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1
Introduction

Surge in RF interference to macro-cell users arising from unplanned Home NodeB (HNB) deployment and co-channel deployments will be a major challenge to surmount [1]-[3]. The situation worsens when HNB deployments are dense as in urban settings - in addition to HNB interference in the DL of the macrocell, there will be significant inter-HNB interference to contend with. In this contribution we examine the impact of simple power-control methods on Home NodeB and Macro NodeB coverage.  Simulation results showing the baseline and improved performance are also presented.  
2
Simulation description
System simulation parameters used are listed in Table 1 of [4]. The Path loss models used can be found in [5]. We study an apartment complex laid out in the form of a square grid of N*N identical square apartment units of area s2. Each apartment unit has an active Home UE and a HNB serving him. The Home UE could be located within the apartment, while Home NodeB is initially restricted to a central square of side a (a<=s). Figures 1 and 2 give examples of the model apartment and the set-up used. 
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Several macro users are now randomly dropped within a distance d from the apartment complex. These particular UEs, which are closest to the operating HNBs, would arguably be the most interfered with. Now we fix s=10m, a=6m and d=15m. We study the coverage statistics when the apartment is at 250, 500 and 750 meters away from the macro-cell when
(a) No Power control mechanism is employed. All HNBs transmit at the maximum power level 100mW
(b) HNB-calibrates Tx power based on desired dead-zone coverage (refer to [7]): HNBs will adjust DL Tx power based on perceived CIR quality for a Macro UE xdb away. We examine coverage results when x=60db and x=80db

(c) Network provides each HNB with a target bit-rate T. The HNBs collect the CIR measurements from the Home UEs for scheduling purposes and use this to regulate their transmit power so that their target bit-rates are just met. More details can be found in [4]. 
Here we study coverage results for low and high target rate settings, namely when T=0.5 bps/Hz and T=2.5 bps/Hz.
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Fig 1: Macro NodeB and Home NodeB coverage distribution (250m away)
Figure 1 gives the CPICH SINR distribution for Macro UEs and Home UEs in an apartment situated 250 meters away from the macro-cell (aggregated over several runs). We assume the threshold for outage is when CPICH SINR drops below a threshold of    -20db. Table 1 then gives the average outage probabilities for a Home UE in the apartment and a nearby Macro UE. We observe that with proper power control settings, the Macro UE outage probability can be reduced to less than 10 percent as against 30% chance of being in a coverage hole when all HNBs transmit at 100 mW. We also observe that when HNBs calibrate their transmission power always based on desired dead-zone, the scheme tends to underestimate the HNB coverage. As a result, HUE outage probability increases. 
	
	No HNBs
	T1=0.5 bps/Hz
	T2 =2.5 bps/Hz
	Qualcomm PC (60db)
	Qualcomm PC (80db)
	Max Power

	HNB Avg Tx Power (mW)
	-
	9.9
	65.2
	3.1
	43.4
	100

	HUE outage probability (%)
	-
	~0
	~0
	12.09
	3.51
	0

	MUE outage probability (%)
	4.5
	10
	25
	8
	22
	30.68



Table 1: Macro UE and Home UE outage probabilities (250m away)
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Fig 2: Macro NodeB and Home NodeB coverage distribution (500m away)
Figure 2 gives the CPICH SINR distribution for Macro UEs and Home UEs in an apartment situated 500 meters away from the macro-cell (aggregated over several runs). As before an outage is assumed to occur when CPICH SINR drops below -20db. Table 2 then gives the average outage probabilities for a Home UE in the apartment and a nearby Macro UE. With low rate/ small macro dead-zone control settings, the Macro UE outage probability can be reduced to around 30 percent as against 67% chance of being in a coverage hole when all HNBs transmit at maximum power level. When HNBs calibrate their transmission power always based on desired dead-zone, the HUE outage probability is non-zero, but lower than when the apartment is closer to the macrocell. This is obvious as the interference from macrocell is waning with distance.
	
