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1 Introduction
After the RAN2#66bis meeting, there was an email discussion (66b#7) to elaborate on measurements for the minimization of drive tests, MDT. The result of the email discussion was a list of new measurements, most of which address the coverage optimizaton use case.
In [1], Nokia presented an alternative approach to effectively detect possible coverage problems in the network by introducing a simple extension to the RRC connection re-establishment procedure after the Radio Link Failure (RLF). With this extension, it was possible to separate RLF caused from coverage issues from RLF casued by parametrisation issues in the handover execution.
In this contribution, we expand further on this alternative approach, by exploring the possibility to utilizing existing RRC signalling to detect coverage and handover problems in the network. 

2 Description
On a general level, monitoring of RRC measurement reports and other RRC signaling to detect coverage or handover issues can be performed before or after the RLF event. If the network is able to trace the UE from source to target cell, the events before and after the RLF event can also be combined for more accuracy.

2.1 Monitoring before RLF

The Radio Resource Control (RRC) measurement reports already contain information of serving and neighboring cell RSRP. RRC measurement reports transmitted for normal UE mobility can be stored and analysed in the network to detect coverage and handover issues. The RRC specification 36.331 [2] defines a range of measurement events that can be used to detect coverage or handover issues. 
· Event A2 (Serving becomes worse than threshold)
· Event A3 (Neighbour becomes offset better than serving)
· Event A4 (Neighbour becomes better than threshold)
· Event A5 (Serving becomes worse than threshold1 and neighbour becomes better than threshold2)
· Event B1 (Inter RAT neighbour becomes better than threshold)
· Event B2 (Serving becomes worse than threshold1 and inter RAT neighbour becomes better than threshold2)
In addition to the above listed events, the network can configure UEs in problematic cells where RLFs are reported to trigger periodic measurement reporting for more input. Thus, event triggered measurements can be used to pinpoint problematic cells, and in the problematic cells, periodic reporting can be used to provide more input of the trouble area. From periodic measurement reports, the signal strength of neighboring cells can be used to localize the problem area.

2.2 Monitoring after RLF
Having detected RLF, the UE recovers by initiating the RRC re-establishment procedure in the measured best cell. This is done by transmitting RRCConnectionReestablishmentRequest, including the physCellId of the source cell in which RLF was detected. 
3 Comparison

3.1 Network based analysis of RRC measurements

The main benefit of using existing RRC signaling is that it is supported by all UEs in the field. This can be expected to provide better statistics than having a limited number of later release UEs supporting specific measurements. Even if UEs may not always be able to transmit a RRC measurement report before RLF, e.g. due to poor channel conditions, still a number of measurement reports can be expected to go through, giving good indications of troublesome areas in the network. Once these problematic cells have been identified, periodic RRC measurements can be configured for users in those cells to give more accurate measurement input. 
Another benefit of using existing RRC measurement reports is that no additional standardization is required.
More study is naturally required to prove the feasibility of this approach, but similar to the conclusions in [1], we believe that some of the measurements in [66b#7] could be redundant and that the same functionality can be achieved with RRC measurement reports.

Summary of pros and cons

Pros

· RRC measurements are available for all UEs

· Does not require additional standardization

Cons
· Accuracy?

· Need more careful analysis

3.2 UE based measurements
Compared to using RRC measurements, some benefits can also be noted for using UE based measurements.
· UEs including a GPS receiver could add position information to the measured result, which simplifies the work for the operator to localize and correct the problem.

· Measurements can also be collected from idle UEs 
4 Evaluation

In this section we present results of radio link failures observed in a detailed system simulation. The purpose is to check the feasibility of a classification of the RLFs into RLF caused by coverage issue or RLC caused by handover, based on UE measured RSRP just before the RLF. 

The simulated network contains of 21 cells in a hexagonal grid. The cell radius is 500 m and the antenna downtilt was varied 6, 8 or 10 degrees. By changing the antenna tilt, coverage holes were created in the network. The simulator includes detailed models for radio link failure detection and RRC signaling, including handover procedure and recovery through RRC connection re-establishment.
We simulated a number of UEs moving in random straight direction and observe RSRP of UEs experiencing RLF. The results of one such event is shown in Figure 1. Based on these figures, some observations can be made:

· RSRP levels are very low before the RLF

· No other cells are reported

Thus, this RLF is classified as caused by a coverage hole. Similar behavior was observed also for other users hexperiencing RLF due to coverage hole.
Figure 2 shows a typical failed handover. Here, a stronger neighboring cell is measured before the RLF, but for some reason the UE failed to change to the target cell. This is classified as a handover failure.

[image: image1]
Figure 1: RSRP for UE going through coverage hole

[image: image2]
Figure 2: RSRP for UE experiencing handover failure
Based on these findings, the following classification is made:

· Handover failure: UE measures better cell than serving during 260 ms preceeding RLF

· Coverage hole: UE does not measure better cells during 260 ms predceeding RLF
· Tracking of UEs source and target cell is performed to see whether RLF is within or between cells

In the next step, simulation statistics is gathered from the simulator. The number of RLFs is logged and classified according to the criterions listed above based on the UE measurements during 260ms before each RLF. Statistics are shown in Figure 3.
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6 degree  

8  degree  

10  degree  

5 m/s   20 m/s  

# of RLFs due to handover

problems between cells

# of RLFs due to handover

problems within cells

# of RLFs in coverage hole

between cells

# of RLFs in coverage hole

within a cell

# of RLFs due to handover

problems between cells

# of RLFs due to handover

problems within cells

# of RLFs in coverage hole

between cells

# of RLFs in coverage hole

within a cell

# of RLFs due to handover

problems between cells

# of RLFs due to handover

problems within cells

# of RLFs in coverage hole

between cells

# of RLFs in coverage hole

within a cell

# of RLFs due to handover

problems between cells

# of RLFs due to handover

problems within cells

# of RLFs in coverage hole

between cells

# of RLFs in coverage hole

within a cell

# of RLFs due to handover

problems between cells

# of RLFs due to handover

problems within cells

# of RLFs in coverage hole

between cells

# of RLFs in coverage hole

within a cell

# of RLFs due to handover

problems between cells

# of RLFs due to handover

problems within cells

# of RLFs in coverage hole

between cells

# of RLFs in coverage hole

within a cell


Figure 3: RLF statistics
From the results in Figure 3, we can make the following observations:
· The fraction of RLFs due to coverage hole increases with increasing downtilt

· The fraction of RLFs due to handover issues increases with increasing speed

· Around half of the RLFs due to coverage hole occur between cells, which gives input to localization
These observations seem to correlate with the expected UE behavior, indicating that analysis of pre RLF measurements of RSRP could be used to provide information of the cause of the RLF. Naturally, more studies are needed, also on the reliability of using RRC measurement reports.
5 Conclusion

In this contribution, we have studied the possibilities for network based solutions of coverage and mobility optimization, based on RRC measurement reporting. The approach seems promising, but more work is needed to verify the approach.
We note that presented approach only works for UEs in RRC connected state. In addition to this, UE based measurements can also be useful, and in some cases contain information that is not available to the network otherwise. For example, if the UE has a relatively recent (GPS) position available, this information could be useful for the network. In addition, having access to the idle mode measurements could be very beneficial.
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