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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].
NR-U was included also in the Rel.17 SON/MDT WID, however due to lack of time no work has been done in RAN2 on this topic.
In this paper, we review the basic NR-U functionalities, and discuss possible enhancements that can be introduced in the SON/MDT framework to support the NR-U system.

[bookmark: _Ref178064866]2	Discussion
2.1	NR-U overview
NR-U functionality has been introduced in Rel.16, giving the possibility to the UE to operate in the unlicensed spectrum. Even though some of the fundamental concepts on how to operate in the unlicensed spectrum were inherited from LTE LAA, the NR-U feature introduced quite many new functionalities. For example, whereas in LTE LAA 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 (listen before talk) 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. If the LBT procedure concludes that the channel is deemed to be free, the device (UE/gNB) can transmit, otherwise it has to backoff its transmission attempt. Different channel access priority classes (CAPC) affecting the LBT procedure were defined for different type of traffic/control information, so that higher priority traffic can grab the unlicensed channel easier than lower priority traffic. 
Since LBT failures may impact the UE/gNB performances, RAN2 designed procedures that allow the UE to quickly recover from that. When the UE declares consistent LBT failures in an SCell, the UE should stop using the SCell, and report this information to the network via a MAC CE. On the other hand, when consistent uplink LBT failures are detected on SpCell, the UE is allowed to autonomously switch to another UL BWP with configured RACH resources, initiates RACH, and reports the failure via MAC CE. When consistent UL LBT failures are detected in all the BWPs of the SpCell configured with RACH, the UE finally declares RLF (SCG RLF or MCG RLF).
From the measurement point of view, also new types of measurements representing the RSSI and channel occupancy have been introduced to reflect the characteristics of the unlicensed channel. 

2.2 Enhancements to consider for SON/MDT
In the Rel.17 SON/MDT WID, this topic has been assigned lower priority, and only RAN3 has worked on that. In particular, RAN3 mainly focused on the downlink of the unlicensed spectrum and added metrics on ED threshold and channel occupancy in the load information framework. That has enabled enhanced resource coordination between network nodes, and hence optimized DL resource utilization in NR-U.
RAN2 instead has not worked on this topic in Rel.17. Only the RLF-report considers the NR-U system as possible cause of RLF, i.e. the RLF cause can be set to “lbtFailure” in current legacy RLF-Report. However, no other information representing NR-U performances have been specified as part of the SON framework.
In the following, we analyze different areas in which RAN2 could work in Rel.18. In particular, in order to have a more focused and organized discussion, RAN2 should focus (at least in the beginning of the discussion) on existing SON/MDT signaling reports and discuss how to possibly enhance them, rather than discussion new message reports that may require extensive email discussion and likely imply considerable specification impact. In our view, the topics that RAN2 should start with are the RA-Report/RA-Information enhancements, the RLF-Report (for RLF and HOF), the SHR, Successful PSCell report (SPR) and the L2 measurements. Enhancements to mobility state evaluation can also be considered given the characteristics of the NR-U mobility.
[bookmark: _Toc110964320]RAN2 to focus (at least in the beginning of the discussion) on existing SON/MDT signaling reports, e.g. the RA-Report/RA-Information enhancements, the RLF-Report enhancements (for RLF and HOF), the SHR enhancements, the Successful PSCell report (SPR) enhancements, the L2 measurements enhancements, the mobility state enhancements.
2.2.1 Enhancements to the RA-Report and RA-Information
As previously described, according to TS 38.321, in NR-U, the UE may initiate a random access in a SpCell upon experiencing “consistent LBT failures”. 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 in the SpCell, the UE performs a random access in another UL BWP of the SpCell in 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: _Toc110964321]To introduce a new raPurpose in the RA-Report to indicate that the RA was initiated following a “consistent LBT failures” in the SpCell.
 Upon one or more BWP switches triggered by a consistent LBT failure event in another BWP, the UE may eventually succeed with the random access. According to legacy specification, this last successful random access procedure will be logged in the RA-Report, whereas all the unsuccessful random access procedures that were triggered in other BWPs before the successful completion of the random access, will not be logged anywhere. That is because the UE logs in the RA-Report only the successful random access procedures (apart for the case of failed on-demand system information acquisition).
[bookmark: _Toc110964333]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. According to current specification, the failed random access procedure related to the other BWPs that were initiated due to triggered consistent LBT failures will not be logged in the RA-Report.
In our view, it would be beneficial for the network if the UE could include in the RA-Report also those random access procedures triggered in other BWP that failed due to “consistent LBT failures”, i.e not only the successful random access procedure. We believe that this information would allow the network to better analyze the reasons of those random access failures (e.g. by knowing the BWP in which consistent LBT failures occurred) and hence it can help the network in minimizing the risk of consistent LBT failures and therefore the risk of RLF and UL performance degradation in the unlicensed spectrum 
[bookmark: _Ref85536317][bookmark: _Toc110964322]If at the moment of successfully completing the random access procedure, the UE had consistent UL LBT failures triggered in one or more BWPs at MAC layer, the RA-Report includes information associated to those random access procedures that were initiated due to such consistent UL LBT failures.
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 count is stepped in MAC. 
[bookmark: _Ref85536531][bookmark: _Toc110964323]For each RA attempt, it is indicated whether the corresponding RA attempt (i.e. preamble transmission) was blocked by LBT.
Given Proposal 3, i.e. the UE includes in the RA-Report also the random access procedures that were initiated while UL LBT failures were triggered and not cancelled at MAC layer, 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. In this way, the network can also evaluate the contribution of LBT failures during RA with respect to the overall amount of experienced LBT failures.
[bookmark: _Ref85536680][bookmark: _Toc110964324]The UE includes in the RA-InformationCommon the LBT configuration, e.g. the configured “lbt-FailureInstanceMaxCount”.
2.2.2 Enhancements to the RLF-Report
As previously mentioned, 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 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: _Toc110964325]Include in the RLF-Report information on whether UL consistent LBT failures were triggered in the SpCell at MAC layer at the moment of RLF or during the HO.
The UE may include in the RLF-Report the RA information. In the current legacy, 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. 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]If at the moment of RLF/HOF, 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 such consistent UL LBT failures just before the RLF/HOF.
2.2.3 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]To introduce new SHR triggering conditions for NR-U, e.g. UL consistent LBT failure prior to successfully completing 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.
[bookmark: _Toc110964328]If at the moment of successful HO completion, the UE had consistent UL LBT failures triggered in one or more BWPs at MAC layer, the 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.

