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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. A further paper in RAN2#67bis [3] addresses the same issues, but mobility optimisation use case is not treated by any of the measurement in [1] directly. Thus we suggest to focus on a parallel alternative for the use case.

This paper presents similar evaluation results of MDT reporting for mobility optimization than are shown in [1]. The results indicate that RLF reporting is a possible way for separating also the mobility problems from other potential causes of failures.
2
Mobility Optimisation Simulations 
System level simulations were done to study how mobility problems could be detected, similarly as was done in [2], [3] for coverage hole detection. The results are based on the same network scenarios as presented in [2] and [3]. Non-uniform cell layout (‘Springwald’) was used, but the coverage holes were not present. For simplicity (and comparability with the coverage hole detection cases), even though the cell layout was non-uniform, all cells were assumed to have exactly the same handover parameters. This is not optimal, since the cell sizes are somewhat different, so it was expected that some mobility problems should occur. 
Table 1. Handover-related parameters in simulations

	Parameter
	Value

	Event A3 margin
	3, 6 [dB]

	Event A3 time-to-trigger
	64, 256, 512 [ms]

	UE speed
	30 km/h (3 km/h is slow enough speed that very few RLFs occur)

	Handover preparation delay
	50 ms (time that eNB needs to prepare the target cell for handover) 

	Handover execution delay
	20 ms (RACH delay) 

	Handover signalling
	UE measurement reports, HO commands and ‘HO complete’-message (I.e. RRC message RRCReconfigurationComplete) were sent over the air


Other simulation parameters are detailed in Appendix I (the parameters are the same as in [1] except for the varied handover parameters).
2.1 RLF Classification 
Mobility problems typically occur either because the measurement events are configured such that handovers happen too late (leading often to radio link failures), or happen too early (leading to ping-pong handovers), or measurement reports or handover commands don’t go through due to heavy UL/DL interference (leading often again to RLFs). In this contribution, we have focused on detecting mobility problems that are visible via RLFs. (The detection of ping-pong handovers is already possible currently in the network side.)
The RLFs are defined into six possible categories (see also [2]): One for coverage problem and five for handover problems. The categories have are measurable by UE except for categories 4 & 5, and even those could be detected with assistance from network (i.e. once the network obtains the UE report, it can deduce that.)

1. 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. The six RLF  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), are listed below:
2. Coverage problem → Criteria: if ( RSRPdiff > 0 || averageRSRPFrom3BestCells < -127 dBm ), the RLF is considered to be caused by coverage problem.

3. 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.

4. Measurement report phase → RLF occurred when measurement report of event A3 was sent, but not (yet) received

5. 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)

6. HO command phase → RLF occurred when eNB had sent HO command was sent but UE had not (yet) received it

7. HO complete phase → RLF occurred when UE was sending the HO complete message (i.e. RRCReconfigurationComplete), but an acknowledgement was not (yet) received by the UE

The first category is analysed more thoroughly in [2]. In this contribution, we focus on the five other categories.
2.2 Results for Mobility Problem detection

Apart from the coverage hole detection, the RLF classification can help in identifying mobility optimisation problems. To detect possible problems with mobility, the amount of RLFs happening in each simulation case was tracked and categorised according to the scheme defined in section 2.1. Figure 1 REF _Ref242520243 \h 
 shows the overall amounts of RLFs happening in with each HO parameter set (see Table 1).
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Figure 1. Amount of RLFs with each HO parameter combination

The results in Figure 1 show how many RLFs happen in each simulation case: The absolute amounts differ quite much depending on which HO parameter set is used, but the relative amounts still show certain tendencies observable from the categorisation. However, it should be noted that especially for the cases with smaller amount of RLFs, the results may not be totally reliable since the number of samples is relatively small due to time required for collecting enough samples in simulations. 

Figure 2 and Figure 3 below show the RLF classification as pie diagrams for simulations with HO parameter sets {HO margin, TimeToTrigger} = {3 dB, 512 ms}, {6 dB, 512 ms} and Figure 4 and Figure 5 show the results from simulations with HO parameter sets {HO margin, TimeToTrigger} = {3 dB, 256 ms}, {6 dB, 256 ms}. (i.e. only the TTT changes).
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Figure 2. RLF classification for margin = 3 dB, TTT = 512 ms
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Figure 3. RLF classification for margin = 6 dB, TTT = 512 ms
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Figure 4. RLF classification for margin = 3 dB, TTT = 256 ms
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Figure 5. RLF classification for margin = 6 dB, TTT = 256 ms


Figure 6, Figure 7

 REF _Ref242168052 \h 
, REF _Ref242168055 \h 
 Figure 8 and Figure 9 show the scatter plots of serving cell RSRP vs RSRPdiff for each case. In coverage hole detection simulations, these were useful for detecting of ‘clusters’ which indicated that there was a coverage hole.
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Figure 6. RSRP vs. RSRP diff with margin = 3 dB, TTT = 512 ms
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Figure 7. RSRP vs. RSRP diff with margin = 6 dB, TTT = 512 ms 
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Figure 8. RSRP vs. RSRP diff with margin = 3 dB, TTT = 256 ms
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Figure 9. RSRP vs. RSRP diff with margin = 6 dB, TTT = 256 ms 




2.3 Discussion on the results

The results indicate that
· RLFs that occur before UL measurement report (of event A3) has been sent are likely caused by mobility problems. This is evidenced by the amount of RLFs happening before measurement report has been sent increasing when either TTT or margin is increased.
· There is a relatively low amount of samples in these simulations: The statistical accuracy of these results is not the best possible, but relative differences between the cases are still informative. Any studies of statistical accuracy of measurements should involve also RAN4, as they have more background in doing similar studies.
· The mobility optimization needs long collection period for statistics, since unlike with coverage holes, mobility problems may or may not occur even if there are some problems with mobility parameters.
Similarly as with coverage hole detection, it was expected that the RSRPdiff may further help in the categorisation. However, the figures indicate that the RSRPdiff implication are not as clear as in the coverage hole detection case and similar ‘clusters’ indicating mobility problems as were found in coverage hole detection are hard to find in mobility optimisation cases.
3
Conclusion
Based on the results shown in this paper we can conclude that
· RLF report will provide useful information also for the optimization of mobility parameters

· UE reporting its HO status during the RLF (“A3 report not sent”, “A3 report sent”, “HO command received”) can help in in optimising mobility parameters 
Proposal: RAN2 should 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 which would add complexity. Additionally no sensitivity or performance analyses (typically done in RAN4, which has not been involved in this work yet) have been conducted to understand how accurately separate MDT specific measurement trigger would work in identifying network problem causing the radio link failure. Added complexity without added clear added benefit in identifying network problems is difficult to justify. The reporting proposed in this contribution should be considered together with the reporting described in [3].
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Appendix I
Table 2. 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, 6 dB

	
	Time to trigger
	64, 256, 512

	
	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
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