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1. Introduction

In last RAN3 meeting, there are some initial discussions on the impact to UE for MRO feature and some FFS are left. In this contribution, we make further discussion on the content of the UE RLF report and give proposals accordingly. 

2. Discussion

The FFS part for UE RLF report is listed as below, we would make analysis one by one
· Beam level measurement report should be included in UE RLF Report.(FFS)

· Handover type i.e. intra-system or inter-system handover should be included in both E-UTRAN and NR UE RLF Report.(FFS)
· The radio measurements and measurements configurations. These can be listed as follow [it is FFS whether all measurements are feasible]:

· Information related to the Radio-link monitoring (RLM) on serving cell (where the RLF is detected) and on target cell (in case of handover failure)
· Beam measurements on RLM related resources i.e., measurement on reference signals (RS) such as:
· SSB 
· CSI-RS
Measurements to be logged may be RSRP, RSRQ, SINR, Qout, Qin, etc.

· Information related to the beam failure detection (BFD) on serving cell (where the RLF is detected) and on target cell (in case of handover failure)
· Beam measurements on BFD related resources i.e., measurement on reference signals (RS) such as:
· SSB
· CSI-RS
Measurements to be logged may be at least RSRP, RSRQ, SINR, Qout, Qin, etc.
Note that BFD and RLM resources may be different from each other.

· Information related to the beam failure recovery (BFR) on the serving cell where the RLF happened and on target cell (in case of handover failure) including:
· Measurements performed on the list of the candidate beam-resources configured for BFR reason. 
· Measurement on signals that where “not” listed in the candidate beam-resources list while the UE detects such signals with a quality above a certain beam suitability threshold. 
· There measured signals can include: 
· SSB
· CSI-RS
Measurements to be logged may be at least RSRP, RSRQ, SINR.

· Information on RRM measurements per beam on a serving cell (where RLF is detected) and on target cell (in case of handover failure) 
· Beam level measurement for cell quality derivation 
· Beam level measurement on at least one neighbour cell for cell quality derivation
· Beam level measurement on a cell the UE selects and performs reestablishment after RLF
· Measurement can be done on RS such as 
· SSB 
· CSI-RS
· TRS, DMRS or any combination of these signals;
· Logging sensor data, including UE orientation/altitude to log in addition to location, speed and heading (e.g., digital compass, gyroscope as well as barometer etc.). 
· UE speed state (low, mid, high) configured for example as part of speed-based scaling procedure.
1) Beam level measurement report should be included in UE RLF Report
This bullet coincides with the third bullet on beam failure related measurement. In the third bullet, there are more detailed descriptions, so we could ignore this part. 
2) Handover type i.e. intra-system or inter-system handover should be included in both E-UTRAN and NR UE RLF Report.

Currently, in the TR, we have agreed the definition/detection mechanisms of connection failure due to intra-system mobility and connection failure due to inter-system mobility. Both the definitions and detection mechanisms on the two connection failure scenarios are different. The following is an example:
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In figure 1, it is inter-system handover too early, UE connects with eNB1 first and RLF happens in eNB2/gNB2 after UE is handed over towards eNB2/gNB2.Then UE would try to re-connect in another Enb/Gnb.

For figure 2, it is intra-system handover too early. UE connects with eNB1 first and RLF happens in eNB2/gNB2 after UE is handed over towards eNB2/gNB2.Then UE would try to re-establish the connection in Enb1.

For both of the above scenarios, the NG-RAN node which retrieves the UE RLF Report would forward the information to the node which experiences the failure events. Then the node which experiences the RLF would analyse the failure events based on UE report. Obviously, when detecting the failure event i.e. inter-system too early or intra-system too early, the NG-RAN node needs to know whether the related handover is inter-system or intra-system handover and it could only get the information from UE RLF report considering UE context may already been deleted at that time.

