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1. Introduction
At RAN3#73bis discussions were carried out on MRO for HetNet.  The group showed interest in addressing the issues MRO is subject to when it comes to mobility failures occurring in HetNet deployments.

 During the meeting related discussions were carried out on the topic of short stay avoidance.

This contribution tries to find some common conceptual grounds to develop solutions that address both issues affecting MRO and issues concerning short stay handover avoidance.

2. Problem Definition
In [2] it was explained that the current standardisation of MRO does not take into account scenarios where UEs moving at a certain speed are subject to mobility failures towards small cells deployed in a HetNet environment.

The contribution in [2] explained that failure cases defined in MRO would lead to misinterpretations of the failure events, if the failures were due to fast moving UEs in HetNet. In particular, with respect to Figure 1 and Figure 2 (extracted from [3]), the following erroneous measures could be taken by MRO:
· With respect to Figure 1, there is a failure during handover to Cell B and re-establishment is performed in Cell C

· MRO will interpret this event as Too Late Handover and try to anticipate the HO trigger point. However, the problem is not in the wrong setting of the HO point but in the fact that the UE is moving too fast to handover to Cell B.

· With respect to Figure 2, there is a failure during handover to Cell B and re-establishment is performed in Cell A

· MRO will interpret this as Too Early Handover and try to delay the HO trigger point.  
However, this will only worsen the mobility performance as the UE will have even more chances of failing when trying to handover again from Cell A to Cell B.
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Figure 1: Example of mobility failure in HetNet, with re-establishment in a cell other than the source and the target
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Figure 2: Example of mobility failure in HetNet, with re-establishment in the source cell

In light of the issues described above it was discussed in [2] that it would be useful to be able to propagate information about UE speed and target cell size between the eNBs serving cells involved in the mobility failure scenario.

Furthermore, UE speed information and target cell size result useful also in cases of short stay handovers.

In fact, with respect to Figure 2, one could assume the case where the UE successfully hands over from Cell A to Cell B and shortly after it hands over back from Cell B to Cell A.  This case could be interpreted as a short stay handover but it would occur only if the UE is moving at a speed higher than a certain threshold and if Cell B is small in size.

In [1] the following question regarding MRO for HetNet was captured:

“For MRO purposes, is it beneficial to know at the source eNB the UE speed and cell size for the target cell at which failure occurred ?”

From the above it appears that Cell Size and UE speed are important information not only in case of failures but also in cases of short stay handover avoidance.

Observation 1: Propagation of Cell Size information for cells involved in mobility failure cases (including short stay handovers) and UE Speed information are useful factors in diagnosing and resolving erroneous mobility settings  

3. Possible Ways of Propagating Useful Information
3.1. MRO Case

During RAN3#73bis it was commented that cell size, in the form of the Cell Type IE, can be propagated via different possible means.  Possible ways to propagate the Cell Type IE are listed below:

· Via UE History Information IE:
The Cell Type IE is already a mandatory IE contained in the Last Visited E-UTRAN Cell Information IE included in the UE History Information IE.
During network operation each neighbouring eNB can learn the Cell Type of neighbouring cells after mobility from those cells is completed

· Via X2 SETUP and eNB CONFIGURATION UPDATE procedures:
The Cell Type IE could be included in X2 SETUP REQUEST and X2 SETUP RESPONSE messages in order to exchange information about cell size during X2 setup.  Whenever the cell size of a given cell is changed the eNB CONFIGURATION UPDATE procedure could be used to convey the new Cell Type IE

· Via RLF INDICATION and HO REPORT: 
The RLF INDICATION and HO REPORT procedures are used in cases of mobility failures between two or more cells. Including the Cell Type IE in these messages would allow all the cells involved in the failure to be aware of each other size.

From the above it can be observed that if the Cell Type needs to be used also in cases of mobility not subject to failures, the UE History Information IE or the X2 SETUP and eNB CONFIGURATION UPDATE procedures are perhaps more versatile ways of propagating this information. As the UE History Information IE already contains the Cell Type IE, it is proposed to rely on its propagation in order to guarantee cross neighbour knowledge of cell sizes.
Proposal 1: It is proposed to rely on UE History Information IE propagation in order to allow cells to acquire cell size information of their neighbours. 

With regards to UE Speed information, it was pointed out in [2] that this information is already contained in the RLF Report sent from a UE to the cell where it re-establishes connection after mobility failure. Therefore the UE speed information is also present in the RLF INDICATION message used in MRO.

In order to fully propagate this information to all the cells involved in the mobility failure it is proposed to include the RLF Report also in the HANDOVER REPORT message. The latter has several benefits, in fact the RLF REPORT also contains UE measurements and information that would be very useful for the node receiving the HANDOVER REPORT message.  Such node could optimise its mobility settings also according to the information present in the RLF Report.

