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Discussion and decision
1. Introduction
The study on HetNet Mobility Enhancements for LTE [1] concluded that handover performance in HetNet deployments is not as good as in homogeneous macro deployments.  In a dense HetNet environment, increased number of handovers and Radio Link Failures would lead to larger service interruption time for the UE due to handover interruption, RLF recovery interruption and Qout during T310.
We have shown that outage time due to T310 is significant and can cause bad user experiences. We proposed T310 early termination enhancement to address the problem [2]. It was questioned in RAN2#82 meeting however whether a similar outage time reduction gain could be obtained if pico cells always use a short T310 value. 
2. Discussion
Potential risk of using a short T310 is that it may increase premature RLF detections and thus increase service interruption time due to, e.g. system information acquisition and/or connected-to-idle-to-connected transition. We do not think the current simulation setup used in this work item [1] is not suitable for evaluating risks of employing a short T310 value.
2.1. Simulation

In this document, we use measurements taken in a real LTE network. The following figure shows the drive route in Manhattan, New York where the measurements were taken with a pilot scanner. The total time of the drive test is 50 minutes and the UE speed ranges from 0 to around 40 km/h with almost linear distribution.

It should be noted that the network around the measurement route does not represent dense HetNet deployment that we envision for the future. Also the speed range is low to mid in the definition in [1]. So this exercise is intended to see the trends of mobility performance, but not absolute numbers that could be mapped to user experience due to service interruptions.
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Figure-1:
Drive route (50minutes, 0-40km/h)

We have run simulations based on the measurements and evaluated mobility performance. Parameters assumed in the simulations are shown below. We simulated T310 early termination, denoted as “1000ms adaptive” below, where RLF is declared at TTT expiry if T310 is already running; or T310 = 160ms if TTT has expired before T310 start. If the instantaneous SINR is lower than the decoding threshold at TTT expriry or at the time of handover command, it is assumed that Measurement Report or handover command cannot be delivered to its destination node. If the Measurement Report is not dilivered to the serving eNB, NAS recovery follows after RRC connection re-establishment failure (i.e. unprepared re-establishment).
Table-1:
Simulation parameters
	Parameters
	Value

	Qout (filtered)
	-8dB

	Qin (filtered)
	-6dB

	Decoding Threshold (instantaneous SINR)
	-8dB

	A3 event offset
	3dB

	TTT
	160ms

	T310
	200ms, 1000ms, 1000ms-adaptive

	HO preparation time
	50ms

	RLF recovery delay
	250ms (incl. SIB acquisition)

	NAS recovery delay
	450ms (incl. SIB acquisition)

	Network load
	100%


2.2. Simulation result

We looked at the following metrics 
· # of Handovers and # of Handovers/min
· # of RLFs (i.e. NAS and RLF recoveries) and # of RLFs/min 
· Connected-mode Outage (seconds/min):
· Time when the UE was connected to a cell but not able to decode. Namely, the time for which T310 was running
· Service interruption (seconds/min)
· Time when the connected-mode UE was not able to tx/rx data, which includes 
· HO interruption (the time UE takes to tune away from one cell to another)
· RLF interruption (such as SIB reading, reestablishment)
· Connected-mode outage
Simulation results are shown below. The result indicates that the short T310 value can reduce outage time, but leads to larger service interruption time due to the larger number of RLFs. The T310 early termination (1000ms-adaptive) can provide the same outage time reduction gain with fewer RLFs, providing less service interruption time. 
Table-2:
Simulation results
	T310
	Handovers
	RLFs
	Outage [s/min]
	Service Interruption [s/min]

	
	#HOs
	#HOs/min
	#RLFs
	#RLFs/Min
	
	

	200ms
	158
	3.1
	37
	0.73
	0.26
	0.66

	1000ms
	173
	3.4
	9
	0.18
	0.52
	0.72

	1000ms-adaptive
	168
	3.3
	21
	0.42
	0.26
	0.54


Observation 1:
The T310 early termination (1000ms-adaptive) can provide the same outage time reduction gain with fewer RLFs, with respect to the current RLF scheme with T310 set to 200ms
In this document, any impact to user application due to entering idle mode (when the re-establishment target is not prepared) is not captured. Transition to idle mode can even lead to service disconnection, e.g. for VoLTE. Using a short T310 value means that there are cases where the UE does not even try to transmit the measurement report. This will increase the probability of unprepared RRC connection re-establishment, thus failure.
Observation 2:
A short T310 value can increase the number of “unprepared” RRC connection re-establishment 

A premature RLF detection, i.e. leaving the serving cell before identifying a re-establishment target cell, can lead to additional service interruption time due to delay associated with cell identification. Furthermore it is completely unnecessary interruption if the UE has to come back to the original serving cell after the cell identification. T310 early termination on the other hand can make sure the target cell is reliable in the same way as handover decision is made.

Observation 3:
T310 early termination can make sure the re-establishment target cell is reliable in the same way as handover decision is made
From those observations, we conclude and propose the following.
Conclusion:
Using a short T310 value is not a reliable solution for mobility robustness
Proposal:
Introduce RRC connection re-establishment procedure with T310 early termination
3. Conclusion
In this document we evaluated mobility performance based on measurements taken in a real network. We looked at different T310 values including T310 early termination scheme and came to the following observations.

Observation 1:
The T310 early termination (1000ms-adaptive) can provide the same outage time reduction gain with fewer RLFs, with respect to the current RLF scheme with T310 set to 200ms
Observation 2:
A short T310 value can increase the number of “unprepared” RRC connection re-establishment 

Observation 3:
T310 early termination can make sure the re-establishment target cell is reliable in the same way as handover decision is made

From those observations, we conclude and propose the following.
Conclusion:
Using a short T310 value is not a reliable solution for mobility robustness
Proposal:
Introduce RRC connection re-establishment procedure with T310 early termination
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