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1	Introduction
The new Rel-18 WID on further enhancement of data collection for SON/MDT includes the support of NR-U in the SON/MDT framework, as one of the objectives to achieve [1].
In this paper, we discuss required enhancements that can be introduced in the SON/MDT framework to optimize the NR-U system in particular enhancements needed for RA-Report, RLF report and the SHR.
[bookmark: _Ref178064866]2	Discussion
In the following, we further discuss the possible enhancements in the RA-Report, RLF report as well as SHR.
2.1 Enhancements to the RA-Report and RA-Information
As agreed, UE will log information of the multiple RA procedures related to consistent LBT failures. From TS 38.331 we note that in the RA report (partially copied below for reference), the frequency information of the RA resources is available in the RA-InformationCommon IE.
RA-ReportList-r16 ::= SEQUENCE (SIZE (1..maxRAReport-r16)) OF RA-Report-r16

RA-Report-r16 ::=                    SEQUENCE {
    cellId-r16                           CHOICE {
        cellGlobalId-r16                     CGI-Info-Logging-r16,
        pci-arfcn-r16                        PCI-ARFCN-NR-r16
    },
    ra-InformationCommon-r16             RA-InformationCommon-r16                         OPTIONAL,
    raPurpose-r16                        ENUMERATED {accessRelated, beamFailureRecovery, reconfigurationWithSync, ulUnSynchronized,
                                                    schedulingRequestFailure, noPUCCHResourceAvailable, requestForOtherSI,
                                                    msg3RequestForOtherSI-r17, spare8, spare7, spare6, spare5, spare4, spare3,
                                                    spare2, spare1},
    ...,
    [[
    spCellID-r17                         CGI-Info-Logging-r16                             OPTIONAL
    ]]
}

RA-InformationCommon-r16 ::=         SEQUENCE {
    absoluteFrequencyPointA-r16          ARFCN-ValueNR,
    locationAndBandwidth-r16             INTEGER (0..37949),
    subcarrierSpacing-r16                SubcarrierSpacing,
    msg1-FrequencyStart-r16              INTEGER (0..maxNrofPhysicalResourceBlocks-1)     OPTIONAL,
    msg1-FrequencyStartCFRA-r16          INTEGER (0..maxNrofPhysicalResourceBlocks-1)     OPTIONAL,
    msg1-SubcarrierSpacing-r16           SubcarrierSpacing                                OPTIONAL,
    msg1-SubcarrierSpacingCFRA-r16       SubcarrierSpacing                                OPTIONAL,
    msg1-FDM-r16                         ENUMERATED {one, two, four, eight}               OPTIONAL,
    msg1-FDMCFRA-r16                     ENUMERATED {one, two, four, eight}               OPTIONAL,
    perRAInfoList-r16                    PerRAInfoList-r16,
    ...,
}


Since, the multiple RA procedures (performed as part of LBT recovery) may belong to multiple BWPs, we propose to enhance RA report with a list of RA-InformationCommon IEs; each of which will contain information about the RA attempts at a different BWP. Network can thus identify the potential problem at BWP granularity.
[bookmark: _Toc127303821]A List of RA-InformationCommon is used to capture information about the multiple RA procedures performed by the UE at different BWPs.

LBT failure information in RA report:
In RAN2#119 it was agreed to log kind of ‘the number of LBT failures’ will be logged in the RA report. 
Agreements:
1	Introduce a new raPurpose in the RA-Report to indicate that the RA was initiated following a “consistent LBT failures” in the SpCell.
2	RAN2 agree to log kind of “the number of LBT failures” in the RA report.
	LBT failure is the failure to access the channel before transmission.

Three different options are proposed to log the number of LBT failures in the RA report, as following:
· Per RA procedure
· Per selected beam
· Per RA attempt (a binary flag)

