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Discussion 
1 Introduction

During the email discussion, it was identified that mobility performance for small cells operating at a frequency different from macro eNBs was not studied as a part of HetNet SI. In this contribution, the mobility performance including both intra-frequency and inter-frequency handover, for system setup with 8 or 16 small cells per macro cell is provided for further discussion.

2 Simulation Assumptions
2.1 System Setup

For macro cells, 2-tier 57 sector cell layout is used for the simulation. Small cells are either uniformly or randomly dropped in the macro cells. (Result for clustered small cell drop will be provided in the following meetings.) Number of small cells considered in the simulation is 8 or 16 per macro cell. UE mobility is modelled with wrap-around linear trajectory model after random drop of the UE. When dropped, the UE will select either a macro cell or a small cell with the strongest RSRP as an initial attachment point.
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Figure 1 Uniform Small Cell Drop 






Figure 2 Random Small Cell Drop
Most of system parameters assumed in the simulation comes from HetNet TR (TR36.839 [1]) and LTE-A TR (TR36.814 [2]). When there is some missing system parameter, the value defined in PHY evaluation assumption document [3] is used. The following table captures list of noticeable system parameters used in this study. (Detailed system parameters are listed in Appendix.)
Table 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)
	500m
	NA

	Carrier Frequency
	2 GHz
	3.5 GHz

	BS/UE Tx Power
	46 dBm
	30 dBm

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

	Shadowing Factor
	8 dB
	10 dB


As shown in the Table 1, macro cells are operating at 2 GHz carrier frequency, and path loss model in TR36.839 [1] is used for the macro cells. Small cells are operating at 3.5 GHx carrier frequency. The path loss for small cells operating at 3.5 GHz are derived from ITU-R UMi NLOS model.
2.2 Handover Procedure
Handover model in TR36.839 [1] is much simplified from real RRC handover procedure. In this study, handover model depicted in the Figure 3 is used to reflect handover situation more accurately.
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Figure 3 Handover Model
The handover procedure is modeled from UE perspective using 11 states from measurement and transmission of very first scheduling request to transmission of RRCConnectionReconfigurationComplete message. A fixed latency is assumed between the states. As an example, it is assumed that UL grant for BSR would be received 4 ms after successful transmission of SR. Link error of relevant PHY channels (PDCCH, PDSCH, PUCCH, PUSCH and PRACH) is modeled except PHICH. For simplicity, ARQ retransmission is not considered, and maximum 8 times HARQ retransmission is used instead. Size of messages exchanged during HO is listed in the appendix. The lowest MCS level is assumed for all the HO related messages.

2.3 Intra/Inter-Frequency Measurement

One of key factors that cause performance difference between intra-frequency handover and inter-frequency handover is measurement latency. In this simulation different PHY sampling period (period of A in Figure 4), different PHY filtering duration and L1 measurement report period (period of B in Figure 4) are assumed for intra-frequency and inter-frequency measurement as shown in the Table 2. The same L3 filtering coefficient (a=0.5) is used for both intra-frequency and inter-frequency measurement. s-Measure is assumed to be 0 (off).
	Parameter
	Intra-Frequency
	Inter-Frequency

	PHY sampling period
	40 ms
	80 ms

	L1 filtering duration /

L1 measurement report period
	200 ms
	480 ms
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Figure 4 Measurement Procedure







Table 2 Measurement Configuration
3 Discussion
3.1 Inter-Frequency Mobility Characteristics

The following two are key factors that affect inter-frequency mobility performance.
· Interference level: As small cells are operating at a different frequency from macro cells, inter-cell interference level would be lower than HetNet situation in general. This may enhance handover performance as UE would experience less RLF during handover operation. But the target number of small cells can be higher than what can be supported in co-channel HetNet scenario. More small cells will generate more interference in 3.5 GHz frequency, and lower handover performance.
· Measurement frequency: For inter-frequency cells (regardless of macro or small cells), measurement period 480 ms was assumed in this study. That is more than two times longer than intra-frequency measurement period. This may make the UE follow channel variation of target cell slowly, and finally increase handover failure due to delayed measurement report than intra-frequency measurement. But the delayed measurement report and handover may not cause much problem for macro cell to small cell handover case, as the handover would be triggered not only in the cell edge of the macro cell, but also in the locations where the macro cell still has good channel quality (i.e., RLF would not happen in source frequency). For small cell to macro cell inter-frequency handover, the longer measurement period may degrade handover performance.
The simulation result needs to be studied to verify impact of the two factors on the mobility performance. 

