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1. Introduction

Several results of Rel’8 mobility performance have been shown in RAN1 recently, analysing the performance of mobility under very challenging environments. In this paper, we try to analyse more deeply the possible reasons for the RLFs in Manhattan scenario, to better understand whether there is a need for mobility enhancements.
2. System level simulations in Manhattan scenario
These simulations were run in a Manhattan scenario presented in Figure 1 with a fully dynamic time driven simulator that simulates UL and DL directions simultaneously with a symbol resolution. General simulation assumptions (similar to what were also used in [1,2]) are summarised in Annex A. The scenario consists of 11 columns and 12 rows of 200m x 200m buildings separated by 30m wide roads. Users move along the roads and never enter the buildings. To avoid the border effects, user movement was also restricted to the middle light blue area of the scenario, and blue/black circles represent the eNode-Bs where users were allowed to connect, and the statistics were collected from the blue eNode-Bs. The green outermost base stations were used as interferers, again to decrease the border effects: The load in interfering sites is mirrored from centre sites, resulting in uniform interference conditions over whole area.
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Figure 1 Manhattan scenario
Users move within the allowed area with constant velocity and the turn probability in the crossings is 0.5. The traffic model used is infinite buffer without TCP in both uplink and downlink, so the network is fully loaded (worst case scenario in terms of interference) throughout the simulation time. Handover measurements are reported in event triggered manner and sent in air and retransmitted normally with HARQ and ARQ if necessary. Handover commands are also transmitted in similar way.
2.1 Most Likely Reasons for RLF in Manhattan Environment
According to simulations, most of the radio link failures occur in the crossings, as can be seen from Figure 2 presenting an example of the RLF positions. This is because UEs moving into the crossings experience a drastic change in interference conditions (the so-called urban canyon effect:  Change from NLOS to LOS condition (or vice versa) causes the overall pathloss change very rapidly within a short period of time) when moving into crossing or away from a crossing. The most likely RLF situations caused by UE mobility are presented in figures 3 and 4.
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Figure 2 – Positions of radio link failures in Manhattan environment.
Downlink fails first

In Figure 3, the user is connected to the right side blue eNB and moves to the LOS area of the green eNB. Downlink interference increases greatly when propagation changes from NLOS to LOS because the pathloss of the interfering eNB may increase about 20 dBs during a short time period. However, uplink interference for that UE’s serving cell does not change dramatically (because serving cell uplink is interfered by other users) but the UE is likely to start causing more uplink interference to the green eNB (that is now in LOS conditions with regards to the UE). 
After detecting the new green eNB, assume that a measurement event A3 triggers and the UE tries to send a measurement report to serving eNB. After receiving the measurement report, the serving eNB decides to send handover command to the UE. However, the increased DL interference causes the HO command transmission to be unsuccessful, which can lead to a RLF, even though the UL measurement report was sent successfully, indicating that UL is not always the bottleneck for the RLFs in the Manhattan scenario. 
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Figure 3 – Potential radio link failure situation
Uplink fails first

Figure 4 shows another RLF possibility..UE is first connected to the green eNB and turns left from the crossing near the eNB. When propagation conditions change from LOS to NLOS, both uplink and downlink serving signal strengths decrease about 20 dBs. In this case, the RLF may be easily caused by loss of either the measurement report or the handover command, as radio conditions for both UL and DL are deteriorating fast.
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Figure 4 – Potential reason for radio link failure situation
2.1 Analysis of RLF Causes in Simulations

