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1 Introduction and Abstract

In the WID for SON in R10 [1] three main use cases were defined. That is expected to require the most attention is Mobility Robustness Optimisation (MRO) enhancements. One of the problems that should be addressed as part of MRO in R10 is enabling full functionality of MRO in case of re-establishment attempt in an unprepared cell.
Currently, if an UE lost connection, for example because of RLF, it tries to re-establish it at the most appropriate cell. If that cell is prepared, i.e. the UE context was transferred there before the failure, it can accept the request. Only then the UE is able to provide measurements necessary to properly detect the reason for the connection loss, which, in turn, is necessary to provide reliable MRO solution. If the requested eNB is not prepared, it must react with very limited knowledge. That, combined with the fact that the reaction is implementation-dependent, may result in very different and incompatible MRO scenarios.

In this paper the problem is re-introduced (it has been discussed in the scope of R9 MRO) and analysed more profoundly. Finally, a solution is proposed that not only completes the LTE MRO, but can easily be extended in inter-RAT scenarios.
2 Background information

During the work on R9 MRO it was agreed that the Too Late HO case should be differentiated from a coverage hole, because possible corrective action, if applied to wrong case, may destabilise the network. The needed information can be provided from the UE, but the solution agreed for R9 enables it only for successful re-establishment.
The success of re-establishment depends on the actual scenario where the problem occurred. It has been analysed in [2] and the conclusion was that in many cases there is no or little chance the target cell has the UE context. Furthermore, in R10 also inter-RAT is to be addressed, which poses further limitations. The work was concluded that the case of unprepared cell will be addressed in R10.
3 Discussion

3.1 Problem definition
In order to accept a re-establishment request, an eNB must be prepared, i.e. must have the UE context. Since connection failure may occur before the context is transferred and without it, it is impossible to detect the cause of the failure, it was considered important to extend the R9 solution, or to find a new one in R10. 
According to the RRC specification, if the re-establishment fails, the UE changes its state to RRC_IDLE and starts cell selection procedure. Once a suitable cell is found, the UE attempts RRC establishment. The establishment procedure is different from re-establishment, as the information provided from the UE is different. Furthermore, there is no time guarantee concerning the establishment: it may happen much later after the connection failed and in significant distance from the cell that last served the UE (a typical scenario in case of a large coverage hole). That means, the information provided from the UE after the establishment must be broader than that sent after a successful re-establishment. 
The information that is needed for MRO is:

· The PCI and the shortMAC-I of the last cell that served the UE (assumed to be the PCI of the cell where the connection failure occurred)

· The identification of the UE in the last cell that served it (C-RNTI)

· Last RSRP/RSRQ measured before the failure
· The PCI/CGI of the cell that the UE tried to reconnect to (this information is available at the network side)

Furthermore, it is assumed that the time between the failure and the reconnection attempt is short, so that the two or three cells involved in the analysis are neighbours.

The above must be therefore also provided and assured in case the UE attempts fresh establishment after RRC_IDLE state.

The problem may be split into two questions: what method should be used to enable the UE to provide the measurements to the unprepared cell? And, once the method is known, what information is to be provided?
3.2 The method

When RAN2 decided on the method to provide UE measurements after a successful re-establishment, they proposed also that a similar method can be defined for RRC establishment procedure, too. Alternatively, it was considered that the eNB may try to fetch the context from the last cell that served the UE (i.e. perform so called “forward handover”). The two methods were compared in [2] and it was shown that allowing the UE to fall back to idle and perform fresh establishment is not only more robust and simpler, but also compatible with older agreements done in RAN2. All those arguments remain valid.
Additionally it may be considered that R10 MRO is supposed to address inter-RAT scenarios, too. The method based on allowing the UE to pass through idle is fully compatible with this scenario, whereas fetching and converting LTE context to the needs of other RAT may be difficult, if feasible at all. Obviously, a solution that is future-proof is preferable.

Proposal 1: RAN3 shall agree to request RAN2 to enable UE to send the MRO measurements also after fresh RRC connection establishment.

