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1 Introduction

Mobility Robustness Optimization (MRO) as been identified as one of the key use cases for self-optimizing-networks. It has been recognized in [1] that inappropriate handover (HO) settings might be resolved if the involved entities are informed about details of occurred radio link failures (RLFs). This document shall initiate the discussion on the structure and the content of those RLF reports from UE to eNB and the resulting RLF notifications to exchange the information between neighbor eNBs.
2 UE report of previous RLF during connection re-establishment
2.1 Transmission of RLF reports
When a UE that has detected a RLF condition re‑establishes the UE connection using the RRCConnectionReestablishmentRequest message,  this message already contains the physical cell ID and C-RNTI of UE in the cell where the RLF occurred. Further information that needs to be provided from the UE to provide for a proper mobility robustness optimization shall be included within a new ‘RLF Report’ Information Element that allows the receiving eNB to perform further failure analysis. The RRCConnectionReestablishmentRequest message has strict size limitations because it is sent on SRB0. Therefore, it is proposed to add the ‘RLF Report’ information to a later message, e.g. to RRCConnectionReestablishmentComplete message. 
2.2 Content
The following information will be helpful to identify the reason for an RLF in the network:
· Last cell ID (before RLF)

· Set of last available RSRP measurements (before RLF) of all cells above a certain threshold.
· Last Location (before RLF), if available

The last cell ID should be obvious, it indicates on which cell boundary the RLF has occurred. The new eNB can check whether the last cell is in the neighbour cell list, and possibly may forward the RLF report to this cell as discussed in [1]. This information is already available from the RRCConnectionReestablishmentRequest message.
The last set of RSRP measurements are necessary to distinguish between RLFs due to a coverage hole and RLFs due to inappropriate setting of HO parameters. For instance, if the set includes only a single and small value, the cause is likely to be a coverage hole. In contrast, if the set includes two or more values, and some of them are larger than some thresholds, the cause is clearly bad setting of HO parameters.

The last location could be important information to OAM.

The task to deduce the exact cause of a RLF is not straight forward and should be left vendor-specific. It is much simpler to define appropriate information (as proposed above) in the RLF report rather than specifying causes as well as procedures to evaluate them in the UE. Therefore we have not included a cause information, since the evaluation thereof should be left to the eNB.
3 Forwarding of ‘RLF notifications’ to other eNBs

According to [4] three different scenarios related to RLF have been identified for the use case mobility robustness optimization. In increasing complexity these are ‘handover too late’ (i), ‘handover too early (ii) and ‘handover to wrong cell’ (iii). For analyzing and differentiating these cases information is needed from reconnected UE (see previous sections) and may need to be transferred to a neighbor eNB. This sections focuses on the later, the message transfer between the neighbor eNBs. Below the message transfer is shown for each of the scenarios.

(i) Handover too late: 
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Figure 1: Handover too late
Figure 1 above shows the scenario. The UE (blue) is connected to cell_a of eNB_A and moves to cell_b of eNB_B, but handover parameters are not optimized – the UE looses connection (blue arrow) and re-connects to cell_b of eNB_B. The red arrow in Figure 1 stands for re-connection and RLF reporting of the UE, which now is colorized in red, showing that it re-connects to the red colored eNB_B.

After analysis of the information contained in the re-connection message and the RLF reporting, eNB_B decides that it has to inform its neighbor eNB_A about the problem. The information of the ‘RLF report’ shall be sent to this neighbor eNB. A new message, e.g. ‘RLF notification’, is needed for that purpose. This message shall be sent over the X2 interface; or S1 interface, if X2 is not available. In addition to the content of the ‘RLF report’ the ‘RLF notification’ message shall also contain the UE Identity, consisting of cell ID and C-RNTI of the last cell before the RLF occurred, and the cell ID of the cell where the UE got connected to after the RLF. According to the example shown in Figure 1 above this are the UE’s C-RNTI in cell_a and the IDs of cell_a and cell_b. The C-RNTI and the cell ID from cell_a can be retrieved from the RRCConnectionReestablishmentRequest message; the cell ID from cell_b is known by the eNB_B.
The UE Identiy (PHY-CID + C-RNTI) may be used by eNB_A to check if a context is still available may need to be accessed for further analysis (see (ii)).

