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1
Introduction

RAN3 received an LS from RAN2 responding to questions regarding the issue of MRO for SN change failure and also raising some new questions. This contribution will discuss this topic which has also been treated during RAN3#113-e meeting, where progress was achieved, and some agreements were made as well as some issues were left for further study. 
2
Discussion
During RAN3#111 meeting it was decided to send an LS to RAN2 on information needed for MRO in SCG Failure Report [1], where the following questions were asked:
RAN3 discussed the solution for the optimization of PScell change failure for MRO in case of MR-DC. RAN3 agreed it is beneficial for the NG-RAN node to receive the list of information as shown below for the purpose of PSCell failure analysis:
1) CGI of the Source PSCell: the source PSCell of the last SN change. The source PSCell could be E-UTRA cell or NR cell. 
2) CGI of the Failed PSCell: the PSCell in which SCG failure is detected or the target PSCell of the failed PScell change. The Failed PSCell could be E-UTRA cell or NR cell.
3) timeSCGFailure: the time elapsed since the last PSCell change initialization until SCG failure.

4) connectionFailureType: radio link failure or SN change failure.
5)    random-access related information set by the PSCell

RAN3 has now received a reply LS from RAN2 [2] with the following response:

RAN2 has the following agreement:

· RAN2 confirms that the 5 information requested by RAN3 LS ‎ R3-211332 ‎ are needed, and how to report them to the network could be further discussed. 
RAN2 is working on detailed signalling to support such report. Furthermore, RAN2 would like to ask RAN3’s confirmation on the necessary scenarios of such report. More specifically, RAN2 kindly requests RAN3 to confirm whether all (and if not which of) the following scenarios need to be supported for MRO in SCG Failure Report:
· NR-DC,
· NE-DC,
· EN-DC, NGEN-DC.
As we know also RAN3 has agreed to define a new message from MN to the initiating SN to forward SCGFailureInformation. And in the previous meeting the following agreements were made.

Proposal: Include the following IEs in the new XnAP message besides SCGFailureInformation
a)
PSCell failure type

b)
Source PSCell CGI, if avaliable in MN
c)
Failed PSCell CGI, if available in MN 

d) 
Suitable PSCell CGI

If the sufficient time has passed between the SN change and the report of SCG failure, the source SN may has released the UE context when it receives SCG Failure Information
In the chairman’s notes the following has been minuted:
Issue 1: FFS how to support Intra-SN PSCell change after MN/SN initiated SN change for pre-R17 UEs.

Issue 2: FFS for the following IEs, and discuss whether the source SN has the UE context when it receives SCG failure information:

Mobility Information

S-NG-RAN node UE X2AP ID

M-NG-RAN node UE XnAP ID

Issue 3: FFS whether to support EN-DC and NR-DC scenarios for SN change failure in Rel-17.

Issue 4: FFS for whether there is ambiguity in SCG failure cases

To be continued...
In the following we would like to look more closely into the SCGFailureInformation and revisit how it works in order to get a deeper understanding of the additions needed.

Currently and as part of RRC specification, the SCGFailureInformation is a mandatory report from the UE logged and sent to the MN right upon SCG failure in DC scenarios. It is obvious that the UE context exists at the MN when the SCGFailureInformation is signalled. It is also plausible to assume that the UE context exists at the SN when the SCGFailureInformation is received because an MN is likely not to remove the SN before the SCGFailureInformation is received. Looking into TS 38.331 we see that currently it is defined as follows:

SCGFailureInformation message

-- ASN1START

-- TAG-SCGFAILUREINFORMATION-START

SCGFailureInformation ::=                   SEQUENCE {

    criticalExtensions                           CHOICE {

        scgFailureInformation                        SCGFailureInformation-IEs,

        criticalExtensionsFuture                    SEQUENCE {}

    }

}

SCGFailureInformation-IEs ::=            SEQUENCE {

    failureReportSCG                         FailureReportSCG                    OPTIONAL,

    nonCriticalExtension                     SCGFailureInformation-v1590-IEs     OPTIONAL
}

SCGFailureInformation-v1590-IEs ::=       SEQUENCE {

    lateNonCriticalExtension                OCTET STRING                        OPTIONAL,
    nonCriticalExtension                    SEQUENCE {}                         OPTIONAL
}

