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1. Introduction
There have lately been several discussions in RAN WG2 related to HetNet mobility system level simulation assumptions for cases with co-channel deployment of macro cells and pico cells; as an example, see references [1]-[2] for further background information. Among others, two of the open issues under discussion are related to the following aspects:

Mobility model for UE:

· Baseline model: Have users uniformly distributed over the entire simulation area, and have them moving in random direction in straight lines with constant speed.
· Hotspot model: Have certain percentage of UEs placed in the close vicinity of pico eNBs, and have movement of these users, in random direction, but constrained to only be within a circle around each of the pico eNBs. 
Placement of pico eNBs:  
· Fixed placement: Have picos placed at fixed positions. In this case the position will need to be agreed between companies.

· Random placement: Have picos placed randomly as specified in 3GPP TR 36.814.

In some of the recent discussions, it have been commented that using the hotspot UE mobility model is more attractive as it generates much more statistics for macro-pico handovers (and vice versa) as compared to the baseline model thus resulting in faster simulations for collection of the necessary handover performance statistics to reach the desired confidence level in the results. However, before selecting the UE mobility model and related parameters for those models, it is important to have investigated if those models result in different handover performance figures, or potential bias of results. In this contribution we therefore present initial results for macro-pico mobility performance for the two considered UE mobility models.
Secondly, we also provide initial results only for cases where the pico eNBs placed randomly in the macro-cells as specified in 3GPP TR 36.814. Using such a model is seen beneficial as more cases are then covered (as compared to having single case with fixed pico eNB positions), resulting in a more complete picture of the macro-pico mobility performance. The disadvantage, however, of using the model with random pico eNB placement is that longer simulations are needed to collect sufficient statistics. However, as we demonstrate by showing such results in this contribution, running simulations with random pico placement is feasible within a reasonable amount of time.

The rest of the contribution is organized as follows: In Section 2 we shortly outline the overall simulation assumptions, while example simulation results are presented in Section 3. Concluding remarks and recommendations are provided in Section 4.
2. Summary of simulation assumptions 
The simulation assumptions are largely in line with those used in [2], unless otherwise mentioned (see Appendix for additional details). However, as discussed in the introduction, we here assume random placement of pico nodes according to the description in 3GPP TR 36.814, assuming a default number of two pico eNBs per macro-cell area. The used handover parameterization is summarized in Table 1.

Table 1: Summary of handover parameter settings
	Profile
	Value

	Cell Loading [%]
	100

	TTT [ms]
	480

	A3 offset [dB]
	3

	L1 to L3 period [ms]
	200

	RSRP L3 Filter K
	8


Following UE mobility models are simulated:
· Baseline model: Have users uniformly distributed over the entire simulation area, and have them moving in random direction in straight lines with constant speed.

· Hotspot model: UEs are placed in the close vicinity of pico eNBs, and have movement constrained to only be within a circle around each of the pico eNBs.  The circle is approximated by a 30 edge polygon inside which users are dropped randomly with uniform distribution over the area. A random direction of movement is selected, and movement is done along straight lines. When reaching the border edge, a new random direction of movement to the inside of the hotspot area is chosen, and movement continues in this direction. Other users, if any, which happen to pass through the hotspot area are not impacted, and continue at their ordinary speed.  
For the Hotspot UE mobility model, the radius of the circle naturally have to be selected carefully to make sure that handovers will actually happen between macro-pico (i.e. using too small a circle will result in no handovers as UEs will also be in pico dominance area). Thus, we present results for different settings of the radius of the circle defining the hotspot movement area. Following hotspot radius settings [40, 60, 80, 120] meters are considered. In order to further illustrate the aforementioned effects, examples of the simulated cell layout is pictured in Fig. 1 and Fig. 2. The example shown in Fig. 1 is for the case with 40 meters radius of hotspots around pico eNBs, while 120 meter radius is used in Fig. 2. As can be observed from Fig. 1, there is fairly low probability of experiencing pico-2-pico handovers, and only for cases where picos are placed at macro-cell-edge are macro-2-macro handovers likely to be triggered. For the results in Fig. 2 with larger pico hotspot radius, it is obvious that the probability of experiencing both pico-2-pico and macro-2-macro handovers is much more significant. We find it desirable to have all types of handovers between macro and pico cells available from each simulation in order to have the full picture of mobility performance.
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Fig. 1: Example of simulated cell layout with two picos per macro cell area. 
Hotspots around picos have radius of 40 meters.
[image: image2.emf]
Fig. 2: Example of simulated cell layout with two picos per macro cell area. 
Hotspots around picos have radius of 120 meters.
3. Examples of simulation results
The performance in terms of number of experienced handovers will naturally be different depending on whether the baseline or hotspot UE mobility model is being used. The question is whether the relative handover performance (e.g. ping-pong rate) will also be different. In the following we therefore present examples of simple ping-pong rate statistics for different cases in order to have a first indication on how the choice of UE mobility model influence on the relative handover performance. In Fig. 4 and Fig. 5 we present the ping-pong rate involving picos and macro-macro ping-pong rate respectively for cases with uniform UE distribution (hotspot radius equal to zero) and for cases with hotspot UE mobility model. Here it is observed that the ping-pong rates do vary depending on the assumed mobility model. 
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Fig. 4: Ping-pong rate statistics expressed in percentage for cases involving pico nodes.
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Fig. 5: Ping-pong rate statistics expressed in percentage for macro-2-macro cases.
Although not visible from the presented results, it should be mentioned that we observed a dramatic decrease in the number of experienced macro-2-macro handovers when comparing results with the baseline UE mobility model against those with hotspot UE mobility model. This calls for running longer simulations when using the hotspot UE mobility model in order to achieve the same confidence level for macro-2-macro mobility performance measures.

