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1
Introduction
In our earlier papers [1], [2] and [3] we have been addressing HetNet mobility when DRX has been applied, i.e. the network has configured the UE with connected mode DRX. In these papers we have then been analysing the impact on mobility robustness depending on the configured handover parameters, configured DRX and UE moving conditions. In our papers for this meeting [8] and [9] we are providing further results and conclusions.

In RAN2#77 in Dresden [4] and [5] provided results on HetNet mobility using the large area simulation assumptions using more realistic modelling but without the use of connected mode DRX. The conclusion in those papers was that there are no significant mobility problems in a hetnet environment ([4] stated “apart from 120 km/h UE speed, no significant mobility problems occur with correct parameterization” and [5] stated “The Rel-8 mobility procedures work also in HetNet deployments”).

In this paper we present results from running simulations in similar setup as used in [4] and [5] in order to verify the results in a non-DRX environment.
2
Discussion
In this paper we have taken the large area HetNet simulation setup as also used in [4] and [5], but we have in addition also been using multiple different setup scenarios in the sense that we have used different random pico cell deployments. The different pico cell random deployments have been run with pico cell density of 1, 2 and 4 picos per macro. Each pico density has been simulated with 3 different random deployment seeds. In addition to these pure macro scenario has been used to provide reference results from non-HetNet environment.
2.1
Simulation Setup
We have used a fully dynamic system simulator in which we have support of additional RRC signalling known from normal network deployment for improving signalling. In Appendix A we have listed the details for parameters which are the same as used in [6] calibration simulations. In Appendix B we have listed the differences in modelling assumptions and scenario compared to [6].
We have used the calibration handover parameters setting 3 from [6] and UE speeds 3, 30, 60 and 120 kmph have been simulated. For network load we have used two settings, fully loaded network (average 100%) as was used in calibration assumptions in addition to intermediate load in network (average 50%).
2.2
Simulation Results
In the following section we show the simulation results from our system simulations on HetNet mobility in which we have used as reference point simulations: macro only deployment and similar setup as agreed in large area simulation assumptions. All results are non-DRX simulation – i.e. UE is not configured with connected mode DRX.

Besides this we have been running a second set of simulations in which we try to use a more real life network in which we use random pico deployment. Amount of pico cells deployed vary in different simulations such that we have used 1, 2 and 4 pico cells per macro cell. Also here all results are based on non-DRX simulation – i.e. UE is not configured with connected mode DRX.

Following cases have been used:

1) Scenario1: large-area. Represents the results from the calibration scenario with 1 pico cell per macro.

2) Scenario 2: Only Macro. Results from calibration scenario without any pico cells.

3) Scenario 3: 1 pico per macro. Average results from 3 different random deployments with 1 pico cell per macro cell.

4) Scenario 4: 2 picos per macro. Average results from 3 different random deployments with 2 pico cells per macro cell.

5) Scenario 5: 4 picos per macro. Average results from 3 different random deployments with 4 pico cells per macro cell.

Underlined text above refers to the legend in the figures illustrating the simulation results in the following sections.
2.2.1
HetNet Mobility in non-DRX environment
In the following section we present the detailed results from the scenarios 1-5 listed above. All results are non-DRX results – i.e. it is assumed that UE is performing continuous measurements according to requirements.

2.2.1.1
Total RLF per time
Figure 1 illustrates the total amount of RLFs per UE per second. I.e. this includes RLFs from macro-macro, macro-pico, pico-macro and pico-pico cases.
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Figure 1: Total amount of RLFs per UE per second
Observed from figure 1 is that macro scenario RLF numbers in general are much lower than for the scenarios where there are also pico cells deployed. This result indicates than macro only deployment performance cannot be used as baseline for concluding how performance would be in a HetNet deployment environment.
2.2.1.2
Relative amount of failed Handovers (Total)
Following figure illustrates the total handover failure rate, i.e. the total amount of failed handover related to macro-macro, macro-pico, and pico-macro and pico-pico mobility.
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Figure 2: Total handover failure rate
Similar as in earlier results we observe that the numbers from macro only environments are much lower than for HetNet deployment scenario. We observe that the macro only are lower while the total amount of handover failure rates in the system increases as when small cells are deployed as well. Additionally it can be observed that the total amount of handover failures in the system increases along with an increased amount of small cells in the system.
This strongly indicates that there is a need for looking closely at mobility robustness in a HetNet deployment. In the following sections we have done that and list detailed results related to actual mobility situation in a HetNet deployment. 

