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1	Introduction
An initial set of targeted Rel-17 enhancement for MDT has been agreed during RAN WG2 Meeting #112e. Therein, noted scope for MDT enhancements was defined as follows: 

Agreements:
1	NR MDT support IDC mechanism, including: 
	- upon detection of IDC, the UE suppress logging and tag MDT report with InDeviceCoexDetected flag.
	- UE resumes the measurement logging when the IDC problem is resolved

=>	RAN2 to investigate logging early measurements.
=>	RAN2 to investigate MDT and On-demand SI.
=>	Other topics are still open to be pursued.

In this contribution we discuss further areas that are worth considering for improving Logged MDT procedures and report contents in Rel-17. 
Since enhancements of RLF reporting have been also identified as one of the key objectives in the Rel-17 WID [1]. In particular, the reporting of an RLF which occurred during a RAT change, e.g. from 4G to NR or vice versa was recently addressed in [2]. Therefore, we propose further scoping of RLF reporting in Rel-17.
2	Logged MDT
2.1 		New MDT Logging triggers
RAN2#112e agreed new areas to develop for MDT reports enhancements, i.e. early measurements and On-demand SI. Together with the newly coming requirements and enhancements, the end user impacts should be kept still reasonable.  It should be able to mitigate new NR requirements impacts to the UE. Instead of increasing contents of logged measurements, the network should be able to configure a UE with the most promising configuration. Namely, it should be allowed to restrict the logging according to one or more of a network-based selection criteria (such as logging trigger), and a user equipment-based selection criteria (such as memory). 
Proposal 1: RAN2 should discuss the possibility that Logged MDT configuration can restrict the logging according to one or more of a network-based selection criteria and a user equipment-based selection criteria.
2.2 		MDT Logging in RRC States
In NR, RRC Idle and Inactive states are treated in the same way and a common MDT logging configuration is given to the UE, that is applicable for both states. Even though Logged MDT Configuration is enabled when UE is in Connected State, the UE will log its MDT samples when it is in either Idle or Inactive.  
Observation 1: With the common Logged Measurement Configuration it is not possible to distinguish samples coming from RRC Idle or RRC Inactive states.
In addition, a common Logged MDT configuration applied to both states does not give neither guarantees nor control to the network about what data will become an outcome of the logging session. For instance, it might happen that logging in both states did not happen, as the UE did not go through a transition from RRC Inactive to RRC Idle. 
Furthermore, when the UE goes through RRC Inactive and RRC Idle states, distinction of radio samples from two states is an additional burden for the network of 3rd party tools that would need to be developed to analyse the outcomes. The network has no insight to know how many transitions the UE went through without any highly advanced analyses, as the logging is common, it is activated in a common manner and final results of radio measures will give the same nature of samples from two states (for periodical trigger only configured). 
Observation 2: Applying always the same Logged MDT configuration for RRC Idle and RRC Inactive states is inefficient.
The distinction of Idle and Inactive measurement logging could allow the network to target specific measurement campaigns, such as for example, for a specific location or specific UE linked with an NG-RAN context, without having to configure the UE for RRC Idle logging and thus avoiding an unnecessary large amount of collected measurements for the purpose. Even though, in LTE network control for the amount of logged data was limited by design in NR, support for beam-related information and logging through both states will easily lead to shortages of the memory at the UE, reserved for MDT. With increased contents and the requirement to keep impacts to the UE at reasonable level, we believe some selective configuration, aiming at filtering data and precise scheduling of what contents should be recorded by the UE, should be applied.
Observation 3: Distinction of MDT Logging between Idle and Inactive states can reduce the amount of measurements logged by a UE by targeting specific measurement campaigns. 
In addition, the NG-RAN might take the decision to send the UE to RRC Inactive rather than RRC Idle for several reasons, for e.g., signalling optimization or for a faster transition to RRC Connected. This is because UE transition to RRC Connected from RRC Idle requires more messages that transition from RRC Inactive. Thus, it would make sense to enable differentiation of the logged measurements made during Idle and Inactive states. Otherwise, it is not possible for the network vendor to monitor UEs in RRC Inactive state easily, if for example the operator wants to optimize the coverage of 5G to make sure that the UE can quickly resume to Connected mode.
Observation 4: Distinction of MDT Logging between Idle and Inactive states can lead network to better decision making judgement on sending a UE to Inactive state. 
