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1      Introduction
In the last RAN2#81 meeting, we proposed a HO enhancement approach using RSRQ [7]. During the meeting, there was concern raised regarding the impact of network load on the performance of the proposed scheme and the RSRQ distributions. In this contribution, we address these concerns and further enhance the HO mechanism with SToS/Ping-pong avoidance. We evaluate the various existing and proposed methods and compare the performance.
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 TS 36.331 section 5.5.4.4, UE enters event A3 when neighbor becomes offset better than PCell. When a UE is in event A3 for the time indicates in time to trigger (TTT), the UE sends the measurement report to serving eNB and hence HO to target cell. In this contribution, we first investigate the effect of RSRQ in related to handover success (HOS) and handover failure (HOF). Then we further study the HO performance when scaling A3offset and TTT based on RSRQ in different load scenarios. Finally, we demonstrate how the fast HO based on RSRQ with SToS/Ping-pong Avoidance provides a good HO experience for the UE and stable performance. 
Effect on RSRQ distributions for HOF and HOS
Figure 1 shows RSRQ CDF for different UE speeds and different deployments when UEs experience HOF and HOS. 90% of the HOF happens when the RSRQ are less than -7dB while 90% of the HOS happens when the RSRQ are more than -7dB independent of UE speeds and deployments.
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Figure 1: RSRQ CDF for HOF and HOS

Observation 1: Most of HOF happens when the RSRQ are low while most of the HOS happens when RSRQ are high. 
Observation 2: RSRQ values are aligned closely independent of UE speeds and deployments.
Scaling A3offset and TTT based on RSRQ
In this section, we investigate a RSRQ based TTT scaling solution to improve HO performance. A3offset and TTT values are scaled according to different RSRQ 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 RSRQ is weak, a fast handover is required to avoid HOF. In our simulation, when serving cell RSRQ is above -4 dB, we set A3offset = 3dB and TTT = 160ms. When RSRQ is between -4dB and -7dB, we set A3offset = 1dB and TTT = 200 ms. Otherwise, A3offset = 0.5dB and TTT = 10ms is used.  

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 RSRQ based. As one can see, the RSRQ 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. Overall, the RSRQ 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
Observation 3: RSRQ based HO performs well when compare to different A3offset and TTT values for different UE speeds.
Scaling A3offset and TTT based on RSRQ with different loads
In this section, we investigate a RSRQ based TTT scaling solution to improve HO performance. The idea for scaling A3offset and TTT based on RSRQ is that when there is a target cell is better than serving cell, a smaller TTT is used when RSRQ is low to make sure the HO command can be received by the UE successfully. In contrast, a larger TTT can be used when RSRQ is high to avoid ping-pong/shortToS scenario. Below are our simulation parameters in addition to the table in Appendix A:

	
	RSRQ > -4dB
	-4 ≥ RSRQ ≥ -7dB
	RSRQ < -7

	A3offset
	3
	1
	0.5

	TTT
	160
	200
	10



Table 1: RSRQ based HO enhancement parameters
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Figure 3: Average HOF and sToS for all UE speeds in different loads
Figure 3 shows comparison between Rel 8 MSE and RSRQ based method for full load and half load scenarios. Figure 3 (left) shows the average HOF for all UE speeds. When the network is fully loaded, HOF improves across deployments in trade of increase of short ToS. In fact, the improvement is same as or better when Rel-8MSE is used in the half load scenario. Because of the interference reduces, we see a further improvement on HO performance.   

Observation 4: HO enhancement using RSRQ perform well when it is in less load scenario

RSRQ distributions
Figure 2 shows RSRQ distributions when the UEs enter event A3. This is where we set the TTT based on the RSRQ value. On average, TTT values are scaled and distributed 30% in using long TTT, 60% in using medium TTT and 10% using short TTT. 
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Figure 2: RSRQ CDF when UE enter event A3 for full load scenario
Observation 5: RSRQ values are well distributed based on the condition. 

A further improvements of RSRQ/RSRP based HO: A Fast HO with SToS/Ping-pong Avoidance
A further enhancement to avoid more stability with less SToS/Ping-pong is added on the top of the RSRQ based HO enhancement [7]. Based on the observation 1, a fast handover is needed to avoid state 2 HO failures (HO command failed to receive by the UE). Therefore, in this contribution, we investigated the HO performance improve when fast HOs are always performed when UE RSRQ value is low but using a SToS/PP avoidance to reduce the SToS/PP scenarios. 