Based on above analysis, we have the following proposal:
Proposal 1: It is proposed to include the indication of whether the handover is intra-system handover or inter-system handover in the UE RLF report.
3) The radio measurements and measurements configurations
a)  Information on RRM measurements per beam on a serving cell (where RLF is detected) and on target cell (in case of handover failure) 

In LTE, the measurement report only includes cell level measurement result. Measurement result included in UE RLF report could be used to detect the coverage hole and also for the network to adjust its mobility policies. In NR, beam level measurement is available in UE side. During handover procedure, the target node could select suitable beam its associated PRACH resources which could improve the success rate of handover. So, it is beneficial for the UE to also upload the beam level measurement results to the network which would enable the network to select more suitable beam(s) during the handover procedure.
b) Information related to the Radio-link monitoring (RLM) on serving cell (where the RLF is detected) and on target cell (in case of handover failure)
The purpose of RRM measurement is for mobility which could be used for the network to decide the target node during handover procedure. RRM measurements would include measurement on both serving cell and neighbour cell. However, Radio link monitoring is used to monitor the quality of Radio link and the measurement is only for Pscell. It is not possible for the UE to have information related to RLM on target cell. As to the RLM related information on serving cell, we are not sure with the benefit of the extra information comparing to legacy RRM related measurement reporting since the measurement result on the serving cell would definitely bad at the time of RLF.
c)  Information related to the beam failure detection (BFD) on serving cell (where the RLF is detected)
and on target cell (in case of handover failure)
Beam failure detection related resources may be configured via  RadioLinkMonitoringConfig or may be different with RLM. Beam failure detection is also limited to serving cell and no related information on target cell is available. Also, similar with RLM measurement, when RLF happened, UE have the RRM related measurement result. Benefit on information related to the beam failure detection needs further clarified.
d) Information related to the beam failure recovery (BFR) on the serving cell where the RLF happened and on target cell (in case of handover failure)
When Beam failure recovery failed, it mean radio link failure happens which already covered by bullet a),clarification on the need to introduce more information in the RLF report is needed.
Proposal 2: It is proposed to include RRM measurements per beam on a serving cell (where RLF is detected) and on target cell (in case of handover failure) in the UE RLF report.

3. Conclusion
Based on the discussion in section 2, we have the following proposals:

Proposal 1: It is proposed to include the indication of whether the handover is intra-system handover or inter-system handover in the UE RLF report.

Proposal 2: It is proposed to include RRM measurements per beam on a serving cell (where RLF is detected) and on target cell (in case of handover failure) in the UE RLF report.

A TP is provided below and a LS is also prepared in R3-19xxxx.
4. TP for 37.816
5.3
Mobility optimization

5.3.1 Description:
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 (e.g. UTRAN or GERAN), 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 (E-UTRAN).

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) 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) Enhancement to F1/Xn/X2 to support mobility enhancement in CU/DU architecture, MR-DC.
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

1) Connection failure due to intra-system mobility
      Failure event definition:

· [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.

     Detection mechanism

· [Intra-system 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.

· [Intra-system 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/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 i.e. 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.
Impact to Xn interface:

· Failure Indication message which is used to provide UE RLF Report from the NG-RAN node that collects the UE report to the last serving node.

· HO Report message which is used to indicate the failure events in case of too early HO or handover to wrong cell.

Impact to NG interface:

In case the UE re-connects to a cell that has no Xn interface with the last serving NG-RAN node, the UE RLF Report could also be transferred in NG interface via NG-RAN Node Configuration update message.

Impact to UE: 
To support MRO for NR, UE RLF report should also be supported in NR. The following information should be included in UE RLF Report:

· The CGI of the last cell that served the UE (in case of RLF) or the target of the handover (in case of handover failure).
· The  CGI of the cell towards which the UE wants to initiate re-establishment attempt.
· The  CGI of the cell that served the UE at the last handover initialisation.
· Time elapsed since the last handover initialisation until the RRC connection failure.
· An indication whether the RRC connection failure was due to RLF or handover failure.
· C-RNTI allocated for the UE in the last serving cell.

