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1. Introduction
MRO was discussed during RAN3#105 with the following agreements:
· MRO mechanism shall support Rel-15 UEs
· Introduce failure indication message and HO report in Xn (message names can be revised offline)
· mobility information of source gNB should be included in HANDOVER REQUEST message
· UL and DL RAN configuration transfer mechanism is used to exchange MRO information between LTE and NR (i.e. in NG and S1) 
In this contribution, we will discuss some additional MRO features.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion

2.1 Inter-system HO ping-pong
For inter-system HO ping-pong, the Xn interface impact is described in TR 37.816[1] 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 ping-pong events.
[bookmark: _Toc18481103][bookmark: _Toc20489789][bookmark: _Toc20489846][bookmark: _Toc20489947][bookmark: _Toc21009879]It is proposed to use HANDOVER REPORT via Xn interface to indicate the inter-system HO ping-pong events.
During inter-system ping pong, there is a risk that the NG-RAN node where the UE returns does not have an Xn connection to the source NG-RAN node. Enabling the possibility to exchange this over NG would be relatively easy from specification point of view 
[bookmark: _Toc18481104][bookmark: _Toc20489790][bookmark: _Toc20489847][bookmark: _Toc20489948][bookmark: _Toc21009880]It is proposed to use HANDOVER REPORT via NG interface to indicate the inter-system HO ping-pong events.
In LTE, the handover report message for ping-pong indication contains the following information:
-	Type of detected handover problem (InterRAT ping-pong);
-	ECGI of the source cell in the handover from E-UTRAN to UTRAN;
-	ECGI of the target in the handover from UTRAN to E-UTRAN;
-	Cell Identifier of the target UTRAN cell in the first inter-RAT handover;
-	Cause of the first handover (signalled by the source during handover preparation).
In our understanding, this information above are the baseline of ping-pong indication for the handover from NR to LTE but when used in NG-RAN scope the information needed should be revised to:

-	Type of detected handover problem (InterSystem ping-pong)
-	NG-RAN CGI of the source cell in the handover from NG-RAN to E-UTRAN
-	NG-RAN CGI of the target in the handover from E-UTRAN to NG-RAN
-	ECGI of the target E-UTRAN cell in the first inter-system handover
-	Cause of the first handover (signalled by the source during handover preparation)
[bookmark: _Toc20489791][bookmark: _Toc20489848][bookmark: _Toc20489949][bookmark: _Toc21009881]The HANDOVER REPORT message for inter system ping pong  includes similar information as in inter RAT ping-pong in LTE (but with e.g. NR-CGI information) 
In our understanding, the inter-system ping-pong case also includes the handover from E-UTRAN with EPC to NG-RAN with 5GC and then handover back to E-UTRAN with EPC. But TS36.300 only capture inter-RAT ping-pong that occur in the handover from E-UTRAN to UTRAN. 
[bookmark: _Toc20489792][bookmark: _Toc20489849][bookmark: _Toc20489950][bookmark: _Toc21009882]It is proposed to capture the inter-system HO ping-pong that occur in the handover from E-UTRAN to NR in TS 36.300.
In Rel15, the RAN3&2 has supported the handover between eLTE and LTE. In our understanding, RAN3 also need to include the intra-RAT inter-system handover ping-pong.
[bookmark: _Toc20489793][bookmark: _Toc20489850][bookmark: _Toc20489951][bookmark: _Toc21009883]It is proposed to capture the intra-RAT inter-system HO ping-pong that occur in the handover between ng-eNB and eNB in TS 36.300 and TS 36.423.

2.2 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 SN changed-related failures can be categorized as follows:
-	Failures due to too late SN change triggering: an SCG failure occurs after the UE has stayed for a long period of time in the cell of the SN; the MN makes decisions for UE, making UE to establish the radio link connection in a different SN.
-	Failures due to too early SN change triggering: an SCG failure occurs shortly after a successful SN change from a source SN to a target SN or a SN change failure occurs during the SN change procedure; the MN makes decisions for UE, making UE to re-establish the radio link connection in the source SN.
-	Failures due to change to wrong SN triggering: an SCG failure occurs shortly after a successful SN change from a source SN to a target SN or a SN change failure occurs during the SN change procedure; the MN makes decisions for UE, making UE to establish the radio link connection in a SN other than the source SN or target SN.