2.2.4 Enhancements to L2 measurements
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. The current L2 measurement framework definition for packet delay measurements does not consider the impact of LBT. Hence by just considering the current packet delay measurements, it will not be possible to isolate the contribution to the delay of the LBT. This is not desirable from a network optimization perspective, because it will not be possible to evaluate and possibly optimize the system performances in unlicensed spectrum. 
For example, considering the definition of PDCP packet delay in TS 38.314, one can see that this metric is essentially impacted only by the scheduling delays, i.e. the  is defined as the point in time when the UL MAC PDU k including the first part of UL PDCP SDU i is scheduled for transmission. However, in NR-U, once the packet is scheduled, its transmission may be anyhow blocked by LBT. The delay component due to LBT does not seem to be currently considered.
Further the packet delay measurement may also be impacted by LBT issues at the UE side in transmitting the SR, and at the gNB side in transmitting the UL grant. This delay component is also not considered. Similarly, the BSR transmissions may be delayed due to LBT issues. Hence, since the BSR is not regenerated by the UE after an LBT issues, it might happen that at the time of the BSR transmission, the BSR content does not reflect anymore the actual UE buffer size.
[bookmark: _Toc110964334]L2 measurements in NR-U system may be impacted by LBT issues affecting scheduled transmissions, by scheduling delays on SR transmissions/UL grants receptions, by potential inaccuracy of the BSR content.

[bookmark: _Toc110964329]RAN2 to consider in the L2 measurement framework, the LBT delays affecting scheduled transmission, the scheduling delays due to LBT issues on SR transmissions/UL grants receptions, the potential inaccuracy of the BSR content due to LBT blockages on the BSR transmission.
2.2.5 Enhancements to mobility state
In case of shared spectrum, a cell may not be able to transmit reference signals (e.g. SSB) during a given period of time due to LBT problems. Therefore, a UE in RRC IDLE mode or in RRC INACTIVE mode and performing cell selection / reselection procedure may not decode the reference signal of a cell, due to failures in downlink channel access procedures at the gNB side. If the transmission of reference signal is intermittent (i.e. sometimes it succeeds, sometimes it fails), a UE may end up in reselecting a cell operating in shared spectrum a number of times that is not in line with its actual mobility, leading the UE to wrong determine its mobility state. For example, for a stationary UE the number of cell reselection may be so high that the UE will consider itself as being in high mobility state, whereas this might not be the case, and it might just be due to problems at gNB.
We propose RAN2 discussing this problem.
[bookmark: _Toc110964330]RAN2 to discuss enhancements to mobility state framework to aid the UE to determine more correctly its mobility state in case of missing reference signals due to LBT issues that the gNB.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	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. According to current specification, the failed random access procedure related to the other BWPs that were initiated due to triggered consistent LBT failures will not be logged in the RA-Report.
Observation 2	L2 measurements in NR-U system may be impacted by LBT issues affecting scheduled transmissions, by scheduling delays on SR transmissions/UL grants receptions, by potential inaccuracy of the BSR content.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to focus (at least in the beginning of the discussion) on existing SON/MDT signaling reports, e.g. the RA-Report/RA-Information enhancements, the RLF-Report enhancements (for RLF and HOF), the SHR enhancements, the Successful PSCell report (SPR) enhancements, the L2 measurements enhancements, the mobility state enhancements.
Proposal 2	To introduce a new raPurpose in the RA-Report to indicate that the RA was initiated following a “consistent LBT failures” in the SpCell.
Proposal 3	If at the moment of successfully completing the random access procedure, the UE had consistent UL LBT failures triggered in one or more BWPs at MAC layer, the RA-Report includes information associated to those random access procedures that were initiated due to such consistent UL LBT failures.
Proposal 4	For each RA attempt, it is indicated whether the corresponding RA attempt (i.e. preamble transmission) was blocked by LBT.
Proposal 5	The UE includes in the RA-InformationCommon the LBT configuration, e.g. the configured “lbt-FailureInstanceMaxCount”.
Proposal 6	Include in the RLF-Report information on whether UL consistent LBT failures were triggered in the SpCell at MAC layer at the moment of RLF or during the HO.
Proposal 7	If at the moment of RLF/HOF, 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 such consistent UL LBT failures just before the RLF/HOF.
Proposal 8	To introduce new SHR triggering conditions for NR-U, e.g. UL consistent LBT failure prior to successfully completing the HO.
Proposal 9	If at the moment of successful HO completion, the UE had consistent UL LBT failures triggered in one or more BWPs at MAC layer, the 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 10	RAN2 to consider in the L2 measurement framework, the LBT delays affecting scheduled transmission, the scheduling delays due to LBT issues on SR transmissions/UL grants receptions, the potential inaccuracy of the BSR content due to LBT blockages on the BSR transmission.
Proposal 11	RAN2 to discuss enhancements to mobility state framework to aid the UE to determine more correctly its mobility state in case of missing reference signals due to LBT issues that the gNB.
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