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1 Introduction
In [1], the primary aspects of coordinated multipoint (CoMP) transmission/reception have been set out, and the downlink coordinated multipoint transmission is mainly characterized into two classes:

· Coordinated scheduling and/or beam-forming

· Joint processing / transmission

An explicit classification of the CoMP transmission has been presented in [2]. The joint processing category is further divided into two modes, that is, CoMP can serve a single UE in the CoMP-SU-MIMO mode, or CoMP can serve multiple UEs simultaneously in the CoMP-MU-MIMO.
With these CoMP schemes, efficient frequency plan approach need to be designed to support joint resource management in L3. In this contribution, our object is to design a frequency plan scheme based on CoMP-SU-MIMO for inter-cell joint processing/transmission.
2 Existing frequency plan schemes on CoMP-SU-MIMO
2.1 Fixed frequency plan scheme
In [3], a fixed frequency plan scheme based on CoMP-SU-MIMO has been presented. This scheme divided each cell’s frequency into two parts, that is, CoMP Frequency Zone and Frequency Band for Single Cell Operation. As Fig.1, the frequency and size of CoMP Frequency Zone are equal in each cell, which guarantee edge UEs to be allocated the same frequency for CoMP operation. [3] also indicates that the system performance of CoMP SU-MIMO depends highly on the SINR threshold and the partition of the bandwidth.
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Fig.1 Fixed frequency plan scheme

Through fixed frequency plan, the necessary resource can be reserved to guarantee CoMP operation, but it suffers from throughput loss due to the lack of flexibility between cells even though it is easy to implement. In addition, this scheme cannot mitigate interferences and operate resource management effectively between neighbour CoMP clusters, because a single cell may belong to different CoMP clusters, which possess the same CoMP frequency Zone for each cell.
2.2 Completely Dynamic frequency plan scheme
Another scheme is the completely dynamic frequency plan scheme that each cell in one cluster have different CoMP Frequency Zone on frequency band, which can be allocated according to the utilization of CoMP operation. Based on cell cluster scheme [4], the approach is a long-term statistics process: the cells which have formed more CoMP links to UEs need be allocated more resource, vice versa. In Fig.2, an example of dynamic CoMP frequency plan is illustrated.
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Fig.2 Completely dynamic frequency plan in a cluster

In Fig.2, we assume that a CoMP cluster is composed of seven cells (Cell
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). Due to the restriction of CoMP operation for CoMP UEs, we can conclude that the size of frequency zone of each cell must be the union of all neighbour cells in the network fixed cluster, which can be expressed as
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is the size of CoMP frequency zone of Cell
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Completely dynamic frequency plan will have better utilization of the spectral bandwidth, however, if CoMP Frequency Zone of one cell which belongs to different clusters changes, other cells in each cluster may also need modify to maintain CoMP operation through interaction among these eNBs. So completely dynamic frequency plan scheme will increases the overhead of interaction that is limited by the capacity of interface X2. Furthermore, the complexity problem of joint schedule algorithms will become increasingly high.
3 Proposed frequency plan scheme on CoMP-SU-MIMO
In this section, we try to introduce an effective frequency plan scheme on CoMP-SU-MIMO. In Fig.3, it represents a frequency plan example for one cell that cell frequency band is divided into three equal parts , different colours denote the CoMP Sector Zone allocated to different sectors. The CoMP Sector Zone with the same frequency and size among cooperated sectors. 
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Fig.3 Proposed frequency plan scheme sketch map

In Fig.4, the conterminous sectors of different neighbour cells can form a new “cell”, named virtual cell, which is similar to the “CoMP cluster” conception. By contrast with virtual cell, we named the true cell in communication system as real cell. Fig.3 can be considered as a frequency plan result of Cell 1 in Fig.4.

Definition: A UE of each cell is considered as CoMP UE if and only if 
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is a predetermined threshold. The UE set of a virtual cell is the union of CoMP UEs in sectors that belongs to this virtual cell.
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Fig.4 Proposed CoMP frequency plan scheme

3.1 Frequency plan flow
1. Statistics and exchange of information

In a system scene, each eNB in own real cell gathers the information of UEs’ target rate requirement. After recording, eNBs in the same virtual cell will exchange the necessary information among them, which contains QoS, CSI, CQI and so on.
2. Selection of CoMP modes

CoMP modes contain 2-sector CoMP and 3-sector CoMP, which is relative to the number of CoMP sectors in a virtual cell. As in Fig.4, “blue” and “yellow” virtual cell is 3-sector CoMP, “green” virtual cell is 2-sector CoMP. Based on the previous step, in each virtual cell, the selection of CoMP modes is realized by comparing the interference and channel gains among three sectors. 

In Fig.4, we take “green” virtual cell as an example, for simplicity, we denote sector 3 of Cell 1, sector 1 of Cell 6, and sector 2 of Cell 7 as “sector 1” , “sector 2”, and “sector 3” respectively.  So the rule selects “sector 1” and “sector 2” as a 2-sector CoMP can be expressed as
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 is the average channel gains from “sector
[image: image17.wmf]i

” to “sector
[image: image18.wmf]j

”,
[image: image19.wmf]g

 is a predetermined threshold. Furthermore, in CoMP mode selection process, other combination of three sectors in a virtual cell can be obtained according to the similar rules.
If there is no pair of sectors as a 2-sector CoMP in a virtual cell, we can consider it as 3-sector CoMP modes, which are determined by practical application scenario.
3. Plan of sectors’ frequency band

CoMP frequency of sector is partitioned according to the sum of CoMP UE target rate and we also take “green” virtual cell as an example. The ratio of CoMP Sector Zone is expressed as
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. Similarly, the plan results of “blue” virtual cell is expressed as
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 represent the number of UEs and the rate requirement of  “blue” virtual cell respectively.
4. Dynamic modification

