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1
Introduction

The study on RAN-Centric Data Collection and Utilization for LTE and NR was agreed. Mobility optimization is agreed as one of use cases. In [1], the description for the use case of Mobility optimization is agreed in RAN3#103, and some problems are identified as following:

-
Connection failure due to intra-LTE or inter-RAT mobility;

-
Unnecessary HO to another RAT (too early IRAT HO with no radio link failure);

-
Inter-RAT ping-pong.

In the agreement, for NR, mobility optimization solution should be introduced to detect and resolve the above problems. LTE should be taken as the baseline. Intra-system (5GS) intra/inter-RAT mobility and inter-system (5GS) inter-RAT mobility should be studied.
This document discusses the use case for mobility optimization for NR about connection failure due to intra-system mobility. 
2
Discussion

In LTE, for connection failure due to intra-LTE or inter-RAT mobility, three kinds of failures were identified: too late HO, too early HO and HO to a wrong cell. The detection of the events is enabled by the RLF Indication and HO Report procedures. By analysing the report from UE and network side information, HO related parameters could be adjusted to resolve the detected problems.
For NR, these kinds of failures should be detected and resolved as well. 

2.1
Connection failure due to Intra-system intra/inter-RAT mobility:

In intra-system mobility scenarios, the above connection failures could take place no matter in intra-RAT case or inter-RAT case.
These problems are defined as follows:

-
[Too Late Intra-system 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 Intra-system 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.

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.
2.1.1
Detection of the failure after RRC re-establishment attempt:

Detection mechanisms for Too Late Intra-system Handover, Too Early Intra-system Handover and Intra-system Handover to Wrong Cell are carried out through the following:
-
[Too Late Intra-system Handover]
If the UE attempts to re-establish the radio link connection in a cell that belongs to NG-RAN node B, indicating as the last serving cell a cell belonging to NG-RAN node A, different from NG-RAN node B, then NG-RAN node B may report this event to NG-RAN node A with RLF Indication procedure. NG-RAN node A may then use information in the message to determine whether the failure occurred in the serving cell.
-
[Too Early Intra-system Handover]
If the target cell belongs to an NG-RAN node B different from the NG-RAN node A that controls the source cell, the NG-RAN node B may initiate Handover Report procedure indicating a Too Early Handover event to NG-RAN node A upon NG-RAN node B receives the message from NG-RAN node A and if NG-RAN node B has sent the UE CONTEXT RELEASE message to NG-RAN node 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 NG-RAN node B. 

-
[Intra-system Handover to Wrong Cell]
If the type of the failure is Radio Link Failure and the target cell belongs to NG-RAN node B that is different from the NG-RAN node A that controls the source cell, the NG-RAN node B may send a HANDOVER REPORT message indicating a Handover To Wrong Cell event to NG-RAN node A upon NG-RAN node B receives a RLF INDICATION message from NG-RAN node C, and if NG-RAN node B has sent the UE CONTEXT RELEASE message to NG-RAN node 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 NG-RAN node B. This also applies when NG-RAN node A and NG-RAN node C are the same. The HANDOVER REPORT message may also be sent if NG-RAN node B and NG-RAN node C are the same and the RLF Indication is internal to this NG-RAN node. 
If the type of the failure is Handover Failure during a handover from a cell in NG-RAN node A, and the UE attempts to re-establish the radio link connection to a cell in NG-RAN node C, then NG-RAN node C may send a RLF INDICATION message to NG-RAN node A.
The new RLF Indication procedure at Xn interface may be initiated after a UE attempts to re-establish the radio link connection at NG-RAN node B after a failure at NG-RAN node A. The content of the new RLF INDICATION message should be for further discussion.
Observation 1: It needs a message at Xn interface, like RLF Indication in LTE, to report RLF event between NG-RAN nodes. The content of the message should be for further discussion.

The Handover Report procedure in Xn is to transfer mobility related information between NG-RAN nodes. An NG-RAN initiates the procedure by sending an HANDOVER REPORT message to another NG-RAN node. By sending the message initiating NG-RAN indicates to receiving NG-RAN that a mobility-related problem was detected.
Observation 2: It needs a message at Xn interface, like HANDOVER REPORT in LTE, to indicate Handover event to source NG-RAN node. The content of the message should be for further discussion.
UE may provide a report for RLF in RRC procedure to the NG-RAN node 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.
Observation 3: It needs a report for RLF in RRC procedure in NR, like RLF Report in LTE, from UE to NG-RAN node. The content of the report for RLF in RRC procedure should be for further discussion.
2.1.2
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 NG-RAN node after reconnecting from idle mode. Availability of the RLF Report in RRC procedures 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.

Detection of Too Late Intra-system Handover, Too Early Intra-system Handover and Intra-system Handover to Wrong Cell is carried out through the following:

-
[Too Late Intra-system 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 Intra-system 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.