FailureReportSCG ::=                       SEQUENCE {

    failureType                                    ENUMERATED {

                                                               t310-Expiry, randomAccessProblem,

                                                               rlc-MaxNumRetx,

                                                               synchReconfigFailureSCG, scg-ReconfigFailure,

                                                               srb3-IntegrityFailure, other-r16, spare1},

    measResultFreqList                          MeasResultFreqList                                                      OPTIONAL,

    measResultSCG-Failure                      OCTET STRING (CONTAINING MeasResultSCG-Failure)                OPTIONAL,

    ...,

    [[

    locationInfo-r16                            LocationInfo-r16            OPTIONAL,
   failureType-v1610                        ENUMERATED {scg-lbtFailure-r16, beamFailureRecoveryFailure-r16,
                                                        t312-Expiry-r16, bh-RLF-r16, spare4, spare3, spare2, spare1} OPTIONAL
    ]]

}

MeasResultFreqList ::=                   SEQUENCE (SIZE (1..maxFreq)) OF MeasResult2NR

-- TAG-SCGFAILUREINFORMATION-STOP

-- ASN1STOP

Also in 5.7.3.5
Actions related to transmission of SCGFailureInformation message, of the same specification we read:

The UE shall set the contents of the SCGFailureInformation message as follows:

text omitted
1>
else if the UE initiates transmission of the SCGFailureInformation message to provide reconfiguration with sync failure information for an SCG:

2>
set the failureType as synchReconfigFailureSCG;
1>
else if the UE initiates transmission of the SCGFailureInformationNR message to provide random access problem indication from SCG MAC:

2>
if the random access procedure was initiated for beam failure recovery:

3>
set the failureType as randomAccessProblem and set the failureType-v1610 as beamFailureRecoveryFailure;

2>
else:

3>
set the failureType as randomAccessProblem;

Based on the above, when the MN receives a Rel-16 SCGFailureInformation message, it should be able to detect whether the UE declared the SCG failure because the failure has occurred when accessing the target PSCell (target cell failure) or if the PSCell RLF is associated to the source PSCell (source cell failure). In the case of source cell failure, the SCGFailureInformation includes the failureType IE set to “synchReconfigFailureSCG”, while in the case of target cell failure the SCGFailureInformation includes the failureType IE set to “randomAccessProblem”. 
Observation 1: when the MN receives a Rel-16 SCGFailureInformation message, it should be able to detect whether the UE declared the SCG failure as part of a PSCell change procedure associated to the target PSCell (target cell failure) or as a PSCell RLF associated to the source PSCell (source cell failure).

It should be noted that, if the UE managed to perform successful RACH access into the targe PSCell, the RAN nodes (the SN and the MN) will know about it. In case of an inter SN PSCell change, the MN will be informed of the successful change of PSCell change (i.e. successful RACH access into the target PSCell). In case of intra SN PSCell change, the SN knows that the UE successfully entered the target PSCell. Hence, if an SCGFailureInformation is received due to a PSCell RLF that happened shortly after the UE entered the target PSCell, the RAN will know that the failure PSCell is the target PSCell.

Also, we should note that the Failure Cell ID and Previous Cell ID, are stored in the UE context and for that MN and SN know them in the case we describe. 
Furthermore, as the SCGFailureInformation message is sent immediately to the MN, the value of timeSCGFailure is expected to be 0 most of the times if not all of the times. Consequently, timeSCGFailure is not needed either in SCGFailureInformation message.
So, for the case that the SCGFailureInformation is reused, that is the Failure report is sent immediately, then the new parameters Source PSCell, failed PSCell, failure Type and timeSCGFailure, which have been asked for inclusion to RAN2 in the LS in R3-211332 and that are under discussion in RAN3, are not needed.
Observation 2: for the case that the SCGFailureInformation is reused, Source PSCell, failed PSCell, failure Type and timeSCGFailure are not needed.

The above is also raised in RAN2, as it is evident from the email discussion currently taking place [3]. 
As a result, only random access related information is missing for the MRO analysis of the SCG Failure.
Observation 3: for the case that the SCGFailureInformation is reused, only random access related information is missing for the MRO analysis of the SCG Failure.

This brings us to the discussion currently ongoing in RAN2 on whether a separate report needs to be defined to convey SCG failure information.

