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1 Introduction
Coordinated multi-point transmission / reception (CoMP) has been regarded as an important component for LTE-Advanced system [1]. Some initial research has shown the benefits of CoMP [2]. [3] and [4] provided simulation results for downlink CoMP in TDD and FDD systems, respectively. It can be foreseen that evident performance improvement can be obtained for downlink.

Albeit it can be found in [1] that “Uplink coordinated multi-point reception is expected to have very limited, impact on the RAN1 specifications.”, many issues have been noticed to bring impact to the system performance [5][6][7][8][9][10]. Consequently, uplink should also be paid more attention to. Up till now, evaluation for TDD system has been provided [11].

To further strengthen the researches and provide a practical evaluation in uplink CoMP for ITU submission, system performance evaluation for uplink CoMP in FDD system is carried out in the contribution. Firstly, we take system-level simulation to investigate the largest performance improvement introduced by CoMP neglecting delay spread issue. It can be concluded that CoMP can bring evident improvement to system performance. However, due to delay spread issue, the benefits of CoMP are limited, which is also proven with aid of system-level simulation. Extended cyclic prefix (CP) can weaken the issue, but on the other hand incurs high overhead and degrades performance accordingly. Consequently, flexible CP is proposed, which can ensure the performance improvement with CoMP without high overhead. The performance with the solution is also given.
A text proposal is presented at the end.
2 Evaluation for uplink CoMP neglecting delay spread issue

In this section, system evaluation is carried out when delay spread issue is neglected, so as to investigate the largest performance improvement introduced by CoMP in uplink. In the contribution, we mainly consider the intra-eNodeB joint reception mode. Note that the possible extension to inter-eNodeB scenario should not be precluded.
2.1 Cell topology
The cell topology shown in Figure 1(a) is considered in the contribution. There are 19 sites in the scenario, each site contains 3 sectors (each sector corresponds to one cell), and each cell is equipped with multiple antennas. A UE can be served by several cells, which compose the active CoMP set for the UE. The eNodeB will choose and maintain the active CoMP set for the UE based on the channel condition, e.g. reference signal receiving power (RSRP) detected and reported by the UE. The cell with best channel condition in the active CoMP set is called the anchor cell [12]. The serving cells in the active CoMP set are not limited to be located at the same site. One example for CoMP is given in Figure 1(b), where UE1 and UE2 are both served by 3 cells, and UE3 is served by 2 cells.
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(a) 19-site scenario (b) example for CoMP





Figure 1 Cell topology for CoMP

2.2 Scheduling scheme
Resource sharing scheduling is adopted in the evaluation (i.e. the same resource of each cell can be shared by multiple UEs), since such scheduling can bring high efficiency and be easily employed in both intra-eNodeB and inter-eNodeB scenarios. In the receiver, interference cancellation (IC) technique can be utilized to detect signals from the served UEs. In the example in Figure 1(b), UE1 and UE2 can transmit signals with the same resource, and Cell 3 can detect signals from both of them with aid of IC. The scheduling scheme matches to the proposed CoMP-MU-MIMO scheme in [11].
2.3 Simulation results
System-level simulation is carried out to evaluate the benefit from CoMP, and the simulation parameter can be found in the Appendix A. To accord with the current research, the maximum number of coordinated cells is 3. The CoMP active set is composed based on a threshold, i.e. if RSRPcelli > RSRPanchor – Threshold, cell i is selected as one of the serving cells, where RSRPcelli denotes the RSRP from the i-th cell and RSRPanchor denotes the RSRP from the anchor cell. The threshold is 3dB or 6dB in the contribution. Note that when the threshold is larger, more UEs can enjoy benefits of CoMP. Throughput improvement over non-CoMP system for cell average and cell edge throughput is illustrated in Figure 2. The results for both CASE 1 and CASE 3 are given.

Conclusion:

· When delay spread issue is neglected, CoMP can bring evident improvement to system throughput, especially for cell edge UEs.