2.2.1.3
Relative amount of failed Handover (Pico-Macro)
In the next section we present the detailed results from each mobility scenario. We have separated the results from each of the mobility situations: pico-macro mobility, macro-pico mobility, pico-pico mobility and macro-macro mobility.
Figure 3 illustrates the percentage of failed handovers from pico-macro mobility.
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Figure 3: Pico to macro handover failure rate
From figure 3 it should be noted that there are obviously no results from ‘only macro’ case in this simulation. We observe from the results that the relative failure rate for the scenarios in which we have pico cells is quite on same level for same UE velocity but of course depends heavily on the actual UE velocity. We also observe that the failure rate for low velocity UEs (30km/h and lower) seems to be on an acceptable level, while the failure rate quickly rises with UE velocity and already at 60km/h the HO failure rate seems to be at an unacceptable level.
2.2.1.4
Relative amount of failed Handover (Pico-Pico)
Figure 4 shows the simulation results concentrating on the handover failure rate related specifically to Pico-Pico handover failures.
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Figure 4: Pico to pico handover failure rate
Figure 4 does not indicate similar indepence from the amount of picos used in the simulation as the former results. It is to be noted from these results that the amount of pico to pico mobility samples collected in large-area and 1 pico per macro scenarios is extremely small in feasible simulation time. This is shown in the pico to pico handover rate results in Appendix C. Only 2-4 picos per macro scenarios have enough samples to make any reliable observation on pico to pico handover failure rate. On these two cases pico to pico handover failure rate is at similar level as pico to macro. This implies that there are similar challenges in both of these cases. 
From figure 4 and figure 5 we observe:

Observation 1: Pico outbound mobility is the challenging mobility scenario

2.2.1.5
Relative amount of failed Handover (Macro-Pico)
Figure 5 shows the simulation results concentrating on the handover failure rate related specifically to Macro-Pico handover failures.
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Figure 5: Macro to pico handover failure rate
As in Figure 3 also Figure 5 lacks results from macro only case due to the missing picos. From the results here we can observe that the handover failure rates related to macro-pico handover failures only is not alarminginly high except for full load and high velocity we start to see too high numbers. We observe – as in figure 3 - that the failure rate for the scenarios in which we have pico cells is quite on same level for same UE velocity but depend on the actual UE velocity.

2.2.1.6
Relative amount of failed Handover (Macro-Macro)
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Figure 6: Macro to macro handover failure rate
Looking at the Macro-Macro handover failure rates in figure 6 it can be observed that with the used set of handover parameters the macro-macro mobility is not the main cause of total amount of handover failures in figure 2. From Figure 6 we observe that with average load of 50% we do not really experience any significant number of handover failures and when the average load is increased to 100% (and thereby also the interference is increased) the handover failure starts to be visible from around 60km/h (although not in any significant way). Not before UE velocity is 120km/h do we start to see measurable handover failures.

From the results shown in figure 5 and figure 6 we observe:

Observation 2: Macro-Macro mobility is not the main source of mobility problems in HetNet environment

2.2.2
Discussion on the Results.
From the results shown here, where we look at a HetNet mobility environment and also macro only environment, in a deployment scenario where Connected mode DRX is not used by the network, we get a couple of very interesting observations:
Observation 1: Pico outbound mobility is the challenging mobility scenario

Observation 2: Macro-Macro mobility is not the main source of mobility problems in HetNet environment

These observations are as mentioned based on a deployment under varying small cell deployment, i.e. amount of small cells differ in the different simulations, and we are considering a scenario where connected mode DRX is not in use. 
From the simulation, where we have also collected the numbers pico related handovers in the different scenarios, it is clearly seen that in the large area scenario only 10-20% of the handovers actually involve one or two pico cells. From this we see that the scenario actually hides the pico cell mobility problems or challenges if we only look at the total numbers and not carefully study the more specific handover type related mobility robustness problems. The results showing pico related handover rates are presented in Appendix C.
The results presented in this paper also indicate that the largest amount of handover failures originates from specific handover types (as also stated in observations 1 and 2), and based on this we observe:
Observation 3: One should be rather careful not to draw general HetNet mobility conclusion based only on total numbers, but instead also carefully consider the handover type and the deployment (i.e. amount of pico cells).

Additionally we have in earlier papers [1], [2], [3] and also in [8] and [9] investigated the impact of connected mode DRX on mobility robustness. Based on these results, the results shown here, we see that for non-DRX and also DRX case we observe HetNet related mobility challenges that are specific for small cells being deployed. These mobility challenges need to be addressed in order to ensure the robustness of the mobility in HetNet deployment under varying conditions. If we additionally keep in mind the work happening in EDDA WI, we observe: 
Observation 4: General HetNet mobility conclusions based on mobility results using only non-DRX environment should not be done. Mobility robustness needs to be ensured also in DRX environment.
From our earlier paper and our papers from this meeting [8, 9], which focuses on HetNet Mobility and DRX, as well as the results shown in this paper which focuses on HetNet mobility in non-DRX environment we reach following conclusion:

Conclusion: 

