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1. Introduction 

Downlink throughput simulation results are given for the deployment where Home eNBs operate at the same frequency as the macro eNBs. 

2. Discussion
The downlink throughput has been studied for densely-populated areas with multi-floor apartment buildings [1].  Both fixed and controlled transmit power for HeNB are considered. For the fixed power case, the HeNB transmit power is set to 8 dBm, which is the minimum Tx power upper limit in all cases for adjacent operator channel protection according to TS 25.104 [2]. For the controlled power case, the power control algorithm, which tries to determine the proper transmit power in order to reduce MUE outage on the same carrier frequency, is applied. This algorithm has been shown to reduce the MUE coverage outage [3].

2.1. Simulation setup
In this contribution we consider a dense-urban model that was used for HNB studies in [4]. The dense-urban model corresponds to densely-populated areas where there are multi-floor apartment buildings with smaller size apartment units.  In the dense-urban model, blocks of apartments are dropped into the three center cells of a macro cell layout with ISD of 1 km. Each block is 50m x 50m and consists of two buildings (north and south) and a horizontal street between them as shown in Figure 1. The width of the street is 10 meters. Each building has K floors. K is chosen randomly between 2 and 6. In each floor, there are 10 apartment units in two rows of five. Each apartment is 10m x 10m (i.e., approximately 1076 square feet) and has a one-meter-wide balcony. The minimum separation between two adjacent blocks is 10m. The probability that a HUE is in the balcony is assumed to be 10%. We drop 2000 apartment units in each cell which corresponds to a 6928 households per square kilometer. This represents a dense-urban area. Taking into account various factors such as wireless penetration (80%), operator penetration (30%) and HeNB penetration (20%), we assume a 4.8% HeNB penetration which means 96 of the 2000 apartments in each cell have a HNB installed from the same operator. We assume 12 simultaneously active HUEs per cell to calculate the throughput. 
MUEs are also dropped randomly into the three center cells of the 57-cell macro layout such that 30% of the MUEs are indoor. In addition, we enforce a minimum path loss of 38dB between UEs and HeNBs (i.e., one meter separation). In the dense-urban model, we use the 3GPP micro-urban model for the outdoor path loss computation. The free-space component for the micro-urban model is given by
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The other propagation models are similar to the ones in [1].

The set of simulation parameters are shown below:

· System bandwidth 5 MHz

· Macro Power = 43dBm
· HeNB power between [-10 dBm, 10 dBm].

· Case 1, the HeNB power is fixed to 8 dBm

· Case 2, the adaptive HeNB power setting is used to reduce the MUE outage
· ISD of 1km

· Thermal noise power = -99dBm

· 10 drops of 30 simultaneously active MUEs in each drop.
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Figure 1 Top view of the apartment block in dense-urban model

2.2. HeNB Tx power control

The specific HeNB power control algorithm studied in the contribution is as following:

· HeNB measures RSRP and SINR from the macro base station and neighboring HeNB. Assuming the HeNB has a small coverage area, a close by MUE or non-serving HUE is assumed to have similar RSRP and SINR as the measurements.

· HeNB power is determined by three conditions:

1. To maintain an SINR of -6 dB for a MUE located 80dB away from HeNB, taking into account the additional interference from the HeNB.
2. To maintain an SINR of -5 dB for a non-serving HUE located 80dB away from HeNB, taking into account the additional interference from the HeNB.
3. If the conditions above could not be met, transmit at the minimum Tx power (-10 dBm).
· This is an iterative process where HeNBs updates the transmit power periodically based on previous measurements.
The algorithm shown above has been shown to reduce MUE outage by reducing potential interfering HeNB transmit power. One obvious trade-off is the shrinking of HeNB coverage, i.e., some HUE will be off-loaded to the eNB due to smaller HeNB transmit power.

The HeNB transmit power statistics are shown in Figure 2, where 82% of HeNBs are shown to be transmitting at the minimum Tx power of -10 dBm. 
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Figure 2 HeNB transmit power statistics

2.3. Simulation results

We assume 41% downlink overhead and 2x2 MIMO with wideband precoding to obtain the results. First, it is assumed that a fixed Tx power of 8 dBm is used for all HeNBs. The C/I distributions with and without HeNBs are shown in Figure 3(a). With HeNBs, 25% of the UEs reach the 30dB RF noise floor, whereas without HeNBs less than 12% UEs can reach 10dB. The average throughput results are given in Figure 3(b). Almost 33% of UEs average 24.4Mbps with HeNBs. However, the percentage of UEs in outage is increased to 19% with HeNBs from 13% without HeNBs.
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(b) UE Average Throughput
Figure 3 C/I and UE Average Throughput for mixed macro and femto cell deployment with 8 dBm HeNB
Figure 4 presents the results for the power controlled case. The C/I distribution is given Figure 4(a). The UE average throughput is given Figure 4(b). Controlling the power transmitted by the HeNBs, the percentage of UEs in outage is decreased to 10%. On the other hand, the percentage of UEs achieving the maximum average throughput of 24.4Mbps is 17%. 
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(b) UE Average Throughput 
Figure 4 C/I and UE Average Throughput for adaptive HeNB power setting
Table 1 Summary of results

	
	Outage Probability
	Average throughput (kbps)
	Median throughput (kbps)

	No HeNB
	12.7%
	202 
	151 

	HeNB with fixed Tx power of 8 dBm
	18.9%
	10988
	5623

	HeNB with adaptive Tx power
	9.8 %
	8987
	3311 


3. Conclusions

In this contribution, we studied the downlink throughput with HeNBs deployed at the same frequency as the macro eNBs. We observed that the average UE throughput increase with HeNBs with respect to no HeNBs case by more than 40 times. Two cases are simulated, where the first case has fixed 8 dBm transmit power for HeNBs and the second case adaptive transmit power for HeNBs. With controlled transmit power, the percentage of UEs in outage decreases below the case with no HeNB is deployed. Therefore, with controlled transmit power for HeNBs, not only better C/I and higher UE average throughput are achieved, but also fewer UEs are left in outage.
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