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Discussion and Decision
1      Introduction
In the Hetnet mobility study item, it was concluded that handover performance was not as good as in homogenous network. One of the objectives in the Hetnet mobility WI [1] is “Improvements to help with recovery from RLF to help improve the overall mobility robustness of HetNet LTE networks”. Many companies [3-5] have suggested that early termination of T310 can improve overall UE experience. In this contribution, we implemented different proposed solutions in a large scale system-level simulation based on the assumptions captured in TR 36.839 [2] and parameters listed in Annex A. The evaluation shows that early termination of T310 under certain conditions indeed improves UE outage.
2      Discussion
It has been observed in [5] that the major handover failures are due to the handover command. It has been proposed in [3-5] that shorter T310 can be used after the A3 event is triggered, or after the measurement report (MR) is sent to improve UE HO performance. We propose the RLF offset, a new parameter that allows the T310 termination time to be adjusted. Figure 1 shows the relation between different methods that will terminate T310 early. Among these methods, A3event terminates T310 the earliest and MR the latest. The advantage of terminating T310 early is that UE outage time is the shortest. In contrast, the advantage of terminating T310 latest is to reduce the number of RRC Re-establishments. RLF offset on the other hand, can be adjusted to terminate T310 at a time between A3event and MR methods. We have implemented these three methods and have compared the results with the baseline, which is without any T310 adjustment.
UE performs RRC re-establishment immediately using the following methods:

· Baseline
No RLF enhancement (i.e. T310 = 1s). The UE will wait until the T310 expired and perform RRC re-establishment.
· MR [4]
If T310 timer is running and UE has sent the measurement report to the serving eNB, UE will terminate T310 early and will perform RRC re-establishment.
· A3event [3][5]
If T310 timer is running as long as UE has entered the A3 event, UE will early terminate T310 and will perform RRC re-establishment. 
· RLF offset  
This method is an extension of the “A3event” approach. The network configures the RLF offset. When the T310 is running and the target cell RSRP is greater than serving cell’s by the RLF offset, the UE will terminate T310 and perform RRC re-establishment. When the RLF offset equals the A3offset, two early termination methods become the same.



Figure 1: Relation between different early terminate T310 conditions
Evaluation metrics: 

· Outage (%): 
The total outage time/The total simulation time x 100% 
(Outage is defined as UE observes Qout < -8dB)

· RRC Re-establishment/UE/s: 
The number of RRC Re-establishment due to T310 expired/The number of UE/ The total simulation time
Simulation results
Figure 2-4 shows the Outage percentage and RRC Re-establishment/UE/s for 3 different deployments and different UE speeds. A3event method and RLF offset (2dB) method have the best performance in outage but highest in the number of RRC re-establishment. Note however, that A3offet in A3event is a parameter to optimize HO performance and its value may not be optimal for terminating the T310 timer. MR reduces the outage percentage by more than a half with some increases in RRC re-establishment. RLF offset (10dB) reduces outage by about 30% with only slightly increases in RRC re-establishment. By setting RLF offset = 5dB, the outage performance is better than MR while the number of RRC re-establishment is also lower than MR. RLF offset = 2dB is equivalent to A3event method in this case. 
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Figure 2: Outage percentage and RRC Re-establishment/UE/s for homogenous networks (Macro Only)

[image: image3.jpg]Outage (%)

1.8,

1.6

1.4

[N]

o
®

o
o

o
a

o
N

Il baseline
VR

[ IRLF offset 10dB
IRLF offset 5dB
I RLF offset 2dB

o

3km/h

30km/h

60km/h

120km/h



[image: image4.jpg]RRC Re-establishment/UE/s

0.8

0.6

0.4

0.2

x10°

Il baseline
Bl MR

[__IRLF offset 10dB
I RLF offset 5dB
I RLF offset 2dB

3km/h 30km/h 60km/h 120km/h




Figure 3: Outage percentage and RRC Re-establishment/UE/s for 2 pico/macro deployment
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Figure 4: Outage percentage and RRC Re-establishment/UE/s for 4 pico/macro deployment

Observation 1: Early T310 termination improves Outage rate with increase of RRC re-establishment.
Observation 2: RLF offset method performs better than MR method and the offset can be adjusted to trade-off between outage rate and number of RRC re-establishment. The offset can be adjusted to be equivalent to A3event method.
3      Conclusion

In this contribution, we evaluated early T310 termination mechanisms that were proposed. The observations are aligned with other companies that early T310 termination can indeed improve outage rate. We further propose the RLF offset, a new parameter that allows the T310 termination time to be adjusted. RLF offset performs better than MR and can be adjusted to be equivalent to A3event. RLF offset gives the network more control to optimize between outage and number of RRC re-establishments. We kindly ask RAN2 to consider RLF offset for early T310 termination for Hetnet in Rel12 to improve UE experience.
Observation 1: Early T310 termination improves Outage rate with increase of RRC re-establishment.

Observation 2: RLF offset method performs better than MR method and the offset can be adjusted to trade-off between outage rate and number of RRC re-establishment. The offset can be adjusted to be equivalent to A3event method.
Proposal: RAN2 to consider RLF offset for early T310 termination for Hetnet in Rel12 to improve UE experience.

References

[1] RP-122007, New WI proposal: Hetnet Mobility Enhancements for LTE, Alcatel-Lucent

[2] 3GPP TR 36.839 v2.0.0, “Mobility Enhancements in Heterogeneous Networks”

[3] R2-130933, RLF recovery enhancements, Qualcomm

[4] R2-131172, Fast Reestablishment, Media Tek

[5] R2-122533, RRC re-establishment in HetNet HO failure, Ericsson, ST-Ericsson 
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, 2, 4

	Cell loading 
	100%

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

	Channel model 
	TU (fast fading included)

	TimeToTrigger  [ms]
	200ms

	A3-offset [dB]
	2dB 

	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
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