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1	Introduction
In RAN#88e a new WID on enhancement of data collection for SON/MDT in NR was approved [1]. In the following, we will discuss the objectives of the WID related to SON aspects. In particular, we will outline the scope and the requirements that RAN2 should address in Rel.17 when it comes to SON features.
[bookmark: _Ref178064866]2	Discussion
The new Rel.17 WID on enhancement of data collection for SON/MDT [1] contains various objectives that calls for enhancements to the existing SON framework. Specifically, the following was captured in the new WID:
· Support of data collection for SON features, including CCO, inter-system inter-RAT energy saving, inter-system load balancing, 2-step RACH optimization, mobility enhancement optimization, and leftovers of Rel-16 SON/MDT WI (PCI selection, energy efficiency (OAM requirements), Successful Handovers Reports, UE history information in EN-DC, load balancing enhancement, MRO for SN change failure, RACH Optimisation enhancements) [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]

Besides the above main objectives, the WID also mentions the following topic to be treated with lower priority:
Depending on the progress of the work, the following objective may be discussed in the later part of the WI:
· NR-U related SON/MDT optimization which aims to reuse e.g. the existing NR-U measurements [RAN3, RAN2]
In this paper, we focus on the following topics:
· Mobility History Information Reporting
· RACH Optimization
· Enhancements to SCG related MRO
· Possible NR-U impacts
2.1 Mobility History Information Related 
During RAN2#115 meeting, the following agreements were made.
SN Related MHI Information:
2	RAN2 to confirm that the PSCell transition is part of MHI.
3	PSCell MHI is reported only to PCell.
4	UEInformationResponse message is used to convey the PSCell MHI to the MN.
5	Take Option 1 ‎(PSCell MHI nested within the PCell MHI) as baseline.
In the email discussion [5], 4/11 companies have expressed some concerns regarding the size of the MHI if the PSCell MHI is nested within PCell MHI. One of the concerns expressed by companies is that the size would be 16*16 i.e., 16 PCell related MHI information and for each of the PCell there would be 16 PSCell related MHI. This is not necessary in our understanding. One could have restrictions on the total number of PSCells to be included. For example, the UE stores only up to 16 latest PSCells but encodes them in a nested structure. In such a method, the UE stores only 16 PCell MHI and 16 PSCell MHI in total. When the UE is configured with a 17th PSCell then the UE replaces the oldest stored PSCell entry is removed just the way the UE performs the PCell MHI maintenance. 
[bookmark: _Toc85713194]The UE stores only up to 16 latest PSCells and upon getting configured with 17th PSCell, the UE removes the oldest stored PSCell entry and stores the newly configured PSCell entry.
Further enhancements of current MHI report was also discussed and all companies agreed that at least PSCell ID (CGI or PCI+frequency) and time UE stayed in each PSCell to be added into PSCell MHI. While this is important, it is not sufficient in our view. 
[image: ]
[bookmark: _Ref68096213]Figure 1: Timeline of a UE switching between DC and non-DC connectivity

Consider a scenario where UE switches between DC and stand-alone configuration for the same PCell; such a timeline is shown in Figure 1. Here, the total time for the UE in a given PCell is T. However, it has some period where no PSCell is configured (Tw1,Tw2,Tw3) and some period with PSCells (Ts1,Ts2,Ts3). If UE only includes the times it stayed in PSCells (Ts1,Ts2,Ts3)in its MHI report, it is unclear to network when it didn’t have any DC connectivity. However, this information is important in network as it provides some indication regarding coverage, as well as potential ping-pong between the PSCells.
[bookmark: _Ref74729296][bookmark: _Toc85713195]UE includes the times without PSCell in the MHI report.
In addition, information on the deployment characteristics of the cell will give an indication of the size of the cell and can further help the understanding of the UE mobility patterns. One example could be the carrier frequency of the cell which today is only included in the mobility history information when the Physical Cell ID is reported and not the globally unique ID. However, even when knowing the globally unique ID of the cell, it is hard to know the coverage area of that cell, which is more correlated with the carrier frequency of the cell. In this respect, the MHI is more informative when including Physical Cell ID and carrier frequency, than when including globally unique ID.
[bookmark: _Ref85713145][bookmark: _Toc85713196]RAN2 to consider always including PCI and carrier frequency of the cell in the mobility history information (MHI).
ASN.1 capturing Proposal 2 and Proposal 3 is given below. -- ASN1START
-- TAG-VISITEDCELLINFOLIST-START

