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1. Introduction
In order to meet the requirements of LTE-A, several new techniques have been proposed for system performance enhancement. Among them, CoMP is considered a most promising one for LTE-A to enhance cell edge performance and also average cell throughput. TR36.814 currently considers two types of downlink CoMP: coordinated scheduling (CS) and joint transmission (JT). The main difference between coordinated scheduling and joint transmission lies in whether UE’s downlink data is transmitted from a single point (CS) or multiple points (JT).
The main concept of coordinated scheduling is that multiple eNBs collaborate to mitigate inter-cell interference (ICI). The simple technique, fractional frequency reuse (FFR), which was employed in LTE system, can provide reasonable throughput performance for the cell edge UEs in the interference-limited environment.  Basically, fractional frequency reuse can be seen as a simple coordinated scheduling scheme. In the category of joint transmission, data to single UE is simultaneously transmitted from multiple transmission points to change the interfering signal into desired signal, and thus improve the received signal quality, especially at cell edge. Obviously, macro diversity can be seen as a simplest method to realize joint transmission.
For LTE-A system, we feel that there is a need to combine coordinated scheduling and joint transmission technologies to enhance the performance, especially at cell edge [1]. In this contribution, to exemplify this concept and for illustrating the potential benefits of combining the two technologies (i.e. CS and JT), we consider a downlink system which adopts pure fractional frequency reuse (i.e. without power control) as a coordinated scheduling scheme and employs macro diversity as a joint transmission scheme. The basic idea of the proposed hybrid concept is to dynamically select between a fractional frequency reuse scheme and a macro diversity scheme. This simple example is only used for showing the need of combining of coordinated scheduling and joint transmission technologies for LTE-A, regarding what coordinated scheduling and joint transmission schemes to be combined needs further study. 
2. A Simple Hybrid Concept
2.1 Fractional Frequency Reuse (FFR) Descriptions
The idea of partial reuse is to partition the whole frequency band into two parts, F1 and F3, where F3 further is divided into three subsets; and thus, it results in four orthogonal subbands, F1, F3A, F3B and F3C (see Figure 1). The frequency subband F1 is called cell centre band, where a reuse factor of 1 is adopted, and it is used by the cell interior users only. On the other hand, the frequency subband F3 is called cell edge band, for which a reuse factor of 3 is implemented, and the cell edge users are restricted to use this frequency subband only. However, if the cell edge subband is not occupied by data of the cell edge user, it can still be use by the cell interior users. 

An effective reuse factor 
[image: image1.wmf]eff

g

 which denotes the ratio of the total spectrum to the spectrum that can be used in each cell (or sector) is introduced in [2]. It can be expressed by
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where BWall denotes the whole bandwidth and BWcell denotes the available bandwidth in each cell.
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Figure 1. Spectrum setting for FFR in a tri-sector cell layout
2.2 Macro Diversity (MD) descriptions
When macro diversity is in use, the same signal is simultaneously transmitted to a single UE from two (or more) cells through the same frequency subchannels. Then, the UE receives the two (or more) unicast channels conveying the same traffic data with soft combining like delayed paths. The benefit of macro diversity is that the dominant interferers will become desired signals, and therefore, the cell edge transmission can be remarkably improved. Figure 2 shows 2-way macro diversity concept. In this study, a maximum size of 4-way macro diversity is assumed. Note that, in this study, n-way macro diversity refers to a situation where the same signal is simultaneously transmitted to a single UE from n cells.
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Figure 2. Concept of 2-way macro diversity
2.3 A Hybrid Concept
We consider the FFR scheme in downlink and assume that macro diversity is supported. And then, let us assume that UE k has been classified as a cell edge user. In this case, when UE k is scheduled to receive data, the system can use the following two methods to send the intended data to UE k. The first one is to realize a macro diversity scheme by using the subchannels that belong to reuse 1 subband (F1). We name this method Scheme A. The second one is to implement a FFR scheme (through a frequency reuse factor of 3) by using the subchannels that belong to reuse 3 subband (F3). We denote this method as scheme B. The proposed hybrid concept is demonstrated in Figure 3. The basic idea of the hybrid concept is to select the better signal quality between a FFR scheme (with a reuse factor of 3) and a multipoint transmission (through macro diversity) for cell edge users. For a given cell edge UE, we define 
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 as the SINR of UE k with Scheme A (i.e., macro diversity is applied) and Scheme B (i.e., a reuse 3 is applied), respectively. When the UE is scheduled to receive data, Scheme A will be adopted as a means to transmit the intended data to the UE if the condition expressed in (1) is satisfied, and Scheme B will be employed if the condition (1) is not hold. 
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Figure 3. Operational principle of the hybrid concept
3. Numerical Results and Discussions
We assume that the available downlink bandwidth is 5 MHz, and set the number of subchannels and the subchannel bandwidth to 25 and 180 kHz, respectively. The simulation is conducted for macro-cell case 3 as specified in TR 25.814. The applied scheduler is Round Robin. A threshold of 0dB on geometry is defined to differentiate cell edge UE and cell interior UE [3].
Figure 4 shows the cell interior (Tinterior) and cell edge (Tedge) throughput for pure FFR scheme and the proposed hybrid scheme (FFR+MD hereafter in this section) with different effective reuse factors. From this figure we can have two observations. Firstly, the FFR+MD scheme provides a significant cell edge throughput gain (~ 20-95 %) over the pure FFR scheme, and it gives more considerable gains when the effective reuse factor is reduced. Second, the FFR+MD scheme causes about 15 % cell interior throughput loss as compared with the pure FFR scheme. This is because in FFR+MD scheme, the cell centre band (F1) is shared between all CIUs and some CEUs (who is performing macro diversity), thus the amount of frequency resources allocated to a CIU, on average, is less than that in the PR scheme. From the above observations, we know that the FFR+MD scheme is a more appropriate one to improve cell edge bit rate. 

Here we consider two data-rate fairness criteria [2], the mean fairness criterion and the very fair criterion. Mean fairness means that the average throughput of CEUs is approximately 3/5 of the average throughput of CIUs and very fair means a factor of 1 (i.e., uniform data rate). The average cell throughput under the mean fairness and very fair criteria is reported in Figure 5. The reuse-1 and -3 results are also illustrated in the figure. The figure shows that, compared to the pure FFR scheme, the FFR+MD scheme can achieve about 6 % and 10% total cell throughput gains in the mean fairness and very fair systems, respectively. It can be explained as follows. Due to the consideration of the data-rate fairness among the users, the FFR+MD scheme can distribute the user throughput more fairly to the users than the pure FFR scheme.
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Figure 4. Average cell interior and cell edge throughput performance
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Figure 5. Average total cell throughput performance
4. Conclusion
In this contribution, we use a simple example to show the need of combining of coordinated scheduling and joint transmission technologies for LTE-A. We consider a downlink system with fractional frequency reuse and macro diversity schemes for realizing coordinated scheduling and joint transmission technologies, respectively. The basic idea of the proposed hybrid concept is to dynamically select between a fractional frequency reuse scheme and a macro diversity scheme. The simulated results show that the combination of these two technologies can actually bring some gains. So we conclude that, in order to further increase cell edge performance and also system throughput for LTE-A, a combination scheme of coordinated scheduling and joint transmission technologies should be studied. 
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