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At RAN2#119-e meeting, the following agreements were made [1]:

Agreement:
1	RAN2 to prioritize (at least in the beginning of the discussion) the following scenarios for potential enhancement on existing SON signaling reports, e.g. the RA-Report/RA-Information, the RLF-Report (for RLF and HOF), the SHR.


In addition, RAN3 has agreed on the following LS to RAN2 [2]:

RAN3 discussed the benefits of enhancing the content of RLF report and RA report with new UE measurements to account for the impact of NR-U in MRO.
The following has been agreed:
· RLF Report needs to be enhanced by adding the latest measured RSSI, and an indication that handover failure occurred due to consistent LBT failures
· RA Report needs to be enhanced at least by adding an indication of consistent LBT failures per RA procedure (i.e., indicate when UE performs RA procedure due to consistent LBT failures).

For RAN3 progress, here is a summary of discussion to be continued, for MRO and MLB respectively:
NR-U for MRO
Continue to discuss on:
-          Additional enhancements for RLF optimizations: EDT in UL, LBT configuration parameter, Channel Occupancy UL, waiting time in UL due to LBT
-          Scenarios where exchange of information related to LBT failure over Xn is beneficial (e.g.  RLF report due to LBT failures from target node to source node, indication of LBT failure from target SpCell to source SpCell, waiting time in DL due to LBT)
-          Additional enhancements for RA report: measured RSSI, LBT duration time, indication of LBT failure per RA attempt
Enhancements for SCG Failure information to be continued after additions to RLF report are agreed.
NR-U for MLB
Further discuss whether Energy Detection Threshold UL and Channel Occupancy Time in UL are provided by UE or network, exact IE names, and signaling details.
Addition of COT Percentage of Neighbour Cells in UL is FFS.
In this paper, we focus on RAN2 areas on this topic.
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[bookmark: _Hlk47445522]RAN2 impacts due to the RAN3 LS [2]
In the RAN3 LS  [2], RAN3 kindly asks RAN2 to enable the following:
· addition in RLF report of the latest measured RSSI and an indication that handover failure occurred due to consistent LBT failures
· addition in RA report of at least indications of consistent LBT failures per RA procedure.

According to TS 38.331, for the latest measured RSSI, the existing IE MeaResultsForRSSI-r16 can be used, while the only remaining issue is that the gNB should configure the UE with MeasRSSI-ReportConfig in ReportConfigNR.

***************************************************************
MeasResults ::=                         SEQUENCE {
    measId                                  MeasId,
    measResultServingMOList                 MeasResultServMOList,
    measResultNeighCells                    CHOICE {
        measResultListNR                        MeasResultListNR,
        ...,
        measResultListEUTRA                     MeasResultListEUTRA,
        measResultListUTRA-FDD-r16              MeasResultListUTRA-FDD-r16,
        sl-MeasResultsCandRelay-r17             OCTET STRING        -- Contains PC5 SL-MeasResultListRelay-r17
    }                                                                                                                   OPTIONAL,
    ...,
    [[
    measResultServFreqListEUTRA-SCG         MeasResultServFreqListEUTRA-SCG                                             OPTIONAL,
    measResultServFreqListNR-SCG            MeasResultServFreqListNR-SCG                                                OPTIONAL,
    measResultSFTD-EUTRA                    MeasResultSFTD-EUTRA                                                        OPTIONAL,
    measResultSFTD-NR                       MeasResultCellSFTD-NR                                                       OPTIONAL
     ]],
     [[
    measResultCellListSFTD-NR               MeasResultCellListSFTD-NR                                                   OPTIONAL
    ]],
    [[
    measResultForRSSI-r16                   MeasResultForRSSI-r16                                                       OPTIONAL,
    locationInfo-r16                        LocationInfo-r16                                                            OPTIONAL,
    ul-PDCP-DelayValueResultList-r16        UL-PDCP-DelayValueResultList-r16                                            OPTIONAL,
    measResultsSL-r16                       MeasResultsSL-r16                                                           OPTIONAL,
    measResultCLI-r16                       MeasResultCLI-r16                                                           OPTIONAL
    ]],
    [[
    measResultRxTxTimeDiff-r17              MeasResultRxTxTimeDiff-r17                                                  OPTIONAL,
    sl-MeasResultServingRelay-r17           OCTET STRING                                                                OPTIONAL,
                                                                                          -- Contains PC5 SL-MeasResultRelay-r17
    ul-PDCP-ExcessDelayResultList-r17       UL-PDCP-ExcessDelayResultList-r17                                           OPTIONAL,
    coarseLocationInfo-r17                  OCTET STRING                                                                OPTIONAL
    ]]
}