VisitedCellInfoList-r16 ::= SEQUENCE (SIZE (1..maxCellHistory-r16)) OF VisitedCellInfo-r16

VisitedCellInfo-r16 ::=  SEQUENCE {
    visitedCellId-r16        CHOICE {
        nr-CellId-r16            CHOICE {
            cgi-Info                 CGI-Info-Logging-r16,
            pci-arfcn-r16            SEQUENCE {
                physCellId-r16           PhysCellId,
                carrierFreq-r16          ARFCN-ValueNR
            }
        },
        eutra-CellId-r16         CHOICE {
            cellGlobalId-r16         CGI-InfoEUTRA,
            pci-arfcn-r16                SEQUENCE {
                physCellId-r16               EUTRA-PhysCellId,
                carrierFreq-r16              ARFCN-ValueEUTRA
            }
        }
    }                                        OPTIONAL,
    timeSpent-r16            INTEGER (0..4095),
    ...,
	[[ visitedPSCellInfoList-r17		 VisitedPSCellInfoList-r17	OPTIONAL
	]]
	

}

VisitedPSCellInfoList-r17 ::= SEQUENCE (SIZE (1..maxPSCellHistory-r17)) OF VisitedPSCellInfo-r17
VisitedPSCellInfo-r17 ::=  SEQUENCE {
    visitedCellId-r17        CHOICE {
        nr-CellId-r17            SEQUENCE {
                physCellId-r17           PhysCellId,
                carrierFreq-r17          ARFCN-ValueNR
            },
        eutra-CellId-r17         SEQUENCE {
                physCellId-r17               EUTRA-PhysCellId,
                carrierFreq-r17              ARFCN-ValueEUTRA
            }
    } 							OPTIONAL,
    timeSpent-r17            INTEGER (0..4095),
    ...
}

-- TAG-VISITEDCELLINFOLIST-STOP
-- ASN1STOP


In addition to introducing PSCell MHI in NR release -17, in our view also the LTE specification should be enhanced to include PSCell MHI. Additionally, according to 36.331, UEs only include E-UTRAN related PCell information in the MHI report, and the time spent outside E-UTRAN. As a consequence, the UE will not include the list of NR visited cells in the LTE MHI, so that it will not be possible for an LTE cell to retrieve the list of NR visited cells, and also to distinguish whether during the time spent outside EUTRA, the UE had coverage issues or it was simply visiting NR cells. 
[bookmark: _Toc85713184]Current TS36.331 does not allow the UE to report the list of NR visited cell. Therefore, it will not be possible for the network to retrieve from the LTE MHI, the NR visited cell and hence also to determine whether during the time spent outside E-UTRA the UE was out-of-coverage or visiting NR cells.
[bookmark: _Hlk70941315]Given the above observation, it is proposed to enhance the MHI in TS 36.331 so that it includes the list of visited NR PCells and PSCells. This would be imply aligning the MHI structure of TS 38.331 and TS 36.331.
[bookmark: _Toc85713197] Include the list of visited NR PCells and PSCells in the VisitedCellInfoList of TS 36.331 i.e., RAN2 to align the MHI of TS 38.331 and TS 36.331.
2.2 	RACH Optimization
2.2.1	SCG related RA report
During RAN2#115 meeting, the following agreements were made.
RA Report to the SN:
1 	UE reports the SN RACH report to the MN, and then MN sends the SN RACH report to SN.

