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1.
Introduction

A study item proposal to develop a framework to provide 3G Home NodeB environment was approved at RAN #35, in which one of the RAN4 task is to identify relevant deployment scenarios and any new, revised or missing RF requirements for 3G Home NodeB [1]. 

In this contribution, we investigate the transmit power required by Home NodeB to obtain good indoor coverage without significant outdoor interference from the Home NodeB.
2.
Coverage for Different Frequency Planning
It is anticipated that initial Home NodeB will be deployed at different frequency from the underlay Macro-cell network. In this case the inter-frequency interference is negligible. We only need to consider the mutual interference among Home NodeBs.

In Figure 1, the path loss in and out of a typical house is plotted (the coordinates are given in meters). The Home NodeB is placed in the ceiling centre of the house. It is recommended that the user should place the Home NodeB in the centre of the intended coverage area when applicable. If the Home NodeB is placed near the window, it may produce significant interference to outdoor users. A dipole antenna over a plane conductor is used, and the Home NodeB transmitted power is 1 mW (0 dBm) and pilot power is 0.1 mW (-10 dBm).

Indoor path loss is characterized by a fixed path loss exponent of 2, just as in free space, plus additional loss factors relating the number of floors (nf) and walls (nw) intersected by the straight-line distance (r in meters) between the terminals. Thus [2]
L=L1+20log(r)+nf*af+nwaw




(1)

where L1=20log(4π/λ) is the path loss at 1 meter, λ is the carrier radio wavelength in meters, r is the distance in meters, af and aw are the attenuation factors in decibels per floor and per wall, respectively. The typical penetration losses in dB are assumed as:

External wall = 15;

Window   = 1; 

Door = 3; 

Internal wall = 10; 

Floor loss and shadow fading are not taken into consideration in this case.
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A village of 15 houses is shown in Figures 2 to 5 below. The houses are separated 18 meters in X-axis and 36 meters in Y-axis (all coordinates are given in meters in the figures). There is one Home NodeB per house, placed in the ceiling centre of the house. 
Cell coverage is dependent on the UE sensitivity. Here we assume that the UE sensitivity for pilot RSCP is -110 dBm and Ec/Io is -17 dB. In Figure 2, the pilot RSCP (in dBm) is plotted from the centre house. It can be seen that there is significant cell coverage outside the house. If the Home NodeB access is restricted only to registered users, transmitted pilot power below -10 dBm will be needed in order not to cause too much interference to outdoor users.
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However, pilot power of -10 dBm is the minimum value supported by the current 3GPP standards, as specified in section 10.3.6.61 of TS 25.331 [3]:

*** Start of extraction ***

10.3.6.61
Primary CPICH Tx power

NOTE:
Only for FDD.

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	Primary CPICH Tx Power
	MP
	
	Integer(-10..50)
	Power in dBm.


*** End of extraction ***


Figure 3 shows the pilot Ec/Io coverage from the Home NodeB in the centre of the village. It can be seen the Pilot Ec/Io coverage is smaller than the coverage shown from the Pilot RSCP, this is due to the interference from the Home NodeBs located in neighbouring houses. 
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Figure 3: Pilot Ec/Io (dB) from one house
Figure 4 shows the maximum Pilot RSCP coverage from all the houses in the village. It can be seen that Home NodeB can provide significant outdoor coverage, when operating at a different frequency from the underlay Macro-cell network.
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Figure 4: Maximum Pilot RSCP (dBm) from all 15 houses
Figure 5 shows the maximum Pilot Ec/Io coverage from all the houses in the village. It can be seen that Pilot Ec/Io has larger coverage than RSCP in the plots. This is due to the fact that the minimum value of the absolute signal strength RSCP is -110 dBm, while pilot Ec/Io is the ratio between signal and interference with a minimum value of -17 dB.
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Figure 5: Maximum Pilot Ec/Io (dB) from all 15 houses
3.
Proposal for Minimum Pilot Power

As shown in Figure 2 above, if the pilot power is set to -10 dBm, then there is significant cell coverage outside the house and this may cause unwanted interference to outdoor users. We propose to lower the supported pilot power limit to -30 dBm. The pilot RSCP (in dBm) with -30 dBm transmit power from the centre house is plotted in Figure 6. It can be seen that the outdoor coverage by the Home NodeB is significantly reduced, and thus the interference to outdoor users is greatly reduced.
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Figure 6: Maximum Pilot RSCP (dBm) from all 15 houses for -30 dBm pilot Tx power 
4.
Conclusions

In conclusion, if Home NodeB is deployed in a separated frequency, no significant pilot power is needed to provide indoor coverage. When Home NodeB access is restricted only to registered users, care must be taken to reduce coverage out side the house. We propose to lower the supported pilot transmit power limit in TS 25.331 to -30 dBm, in order to reduce the interference caused by the Home NodeB to outdoor users. If public access is allowed, pilot power restriction can be more relaxed.
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Figure 2: Pilot RSCP (dBm) from one house








Figure 1: Indoor Path Loss in dB
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