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1 Introduction
The downlink transmit power of Home eNodeB (HeNB) is one of adjustable parameters for interference mitigation when HeNB and Macro eNodeB (MeNB) share the whole or a part of the frequency band. It should be set appropriately so that indoor HeNB cell coverage can be maintained while mitigating the interference to outdoor MeNB cell. In order to realize this, it is necessary for HeNB to have knowledge of isolation between HeNB cell and macro cell through indoor path loss or penetration loss. 

In this contribution, the downlink transmit power control of HeNB which takes into account the indoor path loss or penetration loss is presented along with a system level simulation for proving the effect.
2 Power Control Algorithm
Home NodeB (HNB) can measure the signal strength of carrier frequencies from surrounding cells for the interference mitigation via a DL Receiver function which is called Network Listen Mode (NLM)[1]. The DL Receiver function can periodically be switched from a DL transmitter function for HNB within one antenna. Some measurements should also be collected through Connected Mode UEs attached to the HNB.
The above measurement scheme can also be applied to HeNB. HeNB itself can measure RSRP, Received Interference Power or other items in [2] like MeNB.

Each building where HeNB is set has different properties in terms of penetration loss. If the transmit power is not set based on the penetration loss, MeNB or HeNB itself may be significantly victimized. When the transmit power of HeNB is set to a high value while the penetration loss is small, the interference from HeNB to MeNB cell is increased. In opposite, when the transmit power is set to a small value while the penetration loss is large, the indoor HeNB cell coverage deteriorates. 
We propose a method of adjusting the transmit power of reference signal of HeNB based on the penetration loss. The penetration loss can be estimated with measurements of RSRP from MeNB and of uplink received interference power. HeNB can also set the maximum downlink transmit power in proportion to the transmit power of reference signal. 

HeNB should set the transmit power of reference signal P_tx as follows: 
P_tx (dBm) = MEDIAN( P_m + P_offset, P_tx_upp, P_tx_low )            (1)
Where: 

- P_m (dBm) is RSRP from the nearest surrounding MeNB, 
- P_offset (dB) is the power offset corresponding to the allowed indoor loss which consists of the indoor path loss between HeNB and cell edge of HeNB cell and the penetration loss, 

- P_tx_upp/P_tx_low (dBm) is the upper/lower limit value of the transmit power. 

As RSRP decreases, which means HeNB is located close to the edge of the macro cell, the transmit power should be small in order to mitigate the downlink interference to the surrounding macro cell.
Furthermore, P_offset should be defined as follows:
P_offset = MEDIAN( P_offset_o + K*LE, P_offset_max, P_offset_min )     (2)

Where: 

- P_offset_o (dB) is the power offset corresponding to the indoor path loss, 

- K is an adjustable positive factor, 

- LE (dB) is estimated value of the penetration loss, 

- P_offset_max/P_offset_min (dB) is the maximum/minimum value of the power offset. 

If the penetration loss can be estimated, then the transmit power of HeNB should be set accordingly. 

In equation (2), the penetration loss is estimated and the power offset should take this value into account. For buildings with small penetration loss such as 1 or 2 stories residential houses, the transmit power becomes small so that the interference to macro cell can be mitigated. For buildings with large penetration loss such as an office building, the transmit power becomes large so that the indoor communication quality can be high. Fig1 shows the indoor communication quality becomes good because the transmit power is compensated by the penetration loss.
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Fig.1: DL transmit power setting compensated by penetration loss
One method of estimating the penetration loss between a neighbor ourdoor macro UE (MUE) and HeNB is to use the estimated UL transmit power of the neighbor outdoor MUE and the corresponding UL reception power from this MUE. HeNB can measure the UL reception power from the MUE as Received Interference Power. HeNB can estimate the UL transmit power of the neighbor outdoor MUE using the DL propagation loss from the surrounding MeNB to HeNB based on the assumption that UL power control is applied for both the neighbour outdoor MUE and HeNB as a UE. Then the penetration loss can be estimated based on the difference between the estimated UL transmit power and the UL reception power.
3 Simulation Assumption
Table 1-3 summarizes the simulation assumptions and parameters which are used in this contribution based on [3]. 
Table1. Macrocell system assumptions
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 3 sectors per site, reuse 1.

	Inter-site distance
	3464 m

	Number sites
	7 (=21 cells) with wrap-around.

