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Discussion
1. Introduction
In RAN2#67BIS meeting, It was agreed that the work on MDT will focus on use case-Coverage optimization. Furthermore, by an agreement, the existing measurements will firstly be evaluated. The most important objective of coverage optimization is to detect coverage hole. We show that coverage hole can be roughly detected if measurements together with position information is collected from UEs with the connected mode during a long time. To verify it, a simple simulation is performed.
2. Discussion
It is assumed that particular UEs, i.e. UEs with positioning functionality, can reports their position information to serving eNB when a measurement event is triggered. The serving eNB can collect position information from the UEs for a fixed period of time and then use the infromation to detect coverage hole. Since the position information will be provided by UEs with connected mode, eNB cannot get any position information mapped at coverage hole. Therefore the eNB can roughly regard a blank in which no UE has reported as the coverage hole. The blank would also appear due to the spot with idle mode UEs or no existence of UE. Therefore, in order to improve the reliability, the eNB needs to collect the information from many UEs for a long time. Measurement results reported from UEs would also help eNB to estimate the location of coverage hole. The RRC specification 36.331 defines measurement events that can be used to detect coverage or handover as follows: 
· Event A1 (Serving becomes better than threshold)
· 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)
Through a simple simulation, we will show positions of UEs triggering event A1, A2 and A4 among the existing measurement events. 
2.1 Estimating coverage hole
Assumptions:

–19 cells with hexagonal grid
–BS max. transmission power 20W
–For the simulation, 1000 UEs are considered.

–UE uses the existing measurement mechanism.

–Meeting conditions for event triggering, the UEs can report measurements together with their position information to the serving eNB.

–Coverage hole has a sharp of circle in which the fixed loss of 100 dB exists.
Coverage hole is located within cell coverage area as shown in Fig. 1. 
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Fig. 1 Coverage hole within cell area
Fig. 2 shows UE positions in whole cell area. Based on the existing measurement report, UE with connected mode can report measurement results when an event is triggered. But UEs within coverage hole can’t report their measurement results. 
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(a) UEs with connected mode                                         (b) UEs in coverage hole

Fig. 2 UE distribution

Fig. 3 shows the UE positions triggering event A1 with various thresholds. When RSRP or RSRQ is better than threshold, event A1 is triggered. The reported measurement result includes position information of UE which provides the measurements. The eNB collects the information for a long time and then the eNB can plot the UE positions into the map of the cell area. Because UEs in coverage hole can’t deliver their measurements, the eNB has no information from UEs in coverage hole. Consequently, the result would look like Fig. 3. As threshold becomes higher, only UEs close to eNB station trigger event A1. From the simulation results, we can see that if a suitable threshold is chosen, coverage hole can be roughly estimated. For example, for RSRP thresholds lower than -100 dBm, coverage hole is seen roughly. But it is difficult to find coverage hole if RSRP threshold is set above -90 dBm.
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(a) RSRP threshold = - 110 dBm                                 (b) RSRP threshold = - 100 dBm
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(c) RSRP threshold = - 90 dBm                                    (d) RSRP threshold = - 80 dBm
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 (e) RSRQ threshold = - 5 dB                                        (f) RSRQ threshold = - 2 dB
Fig. 3 Event A1 (Serving becomes better than threshold) triggering
Fig. 4 shows the UE positions triggering event A2 with various thresholds. The event A2 tends to be triggered at UEs close to cell boundary due to pathloss. For higher threshold, the territory with event A2 is spreaded over whole cell area except the coverage hole. As threshold get higher, it is easy to estimate coverage hole.
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(a) RSRP threshold = - 110 dBm                                  (b) RSRP threshold = - 100 dBm
[image: image12.emf]-800

-600

-400

-200

0

200

400

600

800

-800 -600 -400 -200 0 200 400 600 800

UE

[image: image13.emf]-800

-600

-400

-200

0

200

400

600

800

-800 -600 -400 -200 0 200 400 600 800

UE


(c) RSRP threshold = - 90 dBm                                  (d) RSRP threshold = - 80 dBm
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  (e) RSRQ threshold = - 5 dB                                         (f) RSRQ threshold = - 2 dB

Fig. 4 Event A2 (Serving becomes worse than threshold) triggering
Fig. 5 shows the UE positions triggering event A4 with various thresholds. Event A4 indicates the status of neighboring cells. For lower threshold, we can see coverage hole. Higher is threshold, less is the number of UE triggering event A4.
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(a) RSRP threshold = - 110 dBm                                 (b) RSRP threshold = - 100 dBm
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(c) RSRP threshold = - 90 dBm
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(d) RSRQ threshold = - 5 dB                                      (e) RSRQ threshold = - 7 dB

Fig. 5 Event A4 (Neighbour becomes better than threshold) triggering
3. Conclusion
From simulation results, coverage hole can be estimated according to threshold assuming that measurement together with position information of UE is reported. I draw a conclusion as follows:

Conclusion 1: Coverage hole can be detected roughly by using the existing measurement report together with the additional position information
In order for UE to deliver its position information with measurements, it is expected that a procedure on positioning method is developed. And further study is needed for accuracy and limitation on the usage of the existing measurements mechanism for MDT. An example of the study would is how to distinguish between coverage hole and no thoroughfare.
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