(ii) Handover too early:
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Figure 2: Handover too early
In this scenario the UE is moving within cell_b of eNB_B, handovers into cell_a (red arrow in Figure 2 becomes blue). However what has been considered being cell_a is only a small island of cell_a. Therefore the UE quickly needs a handover back to cell_b, but hysteresis parameter may prevent this. A UE in this situation may loose connection to island cell_a and re-connects to cell_b of eNB_B.
eNB_B will interpret this as a ‘too late’ handover from eNB_A to eNB_B and send a ‘RLF notification’ message to eNB_A as described for case (i). In order to enable eNB_A to differentiate ‘too late’ handover from ‘too early’ handover, eNB_A has to keep some context for a while after it has received the ‘UE Context Release’ message from eNB_B when eNB_B is completing the handover. If eNB_A finds a running timer related to the context of the UE this tells eNB_A that actually eNB_B has previously performed a handover ‘too early’, i.e. eNB_A needs not to change handover parameters in this case.
The UE Identity (PHY-CID + C-RNTI) can be used to identify the right context in eNB_A. Therefore the UE Identity, received by the eNB_B in the RRCConnectionReestablishmentRequest message, shall also be included in the ‘RLF notification’ message that eNB_B sends to neighbor eNB_A.
When eNB_A has analyzed the problem as a handover too early it has to inform eNB_B about that result to allow eNB_B optimizing its HO parameters. For that purpose eNB_A may either use a new procedure that generally is being used to negotiate/change HO parameters between neighbor eNBs, or eNB_B may respond by sending a ‘RLF notification’ back to eNB_B.

It would be better to analyze the ‘too early’ handover already in eNB_B rather than in eNB_A and thus prevent the message exchange between the eNBs. However, the UE Identification received by eNB_B in the RRCConnectionReestablishmentRequest message contains a C-RNTI and PHY-CID that was assigned by eNB_A during handover from cell_b to cell_a. Therefore eNB_B would not be able to identify the context that the UE had before the handover (assuming that in this case the context would be kept for a while after the handover).  
(iii) Handover to wrong cell:
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Figure 3: Handover too wrong cell (cell_b instead of cell_c in this case)
In this scenario a UE (blue colored in the example shown in Figure 3) moves in the direction of a neighbor cell (cell_c) but because of not optimized handover parameters eNB_A performs a handover to another neighbor cell (cell_b of eNB_B). While further handovers are prevented e.g. because of hysteresis paramteres, the UE looses connection because of bad radio conditions. Then the UE re-establishes readio connection to the ‘right’ cell (cell_c of eNB_C; the UE is colored green now in Figure 3 because it is connected to the ‘green’ cell_c). As a conclusion it can be said that actually the handover has been performed to a ‘wrong cell’ by eNB_A (to cell_b instead to cell_c).
According to a mechanism described in [1] an eNB (eNB_B), after reception of an ‘RLF notification’ (eNB_C to eNB_B) forwards this message to the source eNB (eNB_A) of the handover in order to inform   this neighbor eNB (eNB_A) that it performed the handover to a wrong cell (cell_b instead of cell_c).
First eNB_B will receive a ‘RLF notification’ message from eNB_C because this failure event looks like a ‘too late’ handover from cell_b to cell_c from eNB_C’s point of view (i). However, the eNB (eNB_B) receiveing this ‘RLF notification’ message has lost the connection to the UE immediately after it was ‘handovered’ to eNB_B from another, third eNB (eNB_A). In order to enable eNB_B to recognize this, it needs to keep some context concerning this UE after it has completed the handover from eNB_A, e.g. the context is kept for a while (timer) after eNB_B has sent the ‘UE Context Release’ message. This context shall also contain the cell ID of the source cell (cell ID of cell_a). The ‘RLF notification’ needs to be forwarded to the corresponding eNB (eNB_A).
 The forwarding eNB (eNB_B) shall add the cell ID that the source eNB has falsely selected as a ‘wrong target cell’ for the handover (cell ID of cell_b). This information can be added e.g. in an optional IE of the ‘RLF notification’ which is only used in case of forwarding the message; or new message is used e.g. ‘RLF forwarded notification’ that contains both this cell ID and the information received by ‘RLF notification’. It should be discussed whether the physical cell id is sufficient for that purpose or whether cell global ID is required.
4 Summary and Proposal

We have discussed how exactly involved eNBs are informed about details of HO-related RLF so that they can take appropriate action such as adjusting HO parameter. In particular we propose to include more details into the RLF reports (such as last RSRP measurements) in order to be able to uniquely identify the root cause. This information may also be valuable input for the SI to minimize drive tests [5]. If a message needs to be sent to other eNBs it is proposed that this message transfers the information of the RLF report, the C-RNTI and cell IDs as described in section 3.
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