	No HNBs
	T1=0.5 bps/Hz
	T2 =2.5 bps/Hz
	Qualcomm PC (60db)
	Qualcomm PC (80db)
	Max Power

	HNB Avg Tx Power (mW)
	-
	5.1
	58.3
	2.8
	42.5
	100

	HUE outage probability (%)
	-
	~0
	~0
	5.37
	2.7
	0

	MUE outage probability (%)
	22
	32
	59
	31.5
	57
	67



Table 2: Macro NodeB and Home NodeB outage probabilities (500m away)

Next, in figure 3 we study the CPICH SINR distribution for Macro UEs and Home UEs in an apartment situated 750 meters away from the macro-cell and closer to the cell edge. Table 3 gives the outage probabilities for a Home UE in the apartment and a nearby Macro UE. The Macro UE outage probability can be reduced to around 58 percent as against 87% when there is no power control. 
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Fig3: Macro NodeB and Home NodeB coverage distribution (750m away)
	
	No HNBs
	T1=0.5 bps/Hz
	T2 =2.5 bps/Hz
	Qualcomm PC (60db)
	Qualcomm PC (80db)
	Max Power

	HNB Avg Tx Power (mW)
	-
	5.1
	58.3
	2.8
	42.5
	100

	HUE outage probability (%)
	-
	~0
	~0
	3.73
	2.89
	0

	MUE outage probability (%)
	42
	59.31
	80
	57.78
	77
	87
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Fig 4: Overall Macro NodeB and Home NodeB coverage statistics

Figure 4 shows the CPICH SINR distribution for all Macro UEs and Home UEs. Table 4 gives the outage probabilities for a Home UE in the apartment and a nearby Macro UE, illustrates the benefits of HNB Tx power control in reducing the outage probability of Macro UEs. 

	
	No HNBs
	T1=0.5 bps/Hz
	T2 =2.5 bps/Hz
	Qualcomm PC (60db)
	Qualcomm PC (80db)
	Max Power

	HNB Avg Tx Power (mW)
	-
	13.03
	65.35
	3.4
	44.48
	100

	HUE outage probability (%)
	-
	~0
	~0
	15.56
	4.91
	0

	MUE outage probability (%)
	16.5
	25
	44
	24
	42
	50


A general observation is that Macro UE outage probability values are still on the higher side, which becomes more pronounced as the Macro UEs are progressively moved away from the Macro cell. But we note that these outage values are still comparable to the baseline, when there are no HNBs present. In other words, the outage can be further reduced by adjusting P-CPICH power (currently 2 W per cell -site).  In turn, the efficacy of power control to augment coverage statistics should only improve. 

3 Discussion

Transmit Power control for HNB is essential for acceptable Macro cell performance. In fact, the power control mechanism is recommended to follow a “Self-calibrated but centralized-tuning” approach. In other words, each HNB performs power-calibration based on one or more parameters (example: target bit rate, dead-zone coverage, CIR cap for Home UEs etc) the thresholds for which, the network computes and communicates. 

From a coverage point of view, it seems prudent to use
· Conservative settings for HNBs in the macro-cell edge – Macro UE coverage is more sensitive to the HNB transmit power level in this regime

· Aggressive settings for HNBs closer to the macro cell – Macro UE coverage is less affected

4 References

[1] R4-071263, “System simulation results for Home NodeB interference scenario #2”, Ericsson.
[2] R4-071660, “Impact of HNB with fixed output power on macro HSDPA capacity”, Ericsson.        

[3] R4-081346, “Interference Management Methods for HNBs”, Qualcomm Europe. 

[4] R4-081877, “Transmission Power control schemes for Home NodeBs”, Motorola.
[5] R4-071617, “HNB and HNB-Macro Propagation Models”, Qualcomm Europe.

[6] R4-071661. “Impact of HNB with controlled output power on macro HSDPA capacity”, Ericsson.
[7] R4-081344, “HNB and Macro Downlink Performance with Calibrated HNB Transmit Power”, Qualcomm Europe. 
