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1 Introduction
In the last RAN1 meeting, a way forward on control channel protection for Macro eNodeB (Macro eNB) – Home eNodeB (HeNB) and HeNB – HeNB deployment scenario was agreed in [1]. In the eICIC WI, control channel protection from interference has been considered as a main issue which should be addressed. In [2], we proposed that HeNB power setting scheme should be considered for interference mitigation of control channel if HeNB frequency selection scheme does not meet the requirements of interference mitigation in MeNB – Macro UE (MUE) deployment scenario. In this contribution, we explain the necessity of surrounding information (i.e. received MeNB power, received GPS power, etc) and propose an adjustable HeNB power setting scheme based on penetration loss to achieve interference mitigation for the control channel. 

2 Necessity of surrounding information
In past several RAN1 meetings, many contributions have proposed that HeNB power setting scheme is necessary to mitigate interference from HeNB to MUEs for control channel. However, the information needed for the HeNB power setting is not clear so far. In this contribution, we explain which information is needed for HeNB power setting. Fig1 shows an example of typical HeNB deployment scenario as the baseline for this discussion.
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Fig1. Example of typical HeNBs deployment
We assume two HeNB power setting schemes as follows;

1. Fixed HeNB power setting

2. Adjustable HeNB power setting based on surrounding information measured by HeNB

[1. Fixed HeNB power setting]

In this scheme, it’s assumed that HeNB transmission power is fixed. This means that HeNB would not consider any surrounding information. In this case, when MUE1 is close to HeNB1 which is deployed near the centre of MeNB cell, interference from HeNB1 to MUE1 would not be so high since the desired signal from MeNB to MUE1 would be stronger than the interference signal from HeNB1 to MUE1. Therefore, interference issue would not be critical for the control channel of MUE1. On the other hand, when MUE2 is close to HeNB2 which is deployed at the edge of MeNB cell, the interference from HeNB2 to MUE2 would be high since the desired signal level from MeNB to MUE2 would be smaller than the interference signal from HeNB2 to MUE2. Therefore, interference issue would be critical for control channel of MUE2 in this case. This would lead to a need for adjustable HeNB power setting scheme based on surrounding information.
[2. Adjustable HeNB power setting based on surrounding information measured by HeNB]

In this scheme, it’s assumed that HeNB transmission power is adjusted based on surrounding information measured by the HeNB. As an example of the surrounding cell information, a HeNB power setting scheme based on the received power from MeNB has been proposed in [3]. When this HeNB power setting scheme is used, the HeNB could adjust its own transmission power based on the path loss between the MeNB and the HeNB. However, this HeNB power setting scheme would not consider penetration loss of external/internal wall. We can assume that HeNBs are normally deployed in indoor environments (i.e. house, office, shopping mall, etc) and there are external/internal walls between HeNB cells and neighbour MeNB cells. The penetration loss of the external/internal walls depends on the material of the wall (i.e. concrete, wood, brick, etc). To illustrate, Fig2 shows examples of different penetration loss of external wall. 
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Fig2. Example of different penetration loss of external wall
The different real life situations mean that a HeNB power setting scheme HeNBs based on the measured received power from MeNB alone may not be effective. For example, if the HeNB receives a low signal power from the MeNB,  the HeNB would not be able to distinguish the reason for the low received signal power, e.g. whether it comes from the penetration loss of the external/internal walls or from the large distance between the MeNB and the HeNB. This means that the HeNB could not appropriately adjust its own transmission power and could not reduce the interference from the HeNB to the MUE for the control channel. Therefore, we should consider penetration loss of external/internal walls for HeNB power setting schemes in order to mitigate the interference from the HeNB to the MUE for the control channel, in addition to the measurement of received power from the MeNB by the HeNB. 
Proposal: Adjustable HeNB power setting scheme based on penetration loss should be considered as interference mitigation for control channel.

The HeNB could estimate the penetration loss of external/internal walls based on received MUE UL signal power, received GPS signal power or received signal power of other radio systems measured by the HeNB. The details of estimation algorithm of the penetration loss of external/internal walls are for further study. This scheme could also be useful to mitigate interference for data channel.
3 Conclusion
In this contribution, we explained the necessity of surrounding information for HeNB power setting scheme. Based on the explanation, we propose;

Proposal: Adjustable HeNB power setting scheme based on penetration loss should be considered as an interference mitigation technique for control channel.
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