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1
Introduction
In this paper we formally submit the simulation results for Proposal #16 that was distributed on the RAN2 email reflector during the email discussion “[82#16][LTE/Het-Net] Mobility Robustness”.
2
Background
In RAN2#82 the following plan regarding an email discussion on LTE HetNet mobility robustness topic was agreed:

-
Discuss simulations on mobility robustness. These results should also show a comparison to the baseline performance. Intermediate deadlines for providing solutions and results. Companies are encouraged to provide input to the email discussion rather than to the next meeting.

=>
Intended outcome: Email discussion report
This email discussion took place between June and August of 2013. A summary of the email discussion can be found in [1]. As part of this email discussion we presented a summary of one of our solutions “additional intra-frequency measurements after inbound handover to small cell” which was labelled “Proposal #16”in this email discussion along with simulation results that was asked for in the email discussion. In this paper we formally present again the simulation results that were submitted as part of this email discussion. The summary and target or objective of this Proposal #16 is reproduced in the subsections that follow but please refer to the email discussion summary report [1] for details and additional references related to this Proposal #16.

2.1
Solution description
UE performs additional intra-frequency measurements after inbound handover to small cell. When the UE is handed over to a small cell the UE will perform measurements with minimum interval (e.g. 80ms DRX corresponding requirements) for a given time limited period. Solution will ensure that UE have accurate measurements to timely triggering of small cell outbound handover for all UEs including fast moving ones. As the measurements are only performed for a limited period of time the UE power consumption impact is insignificant. This is a generic solution for all UEs under all conditions independently from DRX, UE velocity and deployment.
2.2
Target
Achieve robust mobility (Reduced HOF rate, RLF rate and ping-pong) and UE power savings opportunity with easy NW management (no need to analyze UE speeds). The solution is improving pico outbound mobility.
NOTE: 
The additional measurements are taken during a time limited period after small cell inbound handover. The measurements are taken independently from configured DRX – i.e. does not change currently defined DRX behavior.
3
Simulations
3.1
Simulation setup

•
Parameters according to Set 3, as defined by TR 36.839. 

•
4 pico cells per macro area, randomly placed 

•
Case Comparison:

•
Baseline: UE performs measurements as current (i.e. ’window: off’)

•
Solution: UE perform increased measurements after small cell inbound HO for a given period of time:

•
’Window’ in the results indicates the time period of increased measurements:

•
5, 10 and 15 seconds

•
Investigated is how to enable robust small cell outbound handover for the case when UE is configured with and applies connected mode DRX.

•
Small cell outbound mobility was identified in the TR as being critical.

•
UE power consumption impact from applying the solution

3.1.1
Traffic and DRX

In order to ensure that UE applies DRX we have looked at the keep-alive traffic with a packet inter-arrival time of 20 seconds (see table).

The detailed DRX parameters are listed in the following table:

[image: image1.png]DRX Long cycle length 80, 160, 320, 640, 1280, 2560 ms

Short cycle length 40 ms
Short cycle duration 4 long cyclelength (max 640 ms)
Inactivity timer 10 ms
On duration timer 5ms
Traffic parameters Traffictype “keep-alive”:
Packet interval Constant 20 seconds
Handover execution time 40 ms

Handover preparation time 50 ms




3.2
Results with comments
Following sections include the mobility performance results obtained with (window: 5000/10000/15000) and without (window: off) solution #16.
3.2.1
HO failure rate [%] in pico-macro case
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Observation: using solution 16 we notice a significant improvement in terms of significant reduction failure rate. We can observe that using window length of 10 seconds is enough in order to ensure significant improvement in the pico cell mobility for UE velocity of 30km/h (and above).
3.2.2
RLFs per UE per second
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Observation: using the solution we see a significant improvement in terms of reduced RLFs/UE/second. Using a window length longer than 10 seconds seems not to improve performance in terms of further decreasing the RLFs/UE/seconds.
3.2.3
Percentage of pico related PP handovers
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Observation: when using solution 16 we notice an increase in the PP compared to when solution is not applied. One reason for this is that the solution by improving the RLFs in terms of decreasing, the RLF failures will turn into successful handovers. Some of these now successful handover will likely be short lived and below the PP definition (i.e. inbound and outbound will be below 1 second). It should be noticed that the handover is of course still under network control. Additionally the increased measurement after the inbound handover the performance will resemble the performance of when UE is not applying DRX.
3.2.4
UE power consumption impact
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Observation: When comparing the UE power consumption impact when applying solution 16 we can observe that there is no or only insignificant impact. I.e. the solution applying increased measurements after small cell inbound handover for a time limited period (here 5, 10 and 15 seconds) can be applied without increasing the UE power consumption – see also table in next section. As comparison the power consumption of the UE when not applying DRX is around 250mW according to the model that have been used here.
3.2.4.1
UE power consumption impact (30 km/h)
The results in the table are obtained by comparing the baseline results of each individual long DRX cycle setting with results from the solution and the same specific long DRX cycle setting (the rows above)
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3.3
Additional comments on the solution
The solution is generic in terms of it can be applied to all UEs without any need for prior network knowledge – and this can be done with no real negative impact. The solution complexity is low in terms of specification as well as signaling and network and UE support. From our studies we do not see any negative impact on UE side from applying the solution (provided the solution is applied in small cells after inbound handover and that the measurements are only applied for s time limited period – e.g. 10 seconds) in terms of increased PC. The solution will provide more robust outbound HO for fast moving UEs while slow moving UE can enjoy longer DRX without increased signaling. From network support point of view there should not be a need any network specific algorithms.
3.4
Realization in specification
The solution can be supported in specification with rather minor updates. One example of this would be to provide the UE with indication of performing additional measurements after the handover and timer value in the handover command.
4
Conclusion
•
Target: achieving robust mobility and UE power savings opportunity with easy network management (no need to analyse UE speeds). The solution is targeting at improving pico outbound mobility.

•
Results show a significant improvement in the mobility handover performance in a HetNet deployment without any increase in RLFs but instead a decrease.

•
In baseline PPs are very rare when applied DRX > 160ms (due to PP definition)

•
The increase in PPs when using the solution is because of the increase in successful HOs due to the reduction in the RLFs.

•
The solution does not have any significant negative impact on UE power consumption.
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