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I. Summary

This contribution proposes a combined fixed and adaptive soft frequency resource scheme for inter-cell interference coordination (ICIC). The proposed scheme takes long (slow) and short term (fast) traffic variations into account, and adaptively coordinates the use of time, frequency, and spatial domain resources. Static soft frequency reuse schemes [1] are not able to adapt to short-term traffic load and user distributions variations. As a result, such schemes may suffer performance degradation when dealing with uneven traffic loading among neighboring cells. 
The current consensus for uplink and downlink ICIC is towards semi-static versions of soft frequency reuse which are preferable but require additional signalling overhead and delay in order to ensure orthogonality of cell-edge bandwidth between neighboring cells [2]. Among the indicators being currently discussed for implementing dynamic reuse schemes are HII and OI in the uplink of LTE. However, in fully distributed and semi-static soft frequency reuse schemes, a problem might arise when exchange of indicators among neighboring cells and the ensuing actions undertaken by the target cells might lead to greedy cells monopolizing the cell-edge bandwidth destined to a cluster of neighboring cells. In order to circumvent this problem, we propose a combined fixed and adaptive soft frequency reuse scheme, where the available cell-edge bandwidth is partitioned into a fixed part aimed at accommodating urgent and predictable traffic loading and an adaptive part that takes short term-term traffic loading and user distribution variations into consideration.
II. Fixed and Adaptive Radio Resource
In a multi-cell deployment, interference management is often the most challenging problem near the cell edge, where the coverage of two or more cells may overlap. In the ICIC schemes considered thus far in LTE [3-7], the frequency resource allocation between cells can be static and semi-static.  The latter schemes incur a large penalty in terms of signaling overhead which complicates the task of the eNodeB scheduler. On the other hand, the static schemes are simpler but not flexible enough to deal with changing traffic demands in each cell.

The proposed scheme in this contribution strikes a balance between the static and semi-static schemes, thereby reducing the signaling overhead.  We use a combined fixed (static) and adaptive resource allocation (semi-static) technique that is valid for both the uplink and downlink scenarios; even though the focus of the current contribution is on uplink ICIC. In other words, the radio resource is divided into fixed and adaptive bands.  Within the adaptive band, we further propose to subdivide it into two categories, namely, the reserved and the free bands.  Accordingly, we classify users as primary and secondary users, depending on whether they use (or are assigned) the fixed or adaptive band radio resources.  

According to the proposal, the cell-edge radio resources of each cell consist of two parts: fixed cell-edge band and adaptive cell-edge band. In general, radio resources allocated to fixed band change on a fairly static basis, and vary only over a period of several hours or days, while the radio resources allocated to adaptive band vary semi-statically or semi-dynamically over a shorter timescale of the order of hundreds of seconds. Fixed band resources could for instance be allocated for those traffics which are urgent and/or important since the likelihood for these radio resources to be interfered is minimum or negligible since they are usually assigned in the non-overlapping bands.

[image: image1.png]


Figure 1: Example of a cell deployment
The adaptive band is further subdivided into reserved and free adaptive bands.  The adaptive reserved band gives the owner the priority to use the band but not the overriding rights as in the case of the fixed.  The adaptive free bands or radio resources are free for all and anyone can grab the resource as long as it is interference free.  

a. Fixed radio resource
The fraction of system bandwidth allocated to the fixed band depends on the vendor’s projected service requirement, and can be small or large. The benefit of fixed band is to reduce the network signaling overhead because each cell is given the exclusive right to use this bandwidth or the bands are non-overlapping among neighboring cells. The cell has the right to use its fixed resources without having to measure interference or wait for an interference indicator; this reduces delay and incurs a low signaling overhead. Thus, a primary UE has the advantage that the eNode-B can assign radio resources to it with minimum delay and without having to worry about unplanned for interference.
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Figure 2: Illustration of fixed cell-edge band allocation for ICIC
b. Adaptive radio resource
The radio resources allocated to adaptive band in a cell will depend on what is left over from the fixed band allocation and the traffic level demand for that cell. The adaptive radio resource is further classified into two categories – reserved and free.  UEs in a cell have the priority on reserved adaptive radio resource.  On the other hand, a free adaptive radio resource may be used by another cell, but only after it has exhausted its reserved adaptive band radio resources. 

Thus, the adaptive band radio resource in a system may: 

1. Entirely be set aside as reserve, 
2. Entirely be set aside as free 
3. Or, be a hybrid of the above two possibilities.
The system can be configured for one or more of these options which will be vendor specific.  As mentioned above, the difference between the reserved and the free adaptive resources is that the owner of the reserved resources has a higher priority to use the resource.  
Adaptive Free Resource

In the case of the free adaptive resource, any cell can use it if it is free of interference but recommended only after it has exhausted its available reserved resource.  
Adaptive Reserved resource

A cell could borrow a reserved resource belonging to another owner (cell or sector).  However, when the transmission is complete, the borrower will have to release the resource back to its rightful owner.  Only upon receiving the “interference free” indicator, or after a time-out period, could the owner resume its rights to use the reserved resource.  
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Figure 3: Illustration of adaptive cell-edge band allocation for ICIC

It should be noted that how the fixed and the adaptive (reserved and free) are configured and prioritized are vendor specific.

III. Conclusions

Fixed and adaptive radio resource scheduling is proposed to reduce backhaul signaling and yet allow the flexibility to deal with changing level of traffic demands.  Primary and secondary users are classified according to which types of radio resource they used.  

Start and end frequencies or the centre frequencies with their associated bandwidth parameters need to be defined for the fixed and the adaptive reserved and free bands for the various cells.
The indicators to inform or be informed of the interference of a certain resource block should be further investigated but indicators such as OI and HII could be utilized for these functions.  These indicators would allow the vendors to develop algorithms to optimize the use of the fixed and adaptive (reserved and free) bands to increase the system capacity for varying traffic loadings.
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