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1	Introduction
In RAN #88-e, a new Work Item [1] on enhancement of data collection for SON/MDT in NR was approved. As agreed in RP-201281, one of the objectives of the work item is the support of data collection for MDT enhancements, including the leftover use cases and further enhancement of MDT reports.
In this contribution we discuss objectives focus for Rel-17 work on MDT enhancements.
2	Immediate MDT 
Immediate MDT in NR inherited mainly LTE baseline. However, the first release (Rel-16) solutions did not pay enough attention for traffic hot spot areas like squares in cities are covered by small cell deployment in combination with advanced beamforming techniques operating in high frequency bands in addition to basic Macro/Micro coverage provisioning using lower frequency bands. 
With dense small cell NR deployment (typically in combination with beamforming) the probability of creating unexpected interference spots resulting from the accumulation of several neighbouring cells/beams reaching the UE with almost the same signal strength as the serving cell/beam is quite high.
The problem occurs for instance for small deployments on squares when the access points or distributed units (DUs), respectively, are placed in dedicated allowed locations as shown Figure 1, where DUs are represented by red triangles. 
[bookmark: _Ref14171214]Figure 1:	Small cell deployment of square causing high interference at South-West corner of the square

An UE located in the area of the South-West corner of the square is receiving almost equally strong signal strength from five small cell nodes of x W. Assuming that x W is sufficiently high, the experienced SINR of the UE is

and might result in RLF with rather high probability.
A small cell deployment in real city environments might face the problem of interference spots, i.e. areas where UEs experience bad SINR resulting in radio link failures (RLF). Existing measurements fail, since in terms of the inter-freq and inter-RAT events (e.g. A5 and B2) the UEs measure sufficient good serving signal strength (e.g. serving RSRP >> threshold_1, i.e. no coverage issue) and in terms of intra-frequency handover all signals are too close that the A3 offset is fulfilled to trigger the A3 event. The interpretation of the RLF as a “too late intra-freq handover” would be wrong. Therefore, the existing handover events (called A3, A5 or B2) fail to escape from interference spot. 
For intra-frequency handover an offset of 3 dB is typically used, e.g. A3-offset in LTE, i.e. the received serving signal can be even up to 3 dB weaker than all 4 neighbours without triggering an intra-frequency handover. This worsens the situation even below -8 dB resulting in RLF. 

Also lowering the A3-offset will not help, since the neighbouring cell faces the same situation. The only way to escape this situation is to change frequency layer or change the RAT. However, as discussed above, the serving signal should be below threshold_1 and the target cell above threshold_2. Since the powerful small cell layer should be left as late as possible, the threshold for the serving cell should be rather low. This causes the following dilemma: By increasing this threshold_1, the small cell coverage would be dramatically reduced which is definitely to be avoided, while by keeping threshold_1 low UEs suffer from these interference spots.
Using RSRQ instead of RSRP as measurement quantity also fails, since high RSRQ value (>-15 dB), which is the case for the considered scenario, very badly represent the SINR
Observation 1:	Only inter-frequency or -RAT handover may help to escape from interference spots without dominant interferer.
Observation 2:	Existing measurement events (and the results coming from the combination of those) are not able to trigger inter-frequency or inter-RAT handover in case of interference spots.
Proposal 1:	New real time measurement event which masters the specific situation of interference spots without dominant interferer needs to be introduced to escape.
3 	Logged MDT
3.1 	IDC leftover from Rel-16
For Immediate MDT, when transmission in the ISM band by a UE affects its reception of NR signals in the DL, the radio measurements M1 are polluted by the interference from the ISM band and no longer reflect the real coverage of the network. In order to enable the network to avoid using corrupted measurements, some possible alternatives in RRC Connected are that:
-	The UE implementation ensures that unpolluted measurements are available to be used in RRM procedures;
-	The UE sends the list of problematic frequencies and then the gNB is enabled to filter out the measurements related to those frequencies;
Observation 3: in Immediate MDT, M1 measurements suffering from IDC interference are tagged (via UEAssistanceInformation).
Similarly as for Immediate MDT, for Logged MDT, when transmission in the ISM band by a UE affects its reception of radio signals in the DL, the NR measurements are polluted by the interference from the ISM band and no longer reflect the real coverage of the network. Logged MDT in NR took LTE as a baseline solution. However, it did not adopt the approach to allow the UE to log only clean measurements.
Observation 4: Logging the NR MDT reports that are polluted by IDC is less efficient solution than in LTE.  
In order to avoid taking polluted by IDC measurements into account or at least allow the gNB to be aware of the ongoing interference, some possible alternatives for NR Logged MDT are that:
-	The UE only logs clean measurements;
-	Every measurement is tagged with an interference status.
Proposal 2: Logged MDT enhancements reflect IDC impact on UE logged measurements.

