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1
Introduction

Inter-RAT Mobility Robustness Optimization (MRO) is a focus of the Rel-11 “Further Self Optimizing Networks (SON) enhancements” work item [1].  One of the high priority scenarios for inter-RAT MRO is to identify and correct cases of Too Late HO from LTE to UMTS.  RAN3 has discussed solutions to identify such cases, and has sent an LS to RAN2 requesting feedback (see scenario (a) in [2]).

For handovers, measurement reporting is triggered by several parameters, including cell individual offset (CIO) which is part of the measurement object and allows cell-pair specific handover evaluation for different neighbor cells. Currently, CIO is supported only for intra-LTE measurements, i.e. it is specified as an information element (IE) within MeasObjectEUTRA, but not for inter-RAT measurements in MeasObjectUTRA [3]. 
This paper analyzes the performance of inter-RAT HO from LTE to UMTS, and provides simulation results which show that significant improvement in HO success rates can be achieved by introducing CIO within MeasObjectEUTRA.  Therefore, it is proposed to introduce the possibility of cell-pair specific measurement configuration also for the inter-RAT case.
2
Discussion
The intra-LTE mobility robustness optimization (MRO) is based on adapting the CIO which is part of the MeasObjectEUTRA and which is one of the attributes identifying each neighbor cell to be measured by the UE. However, the inter-RAT measurement object for UTRAN does not provide cell individual offsets for the listed neighbor cells, i.e. there is no means to configure different measurement triggers (when using for instance the B2 measurement event) for the different neighbors. This situation is expressed by identically colored arrows (green) in Figure 1.

However, due to irregular and heterogeneous cell layouts one single cell-specific measurement configuration cannot comply with the different requirements of the various cell borders. Users connected to LTE cell might handover to three different UMTS cells and the radio link condition can considerably vary for these three different cell borders.

Currently, there are two inter-RAT measurement event specified which can be used to trigger inter-RAT mobility, namely B1 and B2. For instance, B2 is consisting of two inequalities that have to be fulfilled simultaneously [1]. A cell-pair specific approach with a cell individual offset is not foreseen.
Inequality B2-1 (Entering condition 1)

Mp + Hys < Thresh_1

Inequality B2-2 (Entering condition 2)

Mn + Ofn – Hys > Thresh_2
where
Mp is the measurement result of the serving cell not taking into account any offsets.

Mn is the measurement result of the inter-RAT neighbor cell, not taking into accounts any offsets.

Ofn is the frequency specific offset of the inter-RAT neighbor cell.

Hys is the hysteresis parameter for event B2.

Thresh_1 is the first threshold parameter for event B2.

Thresh_2 is the second threshold parameter for event B2.
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Figure 1: Different inter-RAT target 3G cells for leaving one LTE cell
In contrast, the corresponding dual threshold inter-RAT handover trigger event in UTRAN (called 3A) consists of a possibility to configure the second inequality in a cell individual manner [4].
Inequality 3A-1 (Entering condition 1)

Qused ≤ Tused – H3a/2
Inequality 3A-2 (Entering condition 2)

MotherRAT + CIOotherRAT ≥ TotherRAT + H3a/2
where 

Qused is the quality measurement of the serving UTRAN frequency.

Tused is the absolute threshold that applies for the UTRAN system in that measurement.

H3a is the hysteresis parameter for event 3A.

MotherRAT is the measurement quantity for the cell of the other system.

CIOotherRAT is the cell individual offset for the cell of the other system.

TotherRAT is the absolute threshold that is applied for the other system in the measurement. 

The parameter CIOotherRAT of the second inequality allows cell-pair specific configuration for a handover from a 3G cell to cells of another RAT as indicated in Figure 1 by differently colored arrows (red and brown) for movements from 3G to LTE.
3
Simulation Analysis
The performance gain of cell-pair specific inter-RAT measurement event configuration is demonstrated by inter-RAT MRO simulations where handover trigger parameter Thresh_2 (of second inequality) is either cell- or cell-pair specifically optimized. The scenario is a typical deployment of LTE (blue cell layout) over broader 3G coverage with a street pattern along the end of coverage area as depicted in Figure 2. A simple traffic steering rule is used to bring the UEs back to LTE if LTE coverage is sufficient. The mobility parameters are autonomously adjusted after each KPI collection period. The MRO optimization performance development for the two considered LTE cells (10, 14) for the case where inequality B2-2 is cell-specific (according to current specification) and shown in Figure 3 (a), while the case where inequality B2-2  is cell-pair specific including a cell individual offset as proposed in this document is shown in Figure 3 (b). It can be seen that the mobility failures can be almost completely eliminated with the cell-pair specific approach while the cell-specific approach where the mobility failure statistics towards the different neighbor cells are inhibiting each other leads to suboptimal mobility behavior. This is also expressed in Figure 4 where the different optimal Thresh_2 settings achieved by MRO are depicted. While the cell-specific approach (a) has to operate with a sub-optimal trade-off among all neighbors, cell-pair specific approach (b) yields totally different setting for different inter-RAT neighbors.



