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1. Introduction

In last RAN1 meeting, a skeleton TR [1] was agreed for SI on Mobility enhancements for Rel’9. Further, TP on evaluation framework [2] was agreed to be agreed via e-mail discussion and LS to RAN2 and RAN4 [3] was also put for e-mail approval. In this contribution, we present results from one evaluation of mobility performance in Manhattan scenario, which has earlier been seen as one of the most difficult cases for mobility, and there has been concern raised whether Rel’8 mobility even works in the scenario.
2. System level simulations in Manhattan scenario
The simulations were driven in a Manhattan scenario presented in Figure 1 with the help of a fully dynamic time driven simulator which simulates UL and DL directions simultaneously with a symbol resolution. General simulation assumptions 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 transferred in similar way.
2.1 Best Effort Simulation Results
The results in this contribution use only Best Effort-type of traffic. For results with VoIP traffic, see [4].

Figure 2 and Figure 3 present the average distance moved between the handovers for UE velocities 3 and 30 km/h. This is an equivalent metric to number of handovers, but “distance” is easier to understand than “amount”. As can be seen, the handover margin and the TTT both increase this distance which means that the amount of handovers is decreased, as expected. However, they also show that the margin has larger impact than TTT does. It is also worth noting that the average distance between the handovers is larger in the 30km/h cases, which would seem to indicate that more “ping-pong” handovers occur in the 3 km/h cases. This is actually the case for smaller margin values, shown by Figure 4 and Figure 5 which present the portion of the ping-pong handovers. The margin has also larger impact to the ping-pong probability than the TTT length. 
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Figure 2 – Average distance moved between the handovers [m] – 3km/h.
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Figure 3 – Average distance moved between the handovers [m] – 30km/h
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Figure 4 – Proportion of the ping-pong handovers – 3km/h
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Figure 5 – Proportion of the ping-pong handovers – 30km/h
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Figure 6 – Downlink spectral efficiency – 3km/h
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Figure 7 – Downlink spectral efficiency – 30km/h
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Figure 8 – Uplink spectral efficiency – 3km/h
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Figure 9 – Uplink spectral efficiency – 30km/h


Figure 6, Figure 7, Figure 8 and Figure 9 show the spectral efficiency with different parameters: SE is only midly affected by handover parameterisation. 

Figure 10 and Figure 11 show the number of RLFs per call for velocities 3 and 30km/h. In 3km/h cases the probability of a UE experiencing a radio link failure is very low any of the handover parameters, and with TTT = 0 ms there are hardly any RLFs. With 30km/h, more radio link failures occur, but TTT = 0ms seems to provide quite a nice performance if the handover preparation delay is 50 or 100ms. Figure 11 shows that in case of the longer handover preparation delays proper selection of the TTT and margin is needed to avoid radio link failures.
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Figure 10 – Average number of radio link failures per call – 3km/h.
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Figure 11 – Average number of radio link failures per call - 30km/h.


Figure 12 and Figure 13 show the end-to-end delay of the handover commands and as CDFs. The figures are presented only for handover preparation delay of 100ms. The figures illustrate that in 3km/h cases the delays are very small and all of the handover commands are successfully received with few HARQ retransmissions. In 30km/h cases the handover parameters have much larger impact on the delays. 
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Figure 12 - L3 delays of the handover commands – 3km/h.
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Figure 13 – L3 delays of the handover commands – 30km/h 


Success of the handover commands and event triggered measurement reports are presented in Figures 14-17. They show that uplink measurement reports are more of a bottleneck than the downlink and handover commands, i.e. most RLFs are caused by lost uplink measurement reports. However, with shorter TTT (0ms and 100ms) and smaller margin with reasonable handover preparation delay the rate of of lost measurement reports stays below 1% even for 30 km/h cases, and for 3 km/h, hardly any reports are lost. 
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Figure 14 – Proportion of the unsuccessfully transmitted handover commands – 3km/h.
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Figure 15 – Proportion of the unsuccessfully transmitted event triggered measurement reports – 3km/h.
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Figure 16 – Proportion of the unsuccessfully transmitted handover commands – 30km/h.
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Figure 17 – Proportion of the unsuccessfully transmitted event triggered measurement reports – 30km/h.


3. Conclusion

We have shown results of mobility in Manhattan scenario with 3 and 30 km/h UE speeds and different handover parameterisation. The results show that Manhattan scenario is somewhat sensitive to parameter variations, and it is easy to show problems that then vanish when the parameter set is changed. Also, it is seen that speed-dependent parameter scaling, which is already possible in Rel’8, would be very useful in this scenario as the different velocity UEs have rather different requirements for the handover parameters: 3 km/h UEs perform quite well with most of the parameter sets, while 30 km/h UEs clearly need more optimised parameters for best performance.
The overall conclusion is that Rel’8 mobility seems to be working well when parameter optimisation is also considered.
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Annex A. System simulation assumptions

Table 1. 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
	
	375 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	10

	Number of control symbols per TTI
	
	4

	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
	
	128.1 + 37.6log10(r)

	Shadowing standard deviation
	
	6 dB

	Shadowing correlation distance
	
	10 m

	Shadowing correlation between cells
	
	0.5

	Multipath delay profile
	
	Typical Urban

	UE Speed
	
	3km/h and 30km/h

	Handover parameters
	Time-To-Trigger
	0, 100 and 200 ms

	
	Handover Margin
	1, 3 and 6 dB

	
	Handover Execution Delay
	20ms

	
	Handover Preparation Delay
	50, 100 and 200 ms

	
	Handover Command Message Size
	300 bits

	
	Measurement Report Size
	200 bits

	
	
	

	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 ms

	
	Relative measurement 
	0 dB

	Radio link failures
	Qout
	-10

	
	Qin
	-6

	
	
	










































































