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1
Introduction
During RAN3#79bis discussions on per UE type grouping were carried out. During these discussions the following problem description for the SON for UE Type task was captured in [1]:

Enabling wider differentiation of mobility setting may be needed in the system (homogeneous and heterogeneous scenarios), but may create issues, such as ping-pongs. Furthermore, the interpretation of the Mobility Setting Change procedure may hamper inter-vendor deployments. Therefore, clarification of the procedure may be needed.

Also, during the same discussions the actions triggered by the Mobility Setting Change procedures were analysed and two interpretations of the mobility parameters changes negotiated via this procedure were supported by different companies:
1) According to one interpretation, the negotiated handover trigger changes achieved via Mobility Setting Change procedures should apply to all the UEs served by the cell for which the changes become operational
2) According to a different interpretation, the negotiated handover trigger changes achieved via Mobility Setting Change procedures should apply only to those UEs that can sustain and that may benefit of the changes

It has to be reminded that the specifications do not mandate applicability of the mobility parameters modified via Mobility Setting Change procedures to any particular UE or group of UEs. The definition of such procedures has been deliberately kept generic and it is as follows (see TS36.300):

“The purpose of the MOBILITY SETTINGS CHANGE procedure is to enable an eNB to send a MOBILITY CHANGE REQUEST message to a peer eNB to negotiate the handover trigger settings”

This paper provides answers to the problem definition captured in [1] and it clarifies the use and extent of the Mobility Setting Change procedure, converging on one of the interpretations above.
2
Mobility Setting Change Analysis
By means of the Mobility Change Request and Mobility Change Response messages, two eNBs are able to modify the handover trigger point for mobility between two neighbouring cells. The reason for such negotiation is mainly due to the need of offloading traffic from a higher loaded cell to a lower loaded one. Therefore, the main objective of the Mobility Setting Change procedure is to transfer as many UEs as possible from one cell to another in order to achieve load balancing.
The Mobility Setting Change procedure may also be used in general to optimise the handover trigger point between two cells (in both handover directions). 

However, independently of the purpose for which the procedure is triggered, it has to be noted that different UE capabilities, UE conditions and UE enabled services may not allow the negotiated changes to be applicable to all the served UEs. 

As an example let’s consider the scenario in Figure 1. In this case the handover trigger point for the cell served by eNB 1 has been extended. Note that this does not imply a change in the signal strength of the cell reference signal. For reasons of simplicity changes to the handover trigger point from Cell2 to Cell1 are not considered. In the figure all the UEs are connected to eNB1 and after the new handover trigger point towards Cell2 is applied, the UEs result in the distribution shown.
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Figure 1: Example of new handover trigger point not applicable to all UEs
According to interpretation 1) described in Section 1, the handover trigger point change from Cell1 to Cell2 should be applied to all UEs served by Cell1. However, if this is done without considering the conditions and characteristics of each UE, RLF and degradation of QoS may be experienced.
In Figure 1, UE1c is assumed to be a Release 11 UE with the capability of detecting a neighbour cell for up to -9dB difference between served and neighbour RS signal strength. Therefore it is possible to keep UE1c connected to eNB1 when a -7dB difference occurs (as shown in the figure). On the contrary, UE1d is a Rel9 UE with cell detection capabilities only up to -6dB (for cell detection capabilities specifications see TS36.133). Therefore, despite UE1d has not reached the new negotiated handover trigger point for handover to Cell2, it will have to be handed over to Cell2 otherwise it might be subject to RLF due to not being capable of detecting the neighbour target cell.
Similarly, UE1b is well within the new handover boundary negotiated between Cell1 and Cell2. However, neighbour Cell2 signal may be already higher than serving cell’s one. Common channel interference in UE1b location might not be sustainable because the UE is of a low UE Type and it does not support interference cancelation. Similarly, UE1b may be using a service that is very sensitive to packet losses and therefore keeping the UE in a condition of high data channel interference may degrade QoS. It would therefore be opportune to handover UE1b to Cell2 in order to prevent failures and QoS degradation.
From the examples shown above it is possible to understand that the handover trigger point changes negotiated via the Mobility Setting Change procedure cannot be interpreted rigidly and applied blindly to all served UEs. These changes should be interpreted rather as a recommendation that, whenever possible, the new handover trigger point should be respected. It is worth noting that current specifications allow for such flexibility.

Conclusion 1: The handover trigger points established via Mobility Setting Change procedures should be interpreted as a recommendation that, whenever possible, the negotiated handover trigger point shall be respected. Current specifications allow for such flexibility to be in place
3
Is there a need for changes?
One of the possible issues identified during discussions in RAN3#79bis is the case of ping pong due to different mobility policies between neighbour cells. Let’s analyse this case with the help of Figure 1.

Let’s assume that UE1d is handed over to Cell2 and that Cell2 is overloaded. Let’s remember that not handing over UE1d would have caused an RLF, hence handover to Cell2 is the only alternative for eNB1 to keep the UE connection alive. 
Once UE1d is in Cell2, eNB2 will know its capabilities and it will anyhow have to prevent handover to Cell1 in case of reference signal differences higher than the cell detection limitation. Hence, if UE1d has moved to an area where reference signal difference is higher than -6dB, ping pongs would not be possible because handover back to Cell1 is not possible. 

Similarly, in case of UE1b, eNB2 will become aware of the UE capabilities after the UE hands over to Cell2. eNB2 will not handover UE1b to an area of high cross cell interference, knowing that the UE capabilities may imply the risk of RLF. 
For both cases of UE1d and UE1c eNB2 will be aware of the measurement configuration applied by eNB1 at the time of handover.
In fact, as part of the handover signalling, the measurement configuration, RSRP/RSRQ range and thresholds used to trigger handovers are provided to target eNB. Hence the target eNB will be aware of the criteria according to which the UEs were handed over. The target eNB also receives the UE History Information, highlighting any previous handover, and the handover cause, which indicates if the handover was made for load balancing reasons, for radio reasons etc. 
Hence, eNB2 knows that if UEs are handed back to Cell1 and if the same mobility conditions that triggered the handover from Cell1 to Cell2 are met, a ping pong will occur. Hence, if ping pongs need to be avoided, the target eNB has all the tools to prevent the ping pong from happening.

Conclusion 2: Current specifications enable an eNB to have enough information from preventing cases of ping pong due to handover trigger point changes 


4
Conclusion
In this contribution the Mobility Setting Change procedure has been analysed. It has been shown that the handover trigger point change enabled via Mobility Setting Change does not constitute a strict mandate for changing mobility thresholds for all UEs in a given cell.
The paper also analysed the case of possible ping pong events occurring due to handover trigger point changes via Mobility Setting Change. It was shown how current specifications allow an eNB to have a number of information in place that is sufficient to prevent cases of ping pong.

It is proposed to agree on the following conclusions and to capture them in TR37.822:

Conclusion 1: The handover trigger points established via Mobility Setting Change procedures should be interpreted as a recommendation that, whenever possible, the negotiated handover trigger point shall be respected. Current specifications allow for such flexibility to be in place
Conclusion 2: Current specifications enable an eNB to have enough information from preventing cases of ping pong due to handover trigger point changes 
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