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1   Introduction
In RAN 84 meeting, it was agree on the new WID on SON/MDT support for NR [1]. The main objectives of the work item include:

· Support of SON features, including MRO (intra and inter-system), MLB (intra-system), and RACH optimization.  [RAN3, RAN2] 
· Specification of the UE reporting necessary to enhance the network configuration [RAN2]. 

· Specification of the inter-node information exchange, including possible enhancements to S1/NG, X2/Xn, and F1/E1 interfaces [RAN3] 
In TR 37.816 [2], it has agree the following conclusion:
RAN3 has studied the mobility optimization function and has converged to the solution principles and description outlined above. RAN3 has concluded its study on mobility optimization and determined that the mobility optimization feature can be moved to normative phase. The details of the solution parts involving UE behaviour remain pending to RAN2 analysis. 
The SN change failure optimization in case of EN-DC and MR-DC is concluded to be specified in the normative phase of this function.
In this contribution, we mainly analysis the inter-node information exchange for MRO.
2   Discussion
2.1   Connection failure due to mobility
2.1.1   Intra-system mobility

As described in TR 37.816[2], the detection mechanism only described the connection failure. This detection mechanism can be used only when RLF report is used. 

In Rel15 NR, there is no UE RLF report. Hence a similar mechanism as in LTE (based on re-establishment attempt) is beneficial to also provide information regarding failures form rel15 NR UEs.
Therefore, we should also support the detection mechanism when RLF report is not available. That is, the detection of the failure events should be enabled by the RLF Indication and Handover Report procedures.

Proposal 1: It is proposed that we should support the case where RLF is not available (Rel15 NR UEs).  

As described in TR 37.816 [2], during connection failure due to intra-system mobility and connection failure due to inter-system mobility, the Xn interface and NG interface impact is described as following:
For intra-system mobility, the Xn interface impact is described in TR 37.816[2] as following:
· 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.

Therefore, it is proposed to introduce RLF INDICATION message to transfer UE RLF report and introduce HANDOVER REPORT message to transfer the failure events between NG-RAN nodes via Xn interface.

Proposal 2: It is proposed to introduce RLF INDICATION message and HANDOVER REPORT message from NG-RAN node1 to NG-RAN node2 via Xn interface to detect the connection failure events.

In LTE, the ShortMAC-I IE is included in the RLF INDICATION message in order to resolve a potential PCI confusion situation. This PCI confusion scenarios still occurs in NR, therefore, ShortMAC-I IE is necessary included in NR RLF INDICATION message.  
In addition, the RRC Conn Setup Indicator IE is included in the RLF INDICATION message in LTE, which indicates that the RLF Report is retrieved after an RRC connection setup or an incoming successful handover. If the RRC Conn Setup Indicator IE is present in the RLF INDICATION message, the eNB shall ignore the values in the Failure cell PCI IE, Re-establishment cell ECGI IE, C-RNTI IE and ShortMAC-I IE. This structure seems more complicated. In NR, it can be simplified as follows:
The RLF INDICATION message from NG-RAN nodeB to NG-RAN nodeA via Xn interface should include the following information for RRC reestablishment case:

-
Failure Cell ID: PCI of the cell in which the UE was connected prior to the failure occurred;

-
Reestablishment Cell ID: CGI of the cell where 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: the RLF Report received from the UE, the detailed RLF report is depend on RAN2;
The RLF INDICATION message from NG-RAN nodeB to NG-RAN nodeA via Xn interface should include the following information for RRC setup case:
-
UE RLF Report Container: the RLF Report received from the UE, the detailed RLF report is depend on RAN2;

Proposal 3: It is proposed that RLF indication message include failure cell ID, reestablishment cell ID, C-RNTI, shortMAC-I, UR RLF report container for RRC reestablishment case, and include UR RLF report container for RRC setup case.
In LTE, the Mobility Information IE is included in the HANDOVER REPORT message in order to identify the mobility parameter configuration if the Mobility Information IE was sent for this handover from source eNB. So the Mobility Information IE should be included in HANDOVER REPORT message as optional IE in NR.
As a result, we propose that the HANDOVER REPORT message from NG-RAN nodeB to NG-RAN nodeA via Xn interface should include the following information:

-
Type of detected handover problem (Too Early/Late Handover, Handover to Wrong Cell);

-
CGI of source and target cells in the handover;

-
CGI 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.

