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1. Introduction

In this contribution, we present results illustrating the impact of HNBs on HSDPA Macro NodeB downlink capacity and the impact of inter-HNB interference on HNB downlink performance. We also study the macro CPICH coverage in the presence of interfering HNBs. Our results reveal the extent of capacity and coverage degradation suffered by macro UEs under varying number of HNBs and varying HNB transmit powers. The results show that HNBs achieve very high throughputs even at lower transmit powers and/or inter-HNB interference. 

Our results also indicate that a fixed ratio of control channel power to the total transmission power of HNB results in macro cell performance being affected significantly just due to HNB control channels. This is particularly true when HNBs operate at higher transmit powers thereby necessitating efficient means to turn off HNB control channels when there is no active HUE. 
2. Simulation Assumptions
Table 1 shows the simulation assumptions used for generating results that follow. 

Table 1: Simulation assumptions

	Parameter
	Value

	
	

	Cell layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	1732 m

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	Total BS transmission power
	20 W

	P-CPICH power
	2 W

	HS-SCCH power 
	1 W

	HS DSCH power
	14 W

	External wall penetration loss
	10 dB

	Internal wall penetration loss
	5 dB

	Log-normal shadowing towards MNB
	8 dB standard deviation

	Log-normal shadowing towards HNB
	10 dB standard deviation

	UE noise figure
	9 dB

	Speed
	3 km/h

	MNB to UE (UE is outside)
	128.1+37.6log10(dkm)

	MNB to UE (UE is inside)
	128.1 + 37.6log10(dkm) + qW + Low 

	HNB to UE (UE is in the same house as HNB)
	37 + 20log10(dm) + qW

	HNB to UE (UE is in a different house as HNB)
	max(128.1 + 37.6log10(dkm), 
         37 + 20log10(dm)) + qW + Low

	HNB to UE (UE is outside)
	7 + 56log10(dm)

	Scheduler
	Proportional fair scheduler

	Minimum inter-HNB distance
	25 m

	Minimum distance between HNB and macro UE
	15 m


W
Internal wall penetration loss       



Low 
External well penetration loss
q
Number of internal walls between the HNB and the UE and is assumed to be between 0 and 2
Table 2 lists the variable parameters whose impact has been studied. The total number of HNBs in the cell is assumed to be 200 and all macro UEs are assumed to be outdoor UEs. 
Table 2: Variable parameters
	Parameter
	Comment

	
	

	Activity factor
	Fraction of time a given HNB is active. Chosen from the set {0, 0.125, 0.25, 0.375, 0.5, 0.75, 1.0}

	Maximum fixed transmit power of HNB
	Chosen from the set {-10, 0, 10, 20} dBm 

	HNB control channel power
	Assumed to be 25% of maximum transmit power
Two cases considered: HNB transmits control channel when OFF, HNB does not transmit control channel when OFF

	HNB data power to control power ratio
	Control channel power fixed at 14 dBm (25 mW) and data channel power is chosen from {18.75, 16.98, 13.98} dBm (same as {75, 50, 25} mW)


3. Impact of Activity Factor
In this section, we study the degradation in macro cell throughput and HNB throughput due to the HNB activity factor. We consider 50 users uniformly distributed in the cell and full buffer TCP traffic for each of them. Figure 1 shows the average macro cell throughput as a function of the number of effective HNBs, with a HNB transmit power of 20 dBm (100 mW). The number of effective HNBs is the product of the total number of HNBs in the cell and the activity factor. Cell throughputs for two scenarios, one where the HNB does not transmit any power when it is OFF and the other where the HNB transmits 25% of its maximum transmit power (for control channels) when it is OFF, have been shown. 
The results indicate that HNB control channels significantly impact throughput performance of macro cell.  When control channels are transmitted even when HNBs are not active, higher activity factors do not cause significant further reduction in macro throughputs. These plots suggest that, to minimize the impact on macro cell performance, a suitable technique is found to turn off the control channels of HNBs when there are no active UEs attached to them. There is a marginal increase in throughput when the effective number of HNBs is 200 because TCP timeout occurs for users with very poor channel conditions and subsequently those users are dropped. The resources are then shared among the remaining users. Figure 2 gives the 20th %-ile user throughput for the different activity factors. 
Figure 3 gives the average HNB throughput as a function of the number of effective HNBs. The HNB throughput has been obtained using a modified Shannon equation. The SINR experienced by a HUE that is attached to HNB i is given by:
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The throughput of HNB i is computed as:


[image: image2.wmf]÷

ø

ö

ç

è

æ

+

=

2

1

log

 