We recognise that in E-UTRAN UE power consumption is a concern that is taken seriously [10] and therefore the impact from power saving measures, like active use of connected mode DRX, should also be taken into account when evaluating and studying HetNet mobility and mobility robustness. I.e. it is vital to also consider the connected mode DRX when analysing mobility robustness in HetNet environment and evaluating solutions for HetNet mobility.
3
Conclusion
In this paper we have taken a close look at mobility in a HetNet environment. We have looked at macro only deployment and also the large area simulation scenario with 1 pico cell. Additionally we have looked different scenarios with different amount of Pico cells per macro cell. All cases are with no DRX in use.
We observe that out of the Total amount of HO failures the biggest handover failure rates are originating from pico outbound mobility. Also we observe that as small cell deployment increase so does the HO failures.
We also observed that the handover failures originated from macro outbound mobility does not contribute significantly to total amount of handover failures in a HetNet environment. 
Observation 1: Pico outbound mobility is the challenging mobility scenario

Observation 2: Macro-Macro mobility is not the main source of mobility problems in HetNet environment

Observation 3: One should be rather careful not to draw general HetNet mobility conclusion based only on total numbers, but instead also carefully consider the handover type and the deployment (i.e. amount of pico cells).

Observation 4: General HetNet mobility conclusions based on mobility results using only non-DRX environment should not be done.

And we conclude:

Conclusion: it is vital to consider the connected mode DRX when analysing mobility robustness in HetNet environment and when evaluating potential solutions for HetNet mobility imrovements.
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Appendix A: Simulation parameters
	Feature/Parameter
	
	Value/Description

	Handover parameters

(calibration set 3)
	Handover criteria

A3 offset

A3 time-to-trigger

L1 to L3 period

RSRP L3 filter K
	Event A3 RSRP

2 dB

160 ms

200 ms

1

	Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	180 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	11

	Number of control symbols per TTI
	
	3

	Macro-pico deployment type
	
	Intra-frequency

	Distance-dependent path loss
	Macro cell model (TS 36.814, Model 1)
	128.1 + 37.6log10(r)

	
	Pico cell model (TS 36.814, Model 1)
	140.7 + 36.7log10(r)

	BS Tx power
	Macro

Pico
	46 dBm

30 dBm

	Shadowing standard deviation
	Macro

Pico
	8 dB
10 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Shadowing correlation distance
	Macro
Pico
	25 m

25 m

	Multipath delay profile
	
	Typical Urban

	UE velocity
	
	3, 30, 60, 120 km/h

	RSRP Measurement
	L1 measurement cycle
Measurement bandwidth

Measurement error standard deviation
L1 sliding window size
L3 filtering
	40 ms

6 RBs

2 dB

5

Enabled

	Handover preparation time
	
	50 ms

	Handover execution time
	
	40 ms

	Radio link failure monitoring
	Qout threshold

Qin threshold
T310
	-8 dB

-6 dB

1000 ms

	Cell identification
	
	Enabled

	Receiver diversity
	
	2RX MRC

	Number of calls
	
	1000 of 140 second calls

	DL Interference load
	Macro, Pico
	50, 100% RBs loaded


Appendix B: Modeling and parameter differences to [6]
	Feature/parameter
	36.839 large area simulations
	Differences in this paper

	Macro-pico deployment:
	3GPP Case 1 macro layout with one pico cell per macro in ISD/2 distance at boresight
	In addition to large area simulation case [7] type of random pico placement scenarios are simulated with following configurations:

1, 2, 4 pico cells per macro

75 m minimum distance between macro and pico and 35 m between pico and pico



	Radio link failure:
Detection

Action
	Wideband SINR checked with Qout/Qin threshold

UE is removed from simulation


	Same modelling for detection thresholds
UE remains in simulation and RRC re-establishment procedure is attempted



	Handover failure:

Detection

Action


	PDCCH failure detected when UE is receiving HO command

UE is removed from simulation
	RLF during handover process
UE remains in simulation and RRC re-establishment procedure is attempted after RLF



	HO command:

Retransmissions

Failure


	No explicit modelling of retransmissions required

PDCCH failure detected with wideband SINR < Qout
	Both HARQ and RLC retransmissions modelled with maximum of 7 HARQ and 3 RLC retransmissions

Maximum number of RLC retransmissions reached



	Measurement report:

Retransmissions

Failure


	No explicit modelling of retransmissions required

No failure modeling
	Both HARQ and RLC retransmissions modelled with maximum of 7 HARQ and 3 RLC retransmissions

Maximum number of RLC retransmissions reached



	PDCCH:

Failure


	Wideband SINR < Qout
	Link level tables used in RRC message transmission process for PDCCH detection/failure




Appendix C: Additional simulation results

This appendix presents additional results from HetNet mobility simulations in multiple pico deployments. In Figure 7 we have calculated the percentage of pico related handovers in comparison to all handovers. Pico related handovers include pico to pico, macro to pico and pico to macro handovers. In figure 8 we have separate statistics for pico to pico handover rate per UE per second. Both of these figures include separate statistics for all random deployments in 1-4 pico per macro scenarios to illustrate the variance between different random seeds (depl1-3). Figure 9 presents statistics for overall short time-of-stay handover rate according to the definition used in [6].
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Figure 7: Percentage of pico related handovers
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Figure 8: Pico to pico handover rate per UE per second
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Figure 9: Percentage of short time-of-stay handovers

