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1. Introduction
Coordinated multi-point (CoMP) transmission/reception is designed for LTE-A to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput [1]. As defined in [1], downlink CoMP has been classified into two categories: joint processing (JP) and coordinated beamforming/coordinated scheduling (CB/CS) [1]. In general, depending on whether all the cells in CoMP cooperating set are controlled by the same eNB (site), we have two kinds of CoMP: one is intra-eNB CoMP, and the other is inter-eNB CoMP [2][3]. However, considering the tight timeline for the completion of Rel-10, it has been agreed in RAN1#59bis meeting that only intra-eNB CoMP techniques are assumed for Rel-10.
In this contribution, we firstly investigate the percentage of potential intra-eNB CoMP UEs within a cell. We can image that this percentage should not be too large, however the advantages on backhaul capacity/latency as well as scheduling complexity makes intra-eNB CoMP a promising scheme for Rel-10. And then, we evaluate the link capacity gain of intra-eNB CoMP by using the concept of joint transmission via a simple power-sum model. Herein, only single user CoMP (SU-CoMP) mode is considered. Although the evaluation is based on a simplified analysis model, it still can serve to provide some insight to the performance of intra-eNB CoMP joint transmission.
2. Percentage of Intra-eNB CoMP UEs
2.1 Construction of CoMP Cooperating Set
A single site (or eNB) usually consists of multiple baseband, RF, and antenna systems, with each system being dedicated to serve one sector. The intra-eNB CoMP cooperating set for a given UE is the set that consists entirely transmission points controlled by a single eNB. Generally, only the UE with more than one sector in its intra-eNB cooperating set can be configured to work under intra-eNB CoMP operation. 
The construction of CoMP cooperating set might be network predefined and user-centric [2]. However, the user-centric cooperating set will be more appropriate for intra-eNB CoMP applications since in a commonly used tri-sector cellular layout, it is impossible to (pre-)define two non-overlap CoMP cooperating clusters. Based on the discussion so far, it seems that RSRP difference could be a good criterion for user-centric cooperating set selection [4]-[7]. With this criterion, a cell will be added to a given UE’s CoMP cooperating set if its average (long-term) received signal power strength is within a pre-defined threshold from the highest average received signal power, i.e., the average received signal power of the serving cell. The average received signal power can be based on exiting RSRP measurement. In this study, we define the sector-edge UEs as the UEs who are with more than one sector in their intra-eNB cooperating set.
2.2 Simulation Results
The simulation is conducted for 3GPP Case 1 with 2-dimension antenna pattern (2D-antenna) and with 3-dimension antenna pattern (3D-antenna). A selection of simulation assumptions is listed in the Appendix. Furthermore, the fast fading is not considered in this contribution. 
Figure 1 and Figure 2 show the probability distribution function (PDF) of sector number of intra-eNB cooperating set with different threshold for 2D-antenna and 3D-antenna scenarios, respectively. From the figures, one can see that no UE has three sectors in cooperating set. Hence, we conclude that the maximum size of intra-eNB cooperating set is two. This is due to the fact that the signal strength of the third sector is very weak because of the back-lobe. Furthermore, one can see that the percentage of UEs that can perform intra-eNB CoMP (i.e. the percentage of sector-edge UEs) in 3D-antenna scenario is larger than that in 2D-antenna scenario. As shown in the figures, when threshold=3 dB, about 4% of UEs can apply intra-site CoMP in 2D-antenna scenario while this value is about 7% in 3D-antenna scenarios. It is worthy of note that the assumption of threshold value of 3 dB is commonly used on CoMP performance evaluations [6][7].
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Figure 1. PDF of sector number of intra-site cooperating set in Case 1 with 2D-antenna
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Figure 2. PDF of sector number of intra-site cooperating set in Case 1 with 3D-antenna
3. Link Quality Impact
Herein, a Shannon function with a loss factor L=0.25 is adopted to evaluate the link capacity [8]:
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The benefits of CoMP may come from the aspect that power of some interference resources become useful signal. In this contribution, we assume that sector-edge UEs always carry out intra-eNB joint transmission (JT), and further, we model the effect of joint transmission by summing the power. For a given UE performing intra-eNB join transmission, the SINR and link capacity of the UE are computed as (2) and (3), respectively,
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in which c and i denote the average received power of the sectors in cooperating set and the interfering cells, respectively, and N is the noise power. The factor 1/2 included in (3) is due to the fact that the UE occupies the resources of 2 sectors. Note that for a non-CoMP UE, there is only P0, which is the received power from serving cell, in the numerator in (2) and its link capacity is calculated as in (1).
Figure 3 shows the average link capacity gain of sector-edge UEs from using intra-eNB joint transmission. Note that link capacity gain is defined as the ratio of the average link capacity of sector-edge UEs with intra-eNB joint transmission to that without intra-eNB joint transmission. From the figure, it can be seen that intra-eNB joint transmission can bring significant link capacity gains for sector-edge UEs as compared with the case that no intra-eNB joint transmission is employed, and we further notice that the gain is more pronounced in 3D-antenna scenario. Taking the threshold value of 3 dB as an example, the link capacity of sector-edge UEs can be improved by 45% in 2D-antenna scenario and 70% in 3D-antenna scenario when intra-eNB joint transmission is used. Furthermore, one can observe that the link capacity gain decreases as the threshold value decreases.
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Figure 3. Average link capacity gain of sector-edge UEs from using intra-eNB CoMP
The percentage of sector-edge UEs that the link capacity with intra-eNB joint transmission will greater than that without intra-eNB joint transmission is shown in Figure 4. We recall that a loss factor of 1/2 is included in the link capacity calculation for intra-eNB joint transmission mode. From Figure 4, we can see that a large portion of sector-edge UEs can benefit from employing intra-eNB joint transmission. As shown in the figure, over 90% of sector-edge UEs get advantages when considering the threshold value of 3 dB. This is due to the fact that sector-edge UEs are usually affected by a single strong interferer, and thus it is very effective from turning the dominant interferer into the desired signal.
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Figure 4. Percentage of sector-edge UEs benefiting from intra-eNB CoMP
4. Conclusion
In this contribution, we firstly demonstrate the percentage of UEs that can perform intra-eNB CoMP under 3GPP Case 1 scenario. The results show that the percentage of intra-eNB CoMP UEs is typically less than 10% and the maximum number of cells in intra-eNB cooperating set is limited to 2.   Furthermore, by using a simple power-sum model, we show that intra-eNB joint transmission can yield a significant gain in average link capacity for sector-edge UEs and in the meanwhile we notice that most of the UEs at the sector border can benefit from using intra-eNB joint transmission without a cost of system capacity. Considering that a sector-edge UE is usually affected by a single effective interferer, it would be very helpful when this interferer becomes desired signal. Therefore, we conclude that intra-eNB joint transmission should be an effective technique for improving the throughput at sector border as well as system capacity, and we suggest that intra-eNB joint transmission should be support in Rel-10 LTE-A. 
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6. Appendix
The simulation assumptions are given in Table 1.
Table 1. Simulation assumptions
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