Proposal 4: It is proposed that Handover report message include handover problem type, CGI of source and target cell, re-establishment cell ID, handover cause, C-RNTI, mobility information and UE RLF report.

In addition, in NR, the HANDOVER REQUEST message does not contain the Mobility Information IE. Therefore, similar as LTE, the Mobility Information IE should be provided in HANDOVER REQUEST message in order to enable later analysis of the conditions that led to a wrong HO.

Proposal 5: It is proposed that the mobility information of source gNB should be included in HANDOVER REQUEST message.
The NG interface impact is described in TR 37.816[2] as following:
· 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.
In currently NR specification TS 38.413[3], SON information IE in SON configuration Transfer IE contains the SON functionality configuration information and used to transfer SON related information, UE RLF report may be used as SON information, therefore, we think it is more reasonable that UE RLF report transfer could be use the procedure by sending UPLINK RAN CONFIGURATION TRANSFER and DOWNLINK RAN CONFIGURATION TRANSFER message between NG-RAN node and AMF over NG.
Proposal 6: It is proposed that UE RLF report transfer could be carried in SON information IE  and use the procedure by sending UPLINK RAN CONFIGURATION TRANSFER and DOWNLINK RAN CONFIGURATION TRANSFER message between NG-RAN node and AMF over NG in case the UE re-connects to a cell that has no Xn interface with the last serving NG-RAN node.
In addition, current TR 37.816[2] does not consider HO report transfer in case the UE re-connects to a cell that has no Xn interface with the last serving NG-RAN node. Similarly, the HO report could also be transferred in NG interface via configuration transfer procedure, that is, HO report transfer could be carried in SON information IE and use the procedure by sending UPLINK RAN CONFIGURATION TRANSFER and DOWNLINK RAN CONFIGURATION TRANSFER message between NG-RAN node and AMF over NG. 
Proposal 7: It is proposed that HO report transfer could be carried in SON information IE  and use the procedure by sending UPLINK RAN CONFIGURATION TRANSFER and DOWNLINK RAN CONFIGURATION TRANSFER message between NG-RAN node and AMF over NG in case in case the UE re-connects to a cell that has no Xn interface with the last serving NG-RAN node.
In addition, as describe in 37.816[2], in order to support MRO between gNB and ng-eNB, UE RLF Report could be provided via different RAT. The simplest method is that the RLF report could be able to be included in the RRC message of another RAT as a container. That is, NR UE RLF Report could be included in E-UTRAN RRC message as a container and E-UTRAN RLF report should be included in NR RRC message as a container. In this way, the base station receiving the RLF report can forwards the container to the RAT where the RLF occurs.
This may put some requirement on the RAN node (to understand RLF report from other RAT). But proposal could be to wait for RAN2 to conclude on structure.
Proposal 8: It is proposed to rely on RAN2 to further conclude on structure of the RLF report.

2.1.2   Inter-system mobility

For inter-system mobility, the NG and Xn interface impact is described in TR 37.816[2] as following:
· 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.
The first bullet is mainly to inform the E-UTRAN node of the HO report after NG-RAN node receiving the RLF INDICATION, since it is an inter-system interaction. In currently NR specification, EN-DC SON Configuration Transfer IE is included in UPLINK RAN CONFIGURATION TRANSFER and DOWNLINK RAN CONFIGURATION TRANSFER message between NG-RAN node and AMF, and AMF will transparently transfer it from AMF to towards an MME serving the eNB. Therefore, similarly, it is proposed to introduce inter-system SON Configuration Transfer IE including HO report by sending UPLINK RAN CONFIGURATION TRANSFER message between NG-RAN node and AMF to tranfer HO report and by sending MME CONFIGURATION TRANSFER message from MME to eNB to inform the E-UTRAN node. 
Correspondingly, in order to inform the NG-RAN node of the HO report in case of inter-system handover from E-UTRAN to NR, it is propose to introduce inter-system SON Configuration Transfer IE including HO report by sending eNB CONFIGURATION TRANSFER message from eNB node to MME to tranfer HO report, and by seding  DOWNLINK RAN CONFIGURATION TRANSFER message from AMF to NG-RAN node to inform the NG-RAN node in case of detect the connection failure events in case of inter-system mobility.
The second bullet is mainly to inform the NG-RAN node that served the UE before the connection of the UE RLF report. Similarly, if UE re-connects to a cell that has no Xn interface with the last serving NG-RAN node, the transmission mode is similar to that of UE RLF report in intra-system, that is, UE RLF report could be carried in inter-system SON Configuration Transfer IE and use the RAN CONFIGUIRATION TRANSFER procedure to forward. Else, UE RLF report could be transfer using RLF INDICATION procedure over Xn interface.

