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1. Introduction

Home eNodeB (HeNB) can cause significant interference in HeNB deployment scenarios where HeNB and Macro eNodeB (MeNB) share the whole or a part of the frequency band [1]. To achieve significant improvement in coverage and capacity from HeNB deployment, the development of interference mitigation schemes for HeNB is necessary. In [2-4], we investigated the performance of uplink overload indicator (OI) based transmission power control (TPC) method under the assumption where OI exchanged between MeNBs is available to HeNB. The result of our system level simulation showed that although OI-based TPC in HeNB potentially has good interference mitigation ability, the large delay in receiving OI at the HeNB may degrade this capability. Therefore, a simpler open-loop uplink power control method based on pathloss (PL) information is considered in this contribution.
On the uplink, the UE connecting the HeNB, referred to as the HUE, can cause interference to MeNB. This interference is significant if HUE is located outdoors and close to MeNB. On the other hand, HUE located indoors, near the HeNB and far from MeNB can increase transmission power without generating additional interference to MeNB. As pointed out in [5], TPC based on PL between HUE and its serving HeNB and PL between HUE and its neighbor MeNB should be considered. 

In this contribution, we investigate the performance of interference mitigation ability of PL-difference-based TPC where HUE transmission power is controlled by the fractional power control (FPC), which is based on PL between HUE and its serving HeNB, and the additional offset calculated by PL-difference between PL from HUE to its serving HeNB and PL from HUE to its worst victim MeNB. 

2. PL-difference-based TPC in HeNB

This section defines the offset used in PL-difference TPC. The offset is sent to HUE as UE specific term of 
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 via RRC message (Fig. 1), or TPC command. HUE measures 
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 (PL between HUE and its serving HeNB), and report those to HeNB. HeNB decides the offset 
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 based on the PL-difference 
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. The offset 
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 should be non-decreasing function with respect to
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 is small, the HUE transmission power is reduced (This case mainly corresponds to outdoor HUE) and if 
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 is large, the HUE transmission power is increased (This case mainly corresponds to indoor HUE). 
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Fig. 1: PL-difference-based TPC using 
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Fig. 2: One example of 
[image: image15.wmf])

(

PL

P

Offset

D

. 

3. Simulation Model

Here we show the simulation assumptions and parameters in table 1 - 4. The suburban model defined in [6] is applied. Table 4 is the list of extra parameters. The compensation coefficient 
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 is set to 0.8 for both PL-difference-based TPC and FPC, and the cell-specific parts of 
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 are set to different values for HUE and MUE (We set cell-specific term of 
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 for HUE to be bigger than that for MUE). MeNB uses OI-based TPC. 
Table 1. Macrocell system assumptions
	Parameter
	Assumption

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

	Inter-site distance
	500 m

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

	Carrier Frequency
	2000 MHz

	Distance-dependent path loss
	See section 5.2 in [6]

	Shadowing standard deviation
	8 dB (see section 5.3 in [6])

	Shadowing correlation
	Between cells
	0.5 (fixed, see section 5.3 in [6])

	
	Between sectors
	1.0 (see section 5.3 in [6])

	Penetration Loss (assumes UEs are indoors)
	20dB (see section 5.2 in [6])

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
	See section 5.1 in [6]

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	Number of BS antennas
	2 Rx

	Number of UE antennas
	1 Tx

	UE power class
	23 dBm (200 mW)

	Inter-cell Interference Modelling
	Explicit modelling (all cells occupied by UEs)

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
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	Traffic model
	Full buffer with 10 Macro UEs per sector (Distribution of Macro UE is defined in Table 3.)

	Minimum distance between UE (Macro UE and HeNB UE) and cell
	>= 35 m

	UE speeds of interest
	3 km/h

	UL Receiver Type
	MRC.

	Number RBs for PUCCH
	4


Table 2. HeNB system assumptions

	Parameter
	Assumption

	HeNB Frequency Channel
	Same frequency and same bandwidth as macro layer

	Min separation UE to HeNB
	20 cm

	Minimum separation HeNB to macro BS
	35 m

	Number Rx antennas HeNB
	2

	HeNB antenna gain
	5 dBi

	Exterior wall penetration loss
	20 dB (See section 5.2 in [6])

	Path loss model
	See section 5.2 in [6]

	Log-normal shadowing standard deviation
	4 dB

	Noise figure HeNB
	8 dB

	Min / Max Tx power HeNB
	0 / 20 dBm

	Number RBs for PUCCH
	4


Table 3. Suburban HeNB modelling parameters

	Parameter
	Value

	House size
	12 x12 m

	House + Lot size
	(12f) x (12f) m where f = sqrt(1+p) and p is the ratio of outdoor HeNB UE

	Probability of HeNB UE being outdoors
	10 %

	Number of active HeNB UEs per femtocell
	1

	Distribution of HeNB houses
	Random uniform within macro coverage area, subject to minimum separation to macro BS and non-overlapping constraint (Don’t allow HeNB houses + lots to overlap).