,

i

UE

SNR

W

C


where,
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From Figure 3, we can observe that even with a large number of effective HNBs, the obtained throughput is very high when the transmit power is 100 mW. 
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       Figure 1: Average  cell throughput vs. Effective number of HNBs               Figure 2: 20th %-ile user throughput vs. Effective number of HNBs
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Figure 3: Average HNB throughput vs. Effective number of HNBs
4. Impact of Fixed HNB Transmit Power
In this section, we study the impact of HNB transmit power on macro cell performance. Figure 4 gives the average macro cell throughputs as a function of the HNB transmit power. The HNBs transmit 25% of their maximum transmit power even when they are not active. The activity factor is assumed to be 0.5 which results in the number of effective HNBs to be 100. As expected, the macro cell throughput suffers significantly when HNB transmit power is above 0 dBm. Figure 5 gives the 20th %-ile user throughput for the same scenario. 

The average throughput experienced by a HNB is shown in Figure 6 for different transmit powers. We find that the HNB throughput is reasonably high even when the transmit power is -10 dBm.
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            Figure 4: Average cell throughput vs. HNB transmit power

Figure 5: 20th %-ile user throughput vs. HNB transmit power
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Figure 6: Average HNB throughput vs. HNB transmit power
5. Macro CPICH Coverage
Macro NodeB CPICH coverage is another important indicator of macro UE performance. In this section, we study the impact of the presence of HNBs on macro CPICH coverage. For a macro UE, the CPICH Ec/N0 from macro NodeB i is given by:
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where 
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 is the CPICH power from macro NodeB i. The CDFs of CPICH Ec/N0 for different HNB activity factors are shown in Figure 7 for the case where HNBs do not transmit control channels when they are OFF. Similarly, Figure 8 gives the CDFs for the case when HNBs transmit overhead power when OFF. These plots correspond to a maximum HNB transmit power of 20 dBm (100 mW). These coverage results corroborate the fact that just the control channel power of HNB has a strong negative impact on macro UE performance.  However, this impact is less pronounced at lower HNB transmit powers as illustrated in Figures 9 and 10, where the CDFs are shown for different HNB transmit powers. For example, the CDF corresponding to 0 dBm transmit power is shifted to the left to a smaller extent from Figure 9 to Figure 10 compared to the CDF plot of 20 dBm.
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[image: image19]Figure 7: CDF of macro CPICH Ec/N0 vs. Effective Number of HNBs                 Figure 8: CDF of macro CPICH Ec/N0 vs. Effective Number of HNBs


(No control channel power when HNB is OFF)



(Control channel power of 25 mW when HNB is OFF)
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         Figure 9: CDF of macro CPICH Ec/N0 vs. HNB transmit power                  Figure 10: CDF of macro CPICH Ec/N0 vs. HNB transmit power


(No control channel power when HNB is OFF)

      (Control channel power of 25% of total transmit power when HNB is OFF)
6. HNBs with Varying Data/Control Power Ratios
Based on the results discussed so far, it is evident that the HNBs are able to achieve significantly higher throughput than the macro NodeB. However, they reduce the macro cell performance especially when operating at higher transmission powers. While reducing the HNB transmission power can help macro UEs, the HNB coverage can be affected significantly. In order to overcome this problem, one solution may be to fix the HNB control channel power but reduce the data power. For instance, the HNB control channel power can be fixed at 25 mW while the data power can be reduced below 75 mW. This can both ensure optimum coverage for HUEs and minimize effect on macro UEs. 
Figure 11 shows the average macro cell throughput when HNBs operate with 14 dBm (25 mW) control channel power while the data channel power can be 18.75, 16.98, or 13.98 dBm which correspond to 75, 50, and 25 mW. Figure 12 shows the average HNB throughput for the same case. We observe that reduction in HNB data channel power from 18.75 to 16.98 dBm results in approximately 10% improvement in macro cell throughput. While the HNB throughput drops with reduced data channel power, it is still quite high to efficiently support very few users who are likely to attach to a HNB. The HNB coverage will not be impacted as the control channel power remains constant. This trend shows that there are benefits in restricting data channel power of HNBs without sacrificing HNB coverage. 
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Figure 11: Average cell throughput vs. HNB data/control power ratio
          Figure 12: Average HNB throughput vs. HNB data/control power ratio
7. Conclusions
We have studied the impact of HNB interference on HSDPA macro cell capacity and coverage performance. Based on our results, we propose the following:

· Suitable techniques be studied to enable turning off HNB control channels when there are no active UEs to minimize degradation in macro cell performance
· Allow for varying HNB data channel power to control channel power ratios to improve macro cell performance and reduce HNB maximum power requirement (E.g. 16dBm with control channel power 13dBm)
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