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A clustering method with virtual cell and low complexity coordination scheme for dynamic inter-cell interference mitigation
Pingping Wen, Mingli You
Alcatel Shanghai Bell

1. Introduction
In 802.16m system, various types of advanced multi-cell coordination technologies are proposed to mitigate the interference such as coordinated scheduling and advanced antenna technologies including single cell antenna processing with multi-ABS coordination and multi-ABS joint antenna processing [1]. For both categories, it needs multi-cell scheduling to coordinate the multi-point transmission and one important issue to be solved is to determine the cluster of the cooperating cells. 

Generally, there are two types of cluster: cell based cluster and user based cluster. Cell based cluster can be defined as a set of cooperating cells according to the cellular layout. Typically, one cell cluster includes a fixed number of neighboring cells and the cellular network can be divided into a number of disjoint clusters. This cell based cluster approach is a kind of centralized architecture that the scheduling and the coordination are considered only among the cells within the cluster. The joint processing can be applied in the centralized cell based cluster to significantly improve the system performance, with significant backhauling cost and processing complexity. However, this centralized coordination cluster approach still has serious inter-cluster interference in the edge of the clusters. 
With the user based cluster approach, the cluster of coordinated cells is selected according to the user’s radio geometry such as path loss and shadow fading. It is typically targeted to solve the edge user’s performance and more flexible compared with the cell based cluster. But this approach may cause the clusters for different users overlapping which requires the complex coordination among all overlapping clusters. Thus the coordination may be extended to the whole cellular network and the inter-cell scheduling will be rather complex. If the distributed architecture is adopted, it is difficult to solve the so called “ping-pong”: each cell’s decision will impact the other cell’s decision, the other cells changed their decisions and it will come back to impact the previous cell’s decision.
In this contribution, we propose a clustering method with logical virtual cell and coordination architecture and strategy. Moreover, we propose to apply FFR among the virtual cells to mitigate the inter-cell interference dynamically and simplify the inter-cell coordination. This scheme can support distributed multi-cell scheduling and can also solve the edge performance issues of the centralized  processing such as super cell  and fixed clustering [2] and be compatible with the dynamic user based clustering method .In addition, some potential related topics such as RS design and mobility management are also simply discussed. 

2. The cluster method and inter-cluster coordination scheme
2.1 Clustering the edge users with the “virtual cell”
We introduce the virtual cell here which can be thought as one kind of cluster and the multi-cell coordination technologies can only apply in the virtual cell. Each cell is divided into cell edge and cell center according to its radio geometry. The virtual cell is the logical region which can include several neighboring cell edge regions, e.g., 3 cell edge region as in Fig.1. The virtual cell (VC) is only a logical concept and the associations of the users and their serving cells are not changed. 

All users can be divided into cell edge users and cell inner users according to the user’s radio geometry and all the cell edge users will be assigned to one of the virtual cells belonging to its serving cell. The virtual cell consists of a number of parts of the traditional cell edges. In one virtual cell, the users with different serving cells can support the two categories of multi-cell coordination technologies:

· Advanced antenna technologies: single cell antenna processing with multi-ABS coordination and multi-ABS joint antenna processing are both supported that the users in the virtual cell can use all the antennas dimensions from all the cells part of whose cell edges belonging to the virtual cell.

· Coordinated scheduling: all edge users in the virtual cell with different neighboring serving cell can be scheduled coordinately to avoid the inter-cell interference dynamically.
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Figure 1 Illustration of virtual cell
By this approach, the cooperation cluster includes a number of cell edge regions and the multi-cell coordination can be only realized for cell edge users and thus mainly target for dynamic inter-cell interference mitigation. For each edge user, its virtual cell consists of its serving cell and the two neighboring cells. Similar to cell based cluster, the virtual cell is a fixed cluster and there are a number of disjoint virtual cells in the whole cellular network. The scheduling and the coordinated transmission among neighboring cells can be considered in each virtual cell individually.
2.2 Coordination among virtual cells using FFR  

According to the previous description, for each cell, there are multiple VCs within one cell and one inner cell. If these VCs use the same frequency resources, there will need the coordination between the VCs, then the scheduling decision will interact among the cells and cause the above mentioned “ping-pong” effect. 

