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1. Introduction
With the increasing demand for data services, heterogeneous network deployments are considered as efficient ways to improve system capacity. However, there also exist challenges from the system performance perspective. For example, interference varies more dynamically compared to typical homogenous deployments. In RAN #44, it was agreed that LTE-Advanced shall support heterogeneous network deployments consisting of macro, pico, femto, and relay nodes [1]. Different heterogeneous deployment scenarios were analyzed via link budget [2], one of the significant interference scenarios are DL interference from Macro eNB to Local UE and from Local eNB to Macro UE.
Many contributions have discussed the interference mitigation methods in heterogeneous network, such as frequency resource partitioning, power control and their combination method [5][6]. In [3], it analyzes the system performance improvement by beamforming and frequency domain scheduling techniques in heterogeneous network.
Considering that the location of low power node, such as HeNB, Femto, Pico, Relay nodes is not varied frequently, in this contribution, we propose a further spatial and frequency domain interference mitigation method with the utilization of the direction information between low power node and macro eNB. 
2. Discussion 
In this section, we discuss the interference mitigation method which can carry out beamforming and frequency domain scheduling by the direction information between low power node and macro eNB. And also, we provide the methods for Marco eNB to know the frequency resource information and direction information of low power node.
2.1. Interference mitigation method
The interference mitigation method is shown in figure 1. In order to simplify the description, we assume that this heterogeneous system has two low power node (e.g. HeNB1 and HeNB2 in Figure 1) in the coverage of Marco eNB, and give some notations as follows:

· f is the frequency resource of Marco eNB
· f1 is the frequency resource of HeNB1 and f1 is a subset of f
· f2 is the frequency resource of HeNB2 and  f2 is a subset of f
· f1 and f2  can be same or not
· f- fi is the frequency resource excluding fi , i = 1 or 2
· MUE is the UE belonging to Marco eNB
· HUE is the UE belonging to HeNB
As shown in Fig. 1, Marco eNB can estimate the DoA of MUE. If the direction of MUE is out of the direction range of HeNB, the MUE can be scheduled in all the frequency of system (e.g. MUE 1 in Figure 1, can be scheduled in f). If the direction of MUE is in the transmission direction range of HeNB or near the HeNB, the schedule priority of frequency resources used by HeNB can be set lower to avoid possibly strong interference from HeNB to interference sensitive MUE. (e.g. MUE 2 and MUE 3 in Fig. 1, can be scheduled in f- f1 and f- f2 respectively). 
On the other hand, to be more practical, HeNB can also prevent scheduling the same resources to HUE as that to MUE whose AOA overlaps HeNB transmission direction. It may also be implemented by HeNB down-select beam direction.  
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(a) Interference mitigation at MeNB side                                             (b) Interference mitigation at HeNB side

Figure 1: interference mitigation via spatial and frequency domain scheduling
Based on the above two alternatives, the MeNB need to know the direction information from HeNB, otherwise HeNB has the same requirement. No matter which eNB has the direction information, frequency resource scheduling information from the other eNB is also required. 
2.2. Acquisition of frequency resource information
Many contributions [4][5] discuss the frequency resource partitioning between Marco eNB and low power node, which can be categories as follows:

· Static/semi-static frequency resource partitioning
· Adaptive frequency resource partitioning
For static/semi-static frequency resource partitioning, Marco eNB can know the frequency resource information of low power node from the network configuration information or signaling interaction.

For adaptive frequency resource partitioning, Marco eNB can know the frequency resource information of low power node from the RNTP-like information [7]. 
Considering RRH, Hotzone, Pico and relay nodes overlaying onto Macro cell deployment, static/semi-static frequency resource partitioning can be achieved through the pre-defined configuration easily since these low power nodes are deployed by operators. Adaptive frequency resource partitioning is also possible due to X2 and air-interface backhauling. However, there is not conclusion on backhaul for Femto cell node which either may not easily be deployed by operator. This is an issue we need to think about carefully. 
2.3. Acquisition of direction information
In heterogeneous network, according the location information of low power node, it can be categories as follows:

· Deployed by operator, such as Pico, hotzone, Relay
· Interaction with Marco eNB in radio link, such as Relay

· Deployed by personal, such as Femto, HeNB

We propose three methods to get the direction information respectively.
· Option 1: Network indicates the location of the low power node. Marco eNB can estimate the direction of low power node according the location information. This option can be used for Pico and Hotzone, which are deployed by operator. 
· Option 2: Marco eNB estimates the DoA of the low power node by the UL radio link. For example, this option can be used for Relay, which has an UL radio link interaction with Macro eNB. 
· Option 3: Low power node estimates the channel state information according to the RS of MeNB, and feedbacks these channel state information to Marco eNB. Marco eNB estimates the DoA of low power node with these channel state information. 
3.  Conclusions

In this contribution, we propose a spatial and frequency domain interference mitigation method with the direction information between the low power node and Macro eNB. It can be an enhancement to other interference mitigation methods in heterogeneous networks. With this method, the frequency resource information and direction information need to be interacted between Marco eNB and low power node. The acquisition of direction information of low power node needs further investigation. We provide three methods to estimate the direction information of low power node:

· Option 1: Marco eNB estimate the DoA of the low power node by the location information which is indicated by network
· Option 2: Marco eNB estimate the DoA of the low power node by the UL radio link
· Option 3: Marco eNB estimate the DoA of low power node by the channel state information feedback of low power node.

Direction information can be used for beamforming and frequency partitioning to avoid interference at MeNB side. Otherwise, such information can also be indicated to HeNB. Associating other interference mitigation method, interference can be avoided from HeNB side. 
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