Proposal 2: RAN2 should discuss the possibility to differentiate logged measurements made during RRC Idle and RRC Inactive states.
2.3	Enhanced Out of Coverage Detection
In existing specifications, a UE enters “anyCellSelection” state when it does not detect a suitable or acceptable cell. This state depends on 5G signal detection and is ignorant to other possible connections that the UE may be able to detect. In 5G networks, it is possible that a UE has access to multiple other connections, such as Wi-Fi or V2X and PC5 interface access to name a few. It is therefore possible that in existing specifications a UE detects “anyCellSelection” state and starts logging “out of coverage” information while it still enjoys service through an alternate connection. This counterintuitive situation arises, since detection of out of coverage is limited to 5G radio signal detection. 
Proposal 3: RAN2 considers expanding the notion of out of radio coverage detection when the UE is capable to detect other alternate connections. 
2.4	Logging in NR-U
NR support for unlicensed spectrum (NR-U) intends to expand the applicability of NG-RAN radio to support operation in unlicensed bands.  NR-U provides operators more spectrum option when deploying 5G networks. Since the MDT is a generic tool to discover network issues, and at the same time REL-17 WID [1] considers MDT support for NR-U, its worth considering what information can be enabled as MDT report in that context.   
The natural area of interest for NR-U issues detection might be occurrence of LBT failure. We note however, that already Rel-16 supports a flavour of indicating NR-U issues by RLFreport with its cause set to lbtFailure. 
When LBT failure happens on a PCell, the UE would switch to another BWP to perform random access channel, and then switch to another one if consistent LBT failure also happens there until it has tried all the BWPs configured with RACH or succeeds in one.  LBT MAC CE is reported if RACH on the BWP that does not fail and the triggered LBT failure is cancelled.  
Observation 5: LBT MAC CE is reported if RACH on the BWP that does not fail and the triggered LBT failure is cancelled.  
Otherwise, RLF and consequently re-establishment is triggered when all the BWPs with RACH are failed.  However, only a bitmap of the serving cells is included in the LBT MAC CE indicating which cell(s) are experiencing consistent LBT failure without indicating how many BWP(s) the terminal device has tried.
The knowledge of possible LBT failure cancellation is not feasible to be obtained by the network device because the triggered LBT failure as mentioned above may be cancelled in some scenarios (e.g., RA completion for PCell, BWP switching, SCell deactivation, RRC reconfiguration) at the UE without notifying the gNB.
Proposal 4: RAN2 should consider expanding MDT framework to provide logging solution for Unlicensed access.
Proposal 5: RAN2 should consider expanding MDT reports to provide a solution for recording of a cancellation of an LBT failure.
3	SNPN impact on PLMN check for MDT
3.1 PLMN check for MDT reports
When the UE is requested to report some stored information such as logged measurements or RLF report, it first checks if the current PLMN is the same that the one that requested the measurement. 
The check concerns all the operations related to Logged MDT and RLF report, starting from logging initiation through storage of the data till the eventual reporting (association of the logged data with PLMN id, storing PLMN id, checking PLMN id before data retrieval, sending MDT data only to a RPLMN if it matches with a stored PLMN id).
Observation 6: UE checks the RPLMN when initiating sending the stored MDT data to avoid sending MDT data to wrong PLMN.
In particular, we note that RLF report is a mandatory feature in the UE. 
Observation 7: UE mandatorily checks the RPLMN when initiating sending the stored RLF report data to avoid sending MDT data to wrong PLMN.
3.1 SNPN check for MDT reports
In Rel-16, the feature developed in WI “NG_RAN_PRN-Core”(RP-191563), allows the deployment of SNPN (Standalone Non Public Network). The selection of the network provider will be made using Network ID (NID). More precisely the combination of a PLMN ID + NID identifies an SNPN.
SNPN support was developed in NR, in parallel to the first release of NR MDT. When SNPN is used, the UE may not be connected to PLMN as such, but to another kind of service provider.
For MDT, by default, the UE should provide the stored information only to the relevant Network. Due to co-existence of SNPN and regular PLMN, the UE behaviour on data collection in case selected PLMN-Identity becomes NPN, remain ambiguous:
	selectedPLMN-Identity
Index of the PLMN selected by the UE from the plmn-IdentityList or npn-IdentityInfoList fields included in SIB1.


After connecting to a cell and selecting PLMN id in case of NPN, the procedure leaves ambiguous interpretation on how the UE should proceed. The basic PLMN check for MDT reports does not support SNPN storage, thus actually it leads to a failure scenario in case of SNPN. 