-
[Intra-system 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 Intra-system Handover or Intra-system Handover to Wrong Cell, the NG-RAN node receiving the RLF INDICATION message may use the HANDOVER REPORT message to inform the NG-RAN node controlling the cell where the mobility configuration caused the failure.
2.1.3
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 NG-RAN node 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 NG-RAN node 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 NG-RAN node of a handover and may refer to or identify any handover-related data at this NG-RAN node.
If there is no Xn interface available between the NG-RAN nodes, the information needed for detailed problem analysis from both the UE and the network sides needs to be forwarded with Ng interface. 
Observation 4: It needs a message in Ng interface to forward the connection failure information for detailed problem analysis, like RAN/MME CONFIGURATION TRANSFER at S1 interface. The UPLINK/DOWNLINK CONFIGURATION TRANSFER at Ng interface can be used for that, but needs the modifications to contain the information. The content of the information and the modification for UPLINK/DOWNLINK CONFIGURATION TRANSFER at Ng interface should be for further discussion.
Proposal 1: It's proposed to add 2 new messages, e.g. RLF INDICATION message and HANDOVER REPORT message, at Xn interface to indicate the information needed for detailed problem analysis for connection failures, like RLF INDICATION and HANDOVER REPORT at X2 interface. The contents of these 2 new Xn messages should be discussed in RAN3.

Proposal 2: RLF report should be added at RRC procedure in NR. It’s proposed to send LS to RAN2 WG to investigate its contents and the related RRC procedure.
Proposal 3: It's proposed to modifyUPLINK/DOWNLINK CONFIGURATION TRANSFER at Ng interface to forward the information needed for detailed problem analysis for connection failures. The content of the information and the modification for UPLINK/DOWNLINK CONFIGURATION TRANSFER should be discussed in RAN3.
3
Conclusion:
Observation 1: It needs a message at Xn interface, like RLF Indication in LTE, to report RLF event between NG-RAN nodes. The content of the message should be for further discussion.

Observation 2: It needs a message at Xn interface, like HANDOVER REPORT in LTE, to indicate Handover event to source NG-RAN node. The content of the message should be for further discussion.
Observation 3: It needs a report for RLF in RRC procedure in NR, like RLF Report in LTE, from UE to NG-RAN node. The content of the report for RLF in RRC procedure should be for further discussion.
Observation 4: It needs a message in Ng interface to forward the connection failure information for detailed problem analysis, like RAN/MME CONFIGURATION TRANSFER at S1 interface. The UPLINK/DOWNLINK CONFIGURATION TRANSFER at Ng interface can be used for that, but needs the modifications to contain the information. The content of the information and the modification for UPLINK/DOWNLINK CONFIGURATION TRANSFER at Ng interface should be for further discussion.
Proposal 1: It's proposed to add 2 new messages, e.g. RLF INDICATION message and HANDOVER REPORT message, at Xn interface to indicate the information needed for detailed problem analysis for connection failures, like RLF INDICATION and HANDOVER REPORT at X2 interface. The contents of these 2 new Xn messages should be discussed in RAN3.

Proposal 2: RLF report should be added at RRC procedure in NR. It’s proposed to send LS to RAN2 WG to investigate its contents and the related RRC procedure.
Proposal 3: It's proposed to modify UPLINK/DOWNLINK CONFIGURATION TRANSFER at Ng interface to forward the information needed for detailed problem analysis for connection failures. The content of the information and the modification for UPLINK/DOWNLINK CONFIGURATION TRANSFER should be discussed in RAN3.
Proposal 4: It is proposed to capture the text proposals for the descriptions and solutions of the use case for mobility optimization in Annex into TR 37.816.
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// **************************** begin of proposal ****************************
5.3
Mobility optimization
5.3.1
Use case description

Editor Note: capture the use cases description and benefits of the use cases
In LTE, Mobility Robustness Optimisation (MRO) aims at detecting and enabling correction of following problems, which will deteriorate user experience and waste network resources:

-
Connection failure due to intra-LTE or inter-RAT mobility;

-
Unnecessary HO to another RAT (too early IRAT HO with no radio link failure);

-
Inter-RAT ping-pong.

For connection failure due to intra-LTE or inter-RAT mobility, three kinds of failures were identified: too late HO, too early HO and HO to a wrong cell. The detection of the events is enabled by the RLF Indication and HO Report procedures. By analysing the report from UE and network side information, HO related parameters could be adjusted to resolve the detected problems. 

For unnecessary HO to another RAT, the RAN node in the other RAT, may instruct the UE to continue to evaluate the received measurement reports with the coverage/quality condition received during the inter-RAT HO preparation phase and decide if an inter-RAT unnecessary HO report should be sent to the RAN node in the source RAT.

