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Discussion
1 Introduction

In the last meeting, a few performance evaluation results of the conventional handover scheme in small cell deployment scenario 2 were shared and discussed. The mobility robustness in the deployment scenario 2 was agreed as a challenge but due to diverged opinions, no concrete conclusion or evaluation result was captured in the TR. This paper provides detailed performance analysis result of the given scenario from various points of view. And it is proposed to capture this result in the TR.
2 Simulation Assumptions
Detailed simulation setup can be found in the appendix. In addition, the methodologies proposed in [1] to model very high small cell density, small cell detection latency and impact of non-ideal backhaul are also considered.

3 Evaluation Result
3.1 Geometry Distribution of Deployment Scenario 1 and 2
The following figure shows geometry (SIR) CDF of the strongest cells (regardless of macro cells or small cells) measured by UEs located in the coverage of an eNB. The geometry CDF is provided for the following system setups: 1) macro only setup as a reference, 2) single small cell at macro cell edge, 3) 10 clustered co-channel small cells in a macro cell, and 4) 10 clustered separate channel small cells in a macro cell. Full loading is assumed for all the cells in this result, and minimum distance constraint between the UE and the cells is not considered. The geometry CDF is calibrated with the result submitted for CoMP TR [5] with corresponding simulation parameters.
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Figure 1 Geometry CDF of the best cells
It is observed that the introduction of dense and clustered co-channel small cells degrades geometry quite noticeably, from 2dB to 6dB degradation from the macro only setup. This means that the UE in scenario 1 may experience poorer channel condition than macro only case on an average. Poorer channel quality leads to lower data rate and higher handover failure rate in general. But as the number of small cells deployed in the macro cell coverage increases resource reuse rate, overall system capacity will be increased along with the number of small cells. The geometry of separate channel small cells, by contrast, shows similar or slightly better link condition compared with the macro only setup as the UE can enjoy best of the two frequencies. It is easily expected that the good link quality of the scenario 2 will lead to overall good mobility performance even when the conventional mobility scheme is applied.
3.2 Mobility Performance of the Scenario 2 with Single Connectivity
The figure 2 shows mobility performances of the following cases:

· Case 1) Macro cell (2 GHz) only: evaluated as a reference of mobility performance

· Case 2) single cluster, 10 co-channel small cells per macro cell (middle small cell density)

· Case 3) single cluster, 10 separate channel (3.5 GHz) small cells per macro cell (middle small cell density)

· Case 4) 2 clusters, 20 separate channel (3.5 GHz) small cells per macro cell (high small cell density)

In all the cases, TTT 160 ms and 2dB handover offset are used with L3 filtering coefficient k set to 1. The mobility performance is evaluated for UE speed 3 km/h, 30 km/h and 60 km/h for each case. For reduced simulation run time and better analysis, fast fading is only considered for link level performance.
Note that the handover performance in this contribution is better than the results in our previous contributions [2] [3] in general. This came from changes in the simulation modeling related with handover procedure. More specifically, the failure of last HARQ was considered as RLF in the previous contributions, but it is modeled more accurately in this contribution, so signaling messages related with handover are assumed to be retransmitted even after HARQ failure within T310 timer period.
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Figure 2 Handover Failure Rate
From the evaluation result in the figure 2, it is observed that the handover failure rate of small cell deployment scenario 2 (case 3 and 4) is much lower than the handover failure rate of deployment scenario 1 as the interference level is quite lower in general. This result is aligned with the expectation derived from the geometry distribution in the figure 1. But the handover failure rate of the scenario 2 is worse than that of macro only case even though it provides similar or slightly better geometry distribution than macro only deployment. This is because of poor performance of handover out of small cells. When the UE is connected to a small cell, and it performs handover to a macro or different small cell, the neighbor small cells in the same cluster cause high co-channel interference that degrades hand-out performance. This cell edge situation of small cells is not well reflected in the geometry distribution, as mobility is not considered, so the UE may choose the best of available links among macro cells and small cells always in a specific location. But if mobility is considered, the UE may be connected to the serving small cell with worse link condition for some time in cell edges because of effect of L3 filtering, handover offset and hysteresis offset. More detailed explanation of this phenomenon can be found in [4] for co-channel small cells. The evaluation result in the figure 2 also shows that if the number of small cells increases from 10 to to 20, the handover failure rate is degraded accordingly especially for high speed UE.