The idea is that UE will always use a short TTT such as 20ms when the RSRQ value is below -7dB. Otherwise, UE will use a slightly longer TTT such as 40ms when the time of stay of the current cell is greater than 2s and even longer TTT such as 210ms when the time of stay of the current cell is greater than 1s. If the UE time of stay of the current cell is less than 1s, TTT will be selected to 1s – current time of stay. We also perform the same with RSRP values and set the threshold to be 7dB.
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Figure 5: Average HOF and sToS for existing HO mechanisms and other proposed methods 
Fast HO with SToS/PP avoidance algorithm performs the best in terms of HOF rate. RSRQ based fast HO is slightly better than RSRP based fast HO. However, the RSRP based HO with PP Avoidance has the best performance in SToS..
Observation 6: With fast HO using RSRQ/RSRP with SToS/ping-pong avoidance, it improves the HOF performance by 100% in comparison to Rel-8 MSE and further improves SToS/ping-pong in comparison to previously proposed RSRQ based TTT scaling approach. 
Proposal: RAN2 to consider the proposed scheme of fast HO using RSRQ/RSRP with SToS/ping-pong avoidance to enhance HO performance in Hetnet mobility. 
3      Conclusion

In this contribution, we investigated the effect of load in RSRQ based TTT scaling approach to enhance HO performance in Hetnet mobility. Our simulation results show that the RSRQ based solution provides good HO performance in all deployments across all UE speeds even in light load scenarios. An enhancement “Fast HO with SToS/ping-pong Avoidance” is further studied. The simulation results show that it outperforms Rel-8 MSE and other methods in both HOF and SToS.
Observation 1: Most of HOF happens when the RSRQ are low while most of the HOS happens when RSRQ are high. 
Observation 2: RSRQ values are well distributed based on different scenarios. 

Observation 3: RSRQ based HO performs well when compare to different A3offset and TTT values for different UE speeds.
Observation 4: HO enhancement using RSRQ perform well when it is in less load scenario
Observation 5: RSRQ values are well distributed based on the condition. 

Observation 6: With fast HO using RSRQ/RSRP with SToS/ping-pong avoidance, it improves the HOF performance by 100% in comparison to Rel-8 MSE and further improves SToS/ping-pong in comparison to previously proposed RSRQ based TTT scaling approach. 
Proposal: RAN2 to consider the proposed scheme of fast HO using RSRQ/RSRP with SToS/ping-pong avoidance 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

	Fixed 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]

	Number of Random Pico cell placement
	0, 1, 2, 4, 10

	Cell loading 
	100%

	UE speed 
	3km/h, 30km/h, 60km/h, 120km/h

	Channel model 
	TU (fast fading included)

	TimeToTrigger  [ms]
	Refered to tables

	A3-offset [dB]
	Refered to tables 

	TMeasurement_Period, Intra,  L1 filtering time in TS36.133 
	200ms 

	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 RSRQ
	To obtain the 90% bound for +/- 2.5 dB, a normal distribution with deviation = 2.5 dB / (sqrt(2)*erfinv(0.9)) =  1.5199 dB is used (ref: TS36.133 [3])

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms


5      Annex B – Detail results

Parameters for different HO enhancements
We implemented 6 HO mechanisms with results shown in Figure 5. Each mechanism is described as following:

· IdealMSE: Assume UE speed is known and choose the best TTT and A3offset pair for each UE speed. The criterion for best performance is that HOF is less than 10% with the lowest sToS. If HOF less than 10% is not possible, a lowest HOF is chosen.

	A3offset
	1dB

	TTT (high/med/low)
	410/210/40ms


· Rel8MSE: UE count each cell = 1 when UE performs HO within an evaluation window. The following parameter is used based on table 5.6.1.1 in [2]:

	T-evaluation
	120 ms

	Cell Change Medium
	7

	Cell Change High
	13

	Filtering Factor
	4

	A3 offset 
	3 dB

	TTT (high/med/low)
	480/240/120 ms


· Weighted MSE: Similar to Rel8 MSE but count a smaller weight towards pico cell. We follow the parameters given in [6]:


	T-evaluation
	120 ms

	Cell Change Medium
	7

	Cell Change High
	13

	Macro 2 Macro Weight
	1

	Macro 2 Pico Weight
	0.45

	Pico 2 Macro Weight
	0.25

	Pico 2 Pico Weight
	0.1

	Filtering Factor
	4

	A3 offset 
	3 dB

	TTT (high/med/low)
	480/240/120 ms


· RSRQbased HO: [7] RSRQ based HO enhancement: (Please refer to table 1 above)

· Fast HO with SToS/Pingpong Avoidiance: The proposed fast HO with sToS/PP avoidance in this contribution.


	T-evaluation
	120 ms

	Filtering Factor
	1

	A3 offset 
	1dB

	TTT 
	Varies


1