Figure 2: Inter-RAT MRO simulation scenario: (a) Overall cell layout (LTE cells in blue), (b) Zoom-in to two LTE cells (10, 14) investigated in detail
[image: image1]


Figure 3: Inter-RAT MRO simulation results: (a) cell-specific approach, (b) cell-pair specific approach



Figure 4: Optimal setting of threshold B2-2 in cells 10 and 14 for (a) cell specific approach, (b) cell-pair specific approach
4
Conclusion

In this contribution we have addressed the missing property of cell-pair specific inter-RAT measurement configuration in LTE, which would allow a more detailed and robust inter-RAT mobility management.
Proposal:
Introduce the cell individual offset parameter in MeasObjectUTRA (events B1 and B2) analogous to the UMTS TRIGGER_EVENTS 3A and 3C. 
The required changes to TS 36.331 are illustrated in Appendix A.  If the above proposal is agreed by RAN2, Nokia Siemens Networks can generate a CR to introduce the needed changes for Rel-11.
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Appendix
Beginning of Text Proposal

5.5.4.7
Event B1 (Inter RAT neighbour becomes better than threshold)

The UE shall:

1>
for UTRA and CDMA2000, only trigger the event for cells included in the corresponding measurement object;

1>
consider the entering condition for this event to be satisfied when condition B1-1, as specified below, is fulfilled;

1>
consider the leaving condition for this event to be satisfied when condition B1-2, as specified below, is fulfilled;

Inequality B1-1 (Entering condition)
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Inequality B1-2 (Leaving condition)
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The variables in the formula are defined as follows:

Mn is the measurement result of the inter-RAT neighbour cell, not taking into account any offsets. For CDMA 2000 measurement result, pilotStrength is divided by -2.

Ofn is the frequency specific offset of the frequency of the inter-RAT neighbour cell (i.e. offsetFreq as defined within the measObject corresponding to the frequency of the neighbour inter-RAT cell).
Ocn is the cell specific offset of the inter-RAT neighbour cell (i.e. cellIndividualOffset as defined within the measObject corresponding to the frequency of the neighbour inter-RAT cell), and set to zero if not configured for the inter-RAT neighbour cell.
Hys is the hysteresis parameter for this event (i.e. hysteresis as defined within reportConfigInterRAT for this event).
Thresh is the threshold parameter for this event (i.e. b1-Threshold as defined within reportConfigInterRAT for this event). For CDMA2000, b1-Threshold is divided by -2.

Mn is expressed in dBm or in dB, depending on the measurement quantity of the inter-RAT neighbour cell.
Ofn, Ocn, Hys are expressed in dB.
Thresh is expressed in the same unit as Mn.
	Next modified subclause


5.5.4.8
Event B2 (PCell becomes worse than threshold1 and inter RAT neighbour becomes better than threshold2)

The UE shall:

1>
for UTRA and CDMA2000, only trigger the event for cells included in the corresponding measurement object;

1>
consider the entering condition for this event to be satisfied when both condition B2-1 and condition B2-2, as specified below, are fulfilled;

1>
consider the leaving condition for this event to be satisfied when condition B2-3 or condition B2-4, i.e. at least one of the two, as specified below, is fulfilled;

Inequality B2-1 (Entering condition 1)
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Inequality B2-2 (Entering condition 2)
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Inequality B2-3 (Leaving condition 1)
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Inequality B2-4 (Leaving condition 2)
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The variables in the formula are defined as follows:

Mp is the measurement result of the PCell, not taking into account any offsets.

Mn is the measurement result of the inter-RAT neighbour cell, not taking into account any offsets. For CDMA2000 measurement result, pilotStrength is divided by -2.

