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1      Introduction
In RAN2#82 meeting, mobility robustness in scenario 2 was discussed in contributions [1-3]. The conclusions in the meeting are as follows:
	=> Inter-frequency mobility robustness in scenario 2 is less of a problem than intra-frequency mobility if no DRX is used. 

=> RAN2 thinks that there are mobility robustness issues in scenario 2 that may justify studying solutions in this SI. (which seem to be similar as the solution considered for enhancing throughput in scenario 2)

=> Companies should try to align simulation assumptions and potentially also evaluate expected technology potential (gain) with solutions proposed in this SI. Intention is to capture results in the TR during the next meeting.  


In this contribution, we provide performance evaluation results for scenario 2 based on RAN1 simulation assumptions for small cell.
2      Discussion
Simulation assumptions
Simulation assumptions for deployments are based on RAN1 agreements [4]. There are three scenarios simulated.
· Macro-only (RAN1 Scenario #1 [4] without small cell deployment)
· RAN2 Scenario #1 (RAN1 Scenario #1 in [4])
· RAN2 Scenario #2 (RAN1 Scenario #2a in [4])
One assumption in [4] was not followed: UE dropping. As UE is moving in the simulation area with same trajectory limitation as in HetNet mobility SI, all UE are considered as outdoor UEs.
RRM configurations are shown below. For inter-frequency handover, RSRQ with Event A3 is used to trigger measurement reports.
Table 1: RRM configurations
	Items
	Description

	Cell loading 
	100%

	UE speed 
	30km/h

	Channel model 
	TU (fast fading included)

	TimeToTrigger  [ms]
	160

	A3-offset [dB]
	2

	TMeasurement_Period, Intra,  L1 filtering time in TS36.133 
	200ms

	Layer3 Filter Parameter K
	1

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms

	Inter-frequency discovery delay
	0ms

	Measurement gap pattern
	0 (40 ms period)


Simulation results
For Scenario #2, simulation results for HOF and Short ToS are shown in Figure 1 and Figure 2, respectively. In the figures, (m x n) in x-axis denotes that number of clusters is m and the number of pico cells within one cluster is n. The following observations can be made from the results:
· Handover performance in small cell deployments (Scenario #2) is not as good as in pure macro deployments, but is better than that in scenario #1. This observation is inline with previous RAN2 observation “RAN2 thinks that there are mobility robustness issues in scenario 2 that may justify studying solutions in this SI.”
· For scenario #2, handover performance degrades when the number of pico cells per macro cell increases. 
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Figure 1: HOF for Scenario #2 (30 km/h)
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Figure 2: Short ToS for Scenario #2 (30 km/h)
In addition, HO performance between different cell types is shown below in Figure 3 (with “m2m” denotes macro to macro handover, “m2p” for macro to pico handover, and so on.). It can be seen that handover fails mostly for macro(macro and pico(pico, i.e. intra-frequency handover. This confirms previous RAN2 observation “In fact the results indicate that mobility issues are more pronounced for intra-frequency mobility (in between pico cells).” 
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Figure 3: HO performance for Scenario #2 with different cell types (30 km/h)

3      Conclusion
In this contribution, we show quantitative data to evaluate mobility robustness for Scenario #1 and #2. 
Proposal 1: RAN2 to capture the simulation results and observations into TR 36.842. 
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