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Introduction
In previous RAN2 meeting, preliminary agreements on SON for NR-U were achieved. Based on the agreements, enhancements on existing SON signalling reports are studied with high priority. In this contribution, we further analyse NR-U aspect in SON and our proposals are provided.
Discussion
SON enhancements for NR-U in RA report
In RAN2#119bis-e and RAN2#120 meeting [1]-[2], RAN2 had below agreements:
	RAN2#119bis-e
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.
	The definition of “the number of LBT failures” should be clarified.
FFS how to log the number of LBT failures in the RA report.

	RAN2#120
Agreements:
1: 	Log the last successful RA procedure related information in the RA report. Only some information to be logged for multiple successive RA procedures failed due to LBT issue. FFS what information.


In this section, we focus the issues for SON enhancements for NR-U in RA report.
2.1.1 The definition for the number of LBT failures
Based on the agreements in RAN2#119bis, it can be seen that LBT failure which is the failure to access the channel before transmission is agreed to be logged in the RA report. But it is still unclear for the definition of the number of LBT failures. One straightforward solution is to reuse the legacy counter, i.e. LBT_COUNTER or PREAMBLE_TRANSMISSION_COUNTER.
LBT_COUNTER
Based on current MAC specification [3], when LBT failure indication is received from lower layers for UL transmission, e.g. SR, configured grant, LBT_COUNTER will be increased by 1. Hence, the LBT_COUNTER reflects the LBT failure status for transmission of uplink, for example, SR, configured grant, Msg1/MsgA and etc. Hence, it can’t be used to reflect the status in RA procedure. Therefore, LBT_COUNTER can’t be used in RA report.
PREAMBLE_TRANSMISSION_COUNTER
Based on RA procedure, it can be seen that PREAMBLE_TRANSMISSION_COUNTER will be increased by 1 when LBT failure indication is received from lower layers and lbt-FailureRecoveryConfig is not configured. PREAMBLE_TRANSMISSION_COUNTER will not be increased by 1 when LBT failure indication is received from lower layer and lbt-FailureRecoveryConfig is configured, the UE will perform the Random Access Resource selection procedure. Therefore, whether LBT failure information can be reflected by PREAMBLE_TRANSMISSION_COUNTER depends on whether lbt-FailureRecoveryConfig is configured. Hence, it is not flexible to use PREAMBLE_TRANSMISSION_COUNTER to report LBT failure information in RA report.
Observation 1: Legacy counter, i.e. LBT_COUNTER or PREAMBLE_TRANSMISSION_COUNTER, is not suitable as the definition for the number of LBT failures.
Based on the previous discussion, some companies think it is unclear for the definition of RACH attempt, i.e. RAN2 need to clarify that:
· Option A: A random-access is considered as attempted whenever PHY tries to transmit a preamble, irrespective of whether the LBT is successful or not
· Option B: A random-access attempt is considered as attempted only if the PHY layer actually transmitted the preamble, i.e., successful LBT 
Option A means RACH attempt includes the case that the PHY intends to send the preamble but the preamble is not transmitted due to LBT failure or the preamble is transmitted due to successful LBT. While Option B means that RACH attempt will only consider the case that PHY layer actually transmitted the preamble, i.e., successful LBT. In our view, the number of LBT failures in RA procedure includes the case that PHY tries to transmit a preamble but failed due to LBT failure, which could be called as failed RA preamble transmission due to LBT failure, it has the same meaning as the failed random-access attempt for preamble transmission due to LBT failure. 
Based on above analysis, the number of LBT failure for failed RA preamble transmission may be larger than the threshold for legacy maximum RA attempt, which could be associated to the IE preambleTransMax, numberOfPreamblesSentOnSSB-r16 and PerRAAttemptInfoList , considering all of them have a maximum value 200 or size 200. In order to reduce the signaling overhead, the threshold based method is suggested to apply to give the the number of LBT failure, the details could be discussed in stage 3, such as, some bits are used to indicate the number of LBT failure is one of [0,x1], [x2, x3] and so on.
[bookmark: _Toc131665853]Proposal 1: The number of LBT failure in RA report includes the number of failed RA preamble transmission due to LBT failure.
[bookmark: _Toc131665854]Proposal 2:  The threshold based method is applied to define the number of LBT failure in RA report, the details could be discussed in stage 3. 
