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Discussion and decision
1
Introduction
RAN2#67 the paper [2] presented methods and results for the usage of RLF report to detect possible coverage issues in the network. The results suggest that relatively simple alternatives could provide means to identify if certain failures are caused by a coverage problem or by other issues in the network.
This paper presents additional evaluation results and compares those with proposed MDT reporting for coverage optimization, particularly the measurement trigger ‘Serving cell becomes worse than threshold’, in various network scenarios. The results indicate that the RLF reporting is an efficient way for separating to coverage problems from other potential causes of failures.
2
Discussion
The results are based on the same network scenarios as presented in [2]. Non-uniform cell layout (‘Sringwald’) was used with coverage holes in different positions in the network. Also, uncoordinated interference cases were simulated to show if they have any effect on the detection capabilities for the coverage holes.
2.1 Evaluation results
The behaviour of the ‘Serving cell becomes worse than threshold’ – trigger was modelled with A2 trigger and collection of subsequent cell results until the the level comes back over the threshold. Hysteresis was in use to ensure consecutive samples. The modelling is not exactly as defined for MDT trigger but should result in very close set of collected data.
The amount of events per cell with a coverage hole at position 2 and without coverage hole has been presented in Figure 1 and Figure 2, respectively. The used A2 triggering parameters are 

· A2 RSRP threshold: -110 dBm

· A2 RSRP hysteresis: 3 dB
· A2 RSRQ threshold: -10 dB

· A2 RSRP hysteresis: 2 dB
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Figure 1.MDT events per BS from coverage hole position 2.
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Figure 2.MDT events per BS without a coverage hole.


From the results it can be concluded that

· The coverage hole increases the amount of RLFs as well as A2 RSRP/RSRQ events. The coverage hole exists in the middle of BS ids 0, 2, 12, 16, 20 and the number of all events clearly increases due to the coverage hole.
· There are quite a lot more RLFs than A2 RSRP/RSRQ events, thus there are a lot RLFs occurring also without A2 RSRP/RSRQ triggered

· A2 RSRQ triggers quite many times regardless of the covergate hole, especially in the cells with smaller ISD. There is stronger correlation between RLF events (compared to A2) per cell and the cells which were affected by the coverage hole. This would suggest that there should be more A2 reports for equally good reliability than with RLF reports.
The amount of RLFs per cell with a coverage hole at position 1 has been presented in Figure 3. In Figure 4 the amount of RLFs per cell where the A2 RSRP event has been triggered has been presented.
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Figure 3. Total amount of RLFs with coverage hole at position 1.
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Figure 4. Number of RLFs when RSRP based has triggered with coverage hole at postion 1.




From the results it can be concluded that

· The coverage hole in the middle of BS ids 1, 5, 6, 9 causes clear increase in the number of reported RLF events clearly increases due to the coverage hole.
· If we take a look at RLFs which occur at times when A2 RSRP event is triggered, the coverage hole can be identified with the accuracy of a few BSs. This actually corresponds to the post processing of RLF data by filtering with appropriate serving cell RSRP level. The optimum threshold setting can be iterated offline for RLF reports without repeating the measurements as would be required with A2 trigger.
· A lot of RLFs occur when A2 RSRP is not triggered, thus by just studying the RLFs when A2 RSRP is triggered we might miss some other related problems in the network, such as mobility and interference related problems. This also implies worse effectiveness of the A2 reporting.
We define ‘RSRPdiff’ as the difference between L3 filtered serving cell RSRP and L3 filtered value of the best cell at the same time instant. Thus if a RSRP diff is positive, the serving cell is the best cell according to RSRP and if RSRPdiff is negative, a better cell would be available but UE has not made a (successful) handover to it. In Figure 5 and Figure 6 the RLFs has been classified into 6 categories, which are determined based on information included in the RLF report, e.g. RSRP values of the best cells and handover status at the time of RLF (note that not all of these phases are known by the UE, but the eNb).
1. Coverage problem → Criteria: if ( RSRPdiff > 0 || averageRSRPFrom3BestCells < -127 dBm ), the RLF is considered to be caused by coverage problem.
2. Measurement report not sent → RLF occurred when RSRPdiff > 0, but we have not yet sent a measurement report of event A3. Note that Time-To-Trigger may be running for event triggered measurement report.
3. Measurement report phase → RLF occurred when measurement report of event A3 was sent, but not (yet) received
4. HO preparation phase → RLF occurred during the delay caused by handover preparation related signalling, i.e. eNB was preparing the handover. (Note that this can’t be reliably detected at the UE, since the UE is not involved in the HO preparation)
5. HO command phase → RLF occurred when eNB had sent HO command was sent but UE had not (yet) received it
6. HO complete phase → RLF occurred when UE was seding the HO complete messag7e (i.e. RRCReconfigurationComplete), but an acknowledgement was not (yet) received by the UE
The ability to identify the RLF classification allows to separate the coverage problem from the other reasons. In this paper we focus on detailed examination of the first category. Listening the other reasons is to convey some information, but will be discussed in detail in [3].
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Figure 5. RLF classification with a coverage hole at position 2.
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Figure 6. RLF classification without a coverage hole 



