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1 Introduction

In the Macro-Femto co-channel environment, non-CSG users will suffer a severe interference when they are very close to Femto. In order to mitigate this interference, power setting and time domain solution have been considered as baseline solutions in RAN1 #61bis. Furthermore, in RAN1 #62, HeNB power setting scheme for the Macro-Femto deployment was suggested to take one of the five candidate mechanisms [1]: 

(i) Power setting based on strongest receiving power of MeNB at the Femto, 
(ii) Power setting based on Femto -> MUE Pathloss, 
(iii) Power setting based on objective SINR of HUE, 
(iv) Power setting based on SINR of MUE, 
(v) Power setting on PBCH. 

Each mechanism is designed with some specific considerations. However, the available information gathered in a wireless communication network depends on the current operation scenario. Therefore, using only one power setting scheme given in [1] might not be sufficient to adapt to different operation scenarios. 

In this contribution, we evaluate the pros/cons of the five candidate mechanisms given in [1] and prioritize the possible power setting options based on their feasibility. We then categorize the prioritized options into two kinds of power setting method and suggest that HeNB should have a hybrid power setting scheme for downlink transmission in heterogeneous networks (Het-Nets) to adapt to different operation scenarios.
2 Candidate HeNB power setting mechanisms
In this section, we review and evaluate each candidate power setting mechanism. 

2.1 Evaluation of five candidate power setting mechanisms

(i)  Power setting based on strongest receiving power of MeNB at the Femto

In this mechanism, HeNB shall adjust its maximum transmit power according to the following formula

P_tx = max (min (α • P_M + β, P_max), P_min) [dBm],
(1)

where parameters P_max and P_min are the maximum and minimum HeNB transmit power settings, respectively, P_M is the received power from the strongest co-channel macro cell on HeNB. Parameter α is a linear scalar that allows altering the slope of power control mapping curve, β is a parameter expressed in dB that can be used for altering the dynamic range of power control.
HeNB sets its transmission power (P_tx) based on the HeNB received power from the strongest co-channel MeNB. If HeNB has a downlink (DL) receiver capability, HeNB is able to measure the reference signal from surrounding MeNB [3]. Therefore, this mechanism is easy to implement since no signaling is required between HeNB and MeNB/MUE/HUE. However, without the measurement reports from MeNB/MUE/HUE, this mechanism may determine an improper value for HeNB power setting. If the power setting is relatively high, the signal from HeNB interferes MUE. On the other hand, if the power setting is relatively low, the coverage of HeNB shrinks. Therefore, we think this mechanism is suitable to be operated in the scenario that measurement reports from MeNB/MUE/HUE are not available. We also think this mechanism is not suitable to be applied as a long-term power setting scheme. 
(ii)  Power setting based on Femto -> MUE Pathloss

HeNB should set the transmit power as follows: 

P_tx = MEDIAN (P_M + P_offset, P_max, P_min) [dBm],
(2)

where P_max, P_min and P_M hold the same meanings as in Eq. (1). P_offset (dB) is the power offset and is given by
P_offset = MEDIAN (P_inter_pathloss, P_offset_max, P_offset_min). 
(3)

Here P_inter_pathloss is a power offset value corresponding to the indoor path loss and the penetration loss between the nearest MUE and the Femto. P_offset_max and P_offset_min are the maximum and minimum value of the P_offset, respectively, to restrict its territory.
HeNB sets its transmission power based on not only HeNB received DL power from the strongest co-channel MeNB but also the path loss between HeNB and MUEs. Although this mechanism could provide better interference mitigation for MUE and maintain good HeNB coverage for HUEs, the prerequisite working assumption is that HeNB must obtain the path loss information between HeNB and MUE. In order to get this information, MUE reports its RSRP measurement for HeNB, or HeNB eavesdrops uplink (UL) transmission of MUE. In the former approach, HeNB should communicate with MeNB or MUE to get the measurement report from MUE. In the latter approach, HeNB should know the MeNB resource block information for the MUE UL transmission. Hence, both approaches would have great impacts on RAN signalling specifications. On the other hand, HeNBs only have X2 connection in the following cases [7]: (i) between a MeNB and an open access HeNB; (ii) between two open access HeNBs; and (iii) between two closed/hybrid HeNBs only if they have the same CSG ID. This mechanism is only suitable for open access HeNBs and hybrid access HeNBs. In the current RAN1 agreement, backhaul coordination (X2, S1) in Macro-Femto deployment is not allowed [8]. Therefore, we suggest this mechanism to be depriortized. 
(iii)  Power setting based on objective SINR of HUE

