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1
Introduction

In this contribution, we study the impact of Home NodeB (HNB) transmit power on the macro downlink performance.  We show that even when HNB is deployed on the adjacent-channel of macro cell, HNB transmit power as low as -20dBm may be required to limit the downlink interference on macro UEs. 

2
Scenario and Simulation Assumptions

We consider a HNB-macro model similar to the one described in [1] with 150 HNBs in each macro cell. We then place a macro UE (MUE) inside each house at a distance of dM meters from the HNB. To calculate the path loss from a MUE to a macro NodeB (MNB), the MUE is projected into four virtual UEs located at the edges of the house. The path loss from the MUE to a MNB is then computed as
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(1)
where PL(v)macro is the path loss from a MNB to the virtual UE, R is the distance between the MUE and a virtual UE, q is the total number of walls between the MUE and the virtual UE, W is the wall partition loss which is set to 5dB, a is the attenuation coefficient equal to 0.8dB/m, and Low is the outdoor penetration loss. We assume that q is a random number chosen from the set 
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with equal probability where dw is again set to 2m. In addition, we assume that Low is 10dB with probability 0.8 and is equal to 2dB with probability 0.2 to account for windows. We calculate the path loss corresponding to each of the four virtual UEs according to (1), and choose the smallest one. 

 Assuming free-space propagation, the path loss from MUE to the nearest HNB is computed as
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We then compute the CPICH Ec/No of the MUE from its serving MNB according to
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(3)
where PCPICH= PMNB/10 is the macro CPICH transmit power, PHNB is the HNB transmit power, ACIR is the adjacent channel interference ratio, PLM,s is the path loss from the MUE to its serving MNB, PLM,i is the path loss from the MUE to MNB i, and PLH is the path loss from MUE to the nearest HNB.  Note that (3) is an upper bound for the MUE CPICH Ec/No since the contribution of other HNBs and thermal noise to No is ignored. For our simulations, we assume PMNB=43dBm and ACIR=33dB which corresponds to adjacent-channel deployment. 
3 Simulation Results and Discussion
We use the model described in Section 2 to obtain the MUE CPICH Ec/No distribution when the MUE is located at 1m and 3m from the HNB (i.e., dM=1m and dM=3m) for different values to HNB transmit power (i.e., PHNB).

Figure 1 and Figure 2 show the CPICH Ec/No CDFs for dM=1m and dM=3m, respectively. Assuming a minimum required macro CPICH Ec/No of -16dB, it is seen that even a HNB transmit power of -10dBm can cause considerable outage on the downlink of MUE. Based on the figures, a HNB transmit power as low as -20dBm may be required to limit the downlink impact of HNB on the MUE.  
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Figure 1: Distribution of macro CPICH Ec/No at a distance of one meter from HNB for adjacent-channel deployment
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Figure 2: Distribution of macro CPICH Ec/No at a distance of three meters from HNB for adjacent-channel deployment

Therefore, our simulations show that the lower limit of HNB transmit power needs to be lower than -10dBm. 
In [2], it is claimed that to guarantee a coverage radius of 5m for the Home UE (HUE), a HNB transmit power of -9dBm is required and, based on this claim, -10dBm is proposed as the lower limit for the transmit power of HNB. However, this conclusion is based on pessimistic assumptions. Firstly, in [2], pilot signal strength of at least -90dBm is assumed at the edge of coverage. However, a pilot power of -100dBm may still be sufficient for the edge of the coverage for reasonable performance. Secondly, a shadowing loss of 10dB is assumed for indoors which is pessimistic since the indoor channel is in many cases Rician. As a result, a HNB transmit power lower than -10dBm can still provide coverage for the HUE. 
Note that this document is not intended to provide final recommendations on the transmit power settings of HNBs. In actual HNB deployments transmit power settings need to be decided based on many factors which may differ for different deployment scenarios. However, we believe the range of possible values for HNB transmit power should be wide enough to cover all the possibilities. The analysis presented in this document shows that the range may need to be as low as -20dBm.

4 Conclusions

We show that even in adjacent-channel deployment, a HNB transmit power of -10dBm can still cause outage for the macro UE downlink. A minimum transmit power as low as -20dBm may be required for the HNB to limit the impact on the macro UE downlink 
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