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--------------------------------------------------Start of the change---------------------------------------------------
15.X	Self-optimisation
15.X.1	Support for Mobility Load Balancing
Editor’s note: This section captures the stage 2 descriptions for Mobility Load Balancing

15.X.1.1	General
The objective of mobility load balancing is to distribute cell load evenly among cells or to transfer part of the traffic from congested cell, or to offload users from one cell or carrier or RAT to achieve network energy saving, This can be done by means of optimization of cell reselection/handover parameters and handover actions. The automation of such optimisation can provide high quality user experience, while simultaneously improving the system capacity and also to minimize human intervention in the network management and optimization tasks.
Both intra-RAT and intra-system inter-RAT load balancing scenarios should be supported.
In general, support for mobility load balancing consists of one or more of following functions:
-	 Load reporting;
- Load balancing action based on handovers;
-	 Adapting handover and/or reselection configuration.
15.X.1.2 Load reporting
The load reporting function is executed by exchanging load information over the Xn/X2/F1/E1 interfaces. 

Editor’s note: load related information and its definition are FFS
The following load related information should be supported which consists of,
-	radio resource usage (DL/UL/SUL GBR PRB usage, DL/UL/SUL non-GBR PRB usage, DL/UL/SUL total PRB usage);
-	TNL load indicator (UL/DL /SUL TNL load: low, mid, high, overload);
-	Cell Capacity Class value (UL/DL relative capacity indicator);
To achieve load reporting function, Resource Status Reporting Initiation & Resource Status Reporting procedures are used.

15.X.2	Support for Mobility Robustness Optimization
Editor’s note: This section captures the stage 2 descriptions for Mobility Robustness Optimization
Editor’s note:All message names in this section are FFS.