3.2 Mobility Performance

In this study, mobility performances of the following cases are evaluated:

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

· Case 2) Single co-channel small cell per macro cell

· Case 3) 8 co-channel small cells per macro cell

· Case 4) Macro cells at 2 GHz and 8 small cells at 3.5 GHz
· Case 5) Macro cells at 2 GHz and 16 small cells at 3.5 GHz
In all the cases, TTT 160 ms and 3dB handover offset are used. 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 not applied. Also the small cells are dropped uniformly.
The Figure 5 shows handover failure rates (HOF metric defined in [1]) for the 5 cases and different UE speeds. It is observed that the handover failure rate of inter-frequency handover is similar or slightly lower than the handover failure rate of intra-frequency handover. It seems that the performance enhancement from lower interference level outdo the performance degradation from slower inter-frequency measurement. But it should be noted that the absolute handover failure rate for inter-frequency handover is still quite high. Also if the number of small cells is doubled to 16 per macro cell from 8, the handover failure rate is degraded quite much.
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Figure 5 Handover Failure Rate
Observation 1 - The handover failure rate of inter-frequency handover is similar as the handover failure rate of intra-frequency handover.
Observation 2 – As the number of small cells increases, the handover failure rate also scales up.
The following two figures show the number of successful handovers per UE per second (i.e., handover frequency) and the number of handover failure per UE per second (i.e., handover failure frequency). It can be noted that the handover failure frequency increases rapidly when adding more and more small cells, while successful handover remains in the similar level.
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Figure 6
Successful Handover Frequency (times/s)

Figure 7 Handover Failure Frequency (times/s)
The Figure 8 shows share of total number of handovers for 4 handover types, macro cell to macro cell handover (MM HO), macro cell to small cell handover (MS HO), small cell to macro cell handover (SM HO) and small cell to small cell handover (SS HO). The Figure 8 only shows the result for a 30 km/h UE in 8 inter-frequency small cell setup. It can be observed that intra-frequency handover happens more frequently than inter-frequency handover as inter small cell handover outnumber all others when the number of small cells is high. The Figure 9 shows the handover failure rate for each handover type for the 30 km/h UE in 8 inter-frequency small cell setup. It is notable that inter small cell handover failure rate is much higher than other handovers in this case.
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Figure 8 Share of handovers






Figure 9 Handover failure rate for handover types
(30km/h UE, 8 inter-frequency small cells)





(30km/h UE, 8 inter-frequency small cells)
Observation 3 – As the number of small cells increases, the inter small cell handover happens more frequently and causes more failures than other handover types
The following Figure 10 shows the number of RLFs per UE per second (i.e., RLF frequency). RLF frequency shows similar trend as other metrics. The Figure 11 shows share of RLFs in each frequency for the 30 km/h UE in 8 inter-frequency small cell setup.
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Figure 10 RLF Frequency (times/s)






Figure 11 Share of RLF in each frequency
Observation 4 – The number of RLFs with inter-frequency small cells is similar as the number of RLFs with intra-frequency small cells.

From all the results provided here, it can be concluded that deployment of high number of small cells is very challenging regardless of their operating frequency in the mobility performance perspective. A new mobility mechanism different from conventional handover is required for small cells.

4 Conclusion
This paper provides mobility performance evaluation results for various cases. From this study, the followings observations could be noted:
Observation 1 - The handover failure rate of inter-frequency handover is similar as the handover failure rate of intra-frequency handover.

Observation 2 – As the number of small cells increases, the handover failure rate also scales up.
Observation 3 – As the number of small cells increases, the inter small cell handover happens more frequently and causes more failures than other handover types
Observation 4 – The number of RLFs with inter-frequency small cells is similar as the number of RLFs with intra-frequency small cells.

Based on these observations, it can be concluded that a new mobility mechanism different from conventional handover is required for small cells.
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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 System Parameters

	Parameter
	Value

	Trigger Quantity
	RSRP

	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
	3 dB

	Scanning Period
	40 ms

	Measurement Averaging Period
	200 ms

	Measurement Report Interval
	240 ms

	L3 Filter Coefficient
	4 (weight 0.5)

	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, Small cell avg. hand-in/out)
	50 ms

	Handover Decision Time (Small cell worst hand-in/out)
	100 ms

	DL Synchronization Delay
	3 ms


6.3 HO Messages
	
	Message Size
	Channel
	# of RBs
	Modulation
	Coding Rate

	Buffer Status Report (BSR)
	32 bits (4B)
	PUSCH
	2
	QPSK
	0.0972

	Measurement Report (MR)
	152 bits (19B)
	PUSCH
	6
	QPSK
	0.1018

	HO Command
	456 Bits (57B)
	PDSCH
	17
	QPSK
	0.09568

	Random Access Response (RAR)
	56 Bits (7B)
	PRACH
	3
	QPSK
	0.0977

	HO Complete
	40 bits (5B)
	PUSCH
	3
	QPSK
	0.08


(* Lowest MCS level is assumed)
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