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22.4.2
Support for Mobility Robustness Optimisation

22.4.2.1
General

Mobility Robustness Optimisation aims at detecting and enabling correction of problems defined as follows:

-
[Too Late HO] A connection failure occurs in the source cell before the HO was initiated or during the HO procedure; the UE attempts to re-establish the radio link connection in the target cell (if HO was initiated) or in a cell that is not the source cell (if HO was not initiated). 

-
[Too Early HO] A connection failure occurs shortly after a successful handover from a source cell to a target cell or during a handover; the UE attempts to re-establish the radio link connection in the source cell. 

-
[HO to Wrong Cell] A connection failure occurs shortly after a successful handover from a source cell to a target cell or during a handover; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell. 
-
[Unnecessary HO to another RAT] UE is handed over from E-UTRAN to other RAT (GERAN or UTRAN) even though quality of the E-UTRAN coverage was sufficient for the service used by the UE. The HO may therefore be considered as too early HO without connection failure.
Handling of failure cases related to coverage problems is FFS.
22.4.2.2
Support for connection failure scenarios
Support for connection failure scenarios consists of one or more of following functions:

-
Detection of the failure after RRC re-establishment attempt

-
Detection of the failure after RRC connection setup
Triggering of each of these functions is optional and depends on situation and implementation. 
Detection of the failure after RRC re-establishment attempt:
One of the functions of Mobility Robustness Optimization is to detect connection failures that occur due to Too Early or Too Late Handovers, or Handover to Wrong Cell. Detection mechanisms for these three cases are carried out through the following:

-
[Too Late HO] If the UE attempts to re-establish the radio link connection in a cell that belongs to eNB B, after a failure at the source cell belonging to eNB A, different from eNB B, then eNB B may report this event to eNB A by means of the RLF Indication Procedure.

-
[Too Early HO] In case the connection failure do not occur during handover and if the target cell belongs to an eNB B different from the eNB A that controls the source cell, the eNB B may send a HANDOVER REPORT message indicating a Too Early HO event to eNB A when eNB B receives an RLF INDICATION message from eNB A and if eNB B has sent the UE CONTEXT RELEASE message to eNB A related to the completion of an incoming HO for the same UE within the last Tstore_UE_cntxt seconds.

-
[HO to Wrong Cell] If the handover from the source cell to the target cell was successful and the target cell belongs to eNB B that is different from the eNB A that controls the source cell, the eNB B may send a HANDOVER REPORT message indicating a HO To Wrong Cell event to eNB A when eNB B receives an RLF INDICATION message from eNB C, and if eNB B has sent the UE CONTEXT RELEASE message to eNB A related to the completion of an incoming HO for the same UE within the last Tstore_UE_cntxt seconds.  This also applies when eNB A and eNB C is the same. The HANDOVER REPORT Message may also be sent if eNB B and eNB C are the same and the RLF Indication is internal to this eNB. 
If the handover from the source cell in eNB A to the target cell was not successful, and the UE attempts to re-establish the radio link connection to a cell in eNB C, then eNB C may send a RLF INDICATION message to eNB A. The detection of the above events, when involving more than one eNB, is enabled by the RLF Indication and Handover Report procedures.

The RLF Indication procedure may be initiated after a UE attempts to re-establish the radio link connection at eNB B after a failure at eNB A. The RLF INDICATION message sent from eNB B to eNB A shall contain the following information elements:

-
Failure Cell ID: PCI of the cell in which the UE was connected prior to the failure occurred;

-
Reestablishment Cell ID: ECGI of the cell where RL re-establishment attempt is made;

-
C-RNTI: C-RNTI of the UE in the cell where UE was connected prior to the failure occurred.

-
shortMAC-I (optionally): the 16 least significant bits of the MAC-I calculated using the security configuration of the source cell and the re-establishment cell identity.

eNB B may initiate RLF Indication towards multiple eNBs if they control cells which use the PCI signalled by the UE during the re-establishment procedure. The eNB A selects the UE context that matches the received Failure Cell ID and C-RNTI, and, if available, uses the shortMAC-I to confirm this identification, by calculating the shortMAC-I and comparing it to the received IE.

The Handover Report procedure is used in the case of recently completed handovers, when a failure occurs in the target cell (in eNB B) shortly after it sent the UE Context Release message to the source eNB A. The HANDOVER REPORT message contains the following information:

-
Type of detected handover problem (Too Early HO, HO to Wrong Cell);

-
ECGI of source and target cells in the handover;

-
ECGI of the re-establishment cell (in the case of HO to Wrong Cell);

-
Handover cause (signalled by the source during handover preparation).

Detection of the failure after following RRC connection setup:
Detection of the Too Early or Too Late Handovers, or Handover to Wrong Cell is based on the information available in the RLF Report that may be provided from the UE in case of successful RRC re-establishment. In case the re-establishment fails or UE initiates RRC connection setup directly after connection failure, the UE may provide the RLF Report to the eNB where it sets up RRC connection first time after the connection failure. Availability of the RLF Report at the RRC connection setup procedure is the indication that the UE recovers from a connection failure and that the RLF Report from this failure was not yet delivered to the network. 
The eNB receiving the RLF Report from the UE may forward the report to the eNB that served the UE before the reported connection failure or to the eNB where the mobility configuration caused the failure. The radio measurements contained in the RLF Report may be used to identify coverage hole as the root cause of the failure.
The procedure to be used to inform other eNBs about the connection failure is FFS.
22.4.2.3
Support for inter-RAT unnecessary HO
One of the purposes of inter-RAT Mobility Robustness Optimisation is the detection of a non-optimal use of network resources. In particular, in case of inter-RAT operations and when RAT 1 (e.g., E-UTRAN) is considered, the case known as Unnecessary HO to another RAT is identified. In inter-RAT HO, if the serving cell threshold (RAT 1) is set too high, and another RAT (RAT 2) with good signal strength is available, a handover to RAT 2 (e.g., UTRAN or GERAN) may be triggered unnecessarily, resulting in an inefficient use of the networks. With a lower threshold the UE could have continued in the source RAT (RAT 1).
To be able to detect the Unnecessary HO to another RAT, an eNB may choose to put additional coverage and quality condition information into the HANDOVER REQUIRED message in the Handover Preparation procedure when an inter-RAT HO from RAT 1 (e.g.,E-UTRAN) to RAT 2 occurs. The RAN node in RAT 2 upon receiving of this additional coverage and quality information may instruct this UE to continue measuring on RAT 1 (e.g.,E-UTRAN) when being connected to RAT 2 (e.g., UTRAN or GERAN) during a period of time and send a periodic or single measurement reports to RAT 2 (e.g., UTRAN or GERAN). The RAN node in RAT 2 (e.g., UTRAN or GERAN), when applicable, may evaluate the received measurement reports with the coverage/quality condition received during the inter-RAT HO procedure and decide if an inter-RAT unnecessary HO report should be sent to the RAN node in RAT 1, which should include the following information:.

-
Handover type (LTE to UTRAN, LTE to GERAN);
-
Type of detected handover problem (Unnecessary HO to another RAT);
-
ECGI of the source cell in the handover;

-
Cell ID of the target cell;
-
A list of cells whose radio quality fulfils the threshold during a certain time period (both the threshold and the time period are indicated in the additional coverage and quality information in the Handover Preparation procedure)
RAN node in RAT 1 upon receiving of the report, can decide if/how its paramters (e.g., threshold to trigger IRAT HO) should be adjusted. 
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