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Discussion and decision
1
Introduction
The approved MDT work item [2] defines coverage optimization as the primary use case. This document summarizes the “sub-use cases” for coverage optimization and what are the anticipated measurements that will provide relevant input for the identified cases. [1] and [9] discuss the operator scenarios where drive testing are needed and what are especially the coverage issues that have to be solved.
SA5 has agreed to use the Trace functionality to collect MDT measurements [11]. Currently the Trace is able to collect RRC signalling message including the measurement reports sent by the UE. Therefore all the existing reporting will be basically available for MDT data collection as well. This paper addresses also how this capability could be taken into account when evaluating the required MDT measurements.

The solutions discussed in this paper for the coverage optimization can be considered as the benchmark and the reference for possible further MDT extensions for this use case.
2
Discussion

Relevant situations where coverage will be measured and verified are:
1. Coverage mapping: Operators need to evaluate the signal levels in the cell areas in order to be able to assess the capability to provide service support throughout the radio network

2. Identification of weak signal areas: The measurements are focused on the situations where signal levels are the weakest and there is a risk for handover failures, call drops, degradation of user data throughputs, etc.
3. Coverage hole detection: Clear holes in the cellular coverage shall be discovered (and eventually removed) to be able to provide seamless services throughout the network

4. Pilot pollution: In this situation the coverage areas of neighbouring cells are overlapping and there may be undesirably strong interference between the cells

5. Detection of island coverage, or overshoot coverage [9], where the UE experiences strong neighbour cell signal within the serving cell coverage area

6. Verification of uplink coverage: The coverage should be balanced between uplink and downlink connections. UL coverage optimization is not only about adapting the cellular coverage by changing the site configuration (antennas) but also about adjusting the UL related parameters in the way that they allow optimized usage of UL powers in different environments. The UL coverage may normally assume that the DL coverage has been already evaluated. Hence, the UL verification is more about the optimization of power control related UL parameters.
2.1 
Measurements for coverage optimization
This section discusses what would be the measurements that can be used to provide relevant information to solve the defined coverage optimization sub-use cases. The measurements assume immediate reporting unless otherwise indicated.
2.1.1 
Coverage mapping
It will be useful for operators to know the signal levels (of the serving cell) throughout the radio network to be able to assess the service level that can be provided in the network. This means that there should be measurements collected in all parts of the network, and not just in the areas where there are potential coverage issues.
Obvious solution for this is the periodical DL pilot measurement that can be activated in any terminal. Normal RRC procedure can be used for such measurement configuration. To get a complete view for the coverage, there should be knowledge about the signal levels per physical location. For that purpose the periodical measurement reporting should be extended with the location information – as discussed earlier as the requirement for MDT reporting.
The operator may also conduct an intermediate step to verify the network coverage. Normally there will be a network plan done prior to the actual network deployment. Hence, there will be a reference what kind of signal level distributions could be expected in the network. Distributions could be calculated on cell basis. With MDT reporting the operator can collect statistics from the deployed network about the signal levels and/or qualities that the UEs experience throughout the network by using the periodical measurements reporting. The statistics can be collected with different cell/network load situations. With all such information, there will be knowledge about the distribution of service levels that can be provided within a cell and the network. It measured service levels meet the planned targets, there may not be need to conduct exhaustive manual testing for the coverage verification.
Naturally the indoor usage affects the statistics of signal distribution and is often difficult to predict. This is also the case where the availability of the location information is least probable. Hence, the reporting extension to provide the location information may not always be able to solve the issue.
2.1.2 
Weak signal areas
Specific attention should be paid for areas where the signal levels are the weakest and where the probability of experiencing problems to maintain the connection or executing handovers is highest. The measurements should be limited to areas where the serving cell signal level is low to prevent unnecessary involvement of UE:s to such measurement and to collect data mainly from relevant areas only.
The solution for this is the event based periodical measurement where the event can be the A2/EUTRAN (or corresponding UTRA event e.g. 1F) starting a periodical reporting with appropriate periodicity and length (amount of samples). This corresponds to the measurement proposal of “Serving cell becomes worse than threshold” proposed during the SI phase. The “logging window” can be considered to be the length of the periodical reporting but using immediate reporting.