It is clear that as the hotspot radius is increased the movement of users is less restricted, and the performance tends towards that of the baseline case, and at very low radius the distance to the pico is so low that the user stays connected. In between there is a mode where the probability of a ping-pong is clearly higher, which is attributed to users moving away (making a handout) bouncing on the hotspot boundary thus forced to do a hand-in shortly after. 
Fig. 6 shows the Complementary cumulative distribution function (ccdf) for distance between UEs and their serving eNB. The results for the red and blue curve are for the case where the baseline UE mobility model is used, while the results for the green curve corresponds to the case with hotspot UE mobility model is used (assuming radius 60 meters). As can be seen from these results, the distance from pico-UE to serving pico node is rarely above 60 meters, so this gives indication that using hotspot radius setting of 60 meters is reasonable. We observe that for 60 meters radius approximately 10% of samples (over users and time) are impacted, which is when the distance is above approximately 45 meters. Notice that using much larger radius for the hotspot tend to converge to having nearly uniform UE distribution for cases with multiple picos per macro-cell area.
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Fig. 6: Complementary cumulative distribution function (ccdf) for distance between UEs and their serving cell.
4. Concluding remarks
In this contribution we have presented additional examples of co-channel macro+pico system level mobility results with the purpose of reaching agreement on such simulation assumptions. In particular, we have presented results for cases with random placement of pico nodes according to the description in 3GPP TR 36.814, and have found that running such simulations are feasible. Thus, cases with random placement of pico nodes should be allowed as well as test cases with fixed pico node locations. The cases with random pico node placement are considered to provide more insight (e.g. covers both cases with pico on macro-cell-edge, macro-cell-center, etc.), and are therefore recommended to be used for final evaluations.

Proposal 1: Random placement of pico nodes within a macro cell should be allowed in addition to cases with fixed pico node locations.

We also presented simple initial results in order to compare the mobility performance for cases with so-called baseline (UEs moving in straight lines) and hotspot UE mobility models. From these initial studies we find simulations with the baseline UE mobility model results in better balanced statistics for different handover cases. Simulations with the hotspot UE mobility model have a tendency to result in much lower number of macro-2-macro handover, which hence calls for longer simulations in order to reach the same confidence level for macro-2-macro handover performance measures. Our initial considerations also indicate the effects of choosing different cell radius for the hotspot area. Given our first simple considerations, using 60 meters radius looks like a reasonable setting.
The baseline UE movement model has the advantage of being simple and also triggering macro-2-macro handovers. Hence, we would recommend using the baseline UE movement model as a starting point, but of course still allowing companies to also present results for cases with the hotspot UE mobility model. 
Proposal 2: We propose to use the baseline UE mobility model for initial simulation calibration while still allow companies to use the hotspot UE mobility model. For the hotspot UE mobility model we propose a hotspot radius of 60 meters.
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Appendix: Simulation parameters

Table 2 contain a summary of the main simulation parameters and assumptions for the presented mobility results in this contribution.

Table 2: Summary of default system level parameter settings.
	Feature/Parameter
	
	Value/Description

	Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	180 kHz

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	11

	Number of control symbols per TTI
	
	3

	3GPP Macro Cell Scenario
	Cell layout
	21 sectors/7 BSs

	
	Inter site distance (ISD)
	500 m

	Pico cell layout
	Location
	Random within “ideal” hexagonal macro area, indicated by blue borders on fig. 1.

	
	Picos/macro cell
	2

	Macro-pico deployment type
	
	Co-channel

	Hotspot for UE movement/placement
	Radius (around pico cell)
	40m, 60m, 80m, 120m

	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
	
	0.0 / 1.0

	Shadowing correlation distance
	Macro
Pico
	50 m

13 m

	Multipath delay profile
	
	Typical Urban

	UE velocity
	
	3 km/h

	UE movement
	
	Straight line until reaching hotspot boundary, where a new direction towards the inside of the hotspot region is selected.

	UE placement
	Proportion in pico hotspot
	100%

	RSRP Measurement
	Measurement period

Measurement error
	100 ms
0 dB  (ideal)

	Handover execution time
	
	150 ms

	Radio link failure monitoring
	Qout threshold

Qin threshold
T310
	-8 dB

-6 dB

500 ms

	Receiver diversity
	
	2RX MRC

	Number of users per pico
	
	15

	DL Interference load
	Macro, Pico
	100% RBs loaded


