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1
Introduction

Interference management is crucial for enabling Home NodeB (HNB) deployment (see for example [1] and [2]). At the same time, the conclusions of any interference management study depend heavily on the underlying propagation model. While there are some indoor and outdoor propagation models available in [3], they are mostly for picocell scenarios. The purpose of this paper is to propose propagation models specific to HNB scenarios to be used in future interference studies. In particular, we first propose a HNB propagation model which is useful for studying inter-HNB interference scenarios. Secondly, we propose a HNB-macro propagation model for studying HNB-macro interference issues.  
2
Proposed Propagation Models
2.1  HNB Apartment Building Model

For studying inter-HNB interference scenarios, we propose the following apartment model.

We consider a 3 floor building with 25 apartments per floor. The apartments are 10mx10m and are placed next to each other on a 5x5 grid on each floor. The floor separation is assumed to be 4 meters. In addition, we assume that with probability p, there is a HNB in each apartment. This probability represents the density of HNB deployment. For the apartments that have a HNB, the HNB and HUE are dropped randomly and uniformly in the apartment with a minimum separation of one meter. We then use a modified version of the Keenan-Motley model [4] to calculate the propagation loss from each Home UE (HUE) to every HNB:
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where 
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The partition losses, Win, Wex and F, are assumed to be fixed whereas qin and qex are assumed to be random to capture variations in apartment layouts. The total number of walls between the transmitter and receiver, q=qin + qex, is a random number chosen from the set 
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with equal probability. Here, dw represents the minimum wall separation. Note that the average distance between two partitions is approximately equal to 2dw. Given the value of q, the numbers of internal and external walls are calculated as follows. 

qin= q and qex=0 if the transmitter and receiver are in the same apartment; and 
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 and qin = max(0, q-qex) if the transmitter and receiver are in different apartments. Here, k represents the average number of internal walls per external wall. For our apartment model k is equal to 10/dw. The values suggested for the above parameters are given in the table below.
Table 1. List of parameters for the apartment model

	Parameter
	Value

	Win
	5dB

	Wex
	5dB

	F
	18.3dB

	dw
	2m

	k
	5

	f
	2x109 Hz

	c
	3x108 m/s


2.1.1 Path Loss and Geometry Distributions
In this section, we present simulation results based on the HNB apartment building model described above. The simulation parameters are chosen according to Table 1. We consider two scenarios: high density (p=1) and typical density (p=0.33). For each scenario, we drop the HNBs and HUEs inside the building and compute the path loss from every HUE to every HNB according to the model described in previous section. We repeat this experiment 100 times and plot the path loss and geometry distributions for the HUEs. Figure 1(a) shows the cumulative distribution function (CDF) for path loss to the serving HNB for these two scenarios. The path loss CDFs to non-serving HNBs are shown in Figure 1(b). In addition, the geometry CDFs for the HUEs are shown in Figure 2 for the two scenarios (note that in this figure, we have limited the maximum geometry to 20dB). As seen in Figure 1, the path loss distributions are independent of the density of HNBs as long as there are enough samples. However, the geometry distribution is worse for high density scenario since there are more interfering HNBs. It can be observed from the figure that with p=1, about 15% of the users have a geometry less than -10dB.  Even for the case of p=0.33, about 5% of the users have a geometry less than -10dB. This is due to restricted association where a HUE is not necessarily served by the strongest HNB.
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(b)
Figure 1. Path loss distributions for the HNB apartment building model
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Figure 2. Geometry distributions for the HNB apartment building model
2.2
HNB-Macro Propagation Model

For studying the interactions between HNBs and Macro NBs (MNBs), we propose the following HNB-macro model.  
We drop M HNB houses
 of size 12mx12m inside each macrocell.  A HNB is dropped randomly and uniformly inside each house. Corresponding to each HNB, a HUE is dropped randomly such that with probability pHUE, the HUE is inside the house and with probability 1-pHUE, the HUE is outside the house in the yard. The total lot size (including the yard) is assumed to be 24mx24m. As we drop the HNB houses and HUEs, we make sure that the houses do not overlap and no HUE is inside a neighbour’s house. We then drop N macro UEs (MUEs) inside each macrocell. We assume that with probability pMUE, the MUE is inside a macro house
 in which case we drop a macro house for that UE. The macro houses have the same size as the HNB houses (i.e., 12mx12m). We again make sure that the houses do not overlap and also no HUE is inside a macro house. However, we do not prevent a MUE to be inside a HNB house. In addition, we enforce a minimum path loss of X dB between MUEs and HNBs. In other words, if a MUE is within X dB of a HNB in terms of path loss, we redrop the MUE.

