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1
Introduction
The email discussion [66b#7] was further elaborating the measurements for the minimization of drive tests, MDT. Large number of the measurements and data reporting were targeting to the coverage optimization use case. In practice several measurements will identify the same problem caused by some sort of a coverage issue and therefore could be redundant. In this paper we show also an alternative approach to detect possible coverage problems in the network by introducing a simple extension for the report sent after the radio link failure, RLF. This would not require any additional signalling or measurements from the UE but still would efficiently distinguish the coverage issue from other possible causes of the RLF.

The results are based on simulations using synthetic radio propagation models but the detection of a coverage issue is clearly distinguishable without need for any sophisticated algorithms. Therefore, detection probability for a coverage hole can be anticipated to be high also in real networks. There are also simple extensions for the proposed methods further extending the detection capabilities and effectiveness for coverage optimization. Additionally, the same reporting can be used for SON mobility optimization, [2] providing thus input data for multiple purposes.
2
Discussion
After the email discussion 66b#7 the list of proposed measurements for MDT can be found in the table in Appendix I. As can be seen the coverage optimization has been highly emphasized. In total 11 out of 21 measurements aim directly at coverage optimization. Also, often the issues related to DL common channel detection are originated from the coverage problems and therefore those measurement logs will also contribute to the coverage optimization.  One could ask is all of these are needed in practice and how much there will be redundant features and reported data if all of these would be specified and implemented. Therefore, we suggest RAN2 to further elaborate the list of measurements for the coverage optimization; which ones of those will provide redundant information and which could provide the most essential information to be able to detect possible coverage issues in the network.
The high emphasis to the coverage optimization is also in contradiction with the RAN3 thinking for SON use cases. In RAN3 the overage optimization has been down-prioritized and focus is on other higher priority use cases.

Proposal 1: RAN2 to further elaborate the measurements for coverage optimization use case in order to remove redundant functions and reporting.

Taking somewhat alternative approach for the minimization of the need for manual testing in the network, we have been looking what can be achieved with normal RRC signaling with simple extensions to the reported information. We have been evaluating with simulations the RLF cases and how much they could help in detecting possible coverage issues and how reliably they can distinguish possible coverage problems from other issues in the radio network. Details of the evaluation are discussed in section 3.
3
Simulations
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-selections.

In [2] it has been proposed that a connection re-establishment messages after a RLF condition are enhanced with a s.c. ‘RLF report’. The RRCConnectionReestablishmentRequest message already contains the physical cell ID and C-RNTI of UE in the cell where the RLF occurred, but the message has strict size limitations because it is sent on SRB0. Thus, the ‘RLF report’ could be added to e.g. RRCConnectionReestablishmentComplete message. The ‘RLF report’ could contain e.g. the last cell ID before the RLF, a set of available RSRP/RSRQ measurements from n cells before and after the RLF and last location information if available. The objective of the simulations is to analyze can coverage holes be detected using just the information made available by the ‘RLF report’ in RRC connection re-establishment messages.

3.1 Simulation scenario
A synthetic non-regular network setup called ‘Springwald’ was used in the simulative studies. This setup provides a heterogeneous layout for the network illustrating better realistic network scenarios, at least compared to a uniform hexagonal grid. The scenario is presented in Figure 1. Site positions and antenna directions are described in TABLE II in Appendix II. UEs are placed uniformly and move with a costant velocity of 30 kmph within two center tiers (BSs 0-35). Third tier is generating interference at the same magnitude as the average load in the two center tiers.

The approach was to add coverage holes to the scenario representing coverage issues not anticipated in the radio network planning. Those could be caused e.g. by higher attenuation from buildings or other larger objects. We studied what can be observed from the enhanced RRC connection re-establishment messages. Note that all the RSRP values used in the contributions are Layer-3 filtered values. A coverage hole is defined to be a circle shaped area with a certain radius (180 m) and additional attenuation loss starting from circle ring and increasing linearly in dB scale towards the circle center (0 to 60 dB). The artificial coverage holes have been placed to four different positions to represent different kinds of situations.