Being a measurement separate from the mobility measurements, there will be freedom to choose the A2 threshold levels in the way that will be suitable for the MDT data collection from the areas of interest without disturbing the mobility performance. It can be also shown that the “position” of the measurement window relative the A2 trigger is not critical and essentially the same statistics can be collected from samples after the A2 event, [8].
2.1.3 
Coverage hole detection
Despite network planning, there could be areas where no sufficiently high DL signal is received by the UEs obviously causing call drops. It is essential that such areas can be identified in order to be able to re-plan the network and make required corrections. Typical remedies in such case are the changes in the site configuration (antenna configuration and/or orientation) and/or adjusting the DL TX powers.
Earlier contributions [3,4,5,6] have elaborated feasible solutions for coverage hole detection. Two basic options were identified:

1. Using extended RLF reporting [3,4]
2. Network based method using existing measurement reporting [5,6]
For the first option there is already the required RLF reporting capability defined for SON MRO. The extended RLF reporting is defined for connection re-establishment procedure where the UE will indicate in the connection re-establishment request – message whether RLF report (cell measurement results at the RLF) is available.
The alternative 2) investigates the measurement reports prior to the RLF requiring activation of periodical reporting in the areas where coverage will be verified. In both cases there can be an algorithm classifying the RLFs based on the cause of the connection failure. The RLF may be due to mobility issues or coverage issues. 
We have carried out further evaluations for the two methods by using system simulations. The performance and details for the simulation assumptions and classification principles are described in App.I.
As the outcome of the evaluations, we can say that the performance of the two methods is fairly similar. The difference is only how the measurements are configured and how much there will be data collected. The alternative 1) minimizes the UE reporting (limited to failure cases only) whereas the alternative 2 requires prior activation of the periodical reporting, before there is knowledge if the UE enters a coverage limited area. On the other hand, the alternative 2 can use legacy terminals too.
Both methods seem to be robust in the sense that the probability of false detection of a coverage hole is very low.

As the main outcome, the results (including those contributed earlier) suggest that there are ways to identify coverage problems by utilizing only active mode measurement reporting and that logged reporting is not mandatory for the basic coverage verification. 

2.1.4
Pilot pollution
Pilot pollution is caused by excessive overlap of cell coverage areas or unexpected signal propagation between the cells which has not been predicted during the network planning. The pilot pollution will result in excessive interference and hence degraded network capacity.

The main target for MDT data collection is to get samples from the areas where the problem is present. In principle the reporting trigger can be any trigger that will provide such results to the network from which the problem can be identified. The selection of the reporting trigger just affects the effectiveness to collect measurement results in relevant cases where the problem is experienced. The better the reporting trigger is to capture the problem situation, the less there will be UE involvement and sufficient statistics can be collected with minimum efforts and minimized impact on normal operation.

The reporting trigger for pilot pollution could be for example periodical, A3 or A4 (or corresponding UTRA events). The periodical measurement is obviously least effective as it reports data throughout the network. On the other hand, if the periodical measurement is used for other purposes, e.g. for coverage mapping, the data can be utilized also for the analysis of potential pilot pollution cases in the network.

A3 event (Neighbour becomes offset better than serving) as a separate MDT reporting trigger would most probably capture the cases where the neighbour cell level is high also before any mobility event has triggered. When the UE reports the cell results, the cell ID:s are also known for the cells having too high signal levels within the serving cell coverage area. If such results are seen frequently, the corrective action would be to change the e.g. the antenna configuration or orientation in the cells identified by the cell ID:s. The actual method to solve the problem will be implementation specific. MDT should just provide data to identify the problem. The measurement can be also event triggered periodical measurement so that a given amount of samples are collected after the event providing more information about the signal variations.
Similarly to A3, the A4 event (Neighbour becomes better than threshold) could potentially be used to capture the pilot pollution cases. The event could be obviously made to trigger in situations where high neighbour signal is present while no HO related reporting has been triggered. Also, periodical reporting is applicable after the A4 event.
It will be up to operator to select the appropriate trigger for measurement reporting so that the faults can be identified. Effective trigger will be also beneficial for the data analysis function as it will minimize the amount of reported data but still providing data from the areas of interest. Also it will minimize the UE involvement for MDT reporting.
Examples of data collection to capture pilot pollution situations are discussed in App.II.
2.1.5
Detection of “island” coverage
The “island” or overshoot coverage can be defined to be a situation where strong neighbour cell signal is received within the serving cell coverage area. The neighbour cell signal may come from adjacent cell but also from a more distant cell. At that particular position the UE will experiences similar situation as with the pilot pollution case discussed above. Therefore the reporting triggers and detection methods can obviously be the same for these two sub-use cases.

