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1 Introduction
It has been shown in [1][2] that DL transmit channel covariance can be exploited at eNB to improve the system performance, for example it can be used to transform the pre-determined codebook by satisfying the moment-matching property to better quantize the channel and greatly improve the system performance. However, the DL channel covariance estimation at eNB might not be straightforward, especially in FDD, where the DL/UL short-term channel reciprocity can not be assumed. In [3], it is proposed that DL transmit channel covariance (DL-TC) can facilitate DL MU-MIMO and CoMP with certain antenna configurations. In this contribution, the feasibility of this method is investigated and the related simulations are provided by taking the adaptive codebook as an example. 
2 DL transmit channel covariance estimation at eNB
The DL transmit channel covariance can be generally defined as a Hermitian matrix
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matrix, represents an instantaneous channel realization with 
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denotes the time and frequency indices, respectively, matrix 
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are the eigenvectors and eigenvalues of 
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. It is reasonable to assume 
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can be easily obtained at UE. 
2.1 Direct 
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 feedback based
Direct 
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feedback from UE is the most straightforward way of eNB to obtain the DL transmit channel covariance. The feedback formats of 
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can be either in its Hermitian form or in the eigenvalue decomposition fashion, where 
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are fed back separately. 
As the statistical channel information, 
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 changes much more slowly than the coherence time and bandwidth of the channel. This implies that only wideband 
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feedback is enough and the feedback periodicity of 
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can be much longer than the short term PMI/CQI/RI. Therefore, the extra feedback overhead introduced by direct 
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feedback based scheme is quite limited. Meanwhile, it is also possible that only partial information of 
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or its selected eigenvectors/eigenvalues are fed back by UE to further save the feedback overhead.
In general, the direct 
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feedback based approach is simple, straightforward and reliable. However, the additional feedback overhead should be justified by its performance enhancement. 
2.2 DL/UL channel statistic reciprocity based

In FDD, the DL/UL channel statistic reciprocity has been studied in [3][4]. In general, it is believed that the channel statistic reciprocity can be reasonably established when the channel is highly correlated. However, when the channel is relatively rich scattered and NLOS, the channel statistic reciprocity assumption becomes quite weak and unreliable. In [4], it is shown that MU-MIMO suffers a quite significant throughput loss of 5.5% to 13.5% by using channel reciprocity based
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. 
Another potential drawback of the channel statistic reciprocity based approach is that it is very hard to assume eNB and UE have identical
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, even with very high correlated channel. This might result in miscommunication between eNB and UE. 

3 Simulations

The prime eigenvectors of 
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are evaluated in Fig. 1, where 
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represents the estimated DL covariance based on DL CRS and 
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denotes the estimated DL covariance based on UL SRS. It is shown that ULA demonstrates better eigenvector correlations than dual-polarized antenna array. However, when the antenna spacing is enlarged from 
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, the eigenvector correlation in ULA also gets deteriorated. 
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                                                                 Figure 1 Prime eigenvector correlation
The performance comparison based on ULA with 0.5
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antenna spacing is shown in Fig. 2. As shown, UL transmission based DL covariance estimation works quite good. The impact of R mismatch is very limited and can be negligible.   
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                                                 Figure 2 Performance comparison of ULA with
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In Fig 3~5, performances with ULA with 4
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and dual-polarized antenna array are evaluated. Even though the channel of ULA with 4
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 is still relatively correlated, the performance degradation however becomes quite significant. When dual-polarized antenna array is assumed, the performance degradation becomes even severer. 
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Figure 3 Performance comparison of ULA with 
[image: image39.wmf]l

4

AS
[image: image40.jpg]Throughput

55

Dual Polarized Tx ant. with 0.5 & AS

—— adaptive codebook (AC)

—+—Rel8 cadebook

—&—AC with R mismatch





Figure 4 Performance comparison of dual-polarized antenna array with 
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Figure 5 Performance comparison of dual-polarized antenna array with 
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4 Conclusions
The importance to exploit DL transmit channel covariance at eNB has been well recognized. In this contribution, the UL transmission based DL transmit covariance estimation is studied. It has been shown this covariance estimation approach can only work for limited cases. From this point of view, the long term covariance feedback is necessary in order to fully exploit the potential.   

As a result, the following criteria on DL transmit channel covariance feedback are suggested
· Balance the DL covariance information feedback overhead and the related corresponding performance enhancement 

· Synchronize the DL covariance information between eNB and UE, if the covariance information is involved in CSI estimation/quantization at both eNB and UE side.
References

[1] R1-092389, “Adaptive Codebook Designs for DL MU-MIMO”, Huawei

[2] R1-093844, “Adaptive feedback for DL MU-MIMO”, Huawei
[3] R1-094280,  “Using Channel Reciprocity for CoMP in FDD Systems”, Ericsson, ST-Ericsson
[4]   R1-093984, “Use of UL Covariance for Downlink MIMO in FDD”, Motorola

Appendix

Simulation Setup

	Parameter
	Assumption

	Channel model
	SCM UMa

	Carrier Frequency
	DL: 2.85 GHz, UL: 2.51 GHz

	Number of Subcarriers
	512

	Bandwidth
	5M

	UE Speed  (km/h)
	3

	Precoding type
	Subbands (5PRB) and Wideband

	Feedback type
	2 Subbands or Wideband feedback

	Antenna configuration
	4x2

0.5 and 4 wavelength antenna spacing at eNodeB

0.5 wavelength antenna spacing ULA or cross polarized antennas at UE

	Polarization antenna
	ULA and Cross polarized

	RS density
	DL: 6 CRS/antenna/PRB

UL: 30 SRS/antenna/subband/5ms

	Channel estimation
	Ideal

	CQI estimation
	Ideal

	Receiver
	MRC/MMSE

	Baseline codebook
	Rel.8 codebook 

	MIMO mode
	 SU-MIMO with Rank-1 transmission
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