For inter-RAT ping-pong, 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 eNB of the 1st inter-RAT handover is different than the target eNB of the 2nd inter-RAT handover, the target eNB may use the HANDOVER REPORT message to indicate the occurrence of potential ping-pong cases to the source eNB. 

For NR, mobility optimization solution should also be introduced to detect and resolve the above problems. LTE should be taken as the baseline. Intra-system (5GS) intra/inter-RAT mobility and inter-system (5GS) inter-RAT mobility should be studied in the SI. Since new network architectures, e.g., MR-DC, CU-DU split, CP-UP separation and some new features, e.g., BWP, beam, etc, are introduced in NR, enhancements on the procedures and measurements are needed. For instance:

1. New information or measurement is defined and collected, e.g. besides cell level measurements, related beam IDs and beam measurements, as well as SUL information are also included in the RLF report, and/or HO Report.
2. Enhancenment to F1/Xn/X2 to support mobility enhancement in CU/DU architecture, MR-DC.
5.3.2 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.
5.3.2.1 Connection failure due to mobility

Intra-system (5GS) intra/inter-RAT mobility and inter-system (5GS) inter-RAT mobility should be studied. 
5.3.2.1.1 Connection failure due to Intra-system intra/inter-RAT mobility:

These problems are defined as follows:

-
[Too Late Intra-system 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 Intra-system 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.

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.
Detection of the failure after RRC re-establishment attempt:

Detection mechanisms for Too Late Intra-system Handover, Too Early Intra-system Handover and Intra-system Handover to Wrong Cell are carried out through the following:

-
[Too Late Intra-system Handover]
If the UE attempts to re-establish the radio link connection in a cell that belongs to NG-RAN node B, indicating as the last serving cell a cell belonging to NG-RAN node A, different from NG-RAN node B, then NG-RAN node B may report this event to NG-RAN node A with RLF Indication procedure. NG-RAN node A may then use information in the message to determine whether the failure occurred in the serving cell.
-
[Too Early Intra-system Handover]
If the target cell belongs to an NG-RAN node B different from the NG-RAN node A that controls the source cell, the NG-RAN node B may initiate Handover Report procedure indicating a Too Early Handover event to NG-RAN node A upon NG-RAN node B receives the message from NG-RAN node A and if NG-RAN node B has sent the UE CONTEXT RELEASE message to NG-RAN node 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 NG-RAN node B. 

-
[Intra-system Handover to Wrong Cell]
If the type of the failure is Radio Link Failure and the target cell belongs to NG-RAN node B that is different from the NG-RAN node A that controls the source cell, the NG-RAN node B may send a HANDOVER REPORT message indicating a Handover To Wrong Cell event to NG-RAN node A upon NG-RAN node B receives a RLF INDICATION message from NG-RAN node C, and if NG-RAN node B has sent the UE CONTEXT RELEASE message to NG-RAN node 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 NG-RAN node B. This also applies when NG-RAN node A and NG-RAN node C are the same. The HANDOVER REPORT message may also be sent if NG-RAN node B and NG-RAN node C are the same and the RLF Indication is internal to this NG-RAN node. 
If the type of the failure is Handover Failure during a handover from a cell in NG-RAN node A, and the UE attempts to re-establish the radio link connection to a cell in NG-RAN node C, then NG-RAN node C may send a RLF INDICATION message to NG-RAN node A.

UE may provide a report for RLF in RRC procedure to the NG-RAN node 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.
Editor Notes:  It needs to define the RLF Indication procedure at Xn interface, the Handover Report procedure at Xn interface, and the RLF Report in RRC procedures in NR.
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 NG-RAN node after reconnecting from idle mode. Availability of the RLF Report in RRC procedures 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.

Detection of Too Late Intra-system Handover, Too Early Intra-system Handover and Intra-system Handover to Wrong Cell is carried out through the following:

-
[Too Late Intra-system 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 Intra-system 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.

-
[Intra-system 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 Intra-system Handover or Intra-system Handover to Wrong Cell, the NG-RAN node receiving the RLF INDICATION message may use the HANDOVER REPORT message to inform the NG-RAN node 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 NG-RAN node 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 NG-RAN node 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 NG-RAN node of a handover and may refer to or identify any handover-related data at this NG-RAN node.
If there is no Xn interface available between the NG-RAN nodes, the information needed for detailed problem analysis from both the UE and the network sides needs to be forwarded with Ng interface. The UPLINK/DOWNLINK CONFIGURATION TRANSFER messages at Ng interface can be used for that, but it needs the modifications to contain the information. The content of the information and the modification for UPLINK/DOWNLINK CONFIGURATION TRANSFER message should be for further discussion.
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-system mobility connection failures may be triggered twice for the same failure event. In this case, only one failure event should be counted. 
5.3.3 Conclusion

// **************************** end of proposal ****************************
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