The same principles for the selection of the reporting triggers apply, that are usable for the pilot pollution case. Hence, at least periodical, A3 and A4 triggers are applicable; the latter ones being more effective to collect data from relevant areas. Reported cell measurement results and cell ID:s will reveal the severity of the problem and sources for the interfering signals. The events may initiate periodical reporting to extend the data collection and guarantee that sufficient data will be there for the MDT analysis.

2.1.6
Verification of UL coverage
In [7] the UL coverage issues have been elaborated and some performance results were shown. Main conclusions from the study were:
- It is essential to understand the behaviour when the UL power control parameters (alpha, P0) are not optimally set
- If P0 is wrongly set, the power headroom is not the right parameter to be used for problem identification

- UL measurement results are essential in order to discover the primary cause for possible UL problem

- UL measurements (RxP or SINR) can be used to trigger measurement collection for UL verification

- The UL triggers can be used to initiate also DL measurements (e.g. periodical DL measurements) to verify the UL/DL link balance. Also, by combining UL and DL measurements, the effect of interference can be taken into account

Further evaluations for UL coverage optimization have been carried out modelling also a real coverage problems in the network. The intention was to see how the coverage issues are seen both in DL and UL and what could be an appropriate strategy to solve the problems.

Main findings from the evaluations were:

· The power headroom (PH) will start triggering in areas where the coverage is a problem. On the other hand PH could start indicating bad coverage already before there are any problems with the UL connection.
· DL performance, e.g. RLFs, tends to indicate the coverage problems earlier and more reliable than the UL triggers. This suggests that the coverage problems should be solved first for DL direction. Once that has been completed, the UL verification (including parameter optimization) can be done
Details of the simulation campaign are discussed in App.III.
2.2 
Discussion on the measurements

Following table summarizes the coverage use cases and basic set of measurements that provides relevant data for MDT data collection to solve that particular issue.
Table 1: Summary of possible MDT measurements for CO
	Sub UC \ measurement
	Periodical DL pilot meas. *)
	A2/(1F UTRAN)
	A3 or A4
	RLF reporting
	PH reporting
	UL meas. RxP/SINR

	Coverage map
	X
	
	
	
	
	

	Weak signal
	O
	X
	
	
	
	

	Coverage hole
	O**)
	
	
	X
	
	

	Pilot pollution
	O
	
	X
	
	
	

	Island coverage
	O
	
	X
	
	
	

	UL coverage
	O
	
	
	
	(X)
	X


Legend:
X

Suggested primary reporting trigger



(X) 
Secondary reporting trigger



O 
 
Optional extension
*) Can be used in conjunction with another trigger; can be limited by the amount of samples
**) Can be activated for network based coverage hole detection [5]
The table suggests a basic set of reporting triggers and measurements that can be used for MDT with immediate reporting to cover the sub use cases for coverage optimization. We can conclude that currently available RRM measurements and reporting triggers provide feasible solutions to cover main anticipated needs for coverage optimization.
Required RRC modifications for full MDT support are the configuration for additional reporting of location information and adding corresponding optional information element to the measurement report.
3
Conclusion

This document lists the basic set of measurements with immediate reporting for coverage optimization which provide feasible solutions for the identified sub-use cases. The measurements are using existing RRC principles for reporting in connected mode. The measurements results are available also from the legacy terminals, except the RLF reporting. 
The SA5 decision to use trace functionality for MDT allows collection of any measurement reports sent by the UEs also to be utilized in MDT analysis function. Hence, not only MDT capable terminals can support the data collection but also legacy terminals can provide majority of the information that was discussed in this paper. The location information will be missing from the reports from the legacy UEs but it may often be missing from the MDT capable UEs as well, [10].

