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1 Introduction
In [4], the RRM implication of HetNet ICIC has been discussed if resources are partitioned among interfering cells. In this contribution we evaluate interference conditions in a macro network when open HeNBs and deployed without any resource partitioning, i.e., Rel-8/9 compatible deployments. We focus on the mobility performance in case of open HeNBs.

2 Modelling
We simulate both “5x5” and “dual-strip” models described in [1], including modelling of short term fading. We focus on the system throughput analysis in case of closed subscriber group (CSG) HeNBs and consider mobility aspects for open HeNBs.

In order to limit the system outage, we simulate a variant of a smart autonomous power control algorithm based on measurements at HeNBs (See Section 7.2.3.2 in [2]). This method could be considered a baseline Rel 8/9 interference management technique.  The goal is to minimize the interference to the macro network and yet ensure HeNB coverage (we assume C/I=-3 dB) according to a specific targeted path loss value. The maximum transmit power of HeNB is limited to 20 dBm.

The impact of open HeNBs to macro UEs have been evaluated. For that purpose we consider mobility simulations, where macro UEs are moving along the street adjacent to the apartment building. The street is located 10 m away from the outer wall of the apartment building. In this simulation, we only consider “5x5” model.   
3 Open HeNB Results for Mobility

In case of open HeNB deployments, interference from HeNB does not directly create RLF. However, as we illustrate below, unplanned deployment of small cells can lead to areas of high interference (due to lack of network planning, the signal from many cells is received with similar strengths) and in mobility, increased frequency of handover events can lead to increased probability of RLF.
In this contribution, we focus on the cell edge and place a femto cluster in a square of 150 m by 150 m (red dotted lines) on the edge of three cells (1,2,3) shown in Figure 9. A vertical street (green) is dropped randomly such that the center of the street is placed uniformly at random in the 150 m by 150 m square. The street is 10 m from a femto cluster of 5 x 5 apartments (each of size 10 m by 10 m)  which is populated with HeNB with a penetration probability of 20%. 
We consider a vehicle moving at 36 km/h and 72 km/h along the street. Handover is performed on the basis of filtered RSRP (over 200 ms)  with 3dB hysteresis. The modelling of the handover is rather optimistic. Handovers occur instantly, there is not handover delay,  if the filtered RSRP of a non-serving cell is 3 dB higher than the filtered RSRP of a serving cell, handover occurs instantaneously.  Measurement errors are not modelled as well.
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Figure 9: Illustration of HeNB cluster drop area.

The filtered RSRP for a sample drop when the vehicle moves at 36 km/h is shown in Figure 10. We can see that the strongest cell varies quickly with time. There are many instances when the strongest serving cell switches between a HeNBs. Thus, we expect to get more handovers when HeNBs are deployed compared to the case when only macrocells are deployed. 
In Table 1and Table 2, we show expected average outage probability [3] and the average handover rate for two cases: (i) open access home HeNBs are deployed as described above, and (ii) only macro cells are deployed. We see that both the handover rate and the probability of outage increases significantly when open access HeNBs are deployed. Naturally, resource partitioning schemes and advanced UE receiver, considered to address the closed HeNBs, can be applied for open HeNBs as well and are expected to result in reduction of RLF occurrences. [image: image2.emf]0 1000 2000 3000 4000 5000 6000 7000
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Figure 10: Illustration of filtered RSRP for a UE moving at speed of 36 km/h.
Table 1: Average handover rate and probability of service outage (UE speed 36 km/h)

	
	Deployment

	
	Macro only
	Macro +HeNB cluster

	Handover rate  
	41.4 per minute
	55.0 per minute

	Outage according to [3]
	3%
	6%


Table 2: Average handover rate and probability of service outage (UE speed 72 km/h)

	
	Deployment

	
	Macro only
	Macro +HeNB cluster

	Handover rate
	67.6 per minute
	94.8 per minute

	Outage according to [3]
	4%
	10%


4 Conclusions 
We have illustrated that mixed open HeNB and macro deployments can have negative impact on mobility in Rel-8/9. In such a scenario, resource partitioning techniques and advanced UE receiver capability are expected to reduce occurrence of RLF.
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