dummy measId is reported in case of proximity indication.
	- Critical extension is used for MeasurementReport.


Although Alt.2-2 uses critical extension for MeasurementReport and is not based on the measId model, as this could realise proximity indication and related control in a clean fashion and still within the measurement control framework, Alt.2-2 seems preferable.

Proposal:
Alt.2-2 should be adopted.

3. Conclusions
Possibilities to implement proximity indication and its related control within the measurement control framework were studied. Of the two (three) approaches identified, the following approach (Alt.2-2) seems to create less overall impact:
· Proximity indication control (E-UTRAN ( UE) is implemented by a top level IE within MeasConfig.
· Proximity indication (UE ( E-UTRAN) is implemented by a critical extension at the MeasurementReport message level.

A CR based on this approach is prepared in [4].
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