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Discussion
1 Introduction

In the last meeting, a few performance evaluation results were submitted and discussed about CN signaling load increase due to deployment of small cells. [1] [2] One of the results captured in TR 36.842 analyzed number of mobility events in co-channel HetNet setup [1], and the other result that also captured in TR 36.842 addressed the changes of CN load with and without dual connectivity. The previous studies focused on specific cases of existing small cell deployment scenarios. But many scenarios are not covered yet, e.g., dense small cell deployment and standalone small cell deployment. This paper provides performance evaluation results of CN signaling increase in various deployment scenarios. This paper only focuses on the signaling increase due to mobility events.
2 Simulation Assumptions
Most of evaluation methodologies used in the paper [3] is reused. In addition, the methodology proposed in [4] to model very high small cell density, small cell detection latency and impact of non-ideal backhaul are also considered. For small cell deployment scenario 1 and 2, clustered small cell drop is used. On the other hand, uniform drop is used for standalone small cells. (i.e., deployment scenario 3)
This paper only focuses on the signaling increase due to mobility events. It is assumed that X2 is always available among small cells and between a small cell and a macro cell regardless of deployment scenarios. And X2 handover procedure is used for mobility procedure always. UE is assumed to stay in connection state. (i.e., inactivity timer set to infinite) CN signaling load is compared among different cases using total number of CN signaling messages generated in each case.  The following CN signaling messages are taken into account:

1. X2 Handover Request

2. X2 Handover Request Acknowledge

3. X2 SN Status Transfer

4. S1 Path Switch Request

5. S1 Path Switch Request Acknowledge

6. X2 UE Context Release

7. S11 User Plane Update Request

8. S11 User Plane Update Response
3 Evaluation Result
In this study, CN signaling load for the following cases are evaluated:

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

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

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

· Case 4) 4 clusters, 40 co-channel small cells per macro cell (dense small cell deployment)

· Case 5) 4 clusters, 40 separate channel (3.5 GHz) small cells per macro cell (dense small cell deployment)

· Case 6) Uniform 40 small cells without macro cell coverage

In all the cases, TTT 160 ms and 2dB handover offset are used with L3 filtering coefficient k being set to 1. The signaling load 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.
The following two figures show statistics related with the number of mobility events. Figure 1 shows normalized number of handover trials relative to the result of 3kmh UE in macro only case. It is observed that number of handover trials increases proportional to the UE speed and the density of small cells. Figure 2 shows increase of handover trials compared with macro only case. It can be noted that increase of handover trials relatively reduces along with UE speed increase because of high handover failure rate and required time for connection re-establishment from the handover failure. The increase of handover trials is high as from 200% to 500% increase if high number of small cells (e.g., 40 small cells per macro cell) is deployed or number of small cells is deployed in the same frequency band with macro cells. The number of handover trials for co-channel deployment scenarios is higher than the result of separate channel scenarios in general because high co-channel interference generates more cell edges. [5]
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Figure 1
Normalized Number of Handover Trials



Figure 2 Increase of Handover Trials

(Compared with Macro Only Case)



Figure 3 and 4 show statistics for the successful handovers. Figure 3 shows normalized number of successful handovers relative to the 3kmh UE in macro only case. It is observed that number of successful handovers decreases even when UE speed increases in case 4 and case 6 because high intra-frequency interference degrades handover performance further along with speed increase. Figure 4 shows increase of successful handovers compared with macro only case. Similarly as the result in figure 2, increase of successful handovers reduces along with UE speed increase because of high handover failure rate. The increase of successful handovers is between from 100% to 500% for dense small cell deployment cases (e.g., 40 small cells per macro cell) and co-channel deployment cases. The number of successful handovers for co-channel deployment cases is higher than the result of separate channel cases.
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Figure 3
Normalized Number of Successful Handovers

Figure 4 Increase of Successful Handovers 

(Compared with Macro Only Case)



Figure 5 and 6 show CN signaling load for case 1 to case 6. Figure 5 shows normalized CN signaling load relative to 3kmh UE in macro only case. It is observed that the trend of CN signaling load change is similar to the trend for the number of successful handovers. I.e., CN signaling load increases proportional to the UE speed and the density of small cells in general. But the increase may be marginal for case 4 and case 6 because high intra-frequency interference limits handover performance of high speed UEs. Figure 6 shows increase of CN signaling load compared with macro only case. Again, the trend of CN signaling load increase is similar to the result of successful handovers. I.e., increase of CN signaling load reduces along with UE speed increase because of high handover failure rate. The increase of CN signaling load is between from 100% to 500% for dense small cell deployment cases (e.g., 40 small cells per macro cell) and co-channel deployment cases. The CN signaling load for co-channel deployment cases is higher than the signaling load of separate channel cases due to frequent handovers (and retrials).
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Figure 5
Normalized Signaling Load






Figure 6 Increase of Signaling Load

(Compared with Macro Only Case)



From the evaluation results captured in figure 1 to 6, the following observations can be noted:

Observation 1 - The CN signaling load increases proportional to the UE speed and the density of small cells in general.
Observation 2 - High intra-frequency interference may limit increase of CN signaling load for high speed UEs
As CN signaling load increases proportional to the density of small cells in general, the increase of CN signaling load can be as high as 400% to 500% in dense small cell scenario case 4 and 6. As discussed in the contribution [1], mobility signaling may occupy relatively small portion of total signaling. But if it increases quite much, it may have noticeable impact on the total signaling level. Therefore, it can be noted that CN signaling load increase can be a challenge for deployment of small cells. It is proposed to capture evaluation results on CN signaling load in figure 5 and 6 in TR 36.842.
Proposal 1 – Capture evaluation results on CN signaling load provided here in TR 36.842.

4 Conclusion
From the evaluation results captured in figure 1 to 6, the following observations can be noted:

Observation 1 - The CN signaling load increases proportional to the UE speed and the density of small cells in general.

Observation 2 - High intra-frequency interference may limit increase of CN signaling load for high speed UEs
From these observations, it can be noted that CN signaling load increase can be a challenge for deployment of small cells. It is proposed to capture evaluation results on CN signaling load in figure 5 and 6 in TR 36.842.
Proposal 1 – Capture evaluation results on CN signaling load provided here in TR 36.842.
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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 (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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