If the rate requirement of UEs in one virtual cell changes, the CoMP Sector Zone of each sector in this virtual cell should be simultaneously modified in term of rate requirement, which will not affect the CoMP Sector Zone of other virtual cells. So the proposed scheme mitigates the “spread” phenomena rather than other CoMP Frequency Zone modification schemes. Therefore, the complexity of dynamic modification is much lower, and the required information exchange of dynamic modification only happened among eNBs which belongs to the same virtual cell.
5. Switch of CoMP modes

Through the interaction of eNBs, the detected CoMP UEs’ information (CQI, CSI, mobility…) of a virtual cell is used to determine whether the CoMP mode will be maintained or transformed according to step 2. The purpose of this step is to switch among fixed CoMP modes in term of real-time condition, which need implement the whole flow again.
3.2 Proposed shceme based on CQI
       In section 3.1, we introduce a frequency plan scheme that guarantee to distribute CoMP UEs with necessary resource. Nevertheless, the remained resource for CoMP operation may not be the best Rbs/subcarriers to CoMP UEs, so we can consider that frequency plan scheme is modified based on average CQI of all CoMP UEs in several TTIs. Therfore, the result based on modification is a set of Rbs/subcarriers that may be discrete on fequency band. Though the modification may improve the system performance and CoMP UE spectral efficiency, the tradeoff is that it increase the complexity of plan algorithm and  information of interaction among eNBs. 
3.3 Example
Based on our proposed scheme, in Fig.5, there is a frequency plan result. The same colour sectors in a virtual cell formed n-sector (
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) CoMP.
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Fig.5 An example of proposed frequency plan scheme

3.4 Analysis of interaction overhead
In Fig.6, we assume that every three neighbour cells form a 3-sector CoMP. Based on the assumption, the information overhead can be calculated due to the modification of total frequency resource for CoMP in the central cell. Parameters are assumed that one UE’s report is totally
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which is same in all cells, so UE number of a cell is
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Fig.6 Comparison of existing and proposed scheme

If the condition of CoMP utilization in the central cell changes, with our proposed scheme, we approximately conclude the interaction overhead among eNBs as
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because the central cell only need modify/transform CoMP Zone/modes in three virtual cells, as in Fig.4.

With existing schemes as in Fig.2, we also can calculate the total overhead of the first tie cells as
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The total overhead of the second tie cells is
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Therefore, the total overhead with existing scheme is
[image: image42.wmf]252

nN

bit.

Table 1 Comparison of the overhead with different schemes

	
	Total overhead(bit)
	Average overhead(bit/cell)

	Proposed schemes
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In this scene, modification of total frequency resource for CoMP in the central cell means a frequency plan period. From table 1, we can see that the total and average overhead of proposed scheme is approximately 14 times less than those of existing schemes. Therefore, the proposed frequency plan scheme is more efficient to implement than existing schemes. Moreover, the plan period in the proposed scheme can be modified shorter, which is a more accuracy and efficient approach according to the condition of practical system.
4 Simulation
The proposed scheme takes the received SINR at the UE as a metric to differentiate cell-edge UE and the cell-center UE. For example, a threshold on the received SINR can be used to define cell-edge UE. That is, a UE is a cell-edge UE if and only if
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is a predetermined threshold. 
System level simulation assumptions are listed as follows:

· 7 cells, 21sectors are assumed in the system

· SINR threshold 
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means that there is no CoMP within the system
· For simplicity, 10 MHz system bandwidth divided into 50 RBs, each RB is composed of several sub-carriers, the bandwidth of each RB is 200 KHz
· The transmission power on each RB is equivalent in each sector
· Proportional fairness RB scheduling algorithm is used in the proposed scheme
From Fig.7 and Fig. 8, it can be observed that, with the proposed frequency plan scheme, CoMP-SU-MIMO can bring gains to total system throughput. Moreover, it seems that CoMP-SU-MIMO with different
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is variable for improving the edge and system throughput. Therefore, the SINR threshold
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is one of the most important factors for improving the system performance of CoMP-SU-MIMO, because the partition between the bandwidth depends highly on
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. The performance can be seen as an optimization on the system parameter
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.From Fig.9 and Fig.10, it can be observed that the scheme based on CQI is better than the scheme independent on CQI, but the effect on system throughput and CoMP UE throughput is not obvious. 
In the proposed system, the frequency band is divided into several different zones while proportional fairness can be implemented in each zone for different requirement of UEs. However, more particular scheduling algorithms need be introduced to balance the throughput and fairness within the system, and improve the system throughput. To be specific, since system parameter
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will have lead to different utilization of the CoMP Sector Zone, previous version of the proportional fairness algorithm may not work. Furthermore, more scheduling algorithms based on the frequency plan scheme need be researched.
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Fig.7 Comparison of CoMP and non-CoMP system throughput (
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Fig.8 CoMP UE throughput (
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Fig.9. Comparison of system throughput based onCQI(
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Fig.9. CoMP UE Throughput (
[image: image63.wmf]1 dB

a

=-

)
5 Conclusion

CoMP operation is crucial to achieve targets of IMT-Advanced on the cell-edge throughput. In this contribution, we analyze a frequency plan scheme that is flexible to improve edge UE throughput. Compared to existing frequency plan schemes, the proposed approach will decrease the complexity of algorithm and the interaction overhead among eNBs. Moreover, the performance can be seen as an optimization on the system parameter
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. Based on this scheme, improving the system throughput and mitigating intra-cell inference is the main research point on further research.

Note: This is mainly the research work by ITTC in Beijing University of Posts and Telecommunications. Thanks for the contributions of Dr Zhiqiang He, Dr Xingkun Xu and Dr Kai Niu.
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