Observation 8: Lacking support of MDT PLMN check for SNPN may lead to failure scenario.

To avoid the failure scenarios for this mandatory feature, the Rel-17 UE should perform any selectedPLMN-Identity check before reporting RLF report. For this purpose, the UE needs to support storage and maintenance of SNPN through the same procedural steps, that apply to regular PLMN check in RLF reporting, i.e., the UE should check the Registered SNPN the same way it checks the RPLMN. 
For RLF report this feature is more critical, but we believe the enhancement would also benefit Logged MDT, as it secures any logged report reporting to a right network.
Proposal 7: Rel-17 Logged MDT and RLF report supports SNPN check.
4	SNPN impact to cell identification
4.1	SNPN presence in Cell Identity
Rel-16 NR SON and MDT reports use the IE CGI-Info-Logging-r16 in several places to identify the cell, where relevant SON or MDT event took place. 
With the co-existence of SNPN, we believe it is important to consider the identification of a cell being used as reference information in logged measurements, RLF and CEF reports. If the cell, which becomes visible to the UE turns out to be SNPN cell, for consistent reporting the Cell Global Information used for MDT and SON reports,  will need to be enhanced to allow SNPN ID. Otherwise, we limit the implementation options to run SON and MDT features. 
Proposal 8: The cell identification in MDT and SON messages should allow the use of SNPN.
5	RLF report enhancements 
5.1 Inter-RAT scenarios with RLF failure potential
In terms of inter-RAT mobility with so-called “vertical” cell changes, i.e. moving to another radio layer, many of the handovers are traffic steering motivated and not triggered by radio conditions. Radio-triggered means that radio conditions are getting so bad that UE must be handed-over to another radio layer to avoid connection loss.
Compared to intra-RAT horizontal handovers, the timing is far less critical for vertical handover cases, since source and target are decoupled from interference point of view, and cell changes for traffic steering reasons are not necessarily taking the link quality into account, but it could be included as a criterion.
The more critical inter-RAT handovers are the radio-triggered ones, since unproper execution immediately results in an RLF.
5.1.1	NR to LTE
Moving out from limited NR coverage area requires a proper inter-RAT handover from NR to LTE, which is depicted in Figure 1 where LTE is represented by the grey hexagons and NR by the blue beamformed access system. 
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[bookmark: _Ref53586694]Figure 1: RAT change from NR to LTE when leaving NR coverage area
Following the policy to keep the UE in capacity boosting NR as long as possible, the handover trigger criterion could have been configured quite aggressively so that even in the uncritical inter-RAT case the right time for the handover is missed and UE experiences an RLF. In that case RLF occurs still when UE was connected with the NR system and will re-connect to LTE, the underlying large coverage RAT. The necessary radio-conditioned inter-RAT handover from coverage-limited NR to LTE was not triggered in time, and this RLF would be counted after its analysis as “too late inter-RAT HO”.
Since RLF occurred in NR, the RLF report will be NR RRC encoded and, therefore, it will not be readable in LTE where UE reconnects after the RLF. If UE does not return to NR within 48h the failure gets lost as an MRO counter.
Observation 9:	RLF could get lost for inter-RAT MRO if RLF reporting is postponed until reconnection in NR domain.
Observation 10:	On the other side, since guilty cell is on NR side, cross-RAT information not needed.
5.1.2	LTE to NR
From pure coverage perspective, an inter-RAT change from LTE to NR would not be necessary, since UE could be served everywhere by LTE. Only the traffic steering policy to use NR when available triggers cell/RAT change to NR. Figure 2 depicts this case where UE is approaching NR coverage area.
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Figure 2: RAT change from LTE to NR when approaching NR coverage area
The risk of an RLF is very low, if handover is done when NR is stable for a certain period of time, however with the risk not fully utilizing NR coverage and capacity. That is, an RLF happens only if the process is too greedy in terms of NR, i.e. handover is already initiated with a rather low NR signal strength measured. Then, either already RACH fails because of too weak connection (which would actually result in a HOF as failure type of the radio link failure) or the UE might fail with an RLF directly after successful inter-RAT HO. In both cases, the UE will reconnect with LTE, with an RRC LTE encoded RLF report for the HOF case or an RRC NR encoded one for latter case of too early handover.