In the following we discuss the above options and their pros and cons.
Logging the number of LBT failures per BWP or RA procedure can be one option. However, this approach does not provide the network with valuable information about the sequence or pattern of LBT failures that occurred during the RA procedure. Understanding the sequence and pattern of LBT issues helps the network to comprehend the dynamic nature of the channel, particularly the severity of the LBT failures.
[bookmark: _Toc127303836]logging the number of LBT failures per RA procedure provides the network with very coarse information, making it incapable of analyzing the NR-U channel dynamic in terms of LBT failure patterns and issue severity.
We believe it would be useful for the network to know whether the single RA attempt (i.e., preamble transmission 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 preamble transmission (sent from MAC to the lower layer for transmission), and the corresponding preamble transmission count is incremented in MAC in the case that LBT recovery config is not configured as shown in below excerpt.
	1>	if LBT failure indication is received from lower layers for this Random Access Preamble transmission:
2>	if lbt-FailureRecoveryConfig is configured:
3>	perform the Random Access Resource selection procedure (see clause 5.1.2).
2>	else:
3>	increment PREAMBLE_TRANSMISSION_COUNTER by 1;


 
However, some companies argued logging LBT issue per preamble transmission is complex for the UE. Therefore, as a compromise (reducing the complexity without losing the generality and the value of the measurements) we propose the UE logs the number of LBT failure per selected beam. This solution enables the network to identify the most attractive beams along with minimal overhead on the UE. 
Equipped with this information, network can analyze the number of LBT failure per selected beam and figure out which beams performs better for the UE (which beams are more frequently selected by the UE and which beams were successful when LBT issue was resolved). 
In the below table, a possible scenario with SSB as an example reference signal is analyzed. UE selects beam #01 but is not able to transmit the preamble over the air due to LBT failure (i.e., UE fails to access the channel). UE selects beam #02 and performs few RA attempts; although there are no LBT issues, the RA remains unsuccessful pointing to the beam being unsuitable. However, the UE succeeds in first attempt with beam #01 once the LBT issue is not detected and UE succeeded in the channel access procedure. This indicates that beam 2 provides less uplink quality (UE could not succeed even though there was no LBT issue).
 In such scenario, network can take optimization decision of the beams e.g., configuring more RA resources (e.g., dedicated RA resources) over the beams showing better uplink quality.
	Beam index
	# RA attempt from MAC layer (Rel-17 status quo)
	# LBT (channel access) failure

	1
	20
	20

	2
	5
	0

	1
	1
	0


Figure 2.1-1: Addition of number of LBT failure per selected beam.
If the UE logs the number of LBT failures per BWP or per RA procedure, it would be impossible for the network to conduct the analysis and optimize the RA resources in unlicensed spectrum, as outlined above. However, the UE already logs the number of preamble transmissions per selected reference signal, such as numberOfPreamblesSentOnSSB-r16. To provide valuable information to the network, the UE could also log the number of channel access failures per selected reference signal. This would enhance the understanding of the dynamic nature of the channel and facilitate efficient RA resource allocation in unlicensed spectrum.
PerRAInfo-r16 ::=                    CHOICE {
    perRASSBInfoList-r16                 PerRASSBInfo-r16,
    perRACSI-RSInfoList-r16              PerRACSI-RSInfo-r16
}

PerRASSBInfo-r16 ::=                 SEQUENCE {
    ssb-Index-r16                        SSB-Index,
    numberOfPreamblesSentOnSSB-r16       INTEGER (1..200),
    perRAAttemptInfoList-r16             PerRAAttemptInfoList-r16
}

PerRACSI-RSInfo-r16 ::=              SEQUENCE {
    csi-RS-Index-r16                     CSI-RS-Index,
    numberOfPreamblesSentOnCSI-RS-r16    INTEGER (1..200)
}

[bookmark: _Toc127303837]UE already logs number of preamble transmission per selected reference signal (numberOfPreamblesSentOnSSB-r16) and adding number of channel access failure per selected reference signal would be equally valuable.
[bookmark: _Toc127303822]UE logs number of LBT failures per selected beam in the RA report.
In addition, there has been discussions regarding whether the UE should report RSSI values and the associated mechanism. The following FFS has been captured during RAN2#119bis:

=>	FFS: how to fulfil RAN3 request in logging RSSI. 