Due the phenomena explained in previous section, we did some further analysis about the actual reasons for RLFs in the simulations by dividing the RLF into “time zones”, i.e. times when the RLF happens with regards to (possible) handover: A RLF can happen before a measurement report is ever sent, or while the measurement report is being sent, or after the measurement report is sent but HO command is not yet generated (i.e.eNB is processing the report), or after HO is decided but HO command is not yet send (i.e. eNB is negotiating the handover), or while HO command is being sent or after HO command is received but the HO execution is not yet complete. And of course, either the measurement report or the HO command may also be lost completely (both ARQ and HARQ fail). The RLFs are divided into these categories in the following figures as stacked bar plots (i.e. each color corresponds to the phase where RLF happens). This enables a finer analysis of when exactly the RLFs happen and what are the prime reasons for RLFs. 
Table 1. RLF Reasons for UE Speed = 3 km/h, HO Margin = 3/6 dB, Different TTT/L3 filtering options (for measurements and for Qout)
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Figure 5. RLF Time Zones, 3 km/h, no L3 filtering for L1 measurements, HOmargin = 3 dB
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Figure 6. RLF Time Zones, 3 km/h, no L3 filtering for L1 measurements, HOmargin = 6 dB

	
[image: image7]
Figure 7. RLF Time Zones, 3 km/h, , L3 filtering over two L1 filtering periods, HOmargin = 3 dB
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Figure 8. RLF Time Zones, 3 km/h, , L3 filtering over two L1 filtering periods, HOmargin = 6 dB
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Figure 9. RLF Time Zones, 3 km/h, L3 filtering over three L1 filtering periods, HOmargin = 3 dB
	
[image: image10]
Figure 10. RLF Time Zones, 3 km/h, L3 filtering over three L1 filtering periods, HOmargin = 6 dB


The 3 km/h results show that there are very few RLFs in the simulation. RLFs happen most commonly due to delayed measurement reporting (since several RLFs happen before the measurement report was even sent). L3 filtering for Qout reduces the amount of RLFs (since the RLFs are delayed, they are less likely to happen before handover, and Qin indications can also cause RLFs to not happen).
Table 2. RLF time zones for UE Speed = 30 km/h, HO Margin = 3/6 dB, Different TTT /L3 filtering options (for measurements and for Qout)
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Figure 11. RLF time zones, 30 km/h, Margin = 3 dB, no L3 filtering
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Figure 12. RLF time zones, 30 km/h, Margin = 6 dB, no L3 filtering
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Figure 13. RLF time zones, 30 km/h, Margin = 3 dB, L3 filtering over two L1 filtering periods
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Figure 14. RLF time zones, 30 km/h, Margin = 6 dB, L3 filtering over two L1 filtering periods
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Figure 15. RLF time zones, 30 km/h, Margin = 3 dB, L3 filtering over three L1 filtering periods
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Figure 16. RLF time zones, 30 km/h, Margin = 6 dB, L3 filtering over three L1 filtering periods


It can be seen that while the HO command may get lost in several cases, the UL measurement report actually is almost always correctly received, given enough time. Of course, this is not the entire truth, as it could just be that the measurement report would have been lost but RLF happened before all HARQ/ARQ retransmissions were exhausted. Also, L3 filtering for Qout reduces the amount of RLFs also for 30 km/h by removing several RLFs from which UEs would have recovered. However, this also lead to slightly reduced performance in terms of spectral efficiency, as also UEs who should have failed the link see somewhat delayed RLF, causing a slightly longer break in the connection when the failure actually takes place. However, with pure best effort traffic this is usually not a big a problem, as RLFs are just extra delay from which UE will recover once it starts getting scheduled again. 
The ping-pong amounts are shown in Table 3, and they indicate that larger HO margin clearly helps in decreasing the amount of ping-pongs better than L3 filtering of Qout or of L1 measurements. 
Table 3. Ping-pong frequencies for 3 and 30 km/h cases with/without L3 filtering
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Figure 17. Ping-pong frequency, 3 km/h, Margin = 3/6 dB, no L3 filtering over L1 filtering periods
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Figure 18. Handover distances, 30 km/h, Margin = 3/6 dB, no L3 filtering over L1 filtering periods
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Figure 19. Ping-pong frequency, 3 km/h, Margin = 3/6 dB, L3 filtering over two L1 filtering periods
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Figure 20. Handover distances, 30 km/h, Margin = 3/6 dB, L3 filtering over two L1 filtering periods
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Figure 21. Ping-pong frequency, 3 km/h, Margin = 3/6 dB, L3 filtering over three L1 filtering periods
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Figure 22. Handover distances, 30 km/h, Margin = 3/6 dB, L3 filtering over three L1 filtering periods


