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Discussion
1
Introduction
In this paper we present our simulation results based on the HetNet large area simulation calibration assumptions captured in [3]. In addition to the simulations based on the agreed parameters and setup we have also been running further simulations using other parameter settings. Also these results are presented together with our evaluation of the results. 

2
Simulation setup
Large area simulation setup has been agreed in [3] and has been used here as a base for providing simulation results using both the agreed calibration velocities and also additional results using other UE velocities.

As the simulation setup is rather similar to the hotspot scenario we expected that outcome from the simulation would be much in-line with the hotspot results. Benefit from large area simulations are that they provide better overall picture of the system behaviour as they allow for distinguishing between the different mobility scenarios like macro-macro, macro-pico etc.
The simulations are based on a rather simple modelling with error free measurement reports, handover commands, and handover complete message as well as absence of call re-establishment procedure. Settings are as defined in [3].

Handover parameters were varied according to Table 1:

Table 1: Handover parameters used in simualtion
	Profile/setting
	Set 1
	Set 2
	Set 3
	Set 4
	Set 5

	UE speed [kmh]
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}

	Cell load [%]
	100
	100
	100
	100
	100

	TTT [ms]
	480
	160
	160
	80
	40

	HO margin [dB]
	3
	3
	2
	1
	-1

	L1 to L3 period [ms]
	200
	200
	200
	200
	200

	RSRP L3 filter k
	4
	4
	1
	1
	0


For calibration purposes it was agreed to use only 30 kmh and handover parameter set 3. Results from these are included as well as further results in order to illustrate the impact from using other parameters as well as speed.

In the next section we present and discuss the results.
3
Results and Discussion
In the following we present the results from our simulation focusing only on successful handover per UE per second and handover failure rates taking into account the state at which they occur. Also we comment on the Short Time of Stay as well as present the results of RLF statistics.
It should be noted that all simulations are executed without use of Connected mode DRX. More discussion on the impact of Connected mode DRX and mobility in HetNet environment can be found in our paper [4].
3.1
Handover performance
Looking first at the successful number of handovers per second per UE as illustrated in Figure 1 the trends are very clear: using this particular setup the macro-macro handovers are clearly dominating while the pico-pico handovers are non-existent. The statistics for macro-pico and pico-macro handovers are on same level as they should be (see Appendix A.1). Based on these results we can see that the simulation setup is perhaps not the most useful for retrieving mobility statistics for evaluating HetNet deployments, which would call for more small cells to be deployed and perhaps also deployed (i.e. pico cell placement) differently. This could of course be taken into account when running simulations after the large area calibration cases.
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Figure 1: Successful handover per UE per second for macro-macro and pico-pico handover cases
Handover failure rates occurring in state 2 of the HO process for macro-pico and pico-macro mobility are illustrated in figure 2:
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Figure 2: Handover failure rate in state 2 for macro-pico and pico-macro handover cases
When UEs are moving at 3kmh they do not experience any handover failures in state 2 in this particular simulation setup with regard to mobility between macro and pico cells. Same trend is seen when considering mobility between macro cells (results are available in Appendix A.1). When looking at the failure rates for the calibration set we see that the state 2 failure is about 2% for macro-pico case while for pico-macro mobility the rate is about 8%. Failure rate in state 2 for macro-macro mobility is only about 1%. Generally, for the results concerning state 2 failure rate the failure rate increases as the UE velocity increase (as expected) as well as it depends on the handover parameter set in use (as expected as well). From the results it is also visible that the failure rate is higher when considering pico cell outbound handover compared to other mobility cases. Therefore it would be very useful also to have simulation scenarios simulated in which more pico cells are included as well as the deployment of those are more randomly deployed like in our paper [5] and not make any hasty conclusions based on calibration simulation results alone.
Handover failure rates in state 3 are in general very low and for the calibration set they are practically non-existent. With calibration set we only see 0.2% handover failure rate in state 3 from macro to pico cell, and 0% from pico to macro cell. Only exception is the 120 kmph case in macro-pico scenario. Macro-macro case is given in Appendix A.1. Contrary to what was observed for handover failure rates for state 2, the handover failure rates in state 3 are most dominant for the macro-pico case and then only at high velocity. Reason for this could simply be that the UE has moved outside the pico cell coverage before handover complete signalling is received in the target cell. Results are shown in figure 3.
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Figure 3: Handover failure rate in state 3 for macro-pico and pico-macro handover cases
Observation: From the calibration set results we can see that the mobility is dominated by macro – macro mobility while the macro-pico and pico-macro is present only in quite minor numbers. In addition to this the pico-pico mobility is totally absent. Based on this we would recommend not to make any conclusions based on the calibration results, but instead we recommend to run further simulations with a deployment which resembles more a HetNet environment. 
3.2
Short Time Of Stay rates
Short Time of Stay (UE is in cell less than 1 second) is very common with parameter sets 3-5 for all velocities and for both macro and pico cells. Especially for the slow moving UEs at the cell edge the short ToS is very high with set 5 (as expected). Results for Short ToS are shown in figure 4. Looking at the calibration set 3 we see that the short ToS for macro-pico scenario (shown on left) is about 19% while for macro only scenario it is about 17%.
[image: image4.png]Short TOS rate [%]

