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[bookmark: Proposal_Pattern_Length]Introduction
RAN3 sent a LS to RAN2 in their #117-e meeting, where the following two actions are proposed:
	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
· [bookmark: _Hlk126676320]addition in RA report of at least indications of consistent LBT failures per RA procedure.



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

Agreements:	
1	The UE will log information of multiple RA procedures related to consistent LBT failures. FFS details.

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.

Due to the lack of time, the NR-U is not discussed in the last RAN2 #120 meeting. There is a pre-summary[2] and  the follow items need further discussions:
· Definition of number for LBT failure in RA report, while two potential options are provided.
· How to select the granularity of LBT failure information recording.
· FFS on how to log the BWP information in RA report for NR-U, e.g. a list of RA-InformationCommon, and on what for BWP information, e.g. pointA, location and bandwidth and etc.
· RSSI is reported in RA report for NR-U, FFS on details for RSSI value.
· Discuss the purpose for reporting EDT to the network in RA report and decide whether to adopt it.
· Other remaining issues, e.g. other parameters further included in MRO reports, whether to introduce new trigger conditions for SHR in NR-U, etc.


In this paper, we focus on RAN2 areas on the above issues.
[bookmark: _Toc462880706][bookmark: _Toc463066102][bookmark: _Toc462960524][bookmark: _Toc462957202]Discussion
[bookmark: _Hlk47445522]SON enhancements for NR-U in RA report
LBT failure number
RAN3 has proposed to introduce indications of consistent LBT failures per RA procedure in their LS and RAN2 #119-e meeting has agreed to include the number of LBT failures in the RA report. Then in the #120 meeting, two options for the definition are concluded as the follows:
· Option 1: Introduce one new counter, e.g., the number of failed preamble transmission due to LBT failure per RA procedure/beam/RA attempt regardless whether LBT_FailureRecoveryConfig is configured or not.
· Option 2: Reuse the legacy counter LBT_COUNTER, e.g., the number of LBT failure indication indicated by lower layers.

[bookmark: _Hlk127524826]According to TS 38.321, whether the LBT_FailureRecoveryConfig is configured or not will lead to different records of LBT failures. If configured, once the preamble transmission is failed in the NR-U channel, the UE will re-enter preamble reselection procedures, while the current failed RA preamble transmission will not be countered. Meanwhile, according to the clause 5.1.3 and 5.21.2 in the TS 38.321, in this scenario, though the current failed RA preamble transmission is not countered, the LBT_COUNTER is increased, which is reported by the lower layers. Obviously, the LBT_COUNTER reveals the number of LBT failures but it is not specifically used for preamble transmission, which means other transmission in the NR-U channel, e.g. Msg3 transmission, may also trigger the LBT_COUNTER. Therefore, it is not accurate to simply use LBT_COUNTER to calculate the number of failed preamble transmission.
On the other hand, in TS 38321 5.1.3 and 5.1.4, on the condition that LBT_FailureRecoveryConfig is not configured, either preamble is not transmitted successfully due to LBT failure, or RA response reception is not successful due to LBT failure, the PREAMBLE_TRANSMISSION_COUNTER shall increase by 1. Therefore, we should introduce a counter to specifically record the number of failed preamble transmission caused by LBT failures.
Based on the above analyses, we think option 1 shall be a better choice.

Proposal 1: It is proposed RAN2 to agree to introduce one new counter, e.g., the number of failed preamble transmission due to LBT failure per RA procedure/beam/RA attempt regardless whether LBT_FailureRecoveryConfig is configured or not.

Logging granularity and BWP information for LBT failure
Currently three options are proposed as the candidate granularity solution for LBT failure information recording:
· Option 1: Per RA procedure
· Option 2: Per Beam
· Option 3: Per RA attempt
In our opinion, for option 2, it is the UE to select SSB beams to perform RACH procedures. For the static UEs, they may choose the same beam during the entire RA procedure, thus per beam recording is close to per RA procedure recording. For the moving UEs, they may choose a number of beams during the RA procedure and in this case, the extra UE storage will be rapidly filled. For option3, we think per RA attempt refers to each time the UE tries to send an RA preamble, and obviously it shall bring severe storage demands to the UE and it is not feasible.
As for the logged BWP information in RA report for NR-U, we think the main target is to distinguish different LBT information of different BWP. Therefore, pointA, location and bandwidth will be enough.

Proposal 2: RAN2 to adopt per RA procedure as the granularity for LBT failure information recording.

Logging items for LBT failure
For the RSSI recorded in RA report, per RA attempt though is able to reveal the channel occupancy situation elaborately, the UE storage costs will be very large, especially the RSSI is recorded in the format of INTEGER. To reach a balance, the average RSSI per RA procedure recording shall realize a trade-off between storage and the amount of valid information.

