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1. Introduction
At RAN3 #69, inter-RAT ping pong handover was discussed based on [1] and whether Rel-10 MRO enhancements should cover this scenario is still open. Whether ping pong handover may occur not only at coverage boundaries but also in overlapped coverage area was intensively discussed offline. This paper looks at scenarios where inter-RAT handover occurs and analyses if ping pong handover could happen without assuming misconfiguration.
2. Discussion
Followings are possible scenarios for a network to perform inter-RAT handover:
· Mobility oriented
· Service oriented, e.g., CS fallback

· Load balancing

Each scenario is analysed below: 
2.1. Mobility oriented
One of the most typical cases where inter-RAT handover takes place is based on mobility. When the UE approaches a coverage boundary of the current RAT, inter-RAT handover may take place to continue the service. In this case, event triggered measurement reports are used to detect whether the UE is approaching an edge of the serving RAT coverage, and to detect the candidate cell on the target RAT. This is typically done by configuring Event A2 and Event B2 to a UE, when the UE is being served by LTE.
This is illustrated in Fig.1a. The UE is first configured with Event A2 (see Annex). If the network receives a Measurement Report (MR) triggered by Event A2, measurement gaps and Event B2 are configured. Upon receiving a MR triggered by Event B2, the network initiates inter-RAT handover to the target RAT, e.g., UMTS. Hence, the two conditions concerning Event A2 and Event B2 need to be fulfilled on the serving cell for inter-RAT handover to take place.
In most cases, this will occur at LTE coverage boundaries as shown in Fig.1a. In other words, inter-RAT handover will not occur in the overlapped coverage area, as long as LTE coverage is continuous. To minimise U-plane interruption and C-plane load caused by gap assisted inter-RAT measurements, an operator may even configure Event A2 only at those edge cells. In such case, inter-RAT handover will not be initiated in the overlapped coverage area.
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Figure 1: Mobility oriented inter-RAT handover

If the policy is such that the UE is to be handed off to LTE as soon as LTE coverage becomes available, inter-RAT measurements on LTE, e.g., Event 3a, can be configured, when the UE is being served by UTRA. However, policies can ensure that ping-pong handover will not occur. For example, UTRAN can avoid configuring LTE measurements to a UE at those UTRA cells at the very edge of LTE coverage. Instead, LTE measurements can be configured at UTRA cells where LTE coverage is certain to be available (see Fig.1b). Even if LTE measurements are configured at those “edge” cells, the event trigger thresholds can be set such that the measurement report is triggered well inside LTE coverage. This can be done by setting a sufficiently high RSRP threshold for Event 3a (see Fig.1c).

Therefore, the followings can be concluded:

Observation 1:
Inter-RAT ping pong due to mobility at LTE coverage boundary can be avoided by appropriate settings of inter-RAT measurements.

Observation 2:
Inter-RAT handover will not occur due to mobility in overlapped coverage area.
2.2. Service oriented handover
Service oriented inter-RAT handover, for instance due to CS fallback, can be executed anywhere in the LTE coverage. To reduce the CS call setup latency, blind handover (i.e., handover without measurement reports from the UE) may be performed. In this case, the UE may occasionally experience poor radio quality on the target UTRAN cell. However, in this case, UTRAN will attempt handover to a cell having better quality within UTRAN, and will not consider inter-RAT handover back to LTE, since the CS call needs to be maintained. 
Therefore, the following can be concluded:

Observation 3:
Inter-RAT ping pong due to service oritented handover will not occur.

2.3. Load balancing handover
Another possible scenario is ping pong due to load balancing. This might happen since the cell load reporting is infrequent [2] and hence the source RAT may not know up-to-date cell load. However, this can be avoided either by not considering inter-RAT handover back for load balancing or by prioritising intra-RAT load balancing handover.
Moreover, even if load balancing is intended, the target RAT cell quality should always be taken into account. Hence, load balancing handover should not result in a case where the UE immediately needs to be reverted back to the source RAT due to poor radio quality in the target RAT cell.
Therefore, the following can be concluded: 

Observation 4:
Inter-RAT ping pong handover due to load balancing can be avoided by appripriate load balancing policies. 
3. Summary and proposal
Scenarios where inter-RAT ping pong handover would happen were analysed. From the above observations, the following general conclusion can be derived:
Conclusion:
By appropriate use of existing mechanisms, inter-RAT ping pong handover can be avoided.
In conclusion, the following is proposed:

Proposal:


Inter-RAT ping pong avoidance should be deprioritised in Rel-10. 
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Annex: Event triggered reporting

E-UTRA [3]:

Event A2:
Serving becomes worse than threshold.

Event B2:
Serving becomes worse than threshold1 and inter-RAT neighbor becomes better than threshold2.

UTRA [4]:
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.
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