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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 Voice-over-IP traffic with AMR 12.2 kbps packet size, with VoIP capacity being defined according to assumptions in [5]. Handover commands were sent as control PDUS over the air and retransmitted normally with HARQ and ARQ if necessary, but UE measurement reports were assumed to be transmitted ideally in these simulations.
2.1 VoIP Simulation Results
VoIP traffic was simulated to compare the results to [4], to see how the service affects scenario performance. Both 3 and 30 km/h were simulated, but only downlink is considered in these simulations.
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Figure 2 – Downlink VoIP capacity, Manhattan, PedA 3 km/h, Qout = -8
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Figure 3 – Downlink VoIP capacity, Manhattan, PedA 30km/h, Qout = -8
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Figure 4 – Downlink VoIP capacity, Manhattan, PedA 3 km/h, Qout = -10
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Figure 5 – Downlink VoIP capacity, Manhattan, PedA 30km/h, Qout = -10


Figure 2, Figure 3, Figure 4 and Figure 5 show the DL VoIP capacities for different handover parameters and Qout values: The performance is somewhat higher than in macro (which has ~250 UEs/cell VoIP capacity with similar parameters) in most cases. For 3 km/h, any parameter sets suffice, but for 30 km/h, when handover delay increases (due to TTT, HO delay or bigger HO margin) the capacity starts to take a hit. However, the capacity can still remain in roughly the same level as with 3 km/h with aggressive parameter settings as long as the total delay does not become too high. The Qout comparison also shows that the level in which RLF happens has a clear effect on VoIP capacity if the delays are large: When RLF happens at level of RAN4 requirements, there are less RLFs and hence VoIP capacity does not drop overly much even with large handover preparation delays, but if the RLF Qout threshold is put to a more stringent level, the RLFs start to affect user performance.
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Figure 6 – Distance travelled between handovers, Manhattan, PedA 3 km/h, Qout = -8 dB
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Figure 7 – Distance travelled between handovers, Manhattan, PedA 30km/h, Qout = -8 dB
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Figure 8 – Distance travelled between handovers, Manhattan, PedA 3 km/h, Qout = -10 dB
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Figure 9 – Distance travelled between handovers, Manhattan, PedA 30km/h, Qout = -10 dB


Figure 6 through Figure 9 show the distance between handovers for VoIP cases: The figures are similar to the ones with BE (see [4]), but because 1) there are more calls/simulation and 2) individual calls are typically shorter than with BE, the distributions have some differences, too. Obviously, the shorter the distance, the more handovers, and very short distances imply a lot of ping-pong handovers. Further, with the looser Qout, i.e. when RLFs happen later, there are more handovers, indicating the despite the poor channel conditions, UEs are able to recover by making a handover.
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Figure 10 – Ping-pong rate, Manhattan, PedA 3 km/h
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Figure 11 – Ping-pong rate, Manhattan, PedA 30km/h.


Figure 10 and Figure 11 show the ping-pong rates in the simulations: As expected, the lower the TTT, the more ping-pongs, and here we see the price for the TTT = 0 ms performance: Increased ping-pong (and handover) rate. Increasing the margin can help there, so that TTT = 0 ms could still be usable. Ping-pong rates are only shown for Qout = -8 dB, since there almost no difference between Qout = -10 dB and Qout = 8 dB cases.
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Figure 12 – Average RLFs per call, Manhattan, PedA 3 km/h, Qout = -8 dB
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Figure 13 – Average RLFs per call, Manhattan, PedA 30km/h, Qout = -8 dB
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Figure 14 – Average RLFs per call, Manhattan, PedA 3 km/h, Qout = -10 dB
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Figure 15 – Average RLFs per call, Manhattan, PedA 30km/h, Qout = -10 dB


As expected (see Figure 12-Figure 15), the RLF amounts are on lower level with 3 km/h than with 30 km/h. Also, the more sluggish the HO parameters are, the more RLFs occur because HOs are not done fast enough. RLFs can be cut nearly down to zero also with 30 km/h if TTT 0 ms is assumed and looser A3 threshold than 6 dB. Also as expected, the looser the RLF threshold is, the less RLFs happen.
3. Conclusion

We have shown results of mobility in Manhattan scenario with 3 and 30 km/h UE speeds and different handover parameterisation for VoIP traffic. The results are similar to the BE results in [4]: Manhattan scenario is somewhat sensitive to parameter variations, and it is easy to show problems that then vanish when the parameter set is changed, and especially the RLF levels should be according to specification requirements. 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 also with VoIP when parameters are optimised. 
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Annex A. System simulation assumptions

Table 1. Key simulation parameters

	Feature/Parameter
	
	Value/Description

	Operation Bandwidth
	
	5 MHz

	IFFT/FFT length
	
	512

	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
	Variable, simulated to get to the full VoIP capacity (see [5] for VoIP capacity definition)

	
	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
	
	Pedestrian A

	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 failure parameters
	Qout
	-10, -8 dB

	
	Qin
	-6

	VoIP parameters
	Call length
	Truncated Negexp, mean 20 s. minimum length 5 s, maximum length 60 s

	
	AMR Codec

	12.2 kbps AMR (38 bytes VoIP packet @ 20 ms intervals when active, 14 bytes SID packet @ 160 ms intervals during DTX), Voice activity 0.5

	
	Delay bound
	50 ms
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[image: image23.png]Downlink VolP capacity, Manhattan, PedA 3 km/h, RLF
350 :

300
250

200

150

I A3 1 dB, HO delay 50 ms
I A3 1 dB, HO delay 100 ms
I A3 1 dB, HO delay 200 ms
[1A33dB, HO delay 50 ms

[1A33dB, HO delay 100 ms
[1A33dB, HO delay 200 ms
I A3 6 dB, HO delay 50 ms

I A3 6 dB, HO delay 100 ms
Il /3 6 dB, HO delay 200 ms

TTTOms TTT 100 ms TTT 200 ms

VolP capacity [UEs per cell]

100

50




[image: image24.png]Downlink VolP capacity, Manhattan, PedA 3 km/h, RLF Qout -10
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[image: image25.png]Downlink VolP capacity, Manhattan, PedA 30 km/h, RLF Qout -10
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