The transmission power of HeNB is set based on:
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where I represents the interference detected by the served UE, Nbackground_noise is the background noise value, x is the objective SINR that we intend to limit for the HUE, PLestimation is the path loss estimation between HeNB and the served HUE, Pmin and Pmax represent the HeNB minimum and maximum transmission power setting boundary, respectively. 
HeNB sets its transmission power (PHeNB) based on HUE measurements and the objective SINR of HUE. The purpose of this method is to alleviate the interference to MUE by restricting received power of HUE to a desired level. Since HUE is connected to HeNB, HUE can report the measured RSRP or RSRQ measurement information to its serving HeNB. Therefore, this method has no major impact to current RAN signaling specification. When HeNB receives the HUE measurement reports, it could adjust its transmission power based on these reports thus enhance the accuracy of power setting. 
(iv)  Power setting based on SINR of MUE 

The HeNB power control is based on the follow equation

P_tx = max (min (α • P_SINR + β, P_max), P_min) [dBm]. 
(6)

Here, P_SINR is defined as the SINR between MeNB->MUE and nearest Femto->MUE, and definitions of parameters α and β are the same as those given in method (i). 
HeNB sets its transmission power only based on the SINR sensing of the MUE. The main purpose of this method is to protect the reception of the CCH of MUE. In order to get the SINR of MUE, MUE should report the SINR between MeNB->MUE and nearest Femto->MUE to HeNB.  However, since MUE cannot directly communicate with HeNB and there is no backhaul coordination (X2, S1) in Macro-Femto deployment, this mechanism is unsuitable for CSG HeNBs. Therefore, we recommend deprioritizing this mechanism.
(v)  Power setting on PBCH 

Most HUEs are in good channel condition which implies an HUE can decode the PBCH without receiving the full set of four PBCH. Therefore, the HeNB could set very low power (e.g. be smaller than the receiving power of MeNB at HeNB) when transmitting PBCH or mute the PBCH transmission in some of its subframes. 

In this mechanism, HeNB reduces its transmission power on PBCH. The purpose of this mechanism is to mitigate the DL control channel interference to MUE. This mechanism can be seen very similar to the mechanism given in (i), since the power setting scheme of this method can be based on the received power from the strongest co-channel MeNB on HeNB. By setting suitable values of α and β in Eq. (1), power setting on PBCH could be integrated into the mechanism given in (i). Moreover, we could set different values of α and β for different PBCH. Since the mechanism given in (i) could achieve the same purpose as this mechanism, the power setting on PBCH could be integrated into the power setting based on strongest receiving power of MeNB at the Femto.

Based on the above discussions, we have the following observations:

Observation 1: X2 signaling supporting is required for methods (ii) and (iv).
Observation 2: Methods (i) and (v) can be merged by proper parameter setting.
2.2 Categories of five candidate power setting mechanisms

In our understanding, the candidate power setting mechanisms given in [1] can be classified into two categories: [Category 1] power setting without the assistance of MeNB/MUE/HUE, and [Category 2] power setting with the assistance of MeNB/MUE/HUE. 
[Category 1] Power setting without the assistance of MeNB/MUE/HUE

In this category, also called non-assistance-based method, HeNB sets its transmission power according to itself measurement reports or predetermined system parameters. Power setting mechanisms (i) and (v) belong to this category. The benefit of this category is that no signaling transaction is required between HeNB and MeNB/MUE/HUE. Hence, it could be easily implemented for HeNB and only affects the standardization for HeNB. In this category, the HeNB measurement report could be the strongest receiving power of MeNB at the HeNB [2]. 
However, this measurement might be insufficient in some operation scenarios, especially when HeNB and HUEs are located at different rooms or different floors. Figure 1 shows the scenarios where HeNB transmission powers are not set appropriately [3]. When HeNB measures a relatively higher RSRP from MeNB as shown in Fig. 1(a), it may set a relatively higher transmission power. This enhances the interference to MUEs significantly, and the HeNB coverage unnecessarily increases. On the other hand, when HeNB measures a relatively lower RSRP from MeNB as depicted in Fig. 1 (b), it may set a relatively lower transmission power. Although the interference to MUEs is decreased, the HeNB coverage is significantly reduced. Therefore, adopting only non-assistance-based method seems to be insufficient for HeNB transmission power setting.
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Fig. 1. Scenarios where HeNB transmit power are not appropriately set [3].
[Category 2] Power setting with the assistance of MeNB/MUE/HUE

