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1. Introduction

In the current TR 25.814 Section 9.1.2.7, some approaches to inter-cell interference mitigation for uplink are considered including:
· Co-ordination/avoidance i.e. by fractional re-use of time/frequency resources
· Inter-cell-interference randomization

· Frequency domain spreading
In addition, the use of beam-forming antenna solutions at the base station is a general method that can also be seen as a means for uplink inter-cell-interference mitigation. The feasibility of implementing inter-cell-interference cancellation in uplink needs further investigations.
The TR also mentions that the different approaches could, at least to some extent, complement each other i.e. they are not necessarily mutually exclusive.
In this paper, we discuss the constraints of two approaches: Inter-cell-interference cancellation (we here focus on those based on interference detection/subtraction) and Inter-cell-interference co-ordination/avoidance. Based on the analysis, a joint method is proposed by combing the two by treating them as a complementarity to each other. 

2. Combining inter-cell-interference co-ordination/avoidance with cancellation
The inter-cell co-ordination/avoidance can effectively increase SIR for cell-edge users with low implementation complexity, and improve cell-edge performance. One feature of this approach is constraining the allocation of subcarrier resource in a static or quasi-static frequency-reuse manner. This may reduce the number of subcarriers available for each reuse set at cell edge, and thus limits the peak rate and throughput in the reuse set. Thus on one side, inter-cell coordination/avoidance can achieve higher SIR. On the other side, it would anyway constrain the available frequency resource for cell-edge users. Therefore, coordination operations would become difficult in some scenarios e.g. the number of cell-edge users is large or high-peak-rate services are required in the cell edge. Moreover, since each cell needs to distribute resource between “cell center” and “cell edge” independently according to its own payload requirement distribution, the resource allocation in neighbouring cells cannot always be coordinated to approach frequency reuse 1.
On the other hand, as we introduced in [2], in order to effectively subtract the interference to a UE, it is very desirable that the “interfered” and “interfering” UEs are transmission in the same band, as shown in Figure 1(a).

Considering the above limitations of the two approaches, an agreeable solution may be combing the two by treating them as a complementarity to each other, and to some extend releasing their inherent restricts. 

An example of the joint inter-cell co-ordination/avoidance and interference cancellation (a generic description to coordination approaches in [1] is considered) is showed in Figure 1：
1． Use the inter-cell co-ordination/avoidance approach as a basis of inter-cell interference mitigation because this approach can deal with all kinds of service payload.

2． Interference cancellation can be used as a complementary in some scenarios (e.g. a significant portion of load happens in “cell edge”), or frequency reuse 1 is desired. In this case interference cancellation can be used to further improve the “cell edge” capacity and approach frequency reuse 1, by allowing neighbouring cells to allocate same frequency resource in the “cell edge” for the UEs satisfying the band allocation requirement of ICI cancellation [2].
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Figure 1. Combining inter-cell interference coordination with cancellation

3． When the two approaches are employed jointly, the frequency resource can be properly allocated to respectively satisfy the conditions of using the two. 

The scheme is to divide the overall subcarrier resource into two segments: “ICI coordination segment” and “ICI cancellation segment”. The resource in ICI coordination segment is used in a “frequency reuse N” manner (in the example in Figure 1, N=3). Each cell can only allocate 1/N resource in the segment to its “cell edge” users. The resource in ICI cancellation segment is used in a “frequency reuse 1” manner. Each cell can allocate all resource in the segment to its “cell edge” users. 

In [2], we discuss the band allocation requirements of ICI cancellation. The “interfering UE” and the “interfrered UE” should transmit the in the same band. The neighbouring cell can divide the ICI cancellation segment into either equal-size bands or bands in different sizes. Using either of the two allocation methods, the “interfering” and the “interfered” cells should use the same pre-defined band allocation in the ICI cancellation segment. 