The first question is how the network to detect the failure type. In non MR-DC, if the network detects the failure type based on the information in the RRCReestablishment message, it need consider the time of sending the UE context release message when detecting the Too Early Handover or Handover to Wrong Cell. If the network detects the failure type based on the RLF report from UE, it need consider the UE reported timer in the RLF report. In the last meeting, RAN3 has agreed that the MRO mechanism shall support Rel-15 UEs. In our understanding, this agreement includes the SN change failure use case. For Rel-15 UEs, the SCG failure information from UE will not include the timer like the UE reported timer. Therefore the detection mechanism should depend on the time of sending the UE context release message for the failures due to too early SN change triggering and due to change to wrong SN triggering.
[bookmark: _Toc20489794][bookmark: _Toc20489851][bookmark: _Toc20489952][bookmark: _Toc21009884]Confirm that  SN change failure optimization shall support R15 UEs
In Rel-15, both MN and SN can triggered the SN change(i.e. both MN and SN can set the mobility parameter to trigger the 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. If the SN change is SN triggered, the SN need to optimize the parameter setting of the triggering condition to avoid future the failures.
Based on the current definition in TR 37.816, the detection mechanisms are discussed. The current text on detection mechanism states it is enabled by the RLF Indication and HO Report procedures. The situation for DC is however a bit different since 
· If the SN change is triggered by MN, the MN has all information reported from the UE and the parameter setting of the triggering condition is performed by MN
· If the SN change is triggered by SN, the MN has all information reported from the UE and is control of the context during the failure, and we normally define separate messages for DC operation
Therefore, if the SN change is triggered by MN, the MN can decide the failure type and adjust the parameters setting. If the SN change is triggered by the SN, one alternative is to decide the failure type in the MN and inform the SN, together with additional info (e.g.UE report). The resulting solution would require a single new “SCG report” message sent from MN to SN. The benefit is that we leave more responsibility to the MN which has better understating of the UEs global situation and also reduce the signalling back and forth. Note that if we follow the normal procedure, for the failures due to too early SN change and for the failures due to change to wrong SN triggering, we would either need to signal MN->SN1->MN->SN2 (4 messages) or MN->SN1->SN2 (3 messages + Xn between SN1 and SN2).
[bookmark: _Toc20489795][bookmark: _Toc20489852][bookmark: _Toc20489953][bookmark: _Toc21009885]If the SN change is triggered by MN, the MN decides the failure type and adjust the parameter.
[bookmark: _Toc18481105][bookmark: _Toc20489796][bookmark: _Toc20489853][bookmark: _Toc20489954][bookmark: _Toc21009886]If the SN change is triggered by SN, the MN decides the failure type and sends a single new “SCG change report” message from MN to SN over X2. Then the SN adjusts the parameter.
In the following, we will discuss the details of the detection mechanisms.
Too late SN change
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. there is no recent handover for the UE prior to the SCG failure and the MN determines that there is another suitable SN according to measurement results in the SCG failure report, 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.
[bookmark: _Toc20489797][bookmark: _Toc20489854][bookmark: _Toc20489955][bookmark: _Toc21009887]It is proposed to add the detection mechanisms for too late SN change:
-	There is no recent SN change for the UE prior to the SCG failure, and the MN determines that there is another suitable SN. The MN may send the “SCG change report” message to the source SN.
Too early SN change
In this case, the MN knows whether the SN change is triggered by the MN or the SN, and also knows which node is the source SN and which node is target SN. The MN determines whether the source SN is better according to the measurement results in the SCG failure information and compares the time of sending the UE context release message to the source SN with one configured threshold. If the source SN is better and the MN has sent the UE CONTEXT RELEASE message to the source SN related to the completion of an incoming SN change for the same UE within the last Tstore_UE_cntxt seconds, then the MN can determines it is too early SN change. 
If the SN change is triggered by the SN, the MN can send the “SCG change report” message to the source SN. Then the SN can adjust the parameters.
[bookmark: _Toc20489798][bookmark: _Toc20489855][bookmark: _Toc20489956][bookmark: _Toc21009888] It is proposed to add the detection mechanisms for too early SN change:
-	The target SN is different from the source SN, and the MN determines the UE will be still served by the source SN and the MN has sent the UE context release message to the source SN related to the completion of an incoming SN change for the same UE within the last Tstore_UE_cntxt seconds. If the SN change is triggered by the SN, the MN sends the “SCG change report” message to the source SN.