Based on this agreement, (at least) the following scenarios are supported:
1) a UE in EN-DC will be able to report SN related NR RA report to the EUTRA node
2) a UE in NR-DC will be able to report SN related NR RA report to the NR MN node

UE
NR MN
NR SN
EUTRA MN
RA procedure
Store first RA report entry in NR varRAReport
RA procedure
Store second RA report entry in NR varRAReport
NR to EUTRA MN handover
Store RA report entry in EUTRA varRAReport
RA procedure
Store third RA report entry in NR varRAReport
RA report request

Consider a UE that is currently configured with NR-DC. The UE stores the RA reports associated to both MN and the SN in the same UE variable (varRAReport) as per the offline discussion comments in RAN2#115 meeting. Now, the UE gets configured with EN-DC. The SN related RA report variable already has both MN related RA procedures and SN related RA procedures and the UE continue to append the current SN related RA procedure reports into the same list. Now if the MN (EUTRA) requests for the RA report from the UE, then the UE sends the contents of the varRAReport which includes both MN related RA and SN procedures related RA procedures. 
Thus, we believe that the correct way to capture the above agreement is that the UE can report the LTE RA report to an NR node and NR RA report to an LTE node instead of UE can report a SN RA report to an MN node.
[bookmark: _Ref85713160][bookmark: _Toc85713198]Revise the previous agreement to state that a UE can report a LTE RA report to an NR node and NR RA report to an LTE node instead of UE can report a SN RA report to an MN node.
Currently, the UE informs its capability regarding storing and reporting the RAReport to the respective RAT i.e., the UE indicates to an NR node that it is capable of reporting NR RAReport and the UE indicates to an EUTRA node that is capable of reporting EUTRA RA Report. However, with the above changes a EUTRA node needs to know whether the UE is capable of reporting a NR RA report to UTRA and vice-versa.
[bookmark: _Ref85713162][bookmark: _Toc85713199]Introduce a capability bit in NR to indicate the UE’s capability of reporting a EUTRA RA report to NR node.
[bookmark: _Toc85713200]Introduce a capability bit in EUTRA to indicate the UE’s capability of reporting a NR RA report to EUTRA node.
2.2.2	SCell related RA report in Rel-16
The WID mentions also other “RACH optimization” as possible Rel.16 leftover. In [4], including the PCell in the RA report in case RA occurred in an SCell was discussed, but eventually this was not agreed in RAN2#113bis-e:
	From RAN2#113bis-e
Proposal 12: The following RACH optimization can be further considered:
a): UE also includes the PCell in the RA report in case the RA occurred in an SCell.



This seems an important feature given that today the UE can include the SCell in which RA occurred, but not the associated PCell, so that it will be difficult for the gNB receiving the RA-Report to identify the gNB to which the RA-Report should be transmitted. Consequently, we propose that the PCell is also included in the RA-Report in which the RA occurred in an SCell. Hence, the MN, where the RA-Report should be transmitted to, can be easily identified by the SN. 
[bookmark: _Toc85713201]The UE includes the PCell in the RA report in case the RA occurred in an SCell.

2.4 	Enhancements to SCG Failure related reporting
During RAN2#115 meeting, the following agreements were made.

Report and Content of SCG Failure Information:
6 	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.


These five information are:
1) connectionFailureType
2) timeSCGFailure
3) failedPSCell
4) previousPSCell
5) RA-Information associated to the failed RA procedure

However, we should carefully review the necessity of these fields depending on which RRC message carries these fields. The SCGFailureInformation is transmitted by the UE immediately after declaring failure on the SCG. Thus, it is fair to assume that the UE context is still available at both MN as well as the SN.
[bookmark: _Toc85713185]At the time of sending the SCGFailureInformation, the network (both the MN and the SN) has the UE context.
Further, upon receiving the SCGFailureInformation, the MN forwards part of the contents of this message to the SN.