As a result, we propose that:

· Too late 5GC-EPC: UE RLF report could be able to be included in inter-system SON Configuration Transfer IE transferring from EPC to 5GC.
· Too early EPC-5GC: UE RLF report could be able to be included in inter-system SON Configuration Transfer IE transferring from EPC to 5GC, and HO report could be able to be included in inter-system SON Configuration Transfer IE transferring from 5GC to EPC.
Proposal 9: It is proposed to introduce inter-system SON Configuration Transfer IE including HO report and RLF information by sending UPLINK RAN CONFIGURATION TRANSFER message and MME CONFIGURATION TRANSFER message.

Proposal 10: It is proposed to introduce inter-system SON Configuration Transfer IE including HO report and RLF information by sending eNB CONFIGURATION TRANSFER message and  DOWNLINK RAN CONFIGURATION TRANSFER message.

2.2   Inter-system HO ping-pong
For inter-system HO pingpong, the Xn interfece impact is described in TR 37.816[2] as following: 

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

Therefore, we propose to use HANDOVER REPORT message from NG-RAN node1 to NG-RAN node2 via Xn and NG interface to indicate the inter-system HO pingpong events.

Proposal 11: It is proposed to use HANDOVER REPORT message from NG-RAN node1 to NG-RAN node2 via Xn interface to indicate the inter-system HO pingpong events. This should also be supported between NG-RAN nodes over NG interface.
2.3   SN change failure in case of EN-DC, NGEN-DC, NE-DC and NR-DC
Based on the current definition in TR 37.816, the detection mechanisms are discussed. But the current text on detection mechanism is a bit misleading since it is states it is enabled by the RLF Indication and HO Report procedures.
Too late SN change

In case of SCG failure that occurs before the SCG change command message is sent, when the MN determines that it is a too late SN change, 
· If the SN change is MN triggered, the MN need to optimize the parameter setting of the triggering condition to avoid future the failures. 

· Else if the SN change is SN triggered, the MN should send SCG change report message indicating too late SN change event to source SN. So as that the parameter setting of the triggering condition for the SN trigger change can be optimized to avoid future the failures.
In case of SCG failure that occurs before the SN change procedure is triggered, who triggers the SN change process is unknown. Therefore, in this case, the parameter setting of the triggering condition can be optimized by MN or SN. That is, the MN could performs root cause analysis after receive the SCG failure report from UE and identify that SN change too late occurs i.e. the UE reported timer is absent or larger than the configured threshold, e.g. Tstore_UE_cntxt, and then MN can be optimized the parameter setting of the triggering condition for the MN triggered SN change. Optionally, MN send SCG change report to S-SN indicating that SN change too late occurs, finally the parameter setting of the triggering condition for the SN triggered SN change can be optimized by S-SN to avoid future the failures.

Proposal 12: it is proposed that the detection mechanisms for too late SN change is as following:

-
[Too Late SN change]
After MN receive SCG failure information, MN may then use this information to determine whether the failure occurred in the source SCG cell, and the MN determines that there is another suitable SCG cell.
Too early SN change

Which node is responsible for root cause analysis is an important question that need to be discussed in this case.

