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1 Introduction

The purpose of this contribution is to discuss different aspects of the large-area HetNet simulation effort, which is part of the Study Item on HetNet mobility improvements. We discuss the level of detail in the simulations and also some parameter settings. 

2 Discussion
2.1 Simulation model

In general, we feel a need to also allow the usage of more detailed simulation models, as a complement to the simplified models used in the simulation calibration effort [1]. Detailed models may give a more realistic perception of the expected handover performance in a HetNet deployment. We therefore think these should be allowed in order to better identify and analyse potential issues in a HetNet deployment.
For example, as also discussed in [2], the simplified models used in the calibration effort tend to give a pessimistic view on the handover performance, e.g. assuming 100% PDCCH error rate below Qout. Therefore, we believe detailed implementation of L3 signalling, HARQ and RLC protocols, PDCCH failure, RLF recovery, etc., are needed.

We acknowledge that results of more detailed system simulations will be very hard to calibrate between the companies. But looking at the results from the calibration of the simplified models, it seems hard to calibrate those models too as there is a large variation in the results from different companies. Difficulty in calibration should therefore not stop companies from investigating detailed models.
In summary, we believe that for the large-area simulations, companies should be allowed to use higher level of detail in the simulations, as long as the models and assumptions are well described.

Proposal 1 In addition to the simplified models used in the calibration effort, simulations with detailed models of L3 signalling, RLC and HARQ protocols as well as PDCCH failure should also be used for assessing the handover performance in large scale networks.

2.2 User speed
In the simulation calibration effort, user speeds of 3, 30, 60 and 120 km/h are studied. However, in our view 120 km/h is not realistic for environments for typical pico installation. Furthermore, the network should avoid handing over high-speed users to pico cells. Therefore, we believe the 120 km/h case should be left out from the simulation parameter set. 
Proposal 2 Large scale simulations should consider user speeds 3 km/h, 30 km/h and 60 km/h.
2.3 Handover parameters

In the simulation calibration effort five sets of handover parameters are used. With more detailed models, simulations take longer time, and one way to reduce the time is to reduce the number of parameter sets. Sets 3 and 4 have previously been suggested as candidates for large area system simulations. Our results in Annex A show the time of stay behavior for the two sets in a HetNet deployment with uniformly distributed users. Results show that set 4 is quite aggressive, and causes decreased time of stay and thus increased number of handovers for low-speed users. Therefore, we propose that set 3 should be the main alternative for the proposed speed range 3-60 km/h. Set 4 should be allowed to improve hand-over performance for fast moving users.
Proposal 3 Set 3 should be the main alternative in large-area simulations including low speed users.
2.4 Relative comparison to macro-only scenario

When it comes to simulation results, it is generally recommendable to look at relative values rather than absolute values. This makes the result analysis less dependent of differences in simulator implementations of different companies. Also, relative values are less sensitive to the chosen models agreed for the evaluations, which may not be relevant for high speed users, e.g. 3GPP case 1 is intended for 3 km/h indoor users. Therefore, a suitable way to evaluate HetNet handover performance is to compare to a macro only situation simulated in the same simulator. 

As an example, below are results of an initial simulation on handover failure rate using a detailed system simulator. The simulator includes detailed models for L3 signalling, RLC and HARQ protocols. The simulation parameters follow agreements in [1]. Users are uniformly distributed moving in a constant straight line. The simulation area is wrapped around, so that a user exiting the area on one side re-enters the simulation area on the other. 
As a first observation, we note that the absolute values increase with speed, both for macro only and macro+pico deployment. The RLF failure rate might be viewed as high when compared with performance in real networks, but that is partially caused by a worst case RLF model and partially by the chosen simulation parameters in [1]. Furthermore, we have considered all RLFs, not only RLFs in state 2 according to the definition in [1], for calculating handover failure rate. Thus, the absolute figures in these preliminary results may do not reflect the handover failure levels in current networks. However, looking at the relative values, we see an increase in handover failure rates of 35-45%, which is smaller than the previous relative increase in [2].
Table 1: Relative increase in handover failure rate 

	
	Macro
	Macro+pico
	Difference

	3 km/h
	< 0.01
	< 0.01
	

	30 km/h
	0.03
	0.04
	~+35 %

	60 km/h
	0.07
	0.10
	~+45 %


Proposal 4 A suitable way to present handover performance results of detailed large scale simulations is a comparison to a macro only deployment.
3 Conclusion

Based on the discussions in this contribution, we make the following proposals:

Proposal 1
In addition to the simplified models used in the calibration effort, simulations with detailed models of L3 signalling, RLC and HARQ protocols as well as PDCCH failure should also be used for assessing the handover performance in large scale networks.
Proposal 2
Large scale simulations should consider user speeds 3 km/h, 30 km/h and 60 km/h.
Proposal 3
Set 3 should be the main alternative in large-area simulations including low speed users.
Proposal 4
A suitable way to present handover performance results of detailed large scale simulations is a comparison to a macro only deployment
4 
References

[1] TR 36.839, “Evolved Universal Terrestrial Radio Access (E-UTRA); Mobility enhancements in heterogeneous networks”
[2] R2-114174, “Considerations on HetNet mobility simulation assumptions”, NTT DOCOMO
5 Annex A: Time of stay
This section presents time of stay statistics for the large scale simulations with uniform user distribution. The aggressiveness of Set4 can clearly be seen as short time of stay statistics for 3 km/h case, compared to Set3. 
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Figure 1: Time of stay statistics for Set3 and Set4




























2/3