However, it is important to note that according to the TS 37.213, the UE compares detected power with the energy detection threshold (EDT) to access the channel.
· A channel access procedure is a procedure based on sensing that evaluates the availability of a channel for performing transmissions. The basic unit for sensing is a sensing slot with a duration . The sensing slot duration  is considered to be idle if an eNB/gNB or a UE senses the channel during the sensing slot duration, and determines that the detected power for at least  within the sensing slot duration is less than energy detection threshold . Otherwise, the sensing slot duration  is considered to be busy.
As mentioned above UE performs channel access based on sensing that evaluates the availability of a channel for performing transmission. UE measures the power and determines if the channel is busy or free based on EDT.
[bookmark: _Toc127303838]UE evaluates detected power to as part of LBT procedure.
In our opinion, the information of the detected power and the applied EDT used by the UE at the time of LBT issue when executing a random-access procedure would be highly beneficial to pinpoint whether the random-access related issue was due to a bad uplink coverage, interference in the shared spectrum, or the sub-optimal configuration used by the UE at the time of random-access procedure. Addressing each of these issues requires different actions by the network. By pinpointing the specific cause of the random-access issue, the network could take the appropriate corrective action to improve system performance.
In addition, when it comes the granularity of the detected power measurements, we think UE can report the following
1) average detected power for the failed channel access attempts during an RA procedure.
2) average detected power for the successful channel access attempts during an RA procedure.

Therefore, to meet the request outlined in RAN3 LS (R3-225241) we propose the following solution.
[bookmark: _Toc127303823]UE includes the average detected power per RA procedure for the following quantities: 
1) average detected power for the failed channel access attempts during an RA procedure.
2) average detected power for the successful channel access attempts during an RA procedure.

Such measurements enable the RAN node to understand the dynamic of the channel and accordingly set the optimal EDT threshold based on the reported measurements. For such analysis same level of measurements for the applied EDT values are required.
[bookmark: _Toc127303824]UE includes the average applied EDT value per RA procedure for the following quantities:
1) average applied EDT value for the failed channel access attempts during an RA procedure.
2) average applied EDT value for the successful channel access attempts during an RA procedure.
2.2 Enhancements to the RLF-Report
In certain scenarios the UE may include in the RLF-Report the RA-InformationCommon. Currently, this happens in case the RLF is due to random access problems and in case of HOF. However, in case of UL consistent LBT failures experienced just before the failure, the UE may have executed multiple random-access procedures in different BWPs if configured with LBT recovery configuration. The information associated to all these random access procedures initiated just before the failure while UL consistent LBT failures were triggered and not cancelled, will be lost if we follow the current specification. We believe that at least some RA information associated to those failed random access procedures may be of benefit for the network.
[bookmark: _Toc110964326][bookmark: _Toc127303825]At the moment of RLF/HOF, if the UE had consistent UL LBT failures triggered in one or more BWPs at MAC layer, the RLF-Report includes information associated to the random-access procedures that were initiated due to consistent UL LBT failures just before the RLF/HOF.
On the other hand, RAN3 sent an LS [4] to RAN2 that UE logs the latest RSSI measurements in the RLF report. However, as explained above, it is not possible for the UE to include RSSI measurement, rather it should include the average detected power at the time of channel access procedure. If RAN2 agree to include the average detected power in the RA-InformationCommon, the average detected power measurements will be automatically captured for the RLF report as well.
[bookmark: _Toc127303826]UE includes the average detected power measurements in the RA-InformationCommon logged as part of RLF report. The average detected power can be logged for the successful and failed channel access attempts.
However, in some scenarios UE may end up in not logging any information RA-InformationCommon IE. Hence the NR-U information (i.e., detected power) will not be logged in the RLF report. 
[bookmark: _Toc127303839]UE does not populate RA-InformationCommon IE in some failure scenarios, hence the NR-U information can not be logged as part of RA-InformationCommon in the RLF report.
In such scenario, we propose that UE logs the latest detected power and the latest applied EDT value separately in the RLF report.
[bookmark: _Toc127303827]If RA-InformationCommon is not present, UE includes the latest detected power and the latest applied EDT value in the RLF report.

Including RA-InformationCommon in the RLF report
It is notable that when the UE experience DL LBT issue it sets the RLF-cause to lbtFailure as shown in the following excerpt from TS 38.3311>	else if the UE declares radio link failure due to consistent uplink LBT failures:
2>	set the rlf-Cause as lbtFailure;





However, according to the MAC specification, upon detection of consistent LBT failure the UE performs random access procedure if configured with LBT-FailureRecoveryConfig. However, as of now the UE does not log the RA-InformationCommon in the RLF report under the above mentioned scenario. Therefore, we propose the following.
[bookmark: _Toc127303828] UE logs RA-InformationCommon in the RLF report if the RLF cause is set to lbtFailure and the UE was configured with LBT-FailureRecoveryConfig.

