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1. Introduction
This proposal studies the TDSCDMA HNB DL interference to an HUE that is served by another home node B.  The interference scenario is case 6 of [1]. We use Monte-Carlo simulation in the environment of a modern apartment building.

The main observation of the current study is:

1. HNB can introduce a DL deadzone potentially extending into a neighbour’s property.

2. DL deadzone can be significant between adjacent apartments on the same floor, while negligible for cases with floor separation.

3. DL deadzone is also insignificant if the HNBs are deployed between non-adjacent apartments on the same floor.

4. Increasing frequency reuse number (i.e., the number of carrier frequencies) of HNBs can effectively reduce the deadzone introduced by HNB-HNB DL interference.  By simulation, it can be found that 4 carrier frequencies can provide sufficient mitigation to DL interference.
2. Monte Carlo Simulations

2.1 Simulation assumptions

For HNB-HNB DL simulations we make the following assumptions:

· The aggressor HNB and victim HNB have the same transmit power of P dB. 

· The aggressor HNB and victim HNB has the same loading of y% (50% generally).

· 10% of the transmit power is allocated to PCCPCH

· For an HUE to maintain a voice call, the PCCPCH Ec/No must be at least -5 dB 

· The HUE has no joint detection capability.

· Thermal noise is negligible compared to interference from aggressor HNB.

2.2 Residential model
The residential model used here is a modern apartment building. The block consists of identical floors of four flats on each floor in a North, South, East, West arrangement as shown in Figure 1. The building has a footprint of approximately 25m x 25m and each floor is assumed to be 3m high.

 
[image: image13.emf]
Figure 1. Floor plan of an apartment building
The penatration loss parameters of the obstructions in the houses are listed in Table 1.

	Obstruction 
	Loss (dB)

	Heavy Internal Wall 
	8

	Light Internal Wall 
	7

	Floor 
	19

	Concrete 
	15

	Concrete with window 
	10

	Wood 
	7


Table 1. Obstruction loss parameters
The external walls and dividing walls between apartments in a north-south direction are assumed to be made of concrete (concrete with window where appropriate). The remaining dividing walls between apartments are assumed to be heavy internal walls. All internal walls are modelled as light walls. The external apartments doors are assumed to be made of wood and internal doors are assumed open.
2.3 Single carrier frequency analysis
In this section we study the co-channel DL interference between HNB. The residential model used here is a modern apartment building with 4 apartments on each floor, as shown in Figure 2. The aggressor HNB, marked by red A, is located at the door way of the western apartment. 
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Figure 2. HNB deployment for co-channel interference analysis
For aggressor HNB in west apartment, we study the following 4 cases:

· Victim (serving) HNB in East, same floor                       (1)
· Victim (serving) HNB in North, same floor                    (2)
· Victim (serving) HNB in West, 1 floor separation          (3)
· Victim (serving) HNB in North living room, same floor (4)
We assume that HUE can roam freely in its own apartment and will not visit his/her neighbor.
 The indoor path loss data is also obtained from RF-vu based on Cost231 multi-wall model. Shadowing is assumed to be correlated with correlation distance 14 m and standard deviation 8 dB. Path loss will not change from run to run, while shadowing is independent and randomly generated for each Monte-Carlo run. A certain location lies in deadzone if its total path loss (path loss + shadowing) to the victim FNB is at least 5 dB larger than that to the aggressor HNB. In Figure 3 we show an example of the total path loss to aggressor HNB (in west) and victim HNB(in north, living room), respectively.
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Figure 3. Total path loss to agressor FNB (a) and victim FNB (b)
It has been found that the north apartment with serving HNB in living room is most affected by the DL interference from the aggressor HNB in the west apartment in the same floor. Figure 4 and Figure 5 give 2 examples of deadzone area of 13% and 7.5% of the whole apartment .
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Figure 4.  An example of 13% deadzone area (VBS in north, living room)
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Figure 5.  An example of 7.5% deadzone area (VBS in north, living room)
For the 4 cases specified in section 2.2, we run 1000 Monte-Carlo runs and obtain the statistics of the deadzone percentage in the victim’s apartment. We use complementary cumulative distributed function (CCDF) as the evaluation metric. For example, CCDF(10%) stands for the probability of deadzone percentage more than 10% . The results are summarized in Figure 6.
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Figure 6. CCDF of deadzone coverage area (ABS in West)
From Figure 6 it can be seen:

· If the ABS-VBS deployment is non-adjacent on the same floor or has floor separation the resulting DL deadzone is insignificant.