· When more UEs are served by multiple cells, larger throughput improvement can be obtained.
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Figure 2 Throughput improvement with CoMP over non-CoMP system
3 Evaluation for uplink CoMP considering delay spread issue

In this section, we take delay spread issue into consideration, so as to investigate the practical performance improvement with CoMP in uplink.
3.1 Delay spread issue in CoMP
For uplink in LTE R8, CP is adopted to eliminate inter-symbol-interference (ISI) and guarantee the orthogonality among signals on all sub-carriers. To ensure that uplink signals be covered by CP window, UE should transmit signal in advance, so that uplink signal arrives at cell receiver at expected time, or UE synchronize to its serving cell. In Figure 3, a scenario with 3 cells and 3 UEs is shown, and the i-th UE is served by the i-th cell. Assumed that the expected receiving time is t0 and the propagation delay from the i-th UE to the k-th cell is (i(k, the transmission time for the i-th UE should be t0 - (i(i. Improper arriving time (earlier or later than the expected time) is detected by cell uplink receiver, and timing advance (TA) adjustment is informed to UE via downlink signaling.
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Figure 3 Delay spread in LTE (perfect network synchronization is assumed)
For the joint reception mode in CoMP, each UE can be served by multiple cells. From [7][13], the signal propagation delays from UE to different cells are typically different. After TA adjustment, UE’s uplink signal arrives at its anchor cell at expected time, but may arrive at other cells earlier or later than expected time. As shown in Figure 4, UE1 is served by Cell1 and Cell2, and UE3 is served by Cell2 and Cell3. Because the transmission time for the i-th UE is t0-(i(i, Cell2 receives signals of UE1 and UE3 at t0 - (1(1 + (1(2 (>>t0) and t0 - (3(3 + (3(2 (<<t0), respectively. Consequently, the delay spread of all uplink signals is larger than the CP length, which brings down the detection performance.
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Figure 4 Delay spread in CoMP system
Conclusion:

· The delay spread of uplink signals can be larger than the CP length in CoMP system, which degrades system performance.
3.2 Delay spread issue’s impact to CoMP
The importance of delay spread issue relies on two aspects: a) the impact when uplink signals’ delay spread is larger than CP length; b) the probability that uplink signals’ delay spread is larger than CP length. They are analyzed in the following.
3.2.1 Impact when uplink signals’ delay spread is larger than CP length
The impact has been proven in [14], where it is proposed that timing control should maintain ±0.52 µs timing accuracy. When uplink signals’ delay spread is larger than CP length plus 0.52 µs, some of them will fall far outside the CP window and hence suffer detection degradation. Hence, the following conclusion can be drawn.
Conclusion: 

· When uplink signals’ delay spread is larger than CP length, detection performance suffers degradation.
3.2.2 Probability that uplink signals’ delay spread is larger than CP length
The cumulative density function (CDF) of uplink signals’ delay spread is shown in Figure 5, where both non-CoMP and CoMP systems are investigated. Higher threshold incurs lower probability that uplink signals’ delay spread is less than CP length, i.e. fewer cells can detect signals without performance degradation. In CASE 1, about 1/3 of the cells with normal CP will suffer performance degradation when the threshold for serving cell selection is 6dB. In CASE 3, the issue even causes that almost all cells with normal CP have to suffer performance degradation.
Conclusion: 

· The probability that uplink signals’ delay spread is larger than normal CP length is high when CoMP is employed, especially for CASE 3.
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Figure 5 CDF of uplink signals’ delay spread (“Th” denotes threshold for serving cell selection)
3.3 Solution with flexible CP

From the analysis above and [7], extended CP can weaken the delay spread issue. From Figure 5, when extended CP is adopted, almost all cells can detect uplink signals without performance degradation. However, system efficiency is lowered with extended CP due to high overhead for CP. System-level simulation results are shown in Table 1 for throughput improvement of CoMP system with extended CP over non-CoMP system with normal CP. Hence, the following conclusion can be drawn.
Conclusion: 