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

	Distribution of HeNB within HeNB house
	Random uniform

	Distribution of Macro UE
	All Macro UEs are randomly dropped within macro coverage area and are indoors. A macro UE may be within HeNB house.


Table 4. Other simulation parameters

	Parameter
	Value

	Carrier bandwidth
	10 MHz

	Scheduling algorithm (MeNB and HeNB)
	Proportional fairness

	Link to system mapping
	EESM, same 
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 value for all MCS

	Delay and transmission interval of OI 
	20 msec

	Target IoT of OI-based TPC
	10 dB

	PL compensation coefficient 
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	0.8


4. Simulation Results
We show the simulation results in Figures 3 and 4 to compare the performance of PL-difference-based TPC and FPC. To distinguish the effects of the HUE transmission power reduction and increase, we set the offset 
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 to be non-positive value; i.e. this offset never increases transmission power of HUE. Notice that we have not optimized 
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 in this contribution.
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Fig. 3: MUE throughput in uplink suburban model (Left: Mean, Right: 5 percentile). 
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Fig. 4: HUE throughput in uplink suburban model (Left: Mean, Right: 5 percentile). 

Figures 3 and 4 indicate the following:

· For both TPC, MUE throughput monotonically decreases as the number of HUE increases, and the degradation of MUE throughput is significantly larger. In contrast, HUE throughput remains almost constant at a high value.

· PL-difference-based TPC shows higher MUE throughput than that of FPC since PL-difference-based TPC controls the transmission power of outdoor HUEs, which cause large interference to MeNB, to be lower level.

· Compared to FPC, PL-difference-based TPC degrades HUE throughput, especially at the 5 percentile HUE throughput. Further improvement in HUE throughput can be achieved by optimization of offset 
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· The HUE contributing to 5 percentile HUE throughput is considered to be outdoors. Since the interference mitigation ability to MeNB and outdoor HUE throughput are tradeoffs, the quest for optimal offset 
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is needed. We didn’t consider the transmission power increase for indoor HUE, which might lead mean HUE throughput improvement without degradation in MUE throughput.

5. Discussions
Our simulation results show that although PL-difference-based TPC mitigates the interference from HUE to MeNB, MUE throughput significantly decreases as the number of HUE increases. Table 5 shows the comparison of PL-difference-based TPC and overload indicator (OI)-based TPC evaluated in [4].  For both TPC algorithms, MUE throughput monotonically decreases as the number of HUE increases.  The parameter optimization of these TPC algorithms is one possible solution to protect MUE throughput. However, the existence of unspecified number of HeNB makes the optimization difficult. These imply further study is needed to develop interference mitigation schemes. 
Table 5. Comparison of PL-difference-based TPC and OI-based TPC [4].
	TPC algorithm to HeNB
	Control
	Impact to specifications
	MUE throughput
	HUE throughput

	PL-difference
	Open loop
	No
(Desirable)
	Monotonically decreases as # of HUE increases.
(Not desirable)
	Remains constant
(Desirable)

	OI
	Closed loop
	Need new interface
(Not desirable)
	Monotonically decreases as # of HUE increases.
(Not desirable)
	Monotonically decreases as # of HUE increases.
(Not desirable)


6. Conclusions

In this contribution, we investigated the performance of interference mitigation ability of PL-difference-based TPC where the HUE transmission power is restricted by PL-difference between PL from HUE to its serving HeNB and PL from HUE to its worst victim MeNB. The results of our system level simulation showed that although PL-difference-based TPC mitigates the interference from HUE to MeNB, MUE throughput significantly decreases as the number of HUE increases. This result implies further study is required to develop interference mitigation schemes. This contribution didn’t consider the interference problem from HUE connecting to neighbor HeNB (No. 6: Uplink interference; HeNB UE Tx to Other HeNB Rx” described in [7]). We believe that RAN4 should consider further studies on interference mitigation methods to achieve greater benefits for coverage and capacity improvements in HeNB deployments without any negative impact to the Macro system. In addition, interference mitigation methods are desirable to keep production cost and operating expense (OPEX) at a minimum.
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