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1	Introduction
This paper proposes a solution for the Mobility Optimization use case captured in TR 37.816.
2	Discussion
[bookmark: _GoBack]According to the use case description, the MRO solution for LTE will be baseline for the 5G solution. As a starting point for Rel-15 discussions, a possible way forward is to capture solution text in TR 37.816 based on LTE stage 2 description and adapted for the purpose of NR by including support for specific NR functionality like beam forming. 
The text proposal in annex of this paper is therefore based on description from TS 36.300 with NR specific changes highlighted.
Proposal: add the solution description to the TR. 
3	Conclusion
It is proposed to agree on thee TP in annex of this paper.
Annex	- TP for TR 37.816
NB: The proposed solution description text is based on description in TS 36.300 with change marks reflecting adaptations for 5G.
<<< start of changes >>>
[bookmark: _Toc527969763][bookmark: _Toc528315162]5.3	Mobility optimization
[bookmark: _Toc248178753][bookmark: _Toc527969759][bookmark: _Toc528315158]5.1.1	Use case description
Editor Note: capture the use cases description and benefits of the use cases
<<< to be included from email discussion >>>
[bookmark: _Toc527969760][bookmark: _Toc528315159]5.1.2	Solution description
Editor Note: Capture the solutions for the use case, including the procedure for configuration and collection of measurements, necessary procedures and information exchange required for the solution, as well as comparison and evaluation on potential alternative solutions.
Mobility Robustness Optimisation aims at detecting and enabling correction of following problems:
-	Connection failure due to intra-LTE NR or inter-RAT mobility;
-	Unnecessary HO to another RAT (too early IRAT HO with no radio link failure);
-	Inter-RAT ping-pong.
[bookmark: _Toc468825008]Connection failure due to intra-LTE NR mobility
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. These problems are defined as follows:
-	[Too Late Handover] An RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection in a different cell.
-	[Too Early Handover] An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell.
-	[Handover to Wrong Cell] An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
In the definition above, the "successful handover" refers to the UE state, namely the successful completion of the RA procedure.
In addition, MRO provides means to distinguish the above problems from LTE NR coverage related problems and other problems, not related to mobility.
Solution for 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;
-	Retrieval of information needed for problem analysis.
Triggering of each of these functions is optional and depends on situation and implementation. 
Detection of the failure after RRC re-establishment attempt:
Detection mechanisms for Too Late Handover, Too Early Handover and Handover to Wrong Cell are carried out through the following:
-	[Too Late Handover]
If the UE attempts to re-establish the radio link connection in a cell that belongs to eNBgNB B, indicating as the last serving cell a cell belonging to eNBgNB A, different from eNBgNB B, then eNBgNB B may report this event to eNBgNB A by means of the RLF Indication Procedure. eNBgNB A may then use information in the RLF INDICATION message to determine whether the failure occurred in the serving cell.
-	[Too Early Handover]
If the target cell belongs to an eNBgNB B different from the eNBgNB A that controls the source cell, the eNBgNB B may send a HANDOVER REPORT message indicating a Too Early Handover event to eNBgNB A upon eNBgNB B receives an RLF INDICATION message from eNBgNB A and if eNBgNB B has sent the UE CONTEXT RELEASE message to eNBgNB A related to the completion of an incoming handover for the same UE within the last Tstore_UE_cntxt seconds or there exists a prepared handover for the same UE in eNBgNB B.
-	[Handover to Wrong Cell]
If the type of the failure is Radio Link Failure and the target cell belongs to eNBgNB B that is different from the eNBgNB A that controls the source cell, the eNBgNB B may send a HANDOVER REPORT message indicating a Handover To Wrong Cell event to eNBgNB A upon eNBgNB B receives an RLF INDICATION message from eNBgNB C, and if eNBgNB B has sent the UE CONTEXT RELEASE message to eNBgNB A related to the completion of an incoming handover for the same UE within the last Tstore_UE_cntxt seconds or there exists a prepared handover for the same UE in eNBgNB B. This also applies when eNBgNB A and eNBgNB C are the same. The HANDOVER REPORT message may also be sent if eNBgNB B and eNBgNB C are the same and the RLF Indication is internal to this eNBgNB. 
If the type of the failure is Handover Failure during a handover from a cell in eNBgNB A, and the UE attempts to re-establish the radio link connection to a cell in eNBgNB C, then eNBgNB C may send a RLF INDICATION message to eNBgNB A.
The detection of the above events, when involving more than one eNBgNB, 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 eNBgNB B after a failure at eNBgNB A. The RLF INDICATION message sent from eNBgNB B to eNBgNB 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;
-	Last Serving Beam ID: UE indicates the last serving beam before the RLF 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;
-	UE RLF Report Container (optionally): the RLF Report received from the UE, as specified in TS 36.331 [16];
-	Reestablishment Cause (optionally): provided by the UE during the RRC connection re-establishment attempt.