As we said above also, from the RRC specification we understand that the SCGFailureInformation is reported to the network right upon the SCG link failure. According to the multi connectivity stage-2 TS 37.340, the SCGFailureInformation report is designed for fast reactions by network, and in particular by MN, to decide about DC setup configuration (i.e., to keep, change or release the SN/SCG). This immediate reaction is enabled by analysing the measurement report provided as part of SCGFailureInformation. Note that the measurement report is also provided with the RRC language of both MN and SN. Hence SN is also capable to take immediate actions if need be. 

However, adding information such as random access information (e.g., PerRAInfoList-r16) to the SCGFailureInformation increases the size of this report substantially, and may lead to a more failure prone report, while the SCGFailureInformation report is an urgent and mandatory report to be sent to the network upon failure. Failing in transmission of SCGFailureInformation may be quite relevant in URLLC scenarios, in which the UE’s connectivity may be upgraded to DC to improve the packet delivery reliability via PDCP duplication. Needless to say that, in URLLC scenario, the motivation to setup a DC connection is a high packet error rate experienced by MN. In such scenario, sending a large message may increase the risk of failure on MN leg, due to reaching max RLC retransmission. One natural consequence of MN link failure in transmitting SCGFailureInformation right after an SCG failure is to lose the content of the SCGFailureInformation upon transition to the RRC_IDLE mode.
Based on the above a discussion is currently taking place on whether a new report should be defined for the additional information.

In the case that a new report is defined that can be sent later in time, then the UE context might not be available at the MN/SN. Only if the UE context is not available in MN/SN, then the source and failed PSCells might be useful. Also if the new report can be sent later then the timeSCGFailure will not be known and will need to be included.
Observation 4: Only if the UE context is not available in MN/SN, then the source and failed PSCells might be useful.
Obsrvation 5: if the new report can be sent later then the timeSCGFailure will not be known and will need to be included.

So we see clearly that the information RAN3 has requested from RAN2 would be beneficial if RAN2 decides to report extra SCG failure information in a separate report. At this point the feedback from RAN2 in order to proceed is crucial. We need to know in RAN3 if RAN2 will select the legacy SCGFailureInformation or a new report, because this affects heavily RAN3 agreements. If RAN2 defines a new report, then the requested information in the SCG failure report would be needed and it would be beneficial for RAN3 to define a new Xn message to signal the new report. But if RAN2 chooses to continue with the legacy SCFFailureInformation then a new Xn message is not needed because the current messages could be enhanced, like RRC Transfer or Failure Indication. To that we propose to send an LS to RAN2 asking whether RAN2 will select the legacy SCFFailureInformation or a new report.
Proposal 1: we propose to send an LS to RAN2 asking whether RAN2 will select the legacy SCGFailureInformation or a new report.

Regarding now the second part of the RAN2 LS, namely the scenarios that need to be supported for MRO in SCG Failure Report, we believe it is most useful to focus on improving scenarios where NR is at the SN side, as these would be the most commonly deployed. In light of this target, the scenarios that need to be supported are EN-DC and NR-DC.
Proposal 2: we propose that the scenarios that need to be supported are EN-DC and NR-DC.

3
Conclusion
In this contribution MRO for SN change failure has been discussed, and the following proposals have been made:
Observation 1: when the MN receives a Rel-16 SCGFailureInformation message, it should be able to detect whether the UE declared the SCG failure as part of a PSCell change procedure associated to the target PSCell (target cell failure) or as a PSCell RLF associated to the source PSCell (source cell failure).

Observation 2: for the case that the SCGFailureInformation is reused, Source PSCell, failed PSCell, failure Type and timeSCGFailure are not needed.

Observation 3: for the case that the SCGFailureInformation is reused, only random access related information is missing for the MRO analysis of the SCG Failure.

Observation 4: Only if the UE context is not available in MN/SN, then the source and failed PSCells might be useful.
Obsrvation 5: if the new report can be sent later then the timeSCGFailure will not be known and will need to be included.

Proposal 1: we propose to send an LS to RAN2 asking whether RAN2 will select the legacy SCGFailureInformation or a new report.

Proposal 2: we propose that the scenarios that need to be supported are EN-DC and NR-DC.

LS reflecting the proposals above is provided in R3-215443.
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