To wrong SN change
In this case, the MN determines the third SN is better according to the measurement results in the SCG failure information. If the MN has sent the UE CONTEXT RELEASE message to the source SN related to the completion of an incoming SN change for the same UE within the last Tstore_UE_cntxt seconds, then the MN can determines it is to wrong SN change. If the SN change is triggered by the SN, the MN can send the “SCG change report” message to the source SN. Then the SN can adjust the parameters.
[bookmark: _Toc20489799][bookmark: _Toc20489856][bookmark: _Toc20489957][bookmark: _Toc21009889]It is proposed to add the detection mechanisms for to wrong SN change :
-	The MN determines the UE will be served by one SN which is different from the source SN and the target SN and the MN has sent the UE context release message to the source SN related to the completion of an incoming SN change for the same UE within the last Tstore_UE_cntxt seconds. If the SN change is triggered by the SN, the MN sends the “SCG change report” message to the source SN.
One important part for deciding on failure type is the threshold (i.e. the Tstore_UE_cntxt) for deciding whether the UE has stayed long enough time in the cell for this to be considered a too early/wrong cell. For the SN change triggered by the MN, the MN can decide the threshold. But for the SN change triggered by the SN, we see the following possible solutions for this:
· Apply the same timer as configured in MN
· Use OAM to inform MN about the timer to be used for SN
· Signal the timer value from SN to MN in non-UE associated signalling (e.g. in Xn setup message)
For this, we believe the OAM solution is sufficient, but are also open for introducing the signalling (if required)
[bookmark: _Toc20489801][bookmark: _Toc20489858][bookmark: _Toc20489959][bookmark: _Toc21009891][bookmark: _Toc18481106]It is proposed to discuss whether the signalling of the timer value from SN to MN is required, e.g. in Xn setup message.
According to the above discussion. If the SN change is triggered by the SN, the MN send the SCG change report message to the source SN and then the SN analysis the problem and adjusts the parameters. 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 SCG failure information, which may be forwarded to the source SN in the SCG change report message. In order to retrieve relevant information collected at the network side as part of the UE context, the MN provides UE ID. But in MR-DC, the MN does not know the C-RNTI of UE in the source SN. Therefore we think the MN can use the SN UE X2AP ID as a reference to the UE context in the source SN. The MN includes the SN UE X2AP ID used in the source SN before the failure and the failure type in the SCG change report message..
[bookmark: _Toc20489802][bookmark: _Toc20489859][bookmark: _Toc20489960][bookmark: _Toc21009892]The SCG change report message includes failure type (i.e. too late SN change, or too early SN change or to wrong SN) and the SN UE X2AP ID used in the source SN..

2.3 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.
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. 
We see different possibilities for this:
· Use UE context release: the benefit of this is the relatively small impact on the spec (new IE). But it may delay the sending of UE context release message. According to the TS38.300, the target NG-RAN sends a Path switch request message to AMF after receiving the RRCReconfigurationComplete message from UE and sends the UE Context release upon reception of the path witch request acknowledge message from the AMF. Therefore in our understanding, in most cases, the target NG-RAN can receiving the report from UE before receiving the path witch request acknowledge message from the AMF.
· Use the failure indication message: also requires a single message but requires that the failure information is allowed to be sent also in successful handover case (May need to revisit the name)
· Use the Handover Report message
· Use a new procedure
[bookmark: _Toc18481107][bookmark: _Toc20489803][bookmark: _Toc20489860][bookmark: _Toc20489961][bookmark: _Toc21009893]Discuss how to send the successful HO report from target to source over Xn interface.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]4. Conclusion
In this contribution, we discussed some additional MRO features and have some proposals. The detailed proposals are:
Proposal 1:	It is proposed to use HANDOVER REPORT via Xn interface to indicate the inter-system HO ping-pong events.
Proposal 2:	It is proposed to use HANDOVER REPORT via NG interface to indicate the inter-system HO ping-pong events.
Proposal 3:	The HANDOVER REPORT message for inter system ping pong  includes similar information as in inter RAT ping-pong in LTE (but with e.g. NR-CGI information)
Proposal 4:	It is proposed to capture the inter-system HO ping-pong that occur in the handover from E-UTRAN to NR in TS 36.300.
Proposal 5:	It is proposed to capture the intra-RAT inter-system HO ping-pong that occur in the handover between ng-eNB and eNB in TS 36.300 and TS 36.423.