· HNB DL interference and the resulting deadzone can be significant for adjacent apartments in the same floor. 

· The case of north apartment with FNB in the living room suffers most due to the near-far effect between ABS and VBS.

2.4 Multiple carrier frequency analysis
Increasing the number of carrier frequencies of HNBs can be an effective method to mitigate DL interference. Use the worst case above (ABS in West, VBS in North, living room, same floor), we assign 1, 3 and 6 carrier frequencies respectively and study the DL deadzone statistics. The HNBs are assumed to randomly chose one from the multiple carrier frequencies. The deadzone statistics is given in Figure 7.
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Figure 7. CCDF of deadzone with ABS in West, VBS in North living room, same floor.
From Figure 7 it can be seen even with random carrier configuration (the simplest and dumbest approach), increasing frequency reuse number can effectively mitigate HNB-HNB DL interference. 

A natural question that can be raised is: how many carrier frequencies are necessary to mitigate HNB-HNB DL interference? In the analysis below we aim to determine the number of carrier frequencies needed for HNB DL interference mitigation. To make the study in a more realistic framework, we use RSSI based carrier configuration scheme as follows:

1. There are a total of K carrier frequencies available for HNBs: fc, fc+fs, … fc+(K-1)fs.

2. Once power on, an HNB scans the K frequencies and picks the one that has least interference.

3. If multiple carrier frequencies are legitimate candidates, an HNB selects the one with lowest index. 

To analyze the HNB-HNB DL interference, we consider an extreme deployment case: Every apartment in the building has an HNB activated, i.e., 100% HNB density. Since interference from aggressors with ≥2 floor separation is negligible, we only have to study 3 floors of the apartment building. As depicted in Figure 8, we assume the serving HNB is in the south apartment and there is an aggressor HNB in each of the apartments on the same floor, upper floor and lower floor. 
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Figure 8. Modern apartment building with 100% HNB loading

We allocate 4 carrier frequencies to HNB and follow the self-configuration scheme described above. The deadzone statistics hence obtained is given in Figure 9.
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Figure 9. HNB DL deadzone statistics with VBS in South, 4 fc’s, 100% HNB density
It can be seen with 95% probability the DL deadzone area is ≤2.7% of the southern apartment area, which is negligible. Therefore in this model 4 carrier frequencies are enough to mitigate HNB DL interference, even with 100% deployment density. 

Since 4 carrier frequencies can be an overkill if the HNB density is relatively low, it would also be of interest to know the deployment density that is suitable for 3 carrier frequencies without causing significant DL interference.

Based on  the simulations above we have the following observations:

· Co-channel HNB DL interference can be significant if ABS/VBS are in adjacent apartments on the same floor.

· Co-channel HNB DL interference is insignificant if ABS/VBS are not on the same floor.

· If there are 4 HNBs on the same floor, with RSSI based carrier configuration scheme, there is one pair, and only one pair, of HNBs that are co-channel configured.
Assume the apartment building has L levels and the HNB density is p. The probability of 4 HNBs deployed on the same floor is therefore p^4. In such a case we assume, conservatively,  2 HNBs are significantly affected by DL interference (This is not necessarily true if the co-channel HNBs are in east and west apartment, see Figure 6). As such the number of HNBs that are significantly interfered is L*p^4*2. The percentage of the “significantly interfered” HNBs is therefore                

Pr(HNBs with significant DL interference)= 
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Based on equation (1) we plot the curve of  Pr(HNBs with significant DL interference) vs. the HNB density in Figure 10. It can be seen the 5-percentile HNB density is ~0.47.  
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Figure 10. HNB-HNB DL interference vs. deployment density, 3 carrier frequencies

3.
Conclusions
Based on the above study, we can draw the following conclusion:

· Co-channel HNB DL interference and the resulting deadzone can be significant in certain cases.

· Increasing the frequency reuse number for HNBs can effectively mitigate DL interference.

· 4 carrier frequencies can provide sufficient DL interference mitigation, even with 100% HNB density.
· With 3 carrier frequencies the HNB density should be  ≤0.47 without causing significant DL interference.
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