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Discussion and decision
1. Introduction
In [1], we have shown that the mobility failures that are largely contributing to increasing mobility problems in HetNet are essentially caused by macro signal (interference) to the pico UEs; in other words, failures in the target in case of macro-pico handovers and failures in the source in case of pico-macro handovers. We considered that the eICIC is a very attractive mechanism to reduce the macro interference from the view point of pico UE and thus can address the root cause of the mobility problems.

In [2], we presented initial mobility simulation results with time domain resource partitioning and without Cell Range Expansion, in order to look at pure effect of eICIC in terms of mobility performance improvement.
In this document we provide mobility simulation results for different CRE settings and pico deployments.  
2. Simulation results
2.1. Basic mobility performance results

For the basic mobility performance simulation, the following characteristics of eICIC were assumed. Except for those eCICI components, the simulations are based on the large area system simulation assumption in [3].
· Only Macro cells create ABS (1/8 of subframes) and Pico cells transmit in all subframes
· CRE bias: 0dB and 6dB

· For SINR calculation for Radio Link Monitoring, two methods are looked at:
· Full PCI Coordination:
Corresponds to a deployment where all macros use the same ABS and macro CRS does not collide with pico CRS
· 3 Cell IC:

Corresponds to a deployment where all macros use the same ABS and all macro CRS collide with pico CRS. UE cancels CRS from the 3 strongest cells.
· RSRP measurement accuracy impact at low SINR region is not modeled
Mobility failure rates for the set 3 @ 30km/h are shown below. Note that the even A3 offset was adjusted in case of 6dB CRE. The “baseline” represents no eICIC / time domain resource partitioning. The “Full PCI Coordination” results in better performance since this configuration effectively corresponds to no interference from macro cells in terms of RLM at pico cell. All in all it can be seen that the use of eICIC will bring the mobility failure rates much lower than those of the baseline and make them comparable to the macro-only layout.
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Figure-1: Mobility failure rates
A result for failures at the source cell (handover failure / RLF in state 2) is shown below. As expected, we can see the significant improvement for pico-macro handover performance with eICIC, thanks to the reduced macro’s interference to the pico UE.
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Figure-2: Failures at source cell
A result for failures at the target cell (handover complete failure in state 3) is shown below. The result also provides a proof to the observations given in [1]. The reduced macro’s interference to the pico UE in case of macro-pico handover improves the handover performance with eICIC.
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Figure-3: Failures at target cell
2.2. Dense HetNet mobility performance results

Mobility performance with different pico placements below was also looked at.

· 1 pcio/macro:

Pico at 0.5 macro ISD
(assumption in [3])
· 1 pico/macro:

Pico at 0.3 macro ISD

· 10 picos/macro:
Pico placed randomly
(Dense HetNet)
Assumptions for eICIC are the same as those of basic mobility performance simulation in section 2.1.

2.2.1. Baseline mobility performance

Overall failure rates for the set 3 @ 30km/h without eICIC (baseline) are shown in Figure-4 below. The result needs to be seen together with handover type distribution (handover “attempts”) which is show in Figure-5. In case of dense HetNet, overall failure rate as well as the total number of handover attempts will increase, meaning increased number of handover failures. 
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Figure-4: Overall failure rates with different pico placements
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Figure-5: Number of handover attempts - Baseline
2.2.2. Mobility performance with eICIC

The following figure shows performance results with eICIC (Full PCI coordination and 3 Cell IC) in dense HetNet (10 picos / macro). The results are compared with the baseline. We can see that eICIC improves HetNet mobility performance significantly even in case of dense HetNet.
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 Figure-6: Mobility failure rate comparison – Dense HetNet

2.2.3. Interruption time
It is important to see how the increased number of handover failures in dense HetNet will impact the user experience. Below we looked at the fraction of time the UE observes Oout in the simulation run time. This would not directly show user service disruption time, however we believe, it can be indicative of user experience.
Firstly for the baseline without eICIC, it is shown in Figure-7 below that the interruption time significantly increases in dense HetNet. HO interruption time is purely the sum of the interruptions cause by successful handovers and RLF interruption is the sum of the interruptions caused by Qout (T310 running) or re-establishment procedure.
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Figure-7: Interruption time – Baseline
Results of eICIC (Full PCI coordination and 3 Cell IC) and baseline without eICIC in case of dense HetNet are compared in Figure-8. The reduced number of handover failures (see Figure-6) directly improves the RLF interruption time. 
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Figure-8: Interruption time comparison – Dense HetNet
3. Conclusion
In this document we provided HetNet mobility simulation results with eICIC. It has been shown that eICIC is an attractive mechanism to tackle mobility problems in HetNet which are mainly caused by macro’s interference to the pico UE.
We also looked at impacts of dense HetNet (10 picos / macro) to mobility performance and to user experience. The results showed that eICIC continues to improve HetNet mobility performance significantly even in case of dense HetNet. The results also showed that improved mobility performance will bring about better user experience.
Reference

[1]

R2-121131

Consideration on HetNet mobility problem
Qualcomm Incorporated
[2]

R2-121132

HetNet mobility simulation with eICIC
[3]

TR36.839 
3GPP


