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1. Introduction
Coordinated multi-point transmission and reception (CoMP) is one of the key techniques for LTE-Advanced. In the downlink, CoMP techniques are categorized into two methods: coordinated scheduling and/or beamforming and joint processing/transmission [1]. In this contribution, we evaluate the gain of CoMP using simple joint transmission in the LTE-Advanced downlink. More specifically, we evaluate the cell-edge user throughput and average cell throughput taking into account the following aspects.

· Closed-loop intra- and inter-cell joint beamforming with precoding vector selection

· Reasonable reference signal (RS) overhead assumption based on [2]

· Tradeoff between RS overhead and channel estimation accuracy using a UE-specific RS

· Application of a vertical antenna component

In particular, we believe that it is important to establish a reasonable working assumption regarding the RS overhead for ITU submission evaluation.

2. Joint Transmission
In this contribution, we assume cell deployment using remote radio equipment (RRE) and joint scheduling in which one scheduler manages the radio resource assignment for all the cells collectively. The resource block (RB) assignment scheme for joint transmission is performed as follows. 
(1) Decision on cell-edge UEs

Cell-edge UEs are decided based on the downlink average received signal power. More specifically, a UE is decided as a cell-edge UE when it has surrounding cells providing the average received signal power within a threshold value from the highest average received signal power, i.e., the average received signal power of the serving cell. The threshold value is set to 3 dB in the simulation.
(2) Selection of precoding vector
For the cell-edge UE, we first select the precoding vector for the transmission antennas in each cell that is expected to perform joint transmission. Then, we select the precoding vector for the joint transmission, i.e., between the cells. All the precoding vectors are selected from the rank-1 codebook in Rel-8 LTE [3] so that the instantaneous received signal power is maximized. Therefore, the number of total signaling bits required for the PMI feedback is totally six bits, i.e., two bits for each cell and two bits for joint transmission between the two cells, although we assume error-free feedback signaling in the simulation. We assume that the precoding vectors are selected TTI-by-TTI and subband-by-subband.
(3) Measurement of received SINR at cell-edge UE
The cell-edge UE calculates the expected instantaneous received signal-to-interference plus noise power ratio (SINR) based on the selected precoding vector and feeds it back to the network as CQI with the aforementioned PMI. We assumed error-free feedback signaling in the simulation.
(4) Scheduling algorithm
The following procedure is performed for each RB. For each cell, the joint scheduler calculates the scheduling metric based on the proportional fairness (PF) criteria for all the UEs that are served by the cells. Here, the scheduling metric for the cell-edge UE is inversely weighted according to the number of the coordinated cells for the UE, i.e., two in this simulation, in order to reflect the amount of radio resources consumed for the UE. The scheduler assigns the RBs of all the cells to the UEs in descending order of the scheduling metric from the largest. However, the scheduler is allowed to assign a RB to the cell-edge UE only when the RB is available for the two cells that perform joint transmission for the UE. The PDSCHs are transmitted from multiple cells to the cell-edge UE applying the selected precoding vector so that the multiple signals are coherently combined at the UE. Figure 1 shows an example of the RB assignment. It should be noted that we consider single-user (single-stream) joint transmission, i.e., combination with MU-MIMO is not considered in this evaluation.
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Figure 1 – Example of RB assignment for joint transmission
3. RS Overhead Assumption