Ofn is the frequency specific offset of the frequency of the inter-RAT neighbour cell (i.e. offsetFreq as defined within the measObject corresponding to the frequency of the inter-RAT neighbour cell).
Ocn is the cell specific offset of the inter-RAT neighbour cell (i.e. cellIndividualOffset as defined within the measObject corresponding to the frequency of the inter-RAT neighbour cell), and set to zero if not configured for the inter-RAT neighbour cell.
Hys is the hysteresis parameter for this event (i.e. hysteresis as defined within reportConfigInterRAT for this event).
Thresh1 is the threshold parameter for this event (i.e. b2-Threshold1 as defined within reportConfigInterRAT for this event).
Thresh2 is the threshold parameter for this event (i.e. b2-Threshold2 as defined within reportConfigInterRAT for this event). For CDMA2000, b2-Threshold2 is divided by -2.

Mp is expressed in dBm in case of RSRP, or in dB in case of RSRQ.
Mn is expressed in dBm or dB, depending on the measurement quantity of the inter-RAT neighbour cell.
Ofn, Ocn, Hys are expressed in dB.
Thresh1 is expressed in the same unit as Mp.
Thresh2 is expressed in the same unit as Mn.
	Next modified subclause


6.3.5
Measurement information elements

...

–
MeasObjectUTRA
The IE MeasObjectUTRA specifies information applicable for inter-RAT UTRA neighbouring cells.

MeasObjectUTRA information element
-- ASN1START

MeasObjectUTRA ::=




SEQUENCE {


carrierFreq






ARFCN-ValueUTRA,


offsetFreq






Q-OffsetRangeInterRAT

DEFAULT 0,


cellsToRemoveList




CellIndexList



OPTIONAL,


-- Need ON


cellsToAddModList




CHOICE {



cellsToAddModListUTRA-FDD


CellsToAddModListUTRA-FDD,



cellsToAddModListUTRA-TDD


CellsToAddModListUTRA-TDD


}















OPTIONAL,


-- Need ON


cellForWhichToReportCGI



CHOICE {



utra-FDD






PhysCellIdUTRA-FDD,



utra-TDD






PhysCellIdUTRA-TDD


}















OPTIONAL, 
-- Need ON


...,


[[
csg-allowedReportingCells-v930


CSG-AllowedReportingCells-r9
OPTIONAL

-- Need ON


]],

[[
cellsToAddModList-r11



CHOICE {




cellsToAddModListUTRA-FDD-r11

CellsToAddModListUTRA-FDD-r11,




cellsToAddModListUTRA-TDD-r11

CellsToAddModListUTRA-TDD-r11


}














OPTIONAL,


-- Need ON


]]
}

CellsToAddModListUTRA-FDD ::=

SEQUENCE (SIZE (1..maxCellMeas)) OF CellsToAddModUTRA-FDD 

CellsToAddModUTRA-FDD ::=
SEQUENCE {


cellIndex






INTEGER (1..maxCellMeas),


physCellId






PhysCellIdUTRA-FDD

}

CellsToAddModListUTRA-TDD ::=

SEQUENCE (SIZE (1..maxCellMeas)) OF CellsToAddModUTRA-TDD 

CellsToAddModUTRA-TDD ::=
SEQUENCE {


cellIndex






INTEGER (1..maxCellMeas),


physCellId






PhysCellIdUTRA-TDD

}

CSG-AllowedReportingCells-r9 ::=

SEQUENCE {


physCellIdRangeUTRA-FDDList-r9


PhysCellIdRangeUTRA-FDDList-r9
OPTIONAL
-- Need OR

}
CellsToAddModUTRA-FDD-r11 ::=

SEQUENCE {


cellIndex-r11





INTEGER (1..maxCellMeas),


physCellId-r11





PhysCellIdUTRA-FDD,


cellIndividualOffset-r11


Q-OffsetRangeInterRAT
}
CellsToAddModUTRA-TDD-r11 ::=

SEQUENCE {


cellIndex-r11





INTEGER (1..maxCellMeas),


physCellId-r11





PhysCellIdUTRA-TDD,


cellIndividualOffset-r11


Q-OffsetRangeInterRAT

}

-- ASN1STOP

	MeasObjectUTRA field descriptions

	carrierFreq

Identifies UTRA carrier frequency for which this configuration is valid.

	cellIndex

Entry index in the neighbouring cell list.

	cellsToAddModListUTRA-FDD
List of UTRA FDD cells to add/ modify in the neighbouring cell list.

	cellsToAddModListUTRA-TDD

List of UTRA TDD cells to add/modify in the neighbouring cell list.

	cellsToRemoveList

List of cells to remove from the neighbouring cell list.

	csg-allowedReportingCells

One or more ranges of physical cell identities for which UTRA-FDD reporting is allowed.


End of Text Proposal
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