· Albeit extended CP ensures detection performance for signals with large delay spread, its large overhead brings down cell average throughput.
Table 1 Throughput improvement of CoMP system with extended CP over non-CoMP system with normal CP
	Throughput improvement
	Cell Average
	Cell Edge

	Case1
	Th=3dB
	-13.33%
	-4.87%

	
	Th=6dB
	-10.04%
	4.49%

	Case3
	Th=3dB
	-14.76%
	2.15%

	
	Th=6dB
	-13.09%
	16.84%


From the analysis above, system with normal CP suffers from performance degradation, and system with extended CP incurs large overhead. Consequently, it is proposed to adopt flexible CP, i.e. different TTIs adopt different CP lengths. This method can do good to the system in that the benefits of CoMP can be obtained without high overhead. The UEs who cause large delay spread can be scheduled in the TTIs with extended CP, so that they can enjoy being served by multiple UEs; and the other UEs can be scheduled in the TTIs with normal CP, so that delay spread issue is not so evident and CoMP can take the best effect in improving their throughputs. When the flexible CP is employed such that 1/10 TTIs adopt extended CP and the other TTIs adopt normal CP, the system throughput improvement is increased evidently, as shown in Table 2. Consequently, the following conclusion can be drawn.
Conclusion: 

· Flexible CP should be considered in CoMP system, since it ensures the performance improvement with CoMP without high overhead.
Table 2 Throughput improvement of CoMP system with flexible CP over non-CoMP system with normal CP

	Throughput improvement
	Cell Average
	Cell Edge

	Case1
	Th=3dB
	1.76%
	10.52%

	
	Th=6dB
	4.87%
	16.79%

	Case3 
	Th=3dB
	0.40%
	13.67%

	
	Th=6dB
	2.36%
	33.62%


4 Conclusion

System performance evaluation for uplink CoMP is given in the contribution. For the first step, we take system-level simulation to investigate the largest performance improvement introduced by CoMP neglecting delay spread issue. The following conclusion can be drawn:
· When delay spread issue is neglected, CoMP can bring evident improvement to system throughput, especially for cell edge UEs.

Delay spread issue brings performance degradation to CoMP system because the delay spread can be larger than the CP length. With aid of simulation results, we can obtain:

· When uplink signals’ delay spread is larger than CP length, detection performance suffers degradation.
· The probability that uplink signals’ delay spread is larger than normal CP length is high when CoMP is employed, especially for CASE 3.

Extended CP can be adopted to weaken the issue. However, it introduces larger overhead. If extended CP is employed in all TTIs, throughput improvement is brought down, even worse than non-CoMP system. Consequently, flexible CP is proposed to be adopted in CoMP uplink. This method can do good to the system in that it ensures the performance improvement with CoMP without high overhead. The effect of the solution is also proven with system-level simulation.
5 Text proposal
We propose to capture the following text in Section 8.2 of TR 36.814 [1]:

---------------------------------------------------Text proposal for TR36.814[1] --------------------------------------------------
8.2 Uplink coordinated multi-point reception
Coordinated multi-point reception implies reception of the transmitted signal at multiple, geographically separated points. Uplink coordinated multi-point reception is expected to have very limited, impact on the RAN1 specifications. Scheduling decisions and uplink synchronization can be coordinated among cells to control interference and may have some RAN1 specification impact. To guarantee the benefit of uplink CoMP, the possibility of flexible CP should be considered.
----------------------------------------------------------End proposal----------------------------------------------------------------
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Appendix A. Simulation parameters
Table 3 System simulation parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Load
	Average 10 UE per sector

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	Spatial Channel Model (SCM)

	Antenna configuration
	1 (UE) ( 2 (Cell receiver)

	Bandwidth
	10MHz

	UE transmit power
	23dBm
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