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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. In [2] we have introduced the principles of an idea how inter-RAT ping-pongs which are very harmful in both idle and connected mode can be avoided by a simple exchange of parameters.
In this paper we will propose which parameters need to be exchanged between the RATs for this purpose.
2 Review of the principles (problem and solution)
We will start with a brief review of the inter-RAT ping-pong problem, as already discussed in detail in [2]. In the inter-RAT (and inter-frequency) case we will have much more policy based handovers compared to the intra-frequency case. Furthermore, in particular at the beginning of the system deployment, the LTE coverage will be limited, and LTE users will probably be handed over early to another RAT at the coverage limit, in order to avoid call drops due to too late inter-RAT handovers. 

Let us assume a simple scenario where a UE moves from an area with only 3G coverage towards an area with both, 3G and LTE coverage. Furthermore, let’s assume that the policy is that the terminal should prefer LTE whenever LTE is available. So the 3G cell will hand over the UE to LTE as soon as it detects the LTE coverage is sufficiently good. However, LTE may have conservative handover settings (as mentioned above), such that it will immediately hand over the UE back to 3G in order to avoid too late HO.
The main points to note from this example:

· Had the 3G cell known the LTE behaviour, it could have avoided the unnecessary handover (leading to the ping-pong).

· The LTE knows its own implementation best, so the LTE cell is the best entity to adjust thresholds (e.g. minimum RSRP / RSRQ values) which will lead to an emergency handover.

· The problem is very similar in active mode and in idle mode. In idle mode the behaviour is precisely defined in 36.304 (and the corresponding HSPA and GERAN specs). The aforementioned policy is given by the re-selection priorities, and the threshold are specified as well (ThreshServing, LowP in the LTE case).
In active mode, the behaviour is fully vendor specific (only reporting events are specified which do not necessarily lead to handovers).
The conclusion was that informing inter-RAT neighbours about the mobility configuration would help avoiding the ping-pong problem pro-actively.

The key point for the solution is to define which parameters of the mobility configuration should be exchanged. This will be addressed in the remaining part of this paper.
3 Idle mode

As already mentioned, finding the relevant parameters for the idle mode is straightforward, since the reselection procedure is specified in details in 36.304. We propose that an LTE cell A informs an inter-RAT neighbours B about:
· its re-selection priority of the LTE cell A and the inter-RAT neighbour B

· the value of the re-selection parameter ThreshServing, LowQ, if provided, or ThreshServing, LowP 
Based on this information, the inter-RAT neighbour B can estimate which re-selection parameters create a ping-pong risk. Examples:

· incompatible re-selection parameters can easily be avoided

· UEs should only re-select if the LTE RSRP/RSRQ is significantly larger than ThreshServing, LowP / ThreshServing, LowQ. That is, GERAN or UMTS should change their re-selection parameters accordingly.
The LTE is the most relevant system, as it is likely to have the highest re-selection priority from other RATs. However, for symmetry of the solution, also information from other RATs should be provided to an LTE cell. This would be:
· UMTS:
Qqualmin, Qrxlevmin and reselection priority
· GSM:
RXLEV_ACCESS_MIN and reselection priority
4 Connected mode

The handover procedures are not defined in the 3GPP spec. Therefore, we propose that an LTE cell A informs an inter-RAT neighbour B about:

· a "minimum RSRP value".
Note: The LTE cell A is expected not to initiate inter-RAT handovers to the inter-RAT neighbour B due to radio reasons if the RSRP is above this value (and to keep those UEs unless there are other than radio reasons)

This is the exact counterpart to ThreshServing, LowP in the idle mode solution. The inter-RAT neighbour B can take this information into account when initiating inter-RAT handovers. It can predict the ping-pong risk.

This can already help avoid a lot of ping-pongs, in particular in the situation discussed in section 2, where a terminal runs into LTE coverage.

It is still an open issue how incompatible policies can be avoided. However, typically the operator will take care that traffic policies in different RAT domains are compatible.

Similarly as in case of idle mode, also other RAT cells should inform an LTE cell about their HO criteria. Comparable parameter that could be used in the same way as proposed above RSRP are:
· UMTS:
minimum RSCP value

· GSM:
minimum RxLev value

5 Information Updates

In order to guarantee that a cell always has up-to-date info from its inter-RAT neighbours, the defined information needs to be send to the neighbours:
· if a parameter has changed (autonomously or by OAM)

· if a new neighbour relation appears

This will lead to a rather slow update.

Note that we do not propose a specific action based on the reception of this information. If a cell ignores this information from other cells, the ping-pong risk is the same as with the current specification but not any larger.

An important application of this solution is that an LTE cell can start with rather conservative ThreshServing, LowP in order to guarantee in-time handovers to 2G/3G at the LTE coverage limit, and it can gradually decrease that over time. The described mechanism would guarantee that ping-pongs will not occur at any time.
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4.5.
Mobility Robustness Optimisation (MRO) enhancements

4.5.1
Use Case description

One of the problems in inter-RAT environment is ping-pong. The problem concerns equally idle and active users, because even in idle it forces the UE to update its location in the new RAT. The problem can be detected when happen, but neither can currently be predicted nor corrected in any other way than trial-and-error. The main goal of the use case is therefore to deal with inter-RAT ping-pongs and to enable cells involved in it to correct erroneous settings.
4.5.2
Required Functionality

In order to deal with inter-RAT ping-pongs it is necessary to enable cells to exchange their mobility settings. Those are:

-
Idle mode:


-
LTE:
ThreshServing, LowQ or ThreshServing, LowP and reselection priority

-
UMTS:
Qqualmin, Qrxlevmin and reselection priority

-
GSM:
RXLEV_ACCESS_MIN and reselection priority
-
Active mode:


-
LTE:
minimum RSRP value

-
UMTS:
minimum RSCP value

-
GSM:
minimum RxLev value
4.5.3
Evaluation scenarios and expected results

4.5.4
O&M requirements for radio related functions  

4.5.5
Solution Description

4.5.5.1
Impacted specifications and interfaces
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7 Conclusion
In this contribution we propose that LTE cells send the following information to inter-RAT neighbours (RNCs and BSCs):

· its re-selection priority of the LTE cell A and the inter-RAT neighbour B

· the value of the re-selection parameter ThreshServing, LowQ, if provided, or ThreshServing, LowP
· a "minimum RSRP value"

The proposed solution is also reflected in corresponding stage-2 CR [3]. Similar mechanism shall be defined in 3G and GERAN, in particular. 
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