	Carrier Frequency
	2000 MHz

	Distance-dependent path loss
	See section 5.2 in [3]

	Shadowing standard deviation
	8 dB (see section 5.3 in in [3])

	Auto-correlation distance of Shadowing
	50 m (see section 5.3 in [3])

	Shadowing correlation
	Between cells
	0.5 (fixed, see section 5.3 in [3])

	
	Between sectors
	1.0 (see section 5.3 in [3])

	Penetration Loss (assumes UEs are indoors)
	Mixed with 10, 20, and 30 dB at equal probability 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
	See section 5.1 in [3]

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	Number of BS antennas
	2 Rx, 2 Tx

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	Number of UE antennas
	2 Rx, 1 Tx

	Total BS TX power (Ptotal)
	43 dBm

	UE power class
	23 dBm (200 mW)

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Traffic model
	Full buffer with 10 Macro UEs per sector.

	UE distribution
	Uniform distribution

	Minimum distance between UE and cell
	>= 35 m

	UE speeds of interest
	3 km/h

	DL Receiver Type
	MRC (single stream) 


Table 2. HeNB system assumptions

	Parameter
	Assumption

	Cell Radius
	10 m

	HeNB Frequency Channel
	same frequency and same bandwidth as macro layer

	Min separation UE to HeNB
	10 cm

	Number Tx antennas HeNB
	1

	Number Rx antennas HeNB
	2

	HeNB antenna gain
	0 dBi

	Exterior wall penetration loss
	Mixed with 10, 20, and 30 dB at equal probability

	Interior path loss model
	See section 5.2 in [3]

	Interior to Exterior path loss model
	See section 5.2 in [3]

	Exterior path loss model HeNB to UE
	See section 5.2 in [3]

	Log-normal shadowing standard deviation
	4 dB

	Noise figure HeNB
	8 dB

	Min/Max Tx power HeNB (P_tx_low/P_tx_upp)
	-20/20 dBm

	Carrier bandwidth
	5 MHz

	P_offset_o
	50, 70, 90 dB

	K
	1, 2


Table 3. Suburban HeNB modelling parameters

	Parameter
	Value

	Minimum separation HeNB to macro BS
	35 m

	Number of active HeNB UEs per HeNB cell
	1

	Number of HeNB per macro sector
	10

	Distribution of HeNB
	Random uniform within macro coverage area, subject to minimum separation to macro BS and non-overlapping constraint.

	Distribution of HeNB UE within HeNB house
	Random uniform, subject to minimum separation to HeNB


4 Simulation Results

We compare three power control cases as below: 

Case 1: Power is fixed 

・ All HeNB have the same fixed transmit power value
Case 2: Penetration loss is not considered 

・ Open loop power control (Only reception power from MeNB is considered) 

・ This case corresponds to K=0 

Case 3: Penetration loss is estimated
・ LE is estimated to be between 10 and 30 dB
We define the following performance requirement for MeNB and HeNB for evaluation: 

MeNB: 5% User Throughput should be large at the constant level of HeNB User Throughput

HeNB: 5% or Average User Throughput should be large at the constant level of MeNB User Throughput
We use 5% User Throughput because it relates to cell coverage.
Fig.2 shows the relation between MeNB 5% User Throughput and HeNB 5% User Throughput. Fig.3 shows the relation between MeNB 5% User Throughput and HeNB Average User Throughput. In these figures Case1, Case2, and Case3 are compared. Figures show the further a graph goes to the right upper side the better performance is. According to Fig.2 and Fig.3, Case3 achieves the best performance and meet the performance requirement the best.
Case2 sets the HeNB transmit power only based on RSRP from MeNB. Case2 has more HeNB which has small transmit power because of large macro cell radius such as 2 km and large penetration loss such as 30dB in the simulation assumption than Case1 or Case3 has. As a result, Case2 may show the worst performance and may not be enough for the transmit power to be set.
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Fig.2: MeNB 5% User Throughput vs HeNB 5% User Throughput
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Fig.3: MeNB 5% User Throughput vs HeNB Average User Throughput
5 Conclusion

In conclusion, the power control based on the penetration loss is more effective and useful than the power control based on the reception power from the surrounding macro cell alone or fixed power.
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Annex: Text Proposal (To be added to a similar chapter to 7.2.1.5.1 of TR 25.967 )
HeNB should adjust the downlink transmit power with taking into account path loss between the HeNB and an outdoor neighbor MUE including penetration loss in order to provide better interference mitigation for MUE while maintaining good HeNB coverage for HUE. The path loss should be estimated based on the difference between the estimated UL transmit power of the outdoor neighbor MUE and the UL reception power from the outdoor neighbour MUE. HeNB can measure the UL reception power from the MUE as Received Interference Power. HeNB can estimate the UL transmit power of the neighbor outdoor MUE using the DL propagation loss from the surrounding MeNB to HeNB based on the assumption that UL power control is applied for both the neighbour outdoor MUE and HeNB as a UE. 
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