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1. Introduction

In RAN-Centric Data collection SI, one of the objectives is Mobility Robustness Optimisation. As described in the TR, in LTE, MRO includes the following bullets:

-
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 this contribution, we mainly focus on connection failure cases. According to the new architecture in 5G system, we make some analysis on the definition and detection mechanism for connection failure and give some proposals accordingly.
2. Discussion

2.1 Backgroud 

In LTE, the definition and detection mechanism for intra-rat mobility failure events and inter-rat mobility failure events is different. 

With the deployment of NR, an eNB could be connected with EPC and 5GC at the same time. The handover between two eNBs may be either intra-system or inter-system. And also it is the similar case with handover between eNB and gNB. As figure1 depicted:
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                                                                    Figure 1 Different handover scenarios

According to figure 1, handover procedures in 5G include the following four types:
Intra-NR mobility i.e. handover between gNBs via Xn interface

Intra-system/inter-RAT mobility i.e. handover from gNB to eNB2 via Xn interface

Inter-system/inter-RAT mobility i.e. handover from gNB to eNB1 via S1 and NG interface

Inter-system/intra-RAT mobility i.e. handover from eNB1 to eNB 2 via S1 and NG interface

In the following paragraphs, the definition and detection of connection failure for above 4 scenarios are analysed
2.2 Failure definition and detect mechanism  
1) Connection failure due to intra-NR mobility
For intra-NR mobility, the detection of connection failure is similar with intra-LTE mobility which includes Too Early or Too Late Handover, or Handover to Wrong Cell. The problem could be defined as below
-
[Intra-NR 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-NR 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-NR 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.

2) Connection failure due to intra-system/inter-rat mobility
Intra-system/inter-rat mobility is the case of handover between gNB and eNB which connects with 5GC. In this case, since the eNB also connects with 5GC, it could also provide NR related services e.g. slicing, flow level QoS. At the same time,eNB connected with 5GC is not widely deployed, so it is a little difference with the case of inter-system/inter-rat mobility. From our point of view, the problems in this scenario could be defined similar as intra-NR scenarios, as follows:


[Intra-system/Inter-rat 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-connect the radio link connection in a different cell.

-
[Intra-system/Inter-rat 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-connect the radio link connection in the source cell.

-
[Intra-system/Inter-rat 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-connect the radio link connection in a cell other than the source cell and the target cell.
Since the definition of connection failure due to intra-system/inter-rat mobility is completely the same with intra-NR mobility, the detection of the problem could also utilize the similar solution as below:
-
[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 initialised toward.

To support the above problem detections, two messages should be introduced in 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.

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.
Proposal 1: It is proposed for RAN3 to discuss on above detection mechanism for intra-system mobility failure and have an agreement on it.
In above analysis, for intra-system/inter-rat case, it is possible that UE report the NR related RLF information to eNB node which connects with 5GC, as figure 2 depicted.
UE connects with eNB1, after successfully handover the UE to gNB1, RLF happens and UE re-connects to eNB1.UE would record the NR RLF related information when RLF happens and upload to eNB1 if requested.
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                                     Figure 2 Intra-system/inter-RAT handover too early

Based on this procedure, it is proposed that 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. 

Proposal 2: It is proposed for RAN3 to discuss the RLF related information transferred between gNB and eNB. If there is agreement on introducing NR RLF report in E-UTRAN UE ULInformationResponse message and introducing E-UTRAN RLF Report in NR ULInformationResponse message, a LS should be sent to RAN2.
3) Connection failure due to inter-system/inter-rat mobility

For handover between gNB node and eNB node which connects with EPC, it is similar with inter-rat handover in legacy LTE. The assumption here is that LTE is already widely deployed while gNB is deployed for some hotspot. i.e. the too late handover only apply to the case of handover gNB to eNB while the too early handover applied to the case of handover from eNB to gNB. The failure events could be defined as follows:

These problems are defined as follows:

-
[Inter-system/Inter-RAT Too Late Handover] An RLF occurs after the UE has stayed in a gNB cell for a long period of time; the UE attempts to re-connect to an E-UTRAN cell which connects with EPC.

