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1      Introduction
One of the SI is “Study on HetNet mobility enhancements for LTE” [1]. In the RAN2#77 meeting, it was agreed that “We will study more pico cell deployments e.g. with pico cells placed within the macro cell coverage (not only at the macro cell border) and with more pico cells per macro cells”. This contribution investigates a RSRP based TTT scaling solution to improve HO performance without the need for mobility state information. The studies are conducted for pico cells located at macro cell borders as well as random pico cell placements. 
Large scale system level simulation is conducted for evaluation. Simulation assumptions are aligned with those captured in TR 36.839 [2] and are listed in Annex A.
2      Discussion
In general, when the serving cell has high RSRP, the UE can have a longer time to HO to the target cell before it is disconnected from the serving cell. On the other hand, the UE needs to HO faster when the serving cell RSRP is low. To avoid state 2 HO failure, the UE needs to send its measurement report sooner such that the HO command can be received successfully. We therefore scale the TTT based on the RSRP value. Simulation results show that such RSRP based solution provides good HO performance without the knowledge of UE speed. 
RSRP statistics
Figure 1 shows the CDFs of RSRP when UE HOs successfully for both serving (SRC) and target (TAR) cells when UE enters event A3 condition and TTT has expired. As we can see, for all UE speed, the CDFs of RSRP are very closely aligned. For UE in HO failure, we observe that the CDF curves shift about 5dB. This indicates that low RSRP causes higher HO failure. 
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Figure 1: CDF of RSRP when UE HOs successfully
Scaling TTT based on RSRP
In this section, we investigate a RSRP based TTT scaling solution to improve HO performance. TTT value is scaled according to different RSRP thresholds such that when serving cell’s signal is good, the handover decision can be delayed to reduce short ToS. Similarly, when serving cell’s signal is weak, a fast handover is required to avoid HOF. In our simulation, when serving cell RSRP is above -85dBm, we set a long TTT (80ms). Otherwise, we use a short TTT (40ms). In general, the selected TTT is proportional to the RSRP. Figures 2 to 5 show HOF/UE/s and Short ToS for different UE speeds and pico cell deployments when a set of fixed TTT/A3offset values are used in comparison to a RSRP based solution (label ‘D’ in the figures). As one can see, the RSRP based solution performs the best in HOF/UE/s for the cases when the pico cell is placed either at the cell edge or if there is only one pico cell in a random placement. These results hold for all UE speeds. For 2-4 pico cells per macro cell deployments, RSRP based solutions achieve values very similar to those of the best TTT/A3offset values. In 10 pico cells per macro cell deployment, the higher interference around the serving cell results in high HOF for all schemes. In this case, RSRP based solution performs slightly worse than the best TTT/A3offset value for low speed (3km/h) case. Overall, the RSRP based solution provides a good HO performance improvement for different UE speeds while maintaining small short ToS in most deployments. It does not require knowledge of UE speed to adjust the optimum TTT/A3offset value.
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Figure 2: HOF and Short ToS for UE speed = 3km/h for different pico cell deployments
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Figure 3: HOF and Short ToS for UE speed = 30km/h for different pico cell deployments
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Figure 4: HOF and Short ToS for UE speed = 60km/h for different pico cell deployments
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Figure 5: HOF and Short ToS for UE speed = 120km/h for different pico cell deployments

Proposal: RAN2 to consider RSRP based TTT scaling approach to enhance HO performance in Hetnet mobility. 
3      Conclusion
In this contribution, we investigated a RSRP based TTT scaling approach to enhance HO performance in Hetnet mobility. Our simulation results show that the RSRP based solution provides good HO performance and does not require knowledge of UE speed. 
Proposal: RAN2 to considers RSRP based TTT scaling approach to enhance HO performance in Hetnet mobility. 
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4      Annex A Simulation assumptions
Large scale simulation uses bouncing circle model.
Table A-1: Radio configurations for macro and pico cells
	Items 
	Macro cell 
	Pico cell

	ISD
	500m
	

	Distance-dependent path loss 
	TR 36.814 [4] Macro-cell model 1
	TR 36.814 [4] Pico cell model 1

	Number of sites/sectors
	19/57
	1

	BS Antenna gain including Cable loss 
	15dB
	5dB

	MS Antenna gain 
	0 dBi
	0 dBi

	Shadowing standard deviation 
	8 dB 
	10 dB 

	 Correlation distance of Shadowing

NOTE: this is the distance where correlation is 0.5 (not 1/e as defined in TR 36.814 B.1.2.1.1)
	25 m
	25 m

	Shadow correlation
	0.5 between cells/ 1 between sectors
	0.5 between cells

	Antenna pattern
	The same 3D pattern as is specified in TR 36.814,  Table A.2.1.1-2 [4]
	Omni, as is specified in TR 36.814, Table A.2.1.1.2-3 [4]

	Carrier Frequency / Bandwidth 
	2.0Ghz/ 10MHz 
	2.0Ghz/ 10MHz 

	BS Total TX power 
	46 dBm 
	30dBm 

	Penetration Loss
	20dB
	20dB

	Antenna configuration
	1x2
	1x2

	Minimum distance
	The same requirements as specified in TR 36.814 [4].


Table A-2: RRM/RLM configurations
	Items
	Description

	Pico cell placement
	Fixed location(s) as shown in Figure 5.4.5.1-2 of TR [1] RP-110709, Study on HetNet mobility enhancements for LTE, Alcatel-Lucent. [1]

	Cell loading 
	100%

	UE speed 
	30km/h, 60km/h

	Channel model 
	TU (fast fading included)

	TimeToTrigger  [ms]
	480, 160, 80, 40

	A3-offset [dB]
	3, 2, 1, -1

	TMeasurement_Period, Intra,  L1 filtering time in TS36.133 
	200ms (other values could be added later)

	Layer3 Filter Parameter K
	1

	Measurement error modeling for relative RSRP
	To obtain the 90% bound for +/- 2 dB, a normal distribution with deviation = 2 dB / (sqrt(2)*erfinv(0.9)) = 1.216 dB is used (ref: TS36.133 [3])

	Measurement error modeling for absolute RSRP
	To obtain the 90% bound for +/- 6 dB, a normal distribution with deviation = 6 dB / (sqrt(2)*erfinv(0.9)) = 4.934 dB is used (ref: TS36.133 [3])

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms
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