1. In the middle of the three smallest sites in tier 1

2. In the middle of two sites at the edge of tier 1 and 2

3. Inside of one sector with an id 26

4. In the middle of three sectors at tier 3

As a reference the simulations have been run also without any artificial coverage holes to observe the ‘normal’ behaviour of the used simulation scenario. More detailed set of simulation parameters have been presented in TABLE III in Appendix III.
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Figure 1. Springwald scenario with the used coverage hole positions (1st and 2nd cell tiers with grey shades)
3.2 Simulation results

The amount of RLFs per cell without and with a coverage hole (at position 1) has been presented in Figure 2 and Figure 4, respectively. In Figure 3 and Figure 5 the amount of RLFs are presented where the average L3 filtered RSRP from three best cells is below a set value of -127 dBm. Thus these include RLFs where the average channel conditions are really poor.
	[image: image2.png]RLFs

200

180

160

140

120

100

80

60

40

RLFs per BS (No coverage hole)

012345678 91011121314151617 1819202122 23 24 25 26 27 28 29 30 31 32 33 34 35
BSid




Figure 2. RLFs per BS without a coverage hole.
	[image: image3.png]RLFs

200

180

160

140

120

100

80

60

40

20

RLFs per BS (RSRP threshold for average RSRP from 3 best cells: -110 dBb, No coverage hole)

I Y I I i
012345678 91011121314151617 1819202122 23 24 25 26 27 28 29 30 31 32 33 34 35
BSid




Figure 3. RLFs per BS without a coverage hole with average RSRP of three best cells lower than a threshold of -120 dBm.
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Figure 4. RLFs per BS with coverage hole at position 1.
	[image: image5.png]RLFs

200

180

160

140

120

100

80

60

40

20

RLFs per BS (RSRP threshold for average RSRP from 3 best cells: -110 dBb, Coverage hole position 1)

P T S T S S A T

L I i
012345678 91011121314151617 1819202122 23 24 25 26 27 28 29 30 31 32 33 34 35
BSid




Figure 5. RLFs per BS with coverage hole at position 1 and with average RSRP of three best cells lower than a threshold of -120 dBm.




Analysis from the amount of RLFs per BS results:

· In can be clearly observed that the amount of RLFs varies between 5 and 30 per cell even without an artificial coverage hole. The RLFs occur due to handover parameterization, 30 kmph UE velocity as well as non-regular site layout.

· With coverage hole the amount of RLFs in some cells is clearly increased.

· By considering only the RLFs where the average RSRP conditions are really poor, the coverage hole effects are clearly visible. Several RLFs are observed to occur when last connected to BS ids 1, 5 or 6. The coverage hole at position 1 is located at the center of these three cells.

· There are several ways of filtering out the RLFs which could occur due to the coverage hole. Here we have calculated the average RSRP of the three best cells.

In Figure 6 and Figure 7 a scatter plots of serving cell RSRP and ‘RSRP diff’ are presented for both without and with coverage hole – this time with coverage hole 2. The samples are gathered from occurred Qout detections and RLFs. RSRP diff is defined to be 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, while if it is negative, there are some better cell available, but we have not made a (successful) handover to it. The marking explanations are as follows:

· Black circle is a Qout detection outside the coverage hole

· Red +-sign is a radio link failure outside the coverage hole

· Dark blue circle is a Qout detection inside the coverage hole

· Light blue +-sign is a radio link failure inside the coverage hole.
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Figure 6. Serving cell RSRP vs. serving cell RSRP difference to the best cell without a coverage hole.
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Figure 7. Serving cell RSRP vs. serving cell RSRP difference to the best cell with coverage hole at position 2.


Analysis from the serving cell RSRP vs. RSRP diff scatter plots:

· Without the coverage hole, the serving cell RSRP varies mainly between -115 and -80 dBm. RSRP diff on the other hand varies mainly between 0 and -10 dBm. Thus, without a coverage hole, the RLF occurs almost always in a situation where there could be a better cell available.