CG-ConfigInfo-IEs ::=           SEQUENCE {
    ue-CapabilityInfo               OCTET STRING (CONTAINING UE-CapabilityRAT-ContainerList)          OPTIONAL,-- Cond SN-AddMod
    candidateCellInfoListMN         MeasResultList2NR          OPTIONAL,
    candidateCellInfoListSN         OCTET STRING (CONTAINING MeasResultList2NR)   OPTIONAL,
    measResultCellListSFTD-NR       MeasResultCellListSFTD-NR                     OPTIONAL,
    scgFailureInfo                  SEQUENCE {
        failureType                     ENUMERATED { t310-Expiry, randomAccessProblem,
                                                     rlc-MaxNumRetx, synchReconfigFailure-SCG,
                                                     scg-reconfigFailure,
                                                     srb3-IntegrityFailure},
        measResultSCG                   OCTET STRING (CONTAINING MeasResultSCG-Failure)
    }    OPTIONAL,
    configRestrictInfo              ConfigRestrictInfoSCG       OPTIONAL,
    drx-InfoMCG                     DRX-Info                    OPTIONAL,
    measConfigMN                    MeasConfigMN                OPTIONAL,
    sourceConfigSCG                 OCTET STRING (CONTAINING RRCReconfiguration)  OPTIONAL,
    scg-RB-Config                   OCTET STRING (CONTAINING RadioBearerConfig)   OPTIONAL,
    mcg-RB-Config                   OCTET STRING (CONTAINING RadioBearerConfig)   OPTIONAL,
    mrdc-AssistanceInfo             MRDC-AssistanceInfo                           OPTIONAL,
    nonCriticalExtension            CG-ConfigInfo-v1540-IEs                       OPTIONAL
}


[bookmark: _Toc85713186]Upon receiving the SCGFailureInformation, MN forwards some of the contents (measResultSCG and failureType) of the SCGFailureInformation to the SN.

If the existing SCGFailureInformation is used to carry the additional fields agreed in the previous meeting, then none of the first four fields are needed at all. The reasoning is the following.

1) If the failureType in SCGFailureInformation message is set to synchReconfigFailureSCG then the connectionFailureType is HOF, otherwise connectionFailureType is RLF. Therefore, connectionFailureType is not required in SCGFailureInformation. As per the procedural text in TS 38.331, the UE sets the failureType to synchReconfigFailureSCG only when the UE initiated the transmission of SCGFailureInformation to indicate the failed reconfiguration with sync for an SCG. 
1>	else if the UE initiates transmission of the SCGFailureInformationNR message to provide reconfiguration with sync failure information for an SCG:
2>	set the failureType as synchReconfigFailureSCG;



[bookmark: _Toc85713187]If the failureType in SCGFailureInformation message is set to synchReconfigFailureSCG then the connectionFailureType is HOF, otherwise connectionFailureType is RLF.
[bookmark: _Toc85713202]connectionFailureType field is not included in SCGFailureInformation message when the SCGFailureInformation is sent immediately after the SCG failure.

2) As per the procedural text, the UE initiates the transmission of SCGFailureInformation message immediately after declaring SCG failure. As the SCGFailureInformation message is sent immediately to the MN, the value of timeSCGFailure is expected to be 0 when the cause for SCG failure is HOF i.e., when failureType in SCGFailureInformation message is set to synchReconfigFailureSCG. 

5.7.3.2	Initiation
A UE initiates the procedure to report SCG failures when neither MCG nor SCG transmission is suspended and when one of the following conditions is met:
1>	upon detecting radio link failure for the SCG, in accordance with subclause 5.3.10.3;
1>	upon reconfiguration with sync failure of the SCG, in accordance with subclause 5.3.5.8.3;
1>	upon SCG configuration failure, in accordance with subclause 5.3.5.8.2;
1>	upon integrity check failure indication from SCG lower layers concerning SRB3.
Upon initiating the procedure, the UE shall:
1>	suspend SCG transmission for all SRBs, DRBs and, if any, BH RLC channels;
1>	reset SCG MAC;
1>	stop T304 for the SCG, if running;
1>	stop conditional reconfiguration evaluation for CPC, if configured;
1>	if the UE is in (NG)EN-DC:
2>	initiate transmission of the SCGFailureInformationNR message as specified in TS 36.331 [10], clause 5.6.13a.
1>	else:
2>	initiate transmission of the SCGFailureInformation message in accordance with 5.7.3.5.

