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1 Introduction
In R2 #81bis, signaling load under small cell deployment has been discussed. And the conclusion was that any new solution should not result in excessive increase of signaling load towards the CN. However, additional signaling and user plane traffic load caused by small cell enhancements should also be taken into account. Based on the design goal, this paper further discussed the mobility signaling load.
2 Discussion
Dynamic system level simulation is performed based on the mobility simulation in [3]. The handover number performance is collected in the simulation. The detailed simulation configurations can be founded in Appendix A in section 6. Fig. 1 provides the handover number performance comparison among different scenarios of macro only and macro + small cell. At the same time, the values are also provided in Table 1. It can be found that with the deployment of small cell, the handover number is increased greatly comparing with the macro only scenario, especially when the number of small cell is large.
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Fig. 1: Number of handover per UE per hour (co-channel scenario)
Table 1: Number of handover per UE per hour (co-channel scenario)
	
	30 km/h
	60 km/h

	Macro only
	219.8
	416.4

	Marcro + 1 small cell
	297.4 (+35%)
	482.1 (+16%)

	Marcro + 10 small cells
	482 (+119%)
	879.8 (+111%)


The performance for different types of handover number is shown in Fig. 2. At the same time, the values are also provided in Table 2. Macro + 10 small cells scenario is taken into consideration. Small cell related handover (between small cells or between small cell and macro cell) occupies over 65% handover occasions. 
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Fig. 2: Number of different types of handover per UE per hour 
(co-channel scenario, macro + 10 small cells)
Table 2: Number of different types of handover per UE per hour 
(co-channel scenario, macro + 10 small cells)
	
	30 km/h
	60 km/h

	macro-macro
	165.5
	34%
	294.7
	33%

	small cell-macro
	122.1
	25%
	223.2
	25%

	macro-small cell
	122.1
	25%
	223.4
	26%

	small cell-small cell
	72.3
	15%
	138.5
	16%


In our simulation, there is no correlation between UE and small cell location, i.e. the UE and small cells are both randomly dropped, UE also moves in random direction. In real deployment, it is expected that small cell would be deployed at area with high UE density, i.e. hot zone. Therefore, the handover frequency of UEs in those “hot zones” is expected to increase even more.

Based on the observation, we can conclude that small deployment, handover number is significantly increased and most of them come from small cell related mobility.
Proposal 1:
Include the results in the TR.

With legacy mobility mechanism, frequent handover means frequency inter-node UE context transfer and CN signaling. In addition, higher failure rate and data loss means additional recovery procedures, which also contribute to more network and CN signaling. 
Therefore, it is desirable to hide the cell change overhead of small cell layer and preserve the mobility performance (overhead and robustness) as macro only deployment. The mobility anchor idea has been discussed in R2, with dual connectivity, mobility robustness can be enhanced if RRC can use the better link of two layers. Anchor idea can also reduce signaling overhead. An anchor eNB can be a centralized center of a local area network, as illustrated in Fig.3. Therefore, when UE moves within the local area, no S1 signaling and limited UE context transfer is needed.
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Fig. 3: Local (wireless) area network

Signaling is needed for a UE to enjoy benefit of small cell, however, the problem is whether legacy signaling for handover is needed related to small cell (or assisting eNB change). Although small cell deployment can enhance overall throughput, but we think the target of dual connectivity is cell edge UEs, therefore, excessive signaling shall be avoided. 
Furthermore, legacy handover also results in data interruption. With dual connectivity, cell change without anchor change can be modeled as inter-site CA, therefore, small cell is just additional resource. Cell addition and release can be done without data interruption. Of course, such modeling only applies to inter-frequencies small cell deployment.
In conclusion, since mobility without anchor change contributes over 65% handover, it is desirable to enhance its performance.
Proposal 2:
R2 considers enhancements for mobility without anchor change, i.e. light-weight handover signaling and shorten data interruption. 
3 Conclusion
We have following proposals:
Proposal 1:
Include the results in the TR.

Proposal 2:
R2 considers enhancements for mobility without anchor change, i.e. light-weight handover signaling and shorten data interruption. 
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5 Appendix: Simulation Configurations
The mobility model in the simulation is shown in Fig. 5-1, where UEs in the center cell move away from the center cell until hit the bouncing circle. When the distance between the UE and small cell is smaller than 10m, the UE will turn to another direction. 
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Fig. 5-1: UE trajectories model

We apply the following simulation settings based on the reference [3]. 

	Parameters 
	Values
	

	General Settings

	Scenario 1
	Co-channel
	
	

	Scenario 2a
	Non-Co-channel
	
	

	Carrier frequency 
	
	2.0GHz
	

	Carrier frequency 
	Scenario 2a
	3.5GHz
	

	Layout
	
	19 cells, Hexagonal grid, 3 sectors per site

	site2siteDist
	
	0.5 km
	

	System bandwidth per carrier
	
	10MHz
	

	Total TX power 
	Macro
	46dBm
	

	
	Small cell
	30dBm
	

	Antenna num
	Macro
	2Tx
	

	
	Small cell
	2Tx
	

	Antenna gain + connector loss
	Macro
	17dBi
	

	
	Small cell
	5dBi
	

	Antenna gain of UE
	
	0dBi
	

	Antenna height
	Macro
	25m
	

	
	Small cell
	10m
	

	UE Antenna Height
	
	1.5m
	

	TthermalNoiseLevel
	
	- 174dBm / Hz
	

	SF STD
	Los
	4dB
	LogNormal Shadowing Standard Deviation

	
	Nlos
	6dB
	

	SFCorrDis
	Los
	0.073km
	De-Correlation Distance for Shadow Fading

	
	Nlos
	0.013km
	

	Path loss mode
	Macro-UE
	ITU Uma
	

	
	Small cell-UE
	ITU Umi
	

	Fast fading channel
	
	ITU model VA30/60
	

	Number of Ues per sector
	
	1
	

	Number of small cells per sector
	
	0, 1, 10
	

	UE Speed
	
	30km/h, 60km/h
	

	UE Droping
	
	Randomly
	

	Small cell droping
	
	Randomly
	

	Handover related Settings

	timeGranularity
	
	100ms
	UE locations are generated every timeGranularity ms

	UE mobility model
	
	UE Moving Trajectory Model 1 
	UEs in the center cell move away from center cell until hit the bouncing circle

	layer3FilterCoeff
	
	4
	Refer to TS 36.331 5.5.3.2 layer 3 filtering, 4 - 50% wight on the latest measurement

	timeToTrigger
	
	160ms
	

	A3offset
	
	3dB
	

	sf
	MediumSpeed
	1
	Speed state scale factors

	
	HighSpeed
	1
	

	ncr
	MediumSpeed
	2
	Thresholds of number of cell reselection

	
	HighSpeed
	5
	

	ncrWindow
	
	30000ms
	t - Evaluation (36.304) window length for counting Unber cell changes

	modelMeasurementError
	
	0
	Do not model handover measurement error

	qIn
	
	-6dB
	

	qOut
	
	-8dB
	

	t310
	
	1000ms
	

	n310
	
	1
	Counters

	n311
	
	1
	

	snrFilterLength_Qout
	
	20ms
	

	snrFilterLength_Qin
	
	10ms
	

	rlfProcessingBoundary
	
	10ms
	in-sync / out-of-sync processing boundary

	rrcConnectionTime
	
	20ms
	

	layer3FilterPeriod_max
	
	200ms
	

	layer3FilterPeriod_min
	
	10ms
	

	hoDelay
	
	50ms
	

	hoExeutionTime
	
	40ms
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