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1
Introduction

The common simulation assumption has been discussed and agreed 0, the agreed metrics to evaluate mobility performance is as follows:

· ASU failure: after the Event 1A or Event 1C was triggered for the same target cell, UE failed to receive the ASU that tries to add the target cell into the active set.
· HO failure: after Event 1D is triggered for the target cell, UE fails to receive the RBR from the source cell.

· Ping-pong handover ratio：defined by (number of Ping-Pong HOs) / (Total number of HO attempts- number of HO failures).

In this paper, we gave our simulation results of a group tests according to above 3 metrics and some conclusions.
2 Simulation results
2.1 Simulation scenarios and Parameters
	Parameters
	Values

	Macro-pico deployment type
	Co-channel

	Cell loading [%]
	100

	Number of sites/sectors
	7/21

	1AReportingRange
	4.5dB

	1BReportingRange
	4.5dB

	1ATimerToTrigger
	320ms 

	1BTimerToTrigger
	640ms

	1CTimerToTrigger
	320ms

	1DTimerToTrigger
	320ms

	1A Hysteresis
	0dB

	1B Hysteresis
	0dB

	1C Hysteresis
	1dB

	1D Hysteresis
	1dB

	NetworkDelay
	100ms

	TMeasurementPeriodIntra
	200ms

	Layer3FilterParameterK
	3

	EcI0ThresholdForReceiveRRC
	-23dB

	Max active set size
	3

	CIO
	0dB

	Maximum Tx Power of Macro
	43dB

	Maximum Tx Power of LPN
	30dB

	Traffic type
	Burst

	W
	0

	Time duration for evaluating Ping-pong
	1s


2.2 Simulation results
In order to get the simulation results when UE is in different movement speed, we gave a group of tests detail described as Table 1:
Table 1: simulation Tests
	Test No.
	Speed(Km/h)
	UEs per Macro
	UEs Deployment
	Picos per Macro

	0
	3
	8
	Uniform deployment in macro cell
	4

	1
	30
	8
	Uniform deployment in macro cell
	4

	2
	60
	8
	Uniform deployment in macro cell
	4

	3
	90
	8
	Uniform deployment in macro cell
	4

	4
	120
	8
	Uniform deployment in macro cell
	4

	5
	120
	8
	Uniform deployment in macro cell
	0


During the above tests simulation, UE will disconnect to the current serving cell and reselect the best cell as new serving cell when UE fails to receive the RRC messages, i.e., when a HO failure happens. Here are the simulation results for all tests, showed in Table 2 below.
Table 2: Event 1x failed rate and Ping-pong HO Ratio (%)
	Scenario
	Event
	0
	1
	2
	3
	4
	5

	Macro

to

Macro
(M2M)