Proposal 6:	Confirm that  SN change failure optimization shall support R15 UEs
Proposal 7:	If the SN change is triggered by MN, the MN decides the failure type and adjust the parameter.
Proposal 8:	If the SN change is triggered by SN, the MN decides the failure type and sends a single new “SCG change report” message from MN to SN over X2. Then the SN adjusts the parameter.
Proposal 9:	It is proposed to add the detection mechanisms for too late SN change:
Proposal 10:	It is proposed to add the detection mechanisms for too early SN change:
Proposal 11:	It is proposed to add the detection mechanisms for to wrong SN change :
Proposal 12:	It is proposed to discuss whether the signalling of the timer value from SN to MN is required, e.g. in Xn setup message.
Proposal 13:	The SCG change report message includes failure type (i.e. too late SN change, or too early SN change or to wrong SN) and the SN UE X2AP ID used in the source SN..
Proposal 14:	Discuss how to send the successful HO report from target to source over Xn interface.
[bookmark: _Toc423020280]
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15.X.2	Support for Mobility Robustness Optimization
Editor’s note: This section captures the stage 2 descriptions for Mobility Robustness Optimization
Editor’s note:All message names in this section are FFS.
15.X.2.1	General
Editor’s note: the content of this section is FFS.
Mobility Robustness Optimisation aims at detecting and enabling correction of following problems:
-	Connection failure due to intra-system or inter-system mobility;
-	Inter-system Unnecessary HO (too early inter-system HO with no radio link failure);
-	Inter-system HO ping-pong.
15.X.2.2	Connection failure due to intra-system mobility
Editor’s note: the content of this section is FFS.
One of the functions of Mobility Robustness Optimization is to detect connection failures that occur due to Too Early or Too Late Handovers, or Handover to Wrong Cell. These problems are defined as follows:
- [Intra-system Too Late Handover] An RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection in a different cell.
- [Intra-system Too Early Handover] An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell.
- [Intra-system Handover to Wrong Cell] An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
In the definition above, the "successful handover" refers to the UE state, namely the successful completion of the RA procedure.
In addition, MRO provides means to distinguish the above problems from NR coverage related problems and other problems, not related to mobility.
Detection mechanism:
The detailed detection mechanisms for too late handover, too early handover and handover to wrong cell are carried out through the following in the NG-RAN node that served the UE before the reported connection failure:
-	[Intra-system Too Late Handover]
There is no recent handover for the UE prior to the connection failure e.g. the UE reported timer is absent or larger than the configured threshold (e.g. Tstore_UE_cntxt) 
-	[Intra-system Too Early Handover]
There is a recent handover for the UE prior to the connection failure e.g. the UE reported timer is smaller than the configured threshold (e.g. Tstore_UE_cntxt), and the first re-establishment attempt cell/the cell UE attempts to re-connect is the cell that served the UE at the last handover initialisation.
-	[Intra-system Handover to Wrong Cell]
There is a recent handover for the UE prior to the connection failure e.g. the UE reported timer is smaller than the configured threshold (e.g. Tstore_UE_cntxt), and the first re-establishment attempt cell/the cell UE attempts to re-connect is neither the cell that served the UE at the last handover initialisation nor the cell that served the UE where the RLF happened or the cell that the handover was initialized toward.
The detection of the above events, when involving more than one NG-RAN node, is enabled by the Failure Indication and Handover Report procedures.
15.X.2.3	Connection failure due to inter-system mobility
Editor’s note: the content of this section is FFS.
One of the functions of Mobility Robustness Optimization is to detect connection failures that occurred due to Too Early or Too Late inter-system handovers. The UE makes the RLF Report available to the NG-RAN node after re-establishment attempt or after reconnecting from idle mode. These problems are defined as follows:
- [Inter-system/ Too Late Handover] An RLF occurs after the UE has stayed in a cell belong to NG-RAN node which connects with 5GC for a long period of time; the UE attempts to re-connect to an E-UTRAN cell which connects with EPC.
- [Inter-system/ Too Early Handover] An RLF occurs shortly after a successful handover from a E-UTRAN cell which connects with EPC to a target cell in a NG-RAN node which connects with 5GC; the UE attempts to re-connect to the source cell or to another E-UTRAN cell which connects with EPC.
The UE makes the RLF Report available to a NG-RAN node, when RLF happens in 5GS and the UE re-connects to a NG-RAN node. Availability of the RLF Report at the RRC connection setup or at a handover to NG-RAN node is the indication that the UE suffered a connection failure and that the RLF Report from this failure was not yet delivered to the network.