When the UE sets the failureType in SCGFailureInformation message is set to a value other than the synchReconfigFailureSCG, then the MN/SN is aware of how long before the previous SN/PSCell change was performed. Unlike RLF report, the SCGFailureInformation is a mandatory message and the UE has to send it to MN and then MN has to forward it to SN. As the UE context is still available in MN/SN, it is fair to assume that the network should be able to figure out time since the last PSCell change/SN change.

Therefore, timeSCGFailure is also not required in SCGFailureInformation message. 
 
[bookmark: _Toc85713188]As the SCGFailureInformation message is sent immediately to the MN, the value of timeSCGFailure is expected to be ZERO when failureType in SCGFailureInformation message is set to synchReconfigFailureSCG.
[bookmark: _Toc85713189]When failureType in SCGFailureInformation message is set to a value other than  synchReconfigFailureSCG, then the network can use its available context information to know how long time has expired since the last successful PSCell change or SN change.
[bookmark: _Toc85713203]timeSCGFailure field is not included in SCGFailureInformation message when the SCGFailureInformation is sent immediately after the SCG failure.

3) If the failureType in SCGFailureInformation message is set to synchReconfigFailureSCG then this is a HOF and as the SCGFailureInformation is sent to the MN immediately and as the UE context is still present in the network side (both at MN and SN), the network should be able to figure out that the failed PSCell is the target cell of the PSCell change procedure and also the previous PSCell that sent the PSCell change command to the UE. Thus including failedPSCell and previousPSCell is not required in the SCGFailureInformation message when failureType in SCGFailureInformation message is set to synchReconfigFailureSCG.

[bookmark: _Toc85713204]failedPSCell field is not included in SCGFailureInformation message when the SCGFailureInformation is sent immediately after the SCG failure.


4) If the failureType in SCGFailureInformation message is set to a value other than synchReconfigFailureSCG then this is a RLF on SCG and as the SCGFailureInformation is sent to the MN immediately and as the UE context is still present in the network side (both at MN and SN), the network should be able to figure out that the failed PSCell is the current PSCell. Thus including failedPSCell and previousPSCell is not required in the SCGFailureInformation message when failureType in SCGFailureInformation message is set to a value other than synchReconfigFailureSCG.

[bookmark: _Toc85713205]previousPSCell field is not included in SCGFailureInformation message when the SCGFailureInformation is sent immediately after the SCG failure.