Case 1: SCG failure that occurs during the SN change procedure
In this case, since after SN random access procedure, S-SN may release UE context, the S-SN may fail to be detected the problem even if the SCG failure information is received. Therefore, MN make root cause is more appropriate. Therefore, we propose that MN could performs root cause analysis after receive the SCG failure report from UE and identify that SN change too early occurs i.e. the UE reported timer is smaller than the configured threshold, e.g. Tstore_UE_cntxt, and then send SCG change report to inform S-SN to optimize the parameter setting of the triggering condition for the SN triggered SN change.
Case 2: SCG failure occurs shortly after a successful SN change from a source SN to a target SN
In this case, the SN has been successfully changed before the SCG failure occurs, the UE context still exists in the T-SN for a period of time. Since the MN also has the context of the UE and the SCG failure report of the UE, the root cause analysis could be performed in MN. Therefore, it is recommended that the MN can identify the mobility problem and send the SCG change report indicating too early SN change event to the S-SN to optimize the parameter setting of the triggering condition for the SN triggered SN change.
Proposal 13: it is proposed that the detection mechanisms for too early SN change is as following:

-
[Too Early SN change]
If the target Scell belongs to an SN NG-RAN nodeB different from the SN NG-RAN nodeA that controls the source Scell, the MN may send a SCG failure information indicating a Too Early SN change event to SN NG-RAN nodeA upon MN receives an SCG failure information from UE and when MN determines that the UE is better served by the source SN NG–RAN node. 
To wrong SN change

For change to wrong SN failure, since the MN will decide whether to continue the DC, or select a new SN to access the network, or select the old SN for access after MN receive the SCG failure information. So that, the determination of too early SN change and change to wrong SN can be determined by the MN. Similar as too early SN change detection scenario, MN should also to make root cause analysis and send send SCG change report to inform S-SN to wrong SN change event to optimize the parameter setting of the triggering condition for the SN triggered SN change.
Proposal 14: it is proposed that the detection mechanisms for to wrong SN change is as following:

·   [To Wrong SN change]
If the target Scell belongs to an SN NG-RAN nodeB different from the SN NG-RAN nodeA that controls the source Scell, the MN may send a SCG failure information indicating a To Wrong SN change event to SN NG-RAN nodeA upon MN receives an SCG failure information from UE and when MN determines that the UE is better served by another node than the source and target SN NG–RAN node.

Proposal 15: it is proposed that SCG change report message should be introduced from MN to SN in order to indicate a too early /too late/to wrong SN change event.
The SN change report to enable the source SN to identify the UE and the failed cell information, 
As a result, we propose that the SN CHANGE REPORT message from MN NG-RAN nodeA to SN NG-RAN nodeB via Xn interface should include the following information:
-
Type of detected SN change problem (Too Early/Late SN change, SN change to Wrong Cell);

-
CGI of source and target cells in the SN change;

-
CGI of the failure cell;

-
C-RNTI allocated for the UE in the source cell (if available);

-
UE SCG failure Report (optionally): the SCG failure Report received from the UE.
Proposal 16: it is proposed that SN CHANGE REPORT message should include SN change problem type, CGI of source and target cell, CGI of failure cell, C-RNTI, and UE SCG failure report.
2.4   Successful HO Report
Generally, the time interval between the triggered measurement report and the end of the handover execution is approximately 100 ms. For low speed UE this corresponds to a very small distance and we would not expect a large change in radio conditions over this period unless the radio shadowing and scattering environment is particularly challenging. Therefore, the current UE measurements in case of handover trigger should work for identifying the radio link failures due to early handovers for UE of low speed. However, for high speed UE, such as in high speed trains, differences are expected. Additionally, the current measurements does not provide information on the radio conditions immediately after the handover.

In this way, successful handover report should be able to include every successful handover between two cells of the following information for the handover parameter optimization:
· The UE related measurements at the handover trigger 

· The UE related measurements at the end of handover execution

· The UE related measurements shortly after handover execution (first few seconds)
As a result, it is proposed that UE should record UE successful handover report during the handover trigger, measurement at the end of handover execution or measurement after handover execution. The detailed successful handover report needs to be left to the RAN2 for discussion.
Proposal 17: It is proposed that UE should record UE Successful Handover Report during the handover trigger, measurement at the end of handover execution or measurement after handover execution. The detailed successful handover report needs to be left to the RAN2 for discussion.
In addition, the target NG-RAN node should forward the Successful Handover Report to the source NR-RAN node after receiving the report from the UE to indicate failures experienced e.g. RACH attempt failure so as to optimize the mobility parameters during a successful handover event. Therefore, we proposed to add Successful Handover information in UE CONTEXT RELEASE message. 
Proposal 18: It is proposed that Successful Handover information should be transfer by sending UE CONTEXT RELEASE message from Target NG-RAN node to Source NG-RAN node via Xn interface.
3   Conclusion
In this contribution, the detailed inter-node information of MRO is discussed and get the following proposals:
Proposal 1: It is proposed to capture the detection mechanism when RLF report is not available into TS 38.300.