One aim of this contribution is to discuss a reasonable assumption for the RS overhead. Figure 2 shows the RS structures we assumed in the evaluation, which is based on [2]. We assume one antenna port with antenna virtualization for the Rel-8 common RS (CRS) and two OFDM symbols for the control channel region. The overhead for the CSI-RS is not considered. We evaluate the link-level performance assuming three UE-specific RS configurations as shown in Figs. 2(a), 2(b), and 2(c), i.e., 8, 12, and 16 resource elements (REs) per RB, respectively. The total overhead due to the CRS, control channel region, and UE-specific RS becomes 22.6, 25.0, and 27.4%, respectively. As a reference, we also evaluate the performance for single-cell transmission, where we assume two or four antenna ports for the Rel-8 CRS and two OFDM symbols for the control channel region. The total overhead becomes 21.4% and 23.8%, respectively.
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Figure 2 – Assumed UE-specific RS configurations
4. Simulation Results
Table 1 shows the major simulation parameters following the agreed simulation assumption [1]. In the evaluation, we assume a 19 cell-site configuration where each cell site comprises three cells. We assume two or four transmit antennas for each cell and that the maximum number of cells that perform joint transmission to a UE is two in the evaluation. 

Table 1 – Simulation parameters
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4.1. Full load case
Figures 3(a) and 3(b) show the cumulative distribution function (CDF) of the user throughput assuming two-by-two and four-by-two antenna configurations and a full buffer traffic model, respectively. The table summarizes the cell-edge user throughput at the 5% CDF value and average cell throughput. As the density of the UE-specific RSs is increased from 8 REs to 16 REs per RB, the throughput performance is degraded. In the joint transmission, channel estimation is sufficiently accurate even with the UE-specific RS of 8 REs per RB, since it is performed using the jointly transmitted UE-specific RSs from the two cells. The gain of the joint transmission for the cell-edge user throughput is approximately 16% and 17% for two-by-two and four-by-two antenna configurations for the UE-specific RS configuration of 8 REs per RB, respectively, but no gain is obtained for the average cell throughput. The simulation results show that joint transmission yields the gain in the cell-edge user throughput, but it may not be sufficient to satisfy the IMT-Advanced requirement, which is defined assuming full buffer best effort service profiles. Therefore, more advanced CoMP schemes may be required such as a combination with enhanced multi-layer transmission including MU-MIMO [4]-[9] and zero-forcing type beamforming [10]-[12].
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(a) two-by-two antenna configuration
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(b) four-by-two antenna configuration
Figure 3 – CDF of user throughput for full buffer traffic
4.2. Impact of traffic load
Next, we investigate the throughput performance assuming the on/off traffic model in order to investigate the impact of the traffic load. Figures 4(a) and 4(b) show the cell-edge user throughput performance as a function of the average cell throughput assuming two-by-two and four-by-two antenna configurations, respectively. The activity factor for the on/off traffic model is parameterized from 0.1 to 1.0. When the traffic load is fractional, the gain from the joint transmission is significant. When the cell throughput is 12 Mbps, improvement in the cell-edge user throughput by applying joint transmission is approximately 60% and 70% for the two-by-two and four-by-two antenna configurations, respectively. The figures also show that the UE-specific RS configuration of 8 REs per RB achieves the highest performance among the three configurations. We conclude that joint transmission achieves a significant gain for a fractional traffic load, which is typical in practical operations.
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 (a) two-by-two antenna configuration
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(b) four-by-two antenna configuration

Figure 4 – Cell-edge user throughput as a function of average cell throughput for on/off traffic
5. Conclusion

We investigated the gain of CoMP using joint transmission considering the RS overhead for the LTE-Advanced downlink. Based on the simulation results, we showed the following points.

· In the case of a full traffic load, joint transmission improves the cell-edge user throughput by approximately 16% and 17% for two-by-two and four-by-two antenna configurations, respectively (no gain in the average cell throughput).
· In the case of a fractional traffic load, e.g., at the average cell throughput of 12 Mbps, joint transmission improves the cell-edge user throughput by approximately 60% and 70% for two-by-two and four-by-two antenna configurations, respectively, which is significant.
Based on the simulation results, we believe that CoMP is an effective technique to improve the cell-edge user throughput in practical operations with a fractional traffic load. However, in order to satisfy the IMT-Advanced requirement, which is defined assuming full buffer best effort service profiles, more advanced CoMP techniques may be required and should be investigated such as a combination with enhanced multi-layer transmission including MU-MIMO and zero-forcing type beamforming.
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