· RLF trigger of the last RLF that was detected.
· Time elapsed from the RRC connection failure till RLF Report signalling.
· Beam level measurement report should be included in UE RLF Report.
· Handover type i.e. intra-system or inter-system handover should be included in both E-UTRAN and NR UE RLF Report
· The radio measurements and measurements configurations. These can be listed as follow:
· Information related to the Radio-link monitoring (RLM) on serving cell (where the RLF is detected) and on target cell (in case of handover failure)(FFS)
· Beam measurements on RLM related resources i.e., measurement on reference signals (RS) such as:
· SSB 
· CSI-RS
Measurements to be logged may be RSRP, RSRQ,.
· Information related to the beam failure detection (BFD) on serving cell (where the RLF is detected) and on target cell (in case of handover failure)（FFS）
· Beam measurements on BFD related resources i.e., measurement on reference signals (RS) such as:

· SSB

· CSI-RS

Measurements to be logged may be at least RSRP, RSRQ, SINR, Qout, Qin, etc.
Note that BFD and RLM resources may be different from each other.
· Information related to the beam failure recovery (BFR) on the serving cell where the RLF happened and on target cell (in case of handover failure) including（FFS）:
· Measurements performed on the list of the candidate beam-resources configured for BFR reason.
· Measurement on signals that where “not” listed in the candidate beam-resources list while the UE detects such signals with a quality above a certain beam suitability threshold. 
· There measured signals can include: 

· SSB

· CSI-RS

Measurements to be logged may be at least RSRP, RSRQ, SINR.
· Information on RRM measurements per beam on a serving cell (where RLF is detected) and on target cell (in case of handover failure) 

· Beam level measurement for cell quality derivation 
· Beam level measurement on at least one neighbour cell for cell quality derivation
· Beam level measurement on a cell the UE selects and performs reestablishment after RLF
· Measurement can be done on RS such as 
· SSB 

· CSI-RS

· TRS, DMRS or any combination of these signals;
· Logging sensor data, including UE orientation/altitude to log in addition to location, speed and heading (e.g., digital compass, gyroscope as well as barometer etc.). （FFS）
· UE speed state (low, mid, high) configured for example as part of speed-based scaling procedure.（FFS）
To support MRO between gNB and ng-eNB, UE RLF Report could be provided via different RAT, i.e.NR RLF Report could be included in E-UTRAN UE ULInformationResponse message. Similarly, E-UTRAN RLF Report could also be included in NR ULInformationResponse message.
2) Connection failure due to inter-system mobility 

Failure events definition

· [Inter-system/ Too Late Handover] An RLF occurs after the UE has stayed in a E-UTRAN cell which connects with 5GC for a long period of time; the UE attempts to re-establish 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 E-UTRAN cell which connects with 5GC; the UE attempts to re-establish to the source cell or to another E-UTRAN cell which connects with EPC.
Detection mechanism
· [Too Late Inter-system Handover]
The connection failure occurs while being connected to an NG-RAN cell, 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 cell where the UE attempts to re-connect/re-establish is a E-UTRAN cell which connect with EPC.

· [Too Early Inter-system Handover]
The connection failure occurs while being connected to an NG-RAN cell, 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/re-establish and the cell that served the UE at the last handover initialisation are both E-UTRAN cell which connect with EPC.

Impact to NG interface :

To support the above too early inter-system handover detections, the NG-RAN node receiving the RLF INDICATION message may inform the E-UTRAN node over NG.
       The NG-RAN node receiving the RLF report could forward the report to the NG-RAN node that served the UE before the connection failure via Xn or NG interface.

