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1 Introduction
In the last RAN1 meeting, HeNB power setting schemes were proposed as interference mitigation for control channel protection and we have proposed to consider the penetration loss of the indoor/outdoor wall to the HeNB power setting scheme in [1]. In this contribution, we show detailed estimation process of the penetration loss and the performance of MeNB/HeNB user throughput with and without the penetration loss consideration. 
2 HeNB power setting scheme
In the last RAN1 meeting, the HeNB power setting scheme based on the reception power of the reference signal of the strongest MeNB was proposed in [2]. The HeNB measures the reception power in the initial configuration phase or in operational phase and adaptively sets the transmit power level accordingly. This scheme corresponds to the measurement based self configuration scheme given in [3]. The HeNB sets the transmit power of the reference signal as
Ptx=max(min(α · PM + β ,Pmax), Pmin) [dBm],


(1)
PM [dBm] is the reception power of the reference signal from the nearest MeNB cell measured at the HeNB and is dependent on the path loss between the nearest MeNB and the HeNB which includes the penetration loss at the building wall. β[dB] is the power offset compensating for the indoor loss. β[dB] can be set as the predetermined fixed value or the estimated value based on the penetration loss which is described in [3] section7.2.3.3. Pmax and Pmin [dB] are the upper and the lower limit value of the transmit power. Pmax is needed to limit the interference from the HeNB to the MUE. Pmin is also needed to guarantee a certain minimum performance for HeNB cell even if the surrounding MeNB cell cannot be detected.
3 Estimation process of the penetration loss
As pointed out in [1], since we could assume that HeNBs are deployed in indoor environment, penetration loss of indoor/outdoor wall should be considered for the power setting scheme. In this section, we explain an example of estimation process of the penetration loss of the indoor/outdoor wall corresponding to the estimated value β[dB] in formula (1). According to section7.2.3.3 in [3], β can be defined based on path loss between the HeNB and the MUE. The path loss may consist of indoor path loss between the HeNB and cell edge of HeNB cell and the penetration loss. β should be formulated as follows:
β= max(min(β_o + K*LE, β_max), β_min ),
(2)
Where: 

-
β_o (dB) is a predetermined power offset value corresponding to the indoor path loss. Typical value range between 50 and 100dB, and can be determined by the averaged measurement value.

-
K is an adjustable positive factor can be determined by the priority of HeNB operation. This value should be high to increase the total transmit power (MeNB is more acceptable to higher interference) and low to reduce the interference to MeNB operation.

-
LE (dB) is estimated penetration loss as below.
-
β_max/β_min (dB) is the maximum/minimum value of the β by which the estimated and calculated β can be prevented from being too large or too small. This value is dependent of the actual wall penetration loss plus β_o. And the typical wall penetration loss ranges between 10 and 30dB.
In this scheme, estimation for the penetration loss corresponding to “LE(dB)” within above HeNB power setting formula is most important value. When HeNB estimates the penetration loss value, measurement for received MeNB power and received UL power from MUE are needed. The path loss between the HeNB and the MUE should be estimated based on the difference between the estimated UL transmit power and the UL reception power (as the Received Interference Power) of the MUE. The estimated UL transmit power is based on the assumption that UL power control is applied for both MUE and HeNB as a UE. Then the UL transmit power can be calculated by the DL propagation loss from the surrounding MeNB to the HeNB utilizing the RSRP measurement.
4 Performance results of the HeNB power setting
In this section, we show the performance results of MeNB/HeNB user throughput with and without consideration of the penetration loss and compare the results with non HeNB power setting case. Main simulation assumptions and parameters are described in Appendix A based on [4] and [5]. 

We evaluate and compare 3 HeNB power setting schemes as follows:
· Scenario 1: Non HeNB power setting scheme. In this scheme, all HeNBs have the same power setting value.
· Scenario 2: HeNB power setting scheme without consideration of the penetration loss. In this scheme, the HeNB sets its transmit power according to the equations (1). β in (1) is a predetermined value.

· Scenario 3: HeNB power setting scheme with consideration of the penetration loss. In this scheme, the HeNB sets its transmit power according to the equations (1) and β is determined by (2).

