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1 Introduction
The WID for SON in R10 [1] describes MRO as one of the use cases for inter-RAT SON. This has been further discussed in an email discussion [2] where detection and correction of connection problems caused by inter-RAT mobility is one of the proposed focus areas for R10. In [1] the occurrence, importance and possible solutions of different types of inter-RAT mobility problems are discussed. This paper further analyzes and discusses these issues.
2 Discussion

2.1 Inter-RAT Handover
Inter-RAT handover in LTE is typically trigged based on event B2 (Serving becomes worse than threshold1 and inter RAT neighbor becomes better than threshold2) defined in [4] or similar events using a threshold on the serving cell (threshold1) and/or a threshold on the inter-RAT neighbor (threshold2). Unlike in intra-LTE handover, these are absolute thresholds and the signal levels of source cell and target cell are not compared against each other.
In addition, inter-RAT measurements are costly because they need to be performed during measurement gaps for which the UE needs to switch between different radios. Moreover, in situations with deficient radio conditions – which might not be uncommon on IRAT handover areas – the risk for RLF could increase while measuring on a RAT different than the serving. The main reason for this is the limited reception of the serving RAT during the measurement process (i.e. no reception of serving RAT during measurement gaps).

Due to the reasons mentioned above, inter-RAT measurement in EUTRAN are normally triggered only when a weak coverage of the serving UTRAN RAT is detected (measured signal below absolute threshold). 
All the assumptions above are also applicable to legacy technologies, for example to UTRAN where IRAT measurements to EUTRAN or GERAN will start only when bad network coverage is detected and the risk of RLF increases during compressed mode (needed to perform IRAT measurements).
2.2 Inter-RAT handover ping-pong

The conditions for IRAT ping-pong are not likely to be met because once a UE has performed handover from EUTRAN to UTRAN the UE will not start IRAT measurements unless bad coverage in UTRAN is detected. The condition is especially unlikely since one of the prior conditions to trigger the initial IRAT handover is to detect good coverage in UTRAN by comparing it with an absolute threshold (threshold2).
From the reasoning above it can be concluded that

Conclusion 1) The risk of inter-RAT handover ping-pong in connected mode is very small
From which we derive the following proposal:
Proposal 1) Inter-RAT handover ping-pong should not be a prioritized problem in inter-RAT MRO Rel 10.

2.3 Unnecessary IRAT Handover
In R9, three different problems were considered for intra-RAT MRO, namely

· Too late handover

· Too early handover

· Handover to wrong cell

In [3], the occurrence of these problems for inter-RAT mobility is discussed. It is stated that “too early handover” and “handover to wrong cell” will not occur in the inter-RAT case, while “too late handover” can simply be avoided by setting threshold1 clearly above the radio link failure level. 

If the latter solution would be adopted, the following problems would appear:
· Costly and unnecessary inter-RAT measurements will be started clearly before the coverage edge of the serving RAT, triggering the inter-RAT measurements later would yield to the same IRAT handover decision without unnecessary measurements. In addition, in case no other RAT is found and the coverage from the source RAT experiences a sudden drop in signal and recovers shortly afterwards, the risk of RLF is increased when the UE starts IRAT measurements (due to the inability to keep the connection with the source RAT during the measurement gaps). In the later case there is no use for the IRAT measurements and the risk for RLF can be reduced if the measurements are not triggered.
· If a neighboring, lower priority RAT is found, the UE will move to this RAT even though it may not be necessary. With a lower threshold the UE could have continued in the high priority RAT without problems. Note that the UEs will not return to the highest priority RAT unless bad coverage in the target RAT is detected.
The unlikelihood of a UE to return to the higher prioritized RAT in connected mode after IRAT handover makes it undesired to handover a UE to a lower priority RAT unless it is absolutely necessary. The prioritized RAT is expected to give a better performance than a lower prioritized RAT, so performing a handover of a UE to a lower prioritized RAT could lead to worse performance for the UE for the whole remaining time of the ongoing call and should hence be avoided to as large extent as possible.
While the inter-RAT handover threshold should be high enough to avoid radio link failure, a too high threshold should be avoided in order to minimize the number of unnecessary measurements and handovers. 

From the reasoning above it can be concluded that
Conclusion 2) Un-necessary inter-RAT handovers can be costly and should be avoided.
From which we derive the following proposal:

Proposal 2) Include unnecessary inter-RAT handover as one of the problems to consider in inter-RAT MRO Rel 10.

2.4 Detecting Unnecessary Inter-RAT Handovers 
Cases when intra-RAT handover is performed when the source cell coverage is still good, for example when the UE is passing through a micro cell placed within the serving cell coverage area, can easily be detected as the UE will be handed back to the source cell once the source cell is the strongest cell again. UEs that are handed over to another RAT while the source RAT coverage is still good will however not come back to the source RAT as long as the coverage of the target RAT maintains good levels. To be able to avoid unnecessary inter-RAT handover, other methods are needed to detect when unnecessary inter-RAT handovers occur.
A possible solution to detect unnecessary handovers is that the UE continues measuring the source RAT for a while after inter-RAT handover. With the additional measurements it can easily be identified whether it would have been possible for the UE to get served by the source RAT after the inter-RAT handover.

Proposal 3) Use UE measurements on source RAT performed after IRAT handover for detecting unnecessary inter-RAT handovers
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Proposal

From the discussion above, RAN3 is kindly asked to discuss and agree on the following:
Conclusion 1) 
The risk of inter-RAT handover ping-pong in connected mode is very small

Conclusion 2) 
Unnecessary inter-RAT handovers can be costly and should be avoided.
Proposal 1)
Inter-RAT handover ping-pong should not be a prioritized problem in inter-RAT MRO Rel 10. 

Proposal 2) 
Include unnecessary inter-RAT handover as one of the problems to consider in inter-RAT MRO Rel 10.
Proposal 3) 
Use UE measurements on source RAT performed after IRAT handover for detecting unnecessary inter-RAT handovers.
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