Proposal 2: It is proposed to include the RLF Report received either from the UE or within the RLF INDICATION message in the HANDOVER REPORT message.

3.2. Short Stay Handovers
Proposal 2 addresses the case of diagnosing and resolving mobility failures involving UEs moving at relatively high speed.  However, as pointed in Section 2, there are also other cases of mobility not subject to failure where UE speed information would be useful. Such cases are mainly classified as short stay handovers.

To resolve such mobility cases, information concerning the cells involved in the short stay mobility shall be passed backwards to the first source cell.  In Figure 3, an example of such mobility case is provided. It would be useful to allow eNB-A to know the cell(s) where the UE camped for a “too short” time. Also, it would be useful to let eNB A know the speed of such UE.  
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Figure 3: Example of short stay handover

The first point to be made with regards to the scenario in Figure 3 is that the UE permanence threshold below which a short stay handover is defined shall be passed from source (eNB-A) to target (eNB-B). eNB-A should be able to inform eNB-B of what is the minimum permanence time below which information shall be reported back from eNB-B to eNB-A in order to avoid future short stay handovers.
This principle enables support of a solution that is independent from different eNB implementations. Namely, no matter what implementation eNB-B follows, if eNB-A informs it of the minimum UE permanence time below which the handover is considered too short, eNB-B will have to provide the right information to avoid that such short stay is prevented in the future.

Such information concerning minimum UE permanence time could be included in the mobility preparation messages, e.g. in X2: HANDOVER REQUEST. It could also be configured in each node by OaM.
As a consequence of a short stay handover depicted in Figure 3, and assuming that eNB-A already knows the cell size of Cell B, eNB-B should send back to eNB-A the following information:

· PCI and ECGI of Cell C 

· UE speed at time of handover to Cell C
· Optionally, Cell Type of Cell C

The information above allows eNB-A to identify Cell-C and to eventually trigger future handovers of UEs moving at similar speed directly to Cell-C. The information above could be sent from eNB-B to eNB-A via the HANDOVER REPORT message, which will be used for a new purpose, i.e. detection of short stay handovers.

Figure 4 shows the solution proposed above for detection of short stay handovers.
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Figure 4: Example of information propagation for avoidance of short stay handovers 

In light of the above the following is proposed:

Proposal 3: It is proposed that the information propagation mechanism described in Section 3 is analysed by RAN3 and adopted as starting point for future solutions dealing with short stay handovers.
3. Conclusions

In this paper an analysis of mobility issues affecting HetNet deployment scenarios has been carried out. The cases of mobility failures and short stay handovers in HetNet were considered. The first conclusion reached is that propagation of cell size and UE speed information is crucial for the correct diagnosis and resolution of mobility failure and short stay handovers in HetNet.  This was captured in the following observation:  
Observation 1: Propagation of Cell Size information for cells involved in mobility failure cases (including short stay handovers) and UE Speed information are useful factors in diagnosing and resolving erroneous mobility settings  

Further, it was analysed how to propagate such information in the case of mobility failures addressed by MRO.  To this purpose the following two proposals were formulated:

Proposal 1: It is proposed to rely on UE History Information IE propagation in order to allow cells to acquire cell size information of their neighbours. 

Proposal 2: it is proposed to include the RLF Report received either from the UE or within the RLF INDICATION message in the HO REPORT message.
Finally, the problem of how to propagate needed information in the cases of short stay handover was analysed. In section 3 some basic principles of how information can be propagated between nodes involved in a short stay handover have been outlined and the following proposal was made:

Proposal 3: It is proposed that the information propagation mechanism described in Section 3 is analysed by RAN3 and adopted as starting point for future solutions dealing with short stay handovers.
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6. X2: HO REPORT (HO Report Type = short stay; PCI-C; ECGI-C; Cell Type (Cell-C); UE Speed) 





5. Detection of short stay handover





4. X2: HO ACK 





3. X2: HO REQUEST (minimum UE permanence time)





2. X2: HO ACK 





1. X2: HO REQUEST (minimum UE permanence time)
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The UE successfully relocates from Cell A to Cell B


Shortly after the UE successfully relocates from Cell B to Cell C
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A mobility failure for a high speed UE can occur after successful HO preparation to CellB due to: 


Failure to connect to CellB (e.g. failed RACH access or failed RRC Conn. Reconfig. Complete) 


Success in connecting to CellB but shortly after being subject to RLF


The UE reappears in CellA after the failure





UE





UE





UE





Cell B





Cell A





A mobility failure for a high speed UE can occur after proper HO preparation to CellB due to: 


Failure to connect to CellB (e.g. failed RACH access or failed RRC Conn. Reconfig. Complete) 


Success in connecting to CellB but shortly after being subject to RLF


The UE reappears in Cell C after the failure and re-establishes the connection
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