In both cases, MRO should identify the LTE cell as guilty cell having triggered a Too-Early Inter-RAT handover. While in case of HOF the RLF report can be immediately analysed and corresponding MRO counter incremented on LTE, the analysis for the latter case must be postponed to a phase when UE reconnects to NR, and observation 9 is true in this case as well.
Provided that RLF report is reported in NR, it will be first forwarded to failedCell with RLF INDICATION and then after analysing the short connection time in NR, a cross-RAT HANDOVER REPORT from NR to LTE becomes necessary, to inform the guilty LTE cell about the Too-Early Inter-RAT handover case.
Observation 11:	Even though UE reconnects to LTE after the RLF, MRO analysis cannot be started, since the NR encoded RLF is not readable. A rather cumbersome signalling chain follows after reading the RLF report including a final cross-RAT information message.
Observation 12:	Depending on scenario and RLF report readability cross-RAT messaging can be saved.
Rel-16 introduced limited support for inter-RAT RLF reporting. There are two RATs specific reports: LTE RLF report and NR RLF report. Currently, it is possible to report LTE RLF report to NR, but not in the other direction.
Assuming the deployment scenario when LTE network provides full coverage and NR is deployed with limited coverage to support 5G QoS requirements (NR operating in high frequency range with beam forced access), the UE will be facing inter-RAT handovers. 




    
Figure 3:	LTE-NR interworking scenario
[bookmark: _GoBack]A possible failure scenario may result in too late inter-RAT handover, due to too aggressive thresholds trying to keep the UE as long as possible in NR, and/or other-RAT measurements missing (not started) caused by the fissured NR border resulting from beam formed layout. The same greedy policy for handover from LTE to NR could lead to “Too Early Inter-RAT Handover” failures. In both cases, RLF occurs in NR while UE reconnects afterwards in LTE. 
The signalling overhead needed to inform the responsible entity/cell for measurement configuration re-adjustments needs to be studied in cooperation with RAN3.
Proposal 9: RAN2 considers RLF report enhancements in LTE-NR interworking scenarios. 
5.2	Enhanced coverage failure analysis
Enhanced RLF reporting helps to clearly identify if an UL coverage triggered RLF is accompanied by a DL coverage issue. The problem and the proposal referring to RLF report enhancement can be found in [3].
6	Event data collection for optimized inter-RAT mobility
NR coverage when operating in higher frequency will be limited compared to other legacy RATs resulting in inter-RAT handovers. Leaving the NR coverage can be easily triggered by NR RSRP measurements of the serving cell, but the opposite HO direction from low powerful but full coverage providing RAT to sparsely covered more powerful NR RAT. For NR RAT traffic optimization triggered handover is critical in terms of when to start sensing and measuring the NR RAT. 
NOTE: no radio-triggered, since lower layer provides coverage, and no risk of RLF.
Starting inter-RAT measurements blindly or even carrying out periodic measurements would lead to many in vain measurements which are just draining the UE’s battery, since UE could be far from an NR coverage island.
However, the collection of measurement data from successful NR egress inter-RAT handover could be used by the other-RAT to learn specific radio criteria to start the inter-RAT measurements.
Proposal 10: From data collection perspective, RAN2 considers measurement data from successful NR egress inter-RAT handover for learning and optimizing the criteria for the opposite (ingress) inter-RAT handover to NR.
7	Conclusion
In this contribution we have made the following proposals:
Proposal 1: RAN2 should discuss the possibility that Logged MDT configuration can restrict the logging according to one or more of a network-based selection criteria and a user equipment-based selection criteria.
Proposal 2: RAN2 should discuss the possibility to differentiate logged measurements made during RRC Idle and RRC Inactive states.
Proposal 3: RAN2 considers expanding the notion of out of radio coverage detection when the UE is capable to detect other alternate connections. 
Proposal 4: RAN2 should consider expanding MDT framework to provide logging solution for Unlicensed access.
Proposal 5: RAN2 should consider expanding MDT reports to provide a solution for recording of a cancellation of an LBT failure.
Proposal 7: Rel-17 Logged MDT and RLF report supports SNPN check.
Proposal 8: The cell identification in MDT and SON messages should allow the use of SNPN.
Proposal 9: RAN2 considers RLF report enhancements in LTE-NR interworking scenarios. 
Proposal 10: From data collection perspective, RAN2 considers measurement data from successful NR egress inter-RAT handover for learning and optimizing the criteria for the opposite (ingress) inter-RAT handover to NR.
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