3.2 	Remedy for increasing log size
Existing measurements collected by Logged MDT are collected in a statistical way, which enables only partial control of the data. The UEs participating in the MDT session receive the MDT configuration before entering RRC Idle or RRC Inactive and would measure and gather the data in predefined intervals or according to the predefined radio signal threshold (“A2-like”). According to NR characteristics, more measurements can be effectively taken (compared to LTE), due to serving and neighbouring cells’ measurement quantities recorded with beam granularity, and more options introduced in NR to tag data with assistance information (e.g. sensor information).
MDT can be considered as a promising means for recording any possible events or reports on numerous features, anomalies or incidents in the network, that correlate either with wrong mobility setting or with coverage issues. However, performing logging of any additional measurements should respect UE’s power and memory limitations, as well as network impacts to handle the data.  Therefore, further enhancements to Logged MDT should additionally enable controlling the size of the reports. 
Information that will become justified and evidently needed for Rel-17, should at the same time consider treatment that would alleviate impacts brought by increasing MDT logs size (e.g. conditional configurations or area based).
Proposal 3: RAN2 considers further logging restrictions according to a network-based selection criteria or a UE-based selection criteria.
4	RLF report  
4.1 	Inter-RAT RLF
Rel-16 introduced limited support for inter-RAT RLF reporting. There are two RATs specific reports: LTE RLFreport and NR RLFreport. Currently, it is possible to report LTE RLFreport 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
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. While for the first NR egress case NR measurement configuration is to be adjusted, is for the NR ingress the other-RAT misconfigured and guilty.
The signalling overhead needed to inform the responsible entity/cell for measurement configuration re-adjustments needs to be studied in cooperation with RAN3.
Proposal 4: RAN2 considers RLFreport enhancements in LTE-NR interworking scenarios. 
4.2 	Co-existence with new mobility features
Rel-16 introduced new mobility mechanisms such as CHO and DAPS. Logged measurements are not defined in line with the particulars of each scheme, or combination of schemes, which may lead to wrong root cause analysis and inappropriate re-configuration of parameters.
RAN2 has decided that the CHO execution condition may consist of up to two events that will assess RSRP and RSRQ levels, correspondingly, before performing HO to the target cell. The trigger quantity (RSRP or RSRQ), hysteresis, offset, threshold and TTT can be configured differently for each event. 

If the mobility related parameters of the measurement events are misconfigured, it may happen that the UE fails to perform CHO properly and instead causes an RLF. MRO mechanisms can react to this problem by adjusting the mobility parameters based on information that the UE logs and reports to the network in e.g. RLF report/ UE logged measurements as part of MDT feature. 

The issue is that current UE logging at RLF and MRO KPIs (TS 32.425) do not help the network/MRO to identify the root cause of the RLF in case of CHO execution using dual events. Let’s consider the following situation, as depicted in the Figure 2 in case of dual event CHO execution configuration where two measurement events are configured for the UE: Event 1 evaluating L3 e.g. RSRP measurements and Event 2 evaluating L3, e.g., RSRQ measurements:  TTT of Event 1 was started and has expired, later on  TTT of Event 2 is started but and RLF occurs before its expiry. 