We propose to apply the FFR among those virtual cells to reduce their coordination. By this approach, the different virtual cell related to one cell can be designated to different part of frequency region and the inner cells use full bandwidth as shown in Fig.2. This scheme can guarantee there is no overlapped sub-band among any neighboring VCs. With this design, there is no coordination needed among the virtual cells which simplifies the inter-cell coordination among the cellular network to realize the multi-cell coordination. By this approach, there will be no resource overlapping among this type of clusters and thus no need to coordinate the scheduling among different clusters. With this approach, each edge user is mapped into different virtual cells and thus could be served by a number of cells. This can effectively solve the inter-cell interference for edge users.

For each cell, several cell regions are classified according to its associations to the virtual cells and thus be allocated to different sub-bands. The whole cell edge region will use the full bandwidth and the inner cell will also use the full bandwidth which will cause less frequency-selective loss. This is similar to new type of fractional frequency reuse (FFR) from each cell viewpoint.
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Figure 2 Fractional Frequency reuse pattern for each cell 

2.3 Distributed Scheduling architecture
One merit of this scheme is that it can support the distributed network and scheduling architecture. Corresponding to the virtual cell and the inner cell, there are the virtual scheduler and inner scheduler separately. Each virtual cell will own an individual virtual scheduler in the designated frequency band.

Virtual scheduler only manages those users in the VC with the resource allocation in assigned time, limited frequency constrained by FFR and spatial domain which is all the antennas from all its associated cells. Different FFR strategies will determine whether coordination between the virtual scheduler and cell scheduler is necessary. For the FFR strategy that inner cell uses different bandwidth with VCs and then there is also no coordination needed between the VC and inner cell scheduling. However, For the FFR strategy that inner cell is allowed to use same frequency sub-bands with virtual cell, then it is needed some coordination among the cell scheduling and its associated VC schedulers. This coordination is also simple by giving higher priority to VC scheduler.
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Figure 3.a Virtual cell scheduler 
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Figure 3.b Distributed scheduling architecture

This scheme can be extended to full cellular network and is easily realized in distributed mode as shown in Figure 3.b.
2.4 Compatibility with other clustering methods
This mechanism can also solve the edge performance issues of the multi-cell coordination with joint processing .As shown in Fig.4, several (e.g., 3) cells are consisted of a “super cell”. Within “super cell”, the joint processing is applied to achieve the joint antenna array gain to improve the average cell throughput. Within the “super cell”, some of the traditional cell edges become the inner part of the “super cell”. However, only parts of the traditional cell edges become the inner part of super cell and there are still 2/3 of traditional cell edges become the edges of the super cell. Thus there is still serious inter-cell interference among the super-cells. We can apply our proposed joint virtual cell and FFR scheme among the edges of super cell and can easily realize the dynamic interference coordination among the edges of super cell as traditional cell edges described in previous section.
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Figure 4 Application with centralized multi-cell coordination 

This clustering method with virtual cell can also be compatible to the dynamic user cluster method. Edge user only selects the best coordinated Cells (1~3) within each virtual cell .Virtual can guarantee at least two or three best cells for coordination .As shown in Fig. 5 , user a and user b are the edge user of cell 0 and belong to VC1{cell0,cell1,cell6}, the user a can choose the best two coordinated cells {cell1,cell6} as the cluster in VC1 and user b can choose the best three coordinated cells {cell0,cell1,cell6} as the cluster if the user based dynamic cluster is supported. The dynamic UE clustering can achieve better efficiency in term of backhauling cost and multi-cell coordination gain.  Moreover, the “ping-pong”effect of the user based clustering can be solved due to remarkable characteristics of virtual with FFR. This complexity can be controllable by centralized scheduling within virtual cell. 
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Figure 5 The dynamic user cluster in virtual cell
2.5 Further extension 
The virtual cell clustering can be applied in disjoint in the cellular network as shown above. In this disjoint application, due to the defined clustering method with virtual cell is the static clustering method, there may raise the issue that for some edge users in the cluster, they mayn’t be served well by the defined set of the coordination cells. As shown in Fig.6, user a is at the edge of cell 0, and the cluster for user a is VC1 {cell0, cell1, cell6}, but in fact, the best coordination set of cells for user a is {cell0,cell5,cell6}. The virtual cell clustering can be applied in overlapped manner in term of group of clustering in the cellular network to solve this issue. Two group of clustering are defined based on the previous clustering method with virtual cell as shown in Fig.7.  The two group of clustering are with same pattern but different components of cell edge regions. The user at the edge of VC1 in group 1 will be in the inner of VC1 in group 2 .By switch between the two cluster groups, the user in the cluster will be not always at the edge of the cluster which can improve the coordination gain.