In this category, also called assistance-based method, HeNB sets its transmission power based on measurement reports from MUE/HUE or on the coordination with MeNB. Power setting mechanisms (ii), (iii) and (iv) are classified into this category. Different reporting methods in this category are discussed in the following.
· Measurement reports from MUE: 

Power setting mechanisms (ii) and (iv) rely on the measurement reports from MUE. These reports could be the path loss between HeNB and MUE [4], the SINR of MUE [5], and so on. This method can provide better interference mitigating for MUE. However, the signaling between HeNB and MUE or between MeNB and HeNB is required. If HeNB cannot successfully receive the MUE measurement reports, this method cannot work well.
· Measurement report from HUE: 

The power setting mechanism (iii) relies on the measurement reports from HUE. These reports could be the path loss between HeNB and HUE [6], the interference detected by HUE [6], the background noise detected by HUE [6], and so on. It should be mentioned that, in this method, HeNB can also refer to itself measurement reports or predetermined system parameters, such as the objective SINR of HUE [6], to set HeNB transmission power. Since HUE is served by HeNB, the signaling between HeNB and HUE is allowed. Nevertheless, this method cannot work before HeNB receives the signaling from HUE.
Therefore, only adopting assistance-based method seems also insufficient for HeNB transmission power setting as well.
Observation 3: The assistance-based and non- assistance-based power setting approaches can be applied in different operation scenarios.
3 Hybrid power setting scheme
According to the above discussions and observations, we suggest that HeNB should have a hybrid power setting scheme, which consists of open-loop power setting (OLPS) mode and close-loop power setting (CLPS) mode. And, HeNB can switch the power setting mode according to current operation scenario.
· OLPS mode
In this mode, HeNB adjusts its transmission power based on itself measurement results or predetermined system parameters, which is operated in an open-loop manner. The OLPS could be adopted when HeNB is turned on, when HeNB is in network listening mode, when HeNB cannot receive any measurement report from MUE/HUE, and so on. Therefore, the power setting mechanism (i) is very suitable to implement this autonomous mode.
· CLPS mode
In this mode, HeNB sets its transmission power primarily based on the measurement reports from MUE/HUE or on the coordination with MeNB. Moreover, HeNB can also consider itself measurement results or predetermined system parameters to set its transmission power. The power setting mechanism (iii) is an appropriate candidate for this mode. Please note that the CLPS mode can only be adopted when HeNB could successfully receive measurement reports from MUE/HUE or the coordination request from MeNB. 

The OLPS mode and CLPS mode could be switched between each other according to operation scenarios. For example, suppose that HeNB adopts mechanism (i) for its OLPS mode and mechanism (iii) for its CLPS mode. When HeNB is turned on, HeNB applies the OLPS mode to avoid interfering MUEs. After HUE connects to HeNB and feeds back its RSRP measurement reports to HeNB, the HeNB switches power setting mechanism from OLPS mode to CLPS mode so as to set an appropriate power level. After HeNB finishes its transmission to HUE or does not get measurement reports from HUE, the HeNB switches back to OLPS mode and waits for new measurement reports from HUE.

According to the above discussions, we have the following proposal:

Proposal 1: HeNB applies a hybrid power setting scheme, and it switches between power setting modes according to the operation scenarios such as when HeNB is just powered up, when HeNB is in network listening mode, when HeNB can/cannot receive measurement reports from HUE, etc. 
4 Conclusion
In this contribution, we evaluated the advantages and disadvantages of the five candidate mechanisms given in [1]. The power setting schemes were prioritized according to the feasibility based on the current RAN1 agreement. We then categorized the prioritized options into two kinds of power setting method, i.e. assistance-based and non-assistance-based methods, and suggested that HeNB should have a hybrid power setting scheme for downlink transmission to adapt to different operation scenarios. Based on the analysis, we suggested
Proposal 1: HeNB applies a hybrid power setting scheme, and it switches between power setting modes according to the operation scenarios such as when HeNB is just powered up, when HeNB is in network listening mode, when HeNB can/cannot receive measurement reports from HUE, etc.
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