It will be up to network implementation to define appropriate principles and methods for measurement configuration (including related measurement parameter values) as well as collection and analysis of reported data to serve most efficiently the MDT use cases taking also into account the resulted UE involvement and hence anticipated impact on the user experience. 
Proposal 1: RAN2 to discuss and agree that the discussed basic set of measurements and data collection provides a feasible solution for coverage optimization and it’s sub-use cases, using immediate reporting. 

Proposal 2: Include the main points and conclusions presented in section 2.2 in the stage 2 documentation.

Proposal 3: Utilise the basic set of measurements and reporting set as a benchmark for possible extensions, whether they provide other essential new information for the problem solving agreed sub use-cases. 
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APPENDIX I
PERFORMANCE EVALUATIONS FOR TWO ALTERNATIVE METHODS FOR COVERAGE PROBLEM DETECTION
Following figures illustrate the performance of the two methods in the same scenario and with the same assumptions.
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Figure 1. Extended RLF reporting.
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Figure 2. Network based CO.


From the figures we see results with different coverage hole positions. The rightmost bars in the figures are reference results without the coverage hole. The blue bars in Figure 1and yellow & red bars in Figure 2 represent the cases where the RLF has been classified to be cased by a coverage problem. The other bars indicate other (mobility or interference) problems. The results confirm the earlier conclusions about the behaviour of such methods. The performance of the two methods is fairly similar. The difference is only how the measurements are configured and how much there will be data collected. The alternative 1) minimizes the UE reporting (limited to failure cases only) whereas the alternative 2 requires prior activation of the periodical reporting. On the other hand, the alternative 2 can use legacy terminals too.

The study has been performed using a fully dynamic time driven system simulator which simulates UL and DL directions simultaneously with a symbol resolution. UE mobility and handover process is modelled including also Radio Link Failure processes and cell re-establishments/re-selections. The main simulation assumptions, such as simulation scenario and main simulation parameters, have been presented previously in R2-094849, [3]. Thus, a non-regular ‘Springwald’ scenario is simulated with a propagation based coverage hole in four different locations, each representing different kind of radio environment. In this study we have compared two different approaches for coverage hole detection: an extended RLF reporting based approach and a network based approach utilizing periodical measurement reporting. 

The RLF classification chain for RLF classification based approach is presented in Figure 3. RLFs are classified based on the information in extended RLF report to identify coverage, HO parameterization or interference problems. RLF is classified as being caused by a coverage problem if the UE is not able to identify any other cells than the serving cell and the serving cell RSRP is lower than a pre-defined threshold (i.e. the cell identification fails due to low RSRP). Otherwise in this case, the RLF is classified as caused by a interference problem, since serving cell RSRP is acceptable, but we are not able to identify any other cells due to high interference (i.e. the cell identification fails due to low Energy per Symbol/Interference over Thermal (Es/IoT) ratio). If UE is able to identify also neighboring cells, the cause may be either coverage or a HO parameterization problem. RLF is classified as caused by a HO parameterization problem if the UE has either sent a A3 measurement report or if it has not, but at the same time the UE is not connected to the best cell based on RSRP. Otherwise, the UE is connected to the best cell at the time of RLF, thus the RLF may be classified as caused by a coverage problem.
The RRC measurement reporting based RLF classification chain is presented in Figure 4. The classification is the same as is used in R2-096737, [6]. The methodology is such that each UE measures and logs periodically (50 ms interval) the RSRP measurements throughout the call. In case a RLF occurs, the measurements preceding (4 samples) the RLF moment and coming after the attachment to a new cell (4 samples), are studied. The classification can be done as ‘going-in’ or ‘coming-out’ analysis depending whether we study the samples before or after the RLF. Here we have presented only the results from ‘going-in’ analysis. RLF is classified as caused by a coverage problem, if serving cell is the best and no other cell is identified in the entire observation period. Otherwise the RLF is classified as caused by a handover problem. In addition, the RLF is tagged either as ‘within cell’ or ‘between cells’ depending on whether the re-establishment or re-connection occurs to the same or different cell as the cell preceding the RLF, respectively.
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Figure 3: RLF classification based on extended RLF reporting.
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Figure 4: RLF classification based on periodical RRC reporting