This leaves us with RA related information when the SCG failure is declared due to random access procedure related issues (e.g., HOF, BFR etc.). It is worth noting that the Rel-17 RAReport already contains both successful and failed RA procedure (in case of failed on-demand SI procedure) related information.
[bookmark: _Toc85713190]It is already agreed in RAN2#115 meeting that the Rel-17 RA report contains failed on-demand SI procedure related RA information.
It is also agreed in RAN2#115 meeting that the SN related RA report is sent to the MN and then MN can forward this RA report to a SN.
[bookmark: _Toc85713191]It is already agreed in RAN2#115 meeting that the Rel-17 SN RA report is reported to MN and MN forwards it to SN.
Thus, including the RA information related to a failed RA procedure associated to a SN in the RA report should not be problematic at all. By doing so, we ensure that the size of the mandatory message like SCGFailureInformation is untouched and network can still get the RA information from the UE if it wants to fetch it. For example, if the MN recognizes that the failureType in SCGFailureInformation message is associated to random access issues (randomAccessProblem, synchReconfigFailureSCG, beamFailureRecoveryFailure) then the MN can fetch the RA report from the UE and send this RA report to the SN.
[bookmark: _Toc85713192]If the SCG failure is declared due to RA reasons and if the RAReport is used to store the associated RA information, then the MN can fetch the RAReport from the UE when it recognizes that the failureType in SCGFailureInformation message is associated to random access issues (randomAccessProblem, synchReconfigFailureSCG, beamFailureRecoveryFailure).
Based on this, we propose to include the information related to the failed RA procedure that led to SCG failure in the RAReport.
[bookmark: _Toc85713206]Include the RA-InformationCommon associated to the RA procedure that led to SCG failure in the RA report.
2.5 Enhancements related to NR-U
NR-U functionality has been introduced in Rel.16, giving the possibility to the UE to operate in the unlicensed spectrum. Unlike LAA in LTE, in which case only user plane data could be transmitted in the unlicensed spectrum, in NR-U any type of transmission (hence including L1/L2 and RRC control signalling) can be transmitted in the unlicensed spectrum. Additionally, with NR-U, also the SpCell can operate over the unlicensed spectrum (not only the SCells), thereby opening the possibility for standalone unlicensed operations.
NR-U implies some new set of features that both the UE and the network should comply in order to perform NR-U operations. In particular, before transmitting on the unlicensed spectrum, both the UE and the gNB should perform LBT and sense the wireless channel, in order to ensure that the medium is not occupied by other transmissions which could be generated by non-3GPP technologies such as WiFi. Additionally, also new types of measurements representing the RSSI and channel occupancy have been introduced to reflect the characteristics of the unlicensed channel. 
In the SON/MDT WID, this topic has been assigned lower priority, but we believe that some changes can be addressed with relatively small effort during the WI phase. For example, RAN3 has started addressing NR-UT topic in last meeting:
	From RAN3#112-e:
Following problems seem the most relevant for the SON for NR-U: load information from NR-U towards licensed NR and new failure events related to e.g. LBT or channel occupancy in the failure report. 
Resource coordination between licensed NR and NR-U and optimized resource utilization in NR-U is FFS (contribution driven).