MeasResultForRSSI-r16 ::=        SEQUENCE {
    rssi-Result-r16                  RSSI-Range-r16,
    channelOccupancy-r16             INTEGER (0..100)
}

measResultForRSSI
Includes measured RSSI result in dBm (see TS 38.215 [9]) and channelOccupancy which is the percentage of samples when the RSSI was above the configured channelOccupancyThreshold for the associated reportConfig.
***************************************************************


As for the consistent LBT failure, the existing failure cause in RLF report can be re-used.

***************************************************************
1>	else if the UE declares radio link failure due to consistent uplink LBT failures:
2>	set the rlf-Cause as lbtFailure;

RLF-Report-r16 ::=                   CHOICE {
    nr-RLF-Report-r16                    SEQUENCE {
        measResultLastServCell-r16           MeasResultRLFNR-r16,
        measResultNeighCells-r16             SEQUENCE {
            measResultListNR-r16                 MeasResultList2NR-r16       OPTIONAL,
            measResultListEUTRA-r16              MeasResultList2EUTRA-r16    OPTIONAL
        }                                                OPTIONAL,
        c-RNTI-r16                           RNTI-Value,
        previousPCellId-r16                  CHOICE {
            nrPreviousCell-r16                   CGI-Info-Logging-r16,
            eutraPreviousCell-r16                CGI-InfoEUTRALogging
        }                                                                    OPTIONAL,
        failedPCellId-r16                    CHOICE {
            nrFailedPCellId-r16                  CHOICE {
                cellGlobalId-r16                     CGI-Info-Logging-r16,
                pci-arfcn-r16                        PCI-ARFCN-NR-r16
            },
            eutraFailedPCellId-r16           CHOICE {
                cellGlobalId-r16                 CGI-InfoEUTRALogging,
                pci-arfcn-r16                    PCI-ARFCN-EUTRA-r16
            }
        },
        reconnectCellId-r16                  CHOICE {
            nrReconnectCellId-r16                CGI-Info-Logging-r16,
            eutraReconnectCellId-r16             CGI-InfoEUTRALogging
        }                                                                                        OPTIONAL,
        timeUntilReconnection-r16            TimeUntilReconnection-r16                           OPTIONAL,
        reestablishmentCellId-r16            CGI-Info-Logging-r16                                OPTIONAL,
        timeConnFailure-r16                  INTEGER (0..1023)                                   OPTIONAL,
        timeSinceFailure-r16                 TimeSinceFailure-r16,
        connectionFailureType-r16            ENUMERATED {rlf, hof},
        rlf-Cause-r16                        ENUMERATED {t310-Expiry, randomAccessProblem, rlc-MaxNumRetx,
                                                         beamFailureRecoveryFailure, lbtFailure-r16,
                                                         bh-rlfRecoveryFailure, t312-expiry-r17, spare1},
        locationInfo-r16                     LocationInfo-r16                                    OPTIONAL,
***************************************************************

As discussed above, the current RAN2 specifications already functionally support the request to RLF report from RAN3’s LS and there are no else extra measurement enhancements.

Proposal 1: RAN2 to consider reuse measResultForRSSI to enhance RLF report.

