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1 Introduction and Abstract

In [1] it has been agreed that mobility robustness optimization (MRO) in the multi-RAT case will be an important use case in Rel10-SON-WI. This attitude was further confirmed in an email discussion prior to the meeting [2].
In this paper the problem of connection degradation, up to the possibility of a drop, caused by inter-RAT ping-pong is analysed and a way toward a solution proposed.
2 Discussion

2.1 Problem description
Intra-RAT intra-frequency (iR-iF) handovers are mainly needed due to radio reasons. When going from one cell to another, not only the serving cell becomes weaker, but the interference from the potential target cell gets larger. As a consequence, the optimal location of handover is relatively well defined by the radio conditions, i.e. a handover might be very urgent even if the signal level from the serving cell is high enough. Furthermore, areas where a user can be reasonably served by more than one cell are limited (typically in the middle between the eNBs). Load balancing can be applied only in those areas. The problems in iR-iF case that are considered the most relevant are:

· Too late HOs

· Too early HOs

· HOs to wrong cell

Also ping-pong problem is relevant in iR-iF, as mentioned in TR 36.902 [3], but because of the reasons mentioned above (e.g. relatively well defined cell border) it is easy to tackle.
Those aspects have been addressed in the Rel9 WI. Focus was on RRC-connected mode. Idle mode is quite straight forward in the iR-iF case. Cell re-selection parameters can follow the handover parameters. It should be noted that it is typically relatively unique which cell has to be selected. Moreover, even if some discrepancy occurs, if impact on the network is negligible, as it has been shown in [4].
In the inter-RAT case there is no interference between a serving cell and a potential target cell. Actually we cannot even define a cell boundary between two cells of different RATs. If we had 2 or more RATs with contiguous coverage, there would be no radio reasons to initiate an inter-RAT handover at all. Pure radio reasons for inter-RAT HOs only exist where coverage of the serving RAT ends (including a restricted coverage hole), whereas another RAT has sufficient coverage.

Inter-RAT handovers in LTE are typically decided in the eNB based on triggers similar to B2 (or a measurement report triggered by B2 is used directly). B2 uses 2 thresholds: “Serving becomes worse than threshold1 and inter RAT neighbour becomes better than threshold2” [5]. In UTRA similar mechanism is used as event 3a (“The estimated quality of the currently used UTRAN frequency is below a certain threshold and the estimated quality of the other system is above a certain threshold”) [6].
“Too late HOs” can simply be avoided by setting threshold1 clearly above the RLF level (corresponding e.g. to Qout, as defined in [7]). “Too early HOs” cannot occur since the source cell does not produce interference to target cell (as long as threshold2 is not too close to RLF condition in the new RAT as well). The same applies to “HO to wrong cell”. However, in the inter-RAT environment a connection failure may occur also because of ping-pong. This will happen if the B2 parameters in LTE are not consistent with their counterpart in UTRA or GERAN, and only if both RATs are close to their coverage limits.

Hence, as a first conclusion, from a pure radio perspective mobility robustness is easier to accomplish in the inter-RAT case.

However, the larger degree of freedom in HO decisions is certainly exploited by additional operator policies giving priorities to RATs, typically depending on service as well. The combination of those non-radio related policies and the radio handovers will increase the risk of ping-pongs. 

Example: 

· UTRA cell A triggers an inter-RAT handover to LTE cell B, due to non-radio reason, after making sure that the RSRP in LTE is above a certain threshold TLTE,A.

· Assume that LTE cell B has the B2 parameters threshold1 = TLTE,B and threshold2 = TUTRA,B.

· Ping-pong will occur if TLTE,A < TLTE,B. Considering shadowing, fast fading and measurement errors, ping-pong can even occur if the values are close to each other.
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Figure 1. Example of ping-pong scenario in UMTS - LTE environment.
So the reason for the ping-pong again is inconsistent parameter settings in the involved RATs. One could say that setting parameters towards a cell of another RAT (such as TLTE,A or TUTRA,B in the above example) is a big problem, in particular if the base stations of the RATs and the involved OAM are not of the same vendor.
2.2 Possible way toward a solution

Since the kind of problem that was described above is not expected to happen frequently and can be relatively easily detected (a cell that received a connection detects conditions to hand it back almost immediately), the work should be focused on the possibilities to coordinate the mobility setting between RATs. This can either be done based on inquiring the mobility setting (the inquiry procedure can be initialised after several ping-pongs in a given period of time are detected), or based on HO negotiation procedure, similar to the one defined for intra-LTE MRO in R9.

Since the inquiry procedure is more efficient in case of inter-RAT scenario, we propose to adopt it as the solution for the problem. In that case, following information should be exchanged:

· Minimum signal level / quality (which it uses as trigger for interRAT HOs)

· Mobility configuration towards the other RAT (either directly, as HO and reselection criteria, or indirectly as HO trigger value)

3 Summary
In this paper the importance of the ping-pong problem in inter-RAT environment was presented. It was shown that the problem is more likely and more difficult to be tackled manually than in case of iR-iF scenario. Moreover, in the inter-RAT environment the mobility problems defined for iR-iF scenario are both, less probable and easier to solve. It is therefore proposed:
1. To agree the ping-pong effect in inter-RAT MRO should have the highest priority

2. To agree the solution should be based on exchanging mobility configuration between RATs
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