· The reason stems mainly from handover process and parameterization. To avoid ping-pong handovers a margin (e.g. hysteresis) and a Time-To-Trigger (TTT) is utilized. While these effectively reduce the amount of handovers and ping-pongs they also delay the handover process. All the handover related signalling messages are transmitted over a shared channel both in UL and DL. In addition, signalling occurs always at the cell edge area resulting in possibly several Hybrid ARQ and ARQ retransmissions. These are of course necessary to compensate the erroneous wireless transmission media, but they also increase the delays before the handover process can be finished. When these delays increase too much, it more probable to experience a smaller RSRP diff and possibly resulting a RLF. Note that this situation may be improved by using faster handover parameterization, but on the down side this also increases the amount of occurring handovers.

· When studying the scatter plot with coverage hole at position 2, it can be seen that coverage hole samples are clearly distinguishable from non-hole samples. Serving cell RSRP values tend to be smaller, but also the amount of positive RSRP diff samples is clearly increased. This stands for a fact that a RLF occurs while we are connected to the best available cell. The coverage hole is affecting the RSRPs from all the neighbouring cells evenly so there is no possibility to make any rescue handovers. 

· Generalizing a bit, when RSRP diff is positive during RLF we are located in a coverage hole. If a RSRP diff is negative we might be located in a coverage hole or we might have some handover parameterization problem.

A number of identified cells from RLF cases have been shown in Figure 8 and Figure 9 without and with coverage hole, respectively. In Figure 10 the number of identified cells with coverage hole and from a filtered set of RLFs have been presented. The cell identification is performed here just by checking how many of the reported L3 filtered RSRP values reported from RLFs are above a specified cell identification threshold (-127 dBm). Thus, Es/Iot was not used for cell identification. The total amount of reported RSRP values were four: serving cell and three best non-serving cells.
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Figure 8. Number of identified cells during RLFs without a coverage hole.
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Figure 9. Number of identified cells during RLFs with coverage hole at position 3.
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Figure 10. Number of identified cells during RLFs with coverage hole at position 3 where serving cell RSRP is below -118 dBm.
	


Analysis from the number of identified cells results:

· Without a coverage hole during every RLF we detect four or more cells, thus the measured RSRP samples are over -127 dBm for the best 4 cells.

· With coverage hole in about 85% of the RLFs we detect four cells or more. However, in about 14% of RLFs we do not detect any cells, thus the L3 filtered RSRP values are less than -127 dBm for all measured 4 cells.

· If we take into consideration only the RLFs that occur with really poor channel conditions (here, serving cell RSRP is below -118 dBm) we can see that in 91% of the cases we do not identify any cells.
3.2 Discussion on the simulation results

Sections above show examples of the results for selective positions of the coverage hole. Similar results were obtained in all scenarios verifying the conclusions made from the results.

There results shown were based on the analysis of the RSRP values but alternatively the reported RSRQ values will provide similar possibilities to detect possible coverage issues. Or, if both results are available, evaluation combining both values would bring further possibilities for the detection and enable more sophisticated methods to be applied further improving the performance.

Other options for extensions also exist. RLF report after the connection re-establishment could include also the cell results after the RLF (when leaving the coverage hole) which would give more information e.g. about the size of the hole. Additionally, there could be an indication about the cause of the RLF or at which phase of the HO process the connection was broken. All such information would be available without new measurements and therefore could be options for information elements for extended reports.
A simple approach to analyse the reported results (this is implementation specific and various other ways exist) could be to look e.g. first occurrence of RLFs using the filtered cell specific results pointing out also the location with the accuracy of a cell or cell border (between two or more cells). The scatter plots of the RSRP result reveal if the cause is primarily a coverage issue or something else. The availability of other detectable cells will confirm the reason for RLF. Note that there was a clear margin between the number of detectable cells for the “no-hole” and “hole” cases. Hence the determination for the coverage issue can be done reliably.
If needed/wanted, location estimate can be further improved by looking the relative signal levels from different cells and/or using e.g. the timing advance value. By this the possible need for remaining manual testing can be pinpointed to relatively small area in the network hence may reduce considerably efforts for manual coverage optimization using drive tests.

