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1. Introduction
With ever increasing demand for mobile radio communication services, it is becoming difficult for conventional macro-cell systems to meet required capacity and coverage. One of the promising and cost-effective approaches to solve this problem is a heterogeneous network (Het NW) deployment where low-power local-nodes are deployed into a macro-cell layout. Therefore, Het NWs should be effectively supported in LTE-Advanced [1]-[3].
We have performed the initial evaluations of performance gain due to Het NWs and presented the several open issues which should be studied [4]-[8]. In this contribution, we describe our technical aspects with respect to effective support of Het NWs and expect these discussions to bring progress in Het NW studies.
2. Serving Cell Selection
Under the traditional serving cell selection which has been assumed in LTE Rel-8 studies, user equipments (UEs) are served by a cell with the highest RSRP. Hereafter this is referred to as RP based serving cell selection. However, it is shown that when open access local-nodes are deployed outdoors, alternative serving cell selection such as pathloss (PL) based one can potentially provide higher UL performance gain [4]-[7][9]. Potential DL performance gain due to alternative serving cell selection is also shown in [8][10].
Therefore, serving cell selection, which significantly affects performance gain in Het NWs, should be sufficiently studied. In the following we describe several considerations in the studies.
Load-balancing:

Maximum transmission powers differ between a macro-node and a local-node. Therefore, when a local-node is overlaid with a macro-cell area, most UEs using RP based serving cell selection are served by the macro-cell and the macro-cell load is not efficiently dispersed to the local-cell [4]-[10]. This results in insufficient UE throughput improvement. In order to achieve efficient load-balancing, local-cell coverage area where UEs are served by the local-cell should be expanded taking into account load-conditions in the macro-cell and the local-cell.
Optimum link:

Optimum link in UL is one with the smallest PL. On the other hand, optimum link in DL with respect to received quality is one with the highest RP but amount of interference caused to neighbour UEs needs to be taken into account [10]. An example of DL interference conditions in a Het NW deployment is shown in Fig. 1. The UE located at the boundary between the macro-cell and the local-cell can receive signals with the same level from whichever cell. However, since the transmission power of the local-node is lower than that of the macro-node, it may be better to be served by the local-cell for the sake of interference mitigation to the neighbour UEs. Serving cell selection should take into account both the link quality and amount of interference caused to neighbour UEs and/or nodes.
Since the optimum links in UL/DL may differ in Het NWs as described in the above, independent link connection or multipoint (CoMP) TX/RX in UL/DL and SCH/CCH could be considered [11]. We should study these technologies sufficiently taking into account performance improvement effect, influence of backhaul, CCH resource amount, and impact to the specifications. In [7] we have evaluated the UL performance under PL based serving cell selection assuming that PDCCH to a local-UE is transmitted from a macro-node and presented its effectiveness.
Interference:
As described in the above, serving cell selection significantly affects interference conditions in Het NWs. The interference conditions and their management need to be taken into account. These details are discussed in the next section.

Mobility:

As local-cell coverage area is small, a fast moving UE should be generally served by a macro-cell in order to avoid frequent handovers.
Traffic type:

If PDCCH to a local-UE was transmitted from a macro-node as shown in [7], longer round trip time for PUSCH would be needed due to backhaul delay and it would cause increase of latency. In such case, UEs with latency sensitive traffic such as VoIP or Gaming would be rather served by the macro-cell.
Cell type identification:

If a UE could perform suitable serving cell selection, unnecessary handovers could be avoided. In order to modify serving cell selection criterion for local-cells, it is preferable that the UE can identify type of each cell. The physical cell ID could be used for cell type indication [12]. On the other hand, each node could collect neighbour cell type (size) via UE History Information IE included in HANDOVER REQUEST message.
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Fig. 1   DL interference conditions in a Het NW deployment.
3. Interference Issue and Management
From the point of view of spectral efficiency, a co-channel deployment of macro-cells and local-cells is desired. However, the co-channel Het NW deployment causes more complicated interference conditions.

3.1. Interference due to Outdoor Local-Cells
An example of interference conditions in a Het NW deployment where open access local-nodes are deployed outdoors is shown in Fig. 2. In the following we discuss several significant interference issues. The item numbers are corresponding to Fig. 2.
From macro-UE to local-node:

A. The macro-cell edge UE with high transmission power significantly interferes with the local-node. Especially in the case when a macro-cell edge UE is located near a local-cell, it may cause large-variation and significant-level interference to the local-node. If the local-cell coverage area was expanded due to alternative serving cell selection, this interference issue could be eased.
From local-UE to macro-node:

B. Under the traditional RP based serving cell selection, transmission power of the local-UE is low and the interference to the macro-node is small because the local-cell coverage area is quite small. However, if the local-cell coverage area was expanded, the local-UE with high transmission power would cause increase of the interference to the macro-node. The amount of the interference is also proportional to the number of the local-cells within the macro-cell.
From macro-node to local-UE:

C. The macro-node causes significant interference to the local-UE especially in the case when the local-node is deployed near the macro-node.