Note(1)
	1A

Note(2)
	1.93
	2.11
	3.79
	6.23
	8.43
	5.51

	
	1B
	0.00
	0.26
	0.32
	0.56
	1.47
	0.30

	
	1C

Note(3)
	1.61
	2.94
	2.77
	6.11
	6.80
	4.49

	
	1D

Note(4)
	0.00
	0.76
	1.67
	7.66
	11.03
	7.70

	
	1A+1C
Note(5)
	1.87
	2.33
	3.47
	6.19
	7.87
	5.21

	Macro

to

Pico
(M2P)
	1A
	0.50
	0.43
	0.31
	0.64
	2.63
	NULL

	
	1B
	0.00
	0.98
	1.99
	7.00
	6.91
	NULL

	
	1C
	2.56
	1.85
	6.45
	14.29
	15.52
	NULL

	
	1D
	2.33
	3.22
	4.99
	12.23
	21.25
	NULL

	
	1A+1C
	0.83
	1.78
	2.09
	4.44
	4.68
	NULL

	Pico

to
Macro
(P2M)
	1A
	1.60
	3.22
	4.99
	12.23
	21.25
	NULL

	
	1B
	0.00
	0.12
	0.00
	0.26
	1.27
	NULL

	
	1C
	0.00
	4.31
	7.29
	19.50
	23.02
	NULL

	
	1D
	4.76
	2.86
	7.47
	20.31
	33.21
	NULL

	
	1A+1C
	1.36
	3.46
	5.55
	14.29
	21.79
	NULL

	Pico
To

Pico
(P2P)
	1A
	0.00
	2.96
	5.69
	11.00
	25.97
	NULL

	
	1B
	0.00
	1.06
	0.00
	0.00
	0.00
	NULL

	
	1C
	0.00
	7.14
	8.33
	29.27
	25.93
	NULL

	
	1D
	15.38
	5.19
	13.10
	20.00
	50.00
	NULL

	
	1A+1C
	0.00
	4.19
	6.43
	16.31
	25.96
	NULL

	ALL

Note(6)
	1A
	1.53
	2.32
	3.62
	6.28
	8.47
	5.51

	
	1B
	0.00
	0.28
	0.26
	0.53
	1.71
	0.30

	
	1C
	1.49
	2.82
	3.26
	8.16
	8.36
	4.49

	
	1D
	1.97
	1.52
	4.15
	11.51
	15.51
	7.70

	
	1A+1C
	1.52
	2.45
	3.51
	6.87
	8.43
	5.21

	Ping-pong HO ratio
	1.25
	5.62
	9.90
	8.93
	8.56
	9.70


Note(1): M2M denotes that UE’s serving cell is macro cell and the target cell of ASU or HO is also macro cell. For Event 1C, the cell to add is the macro cell, while the cell to delete could be a macro or pico cell. 
Note(2): Event 1A is allowed when the active set size equals or is lower than Max active set size.
Note(3): Event 1C is allowed only when the active set size equals to Max active set size.
Note(4): The target cell for Event 1D must be in active set of UE.

Note(5): failed rate for 1A+1C=(Event1A failed Number + Event1C failed Number)/( Event1A total Number+ Event1C total Number).

Note(6): all Event1x failed rate=(Event1x failed Number in all scenarios)/( Event1x total Number in all scenarios). The all scenarios include M2M, M2P, P2M and P2P scenario.

· ASU Failed Rate
[image: image1.png]30.

25.

20.

00%

00%

00%

. 00%

. 00%

. 00%

00%

ASU Failed Rate (Bvetn 14+1C)

anzn_14C
Bn2p_1AC
OpZn_14C
Op2p_1AC

Test-0

Test-1  Test-2  Test-3

Test~4

Test~5§





Figure 1: ASU failed rate for Event 1A or Event 1C
Observations: 
1. ASU failed rate order is P2P>P2M>M2P≈M2M in the same scenario.
2. ASU failed rate increases with UE speed.

Analysis for Observation 1:

It can be analyzed by average Ec and N0 and corresponding changing trend when 1x events happen. To simplify the question, we can just consider the source cell and target cell and ignore other cells.
Table 3: failed rate for all events
	
	M2M
	M2P
	P2M
	P2P

	Average Ec
	High
	Higher*
	Low
	Low

	The trend of Ec decreasing 
	Slow
	Slow
	Fast
	Fast

	Average N0
	Low
	High
	Low
	High

	The trend of N0 increasing
	Slow
	Fast
	Slow
	Fast


Here we should note that the contribution to Ec is from source cell and to N0 is mainly from target cell, since the quality of pico cell will drop quickly, which means the decreasing of Ec in pico cell and increasing of N0 from pico cell should be faster compared with macro cell, which was reflected in table 3 above.
Note *: The deployment of pico is random and uniform, the average location of pico is in the middle of macro coverage; while for M2M, since the 1x events should happen at the edge of macro coverage, where the average value of Ec should be smaller than in middle. 
Analysis for Observation 2:

It should be easy to understand that a high speed UE would pass the soft handover area within a very short time after an event, 1A for instance, is sent to the network, thus the EcN0 of the serving cell will drop sharply below the decoding threshold, which would cause RRC message reception failure.