DL LBT issue information in the RLF report
According to the TS 38.133, the UE is enabled to detect lack of DL reference signal transmission while performing HO. Here is an excerpt from TS 38.133. Such information would be very valuable for the network to detect whether the failure occurred due to LBT in downlink or any uplink issue.
In the requirements of clause 6.1B.1, the term SMTC occasion not available at the UE refers to when the SMTC contains SSBs configured by gNB in a cell on a carrier frequency subject to CCA, but the first two successive candidate SSB positions for the same SSB index within the discovery burst transmission window are not available at the UE due to DL CCA failures at gNB during the corresponding detection or time tracking period; otherwise the SMTC occasion is considered as available at the UE.
[bookmark: _Toc127303840]Absence of DL SSB transmission is measured by the UE during handover procedure.
[bookmark: _Toc127303829]UE includes the absence of DL SSB transmission in the RLF report for RLF/HOF.
In addition, as of now there is no RLF cause to indicate the situation in which during the execution of the HO the UE experience absence of the reference signal at the target RAN node, and hence failed. Therefore, similar to the uplink LBT issue, we propose when the reference signals of the target cells are absent during execution of a HO, the UE sets the RLF-cause to the absence of the DL reference signals.
[bookmark: _Toc127303830]  In case of absence of the DL reference signals at the target cell, the UE sets the rlf-cause to the absence of DL reference signal at the target cell.

An LS [2] was sent to RAN3 asking the possibilities of keeping the LBT failure recovery configuration at the network side. In the reply [3] to LS, RAN3 has replied that although one similar mechanism exists in RAN3, it would be practically minimal to store such information as LBT recovery procedure for a long time since that limits the network functionality. This is shown on the following excerpt of RAN3 LS [2].
RAN3 observes though, that the above mechanism was designed with intention to retrieve UE context or the configuration information if the UE attempts reconnection and reports the failure right after connection failure; if the failure information is fetched from the UE hours after the failure, then the likelihood that the source and the last serving node can retrieve the needed information depends on RAN implementation and is practically minimal (this depends on RAN implementation, e.g., how long the gNB stores the UE context or how long that allocated C-RNTI is not reused by the RAN).

