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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, we provide more simulation results to compare the performance of different cooperation schemes, as well as results submitted in [7].
2 Cooperation Schemes

In this contribution, we evaluate the performance of schemes summarized in [5]. These schemes include:

· SFN with the same precoder for all sites

· SFN with different precoders for different sites

· Short delay CDD

· FSTD

· SFBC with different precoders for different sites

· SFBC with the same precoder for all sites

· Closed loop phase correction

The above schemes are studied in [5], except SFBC cooperation with the same precoder for all sites. The main difference between SFBC cooperation with the same precoder and SFBC with different precoders is that in the former, the same optimized precoder for all the sites is fed back to the transmitters. The precoder P is optimized for channel matrices H1 and H2 as following. The received power at the user is 
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, noting that the argument is a Hermitian matrix. The best precoder for the SFBC cooperation with the constraint of using the same precoder at all sites is derived by singular value decomposition of Heq.
3 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

ULA with 90% adjacent correlation

	Bandwidth
	10 MHz

	Allocated resource
	Fixed assignment: 6 contiguous RBs

Frequency selective scheduling: 6 RBs randomly selected within 15 best RBs 

	Channel estimation 
	Ideal

	Number of layers
	1

	MCS
	16-QAM 1/2 

	Feedback frequency granularity
	One PMI per 5 RBs

	PMI Feedback 
	Ideal, 4-Tx 1-Lx LTE codebook

	Phase correction
	2-Tx 1-Lx LTE codebook


3.1 Baseline performance comparison

Figure 1 compares the performance of six 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 to have no errors. The six 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 matrices before reporting the precoder. SFN and short delay CDD will only need one set of overlapping DRS if dedicated reference signal is used. However, the required DRS density for short delay CDD is higher due to higher effective channel temporal spread. 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. For SFN with the same precoder, the UE takes into account the phase of the two channels and finds the best precoder based on the combined channel. This results in a better performance compared to SFN with multiple precoders where the precoders are optimized individually and the two signals may add constructively or destructively and the LL results reflect the latter as the worst case.
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Figure 1: LL performance comparison of the performance of DL CoMP.

3.2 Frequency Selective Scheduling

The loss due to destructive superposition of the signals from different sites can be averted using frequency selective scheduling. In this case, the UE reports only frequency bands that the signals from different bands add constructively. Simulation results in this section show the performance of the same system as in Figure 1 while the allocated 6 RBs are randomly chosen within the best 15 RBs. These RBs are reported as the best three RB groups, each group containing 5 contiguous RBs. Simulation results show that the SFN with multiple PMIs gains the most among all simulation scenarios and gets close to other semi CL schemes surpassing SFN with the same precoder.
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Figure 2: Effect of frequency selective scheduling.
3.3 Effect of Codebook quantization
In Figure 3, the effect of feedback quantization on the performance of the cooperation schemes is studied. The codebook used in these simulations is the 4-Tx LTE codebook with 1 layer transmission. Comparing these results with those in Figure 1 shows a loss of about 1 dB in all transmission schemes. In Figure 4, the combined effect of feedback quantization and frequency selective scheduling is shown providing the same conclusions as FSS with perfect precoder feedback.
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Figure 3: Effect of feedback quantization on the performance.
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Figure 4: Effect of frequency selective scheduling and feedback quantozation.
3.4 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 to be 5 msec and the channel speed is set to 10 and 30 km/h. As shown in Figure 5 and Figure 6, 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. 
Figure 7 and Figure 8 show the effect of aging on the FSS system. As the speed increases, the gain of FSS decreases. This results in a huge performance degradation compared to results shown in Figure 2. As the speed increases, CL scheme as well as SFN schemes show the highest degradation due to destructive superposition of signals from different sites, which is no longer preventable by frequency selective scheduling.
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Figure 5: Effect of feedback aging on the performance of cooperation schemes at TU 10 km/h.
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Figure 6: Effect of feedback aging on the performance of cooperation schemes at TU 30 km/h.
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Figure 7: Effect of feedback aging on the performance with FSS at TU 10 km/h.
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Figure 8: Effect of feedback aging on the performance with FSS at TU 30 km/h.
3.5 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. In [8], the effect of such mismatches on the channel estimation quality is studied. 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 9: Effect of 4 chips timing mismatch on the performance of cooperation schemes.
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Figure 10: Effect of 15 chips timing mismatch on the performance of cooperation schemes.

