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1. Introduction

As per [1], one of the objectives of R18 SON WI is to support SON/MDT enhancements for various scenarios as below.

- Support of SON/MDT enhancements for [RAN3, RAN2]:

•
MR-DC CPAC

•
Successful PScell change report

•
Successful Handover Report (e.g. inter-RAT)

•
NPN 

•
RACH report

•
Fast MCG recovery

•
NR-U (MRO and UL MLB)
This contribution discusses various aspects to be addressed and the related solutions for the SON/MDT for NR-U.
2.
Discussion
2.1 RA Report
If the UE is configured with beamFailure-RecoveryConfig, when consistent UL LBT failure is detected in a BWP of the SpCell, UE switches to another BWP and performs random access. In RAN2#121, the UE reporting needed for this issue was discussed in detail.
There were three options considered based on a summary proposal in [2].
RAN2 agree on one of the following:

a)
A list of RA-InformationCommon in RA report is logged in an RA report for the case of multiple/successive RA procedures triggered by the consistent LBT failures over multiple BWPs.

b)
Create separate RA reports for multiple/successive RA procedures triggered by the consistent LBT failures over multiple BWPs.

c)
Only some information to be logged for multiple successive RA procedures failed due to LBT issue. FFS what information.
RAN2 agreed to option c [3] and the following agreement is made.

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.
Since LBT failures occur due to the usage of same frequency by other NR-U or non 3gpp networks, the information to be logged for multiple successively failed RA procedures should help the operators identifies which part of the frequency is having the issue, so that network can peform actions to mitigate LBT failures for critical procedures such as RACH. UE may log and report either BWP ids or the frequency related information such as absoluteFrequencyPointA-r16 and locationAndBandwidth for this purpose.
NR-U bands can be very wide. LBT failures may occur in a part of the entire frequency bandwidth of the NR-U band.It is possible that for 2-step RACH,PRACH resources may not be present in the part of frequency where LBT issues are not there, while PUSCH resources may be present in the part of frequency where LBT resources are present or vice-versa. The mitigation actions could be different in each of these cases. Similarly for 4 step RACH also. Hence it would be useful for the UE to report whether the LBT failures are for PRACH or PUSCH part for 2 step RACH and whether LBT failures are for MSG1 or MSG3 for 4 step RACH.
Observation 1: As NR-U deployments are typically over very large bandwidth, it will be very common to have LBT failures in only one of PRACH part or PUSCH part of MSG-A.
Proposal 1: For the multiple successive RA procedures failed due to LBT issue UE logs the following information in RA report.

a. Either BWP id or absoluteFrequencyPointA-r16/locationAndBandwidth. 
b. Whether the LBT failures are for PRACH resources or PUSCH resources of MSG-A for 2 step RACH.

c. Whether the LBT failures are for MSG1 or MSG3 of 4 step RACH.
As the logging of the list of RA-Information common or separate RA reports are ruled out in [3], the UE logs the LBT failure information for multiple RA procedures related to consistent LBT failure, in a new field in RA report of the last successful RA procedure. UE includes LBT_RAInformationCommon containing information of the multiple successive RA procedures failed due to LBT issue in the RA Report for the successful RA procedure in the BWP.
Proposal 2: UE includes LBT_RAInformationCommon containing information of the multiple successive RA procedures failed due to LBT issue in the RA Report for the successful RA procedure in the BWP.

In RAN2#119bis [4], it was agreed to log the number of LBT failures and the details where FFS. During the offline [5], a number of options were discussed on how to log this information.
a. Whether each RA attempt (i.e., preamble transmission) was blocked by LBT.
b. Total number of LBT failures during an RA procedure.

c. Number of LBT failures per selected beam.

d. Time duration of the LBT failures during the RA procedure.

As mentioned already, LBT failures occur due to the presence of other unlicensed networks (NR or WiFi or any technology) in the same channel. So it is useful for the network to know whether RA procedure in a BWP is affected by LBT and how many such failures were there. We think that too detailed information like LBT failure details per RA attempt or the number of LBT failures per selected beam or the time duration of the LBT failures during RA procedure are not much useful for optimization. For e.g. there could be a LBT failures in a specific beam due to another nearby NR-U user from a different operator. If the nearby NR-U user changes position, for e.g. the standing near by NR-U user whose transmission causes interference sits down, the LBT failure may occur in another beam. In such scenarios and many other scenraios, the beam level information is not useful and can be even counterproductive. Similarly, we think that LBT failures will usually be intermittent failures rather than “always occurring” failures. So the RACH failures due to uplink coverage mismatch can be easily found out even if there is no beam level reports, for e.g. from RACH reports when there are no LBT issues. Hence it is proposed that UE logs total number of LBT failures during RA procedure.
Proposal 3: UE logs the total number of LBT failures during RA procedure.