The two cluster groups can work in TDM or FDM. If TDM is adopted, each group will apply FFR=3 and use TDM between two groups as shown in Fig.8 (a); If TDM isn’t adopted, FFR=6 will be applied among all clusters in two groups and each cluster group will apply 3/6 frequency as shown in Fig.8 (b). The group of cluster scheme (TDM or FDM) can provide the coordination gain at the cost of losing the multi-user diversity gain or frequency selective gain. For example, the scheme with FFR=3 can bring more frequency selective gain compared with FDM with FFR=6 and the scheme with TR( time reuse factor)=1 can bring more multi-user diversity gain compared with  TDM with TR=2. There is trade-off between the performance gain and system complexity and probably suitable for different scenarios and need further evaluation through system simulations.
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Figure 6  The illustration of the edge issue for the clustering with virtual cell
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Figure 7 The illustration of the two clustering group
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(a) TDM

[image: image10.emf]VC1

VC2

VC3

VC1

VC2

VC3

Cluster group 1

Frequency

F1

F2

F3

F4

F5

F6

Cluster group 2

 
(b) FDM  

Figure 8 The illustration of TDM and FDM for cluster group
2.6 Potential system impacts 
In addition, there are the potential impacts on the system such as corresponding reference signal (RS) design, inter-ABS information exchange, mobility management and configuration parameters. 
The orthogonal inter-cell reference signal design is proposed by many to well support the multi-cell coordination. With this scheme, only the edge users in the virtual cells need orthogonal inter-cell reference signal and each virtual cell only has maximum 3 associated cells and each VC will take different sub-band within the same cell which significantly reduce the resources for the orthogonal reference signals. 
This scheme can also reduce backhaul cost due to the reduced inter-ABS information exchange. If the exchange of channel state information is needed for the multi-cell coordination, only cell edge users need to exchange the CSI information in the 1/3 band from the serving cell to the virtual scheduler. Further more, the coordination among the cell scheduling and its associated VC schedulers can be supported by simple scheduling information exchange.
Moreover, the introduction of virtual cell can reduce the handover frequency.  Since the edge users support the multi-cell coordination, there is no need to handover when the users move within the virtual cells which are associated with the users’ serving cells. 
The information for virtual cell configuration such as the virtual cell pattern, the designated FFR region for the virtual cell groups is statically or semi-statically shared among BSs.
This scheme is also easily compatible with FFR scheme in which these cell edges are assigned a sub-band from the new frequency reuse pattern. 
3. Summary

In this contribution, we propose a clustering method with logical virtual cell and also simplify the inter-cell coordination through FFR. This scheme can fully realize the dynamic inter-cell interference mitigation with limited inter-cell signaling overhead and computation complexity. It can support all the types of multi-cell coordination technologies such as the coordinated scheduling and coordinated joint processing for all cell edge users to improve the edge throughput significantly. This scheme can easily support distributed scheduling architecture due to the definition of the virtual cell. Simultaneously, this scheme can also solve the edge performance issues of the centralized processing such as super cell and fixed clustering and be compatible with the dynamic user cluster method.  This scheme can be extended to two group of cluster by TDM or FDM to solve the edge issue in the cluster. Finally, this scheme can be easily compatible with FFR and bring benefits on the system such as significantly reduce the inter-cell orthogonal RS overhead and backhauling cost and enhance the mobility management.
Proposed Texts
[Insert the following text at the Section 20.2.2 in page 153, line 24]

---------------------------------------------------  Text Start  ---------------------------------------------------
Cluster can be defined as a set of neighboring cells to support multi-ABS coordination. It is feasible to realize the distributed architecture with the introduction of clustering which can support advanced antenna technologies. Both semi-static FDM or joint FDM and TDM can be applied to achieve low complexity inter-clustering coordination while the cell can still fully utilize the radio resource.
---------------------------------------------------  Text End  ---------------------------------------------------
 [Insert the following text at the end of the Section 20.3 in page 155, line 13]
---------------------------------------------------  Text Start  ---------------------------------------------------
Dynamic multi-ABS scheduling can be used to mitigate the inter-cell interference. Both centralized and distributed multi-ABS scheduling could be considered with different system cost and complexity. It is feasible to realize the distributed multi-ABS scheduling architecture with cluster definition and low complexity inter-cluster coordination.

---------------------------------------------------  Text End  ---------------------------------------------------
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