5.3.2.2 

Unnecessary HO to another system

Failure events definition
UE is handed over from NG-RAN to other RAT (e.g.-UTRAN) even though quality of the NG-RAN coverage was sufficient for the service used by the UE. The handover may therefore be considered as unnecessary HO to another RAT (too early IRAT HO without connection failure)
Detection mechanism
To be able to detect the Unnecessary HO to another RAT, an NG-RAN 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 NG-RAN to another RAT occurs. The RAN node in the other RAT, upon receiving this additional coverage and quality information, may instruct the UE to continue measuring the source RAT (NG-RAN) during a period of time, while being connected to another RAT (e.g. E-UTRAN), and send periodic or single measurement reports to the other RAT (e.g. E-UTRAN). When the period of time indicated by the source RAT (NG-RAN) expires, the RAN node in the other RAT (e.g. E-UTRAN), 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 the source RAT (NG-RAN).
Impact to NG/S1 interface:

An inter-RAT unnecessary HO report should be sent from E-UTRAN to the NG-RAN node. 
5.3.2.3 

Inter-system HO ping-pong
Failure events definition
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.
Detection mechanism
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.
Impact to Xn interface:

HO Report message which is used to indicate the ping-pong event.

5.3.2.4 

SN change failure in case of EN-DC, NGEN-DC, NE-DC and NR-DC (FFS)

In case of MR-DC, e.g. EN-DC, NGEN-DC, NE-DC and NR-DC, the SN can be configured with SRB3, and can trigger the SN change autonomously. According to the specification TS 37.340 [2], the SCG failure includes multiple causes of SCG RLF, SN change failure, SCG configuration failure, SCG RRC integrity check failure, etc. i.e. the SN change failure can be detected by the UE as one kind of SCG failure. During the period of SN change, the UE may suffer SN change failure due to unappropriate parameter setting of the triggering condition, e.g. too late SN change, too early SN change and wrong SN change (to another SN). 

The detection solution enabled by the RLF Indication and HO Report procedures can be reused, the corresponding messages may be signalled between the MN and SN, and/or among the involved SNs.

5.3.2.5 

Successful HO Report (FFS)
The MRO function in NR could be enhanced to prevent link failure upon a successful handover event. A solution to this problem is to configure the UE to compile a report associated to a successful handover event comprising a set of measurements collected during the handover phase. The UE could be further configured with a triggering condition to be met to compile the Successful Handover Report so as to limit UE reporting to relevant cases, such as when a near-RLF is detected upon a successful handover event.

The Successful Handover Report may be included in the Handover Complete message (RRCReconfigurationComplete) transmitted from UE to target NG-RAN node over RRC. The target NG-RAN node could then forward the Successful Handover Report to the source NR-RAN node to indicate issues associated with a successful handover event. 

The information contained in the successful handover report may comprise (details are FFS):

· RLM related information 

· RLM related timers

· Measurements of reference signals used for RLM in terms of RSRP, RSRQ, SINR

· RLC retransmission counter

· Near-RLF related information

· RLF related timer (e.g., T310, T312)

· Beam failure detection (BFD) related information

· Detection indicators (e.g., Qin and Qout indications)

· Measurements of reference signals used in BFD in terms of RSRP, RSRQ, SINR

· Handover related information

· Measurements of the configured reference signals at the time of successful handover

· SSB beam measurements

· CSI-RS measurements

· Handover related timers (e.g., T304)

· RACH related information

· Beam identity where RACH access was attempted during handover

· Number of RACH attempts for each RACH access attempt

· Beam identity where RACH access was successful 

Upon reception of a Successful HO Report, the receiving node is able to analyze whether its mobility configuration needs adjustment. Such adjustments may result in changes of mobility configurations, such as changes of RLM configurations or changes of mobility thresholds between the source and the target. 
5.3.3 
Conclusion
Mobility Optimization in NR should take LTE as based line with NR new features considered e.g. beam level measurement, handover type.
Solutions in section 5.3.2 without FFS should be specified in normative phase. For the solutions with FFS left, if no conclusion could be reached, it could be further discussed in next release.