[image: ]
Figure 2- Dual event evaluation and RLF timeline

In this case, an RLF report will be generated containing the latest measurements on the serving and target cell. In other words, only a snapshot of the measurements is provided so the network may at best decide if the entering/leaving conditions for the two events are not fulfilled at this moment in time. However, without further information on the TTT status of the two events, it is impossible to determine if, which and how event parameters (offset, hysteresis, TTT, etc.) should be changed in order to avoid RLF in the future. For the particular example in Figure 2, the network needs to change only the parameters controlling Event 2 as TTT of event 1 has already expired. However, as the information that TTT of Event 1 has expired is not known to the network, it cannot perform the right root cause analysis and may change the mobility parameters of both Events 1 and 2 resulting in unnecessary change of the mobility parameters for event 1.
 Note that we will face the same ambiguity no matter what the time relationship between the two TTTs (running in parallel or not) is and whether or not one or both were running at the moment of RLF. 
Observation 5: Current UE logging and MRO KPIs do not contain enough information to help MRO figure out the cause of RLF in case of CHO execution using dual events.
Proposal 5: RAN2 to discuss introduction of new UE logging for CHO execution using dual events.

4.3	RLF due to internal UE actions
In most cases, RLF occurs due to misconfiguration of certain events by the network (e.g. too late, too early handover). By means of the information contained in the RLF report or in UE mobility history reporting, different RLFs can be mapped to different counter values for different optimisation algorithms, which in turn provide different settings for the events that caused the RLF. In some cases however, an RLF can be caused by internal UE internal actions, that the network cannot control nor fix.
Observation 6: In some cases, RLF can be caused by internal UE actions that the network cannot either control or fix.
For example, dual SIM devices make use of DSDS (Dual SIM Dual Standby) technology. This means that when one of the SIMs is receiving a call, the SIM in the other slot will not be active. Since there will not be any RF available for this slot, there will be a radio link failure (if it is in connected mode) or it will move to out of coverage in idle mode. In some devices, this behaviour may be observed even for other scenarios like overheating also. In the current specifications, it is unclear how these cases should be handled. Should these RLFs be reported to the network and in this case, what cause value would they have in order to best capture the root cause.
It is our opinion that, if such cases are reported, they should carry a new RLF cause value that reflects that the fault lies with the UE internal behaviour. In this case, such RLFs can be ignored by the network as they cannot be fixed by any amount of reconfiguration. Correct labelling of RLFs also decreases the chances of the RLF being mapped incorrectly to a KPIs and wrong reconfirmation decisions being taken. 
Proposal 6: RAN2 considers new RLF cause to indicate if an RLF was caused by UE internal actions.  

4	L2 measurements 
Rel-16 measurements consist of definitions specified in TS38.314 and TS 28.552.The necessity to support packet delay measurement in NR was acknowledged by RAN DCU SI conclusion (section 6.4 of TR37.816) as well as by SA2 requirements on URLLC QoS monitoring. 
To address SA2 requirements on URLLC QoS monitoring, an alternative and more accurate measurement can be realised once the NG-RAN node decides about what packets are used for the measurement and informs the UE (and the CU-UP, if necessary) about the corresponding PDCP SNs. In result, the UE (and CU-UP) inform the gNB (or CU-CP) about the point in time when the corresponding packet passed by at the measurement point. The measurement point should be as near as possible at the service access point between PDCP and SDAP layer, e.g. in direction from SDAP to PDCP layer the time is noted as soon as the association between a monitored PDCP SN and the received SDAP SDU is known, and in direction from PDCP to SDAP layer the time is noted just before the association between PDCP SN and the corresponding packet is abandoned.  
Since the delay of UE+RAN is an important KPI for TSN and URLLC and therefore the QoS measurement should be as accurate as possible, Rel-17 should discuss a delay metric that provides a very accurate delay measurement.
Proposal 7: Introduce a new definition for the RAN part of packet delay measurement. 

5	Conclusion
In this contribution we made the following observations and proposals:
Proposal 1: New real time measurement event which masters the specific situation of interference spots without dominant interferer needs to be introduced.
Proposal 2: Logged MDT enhancements consider IDC impact on UE logged measurements.
Proposal 3: RAN2 considers further logging restrictions according to a network-based selection criteria or a UE-based selection criteria, in case of new configuration triggers introduced for Logged MDT.
Proposal 4: RAN2 considers RLFreport enhancements in LTE-NR interworking scenarios. 
Proposal 5: RAN2 to discuss introduction of new UE logging for CHO execution using dual events.
Proposal 6: RAN2 considers new RLF cause to indicate that if an RLF was caused by UE internal actions.  
Proposal 7: Introduce a new definition for the RAN part of packet delay measurement. 
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