Related to RAN2, we note that in the current SON framework, only the RLF-report considers the NR-U system, i.e. the RLF cause can be set to “lbtFailure” in current legacy. However, no other information representing LBT statistics and RSSI/channel occupancy measurements are considered in the RA/RLF report..
[bookmark: _Toc85713207]RAN2 aims at some basic enhancements to the current SON framework to address the NR-U system, e.g. enhancements to the existing RA/RLF report.
In order to figure out what information should be included in the RA/RLF report, it needed to review the TS 38.321 MAC specification which captures the UE behavior when LBT occurs. 
In an NR-U, the UE may initiate a random access in a SpCell upon experiencing “consistent LBT failures” in the SpCell. The “consistent LBT failures” event is triggered when the UE has experienced LBT issues in UL a “lbt-FailureInstanceMaxCount” number of times, wherein the time elapsed between each of such failed transmission attempts is not larger than “lbt-FailureDetectionTimer”. Once a “consistent LBT failure” event has occurred, the UE performs a random access in another UL BWP configured with RACH resources for which consistent LBT failure has not been triggered yet. Once consistent LBT failure has been triggered in all UL BWPs configured with PRACH occasions on same carrier of the SpCell, then the UE declares RLF.
From the above procedure, we first realize that the RA-Report does not include any purpose indicating that the RA was initiated due to consistent LBT failure.
[bookmark: _Toc85713208]Introduce a new raPurpose to indicate that the RA was initiated by a “consistent LBT failures” in the SpCell.
We also note that in case the consistent LBT failure was triggered while the UE was performing a random access, the UE would need to change (according to the procedure described above) the UL BWP where to continue the RA. However, in the current RA-Report, it is not possible to represent, e.g. within the RA-InformationCommon, multiple BWPs. All the parameters within the RA-InformationCommon are specific for one BWP, and there is no possibility to express such multiple BWPs. We also note that in the context of NR-U, if a random access procedure fails the UE does not necessarily end up in RLF, it may instead initiate another random access procedure in another BWP if the number of LBT failures is still below the “lbt-FailureInstanceMaxCount”.
[bookmark: _Toc85713193]In NR-U, if a random access procedure in an UL BWP fails, the UE may not trigger RLF. It may instead initiate a new random access procedure in another UL BWP if the number of experienced LBT failures is still below the configured “lbt-FailureInstanceMaxCount”.
Hence, the above observation implies that it would be beneficial for the network if the UE could include in the RA-Report also those random access procedures that failed due to “consistent LBT failures”, not only the successful random access procedures as it is in the current legacy specification. 
[bookmark: _Ref85536317][bookmark: _Toc85713209]The UE includes in the RA-Report a random access procedure that failed due to “consistent LBT failures”.
Such random-access procedure that failed due to consistent LBT failures may be added in the RA-Report as a separate entry or included within a single entry together with other random access procedures in other UL BWPs, once the random access is successful. In the latter case, the RA-InformationCommon needs to be enhanced since, as previously mentioned the RA-InformationCommon can only represent today a single BWP.
[bookmark: _Toc85713210]RAN2 to discuss how to represent in the RA-Report a random access procedure in an UL BWP that failed due to “consistent LBT failures”, e.g. 
a. [bookmark: _Toc85713211]The failed random access procedure is added in the RA-Report as a separate entry
b. [bookmark: _Toc85713212]The failed random access procedure is included within a single entry of the RA-Report at the time of successful RA, together with other random access procedures in other UL BWPs.
At a more granular level, it would be also important for the network to know whether the single RA attempt was blocked by LBT or not. That is needed because from MAC perspective even if an RA attempt is blocked by LBT, anyhow that is counted as RACH transmission, and the corresponding RACH attempt counter is stepped in MAC. 
[bookmark: _Ref85536531][bookmark: _Toc85713213]For each RA attempt, it is indicated whether the corresponding RA attempt was blocked by LBT.
Given Proposal 16, i.e. the UE includes in the RA-Report also the random access procedures that failed due to LBT, it should also be indicated whether a certain random access procedure failed due to consistent LBT failures. For example, the UE may include in the RA-InformationCommon the configured “lbt-FailureInstanceMaxCount”. In this way, the network can compare the included lbt-FailureInstanceMaxCount with the overall amount of LBT failures experienced in the various RA attempts (as per Proposal 18).
[bookmark: _Ref85536680][bookmark: _Toc85713214]The UE includes in the RA-InformationCommon the configured “lbt-FailureInstanceMaxCount”
[bookmark: _Toc85713215]The network compares the amount of RA attempts subject to LBT blocks (from Proposal 18) with the included “lbt-FailureInstanceMaxCount” (from Proposal 19), in order to determine whether the “consistent LBT failures” event was experienced for a random access procedure. 
Another set of possible enhancements to be considered for NR-U is in the area of L2 measurements. The LBT procedure increases the latency, so it would be important for the network to know how severe it is the impact of LBT in the UE UP transmissions. To this end, we propose the following:
[bookmark: _Toc85713216]RAN2 to introduce new L2 measurements associated to UP impact of LBT.