Yet another extension one could think of is to utilize periodical measurement reporting after the rough location is known. The UEs close to the coverage hole could be activated for periodical reporting to provide further information not only in case when the connections are broken due to the coverage hole.
4
Conclusion
Firstly we raised the point of multiplicity of measurements proposed for the coverage optimization. As was concluded, the number of cases has exceeded the practical limits and overlapping reporting should be removed.
Proposal 1: RAN2 to further elaborate the measurements for coverage (and DL common channel) optimization use case(s) in order to avoid redundant functions and reporting.

In this paper we have shown an alternative approach to minimize drive test just by utilizing existing signalling with simple extension for cell reporting. This should be considered with respect to the proposed MDT measurements for the coverage optimization and how much separate data logging could add value for the coverage optimization over the conventional RRM reporting during normal operation. Furthermore, the same principle can be utilized also for mobility optimization and will support well possible SON function for that use case.

It was shown that the proposed reporting provide sufficient information for reliable detection of a potential coverage issue with simple detection principles. There are also several simple options to further improve the detection capability with negligible increase in complexity, still maintaining the same optimization principle.
As the example we have discussed in this paper for coverage optimization clearly shows, there are plenty of options just utilizing already existing methods and signalling. The benefits (improved optimization capability and reduction of manual testing) of the any new reporting principles should be compared with the “conventional” methods in order to be able to asses their added value and complexity/benefit trade-off.
Proposal 2: RAN2 to take into account the possibilities and effectiveness of exiting reporting principles through RRC signalling (with possible extensions shown in this paper) to be used for minimization of drive tests. These should be used as benchmarks when assessing need for new functionalities and reporting in order to reduce the manual testing. In particular the measurements for coverage optimization and mobility optimization should be evaluated in contrast to the normal operation discussed in this paper, representing the conventional approach for radio reporting.

Additionally, the relation with SON definitions is evident and should be taken into account while assessing the need for new measurements and data log reporting to provide solutions for a given use case. An illustrative example is the extended RLF reporting discussed for SON mobility optimization which will well suit for detection of coverage issues and hence minimizing of the need for manual tests.

Proposal 3: RAN2 to wait for SON features defined for Rel.9 before making conclusions on the measurements and data log reporting for MDT.
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Appendix I

TABLE I. Summary of the proposed measurement logs and their primary use case (RAN2#66bis agreed measurements with bold font).
	#
	Measurement log
	Optimization use case
	Proposed by

	
	
	Coverage 
	Capacity
	Mobility
	RACH
	DL comm. channels
	

	1
	Periodical timer based
	X


	
	
	
	
	Qualcomm
R2-093706

	2
	Serving Cell becomes worse than threshold
	X
	
	
	
	
	Qualcomm R2-093706

	3
	RRC connection re-establishment/Cell Update after Radio Link Failure
	X
	
	X
	
	
	Qualcomm R2-093706

	4
	Random access failure
	
	
	
	X
	
	Qualcomm R2-093706

	5
	Uplink RRC message delivery failure
	X
	
	X
	
	
	CATT
R2-093706

	6
	BCH failure
	X
	
	
	
	X
	CATT 
R2-093706

	7
	Serving Cell becomes better than a threshold1 and neighbour cell better than threshold2 simultaneously
	
	X
	
	
	
	CATT
R2-093706

	8
	Transmit power becomes higher than threshold
	X
	
	
	
	
	DOCOMO
R2-093965

	9
	Data Radio Bearer establishment
	
	X
	
	
	
	Telecom Italia
R2-093965

	10
	Paging Channel Decode Error (PDCCH error)
	
	
	
	
	X
	Vodafone

R2-093742

	11
	Paging Channel Decode Error (PCH error)
	
	
	
	
	X
	Vodafone

R2-093742

	12
	P-BCH Decode Error
	
	
	
	
	X
	Vodafone

R2-093742

	13
	SIB1 Transmission on DL-SCH
	
	
	
	
	X
	Vodafone

R2-093742

	14
	Abnormal service
	X
	
	
	
	
	Huawei

R2-093910

	15
	Cell search
	X
	
	
	
