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1 Introduction
In this document, three HNB DL interference scenarios are considered:

· HNB interfering Macro UEs with co-channel deployment

· HNB interfering Macro UEs with adjacent channel deployment

· Macro BS and HNB interfering HUE with co-channel deployment

2 Simulation Assumptions
The Monte-Carlo simulation methodology is used. A 19 cell, 57 sector macro cell layout with wrap-around is used for the simulation. The underlay HNB layout is described in Section 2.2. 

Path loss modeling
Path loss models are based on [1], which are briefly described in this section. Distances are measured in meters here and carrier frequency is 2GHz. The path loss between an indoor HNB and an outdoor Macro UE is based on the following indoor-to-outdoor model:
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The path loss between an indoor HNB and an indoor Macro UE (or an indoor HUE) is a simplified version of the multi-wall model [2]. In this model, the penetration loss caused by the walls is modeled as a log-linear value, equal to 0.7dB/m if the Macro UE and the interfering HNB are located in a different room. Note that the interfering HNB and the victim HUE are always in a different room.
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If the Macro UE and the interfering HNB are in the same room, the free space path loss model is used,
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The path loss between Macro BS and outdoor Macro UE is calculated as
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A wall loss of 20dB is added for path loss between a Macro BS and an indoor Macro UE (or an indoor HUE). A log-normal fading value with a standard deviation of 10dB is added for all path loss models. Finally, a check is made that the path loss is not smaller than the corresponding free-space loss. In the equations above, 
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is the distance between the corresponding BS and UE.

HNB Cell modeling

To simulate clusters of HNB cell, as is the case for an apartment complex, a block of HNB cell are modeled as shown in Fig. 1. Each HNB cell block is composed of 100 HNB cells, each with a size of 10m X 10m or 100m2. Then, one such HNB cell block is randomly placed in every Macro sector, provided that the whole block does not go beyond the Macro sector boundaries. Within each HNB cell, the HNB is randomly placed.

To simulate the realistic case that a HNB cell may not be active all the time, we use a parameter named “activation ratio” to determine whether a HNB is active or not. For example, if the activation ratio is 0.5, it means that on average, there are 50 (=0.5*100) active HNBs in a HNB cell block.
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Figure 1. HNB cell layout

The simulation parameters are listed in Table 1.

Table 1 Simulation parameters for UMTS/HNB interference scenario study
	Parameter
	Value

	External Wall Loss
	20dB 

	Maximum Macro BS Tx Power
	43dBm

	Macro BS Antenna Gain
	15dB

	Macro DL orthogonality factor
	0.4

	Macro UE antenna Gain
	0dB

	HNB antenna Gain
	2.0dB

	HUE antenna Gain
	-2.0dB

	Max HNBs per sector
	100

	HNB activation ratio
	0.1 and 0.5 are simulated

	Macro BS Loading
	100%

	HNB Loading 
	100%

	HNB Maximum powers
	Up to 20dBm. Analysis to cover 0dBm, 5dBm, 10dBm, 15dBm & 20dBm power levels


3 Simulation Results
HNB interfering macro UE with co-channel deployment

The results of HNB interfering Macro UE are shown in Table 2 in terms of the macro capacity loss.  

Table 2 Macro capacity change with underlay HNB deployed in the same channel

	
	10 HNB cells per sector

(activation ratio 0.1)
	50 HNB cells per sector

(activation ratio 0.5)

	HNB power (dBm)
	0
	5
	10
	15
	20
	0
	5
	10
	15
	20

	Macro capacity degradation (%)
	2.62
	3.93
	5.99
	8.99
	13.86
	11.8
	25.84
	29.96
	100
	100


From the results in Table 2, we can see that for 10 active HNB cells per sector, HNB cells are able to transmit at around 10dBm without causing much capacity degradation for the macro network. If there are 50 active HNB cells in each sector, even 0dBm DL transmission power will cause more than 5% capacity degradation for Macro network. Here it is assumed that 5% is the tolerable capacity degradation for macro network.

HNB interfering macro UE with adjacent channel deployment

Table 3 shows the macro capacity change when the underlay HNB cell is deployed in the adjacent channels. The ACLR values for the first and second adjacent channels of the HNB are set to be 45dB and 50dB, respectively. The corresponding Macro UE ACS values are 33dB and 43dB. From the results, we can conclude that the adjacent channel deployment has negligible effect on the Macro cell capacity. 

Table 3 Macro capacity change with underlay HNB deployed in adjacent channels

	HNB ACLR(dB)/

Macro UE ACS (dB)
	50 HNB cells per sector

(activation ratio 0.5)

	
	HNB power (dBm)
	0
	5
	10
	15
	20

	45dB/33dB
	Macro capacity degradation (%)
	0.75
	1.31
	2.62
	4.12
	5.62

	50dB/43dB
	Macro capacity degradation (%)
	0.0
	0.26
	1.12
	1.50
	2.62


Macro BS and HNB interfering HUE in co-channel deployment

In order to have a complete picture of the effect of introducing the HNB layer in the macro network, offloading of the Macro UE to the HNB cells should be considered. In other words, we would determine the overall DL capacity of the macro layer and HNB layer under interference conditions. To do that, we simulated the interference from macro BS and other HNB to HUEs to determine the DL capacity of the HNB layer. The overall DL capacity would be the sum of the DL capacity of the Macro layer in the presence of interference from HNBs and DL capacity of HNB layer with interference from Macro BSs and other HNBs. Table 4 shows the obtained overall capacity.

Table 4 Overall capacity gain for co-channel deployment
	
	10 HNB cells per sector

(activation ratio 0.1)
	50 HNB cells per sector

(activation ratio 0.5)

	HNB power (dBm)
	0
	5
	10
	15
	20
	0
	5
	10
	15
	20

	Capacity gain (%)
	18.39
	17.08
	15.02
	12.02
	7.15
	87.64
	77.34
	69.48
	-0.56
	-0.56


4 Conclusion

From the simulation results, we can see that in order to mitigate the interference from the underlay HNB cell to the Macro cell, the HNB max transmit power should be less or equal to 0dBm in the co-channel deployment case. In the adjacent channel deployment case, the impact from the underlay HNB cell to the Macro cell is negligible. For co-channel deployment case, the extra capacity from the underlay HNB cell can compensate the capacity lose of the Macro cell. The over all capacity has a significant increase. 

It is also important to note that the simulation results are based on the assumptions, particularly the pathloss models, which are adopted in the simulation study. It is anticipated that some variations may occur if the assumptions are changed.
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