Conclusion
In the previous sections we made the following observations: 
Observation 1	Current TS36.331 does not allow the UE to report the list of NR visited cell. Therefore, it will not be possible for the network to retrieve from the LTE MHI, the NR visited cell and hence also to determine whether during the time spent outside E-UTRA the UE was out-of-coverage or visiting NR cells.
Observation 2	At the time of sending the SCGFailureInformation, the network (both the MN and the SN) has the UE context.
Observation 3	Upon receiving the SCGFailureInformation, MN forwards some of the contents (measResultSCG and failureType) of the SCGFailureInformation to the SN.
Observation 4	If the failureType in SCGFailureInformation message is set to synchReconfigFailureSCG then the connectionFailureType is HOF, otherwise connectionFailureType is RLF.
Observation 5	As the SCGFailureInformation message is sent immediately to the MN, the value of timeSCGFailure is expected to be ZERO when failureType in SCGFailureInformation message is set to synchReconfigFailureSCG.
Observation 6	When failureType in SCGFailureInformation message is set to a value other than  synchReconfigFailureSCG, then the network can use its available context information to know how long time has expired since the last successful PSCell change or SN change.
Observation 7	It is already agreed in RAN2#115 meeting that the Rel-17 RA report contains failed on-demand SI procedure related RA information.
Observation 8	It is already agreed in RAN2#115 meeting that the Rel-17 SN RA report is reported to MN and MN forwards it to SN.
Observation 9	If the SCG failure is declared due to RA reasons and if the RAReport is used to store the associated RA information, then the MN can fetch the RAReport from the UE when it recognizes that the failureType in SCGFailureInformation message is associated to random access issues (randomAccessProblem, synchReconfigFailureSCG, beamFailureRecoveryFailure).
Observation 10	In NR-U, if a random access procedure in an UL BWP fails, the UE may not trigger RLF. It may instead initiate a new random access procedure in another UL BWP if the number of experienced LBT failures is still below the configured “lbt-FailureInstanceMaxCount”.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The UE stores only up to 16 latest PSCells and upon getting configured with 17th PSCell, the UE removes the oldest stored PSCell entry and stores the newly configured PSCell entry.
Proposal 2	UE includes time without PSCell in the MHI report.
Proposal 3	RAN2 to consider including carrier frequency of the cell in the mobility history information (MHI) when only the CGI of that cell is included in the MHI.
Proposal 4	Include the list of visited NR PCells and PSCells in the VisitedCellInfoList of TS 36.331 i.e., RAN2 to align the MHI of TS 38.331 and TS 36.331.
Proposal 5	Revise the previous agreement to state that a UE can report a LTE RA report to an NR node and NR RA report to an LTE node instead of UE can report a SN RA report to an MN node.
Proposal 6	Introduce a capability bit in NR to indicate the UE’s capability of reporting a EUTRA RA report to NR node.
Proposal 7	Introduce a capability bit in EUTRA to indicate the UE’s capability of reporting a NR RA report to EUTRA node.
Proposal 8	The UE includes the PCell in the RA report in case the RA occurred in an SCell.
Proposal 9	connectionFailureType field is not included in SCGFailureInformation message when the SCGFailureInformation is sent immediately after the SCG failure.
Proposal 10	timeSCGFailure field is not included in SCGFailureInformation message when the SCGFailureInformation is sent immediately after the SCG failure.
Proposal 11	failedPSCell field is not included in SCGFailureInformation message when the SCGFailureInformation is sent immediately after the SCG failure.
Proposal 12	previousPSCell field is not included in SCGFailureInformation message when the SCGFailureInformation is sent immediately after the SCG failure.
Proposal 13	Include the RA-InformationCommon associated to the RA procedure that led to SCG failure in the RA report.
Proposal 14	RAN2 aims at some basic enhancements to the current SON framework to address the NR-U system, e.g. enhancements to the existing RA/RLF report.
Proposal 15	Introduce a new raPurpose to indicate that the RA was initiated by a “consistent LBT failures” in the SpCell.
Proposal 16	The UE includes in the RA-Report a random access procedure that failed due to “consistent LBT failures”.
Proposal 17	RAN2 to discuss how to represent in the RA-Report a random access procedure in an UL BWP that failed due to “consistent LBT failures”, e.g.
a.	The failed random access procedure is added in the RA-Report as a separate entry
b.	The failed random access procedure is included within a single entry of the RA-Report at the time of successful RA, together with other random access procedures in other UL BWPs.
Proposal 18	For each RA attempt, it is indicated whether the corresponding RA attempt was blocked by LBT.
Proposal 19	The UE includes in the RA-InformationCommon the configured “lbt-FailureInstanceMaxCount”
Proposal 20	The network compares the amount of RA attempts subject to LBT blocks (from Proposal 18) with the included “lbt-FailureInstanceMaxCount” (from Proposal 19), in order to determine whether the “consistent LBT failures” event was experienced for a random access procedure.
Proposal 21	RAN2 to introduce new L2 measurements associated to UP impact of LBT.
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