Proposal 3: Average RSSI per RA procedure should be recorded in RA report for NR-U, in the granularity of per RA procedure.

For the EDT applied in UE, we first need to note that it is essential in evaluating load on the unlicensed channels. A minor gap between measured RSSI and applied EDT means the unlicensed channel is potentially not able to be accessed via future LBT, vice versa. Besides, the reporting EDT is also a significant reference for NW side to judge whether to reconfigure it to UE, for a balance between occupancy rate and interference during transmission. According to TS 37.213, the EDT applied in the UE is less than or equal to the maximum energy detection threshold , which can be either configured by the NW side or a specified default value. Therefore, the EDT value reported by the UE is more accurate.

Proposal 4: The EDT applied in the UE should be reported to the NW side.

Other SON enhancements for NR-U in RA report
Currently, RAN2 has agreed the enhancement of RA-InformationCommon, by containing measurements of one BWP to a list of dedicated BWPs those UE ever performed RACH procedures. Besides the measured RSSI, EDT and the number of LBT failures per BWP, 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 37.321, 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.

Proposal 5: For RA-InformationCommon enhancements, the entire sensing and the ratio of idle contention windows can be considered.

MRO reports enhancement with NR-U
Besides the RA reports, 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 37.321, 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 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 should also be included. Moreover, once the SHR contents have been decided, the network side needs to configure the UE with related SHR triggering threshold for those parameters, which requires enhancements to SHR configuration.

Proposal 6: RAN2 to adopt the above enhancements for RLF and SHR reports, such as the average sensing time, the ratio of idle contention windows, average measured RSSI and EDT, The number of consistent LBT failures and BWP specific lbt-FailureRecoveryConfig.

Reply to LS R2-2209105
RAN3 sent a LS to RAN2 in their #117-e meeting, where the following two actions are proposed:
	RAN3 kindly asks RAN2 to enable the following:
· [bookmark: _Hlk127525585]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.



For the 1st bullet, we find that RSSI measurements have been defined in measurement reporting. Details can be found in the table below. For RAN2, it may need to discuss what the RSSI measurements are, e.g. whether they refer to only rssi-Result-r16 or both rssi-Result-r16 and channelOccupancy-r16. If the later one is selected, it may need to discuss how to configure the channel occupancy threshold for reporting in RLF report.
	Config/reporting for RSSI
	Ies in TS 38.331

	Configuration for RSSI measurements in the measurement reporting
	MeasRSSI-ReportConfig-r16 ::=               SEQUENCE {
    channelOccupancyThreshold-r16               RSSI-Range-r16         OPTIONAL   -- Need R
}


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



For the indication that handover failure occurred due to consistent LBT failures, we think it has already been defined in TS 38.331:
	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;



For the 2nd bullet, we have provided some analysis in section 2.1.1.
So we have the following observation and proposal:
Observation 1: For the indication that handover failure occurred due to consistent LBT failures, it has already been defined by the rlf-Cause lbtFailure in the RLF report.
Proposal 7: For the latest measured RSSI in the RLF report, it is proposed RAN2 to discuss:
· whether it refers to RSSI result, e.g. refers to the IE rssi-Result-r16
· or, whether it refers to both RSSI result and channel occupancy, e.g. refers to the IE rssi-Result-r16 and the IE channelOccupancy-r16

Conclusion
In this contribution, we give our opinions for NR-U enhancements based on RAN 2 aspects.
Proposal 1: It is proposed RAN2 to agree to introduce one new counter, e.g., the number of failed preamble transmission due to LBT failure per RA procedure/beam/RA attempt regardless whether LBT_FailureRecoveryConfig is configured or not.
Proposal 2: RAN2 to adopt per RA procedure as the granularity for LBT failure information recording.
Proposal 3: Average RSSI per RA procedure should be recorded in RA report for NR-U, in the granularity of per RA procedure.
Proposal 4: The EDT applied in the UE should be reported to the NW side.
Proposal 5: For RA-InformationCommon enhancements, the entire sensing and the ratio of idle contention windows can be considered.
Proposal 6: RAN2 to adopt the above enhancements for RLF and SHR reports, such as the average sensing time, the ratio of idle contention windows, average measured RSSI and EDT, The number of consistent LBT failures and BWP specific lbt-FailureRecoveryConfig.

For the incoming RAN3 LS R2-2209105, we have the following observations and proposals:
Observation 1: For the indication that handover failure occurred due to consistent LBT failures, it has already been defined by the rlf-Cause lbtFailure in the RLF report.
Proposal 7: For the latest measured RSSI in the RLF report, it is proposed RAN2 to discuss:
· whether it refers to RSSI result, e.g. refers to the IE rssi-Result-r16
· or, whether it refers to both RSSI result and channel occupancy, e.g. refers to the IE rssi-Result-r16 and the IE channelOccupancy-r16
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