[bookmark: _Hlk114911370][bookmark: _Hlk114911344]For addition in RA report of at least indications of consistent LBT failures per RA procedure. It is noted that the UE only report an RA report upon successfully performing random-access procedure initialized with 4-step or 2-step RA type, or upon failed or successfully completed on-demand system information acquisition procedure in RRC_IDLE or RRC_INACTIVE state, as quoted as follow.
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Upon successfully performing random-access procedure initialized with 4-step or 2-step RA type, or upon failed or successfully completed on-demand system information acquisition procedure in RRC_IDLE or RRC_INACTIVE state, the UE shall:
1>	if the RPLMN or the PLMN selected by upper layers (see TS24.501 [23]) from the PLMN(s) included in the plmn-IdentityList in SIB1 is not included in plmn-IdentityList stored in a non-empty VarRA-Report:
2>	clear the information included in VarRA-Report;
1>	if the number of RA-Report entries stored in the ra-ReportList in VarRA-Report is less than maxRAReport:
2>	if the number of PLMN entries in plmn-IdentityList stored in VarRA-Report is less than maxPLMN; or
2>	if the number of PLMN entries in plmn-IdentityList stored in VarRA-Report is equal to maxPLMN and the list of EPLMNs is subset of or equal to the plmn-IdentityList stored in VarRA-Report:
3>	append the following contents associated to the successfully completed random-access procedure or the failed or successfully completed on-demand system information acquisition procedure as a new entry in the VarRA-Report:
4>	if the list of EPLMNs has been stored by the UE:
5>	set the plmn-IdentityList to include the list of EPLMNs stored by the UE (i.e. includes the RPLMN) without exceeding the limit of maxPLMN;
4>	else:
5>	set the plmn-Identity, in plmn-IdentityList, to the PLMN selected by upper layers (see TS 24.501 [23]) from the PLMN(s) included in the plmn-IdentityInfoList in SIB1;
4>	set the cellId to the global cell identity and the tracking area code, if available, otherwise to the physical cell identity and carrier frequency of the cell in which the corresponding random-access preamble was transmitted;
4>	if the corresponding random-access procedure was performed on an SCell of MCG:
5>	set the spCellId to the global cell identity of the PCell;
4>	if the corresponding random-access procedure was performed on an SCell of SCG:
5>	set the spCellId to the global cell identity of the PSCell;
4>	set the raPurpose to include the purpose of triggering the random-access procedure;
4>	set the ra-InformationCommon as specified in clause 5.7.10.5.
The UE may discard the random access report information, i.e. release the UE variable VarRA-Report, 48 hours after the last successful random access procedure or the failed or successfully completed on-demand system information acquisition procedure related information is added to the VarRA-Report.
NOTE 1:	The UE does not log the RA information in the RA report if the triggering event of the random access is consistent UL LBT on SpCell as specified in TS 38.321 [6].



[bookmark: _Hlk114911765]Consistent LBT failure can cause failed on-demand system information acquisition and then UE produces an RA report, e.g. the UE fails to send SI acquisition due to consistent LBT failure. Besides, in our understanding, the enhancements request for RA report in LS from RAN3 also refers to the RA-InformationCommon included in other reports, which include RLF report, SCG failure report, CEF report, and SHR. Therefore, RAN2 should introduce common enhancements for RA report, to make it also apply for multiple other reports.

[bookmark: _Hlk114911833]After the RRC connection is setup, the UE will receive RRCReconfiguration from SpCell, where the IE lbt-FailureRecoveryConfig is used to define the RACH procedures in a list of dedicated NR-U UL BWPs. According to TS 38.321, when the UE performs RACH procedures in a dedicated UL BWP of a NR-U SpCell, the consistent LBT failures may be triggered if a number larger than lbt-FailureInstanceMaxCount of LBT failures are detected in UL within a time configured by lbt-FailureDetectionTimer. Once a consistent LBT failure is triggered in a UL BWP, the UE shall turn to another BWP and continue the attempt for UL transmission. 

As observed above, there are two scenarios when the UE performs RACH procedures:
Scenario 1:
The UE has performed RACH procedures in a number of UL BWPs and finally find one to successfully access. In this case, the UE shall only record RACH related measurements of the final successfully accessed BWPs.

Scenario 2:
The UE attempts in all UL BWPs and all triggered consistent LBT failures, the UE will claim an RLF where the RLF cause will be set as lbtFailure. Since the RLF is claimed after the channel occupancy in the last dedicated BWP, the UE shall also record RACH related measurements of this BWP.

However, the RACH information of the previously tried BWPs is also significant for network optimization. For example, to avoid RLF and long access latency, the UE should be arranged with BWPs in light load from other systems. Therefore, the current information record mechanism for RACH procedures should be enhanced in NR-U system. 
Observation 1: The current information record mechanism for RACH procedures are not sufficient for NR-U system.