3.6 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 11: Effect of 2 dB power mismatch on the performance of cooperation schemes.
[image: image14.emf]-8 -6 -4 -2 0 2 4 6 8

10

-3

10

-2

10

-1

10

0

Power Mismatch, 



SNR

 = 4 dB

SNR

1

BLER

 

 

Semi CL, SFN

Semi CL, SFN same precoder

Semi CL, 20 chips CDD

Semi CL, FSTD

Semi CL, SFBC same precoder

Semi CL, SFBC

CL, Phase correction

Figure 12: Effect of 4 dB power mismatch on the performance of cooperation schemes.
3.7 Effect of spatial correlation

In this section, we study the effect of spatial correlation on the performance of cooperation schemes. High transmit antenna correlation results in a fairly stable precoder making it robust against channel aging. In the following figures, it is assumed that transmit antennas at each site form a linear array with adjacent correlation factor of 90%. It is assumed that the AoD for both sites is the same resulting on the same long term statistical precoder at both sides. With such an assumption, the restriction of using the same precoder with SFN or SFBC implies little impact on the performance compared to schemes that such a restriction is not applied. In reality, different AoD from the sites and calibration mismatch results in different long term statistics and the performance of schemes with the same precoders degrades. Simulation results in Figure 13 show that in such correlated scenarios and at low speed, the relative performance of the schemes at low speed is similar to uncorrelated case. However, as the speed increases in Figure 14 and Figure 15, SFBC, FSTD and CDD show a fairly consistent performance as the precoder at each site remains constant. However, the performance of closed loop with phase correction degrades due to aging of the phase correction feedback.  
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Figure 13: Effect of spatial correlation on the performance
[image: image16.emf]-10 -5 0 5

10

-3

10

-2

10

-1

10

0

Array antennas, TU 10 km/h, Feedback delay = 5 msec

SNR

1

BLER

 

 

Semi CL, SFN

Semi CL, SFN same precoder

Semi CL, 20 chips CDD

Semi CL, FSTD

Semi CL, SFBC same precoder

Semi CL, SFBC

CL, Phase correction


Figure 14: Effect of spatial correlation on the performance at TU 10 km/h
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Figure 15: Effect of spatial correlation on the performance at TU 30 km/h

4 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. Short delay CDD provides some macro diversity gain but is susceptible to timing mismatch of the channel. SFN with different precoders show the lowest performance due to possible destructive signal superposition. Frequency selective scheduling improves the performance of all schemes specially the SFN cooperation, as only subbands where the signal constructively arrives at the UE are selected for transmission. 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 and SFN with frequency selective scheduling suffer more than other semi closed loop schemes due to channel aging. Moreover, closed loop cooperation is susceptible to large timing mismatch (1 (sec), while FSTD and SFBC cooperation schemes are more robust to such a timing mismatch. The inherent CDD effect of timing mismatch improves SFN combining schemes as it translates to inherent CDD, 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. In correlated transmit antenna deployments, the aging does not change the precoder rapidly and hence, schemes that do not rely on constructive superposition show a more stable performance. For low speed and nomadic scenarios, closed loop with codebook phase correction provides the best performance with a slightly higher feedback overhead (just two bits using 2-Tx 1-Lx LTE codebook) and low DRS overhead. In such scenarios, linear phase correction can be used to reduce the sensitivity to timing mismatch. For moderate speed scenarios, SFBC cooperation provides the most robust performance against channel aging and timing mismatch especially in correlated scenarios.
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