15.X.2.1	General
Mobility Robustness Optimisation aims at detecting and enabling correction of following problems:
-	Connection failure due to intra-system or inter-system mobility;
-	Inter-system Unnecessary HO (too early inter-system HO with no radio link failure);
-	Inter-system HO ping-pong.
15.X.2.2	Connection failure due to intra-system mobility
Editor’s note: the content of this section is FFS.
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:
- [Intra-system 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.
- [Intra-system 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.
- [Intra-system 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 NR coverage related problems and other problems, not related to mobility.
Detection mechanism:
The detailed detection mechanisms for too late handover, too early handover and handover to wrong cell are carried out through the following in the NG-RAN node that served the UE before the reported connection failure:
-	[Intra-system Too Late Handover]
There is no recent handover for the UE prior to the connection failure e.g. the UE reported timer is absent or larger than the configured threshold (e.g. Tstore_UE_cntxt) 
-	[Intra-system Too Early Handover]
There is a recent handover for the UE prior to the connection failure e.g. the UE reported timer is smaller than the configured threshold (e.g. Tstore_UE_cntxt), and the first re-establishment attempt cell/the cell UE attempts to re-connect is the cell that served the UE at the last handover initialisation.
-	[Intra-system Handover to Wrong Cell]
There is a recent handover for the UE prior to the connection failure e.g. the UE reported timer is smaller than the configured threshold (e.g. Tstore_UE_cntxt), and the first re-establishment attempt cell/the cell UE attempts to re-connect 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 initialized toward.
The detection of the above events, when involving more than one NG-RAN node, is enabled by the Failure Indication and Handover Report procedures.
15.X.2.3	Connection failure due to inter-system mobility
Editor’s note: the content of this section is FFS.
One of the functions of Mobility Robustness Optimization is to detect connection failures that occurred due to Too Early or Too Late inter-system handovers. The UE makes the RLF Report available to the NG-RAN node after re-establishment attempt or after reconnecting from idle mode. These problems are defined as follows:
- [Inter-system/ Too Late Handover] An RLF occurs after the UE has stayed in a cell belong to NG-RAN node which connects with 5GC for a long period of time; the UE attempts to re-connect to an E-UTRAN cell which connects with EPC.
- [Inter-system/ Too Early Handover] An RLF occurs shortly after a successful handover from a E-UTRAN cell which connects with EPC to a target cell in a NG-RAN node which connects with 5GC; the UE attempts to re-connect to the source cell or to another E-UTRAN cell which connects with EPC.
The UE makes the RLF Report available to a NG-RAN node, when RLF happens in 5GS and the UE re-connects to a NG-RAN node. Availability of the RLF Report at the RRC connection setup or at a handover to NG-RAN node is the indication that the UE suffered a connection failure and that the RLF Report from this failure was not yet delivered to the network.
The NG-RAN node receiving the RLF Report from the UE may forward the report to the NG-RAN node that served the UE before the reported connection failure using the FAILURE INDICATION message over Xn or by means of the uplink RAN configuration transfer procedure and downlink RAN configuration transfer over NG. If present in the RLF Report, the radio measurements may be used to identify lack of coverage as the potential cause of the failure. 
Detection mechanism:
Detection mechanisms for Too Late Inter-system Handover and Too Early Inter-system Handover are carried out through the following:
-	[Too Late Inter-system Handover]
The connection failure occurs while being connected to a NG-RAN node, and 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, and the first node where the UE attempts to re-connect is a E-UTRAN node which connects with EPC.
-	[Too Early Inter-system Handover]
The connection failure occurs while being connected to a NG-RAN node, and there is a recent inter-system 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 cell where the UE attempts to re-connect and the node that served the UE at the last handover initialisation are both E-UTRAN node which connects with EPC.
The "UE reported timer" above indicates the time elapsed since the last handover initialisation until connection failure.
In case the failure is a Too Early Inter-system Handover, the NG-RAN node receiving the FAILURE INDICATION message may inform the E-UTRAN node which connects with EPC by means of RAN Configuration Transfer procedure over NG.
15.X.2.4	Unnecessary HO to another System
Editor’s note: the content of this section is FFS.
One of the purposes of inter-System Mobility Robustness Optimisation is the detection of a non-optimal use of network resources. In particular, in case of inter-System operations and when NR is considered, the case known as Unnecessary HO to another System is identified. The problem is defined as follows:
-	UE is handed over from NR to E-UTRAN even though quality of the NR coverage was sufficient for the service used by the UE. The handover may therefore be considered as unnecessary HO to another System (too early ISystem HO without connection failure).
In inter-System HO, if the serving cell threshold (NR) is set too high, and another System with good signal strength is available, a handover to another System (e.g. E-UTRAN ) may be triggered unnecessarily, resulting in an inefficient use of the networks. With a lower threshold the UE could have continued in the source System (NR).
To be able to detect the Unnecessary HO to another System, an NG-RAN node may choose to put additional coverage and quality condition information into the HANDOVER REQUIRED message in the Handover Preparation procedure when an inter-System HO from NR to E-UTRAN occurs. The eNB receiving this additional coverage and quality information, may instruct the UE to continue measuring the source System (NR) during a period of time, while being connected to another System (e.g. E-UTRAN), and send periodic or single measurement reports to the other System (e.g. E-UTRAN). When the period of time indicated by the source System (NR) expires, the RAN node in the other System (e.g. E-UTRAN), may evaluate the received measurement reports with the coverage/quality condition received during the inter-System HO procedure and decide if an inter-System unnecessary HO report should be sent to the RAN node in the source System (E-UTRAN). The inter-System unnecessary HO report should include the following information:
-	NCGI of the source cell (NR) in the handover;
-	ECGI of the target cell(LTE);
-	A list of cells whose radio quality, as reported in the UE's first measurement report following the handover, exceeds the threshold indicated in the additional coverage and quality information in the Handover Preparation procedure.
The inter-System unnecessary HO report shall only be sent in cases where, in all UE measurement reports collected during the measurement period, any source System cells exceed the radio coverage and/or quality threshold (the radio threshold RSRP or/and RSRQ and the measurement period are indicated in the additional coverage and quality information in the Handover Preparation procedure). If an inter-System handover towards NR is executed from eNB within the indicated measurement period, the measurement period expires. In this case, the eNB may also send the HO Report. No HO Report shall be sent in case no NR cell could be included, or if the indicated period of time is interrupted by an inter-System handover to a System different than NR or by an intra-LTE handover.
The RAN node in the source System (NR) upon receiving of the report, can decide if/how its parameters (e.g., threshold to trigger inter System HO) should be adjusted.
[bookmark: _GoBack]15.X.2.5 Unnecessary Inter system Ping pong 
Editor’s note: the content of this section is FFS.
One of the functions of Mobility Robustness Optimization is to detect ping-pongs that occur in inter-RAT environment. The problem is defined as follows:
-	A UE is handed over from a cell in a source RAT (e.g. NG-RAN) to a cell in a target RAT different from the source RAT (e.g. E-UTRAN), then within a predefined limited time the UE is handed over back to a cell in the source RAT, while the coverage of the source RAT was sufficient for the service used by the UE. The event may occur more than once.
The solution for the problem may consist of the following steps:
1)	Statistics regarding inter-RAT ping-pong occurrences are collected by the responsible node.
2)	Coverage verification is performed to check if the mobility to other RAT was inevitable.
The statistics regarding ping-pong occurrence may be based on evaluation of the UE History Information IE in the HANDOVER REQUIRED message. If the evaluation indicates a potential ping-pong case and the source NG-RAN node of the 1st inter-RAT handover is different than the target NG-RAN node of the 2nd inter-RAT handover, the target NG RAN node may use the HANDOVER REPORT message to indicate the occurrence of potential ping-pong cases to the source NG RAN node. The HANDOVER REPORT message for ping-pong indication contains the following information:
-	Type of detected handover problem (InterRAT ping-pong);
-	NCGI of the source cell in the handover from NR to E-UTRAN;
-	NCGI of the target in the handover from E-UTRAN to NR;
-	E-CGI of the target E-UTRAN cell in the first inter-RAT handover;
-	Cause of the first handover (signalled by the source during handover preparation).
If NR coverage during the potential ping-pong event needs to be verified for the purpose of determining corrective measures, the Unnecessary HO to another RAT procedure may be used.

15.X.3	Support for RACH Optimization
Editor’s note: This section captures the stage 2 descriptions for RACH Optimization 
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