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1. Introduction
At the RAN1#58bis meeting in Miyazaki, we discussed some issues related to heterogeneous networks for LTE-Advanced. We must identify important deployment scenarios in order to develop and specify effective radio interface technologies for heterogeneous networks. This contribution presents our views on heterogeneous deployment scenarios for LTE-Advanced.
2. Characterization of Heterogeneous Networks
Figure 1 illustrates a heterogeneous deployment scenario, where different types of issues lie. We categorize them into the following three issues.
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Figure 1 – Heterogeneous deployment scenario
(a) Interference from closed subscriber group (CSG) cell
A CSG cell is introduced to provide a specific (registered) user group with a private network where the user group has exclusive use of the radio resources. The CSG cell has already been introduced in UTRA and Rel-8 LTE, and is expected to be more important in LTE-Advanced. A femtocell (or HeNB) is used to deploy the CSG cell, although it is also possible to use the femtocell as a normal non-CSG cell.
On the other hand, when the CSG cell and a macrocell coexist in the same spectrum, the CSG cell causes interference to the nearby macrocell users who do not belong to the user group, and the area around the CSG cell becomes a dead spot for the macrocell users. It should be noted that users may deploy their own femtocell and the X2 I/F is not specified for femtocells in the current Rel-8 LTE specifications.
From the operator viewpoint, addressing the problem of interference from the CSG cell to the macrocell users is of the highest priority, since dead spots represent a serious problem and must be avoided.
(b) Co-existence of high-power and low-power nodes

The introduction of small cells will be more important in order to accommodate efficiently high traffic in local areas, i.e., hotspots, and enhance the overall system capacity. For this purpose, there are two possible approaches as shown in Figs. 2 and 3.
Figure 2(a) illustrates a basic homogeneous deployment where each hotspot is covered by a high-power node, i.e., a macrocell. Here, homogeneous deployment means that the transmission power for each cell is equal. Although a high-power amplifier is required for each cell, the downlink/uplink imbalance problem does not occur due to equal transmission power. It should be noted that in order to efficiently cover each high-traffic area the cell radius for each cell can be designed differently by utilizing antenna tilting and antenna height even with equal transmission power as shown in Fig. 2(b). 
Figure 3 illustrates a heterogeneous deployment where each hotspot is covered by a low-power node such as a picocell and a wide area is supported by a high-power node, i.e., a macrocell. A low-power amplifier is sufficient for each low-power node, but the downlink/uplink imbalance problem occurs due to a difference in the transmission power. As pointed out in some contributions [1-4], inter-cell interference between high-power and low-power nodes is more significant than that in homogeneous networks due to the imbalance. Therefore, inter-cell interference management will be more important in heterogeneous networks.
We should however consider the actual cell deployment scenario for this case. In Fig. 3, we consider the hotspot the traffic load for which is higher than other locations in the cell. However, this may not be a typical deployment scenario. Since most metropolitan areas are already high traffic, the cell radius is already short. In rural areas, we must consider if such hotspot areas in the cell will exist. Furthermore, although it seems easier to deploy many small low-power nodes to cover hotspots, it may be a big burden on operators to maintain a large number of nodes. Therefore, it is important to investigate technical issues taking into consideration what would be the typical deployment scenario in LTE-Advanced, although the deployment scenario shown in Fig. 3 is one possibility.
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Figure 2 – Homogeneous deployment to cover high-traffic areas
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Figure 3 – Heterogeneous deployment to cover high-traffic areas
(c) Relay backhauling

A relay node is also a low-power node and has features in common with the other low-power nodes, i.e., picocells and femtocells, except that the backhaul is configured through the air interface. Since a relay node shares the backhaul radio resources with a macro cell, relay-specific radio-resource management is required to make efficient use of the radio resources.
Although the relay node has many features in common with other low-power nodes, we believe that it should be investigated separately from other low-power nodes so that relay-specific features can be distinguished.
3. Deployment Scenarios to be Investigated
Based on the discussion in Section 2, we consider that the deployment scenarios should be prioritized in the following order.

(1) Macrocell + femtocell (HeNB)

· Interference from femtocells (CSG cells) to macrocells should be seriously investigated.
· This deployment scenario seems to be common, since it is likely that femtocells will be widely introduced in LTE-Advanced.
(2) Macrocells + picocells
· Inter-cell interference management techniques should be investigated to cope with severer inter-cell interference than that found in the homogeneous network.
· This deployment scenario is one possible way to cover hotspots efficiently.

· The simulation models should be carefully considered so that they reflect realistic deployment scenarios in LTE-Advanced.
(3) Macrocells + relays
· This scenario should focus on relay-specific issues such as relay backhauling.
· This deployment scenario is relevant where the wired backhaul is not available or very expensive [5].
4. Conclusion

We presented our views on heterogeneous deployment scenarios in LTE-Advanced. We consider that the deployment scenarios should be prioritized in the following order.
(1) Macrocells + femtocells (HeNBs), especially interference from femtocell to macrocell
(2) Macrocells + picocells
(3) Macrocells + relays
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