D. Also if the local-cell coverage area was expanded, the received quality of the local-cell edge UE would decrease due to low received power from the local-node and the significant interference from the macro-node.

From local-node to macro-UE:

E. Placing the local-nodes within the macro-cell area creates additional cell edges and may cause an increase in the number of UEs with low received quality. The local-node placed close to the macro-cell edge may also increase the interference experienced by the macro-cell edge UE.

Fast moving UE:

F. As described in Section 2.1, the fast moving UE should be generally served by the macro-cell. However, the significant interference would occur when the fast moving UE approached to the local-node.
As described in the above, the interference issues in Het NWs depend highly on serving cell selection. Dynamic interference management needs to be considered associated with serving cell selection. We think that we should start to study first the following significant interference issues and evaluate necessity of some related signals or measurements for advanced interference management:
· Interference from a macro-node to a local-UE in expanded local-cell coverage area;

· Interference from a macro-cell edge UE and/or a macro-UE located near a local-cell to the local-node.

In CCH these interference issues may be more significant. Studies of interference management for CCH as shown in [7] are also important.
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Fig. 2   Interference conditions in a Het NW deployment.
3.2. Interference due to Indoor Local-Cells
Local-nodes deployed indoors are categorized as follows:
· Open access to all UEs: e.g. open femto, pico, relay [13][14];

· CSG access: e.g. CSG femto;

· Access with both properties: e.g. hybrid femto.

Since open access local-nodes are deployed generally by operator’s planning, corresponding interference issues seem to be relatively small. However, in the future dense local-node deployments would be required for further capacity enhancement and cause increase of interference among the local-cells. Studies of interference management for such a case could be necessary.
On the other hand, since a femto-node is deployed to arbitrary place by user and only CSG member UEs can access to it, unexpected significant interference issues could occur.
Interference management using inter-node interface:
In RAN4, interference scenarios were classified for femto-node deployments where the femto-nodes share the whole or a part of the frequency band with macro-nodes and the diverse interference management methods against each interference scenario were proposed [15]. Some companies proposed interference coordination schemes by using the NW interface between a femto-node and a macro-node and/or between femto-nodes like X2 interface and their simulation results demonstrated the effectiveness of the interference control using femto-node NW interface [15]-[17]. On the other hand, RAN3 decided that X2 interface is not defined to LTE Rel-9 femto-nodes [18]. Toward LTE-Advanced, femto-node NW interface and its effectiveness should be discussed.
Non-CSG member UE measurement for CSG cell:
In the current specifications, non CSG member UE does not measure RSRP from the CSG femto-node. This makes it difficult to identify a macro-UE that is significantly interfered with by a femto-node. The femto-node measurement should be investigated for effective femto-node interference control.
4. Local-Node Deployment
In the following we indicate several considerable points with respect to local-node deployments.

Placing local-node near macro-node:

In the case when UE clusters are located near a macro-node, capacity enhancement due to placing local-nodes into them is expected. However, as shown in Fig. 2, small local-cell coverage area due to different maximum transmission powers between the macro-node and the local-nodes causes insufficient capacity enhancement.
Minimum distance among local-nodes:

The minimum distance among local-nodes is FFS in [19]. In the case when UEs are uniformly distributed within a macro-cell area, local-nodes seem to be deployed relatively far away from each other by operator’s planning. However, in the case when UE clusters are located close to each other, a close deployment of multiple local-nodes may be desired. The minimum distance among local-nodes should be considered taking into account planed deployments by an operator and assumed minimum distance among UE clusters.
5. Conclusion
In this contribution, we described our technical aspects with respect to effective support of Het NW deployments. Our key aspects are as follows:
· Serving cell selection for open access local-nodes

· Consideration for load-balancing, optimum link, and interference
· Cell type identification

· Interference issue and management

· Interference from a macro-UE to a local-node and from a macro-node to a local-UE associated with serving cell selection

· Interference issue in CCH

· Interference management using femto-node NW interface

· Local-node deployment

· Placing a local-node near a macro-node

· Minimum distance among local-nodes.
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