[bookmark: _Hlk114911902]In our opinion, the first enhancement should be the extension of RA-InformationCommon, from only containing measurements of one BWP to a list of dedicated BWPs those UE ever performed RACH procedures. Besides, to describe the load among a BWP, the following extra parameters should be contained in RA information.
1) The average sensing time. This metric represents the average time from when the UE starts to sense the channel for sending RACH message, to the time the UE successfully accesses or consistent LBT failures are triggered. Obviously, a longer average sensing time indicates the heavier load of the specific BWP and the minor access rate.
2) The ratio of idle contention windows. As specified in TS 37.213, when sensing the unlicensed channel during a contention window, if the detected power for at least 4μs within the sensing slot duration is less than EDT, the channel will be regarded as idle during the sensing slot duration. A high ratio of idle contention windows reveals the channel is able to be access with less latency.
3) Average measured RSSI and EDT. The EDT in the UE is either configured by the gNB or calculated by the UE itself. A minor gap between measured RSSI and EDT means the unlicensed channel is potentially not able to be accessed via future LBT.
4) The number of consistent LBT failures and BWP specific lbt-FailureRecoveryConfig. These parameters help the network side to evaluate the channel load and influence from LBT failures during RACH procedures.

Proposal 2: Change the record area of RA-InformationCommon from the last BWP to a list of BWPs those UE ever performed RACH procedures.
Proposal 3: For RA-InformationCommon enhancements, the entire sensing, the ratio of idle contention windows, the average measured RSSI and EDT, the number of consistent LBT failures and BWP specific lbt-FailureRecoveryConfig could be considered.

MRO reports enhancement with NR-U
Besides the enhancement requests from LS of RAN3, RAN 2 should consider other potential enhancements for MRO reports with NR-U. In this sub-clause, we provide our opinions about the detail MRO enhancements.

For RLF report, as discussed in clause 2.1, by enhancing the included RA-InformationCommon, the RLF report can record more useful information during RACH procedures. On the other hand, for UEs already in RRC connected state, the MAC layer may also trigger consistent LBT failures, due to the data transmission from either CP or UP. Therefore, in similar to the enhancements of included enhanced RA-InformationCommon, the RLF report should contain more information specific to LBT procedures. The following parameters will be helpful.
1) The average sensing time. This metric represents the average time from when the UE starts to sense the channel for transmission purpose, to the time the UE successfully occupies the channel or consistent LBT failures are triggered. A longer average sensing time indicates the heavier load of the specific transmission channel and the minor occupancy rate.
2) The ratio of idle contention windows. As specified in TS 37.213, when sensing the unlicensed channel during a contention window, if the detected power for at least 4μs within the sensing slot duration is less than EDT, the channel will be regarded as idle during the sensing slot duration. A high ratio of idle contention windows reveals the channel is able to be occupied with less latency.
3) Average measured RSSI and EDT. The EDT in the UE is either configured by the gNB or calculated by the UE itself. A minor gap between measured RSSI and EDT means the unlicensed channel is potentially not able to be occupied via future LBT and the following transmission may suffer from high NACK rate.
4) The number of consistent LBT failures and BWP specific lbt-FailureRecoveryConfig. These parameters help the network side to evaluate the channel load and influence from LBT failures during data transmission.

For SHR, the above-mentioned parameters may be considered. Moreover, the network side needs to configure the UE with related SHR triggering threshold for some parameters, which may lead to some enhancements to SHR configuration.

Proposal 4: RAN2 to discuss the need of collecting measurements for RLF and SHR reports, e.g. the entire sensing, the ratio of idle contention windows, the average measured RSSI and EDT, the number of consistent LBT failures and BWP specific lbt-FailureRecoveryConfig.
Conclusion
In this contribution, we give a response to RAN3 LS and provide our opinions for NR-U enhancements based on RAN 2 aspects.
Observation 1: The current information record mechanism for RACH procedures are not sufficient for NR-U system.

Proposal 1: RAN2 to consider reuse measResultForRSSI to enhance RLF report.
Proposal 2: Change the record area of RA-InformationCommon from the last BWP to a list of BWPs those UE ever performed RACH procedures.
Proposal 3: For RA-InformationCommon enhancements, the entire sensing, the ratio of idle contention windows, the average measured RSSI and EDT, the number of consistent LBT failures and BWP specific lbt-FailureRecoveryConfig could be considered.
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