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1 Introduction
Cooperation between neighbouring sites in a LTE-A system improves coverage for the cell edge users as well as total cell throughput. In the LTE standard, such cooperation is limited and does not involve scheduling, data sharing or channel state information state exchange between the transmitters. There are several proposals to adopt multi-site cooperation techniques in the LTE-A standard [1-4]. In [5-7], we studied different cooperation scenarios and proposed some solutions for further study in the LTE-A standard. In this contribution, a resubmission of [7], we provide some link-level simulation results to compare the performance of different cooperation schemes.
2 Simulation Results

In this section, we provide some link-level simulation results on the performance of some semi-CL and CL cooperation schemes. Simulation assumptions are as in Table 1.

Table 1: Simulation assumptions
	Number of cooperating sites
	2

	Number of transmit antennas
	4

	Relative Power Level of sites
	0dB, 2dB and 4 dB

	Number of Receive antennas
	2

	Channel model
	Uncorrelated TU channel 3, 10, 30 km/h

	Bandwidth
	10 MHz

	Allocated resource
	6 contiguous RBs

	Channel estimation 
	Ideal

	Number of layers
	1

	MCS
	16QAM 1/2 

	Feedback frequency granularity
	One PMI per 5 RBs

	PMI Feedback 
	Ideal

	Phase correction
	2-Tx 1-Lx LTE codebook


2.1 Baseline performance comparison

Figure 1 compares the performance of four semi CL cooperation schemes and one closed loop scheme. It is assumed that the long term SNR difference between the two sites is 0 dB and the signal from the two sites are synchronized. The feedback update is once per subframe and feedback delay is 1 msec resulting in little channel aging. The feedback is assumed with no errors. The five semi CL schemes combine the signals from the two sites by SFN, short delay CDD, FSTD and Alamouti code, respectively. The delay for the CDD scheme is set to 20 chips. For SFN, the precoder from the two sites either is the same or is individually optimized. When the two sites use the same precoder, the UE combines the two channel before reporting back the precoder. SFN and short delay CDD will only need one set of overlapping DRS if dedicated reference signal is used. For the CL scheme, the feedback to each site is assumed to be ideal but a phase correction with 90º resolution is used. In order to do that, the LTE 2-Tx 1-Lx codebook is used. The x-axis in the figure represents the SNR from the serving site only. Simulation results show that SFBC cooperation provides the best performance among all semi-CL schemes. SFN on the other hand is unable to achieve macro diversity and performs the poorest among the schemes. FSTD cooperation also provides a good performance while resulting in a colored interference to the cells other than the cooperating ones.
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Figure 1: LL performance comparison of the performance of DL CoMP.

2.2 Effect of feedback aging

In this section, the effect of feedback aging on the performance of different cooperating schemes is studied. The feedback delay is assumed 5 msec and the channel speed is set to 10 and 30 km/h. As shown in these figures, as the channel speed increases, all schemes suffer from aging but the performance loss on the fully CL cooperation is the highest. At 30 km/h, semi CL schemes outperform the CL scheme. However, SFN cooperation is still the poorest scheme. 
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Figure 2: Effect of feedback aging on the performance of cooperation schemes at TU 10 km/h.
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Figure 3: Effect of feedback aging on the performance of cooperation schemes at TU 30 km/h.

2.3 Effect of timing mismatch

Due to synchronization mismatch and different distances from the UE to the cooperating sites, there might be a timing mismatch at the receiver. If such mismatch combined with the channel impulse response duration exceeds the CP, it disallows the cooperation between the two sites with manageable complexity especially at high spectral efficiencies. However, shorter differences are tolerable and can be adjusted by a linear phase. Here, we study the effect of the residual mismatch of 4 and 15 chips after phase correction. As shown in the figures, a timing difference of 4 chips has little impact on the performance. However, a timing difference of 15 chips results in performance degradation of the CL schemes as well as the CDD cooperation as the effective delay here reduces to 5 chips. On the other hand, SFN cooperation benefits from the inherent CDD of the channel. SFBC and FSTD cooperation are not impacted by the timing mismatch of the two sites.
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Figure 4: Effect of 4 chips timing mismatch on the performance of cooperation schemes.
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Figure 5: Effect of 15 chips timing mismatch on the performance of cooperation schemes.

2.4 Effect of power mismatch

Two or more sites cooperate to serve a user if their path losses to the UE are comparable. Still, the long term signal power from the cooperating sites might be somehow lower than the serving site. If the power difference is very high, interference avoidance techniques and FFR are easier and more rewarding than cooperation schemes. In this section, we study the effect of 2 and 4 dB power mismatches at the receiver. The x-axis represents the power received only from the serving cell. As shown in the figures, the performances of all schemes degrade as the total power received at the UE is less that when the power mismatch is 0 dB. However, the relative performance of the schemes remains intact.
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Figure 6: Effect of 2 dB power mismatch on the performance of cooperation schemes.
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Figure 7: Effect of 4 dB power mismatch on the performance of cooperation schemes.
3 Summary
Simulation results provided in this contribution show that for low speed users, CL cooperation with phase correction outperforms different semi CL schemes. Within semi CL cooperation schemes, FSTD and SFBC provide the highest gain but with higher DRS overhead, if any is used. Short delay CDD provides some macro diversity gain but is susceptible to timing mismatch of the channel. Simulation results provided in this contribution also show that as the mobile speed increases, the performance of all schemes degrades due to feedback aging. However, closed loop cooperation suffers more than semi closed loop schemes due to channel aging. Moreover, closed loop cooperation is susceptible to large timing mismatchs (1 (sec), while FSTD and SFBC cooperation schemes are more robust to timing mismatchs. The inherent CDD effect of timing mismatch improves SFN combining schemes, but may degrade the performance of CDD cooperation. Simulation results shown in this contribution show that power mismatch between the two sites has little impact on the relative performance of cooperation schemes.
References

[1] 
Alcatel Shanghai Bell, Alcatel-Lucent, “DL Collaborative MIMO for LTE-A,” R1-082812, 3GPP TSG RAN1 #54, Jeju, Korea, Aug 18-22, 2008.
[2]
Samsung, “Inter-Cell Interference Mitigation through Limited Coordination,” R1-082886, 3GPP TSG RAN1 #54, Jeju, Korea, Aug 18-22, 2008.

[3]
Ericsson, “LTE-Advanced – Coordinated Multipoint transmission/reception,” R1-083069, 3GPP TSG RAN1 #54, Jeju, Korea, Aug 18-22, 2008.

[4]
LG Electronics, “Network MIMO in LTE-Advanced,” R1-082942, 3GPP TSG RAN1 #54, Jeju, Korea, Aug 18-22, 2008.
[5]
Nortel, “LTE-A Downlink Multi-site MIMO Cooperation”, R1-083870, 3GPP TSG RAN1 #54b, Prague, Czech Republic, Sep 29- Oct 3, 2008. 

[6]
Nortel, “Discussion and Link Level Simulation Results on LTE-A Downlink Multi-site MIMO Cooperation,” R1-083870, 3GPP TSG RAN1 #55, Prague, Czech Republic, Nov 10-14, 2008.
[7]
Nortel, “Performance evaluation of CoMP solutions,” R1-090142, 3GPP TSG RAN1 #55b, Ljubljana, Slovenia, Jan 12-16, 2009.































































































































































PAGE  
1