[bookmark: _Toc127303841]According to RAN3, a network-based solution to store LBT-Recovery config would be limiting network functionality and thus less practical in particular when re-establishment procedure fails.
Hence, we propose a UE based solution where UE can store the LBT-Recovery configuration information in the RLF report if the RLF was declared due to consistent LBT failure and the re-establishment procedure fails after the RLF.
[bookmark: _Toc127303831]Upon failure of re-establishment procedure, UE logs the lbt-FailureRecoveryConfig in the RLF-Report, if the UE declares RLF due to consistent LBT failure.
It is already possible for the UE in the current specification to include in the RLF-Report that the RLF cause was an “lbtFailure” due to consistent UL LBT failures experienced in all the BWPs configured with PRACH resources of the SpCell. However, it is not possible for the UE to include in the RLF-Report information on whether at the moment of RLF, UL consistent LBT failures were triggered and not cancelled at MAC layer. For example, the failure may be due to maximum number of RLC retransmissions reached or due to random access problems, but obviously the UL consistent LBT failures may have impacted it. Hence, it is useful for the network to know that, so that the network can determine how much of the issue is due to LBT problems in the unlicensed spectrum or to other reasons not strictly related to LBT operations. Another example can be the UE generating an RLF due to random access problems in a BWP that was selected after a BWP switch triggered by consistent UL LBT failures. In this case the RLF cause would be randomAccessProblems, but the UL consistent LBT failure in the first BWP also contributed to it.
Similarly, when the UE detects an HOF, that may be due, at least to some extent, to LBT problems that the UE may have encountered during the HO. 
[bookmark: _Toc127303832]UE logs in the RLF-Report information that consistent LBT failure indirectly caused RLF/HOF. FFS on the details (explicit or implicit indication).
2.3 Enhancements to the SHR
For the SHR, one immediate enhancement that RAN2 could consider is whether to introduce for the NR-U system some new triggering conditions for the SHR generation. For example, the HO may be successful but during the HO the UE may have experienced some LBT problems, e.g. UL consistent LBT failures were detected. Logging this information may be beneficial for the network to optimize the HO, and avoid problems during the HO.
[bookmark: _Toc110964327][bookmark: _Toc127303833]Introduce new SHR triggering conditions for NR-U, e.g., the number of UL LBT failure prior to successfully completion of the HO.
Similar to the RLF case, in the current specification the UE logs the RA information in the SHR, only when the SHR is triggered due to T304 timer value becoming larger than a certain threshold. We note also for this case, that the UE may trigger random access in multiple BWPs due to consistent UL LBT failures just before successfully completing the HO. The information associated to all these random access procedures initiated just before the successful HO completion, while UL consistent LBT failures were triggered and not cancelled, will be lost if we follow the current specification. We believe that at least some information associated to those failed random access procedures may be of benefit for the network.
In addition, similar to the RLF report, we believe addition of the non-available DL SSB at the target cell assist the network to understand the root cause for generating the SHR by the UE. 
[bookmark: _Toc110964328][bookmark: _Toc127303834] SHR includes information associated to the random access procedures that were initiated due to such consistent UL LBT failures just before the successful HO completion.
[bookmark: _Toc127303835]UE includes in the SHR the number of absence of DL SSBs at the target cell while executing HO.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	logging the number of LBT failures per RA procedure provides the network with very coarse information, making it incapable of analyzing the NR-U channel dynamic in terms of LBT failure patterns and issue severity.
Observation 2	UE already logs number of preamble transmission per selected reference signal (numberOfPreamblesSentOnSSB-r16) and adding number of channel access failure per selected reference signal would be equally valuable.
Observation 3	UE evaluates detected power to as part of LBT procedure.
Observation 4	UE does not populate RA-InformationCommon IE in some failure scenarios, hence the NR-U information can not be logged as part of RA-InformationCommon in the RLF report.
Observation 5	Absence of DL SSB transmission is measured by the UE during handover procedure.
Observation 6	According to RAN3, a network-based solution to store LBT-Recovery config would be limiting network functionality and thus less practical in particular when re-establishment procedure fails.
Based on the discussion in the previous sections we propose the following:
Proposal 1	A List of RA-InformationCommon is used to capture information about the multiple RA procedures performed by the UE at different BWPs.
Proposal 2	UE logs number of LBT failures per selected beam in the RA report.
Proposal 3	UE includes the average detected power per RA procedure for the following quantities:  1) average detected power for the failed channel access attempts during an RA procedure. 2) average detected power for the successful channel access attempts during an RA procedure.
Proposal 4	UE includes the average applied EDT value per RA procedure for the following quantities: 1) average applied EDT value for the failed channel access attempts during an RA procedure. 2) average applied EDT value for the successful channel access attempts during an RA procedure.
Proposal 5	At the moment of RLF/HOF, if the UE had consistent UL LBT failures triggered in one or more BWPs at MAC layer, the RLF-Report includes information associated to the random-access procedures that were initiated due to consistent UL LBT failures just before the RLF/HOF.
Proposal 6	UE includes the average detected power measurements in the RA-InformationCommon logged as part of RLF report. The average detected power can be logged for the successful and failed channel access attempts.
Proposal 7	If RA-InformationCommon is not present, UE includes the latest detected power and the latest applied EDT value in the RLF report.
Proposal 8	UE logs RA-InformationCommon in the RLF report if the RLF cause is set to lbtFailure and the UE was configured with LBT-FailureRecoveryConfig.
Proposal 9	UE includes the absence of DL SSB transmission in the RLF report for RLF/HOF.
Proposal 10	In case of absence of the DL reference signals at the target cell, the UE sets the rlf-cause to the absence of DL reference signal at the target cell.
Proposal 11	Upon failure of re-establishment procedure, UE logs the lbt-FailureRecoveryConfig in the RLF-Report, if the UE declares RLF due to consistent LBT failure.
Proposal 12	UE logs in the RLF-Report information that consistent LBT failure indirectly caused RLF/HOF. FFS on the details (explicit or implicit indication).
Proposal 13	Introduce new SHR triggering conditions for NR-U, e.g., the number of UL LBT failure prior to successfully completion of the HO.
Proposal 14	SHR includes information associated to the random access procedures that were initiated due to such consistent UL LBT failures just before the successful HO completion.
Proposal 15	UE includes in the SHR the number of absence of DL SSBs at the target cell while executing HO.
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