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1. Discussion and proposal
For this meeting, 4 papers are submitted to show the quantified analysis on mobility robustness in Scenario #2 [1-4]. From their results, the followings can be observed overall:
1) Mobility robustness in Scenario #2 is not as good as in a macro only network, but less of a problem than in Scenario #1 if no DRX is used (already agreed at RAN2#82).
2) The HO performance is degraded if longer DRX is used.

3) If the HO threshold to small cells is set such that UE is more offloaded to small cells, the inter-frequency HO performance is degraded.

4) When studying the benefits of new mobility enhancements for Scenario #2, the baseline used for comparison should include the relevant enhancements from the Rel-12 HetNet WI. In other words, the HetNet enhancements that can also improve the mobility robustness in Scenario #2 should not be ignored.
To capture these observations with the quantified analysis, the following TP to TR 36.842 is proposed:
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5.2.1
Mobility robustness
 This section looks into mobility performance in Scenario #2 [XX, YY]. Detailed simulation assumptions are described in Annex [TBD].
Figure 5.2.1-1 shows the handover failure rate of the following cases without DRX:
1)
Macro only network

2)
10 small cells per a macro cell on the same carrier (Scenario #1)

3)
10 small cells per a macro cell on the different carrier (Scenario #2)

4)
2 set of 10 clustered small cells per a macro cell on the different carrier (Scenario #2)

The handover failure rate in Scenario #2, i.e., case 3) and 4) is much lower than in Scenario #1, i.e., case 2) due to the lower interference between macro and small cells. However, it is still higher than in a macro only network. This is due to the interference in the small cell carrier when handover from a small cell to a macro cell or between small cells occurs. 
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Figure 5.2.1-1: Handover failure rate without DRX
Figure 5.2.1-2 shows the handover failure rate in case 3) as a function of the DRX cycle. As seen from the figure, the HO failure rates reach higher levels here going well above 5% at higher UE speeds and with longer DRX cycle lengths. It should be noted that DRX has a significant impact on UE power consumption, so getting good mobility performance also with longer DRX cycles is important.
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Figure 5.2.1-2: Handover failure rate in case 3) with DRX
For the above evaluations, Event A3 is used for triggering inter-frequency handover. In this case, the small cells in the macro cell centre area would be hardly utilised as signal strength of the macro cell is too good to handover UEs to the small cells even with negative A3 offsets. To utilise the small cells regardless of their locations, Event A2/A4 can be used. Figure 5.1.2-3(a) and 5.1.2-3(b) show the share of handover types and the handover failure for each handover type respectively. MM HO and SS HO denote the handover between macro cells and between small cells respectively. MS HO and SM HO denote the handover from a macro cell to a small cell and vice versa respectively. As seen in Figure 5.1.2-3(a), using Event A2/A4 increases SS HO compared to Event A3. On the other hand, the failure rate of SM HO is considerably increased by the aggressive offloading setting to small cells. 
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(a) Share of handover types




(b) Handover failure of each handover type
Figure 5.2.1-3: mobility statistics with different small cell offloading policies (30km/h UE speed and 10 clustered small cells per a macro cell)
In summary, the followings are observed:
-
Mobility robustness in Scenario #2 is not as good as in a macro only network, but less of a problem than in Scenario #1 if no DRX is used

-
The HO performance is degraded if longer DRX is used.
-
If the HO threshold to small cells is set such that UE stays longer in small cells, the HO failure and ping pong from a small cell to a macro cell is increased.
When studying the benefits of new mobility enhancements for Scenario #2, the baseline used for comparison should include the relevant enhancements from the Rel-12 HetNet WI. In other words, the HetNet enhancements that can also improve the mobility robustness in Scenario #2 should be considered before concluding the benefits of new mobility enhancements for Scenario #2.
<Skip unchanged part>
Annex XX:
Simulation assumptions for mobility robustness in Scenario #2 (subclause 5.2.1)
XX1
Simulation assumptions without DRX
Simulation assumptions used for mobility robustness without DRX, i.e., Figure 5.2.1-1 and 5.2.1-3 are shown below:
1) System parameters
	Parameter
	Macro
	Small Cell

	Number of Sites
	19 (wrap around)
	10 or 20 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


2) Handover 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


XX2
Simulation assumptions with DRX
Simulation assumptions used for mobility robustness with DRX, i.e., Figure 5.2.1-2 are shown below:
	Feature/Parameter
	
	Value/Description

	DRX
	Long cycle length

Short cycle length

Short cycle duration

Inactivity timer

On duration timer
	80, 160, 320, 640 ms

20 ms

16x short cycle length 

10 ms

5 ms

	Intra and inter-frequency handover parameters
	Handover criteria

A3 baseline offset

A3 baseline time-to-trigger
	Event A3 RSRP

3 dB

256 ms

	Traffic parameters
	Traffic type “background”:

Packet interval options

Traffic type “bursty”:

File size

Reading time


	Average 3, 30 seconds from geometric distribution

0.5 Mbytes

5 seconds average from geometric distribution

	Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	180 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	11

	Number of control symbols per TTI
	
	3

	3GPP Macro Cell Scenario
	Cell layout
	21 sectors/7 BSs

	
	Inter site distance (ISD)
	500 m

	Pico cell layout
	Cluster distance to macro
	Minimum 75 m

	
	Distance between clusters
	Minimum 100 m

	
	Distance between picos
	Minimum 20 m

	
	Cluster radius
	50 m

	
	Cluster location
	Random

	
	Clusters/macro cell
	1

	
	Picos/cluster
	4, 10 (FTP results only with 4 picos)

	Macro-pico deployment type
	
	Inter-frequency

	Distance-dependent path loss
	Macro cell model (TS 36.814, Model 1)
	128.1 + 37.6log10(r)

	
	Pico cell model (TS 36.814, Model 1)
	140.7 + 36.7log10(r)

	BS Tx power
	Macro

Pico
	46 dBm

30 dBm

	Shadowing standard deviation
	Macro

Pico
	8 dB

10 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Shadowing correlation distance
	Macro

Pico
	50 m

13 m

	Multipath delay profile
	
	Typical Urban

	UE speed
	
	3, 30, 60 km/h

	Intra and inter-frequency measurement
	L1 measurement cycle

Measurement bandwidth

Measurement error standard deviation

L1 sliding window size

L3 filtering
	40 ms or DRX cycle length

6 RBs

2 dB

5

Disabled

	Handover preparation time
	
	50 ms

	Handover execution time
	
	40 ms

	Radio link failure monitoring
	Qout threshold

Qin threshold

T310
	-8 dB

-6 dB

1000 ms

	Cell detection model
	
	Enabled

	Receiver diversity
	
	2RX MRC

	Number of calls
	
	30 UEs per macro cell so totally 630 UEs with 100 second calls
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