Finally, Table 4 and Table 5 show the spectral efficiency and 5% throughputs (i.e. cell edge throughput) in baseline cases without L3 filtering for L1 measurements (results are very similar in all cases). It can be seen that even though there is some variability in performance, the relative differences are not that large in most cases. Only when larger TTT values are used together with L3 filtering for Qout (i.e. making RLF detection slower) is there somewhat larger performance loss (i.e. lower spectral efficiency). This is also seen in the cell edge throughputs.
Table 4 Spectral Efficiency for UL/DL in baseline cases

	
[image: image23]
Figure 23. DL Spectral Efficiency, 3 km/h cases, no L3 filtering for L1 measurements
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Figure 24. UL Spectral Efficiency, 3 km/h cases, no L3 filtering for L1 measurements
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Figure 25. DL Spectral Efficiency, 30 km/h cases, no L3 filtering for L1 measurements
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Figure 26. UL Spectral Efficiency, 30 km/h cases, no L3 filtering for L1 measurements


Table 5 5% throughput for UL/DL in baseline cases
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Figure 27. DL 5% throughput, 3 km/h cases, no L3 filtering for L1 measurements
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Figure 28. UL 5% throughput, 3 km/h cases, no L3 filtering for L1 measurements
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Figure 29. DL 5% throughput, 30 km/h cases, no L3 filtering for L1 measurements
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Figure 30. UL 5% throughput, 30 km/h cases, no L3 filtering for L1 measurements


3. Conclusion

The results show that while Rel’8 mobility works in Manhattan, closer analysis shows that HO parameterization clearly affects both the amount of handovers and RLFs, but even with suboptimal parameters, the system still works quite well. The analysis of RLF reasons also indicates that it is not always UL measurement report loss which is the bottleneck, but DL problems can also be the prime cause for RLFs. Further, the results indicate that it is mostly the delay in UL measurement reports (and not necessarily the loss of measurement reports) that causes RLFs. The spectral efficiency figures also indicate that for BE, the effects of suboptimal mobility parameterization is not very large in most cases.
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Annex A. System simulation assumptions

Table 6. Key simulation parameters

	Feature/Parameter
	
	Value/Description

	Operation Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	NW synchronicity
	
	Asynchronous NW

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	180 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	11

	Number of control symbols per TTI
	
	3

	Manhattan scenario
	Cell layout
	60 omni-sites


	
	Building size
	200m x 200m

	
	Road width
	30 m

	
	Number of UEs per sector
	20

	
	Antenna pattern
	Omni

	Distance-dependent path loss
	
	According to UMTS 30.03 Manhattan pathloss [3]

	Shadowing standard deviation
	
	6 dB

	Shadowing correlation distance
	
	10 m

	Shadowing correlation between cells
	
	0.5

	Multipath delay profile
	
	Pedestrian A

	UE Speed
	
	3km/h and 30km/h

	Handover parameters
	Time-To-Trigger
	0, 64, 128 and 256 ms

	
	Handover Margin
	3 and 6 dB

	
	Handover Execution Delay
	20ms

	
	Handover Preparation Delay
	50 ms

	
	Handover Command Message Size
	300 bits

	
	Measurement Report Size
	200 bits

	
	Measurement report/Handover command message MCS
	QPSK 1/6

	
	
	

	Receiver
	
	2RX MRC

	DRX
	
	Disabled

	Ping-pong HO time interval
	Assume UE is connected to eNB1and first makes HO to eNB2 and then back to eNB1. If the second HO happens within the ping-pong HO interval, the handover is a ping-pong HO
	5 seconds

	RSRP Measurement
	Measurement Bandwidth
	6 PRB

	
	Measurement Interval
	50 ms

	
	Measurement Period
	200, 400 and 600 ms

	
	Relative measurement error
	0 dB

	Radio link failure detection parameters
	Qout
	-8

	
	Qin
	-6

	
	N310
	1, 2

	
	N311
	1

	Traffic model
	
	Infinite buffer
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