100

Percentage of short TOS handovers (CellLoading:100)

90

70+

50

40

I (Set1)
Set2)
[ (Set:3)
[ (Set4)
I (Set5)

Velocity




[image: image5.png]Short TOS rate [%]

100

Percentage of short TOS handovers (CellLoading:100)

90

70+

50

40

I (Set1)
Set2)
[ (Set:3)
[ (Set4)
I (Set5)

Velocity





Figure 4: Short ToS for macro-pico (left) and legacy macro only (right) scenarios 
It is worth observing that for slow handover parameter set 1 and set 2 the short ToS is more common in pico cells than in macro cells – especially at high UE velocity.
Observation: Based on the results we can see that for calibration set 3 we see a short ToS of 19%. Additionally it is worth observing that for higher UE velocity the short ToS increases in number when using more conservative mobility parameters like set 1 and set 2.
3.3
Radio Link Failure rates
In Figure 5, handover failure related RLFs are quite high at high velocity. As seen also in the hotspot calibration regular RLFs are extremely rare when using the simple modelling [3]. Enabling the “no drop of call” in case of state 2 handover failure and leaving T310 running until RLF unless recovery happens now allows for better RLF statistics. As for the results related to the calibration set 3 for 30 kmph they are very low as shown in Figure 5. In numbers they are about 0.003 RLFs/UE/s for macro-pico case illustrated on left side and 0.001 RLFs/UE/s for macro only scenario illustrated on right side.
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Figure 5: RLF per UE per second for macro-pico (left )and legacy macro only (right) cases
Observation: RLF results for calibration set are quite low but one should keep in mind that the calibration simulation setup only resulted in low amount of mobility between macro and pico cells and no mobility at all between pico cells.

4
Conclusion
We have in this paper presented some of our results from the large area simulation related to the HetNet SI. From the results we made following observations:

Observation 1: From the calibration set results we can see that the mobility is dominated by macro – macro mobility while the macro-pico and pico-macro is present only in quite minor numbers. In addition to this the pico-pico mobility is totally absent. 

Observation 2: Based on the results we can see that for calibration set 3 we see a short ToS of 19%. Additionally it is worth observing that for higher UE velocity the short ToS increases in number when using more conservative mobility parameters like set 1 and set 2.

Observation 3: RLF results for calibration set are quite low but one should keep in mind that the calibration simulation setup only resulted in low amount of mobility between macro and pico cells and no mobility at all between pico cells.

It is recommended not to draw any final conclusions based on the  presented large scale calibration results in terms of problems, and needs for Rel-11 HetNet mobility enhancements. As the name indicates, those results are mainly for calibration purposes. Final identification of mobility problems and promising Rel-11 HetNet mobility enhancements requires more realistic simulation settings, where more features and effects are included (e.g. including effects of DRX and measurement availability). The former is also in line with previous agreements, where companies are allowed to present additional simulation results under different conditions as needed to study various issues (once the calibration exercise is concluded). Thus, also allowing performance studies with multiple carriers and inter-frequency mobility as this is one of the use cases where e.g. small cell discovery enhancements are considered beneficial for Rel-11. 

Thus we recommend running further simualtions using a hetnet layout resembling more a hetnet deployment using hetnet as hotspot capacity increase.
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Appendix
In this appendix we list further detailed simulation results as referred to in the text.
A.1
Handover performance
Further results on succesfull handovers per second per UE. Left hand side of figure A.1 illustrates macro-pico case, while right figure illustrates the pico-macro scenario.
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Figure A.1: Successful handover per UE per second for macro-pico and pico-macro handover cases
Handover failure rates occurring in state 2 of the HO process for macro-macro handovers is illustrated in figure A.2.
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Figure A.2: Handover failure rate in state 2 for macro-macro handover case
Additional results for handover failure rates in state 3 are illustrated in figure A.3 for the macro-macro case:
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Figure A.3: Handover failure rate in state 3 for macro-macro handover case