eNBgNB B may initiate RLF Indication towards multiple eNBgNBs if they control cells which use the PCI signalled by the UE during the re-establishment procedure. The eNBgNB 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 eNBgNB B) shortly after it sent the UE Context Release message to the source eNBgNB A. The Handover Report procedure is also used when an RLF occurs before the UE Context Release message is sent, if the random access procedure in the target cell was completed successfully. The HANDOVER REPORT message contains the following information:
-	Type of detected handover problem (Too Early Handover, Handover to Wrong Cell);
-	ECGI of source and target cells in the handover;
-	ECGI of the re-establishment cell (in the case of Handover to Wrong Cell);
-	Handover cause (signalled by the source during handover preparation);
-	C-RNTI allocated for the UE in the source cell (if available);
-	Mobility Information (optionally);
-	UE RLF Report (optionally): the RLF Report received from the UE and forwarded in the RLF INDICATION message.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]UE may provide the RLF Report to the eNBgNB after successful RRC re-establishment. The radio measurements contained in the RLF Report may be used e.g. to identify coverage issues as the potential cause of the failure. The cause for the RLF contained in the RLF Report may be used to identify the cause of the failure and exclude the events that are irrelevant for MRO evaluation.
Detection of the failure after RRC connection setup:
In case the RRC re-establishment fails or the UE does not perform any RRC re-establishment, the UE makes the RLF Report available to the eNBgNB after reconnecting from idle mode. The RLF Report is described in section 22.4.5. Availability of the RLF Report at the RRC connection setup procedure is the indication that the UE suffered from a connection failure and that the RLF Report from this failure was not yet delivered to the network. The RLF Report from the UE includes the following information:
-	The E-CGI of the last cell that served the UE (in case of RLF) or the target of the handover (in case of handover failure). If the E-CGI is not known, the PCI and frequency information are used instead.
-	Last Serving Beam ID: UE indicates the last serving beam before the RLF occurred (in case of RLF)
-	Target Beam: UE indicates the SSB information (including index) on which it tried to perform the handover (in case of handover failure)

-	E-CGI of the cell that the re-establishment attempt was made at.
-	E-CGI of the cell that served the UE at the last handover initialisation, i.e. when message 7 (RRCConnectionReconfiguration) was received by the UE, as presented in Figure 10.1.2.1.1-1.
-	Time elapsed since the last handover initialisation until connection failure. 
-	An indication whether the connection failure was due to RLF or handover failure. 
-	The radio measurements.
-	C-RNTI allocated for the UE in the last serving cell.
-	RLF trigger of the last RLF that was detected.
-	Time elapsed from the connection failure till RLF Report signalling.
The eNBgNB receiving the RLF Report from the UE may forward the report to the eNBgNB that served the UE before the reported connection failure using the RLF INDICATION message. The radio measurements contained in the RLF Report may be used e.g. to identify coverage issues as the potential cause of the failure. The cause for the RLF contained in the RLF Report may be used to identify the cause of the failure and exclude the irrelevant events that are irrelevant for MRO evaluation.
Detection of Too Late Handover, Too Early Handover and Handover to Wrong Cell is carried out through the following:
-	[Too Late Handover]
There is no recent handover for the UE prior to the connection failure i.e. the UE reported timer is absent or larger than the configured threshold, e.g. Tstore_UE_cntxt.
-	[Too Early Handover]
There is a recent handover for the UE prior to the connection failure i.e. the UE reported timer is smaller than the configured threshold, e.g. Tstore_UE_cntxt, and the first re-establishment attempt cell is the cell that served the UE at the last handover initialisation.
-	[Handover to Wrong Cell]
There is a recent handover for the UE prior to the connection failure i.e. the UE reported timer is smaller than the configured threshold, e.g. Tstore_UE_cntxt, and the first re-establishment attempt cell is neither the cell that served the UE at the last handover initialisation nor the cell that served the UE where the RLF happened or the cell that the handover was initialised toward.
The "UE reported timer" above indicates the time elapsed since the last handover initialisation until connection failure.
In case of Too Early Handover or Handover to Wrong Cell, the eNBgNB receiving the RLF INDICATION message may use the HANDOVER REPORT message to inform the eNBgNB controlling the cell where the mobility configuration caused the failure.
Retrieval of information needed for problem analysis
The information needed for detailed problem analysis may be retrieved from both, the UE and the network sides. The information that is collected at the UE is provided to the network with the RLF Report, which may be forwarded to the last serving node in the RLF INDICATION message and, in case of "Too Early HO" or "HO to Wrong Cell", further in the HANDOVER REPORT message.
In order to retrieve relevant information collected at the network side as part of the UE context, the UE provides C-RNTI used in the last serving cell. If the cause for the failure is identified as a "Too Early HO" or a "HO to Wrong Cell", the eNBgNB controlling the last serving cell shall, if supported, include in the HANDOVER REPORT message the C-RNTI used in the source cell of the last completed handover before the failure. If the eNBgNB controlling that source cell provided the Mobility Information, it is included in the HANDOVER REPORT message. If used, the Mobility Information is prepared at the source eNBgNB of a handover and may refer to or identify any handover-related data at this eNBgNB.
Handling multiple reports from a single failure event
In case the RRC re-establishment fails and the RRC connection setup succeeds, MRO evaluation of intra-LTENR mobility connection failures may be triggered twice for the same failure event. In this case, only one failure event should be counted.

[bookmark: _Toc527969761][bookmark: _Toc528315160]5.1.3	Conclusion
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