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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” [2].  This scenario was discussed at RAN2#78, and was considered by RAN2 to be the most relevant inter-RAT failure scenario from the radio perspective [3].

The UE reports measurement information in accordance with the measurement configuration provided by the E-UTRAN.  A measurement report can be triggered by several parameters, including frequency specific offsets and cell individual offsets (CIO). However, CIO is currently supported only for intra-frequency and inter-frequency LTE measurement events A3, A4 and A5, but not for inter-RAT measurement events B1 and B2. 
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 for inter-RAT measurement events B1 and B2.  Therefore, it is proposed to introduce the possibility of CIO 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 intra-LTE measurement object (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 (MeasObjectUTRA) does not include a CIO for the listed neighbor cells, i.e. there is no means to configure different measurement triggers (e.g. when using the B2 measurement event) for the different neighbors. 
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 an LTE cell might handover to three different UMTS cells and the radio link condition can vary considerably for these three different cell borders.

Currently, there are two inter-RAT measurement events specified which can be used to trigger inter-RAT mobility, namely B1 and B2. For instance, B2 consists of two inequalities that have to be fulfilled simultaneously [4], but a cell-pair specific approach using CIO was 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.
3
Simulation Analysis
The performance gain of a cell-pair specific inter-RAT measurement event configuration (based on CIO) is demonstrated by inter-RAT MRO simulations, where handover trigger parameter Thresh_2 is optimized based on a cell-specific approach or cell-pair specific approach. 
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 1. 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 effectiveness of MRO for the two considered LTE cells (10, 14) for the case where inequality B2-2 is cell-specific (according to current specification) is shown in Figure 2(a), while the case where inequality B2-2  is cell-pair specific (including CIO) is shown in Figure 2(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 3 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 settings for different inter-RAT neighbors.



Figure 1: 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
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Figure 2: Inter-RAT MRO simulation results: (a) cell-specific approach, (b) cell-pair specific approach



Figure 3: 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 paper, we have shown that the usage of CIO for inter-RAT measurement events B1 and B2 can greatly reduce connection failures that occur during mobility from LTE to UMTS.  
CIO is already supported for intra-frequency and inter-frequency handover within LTE (measurement events A3, A4 and A5).  However, it is missing for inter-RAT handover from LTE to UMTS.  Therefore, in order to address the high-priority inter-RAT MRO scenario “Too Late HO from LTE to UMTS”, the following is proposed:
Proposal:
Introduce the cell individual offset (CIO) parameter in MeasObjectUTRA (measurement events B1 and B2). 
A CR for TS 36.331 reflecting the above proposal is provided in [5].
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