The figure 3 shows share of 4 handovers types, MM HO: macro cell to macro cell handover, MS HO: macro cell to small cell handover, SM HO: small cell to macro cell handover, SS HO: and small cell to small cell handover, in case 3, separate channel middle density small cell deployment. It is observed that handovers from a small cell, especially the small cell to small cell handover, are problematic due to high inter-small cell interference while handovers from a macro cell show similar handover performance with macro only case. But as the small cell to small cell handover occupies only 5 to 10% of total handovers for low speed UEs, the overall mobility performance is still in an acceptable range.
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Figure 3 Share of handovers




Figure 4 Handover failure rate of each handover type
From the evaluation results above, it can be concluded that the mobility performance in the small cell deployment scenario 2 is in an acceptable range for nomadic UEs with speed from 3km/h to 30km/h. The mobility performance is degraded noticeably for high speed UEs, but those UEs can be served by the macro cell instead.
Observation 1: Performance of the current handover scheme in the deployment scenario 2 is in an acceptable range for low speed UEs.
3.3 Handover Performance and Time of Stay
The handover performance of the scenario 2 shown in the previous section seems acceptable when conventional handover triggers such as the A3 event based on RSRP and RSRQ are used for intra-frequency and inter-frequency handover accordingly. But if the UE stays in the macro cell layer for the most of the time just to guarantee acceptable handover performance, the deployment of small cell could be meaningless. Therefore we should consider whether the small cells are utilized enough together with the mobility performance. As a metric of the utilization level of a frequency layer, time of stay (ToS) of a frequency layer is evaluated for UE speed 30km/h in 10 clustered separate channel small cells setup. The ToS of a frequency layer is defined as follows:
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The following table shows ToS ratio of macro cell and small cell frequencies when RSRP and RSRQ based A3 events are used for intra-frequency and inter-frequency handovers accordingly in the deployment scenario with clustered 10 separate channel small cells in a macro cell coverage. The 30km/h UE speed, 2dB and 1dB A3 offset and 160ms TTT are assumed. From the result, it is observed that the UE stays in the macro cell frequency for the most of the time because macro cell signal quality is good enough compared with the small cells deployed near the center of the macro cell, and it naturally leads to a very good handover performance.
Table 1ToS ratio when A3 is used (30km/h UE speed, 10 clustered small cells)
	HO configuration

(Offset , TTT)
	Macro/Small TOS ratio
	HOF rate

	2 dB , 160 ms
	91 : 9
	4.8 %

	1 dB , 160 ms
	90 : 10
	2.87 %


The ToS around 10% may not be acceptable considering the number of small cells deployed in the macro cell coverage. The following figure shows geometry distribution of small cells without existence of macro cells. (i.e., the UEs are dropped only in the small cell frequency, and select the strongest small cell as a serving cell.) It is observed that if the area with SINR above Qout (typically -8dB) is considered as coverage, coverage of clustered 10 small cells can be almost 80% of the corresponding macro cell coverage. ToS of the small cell frequency 10% in table 1 is too small compared with this coverage area. Handover parameters and events should be selected carefully to provide very good ToS of the small cell frequency while keeping mobility performance in an acceptable level.
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Figure 5 Geometry CDF of small cells
If the handover is triggered based on the A3 event, the small cells in the macro cell center area would be hardly utilized as signal quality of the macro cell is too good to handover UEs to the small cells even with negative A3 offsets. To utilize the small cells regardless of their locations, handover based on A2 and A4 events needs to be used for inter-frequency handover to/from small cells instead of the A3. The following table shows ToS ratios and handover failure rates when A2/A4 events with various RSRQ offsets from -6dB to 0dB are used for inter-frequency handover to/from the small cells in the same deployment setup as above. Note that the performance data for 0dB threshold that is not supported in the current specification is provided only to show the trend. The same values are used for the A2 threshold and the A4 threshold. TTT is set to 160ms. For intra-frequency handover, the A3 event based on RSRP with 2dB offset is used. From the result, it is observed that the aggressive offloading with low A2/A4 offset increases ToS of small cell layer dramatically while handover failure rate increases relatively slowly.

Table 2 ToS ratio when A2/A4 is used (30km/h UE speed, 10 clustered small cells)

	HO configuration

(A2/A4 threshold , Hyst offset)
	Macro/Small TOS ratio
	HO failure rate

	0 dB, 2dB
	79 : 21
	3.02 %

	0 dB, 1dB
	75 : 25
	1.81 %

	-3 dB, 2dB
	62 : 37
	5.13 %

	-3 dB, 1dB
	60 : 40
	4.32 %

	-6 dB, 2dB
	39 : 61
	10.73 %

	-6 dB, 1dB
	37 : 63
	8.98 %


In the table 2, the handover configuration A2 threshold -3dB and 2dB hysteresis offset means that the UE is handed over to the small cell when the small cell link sustains RSRQ above -1dB for TTT period. The handover performance is still comparable with that of A3 event while ToS of small cell frequency is increased almost 4 times. If UEs are offloaded more aggressively than this point, handover performance will be degraded accordingly. If UEs are handed over to the small cell when RSRQ of the small cell is above -4dB (A2 threshold -6dB with 2dB hysteresis offset), handover performance will be degraded more than 2 times than that with A3 event.
Observation 2: If UEs are offloaded aggressively to small cells, handover performance of the current handover scheme would be degraded below an acceptable level.