Figure 1and 2 show the performance results of system level simulation for the 3 scenarios of the HeNB power setting schemes. Figure 1(a) shows cumulative distribution function (C.D.F) of MeNB and Figure 1(b) shows C.D.F of HeNB user throughput. The MeNB user throughput means the user throughput for users served by MeNB cells (MeNB UEs). The HeNB user throughput also means the user throughput for users served by HeNBs (HeNB UEs). Figure 2 shows comparison between 3 scenarios of the HeNB power setting schemes with a specific user throughput point. For MeNB and HeNB UEs, 5% (cell-edge) user throughput and mean user throughput is used respectively. 
According to Figure 1 and 2, firstly, the MeNB user throughput has nearly the same distribution between 3 scenarios. The interference impact from HeNBs to MeNB UEs is considered to be fully acceptable if the HeNB power setting schemes are applied. Secondly,  the HeNB user throughput of the HeNB power setting scenarios (scenario 2 and 3) is apparently improved compared as that of the non HeNB power setting scenario (scenario 1). In addition, if the penetration loss is considered at the HeNB power setting scenario, the HeNB user throughput is further improved. For example, the HeNB mean user throughput of scenario 2 and 3 is increased by 1.5 and 2.3 times compared as that of scenario 1.  Scenario 3 considers the penetration loss for the HeNB power setting and adjusts it based on UL received interference power as Appendix B. Therefore, when the MeNB UE is located nearby the HeNB and the UL received interference power becomes large, the HeNB suppresses the transmit power and the impact to the MeNB UE is mitigated. When the MeNB UE is not located nearby the HeNB and the UL received interference power becomes small, the HeNB increases the transmit power and the HeNB user throughput is improved. This adjustment is not supported in scenraio 2. 
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(a)  CDF of throughput for MeNB UEs                                         (b) CDF of throughput for HeNB UEs
Figure1. Cumulative Distribution Function (CDF) of each user throughput
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(a)  5% user throughput for MeNB UEs                                  (b) Mean user throughput for HeNB UEs
Figure2. Comparison between 3 scenarios with a specific user throughput point

As the result of the comparison of the performances, we propose;

Observation: HeNB power setting schemes can improve HeNB user throughput without degradation of MeNB user throughput rather than without HeNB power setting schemes. 

Proposal:  Penetration loss of indoor/outdoor wall should be considered to the HeNB power setting schemes.
5 Conclusion
In this contribution, we showed the detailed estimation process of the penetration loss and the comparison of the performances of MeNB/HeNB user throughput with and without consideration of the penetration loss in order to make clear the estimation process of the penetration loss and the performance gain of the HeNB power setting schemes. As the result of the comparison, the HeNB power setting scheme improves the HeNB user throughput without degradation of the MeNB user throughput. In addition, if the penetration loss is considered at the HeNB power setting, the HeNB user throughput is further improved. Therefore, we propose;

Observation: HeNB power setting schemes can improve HeNB user throughput without degradation of MeNB user throughput rather than without HeNB power setting schemes. 

Proposal:  Penetration loss of indoor/outdoor wall should be considered to the HeNB power setting schemes.
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Appendix A: Simulation assumption

In this section, simulation assumptions and parameters for MeNB and HeNB are described. 
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Table1.  Simulation assumptions and parameters for MeNB
Table2. Simulation assumptions and parameters for HeNB

[image: image6.emf]Rx Power

Distance

K=1

K=2

L

E

Indoor Outdoor

β

_o

P

m

External 

Wall

Penetration 

loss

Macro UE

Home eNB

(HeNB)

Macro eNB

(MeNB)

Interference

Rx Power

Distance

K=1

K=2

L

E

Indoor Outdoor

β

_o

P

m

External 

Wall

Penetration 

loss

Macro UE

Home eNB

(HeNB)

Macro eNB

(MeNB)

Interference


Table3. HeNB deployment model parameters
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Appendix B: Estimation of the penetration loss
The relationship of parameters in (2) is illustrated in Figure 3. The penetration loss LE is assumed to be ideally estimated. The HeNB is located at the centre of the house. The outdoor MUE is located near the house. If K=1, the reception power from the HeNB just before being penetrated is nearly the same as the reception power from the MeNB at the external wall. The HeNB transmit power is constant regardless of the penetration loss. If K=2, the reception power from the HeNB just after being penetrated is nearly the same as the reception power from the MeNB at the external wall. Interference level from the HeNB is constant regardless of the penetration loss. Figure 4 estimates the penetration loss. A MUE is assumed to be located in close proximity to a HeNB. This means the distance from the MeNB to the MUE is nearly the same as that from the MeNB to the HeNB. According to Figure 4, the penetration loss LE can be calculated as follows:
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Ptx_f [dBm] is the UL transmit power virtually calculated by the HeNB. This power is based on the assumption that UL power control is applied for both MUE and HeNB as a UE. Then the UL transmit power can be calculated by the DL propagation loss from the surrounding MeNB to the HeNB utilising the reception power measurement. Prx_f [dBm] is the UL reception power from the MUE measured at the HeNB. La [dB] is open -air propagation loss between the MUE and the HeNB excluding the penetration loss. La is a predetermined value and is assumed in advance so that the distance between the MUE and the HeNB can be minimized under the conditions in which the interference from the MUE to the HeNB is tolerable. When the path loss between the MUE and the HeNB excluding the penetration loss is within La, the penetration loss in (3) is estimated to be smaller than its real value and the transmit power is suppressed. When the path loss is outside La, the penetration loss is estimated to larger than the real value and the transmit power is released.
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Figure3.  The relationship of parameters in proposed HeNB power setting scheme 
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Figure4. Estimated penetration loss between HeNB and MeNB UE
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