· HO Failed Rate
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Figure 2: HO failed rate for Event 1D
As could be seen from Figure 3 above, here we could have similar observations as ASU failure case. But here we could see that the HO failed rate for M2P increase compared with the ASU case, i.e., the HO failed rate for M2P is greater than ASU failed rate for M2P, it is because UE is closer to Pico where Event 1D happens than where Event 1A or 1C happens in M2P scenario, and N0 and the trend of N0 increasing is bigger than Event 1A or 1C.
Ping-Pong Handover Ratio:

[image: image3.png]12%

10%

8%

&%

4%

2%

%

Ping-pong Handover Ratio

W

//;

4

Test-0

Test-1

Test-2 Test~3 Test-4  Test-§





Figure 3: Ping-pong handover ratio comparison
Observations: 

1. The highest Ping-pong handover ratio is observed when UE speed is 60km/h. 

2. Ping-pong handover ratio is independent from the pico deployment.
Analysis: The reason to the two observations is obvious, since the time duration for evaluating is 1s, as long as the UE speed amounts to a certain level, here is 60km/h in the simulation, it will go through two handover points, and Ping-pong HO ratio will be up to some level (i.e. 10%). But with higher speed than 60km/h, ping-pong handover ratio decreases instead, because the time duration UE spans these two points is less than TTT (Time To Trigger) of Event 1D and there is no time to trigger event 1D at the second point for UE.
Based on the observations above, we could see that as UE speed goes up, the ASU failure and the HO failure also goes up. Considering in real practice that mobility for P2P should not be a common case (see annex table 4 where the total number of 1X events for P2P case is very low), we also suggest that the investigation should focus on P2M, M2P and M2M cases.
Proposal: It is proposed RAN2 to investigate the mobility issues cause by high speed on P2M, M2P and M2M cases.
3 Conclusions
Proposal: It is proposed RAN2 to investigate the mobility issues cause by high speed on P2M, M2P and M2M cases.
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Annex：Events Total Number
Table 4: Event 1x and Ping-pong Total happening Number
	Scenario
	Event
	0
	1
	2
	3
	4
	5

	Macro

to

Macro
(M2M)
	1A
	571 
	3078 
	3110 
	2506 
	2147 
	5028 

	
	1B
	339 
	2743 
	2819 
	1951 
	1562 
	3946 

	
	1C
	124 
	1088 
	1443 
	1276 
	1117 
	2050 

	
	1D
	224 
	2103 
	2276 
	1554 
	1224 
	3375 

	
	ALL Note(1)
	1258 
	9012 
	9648 
	7287 
	6050 
	14399 

	Macro

to

Pico
(M2P)
	1A
	202 
	1160 
	1360 
	1200 
	1068 
	NULL 

	
	1B
	128 
	920 
	957 
	628 
	533 
	NULL

	
	1C
	39 
	409 
	553 
	443 
	405 
	NULL

	
	1D
	86 
	811 
	930 
	616 
	393 
	NULL

	
	ALL
	455 
	3300 
	3800 
	2887 
	2399 
	NULL

	Pico

to
Macro
(P2M)
	1A
	187 
	931 
	902 
	507 
	287 
	NULL

	
	1B
	116 
	845 
	762 
	378 
	157 
	NULL

	
	1C
	34 
	255 
	288 
	200 
	126 
	NULL

	
	1D
	84 
	769 
	830 
	458 
	271 
	NULL

	
	ALL
	421 
	2800 
	2782 
	1543 
	841 
	NULL

	Pico
To

Pico
(P2P)
	1A
	22 
	135 
	123 
	100 
	77 
	NULL

	
	1B
	11 
	94 
	70 
	34 
	24 
	NULL

	
	1C
	5 
	56 
	48 
	41 
	27 
	NULL

	
	1D
	13 
	77 
	84 
	30 
	20 
	NULL

	
	ALL
	51 
	362 
	325 
	205 
	148 
	NULL

	ALL
	1A
	982 
	5304 
	5495 
	4313 
	3579 
	5028 

	
	1B
	594 
	4602 
	4608 
	2991 
	2276 
	3946 

	
	1C
	202 
	1808 
	2332 
	1960 
	1675 
	2050 

	
	1D
	407 
	3760 
	4120 
	2658 
	1908 
	3375 

	
	ALL
	2185 
	15474 
	16555 
	11922 
	9438 
	14399

	Ping-pong HO
	399 
	3703 
	3949 
	2352 
	1612 
	3115 


Note(1): including all Events in this scenario. 
	
	
	