The following two figures show changes in each handover type when the A2 and A4 events are used instead of the A3 event. When the A2 and A4 events are used with -6dB threshold and 1dB hysteresis offset for aggressive offloading to the small cells, the number of small cell to small cell handovers increases much while the number of macro to macro handovers decreases as the UEs stay in the small cell layer more. Also, the small cell to macro cell handover performance is degraded noticeably from that of the A3 event because the UE stays in the small cell layer till the quality of the serving small cell link is degraded below -7dB.
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Figure 6 Share of handovers




Figure 7 Handover failure rate of each handover type
(30km/h UE speed, 10 clustered small cells)




(30km/h UE speed, 10 clustered small cells)

4 Conclusion
Based on the evaluation results in this paper, it is observed that the acceptable mobility performance of current handover scheme may be achieved by making UEs stay in macro cells for the most of the time. In addition to the handover performance, utilization level of the small cell frequency should be considered together to evaluate performance of mobility scheme properly. Considering both handover performance and ToS metric, it is observed that if UEs are offloaded aggressively to separate channel small cells, handover performance of the current handover scheme would be degraded below an acceptable level. Current handover scheme can be enhanced further to guarantee acceptable handover performance and very good ToS ratio at the same time. It is proposed to capture evaluation results of this paper in the TR, and specify the mobility robustness of deployment scenario 2 as a challenge.
Proposal 1: Capture evaluation result of this paper in the TR.
Proposal 2: Specify mobility robustness of scenario 2 as a challenge.
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6 Appendix
6.1 System Parameters

	Parameter
	Macro
	Small Cell

	Number of Sites
	19 (wrap around)
	8 or 16 per cell

	Number of Sectors
	3
	1

	Inter-Site Distance (ISD)
	500 m
	NA

	BS/UE Height
	25 m/1.5 m
	10 m/1.5 m

	Bandwidth
	10 MHz (DL) + 10MHz (UL)

	Carrier Frequency
	2 GHz
	3.5 GHz separate channel

	BS/UE Tx Power
	46 dBm/23 dBm
	30 dBm

	Path Loss
	128.1+37.6*log10(d/1000)
	147 + 36.7log10(d/1000)

	Shadowing Factor
	8 dB
	10 dB

	Site-to-Site Correlation
	0.5

	Correlation Distance
	25m

	BS Antenna Gain + Cable Loss
	15 dBi
	5 dBi

	UE Antenna Gain
	0 dBi

	BS Antenna Pattern (horizontal)
	70 degrees (3 dB)
Am=25 dB
	0 dB

	BS Antenna Pattern (vertical)
	10 degrees (3 dB)
15 degrees (Tilt)
SLAv=20 dB
	0 dB

	UE Antenna Pattern
	Omni

	Fast Fading
	None

	Penetration Loss
	20 dB

	Thermal Noise
	-174 dBm/Hz

	Noise Figure
	7 dB

	HARQ
	Chase Combining

	Max HARQ Retransmissions
	8

	Loading Factor
	1

	HARQ Delay
	4 ms

	MIMO
	None

	SR Configuration
	SR Configuration Index 0

	sr-ProhibitTimer
	0

	RACH Configuration
	RACH Configuration Index 3

	RACH Power Ramping Up Step Size
	0dB

	RACH preambleTransMax
	No Limit During T304

	ra-ResponseWindowSize
	5ms

	UL Power Control Factor
	0.8

	UL Power Control PUSCH
	- 85 dBm

	UL Power Control PUCCH
	-112 dBm

	UL Power Control PRACH
	- 104 dBm

	UL IoT Average
	8 dB

	UL IoT Standard Deviation
	1 dB


6.2 Handover Parameters

The following handover parameters are used in the simulation if other values are not explicitly mentioned.
	Parameter
	Value

	Trigger Quantity (Intra)
	RSRP

	Trigger Quantity (Inter)
	RSRQ

	Time To Trigger (TTT)
	160 ms/480 ms

	A3 Offset (Off)
	0

	Cell Specific Offset (Ocn, Ocp)
	0

	Frequency Specific Offset (Ofn, Ofp)
	0

	Hysteresis Margin
	2 dB

	Scanning Period (Intra)
	40 ms

	Scanning Period (Inter)
	80 ms

	Measurement Averaging Period (Intra)
	200 ms

	Measurement Report Interval (Intra)
	200 ms

	Measurement Averaging Period (Inter)
	480 ms

	Measurement Report Interval (Inter)
	480 ms

	L3 Filter Coefficient
	1

	Triggering Condition
	Event Dependent

	Minimum Time of Stay for Ping Pong
	1s

	T304 (HO supervision timer)
	200 ms

	N310 (Number of  Out-of-Sync)
	1

	T310 (RLF Timer)
	1s

	N311(Number of  In-Sync)
	1

	Qin
	-6 dBm

	Qout
	-8 dBm

	Connection Re-establishment Delay (After RLF)
	250 ms

	Handover Decision Time (Intra-Site)
	4 ms

	Handover Decision Time (Inter-Site, Intra small cell cluster)
	50 ms

	Handover Decision Time (Inter small cell cluster)
	100 ms

	DL Synchronization Delay
	3 ms
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