APPENDIX II
Examples of data collection for pilot pollution detection:

In order to visualise the pilot pollution problem, dynamic system simulations were conducted. Figure 5 presents the simulation scenario, a Manhattan grid where a local cluster of four base stations is created around one street crossing. In theory, a user in the crossing is able to hear four equally strong cells at the same time. In this sense the area between the cells can be considered as pilot polluted.

Figure 6 presents the cell-specific RSRP distributions of cells in the cluster (red), cells just outside the cluster (green) and other cells (blue) measured by the UEs when they have triggered an A3 event to a neighbouring cell. It can be seen that the UEs in the cluster BSs trigger A3 events in relatively stronger serving cell signal conditions when compared to UEs in other BSs.
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Figure 5: Manhattan scenario with a local base station cluster 
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Figure 6: Serving cell RSRP at the moments when A3 is triggered 


It must be understood that the pilot pollution problem is more complicated than the Figure 6 indicates and will depend on several other parameters too, such as site distances, network load, etc. In addition to signal levels, also the collection of signal quality levels experienced by the UEs will be useful while analyzing excessive interference between cells.

APPENDIX III

UL COVERAGE VERIFICATION

We have been carrying out further simulation in scenarios where there is also an obvious coverage hole and not just a UL parameter problem. The earlier investigations for the uplink coverage considered mis-configuration of the P0 value. Now, there was also a scenario where the antenna down tilt at cells 8, 16 and 18 was too large causing insufficient coverage. The target of the investigations was to find out how well the proposed PHR indicator can be used to address the uplink coverage problems and is there a significant imbalance between the uplink and downlink directions which would require changes to the coverage hole estimation procedures. Earlier it was showed that the uplink coverage problem is difficult to trigger and detect from the power headroom reports (PHR) in case the P0 had a wrong value [7]. This kind of mis-configuration is possible if there is inaccurate path loss estimates used in the network dimensioning or confusion about the P0 and alpha settings. 

When modified antenna down tilt was used to generate a coverage problem, the results were somewhat different. If there is a coverage hole which was not known during the network planning phase, then the PH could be used to trigger the reporting. For example, if there is too strong antenna tilt, the measured path loss will be larger than expected which in turn would result in too high P0 value. This would also lead to bigger fraction of mobiles exceeding the PH threshold than what was estimated and in this case it is likely that PH would trigger, see Figure 7 and Figure 8. Hence, the performance of the PH as a trigger to detect the uplink coverage problems depends on how well the initial P0 configuration reflects the observed radio propagation conditions. The P0 value can also be adaptive (based on network conditions) which causes variations in PH triggering and feasibility of using that as the trigger to capture right events.

On the other hand, the results indicated that there was no significant performance degradation in uplink performance due to coverage hole before the downlink problems were clearly visible, see Figure 9 and Figure 10. This would suggest that it is better to complete downlink coverage verification before the uplink verification (including parameter optimization) may start. Therefore, a clear coverage problem can be most probably identified with downlink measurements. Before the uplink starts to indicate performance problems, the number of RLFs will already reveal the obvious coverage problems. On the other hand, the PH may indicate “bad coverage” even earlier than we see any problems with the uplink connection.
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Figure 7: Uplink problem due to P0 mis-configuration 
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Figure 8: Coverage hole problem due to antenna down tilt
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Figure 9: RLF performance 
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Figure 10: Uplink frame error rate performance 


BS8: PHR doesn’t trigger in mobiles if the P0 is misconfigured..





BS8 & 16: Downtilted coverage hole increases the PHR triggering
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