A related issue discussed in [5] is when to count RA attempt for SON logging purposes and there were two options considered.
•     An RA attempt is counted when UE attempts to transmit a preamble i.e., when UE executes section 5.1.3 of TS 38.321, or

•     An RA attempt is only counted when UE accesses the channel at the PHY layer, and transmits the preamble.

In our view, from a SON perspective, RA attempt can be counted when UE actually transmits the preamble. 
This is related to logging of PerRAAttemptInfo-r16.

PerRAAttemptInfo-r16 ::=             SEQUENCE {

    contentionDetected-r16               BOOLEAN                OPTIONAL,

    dlRSRPAboveThreshold-r16             BOOLEAN                OPTIONAL,

    ...,

    [[

    fallbackToFourStepRA-r17             ENUMERATED {true}      OPTIONAL

    ]]

}
 None of the information in PerRAAttemptInfo-r16 is useful when the RA is not transmitted due to LBT, as the mitigation and optimization are to be done for LBT issue rather than other parameters associated with random access.

Proposal 4: UE counts the RA attempt when it actually transmits the preamble.

2.2 RLF Report and SHR

In the existing RLF report, UE can include that the RLF cause was LBT Failure due to consistent UL LBT failures. However, it is possible that LBT failures have an impact on the RLF even when the reported RLF cause is not LBT failure. For e.g. the RLF may be due to rlc-MaxNumRetx, but the underlying reason for some of these RLC retransmissions could be LBT failures.RAN2 may discuss reporting additional information when the RLF cause reported is not consistent UL LBT failures, but UL LBT failure is one of the underlying reasons for the RLF.

Proposal 5: RAN2 to discuss additional info in RLF report when the reported RLF cause is not consistent UL LBT failurs, but UL LBT failures have an impact on RLF.

RAN3 has mentioned that RLF Report needs to be enhanced by adding the latest measured RSSI. We also think that introducing RSSI measurements in RLF reports will be helpful for the gNB to optmise NR-U RLF scenarios.
Proposal 6: Introduce RSSI measurements in the RLF report.
RAN2 also discussed to consider SHR enhancements for MRO of NR-U in RAN2#119-e. We can reuse the existing SHR configuration in R17 for NR-U. We think introducing additional configurations for SHR reporting based on the number of LBT failures etc. is not needed, considering that with appropriate thresholds for T310/T312/T304 and the additional information in SHR, network can identify such scenarios. We also note that the benefits of any new configuration based on number of LBT failures etc. may not be high, given the possibly sporadic nature of LBT failures.

Proposal 7: Existing SHR configuration and threhsolds can be reused for NR-U.

As SHR already includes RA-Report, the proposed enhancements for RA reporting for NR-U can be useful for SHR also. Additionally SHR also may include information about the number of UL LBT failures, RSSI measurements and channel occupancy measurements. If the configuration (of the satisfied condition) is provided by the source cell, for e.g. based on thresholdPercentageT310 or thresholdPercentageT312, UE logs the LBT related information of the source cell. If the configuration (of the satisfied condition) is provided by the target cell, for e.g. based on thresholdPercentageT304, UE logs the LBT related information of the target cell.
Proposal 8: UE logs LBT related information of the cell (source/target) which provided the configuration of the satisfied condition in SHR.
3. Conclusion
The following is suggested for SON/MDT of NR-U:
In the previous sections, we have discussed certain issues and have made following observation:

Observation 1: As NR-U deployments are typically over very large bandwidth, it will be very common to have LBT failures in only one of PRACH part or PUSCH part of MSG-A.
We also made the following proposals for RAN2 to discuss and agree:

Proposal 1: For the multiple successive RA procedures failed due to LBT issue UE logs the following information in RA report.

a. Either BWP id or absoluteFrequencyPointA-r16/locationAndBandwidth. 
b. Whether the LBT failures are for PRACH resources or PUSCH resources of MSG-A for 2 step RACH.

c. Whether the LBT failures are for MSG1 or MSG3 of 4 step RACH.

Proposal 2: UE includes LBT_RAInformationCommon containing information of the multiple successive RA procedures failed due to LBT issue in the RA Report for the successful RA procedure in the BWP.

Proposal 3: UE logs the total number of LBT failures during RA procedure.

Proposal 4: UE counts the RA attempt when it actually transmits the preamble.

Proposal 5: RAN2 to discuss additional info in RLF report when the reported RLF cause is not consistent UL LBT failures, but UL LBT failures have an impact on RLF.

Proposal 6: Introduce RSSI measurements in the RLF report.

Proposal 7: Existing SHR configuration and threhsolds can be reused for NR-U.

Proposal 8: UE logs LBT related information of the cell (source/target) which provided the configuration of the satisfied condition in SHR.
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