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1. Introduction
Heterogeneous Networks is an important feature in LTE-A study in order to improve the coverage and capacity of traditional homogeneous networks, including for indoor users. During RAN1#59 meeting, it was agreed that high priority should be given to the following scenarios:

· Indoor HeNB clusters (as in the current TR)
· Outdoor Hotzone cells (as in the current TR) with configuration #1 and #4
· Indoor Hotzone scenario where RAN4 femto or pico models could be used

Fast fading models were also discussed where companies have different preferences including 
· No fast fading as in the current TR
· Fast fading with TU and fixed correlation matrix
· Full-blown SCM/ITU spatial channel models
Various technical solutions have been proposed, for example, ICIC for control channels and data channels, range expansion [1-3], over-the-air signaling (e.g., UE to other nodes) for poor backhaul quality [1-2], network assisted ICIC [3], using carrier aggregation for cell association [4], direction based ICIC schemes for TDD [5] coordination schemes for type 1 relay nodes [6].
From physical layer point of view, one major problem to solve in HetNet is the interference management. Generally speaking, effective interference management requires certain level of coordination between high-power and low-power nodes. So naturally it bears some resemblance to CoMP [7], although the latter originates from the study on homogeneous networks. In this contribution, we discuss some CoMP aspects that can be considered for HetNet study. 
2. CoMP Aspects in Heterogeneous Networks Study
In general, the interference coordination technologies are sensitive to the backhaul capacity and latency. In scenarios such as outdoor or indoor Hotzone cells, backhaul connection is assumed using X2 interface that provides enough bandwidth for inter-node communication as in the case of CoMP for Homogeneous Networks. The inter-node communication may include the spatial channel information of the connections between UE to neighboring nodes. 

2.1 CoMP Transmission Categories 
It is envisioned that low power nodes would be equipped with multiple antennas so that the UEs within those nodes can benefit from the advanced MIMO technologies. The extra spatial domain freedom provided by multi-antenna low power nodes can also help to reduce the inter-node or inter-cell interference.  The similar concept is already captured in Coordinated Scheduling or Coordinated Beamforming in CoMP study. Perhaps in HetNet the cooperation happens more often between the low power node and the so called serving high power node, assuming that the coverage of each low power node is relatively small and rarely we see overlap region between the neighboring low power nodes. This is a little different from Coordinated Scheduling or Coordinated Beamforming for Homogeneous Networks where multiple high power nodes, presumably with the same transmit power and antenna gains, participate in the coordination. Therefore, the shapes and the geographical distributions of the coverage overlapping regions would be different between HetNet and HomNet. And in HetNet, certain technologies can be used to adjust the relative coverage of low power nodes compared to that of high power nodes, to make the interference coordination more effective. Nevertheless, the spatial channel information should be considered in order to fully explore the potential of interference coordination in HetNet.
The X2 backhaul latency quite depends on the deployment, e.g., whether via a dedicated X2 fiber or through a generic IP backhaul. In the case of X2 fiber deployment, Joint Transmission could be considered also for HetNet, for example, between the serving high power node and the low power node. Compared to Homogeneous Networks, the propagation delay would be less of an issue in HetNet where the coverage area of low power nodes is generally small. With Joint Transmission, not only the interference can be suppressed, but also the effective signal power can be increased. One example of such cooperative transmission for HetNet is seen in Type 2 relay study [8].
2.2 UE measurement and CSI Feedback
Channel state information reference signal (CSI-RS), introduced in CoMP, can be used for HetNet to facilitate interference coordination and joint transmission. Rel-10 CSI-RS across neighboring cells are orthogonal to each other, thus not susceptible to other cell interference, making accurate CSI measurement possible. Such resource orthogonality of CSI-RS is particularly important for HetNet where significant interference is anticipated from the serving high power node. CSI-RS is periodically transmitted, allowing dynamic transmission coordination within the measurement set. In the context of HetNet, CoMP measurement set would include at least the serving high power node and the low power node. 
Spatial CSI feedback has been discussed for DL CoMP. For schemes requiring feedback, individual per-cell feedback is considered as the baseline, while complementary inter-cell feedback may be further considered. The feedback can be explicit, i.e., the CSI that reflects the actual spatial channel without assuming any transmission or receiver processing, Or it can be implicit, i.e., the feedback mechanisms with hypotheses of different tranmssion and/or receiver processing, e.g., PMI/RI. In general, the feedback is periodic and would be more often than the reporting periodicity for RRM measurement. Such CSI feedback allows dynamic interference/transmission coordination between the high power node and the low power node in HetNet.
2.3 Fast Channel Modeling 
Spatial channel information has to be captured in fast fading modeling for CoMP. Similarly for HetNet study, spatial channel model is needed to accurately reflect the spatial dimensions and explore the interference coordination and joint transmission capabilities of HetNet. 

Considering the potentially large number of low power nodes in HetNet simulation study, certain simplification of full-blown spatial channel models such as 3GPP SCM or ITU may be needed to reduce the simulation time and complexity. The spatial channel modeling may be carried out only for UE connections to its serving high power node and the dominant interfering nodes. 

3GPP SCM and ITU spatial channel model are originally for homogeneous deployment, especially with marco cell setting in mind. For example, the cell antenna is often installed well above the roof-top, with the height between 15 and 35 meters. However, in HetNet, antenna height of low power nodes is supposed to be much lower, e.g., 5 to 10 meters. It is known that spatial channel model is quite dependent on the antenna height which determines the spatial characteristics such as angle spread. Therefore, model revisions, for example, further parameter optimizations, are needed to accurate capture the spatial domain information of channels in HetNet.
3. Conclusions
Several aspects of CoMP were discussed for potential use in Heterogeneous Network study. We propose that HetNet study should consider exploiting spatial domain information of channels in order to more effectively coordinate the interference and transmission between high power nodes and low power nodes. Spatial channel modeling should be included in the performance study on HetNet.
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