	X
	Huawei

R2-093910

	16
	Camping on low priority cell
	X
	
	
	
	
	Huawei

R2-093910

	17
	UL data loss and latency
	
	X
	
	
	
	Motorola



	18
	Handover failure
	X
	
	X
	
	
	LGE

	19
	Near PCI
	X
	
	X
	
	
	LGE

	20
	BCCH decode error
	
	
	
	
	X
	CATT

	21
	D-SR transmission failure
	
	
	
	
	X
	CATT

	
	Total:
	11
	4
	4
	1
	8
	


Appendix II

TABLE II. BS co-ordinates and antenna directions of the Springwald scenario.

	BS id
	x
	y
	Direction


	0
	0
	0
	30

	1
	0
	0
	150

	2
	0
	0
	-90

	3
	-154.508
	475.528
	30

	4
	-154.508
	475.528
	150

	5
	-154.508
	475.528
	-90

	6
	-618.187
	200.861
	30

	7
	-618.187
	200.861
	150

	8
	-618.187
	200.861
	-90

	9
	-647.214
	-470.228
	30

	10
	-647.214
	-470.228
	150

	11
	-647.214
	-470.228
	-108

	12
	0
	-950
	30

	13
	0
	-950
	150

	14
	0
	-950
	-90

	15
	889.919
	-646.564
	12

	16
	889.919
	-646.564
	150

	17
	889.919
	-646.564
	-90

	18
	1188.821
	386.271
	30

	19
	1188.821
	386.271
	150

	20
	1188.821
	386.271
	-108

	21
	432.624
	1331.479
	30

	22
	432.624
	1331.479
	150

	23
	432.624
	1331.479
	-90

	24
	-911.067
	1253.976
	30

	25
	-911.067
	1253.976
	150

	26
	-911.067
	1253.976
	-90

	27
	-1700
	0
	48

	28
	-1700
	0
	150

	29
	-1700
	0
	-90

	30
	-1087.4
	-1496.68
	30

	31
	-1087.4
	-1496.68
	150

	32
	-1087.4
	-1496.68
	-90

	33
	618.034
	-1902.11
	30

	34
	618.034
	-1902.11
	150

	35
	618.034
	-1902.11
	-90


Appendix III
TABLE III. Simulation parameters.

	Feature/Parameter
	
	Value/Description

	Bandwidth
	
	10 MHz

	Direction
	
	Uplink and downlink

	Duplexing
	
	FDD

	Simulation length
	
	2 M steps (~140 seconds)

	Channel profile
	
	Typical urban

	Receiver diversity
	
	2RX MRC

	Average number of UEs/cell
	
	50 (1800 UEs in the whole network)

	Distance-dependent path loss
	
	128.1 + 37.6log10(r)

	Shadowing standard deviation
	
	8 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	UE Velocity
	
	30 kmph

	Service
	
	Full buffer in both UL and DL

	Handover
	Measurement quantity
	RSRP

	
	Measurement bandwidth
	6 RBs

	
	Measurement interval
	50 ms

	
	Sliding window
	200 ms

	
	Margin
	3 dB

	
	Time to trigger
	256 ms

	
	Measurement report size
	200 bits

	
	Measurement reporting type
	Event triggered

	
	HO command size
	300 bits

	
	HO complete size
	120 bits

	
	Control message MCS
	QPSK 1/6

	
	Execution delay
	20 ms

	
	Preparation delay
	50 ms

	Radio link failure
	Qin
	-6 dB

	
	Qout
	-8 dB

	
	L3 filter coefficient
	7

	Packet scheduling
	DL
	TD-PF / FD-PF

	
	UL
	TD-PF / FD-ATB

	
	Maximum scheduled users
	12 per TTI (6 in UL / 6 in DL)

	Channel quality information
	CQI
	Fullband CQI (2RBs/CQI resolution)

	
	CSI / sounding
	Enabled

	Coverage hole
	Radius
	180 m

	
	Max attenuation
	60 dB

	UL Power control
	P0
	-58 dBm

	
	Alpha
	0.6


� Counter-clock-wise to the x-axis





