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1
Introduction

The work on Mobility Robustness Optimization (MRO) SON use case is nearly finished in WG RAN3. The functionality aims to reduce the number of HO-related radio link failures. For that purpose the exchange of information between neighboring eNBs has already been agreed and new X2 procedures introduced. The procedures enable to detect different HOs’ scenarios. Furthermore, RLF report sent by the UE has been recognized as a valuable and promising mean to figure out a RLF event caused by a coverage hole or inappropriate setting of  HO parameters. However the exact specification of the mechanism is out of the scope of RAN3 competences. 

Thus, RAN2 has been asked in [1] for insight to the possible solutions and support of the use case from UE perspective. Meanwhile, RAN Plenary granted an exception in [2] to the WI for finalizing the solution. 

The paper discusses a possibility to support the RLF reporting over radio interface and attempts to provide a solution.  

2
Discussion 

2.1
RLF causes

As defined in [36.300], Mobility Robustness Optimization considers Radio Link Failures that can occur due to:

· Too Late HO
· Too Early HO
· HO to a Wrong Cell

The detection mechanism of these events is enabled by the exchange of Radio Link Failure information between neighboring eNBs. The detected Radio Link Failures will be carried out through the appropriate reporting over X2 procedures: RLF Indication and Handover Report and thus will be available as input data for the SON algorithm handling MRO use case and further HO parameters optimization.

However, it has been noticed that the detection of too late HO may trigger incorrect action. As given in RAN3 input [1][3] too late HO is detected when an RLF occurs in source eNB (eNB A) and the connection is re-established in a target eNB (eNB B). In such a case the eNB B reports the problem to eNB A. Thus, exactly the same sequence of events (RLF in eNB A and reconnection in eNB B) can occur if there is coverage discontinuity between the two cells. In fact, if a coverage hole is interpreted as a too late HO the detection mechanism may lead to erroneous action. However, it is not possible to distinguish the two cases based only on events recorded at eNBs. Full information is available at the UE. Thus, if the UE passes the necessary information to the eNB B while re-establishing the connection, the eNB can make correct decision regarding further actions.

Hence, UE reporting has been recognized as beneficial information in finding the actual reason of RLF. Otherwise, the current solution for MRO doesn’t complete the functionality entirely.

2.2
Content of the report

In RAN3 the following information has been considered [3] to be exchanged:

· Cell ID (failure cell ID, before RLF)
· C-RNTI (C-RNTI of the UE in the cell where RLF occurred)
· Set of available RSRP (and RSRQ) measurements (before RLF)

Since the cell ID, where RLF occurred indicates on which cell boundary the RLF has occurred, this is the most important input in case the necessity of an intervention in a particular place within the network. 

The C-RNTI identifier allocated to the user in the before RLF is needed to authenticate the UE and check whether eNB, that the RLF report is supposed to be send to, has a context stored for that UE.

The set of RSRP/RSRQ measurements is essential to distinguish between RLFs due to a coverage hole and RLFs due to inappropriate setting of HO parameters. If the radio quality of the measured surrounding cells is good enough, one can assume that cause was bad setting of HO parameters. In contrast, if the measured set includes relatively small values, the RLF cause is likely to be a coverage hole.
The first two parameters are already sent via normal RRC signaling succeeding the RLF event. Hence, since the missing content of the report is the latter information, we propose:
Proposal 1: The UE-originated report for Mobility Robustness Optimization conveys a set of available radio measurements.

2.3 Transmission of the reports

The RLF report should include the cell results that are available prior to the RLF. Consequently the most straightforward way to transmit the available information would be the first feasible UL RRC message after the failure event.  

The first message initiated from the UE when it has detected a RLF condition is RRCConnectionReestablishmentRequest. This message already contains the physical Cell ID and C-RNTI of UE in the cell where RLF occurred. Therefore, the message serves partially the purpose very well, but due to limited capacity further information that needs to be provided from the UE to allow for a proper mobility robustness optimization can not be included within the message. 

Hence, relatively simple approach would be to split UE-originated RLF reporting into two messages and consider the IEs passed by RRCConnectionReestablishmentRequest (i.e.Cell Id and C-RNTI ) as a part of required information for MRO.  The information that is already available from the RRCConnectionReestablishmentRequest message would not need to be added (repeated) in a new Informaton Element. So the actual content of a new RLF report should include the set of available radio measurements. The missing part of UE-originated reporting for MRO purposes can easily follow in the subsequent UL RRC message: RRCConnectionReestablishmentComplete. Thus, we propose to include the ‘RLFReport’ containing a set of available radio measurements within RRCReestablishmentComplete message, when the UE reestablishes the connection after RLF detection.
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Figure 1: UE-originated RLF reporting

Proposal 2: A new ‘RLF Report’ IE that contains a set of available radio measurements is included within RRCConnectionReestablishmentComplete message.

The proposal requires that the reestablishment is successful. Since the connection re-establishment succeeds only if the concerned cell is prepared i.e. has a valid UE context, in case of unsuccessful re-establishment the information included in the RRCConnectionReestablishmentComplete is not available. 

Therefore, there are some challenges applicable to the case when eNB is not prepared. Nevertheless, we propose to rely on reestablishment performed successfully, while RAN WG3 has already discussed the potential solution and according to [6] still considers to enable an UE context inquiry/fetching procedure over X2 to get the context of concerned UE. Thus, if UE attempts to re-establish the connection at ‘unprepared’ cell, the receiving eNB should perform further action in order to make the full UE RLF reporting available.

3
Conclusion

The Cell ID, C-RNTI and RSRP and RSRQ measurement passed from the UE within normal RRC procedures can help in differentiation between coverage holes and real mobility problems.

Thus, we propose to define UE-originated RLF report as follows: 

Proposal 1: The UE-originated report for Mobility Robustness Optimization conveys a set of available radio measurements.

In addition, to enable the transfer of cell results at the occurrence of Radio Link Failure, a new ‘RLF Report’ Information Element is proposed to be defined and included in RRCConnectionReestablishmentComplete message:

Proposal 2: A new ‘RLF Report’ IE that contains a set of available radio measurements is included within RRCConnectionReestablishmentComplete message.

Furthermore, for simplification reasons the mechanism relies upon the successful connection re-establishment procedure and the signaling over X2 related to the completion of the reestablishment must be evaluated by WG RAN3.
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