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1. Introduction

In this contribution, we present results illustrating the impact of HeNBs on macro cell downlink throughput. Our results reveal the extent of throughput degradation suffered by macro UEs under different HeNB densities and transmission power levels. We also study the throughput degradation when a distance based power control mechanism is applied. 
2. Simulation assumptions
Table 1 shows the simulation assumptions used for generating results that follow. Other simulation assumptions are mostly inline with the assumptions in [1].
                 Table 1 Simulation assumptions

	Parameter
	Value

	Inter-site distance
	500 m

	Carrier frequency
	2 GHz

	Carrier bandwidth
	5 MHz

	Total Macro BS transmission power
	20 W (43dBm)

	External wall penetration loss
	10 dB

	Number of BS antennas 
	2 Rx, 1 Tx

	Minimum separation HeNB to Macro BS
	46 m

	HeNB total transmission power
	0dBm, 10dBm, 20dBm, distance based power control

	Traffic model
	Full buffer with 200 UEs per sector

	UE distribution
	UEs are dropped with uniform density.

All UEs are assumed to be outdoors.

	HeNB operation mode
	Closed access

	Scheduler 
	Proportional fair (alpha=1 and beta=0.375)


It is known that the coverage of a HeNB is strongly correlated with its distance to the macro cell if constant power is used by all HeNBs. In order to ensure consistent HeNB coverage, we consider a distance based power control algorithm. The following formula is used to compute HeNB transmission power: 
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is the distance between the HeNB and the closest macro cell. The macro cell is divided into three strips such that all HeNBs located in a strip will use the same power level as given in the formula. The strip boundaries are selected so that the variation of the received macro cell signal strength is approximately equal to 10dB for outdoor UEs in each strip. Since the locations of HeNBs and macro cells are known to operators, the distance between a HeNB and its closest macro cell can be calculated after the HeNB has been deployed, and transmission power of this HeNB will be configured accordingly.  Different from measurement based power control algorithm where a HeNB chooses its transmission power based on measured signal strength of the nearby macro cells, our proposal does not rely on measurements made by a HeNB DL receiver, which could incur additional cost and security/reliability issues.  
3. Simulation results
When no HeNB exists in the network, the simulated macro cell downlink throughput is equal to 6.4Mbps, which is used as a benchmark reference for macro cell throughputs with HeNB deployment. Table 2 shows the normalized DL cell throughputs (actual throughputs divided by 6.4Mbps) for different HeNB densities and transmission power levels.
Table 2 Normalized aggregate macro cell downlink throughput with HeNB deployment
	Normalized macro cell DL throughput 
	HeNB transmission power (dBm)

	
	20
	10
	0
	Distance based PC

	Number of HeNBs per macro cell
	50
	0.60
	0.66
	0.84
	0.70

	
	40
	0.61
	0.70
	0.86
	0.75

	
	30
	0.69
	0.92
	0.98
	0.95

	
	20
	0.76
	0.95
	1.00
	0.98

	
	10
	0.80
	0.97
	1.00
	0.97


We have following observations:
· As highlighted in the shaded region in Table 2, the normalized cell throughput is very close to 1 with a small number of HeNBs (<=30) and low HeNB transmission power (<=10dBm). The cell throughput variation within this region is quite small with varying number of HeNBs and their power levels. Beyond this region, however, cell throughput drops very fast when adding more HeNBs and/or increasing HeNB power levels. In order to limit HeNB impact on aggregate macro cell DL throughput, operators may want to set joint upper bounds for CSG HeNB density and transmission power and perform admission control when needed. For example, if the number of deployed HeNBs under a certain macro cell is larger than the upper bound, some of them may need to reduce its power or change to open/hybrid access mode.
· Distance based power control algorithm provides close to benchmark results when the number of HeNBs is 10, 20 or 30. With larger number (40 or 50) of HeNBs, the algorithm consistently leads to larger throughput compared to the throughput when constant HeNB power 10dBm/20dBm is applied.  
The results in Table 2 show that the aggregate cell throughput will not have a large reduction whenever HeNB density and transmission power level are within a certain range. However, for a given UE, its throughput can decrease significantly if it is close to an interfering HeNB. For example, a HeNB deployed in an apartment could generate large interference to UEs in neighboring apartments. Such a HeNB may even create big coverage holes in which UEs in neighboring apartment can not connect to the macro cell. Although only a small number of UEs are likely to be impacted, we can not ignore this problem.
One solution to solve this problem is to limit the resource blocks being used by HeNBs, so that a UE nearby can be scheduled by the macro cell using the remaining resource blocks. The part of resource blocks not used by HeNBs needs to be preconfigured so that the macro eNB will know how to perform resource allocation once a UE reporting a nearby interfering HeNB.  This issue has also been discussed in [2].      
4. Conclusions
We have studied the impact of HeNB interference on macro cell throughput performance. Based on our results, we propose the following:

· Distance based power control algorithm should be considered as an alternative to the measurement based power control algorithm. 
· To limit HeNB impact on aggregate macro cell DL throughput, it is desirable to set joint upper bounds for HeNB density and transmission power. If the number of deployed HeNBs under a certain macro cell is larger than the upper bound, some of them may need to reduce its power or change to open/hybrid access mode. 
· To limit HeNB impact on a nearby UE DL throughput, HeNBs shall be blocked from using certain resource blocks. The index of such resource blocks needs to be preconfigured so that the macro eNB will know how to perform resource allocation once a UE reporting a nearby interfering HeNB.
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