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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 analyse different variants in this direction of enhancement with the main difference being how aggressive the early termination is.
2. Discussion
Mobility in a Dense HetNet (10 picos/macro:
Pico placed randomly) is looked at. Except for the pico cell placement, the simulations assumptions are aligned with the large area system simulation assumptions in [1], set 3 @ 30km/h).
We analysed different T310 early termination schemes:

· T310 = 0:





Scheme 1  “Aggressive” scheme where T310 value is always 0  

· Re-etablishment at TTT:

Scheme 2  RLF is detected at TTT expiry if T310 is already running; or T310 = 0 if TTT has expired already before T310 start

Interruption time reduction gain of those schemes are presented in [3] and reproduced in the Annex of this doscument. Essentially the interruption reduction gain is higher with “aggressive” scheme. We consider the aggressiveness of T310 early termination will also be prounced in Time-of-Stay related metrics. It is important to examine if T310 early termination enhancements would cause any adverse effect in that regard. 
2.1. 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 time the UE is stuck during T310, hence outage time, i.e. a long ToS is not necessarily a good thing. So this result should be looked at together with outage time reduction presented in the Annex. One finding from this result however is that there is no significant difference between the two early termination schemes.
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Figure-1: Time-of-Stay CDF [second]
2.2. Ping-Pong
One can easily envision that Ping-Pong rate may increase if T310 is ealy terminated. In this document we looked 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.
Focusing on the Ping-Pong ToS range around 1 second  in the Figure-3 below, it is observed that the scheme 1 results in Ping-Pong rate  of 40% with the Ping-Pong defintion in [1]. This is noticible in contrast to 20%  Ping-Pong rate of the baseline, no enhancement.
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Figure-2: Ping-Pong ToS [second]
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Figure-3: Ping-Pong ToS [second]

It seems sensible therefore to consider an enhancement where the “aggressiveness” of T310 early termination is controllable. The scheme 2 indeed provides such robustness because the initiation of RRC connection re-establishment procedure is conditional to having a reliable target cell. This essentially means that one can play a trade-off between interruption time reduction and Ping-Pong rate.
Proposal 1:

Introduce RRC connection re-establishment procedure with T310 early termination

Proposal 2:

T310 early termination should be such that RLF is detected at TTT expiry if T310 is already running; or a short T310 value is used if TTT has expired before T310 start
3. Conclusion
In this document we analysed impact of T310 early termination on ToS metrics. Based on the analysis we concluded that the “aggressiveness” of T310 early termination should be controllable and come to the following proposals.

Proposal 1:

Introduce RRC connection re-establishment procedure with T310 early termination

Proposal 2:

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
Reference

[1]

TR36.389 v11.1.0
[2]

R2-131663
RLF recovery enhancements

Qualcomm Incorporated

[3] 

R2-132307
Further analysis on RLF



Qualcomm Incorporated
Annex: 

We looked at how the distribution of actual interruption time would be changed by those enhancements. It can be observed that without an enhancement almost 60% of interruptions are due to T310 (1 second). Early termination of T310 obviously thus reduces the duration of interruptions.
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Figure-A1: Interruption time CDF
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