Besides the LBT failure for the case of RA preamble transmission in 2-step RA and 4-step RA procedure, it is also possible that UE needs to perform the LBT detection before transmission on PUSCH in MSGA, so RAN2 also needs to discuss whether the failed PUSCH transmission in MSGA due to LBT failure is accounted to the number of LBT failure in RA report..
[bookmark: _Toc131665855]Proposal 3: RAN2 to discuss whether to consider the number of LBT failure in RA report for PUSCH transmission in MSGA.
2.1.2	How to log the number of LBT failures in the RA report
Regarding how to log the number of LBT failures in RA report, the solutions can be categorized as the following 2 options:
· Option 1: Log the number of LBT failures per RA procedure;
· Option 2: Log the number of LBT failures per beam.
For option 2, some companies think this is to enable the network to understand which selected beams are more attractive for the UE e.g., how many times UE insisted to use a beam (didn’t switch to other beams) despite of the LBT issue, which beams are failed due to LBT issue and which beams are suffering from uplink coverage mismatch, this could help network to configure the RA resources properly in NR-U.
From our perspective, LBT failure is mainly caused by the interference of other equipment in unlicensed band. Considering the interference of other equipment is random and instantaneous, the impacts on beam may be irregular. Hence, the number of LBT failure per beam seems not useful.
Hence, we propose that:
[bookmark: _Toc131665856]Proposal 4: Log the number of LBT failures per RA procedure.
2.1.3	Other information for the number of LBT failures in the RA report
In RAN2#121 meeting, it was agreed to log the last successful RA procedure related information in the RA report. But it is still FFS for the information to be logged for multiple successive RA procedures failed due to LBT issue. In this section, we discuss the information for LBT failure logged in RA report.
BWP information
Based on current RA report, only successful RA procedure is reported except on-demand SI in Rel-17. For consistent LBT failure, it may happen that the consistent LBT failure happens on one BWP but the RACH is successful on the other BWP. But the information of the BWP where consistent LBT failure happens can’t be recorded based on current RA report. So, from our perspective, the BWP information where consistent LBT failure happens can be reported in the RA report, e.g. bandwidth and absolute Frequency PointA.
[bookmark: _Toc131665857] Proposal 5: Report BWP information where consistent LBT failure happens in RA report.
EDT
The EDT in defined in 37.213[4], which is copied below:
	[bookmark: _Toc524694444][bookmark: _Toc28873166][bookmark: _Toc35593624][bookmark: _Toc44669032][bookmark: _Toc51607181][bookmark: _Toc114067697]4.2.3	Energy detection threshold adaptation procedure
A UE accessing a channel on which UL transmission(s) are performed, shall set the energy detection threshold () to be less than or equal to the maximum energy detection threshold .
 is determined as follows:
-	If the UE is configured with higher layer parameter maxEnergyDetectionThreshold-r14 or maxEnergyDetectionThreshold-r16, 
-	 is set equal to the value signalled by the higher layer parameter;
-	otherwise
-	the UE shall determine  according to the procedure described in clause 4.2.3.1;
-	if the UE is configured with higher layer parameter energyDetectionThresholdOffset-r14 or energyDetectionThresholdOffset-r16
-	 is set by adjusting  according to the offset value signalled by the higher layer parameter;
-	otherwise
-	the UE shall set .


Based on the specification, it can be seen that EDT is set to be less than or equal to , while is configured by the network or based on the default maximum energy detection threshold computation procedure. 
Observation 2: EDT is set to be less than or equal to , while is configured by the network or based on the default maximum energy detection threshold computation procedure.
Based on the general channel access procedure which is shown below:
	-	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.


That means the UE will compare the detected power and EDT to check whether the detected power is less that EDT. If the detected energy and EDT is reported to the network, the network could find that the LBT failure happens due to the interference on the shared spectrum. From this point of view, it is may be useful to report these two values to the network. But considering LBT may be performed before each UL transmission, the reporting amount for detected energy will be quite huge. It is suggested study what/how to report for detected energy and EDT. 
[bookmark: _Toc131665858]Proposal 6: RAN2 study what/how to report for detected energy and EDT to reduce signalling overhead.
SON enhancements for NR-U in SHR
In NR-U, it may happen that the handover is performed successfully while UL consistent LBT failures has been triggered and not cancelled. Based on current specification, this information will not be reported in SHR. Some companies propose some enhancements to SHR, e.g. report LBT failure information in SHR. 
In current SHR, when SHR is triggered and reported, it indicates that the UE experiences poor channel condition in the source cell before assessing the target cell. From this perspective, the network knows that this is one late handover. Hence, the network can perform corresponding optimizations. For example, the network can update the threshold for measurement report or trigger one earlier handover for the UE.