Proposal 2: It is proposed to introduce RLF INDICATION message and HANDOVER REPORT message from NG-RAN node1 to NG-RAN node2 via Xn interface to detect the connection failure events.

Proposal 3: It is proposed that RLF indication message include failure cell ID, reestablishment cell ID, C-RNTI, shortMAC-I, UR RLF report container for RRC reestablishment case, and include UR RLF report container for RRC setup case.
Proposal 4: It is proposed that Handover report message include handover problem type, CGI of source and target cell, re-establishment cell ID, handover cause, C-RNTI, mobility information and UE RLF report.

Proposal 5: It is proposed that the mobility information of source gNB should be included in HANDOVER REQUEST message.

Proposal 6: It is proposed that UE RLF report transfer could be carried in SON information IE  and use the procedure by sending UPLINK RAN CONFIGURATION TRANSFER and DOWNLINK RAN CONFIGURATION TRANSFER message between NG-RAN node and AMF over NG in case the UE re-connects to a cell that has no Xn interface with the last serving NG-RAN node.
Proposal 7: It is proposed that HO report transfer could be carried in SON information IE  and use the procedure by sending UPLINK RAN CONFIGURATION TRANSFER and DOWNLINK RAN CONFIGURATION TRANSFER message between NG-RAN node and AMF over NG in case in case the UE re-connects to a cell that has no Xn interface with the last serving NG-RAN node.
Proposal 8: It is proposed to rely on RAN2 to further conclude on structure.

Proposal 9: It is proposed to introduce inter-system SON Configuration Transfer IE including HO report and RLF information by sending UPLINK RAN CONFIGURATION TRANSFER message and MME CONFIGURATION TRANSFER message.

Proposal 10: It is proposed to introduce inter-system SON Configuration Transfer IE including HO report and RLF information by sending eNB CONFIGURATION TRANSFER message and  DOWNLINK RAN CONFIGURATION TRANSFER message.

Proposal 11: It is proposed to use HANDOVER REPORT message from NG-RAN node1 to NG-RAN node2 via Xn interface to indicate the inter-system HO pingpong events. This should also be supported between NG-RAN nodes over NG interface.
Proposal 12: it is proposed that the detection mechanisms for too late SN change is as following:

-
[Too Late SN change]
After MN receive SCG failure information, MN may then use this information to determine whether the failure occurred in the source SCG cell, and the MN determines that there is another suitable SCG cell.

Proposal 13: it is proposed that the detection mechanisms for too early SN change is as following:

-
[Too Early SN change]
If the target Scell belongs to an SN NG-RAN nodeB different from the SN NG-RAN nodeA that controls the source Scell, the MN may send a SCG failure information indicating a Too Early SN change event to SN NG-RAN nodeA upon MN receives an SCG failure information from UE and when MN determines that the UE is better served by the source SN NG–RAN node. 
Proposal 14: it is proposed that the detection mechanisms for to wrong SN change is as following:

·   [To Wrong SN change]
If the target Scell belongs to an SN NG-RAN nodeB different from the SN NG-RAN nodeA that controls the source Scell, the MN may send a SCG failure information indicating a To Wrong SN change event to SN NG-RAN nodeA upon MN receives an SCG failure information from UE and when MN determines that the UE is better served by another node than the source and target SN NG–RAN node.

Proposal 15: it is proposed that SCG change report message should be introduced from MN to SN in order to indicate a too early /too late/to wrong SN change event.

Proposal 16: it is proposed that SN CHANGE REPORT message should include SN change problem type, CGI of source and target cell, CGI of failure cell, C-RNTI, and UE SCG failure report.

Proposal 17: It is proposed that UE should record UE Successful Handover Report during the handover trigger, measurement at the end of handover execution or measurement after handover execution. The detailed successful handover report needs to be left to the RAN2 for discussion.
Proposal 18: It is proposed that Successful Handover information should be transfer by sending UE CONTEXT RELEASE message from Target NG-RAN node to Source NG-RAN node via Xn interface to indicate failures experienced.
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