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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 pure 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 consider that it is important to look into the outage time metric in addition to the metrics that have been investigated in the study phase, as it is more related to user experience.
In this document we analyse mobility performance of dense HetNet and propose some enhancements.
2. Discussion
2.1. Dense HetNet
Mobility with different pico placements below was looked at. Except for the pico cell placement, the simulations assumptions are aligned with the large area system simulation assumptions in [1]. Naturally it can be seen that the number of handover attempts increases in the dense HetNet scenario. 

· 1 pico/macro:

Pico at 0.5 macro ISD
(Assumption in [1])

· 10 picos/macro:
Pico placed randomly
(Dense HetNet)
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Figure-1: Number of handover attempts

Furthermore, the Dense HetNet brings about challenging environment for mobility. Increased handover failure rates lead to increased handover failures as shown below. It should be noted that the factor of increase in handover failures is larger than that of handover attempts. 
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Figure-2: Number of handover failures

2.2. Outage time

We looked at outage time. Outage is defined by the time during which the UE observes Qout.

Outage time (%) indicates the fraction of the time in which a UE observes Oout during the simulation run. HO outage time is purely the sum of the interruptions caused by successful handovers and RLF outage is the sum of the outage time by Qout (T310 running) or RRC connection re-establishment procedure.
It is shown below that outage time occupies significant amount of time in case of dense HetNet, causing bad user experience.
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Figure-3: Outage Time
3. Solution
We consider that the large RLF interruption time is mainly caused by the UE having to stick to the current serving cell until T310 expiry (= 1 second in [1]). In the current specification, the UE shall wait for T310 expiry before initiating RRC connection re-establishment procedure.

Instead, the UE could initiate RRC connection re-establishment procedure before T310 expiry if the following conditions are met. This is also illustrated in Figure-3.
· T310 is running
· Event A3 is triggered for a neighbour cell


[image: image4.emf]Serving cell signal

Neighbour cell signal

Qout detected

T310 terminated

Neighbour cell A3 offset 

better than serving

TTT

T310

UE triggered RRC connection 

re-establishment


Figure-3: Early termination of T310
Simulation results of the above scheme in comparison to the baseline are shown below; Figure-4 with 1 pico / macro, and Figure-5 with 10 picos / macro respectively.
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Figure-4: Interruption time comparison – 1 pico / macro
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Figure-5: Interruption time comparison – 10 pico / macro
Mobility events, successful handovers and connection re-establishments, are counted for 10 pico / macro scenario (Dense HetNet), in Figure-6.
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Figure-6: Mobility counts comparison – 10 pico / macro
From the results above, the following observations can be made.
· The solution with T310 early termination decreases the outage time in exchange for increased number of connection re-establishment. This actually means that by enabling the T310 early termination, the UE can be better served by a good serving cell, instead of being stuck in a bad (Qout) serving cell.

The early termination can be configurable via RRC, e.g. with a simple flag. The network configuration could also be done in a way that the early termination is allowed to be triggered by specific measurement event(s). 
Proposal:
Introduce RRC connection re-establishment procedure with T310 early termination
4. Conclusion
In this document we analysed mobility performance of dense HetNet. It has been shown that the current RLF detection mechanism leads to the situation where a UE experiences Qout for a significant amount of time through mobility. To solve the problem, we proposed an enhancement with early termination of T310. 

Proposal:
Introduce RRC connection re-establishment procedure with T310 early termination

RAN2 is kindly requested to discuss the proposed enhancement.
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