The NG-RAN node receiving the RLF Report from the UE may forward the report to the NG-RAN node that served the UE before the reported connection failure using the FAILURE INDICATION message over Xn or by means of the uplink RAN configuration transfer procedure and downlink RAN configuration transfer over NG. If present in the RLF Report, the radio measurements may be used to identify lack of coverage as the potential cause of the failure. 
Detection mechanism:
Detection mechanisms for Too Late Inter-system Handover and Too Early Inter-system Handover are carried out through the following:
-	[Too Late Inter-system Handover]
The connection failure occurs while being connected to a NG-RAN node, and there is no recent handover for the UE prior to the connection failure i.e., the UE reported timer is absent or larger than the configured threshold, e.g., Tstore_UE_cntxt, and the first node where the UE attempts to re-connect is a E-UTRAN node which connects with EPC.
-	[Too Early Inter-system Handover]
The connection failure occurs while being connected to a NG-RAN node, and there is a recent inter-system handover for the UE prior to the connection failure i.e., the UE reported timer is smaller than the configured threshold, e.g., Tstore_UE_cntxt, and the first cell where the UE attempts to re-connect and the node that served the UE at the last handover initialisation are both E-UTRAN node which connects with EPC.
The "UE reported timer" above indicates the time elapsed since the last handover initialisation until connection failure.In case the failure is a Too Early Inter-system Handover, the NG-RAN node receiving the FAILURE INDICATION message may inform the E-UTRAN node which connects with EPC by means of RAN Configuration Transfer procedure over NG.
15.X.2.x1	Inter-system HO ping-pong
A UE is handed over from a cell in a source system (e.g. NG-RAN) to a cell in a target system different from the source system (e.g. E-UTRAN), then within a predefined limited time the UE is handed over back to a cell in the source system, while the coverage of the source system 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-system handover is different than the target NG-RAN node of the 2nd inter-system handover, the target NG-RAN node may use the HANDOVER REPORT message on Xn or NG interface to indicate the occurrence of potential ping-pong cases to the source NG-RAN node.
15.X.2.x2    SN change failure in case of EN-DC, NGEN-DC, NE-DC and NR-DC
SN change-related failures can be categorized as follows:
-	Failures due to too late SN change triggering: an SCG failure occurs after the UE has stayed for a long period of time in the cell of the SN; the MN makes decisions for UE, making UE to establish the radio link connection in a different SN.
-	Failures due to too early SN change triggering: an SCG failure occurs shortly after a successful SN change from a source SN to a target SN or a SN change failure occurs during the SN change procedure; the MN makes decisions for UE, making UE to re-establish the radio link connection in the source SN.
-	Failures due to change to wrong SN triggering: an SCG failure occurs shortly after a successful SN change from a source SN to a target SN or a SN change failure occurs during the SN change procedure; the MN makes decisions for UE, making UE to establish the radio link connection in a SN other than the source SN or target SN.
The detection mechanisms for too late SN change, too early SN change and SN change to wrong cell are carried out through the following:
-	[Too Late SN change]
There is no recent SN change for the UE prior to the SCG failure, and the MN determines that there is another suitable SN. The MN may send the “SCG change report” message to the source SN.
-	[Too Early SN change]
There is a recent SN change for the UE prior to the SCG failure. The target SN is different from the source SN, and the MN determines the UE will be still served by the source SN and the MN has sent the UE context release message to the source SN related to the completion of an incoming SN change for the same UE within the last Tstore_UE_cntxt seconds. If the SN change is triggered by the SN, the MN sends the “SCG change report” message to the source SN.
-	[To Wrong SN change]
There is a recent SN change for the UE prior to the SCG failure. The MN determines the UE will be served by one SN which is different from the source SN and the target SN and the MN has sent the UE context release message to the source SN related to the completion of an incoming SN change for the same UE within the last Tstore_UE_cntxt seconds. If the SN change is triggered by the SN, the MN sends the “SCG change report” message to the source SN
15.X.2.x3    Successful HO Report
Successful handover report 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)
The target NG-RAN node should forward the Successful Handover Report to the source NR-RAN node via UE CONTEXT RELEASE message after receiving the report from the UE to indicate failures experienced so as to optimize the mobility parameters during a successful handover event.    


3GPP