3.3 The information to be provided

Since the RRC connection establishment procedure is different from the re-establishment procedure and some information that is provided in the RRCConnectionReestablishmentRequest is missing in RRCConnectionRequest, the RLF report container should be also amended. In principle, the missing information must be added there in case of fresh establishment, which is:
· The PCI and the shortMAC-I of the last cell that served the UE

· The identification of the UE in the last cell that served it (C-RNTI)

This information should therefore be stored in the UE after the connection failure in a similar way that the measurements are stored — if its implementation allows for it (provision of RLF report is optional at the UE).

The problem is timing of the failure. If the reason for the failure is found to be mobility, the measurements may be used to adjust the HO settings. It is relevant to make sure they are still actual. Moreover, the RLF INDICATION message should not be sent before the RLF report from the UE is provided, because it is needed to assess the situation properly. This may cause a delay that will affect proper situation assessment at the peer eNB, if the Tstore_ue_ctxt timer expires. In order to tackle these problems, it is proposed to consider following solution:
The UE records the time interval between the completion of the last HO (i.e. the HO to the cell that the connection later failed), if HO happened before, and the RRC re-connection attempt (in case the AS security is active UE tries to re-establish the connection, whereas in case of missing active AS security, the UE performs fresh RRC connection attempt). The messages that can be used to define the events are:
· Timer start: HO completion, RRCConnectionReconfigurationComplete;
· Timer stop: RRC re-establishment attempt: RRCConnectionReestablishmentRequest; or
· Timer stop: first RRC establishment attempt: RRCConnectionRequest;

The interval, if available, should be sent together with the rest of RLF report. This way the eNB that receives the information may compare to the Tstore_ue_cntxt and thus correctly derive the reason for the failure (too late HO / too early HO / HO to wrong cell), even if the RLF INDICATION message is delayed. 

It is important to note that the final successful connection setup may happen at a cell that is different from the target picked for the first HO. It is therefore necessary that the identity of the cell that the first re-connection attempt was made should be reported, too.

Summarising the above analysis, the RLF report provided from the UE should contain following information (most of which is optional and depending on the actual scenario):

· Already defined data, i.e. set of measurements made before connection failure;
· The PCI and the shortMAC-I of the last cell that served the UE

· PCI of the cell that the first reconnection attempt was made at;

· The identification of the UE in the last cell that served it (C-RNTI)

· Time elapsed between last HO and the first re-connection attempt;

Proposal 2: RAN3 shall agree to request RAN2 to add the information proposed above to the RLF report and to ask RAN2 to decide on the technical details of the solution.
3.4 Improvements

The solution described above enables full MRO functionality in case of the unprepared target eNB or coverage hole. However, some improvements may be considered still, if it is considered that the first reconnection attempt may have failed, or that the UE may be e.g. switched off and attempt re-connection only much later. In the meantime, the UE might have moved and following RRC setup attempts may be performed much later in cells that are not immediate neighbours of the cell where the connection failure occurred. Therefore another timer may be considered to report the time elapsed between connection failure and the successful reconnection. The second timer may be based on following events:

· Timer start: connection failure detected (T310 expires)

· Timer stop: successful RRC setup: RRCConnectionSetupComplete;

This directly informs how much time the UE passed while in idle mode and if the RSRP/RSRQ measurements are still valid. The information may also be used for coverage optimisation purposes, to assess the size of possible coverage hole, if users trajectory is known (e.g. when the coverage hole is over train tracks or a highway). According to the R9 MRO solution, the RLF report is forwarded to the peer eNB in the RLF INDICATION message, so this timer information can be used at the source cell, too. The list from the above chapter may therefore be extended with one more item:

· Time elapsed between the connection failure and successful connection setup;

Proposal 3: RAN3 shall agree to request RAN2 to consider importance of the second timer and if it is found relevant, to enable its reporting, too.
4 Summary
In the paper the problem of supporting MRO in case of re-establishment in unprepared cell was discussed. Also an example solution was proposed that consists of two key steps:
1. RAN3 shall agree to request RAN2 to enable UE to send the MRO measurements also after fresh RRC connection establishment.

2. RAN3 shall agree to request RAN2 to add the information proposed above to the RLF report and to ask RAN2 to decide on the technical details of the solution.
3. RAN3 shall agree to request RAN2 to consider importance of the second timer and if it is found relevant, to enable its reporting, too.

If they are accepted, a necessary LS to RAN2 shall be sent. A draft of the LS is prepared in [3].
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