Based on the above model, we compute the various propagation losses as described in the following sections. Table II summarizes the path loss computations for various scenarios.
Table II. Summary of path Loss computation for HNB-macro propagation model

	Cases
	Path Loss (dB)

	MUE to MNB
	MUE is outside
	3GPP macrocell model described in Annex A of [5]

	
	MUE is inside a house
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	HUE to MNB
	HUE is outside
	3GPP macrocell model described in Annex A of [5]

	
	HUE is inside a house
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	MUE to HNB
	MUE is inside the same house as HNB
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	MUE is outside
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	MUE is inside a different house
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	HUE to HNB
	HUE is inside the same house as HNB
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	HUE is outside
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	HUE is inside a different house
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2.2.1 Propagation Loss from MUEs to Macro NodeBs (MNBs)

A) If the MUE is outside, we use the macrocell propagation model described in Annex A of [5]. 

B) If the MUE is inside a house, we use a model similar to the indoor-outdoor model described in Section 5.2.1 of [3]. More specifically, the MUE is projected into four virtual UEs located at the edges of the house. The path loss is then computed as
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(2)
where PL(v)macro is the path loss from a MNB to the virtual UE, R is the distance between the MUE and the virtual UE, q is the total number of walls between the MUE and the virtual UE, W is the wall partition loss which is set to 5dB, a is the attenuation coefficient equal to 0.8dB/m, and Low is the outdoor penetration loss. Similar to the HNB model described in Section 2.1, we assume that q is a random number chosen from the set 
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with equal probability where dw is again set to 2m. In addition, we assume that Low is 10dB with probability 0.8 and is equal to 2dB with probability 0.2 to account for windows. We calculate the path loss corresponding to each of the four virtual UEs according to (2), and choose the smallest one. 
 2.2.2 Propagation Loss from HUEs to MNBs

The propagation loss from a HUE to a MNB is calculated in the same way as the one described in Section 2.2.1.

2.2.3 Propagation Loss from MUEs to HNBs

A) If the MUE is inside the same house as the HNB, we use (1), to compute the path loss.

B) If the MUE is outside, the path loss is computed as
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where PLfs is the free space loss given by 
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      (4)
with d being the distance between the MUE and HNB in meters. Here, q is the total number of walls between the MUE and the HNB, W is the wall partition loss and Low is the outdoor penetration loss (as described in Section 2.2.1). In this case, q is a random number chosen from the set 
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 where 
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C) If the MUE is inside a different house than the HNB, the path loss is calculated as
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where PLfs is given by (4), 
[image: image31.wmf])

1

(

ow

L

and
[image: image32.wmf])

2

(

ow

L

are the penetration losses for the two houses, and q is a random number chosen from the set
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2.2.4 Propagation Loss from HUEs to HNBs

The propagation loss from a HUE to a HNB is calculated in a similar way as the one described in Section 2.2.2.

2.2.5 Path Loss Distributions
In this section, we show simulation results based on the HNB-macro model described above. We consider a 3-cell layout with wrap-around, and drop 100 MUEs and 100 HUEs/HNBs in each cell. Three scenarios are considered. One in which the minimum path loss from MUEs to HNBs is 37dB (i.e. X=37dB) which corresponds to 1m separation. In the other two, there is a minimum path loss of 80dB and 100dB between MUEs and HNBs, respectively (i.e., X=80dB and X=100dB). The ISD is assumed to be 1000m and pMUE and pHUE are set to 0.3 and 0.8, respectively. For each case, we calculate the path loss from each UE to MNBs and to HNBs using the method described in Sections 2.2.1-2.2.4. The path loss CDFs are shown in Figures 3-5.  Clearly, the path losses from MUEs to HNBs become larger for as X increases. Furthermore, as X increases, more and more MUEs will end up inside macro houses to maintain the minimum path loss requirement. Due to this, the MUE-to-MNB path loss also increases.
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Figure 3. Path Loss distributions for HNB-macro model with X=37dB
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Figure 4. Path Loss distributions for HNB-macro model with X=80dB
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Figure 5. Path Loss distributions for HNB-macro model with X=100dB

3 Conclusions

In this contribution, we have proposed propagation models specific for studying inter-HNB and HNB-macro interference issues. For the HNB apartment building model, we presented the path loss distribution obtained based on the proposed model for dense and sparse HNB deployment. We have also shown path loss distributions based on the proposed HNB-macro model. We propose these models to be adopted for simulation studies of Home NodeBs in various interference scenarios identified in [6].   
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� A HNB house is a house in which there is a HNB.


� A macro house is a house in which there is no HNB/HUE but there is a MUE.
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