From the results it can be concluded that
· About 40% of the RLFs are classified as caused by a coverage problem with coverage hole at position 2. Without a coverage hole in the network there are no RLFs which are classified as being caused by coverage problems. The “hit-ratio” to identify the coverage problem with the simple threshold based classification is high. At the same time “false-alarm” rate can be kept very low, see Figure 6.
· Non-coverage problem RLFs may have been caused by several problems, e.g. high interference causing signalling delays due to HARQ/ARQ transmissions or unoptimal mobility parameters, e.g. too long Time-To-Trigger causing delays before the measurement report can be sent. However, we will not go into details in presenting analysis on these, since they are related clearly on other MDT use cases, e.g. mobility optimization.
To evaluate possible implication of excessive interference on the detection of a coverage hole, we have carried out simulations where uncoordinated CSG cells were used to model the sources of extra interference. The locations of the CSG cells were the same as for coverage holes.

In Figure 7 and Figure 8 scatter plots with serving cell RSRP and RSRP are presented. In Figure 7 there is a coverage hole at position 2 and in Figure 8 there is a group of CSGs located at the same postion. CSG interference is generated by 7 base stations with 50 m ISD forming a circle shape. The CSG cells are fully loaded and transmitting with a maximum DL Tx power of 20 dBm. This represent kind of worst case scenario but in practical situation the load is obviously much less. UEs in the wide area network were not allowed to connect to any of the CSG cells. The objective was to compare whether the RLF statistics can identified coverage hole despite increased uncoordinated interference. 
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Figure 7. RSRP vs. RSRP diff with a coverage hole at postion 2.
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Figure 8. RSRP vs. RSRP diff with a CSG cell group at position 2.




From the results it can be concluded that

· Interference problem and coverage problem can be easily separated based on RLFs and related statistics

· Coverage problem can be identified by RLFs where serving cell RSRP is low and RSRPdiff is positive or close to zero
· Uncoordinated interference problem can be identified with also positive RSRPdiff values, but the serving cell RSRP values are high. Note that RSRQ may also be used in active mode to detect high interference.
Simulations have been carried out also with high DL TX powers and maximally loaded cells in the smaller cells (first tier of cells) representing the case of overlapping cell areas. The RLF statistics is essentially the same as illustrated in Figure 7 which imply that the potential capacity issues will not degrade the coverage optimization based on RLF reports. Overlapping coverage areas can be easily detected from the normal HO reports.
2.2 Discussion on the results

An A2 event (‘Serving cell becomes worse than threshold’) has been proposed for the coverage optimization use case of MDT. If A2 event threshold is configured properly, it may be used to gather some statistics related to the possible coverage problem. However, following conclusions could be made on the A2 trigger vs. the RLF report:
· A2 event results in added complexity in terms of a new UE function as well as additional measurmenet configuration. The setting of the A2 threshold should be relative to the cell size and used TX power. It may also have to be adaptive to trigger the measurements preferably only when informative results can be measured.
· A2 event might trigger even if there is not a problem, e.g. in low interference situations we could be able to communicate even with low RSRP values
· A majority of RLFs may occur regardless of whether A2 event has triggered, thus there area other problems that may also result in a RLF. Coverage, mobility and interference problems all lead to RLFs, thus RLF reports may be used to detect other issues in the network and to provide information to other use cases, particularly to mobility optimization..
· The RLF happens in situations when there is a real problem and the reports would hence be effective in providing most relevant information for optimizaiton purposes with minimized complexity increase: No separate measurement configuration and trigger but still providing data for reliable detection of coverage problems.
· The characteristics of the results for the coverage and uncoordinated interference scenarios are clearly different enabling reliable distinction of the two scenarios.
3
Conclusion
Based on the results shown in this paper we can conclude that

· RLF reporting is effective in providing information to identify the coverage issues in the network; results focused on the failures minimizing the amount of measuremen data needed. Coverage issues can be reliably separated from other causes of the failure.
· Interference scenarios will not degrade the detection of coverage issue from the RLF reports
· RLF report will provide useful information also for the optimization of mobility parameters

· MDT measurement trigger ‘Serving cell becomes worse than threshold’ - trigger can provide similar information but with extra complexity: Separate measurement configuration and logging trigger. Essentially the same information can be extracted from the RLF reports by using RSRP level based filter corresponding to the “serving cell threshold”.
· ‘Serving cell becomes worse than threshold’ - trigger need appropriate setting of the threshold to be able to capture most relevant results. The optimum threshold will vary depending on the cell size.
Proposal: RAN2 to consider to what degree the RRM reporting and particularly the proposed RLF report could be used instead of using a separate MDT specific measurement trigger with added complexity.
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