-
[Inter-system/Inter-RAT 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 gNB; the UE attempts to re-connect to the source cell or to another E-UTRAN cell which connects with EPC.
4)  Connection failure due to inter-system/intra-rat mobility
The case of inter-system/intra-rat mobility is handover between the eNB connect with EPC and the eNB connect with 5GC.Similar with the case of inter-system/inter-rat mobility, the eNB connect with EPC is already deployed for coverage, and the eNB connects with5GC is only partly deployed. Then the problem for inter-system/intra-rat mobility could be defined below:

  -
[Inter-system/Inter-RAT 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/Inter-RAT 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.
Based on the problem definition, the detection of inter-system/inter-rat mobility and inter-system/intra-rat mobility could be the similar.

 -
[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.

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 by means of the NG-RAN node Direct Information Transfer procedure over NG. 

To support too late inter-system handover detection, UE makes the RLF reports available to an NG-RAN node when it re-connects to an NG-RAN node again. 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 (i.e. Introducing a new Failure Indication)or NG interface.(i.e.NG-RAN node configuration transfer).
Proposal 3: It is proposed for RAN3 to discuss on above detection mechanism for inter-system mobility failure and have an agreement on it.
2.3 The information needed in UE RLF Report
For all of above scenarios, UE RLF report is necessary for network analysis. Besides the information defined in LTE, some more information is needed as listed below:

1) Beam level measurement report

In LTE, the measurement report only includes cell level measurement result. In NR, beam level measurement is available in UE side. 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. So, it is beneficial for the UE to also upload the beam level measurement results to the network. Then the network may adjust the parameters for the specific beam.
Proposal 4: It is proposed to include the beam level measurement report in UE RLF report.
2) Handover type i.e. inter-system handover or intra-system handover
In section 2.1, four handover types are listed. And the definition of failure events and detection mechanism is different for the different handover types. Also, the mobility optimization policy for intra-system and inter-system could be different. So, the network needs to know the handover type which is related with the failure events. However, currently, from UE RLF Report, the network could only differentiate between inter-rat handover and intra-rat handover based on the cell ID of source node and target node. There is no way for the network to know whether it is intra-system handover or inter-system handover in case UE context is removed in the last serving node. 
Based on above analysis, UE should include the handover type i.e. intra-system handover or inter-system handover in RLF report. Then, the network could make further detection and optimization for different handover type.
Proposal 5: It is proposed to include the handover type i.e. intra-system or inter-system handover in the UE RLF report.
3. Conclusion
Based on the discussion in section 2, we have the following proposals:

Proposal 1: It is proposed for RAN3 to discuss on above detection mechanism for intra-system mobility failure and have an agreement on it.

Proposal 2: It is proposed for RAN3 to discuss the RLF related information transferred between gNB and eNB. If there is agreement on introducing NR RLF report in E-UTRAN UE ULInformationResponse message and introducing E-UTRAN RLF Report in NR ULInformationResponse message, a LS should be sent to RAN2.
Proposal 3: It is proposed for RAN3 to discuss on above detection mechanism for inter-system mobility failure and have an agreement on it.

Proposal 4: It is proposed to include the beam level measurement report in UE RLF report.
Proposal 5: It is proposed to include the handover type i.e. intra-system or inter-system handover in the UE RLF report.
For proposal 1 and proposal 3, it could be discussed and decided in RAN3.However, for proposal 2,4 and 5,further confirmation from RAN2 is needed. If there is agreement in RAN3, a LS to RAN2 is needed. 
Proposal 6: It is proposed to send a LS to RAN2 on the following bullet:

· UE RLF Report should be supported in NR.

· NR UE RLF Report could be included in E-UTRAN RRC message and E-UTRAN RLF report should be included in NR RRC message. 

· 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.
A TP is provided below and a LS is also prepared in R3-191503.
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.
5.3.2  Solution Description
5.3.2.1 Connectino failure
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.
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 by means of the NG-RAN node Direct Information Transfer procedure 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 (i.e. Introducing a new Failure Indication)or NG interface.(i.e.NG-RAN node configuration transfer).
3) UE RLF Report 
To support MRO for NR, UE RLF report should also be supported in NR. Besides the information included in LTE UE RLF Report, the following information should also be included in NR UE RLF Report:

· 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.
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.
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