Therefore, the system can assign the “cell edge” UEs that fit the pre-defined band allocation in the ICI cancellation segment, whereas assign other “cell edge” UEs in the ICI coordination segment. The UEs (yellow points in Figure 1) in ICI cancellation segment can perform ICI cancellation, and reuse the same frequency resource. Since only a part of UEs are allocated in the ICI coordination segment, the operation of inter-cell interference coordination/avoidance becomes easier because only a portion of interference needs to be coordinated/avoided.

The resource in the ICI cancellation segment is not necessarily allocated to “cell edge” users. When the payload in “cell edge” is small, the resource in the segment can be used for “cell center” users. Different cells can distribute the resource in ICI cancellation segment between “cell center” and “cell edge” independently according their specific requirements. The resource allocated to “cell center” UEs does not need to allocated following the pre-defined band allocation.

How much portion of resource is allocated in ICI coordination segment or ICI cancellation segment can be adjusted semi-statically, as shown in Figure 3. This depends on how much resource needs to be allocated to “cell edge” UEs that fit in the pre-defined band allocation. When no “cell edge” UEs fit in the pre-defined band allocation, the ICI cancellation segment can shrink to zero, and only ICI coordination is used. On the contrary, when all UEs can fit in the pre-defined band allocation and frequency reuse 1 is desired (e.g. system is heavy loaded in “cell edge”), the ICI coordination segment can shrink to zero, and only ICI cancellation is used.
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Figure 2. Adjust the portion of resource in ICI coordination segment and ICI cancellation segment

3. Conclusions
In this paper, a joint inter-cell interference mitigation method is proposed by combing the interference coordination/avoidance and cancellation approaches. In the joint method, the two approaches can will complement each other and to some extend release their inherent restricts.

A new sub-section is then proposed for the TR 25.814 Section 9.1.2.7, as shown in the following section.
4. Text proposal

---------------------------------------------Start of Text Proposal--------------------------------------------
9.1.2.7

Inter-cell interference mitigation
……
9.1.2.7.4
Combining Inter-cell-interference co-ordination/avoidance with cancellation
A constraint of inter-cell co-ordination/avoidance would be that it would anyway constrain the available frequency resource for cell-edge users, and therefore becomes difficult in some scenarios e.g. the number of cell-edge users is large or high-peak-rate services are required in the cell edge. Frequency reuse 1 cannot always be approached.
On the other hand, to enable an effective interference cancellation, the overlapped time-frequency resource in the “cell edge” should be reused with the same “chunk allocation” in the serving and interfering cells, e.g. the corresponding chunks should have the same time-frequency size and position.

Hence an agreeable solution is combing the two by treating them as a complementarity to each other, thus to some extend releasing their inherent restricts:
1. Use inter-cell co-ordination/avoidance approaches as a basis of inter-cell interference mitigation.

2. Interference cancellation can be used as a complementary in some scenarios (e.g. a significant portion of load happens in “cell edge”), or frequency reuse 1 is desired. In this case interference cancellation can be used to further improve the “cell edge” capacity and approach frequency reuse 1, by allowing neighbouring cells to reuse same subcarriers in the “cell edge”.

3. When the two approaches are employed jointly, the overall frequency resource can be divided into two segments: ICI coordination segment and ICI cancellation segment. The resource in ICI coordination segment is used in a “frequency reuse N” manner (N>1), in which only 1/N resource can be allocated to “cell edge” users. The resource in ICI cancellation segment is used in a “frequency reuse 1” manner, in which all resource can be allocated to its “cell edge” users. The UEs fitting the pre-defined band allocation (same in neighbouring cells) can be allocated in the ICI cancellation segment, whereas other UEs are allocated in the ICI coordination segment. The ICI in ICI cancellation segment (due to the overlapped use of frequency) can be cancelled. Accordingly, the operation of inter-cell interference coordination/avoidance becomes easier because only a portion of interference has to be coordinated/avoided.

---------------------------------------------End of Text Proposal--------------------------------------------
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