In NR-U, the gNB and UE may both apply LBT before performing a transmission including handover procedure. Hence, the network may figure out whether the channel is busy or not by LBT detection for large time scale. So the benefits for reporting LBT failure in SHR should be studied carefully.
In current specification, the UE will trigger SHR in the following cases [5]:
· if the ratio between value of the elapsed time of the timer T304 and the configured value of the timer T304,  is greater than thresholdPercentageT304; or
· if the ratio between the value of the elapsed time of the timer T310 and the configured value of the timer T310 is greater than thresholdPercentageT310 included in the successHO-Config; or
· if the T312 associated to the measurement identity of the target cell was running at the time of initiating the execution of the reconfiguration with sync procedure and if the ratio between the value of the elapsed time of the timer T312 and the configured value of the timer T312 is greater than thresholdPercentageT312; or
· if sourceDAPS-FailureReporting is included in the successHO-Config before executing the last reconfiguration with sync and is set to true and if the last executed handover was a DAPS handover and if an RLF occurred at the source PCell during the DAPS handover while T304 was running
Similarly, one condition for SHR for consistent LBT failure should be defined. Possible solutions for SHR can be, for example, : the number of LBT failure in RA procedure is larger than a threshold during a duration when UE receives the HO command to the time of HO is successful.
[bookmark: _Toc131665859]Proposal 7: Triggering condition for SHR reporting consistent LBT failure information can be: the number of LBT failure in RA procedure is larger than a threshold during a duration when UE receives the HO command to the time of HO is successful.
As the content of the SHR, we think we can follow the discussion in section 2.1.
[bookmark: _Toc131665860]Proposal 8: The content in SHR for LBT failure can follow the content in RA-InformationCommon for LBT failure.
SON enhancements for NR-U in RLF report
In accordance to the Rel-16 specification, the UE will declare radio link failure and set the rlf-Cause in RLF report as lbtFailure, when the UE detects consistent LBT failure triggered in all UL BWPs on the SpCell. Therefore, the network can figure out the RLF reason by the RLF report and do some corresponding optimizations.
Some companies propose that LBT failure may contribute to the RLF due to reasons, for example, reaching of maximum number of retransmissions from the MCG RLC, random access failure and etc. So the related information can also be reported to the network. We agree that the consistent LBT failure information may be useful for the network to figure out the LBT failure contributes to some extent to the RLF failure. But it should be noted that radio link failure can be triggered by other reasons except for consistent LBT failure. Take RACH procedure as one example, preamble collision, poor channel condition may also lead to RACH failure. But these reasons are not reported in RLF report. From this perspective, it is useful to study what to be included in the RLF report to reflect that the RLF which is caused by LBT failure indirectly.
[bookmark: _Toc131665861]Proposal 9: RAN2 to further study what to be included in RLF report to reflect the RLF which is caused by consistent LBT failure indirectly.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we find the following observations and proposals.
SON enhancements for NR-U in RA report:
Observation 1: Legacy counter, i.e. LBT_COUNTER or PREAMBLE_TRANSMISSION_COUNTER, is not suitable as the definition for the number of LBT failures.
Proposal 1: The number of LBT failure in RA report includes the number of failed RA preamble transmission due to LBT failure.
Proposal 2:  The threshold based method is applied to define the number of LBT failure in RA report, the details could be discussed in stage 3. 
Proposal 3: RAN2 to discuss whether to consider the number of LBT failure in RA report for PUSCH transmission in MSGA.
Proposal 4: Log the number of LBT failures per RA procedure.
Proposal 5: Report BWP information where consistent LBT failure happens in RA report.
Observation 2: EDT is set to be less than or equal to , while is configured by the network or based on the default maximum energy detection threshold computation procedure.
Proposal 6: RAN2 study what/how to report for detected energy and EDT to reduce signalling overhead.
SON enhancements for NR-U in SHR:
Proposal 7: Triggering condition for SHR reporting consistent LBT failure information can be: the number of LBT failure in RA procedure is larger than a threshold during a duration when UE receives the HO command to the time of HO is successful.
Proposal 8: The content in SHR for LBT failure can follow the content in RA-InformationCommon for LBT failure.
SON enhancements for NR-U in RLF report:
Proposal 9: RAN2 to further study what to be included in RLF report to reflect the RLF which is caused by consistent LBT failure indirectly.
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