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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 more outage time for the UE due to handover interruption, RLF recovery interruption and Qout during T310.
We have shown that interruption time due to T310 is significant and can cause bad user experiences, and we proposed T310 early termination enhancement to address the problem [2]. In this document we provide further simulation results for T310 early termination in light of the email discussion held before this meeting [3].
2. Discussion
Mobility in a Dense HetNet (10 picos/macro:
Pico placed randomly) is looked at. The simulations assumptions are aligned with the large area system simulation assumptions in [1], set 3 @ 30km/h), except for the following. We looked at the cases where target cell is prepared and unprepared for RRC connection re-establishment. 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 was not successfully delivered, the RRC connection re-establishment is assumed to be “unprepared”.
	Parameter
	Value

	# pico cell per macro
	10

(Random placement)

	RRC connection re-establishment delay (target cell prepared)
	250 ms

	RRC connection re-establishment delay (target cell un-prepared)
	450 ms

	Decoding Threshold (instantaneous SINR)
	-8dB


We analysed different T310 schemes:

· No enhancement:




T310 value is always 1 second (baseline in [1])

· T310 = 0:






T310 value is always  0  

· Adaptive (TTT expiry):

RLF is detected at TTT expiry if T310 is already running; or T310 = 0 if TTT has expired before T310 start

· Adaptive (TTT expiry+160ms):

RLF is detected at TTT expiry if T310 is already running; or T310 = 160ms if TTT has expired before T310 start 

We looked at the following metrics.

· Outage time:


The time during which T310 is running
· Interruption time:

Interruption time due to handover or RRC connection re-establishment
· Overall service interruption time:

Outage time + Interruption time
2.1. Overall service interruption time

The simulation result is shown below. From Figure-1 and Figure-2, it can be seen that adaptive T310 early termination decreases the overall service interruption time in exchange for increased procedure interruption time due to increased number of connection re-establishment events. The result in the Figure-2 can easily be explained; the longer you wait in the serving cell while seeing Qout, the smaller the number of connection re-establishment events is.
Adaptive (TTT expiry+160ms) was meant to improve handover success rate why waiting for handover comman after Measurement Report upon TTT expiry. However it does not seem to contribute to reducing the overall service interruption time as compared to the simple Adaptive (TTT expiry) scheme.
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Figure-1: Overall service interruption time (% of simulation time)
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Figure-2: Number of RRC connection re-establishment events (/UE/s)
Observation 1:
Adaptive T310 early termination decreases the overall service interruption time in exchange for increased number of connection re-establishment. This means that by enabling the adaptiveT310 early termination, the UE can be better served by a good serving cell, instead of being stuck in a bad (Qout) serving cell.
The following figure further shows the distribution of actual service interruption time. Each continuous outage and interruption time was considered as one service interruption instance.  It can be observed that without an enhancement almost 50% of interruptions are due to T310 (1 second) with unprepared connection re-establishment. Early termination of T310 reduces the duration of service interruptions.
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Figure-3: Interruption time CDF [second]

Observation2:
Adaptive T310 early termination shortens the length of each service interruption instance.
2.2. Time-of-Stay (ToS)
The following plots show Time-of-Stay CDF. It is very important to realize the fact that the current ToS metric includes the outage time, the time the UE is stuck during T310. So long ToS is not necessarily a good thing. This result therefore should be looked at together with service interruption time reduction presented in the previous section. One finding from this result however is that there is no significant difference among different schemes, except for the obvious difference for no enhancement (T310 =1).
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Figure-4: Time-of-Stay CDF [second]
2.3. Ping-Pong
One can easily envision that Ping-Pong rate may increase if T310 is short or ealy terminated. In this section we look at Ping-Pong ToS, defined by the time in which the UE stays in the cell 2 when Ping-Pong occurs from cell 1 to cell 2 and back to cell 1. From Figure-5, again there is no significant difference among different schemes, especially around the Ping-Pong ToS of 1 second which is used as metric for Ping-Pong event definition in [1].
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Figure-5: Ping-Pong ToS [second]
3. Conclusion
In this document we provided further simulation results for T310 early termination in light of the email discussion held before this meeting [3]. The following observations were made from the results.
Observation 1:
Adaptive T310 early termination decreases the overall service interruption time in exchange for increased number of connection re-establishment. This means that by enabling the adaptiveT310 early termination, the UE can be better served by a good serving cell, instead of being stuck in a bad (Qout) serving cell.
Observation2:
Adaptive T310 early termination shortens the length of each service interruption instance.
Although always using short T310 value (T310 = 0) provides the most service interruption reduction gain in the simulation, we do not consider it is realistic configuration that can be used in real network based on the analysis in [4]. Therefore we propose the following.
Proposal 1:

Introduce RRC connection re-establishment procedure with adaptive T310 early termination

Proposal 2:
Adaptive
T310 early termination should be such that RLF is detected at TTT expiry if T310 is already running; or T310 value of 0 is used if TTT has expired before T310 start
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