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1. Introduction
As a promising feature, channel reciprocity has been applied in LTE Release8 to support downlink beamforming. In Release 9, further application of channel reciprocity is exploited for dual-layer beamforming and MU-beamforming. In order to make full use of channel reciprocity to improve system performance, reciprocity in LTE can be extended to larger extent in LTE-A to get downlink CSI via uplink reference signals. In this contribution, channel reciprocity in both TDD system and FDD system is studied with corresponding simulation results.
2. Discussion
2.1. Channel reciprocity in TDD system
Similar to beamforming technology in LTE, channel reciprocity can be further exploited in downlink MIMO transmission in most scenarios of TDD system in LTE-A. With CSI from uplink sounding reference signals in the form of channel correlation matrix or channel covariance matrix or channel eigenvectors, the frequency selectivity of channel information will disappear. To further make sure channel reciprocity in different scenarios, two types of CSI are considered for LTE-A: instantaneous/narrowband CSI and statistical CSI. In the scenarios where state of the channel is dynamic, such as in large spaced antennas array in TDD system, instantaneous/narrowband CSI is appropriate for precoding to match the real channel state. As the channel state changes fast in frequency-domain and time-domain, CSI is required with small delay in every narrowband. With semi-static assumption of channel state with closely spaced antennas array, time-domain or frequency-domain channel statistics is much more robust to non-ideal issues and different scenarios, such as partial uplink CSI or FDD system. The statistical characteristic of channel information would keep constant over a longer time or relatively wider bandwidth.
Based on above discussion, non-ideal issues such as antenna calibration and sounding error can be considered similarly as in LTE. As a technology which had been put into practice in LTE, antenna calibration in BS is effective on restricting the amplitude error and phase error of channel state information to a small extent. As the same antenna scenarios are assumed in LTE-A as in LTE, there will not be additional antenna calibration error in BS compared to the one in LTE. The impact of sounding estimation error and sounding delay on channel correlation matrix is relatively insignificant, since the correlation of channel is insensitive to Gaussian noise, and it changes much slowly than the coherence time of the channel in low-speed scenarios which is the primary case in LTE-A. Corresponding issues can be found in contribution [2][3] for LTE. In another word, channel correlation matrix is robust enough to allow some extent of non-ideal channel information error. 
Another issue of channel reciprocity in LTE-A is the number of Rx antennas is not equal to the number of Tx antennas in UE. The restriction of at most 4 transmits antennas and 8 receive antennas in a LTE-A UE means that in some 8x8 scenarios only partial downlink CSI is available in uplink. To exploit channel reciprocity in this scenario, statistical CSI instead of instantaneous/narrowband CSI can be used on the assumption that the statistical characteristic of partial CSI and full CSI is similar with closely spaced antennas array. Furthermore, the partial CSI is enough to support low-rank transmission in downlink.
We present some simulation results to study the channel reciprocity in different scenarios of TDD system. The received power corresponding to precoding based on ideal CSI and non-ideal CSI by reciprocity is compared in the results. The received power between them can be simply expressed in dB as:
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Where n is the layer index, and
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are the nth maximal eigen vector of ideal downlink CSI and channel reciprocity based downlink CSI. The focus is in the first and the second layer in the results. 
Real channel estimation with 10dB noise for uplink sounding and calibration error in BS is assumed as in table1 in appendix. For 8 antenna scenarios both full CSI and partial CSI with only single uplink SRS are considered, while large spaced antennas array and closely spaced antennas array are compared in 4 antenna scenarios. Statistical CSI is considered with frequency-domain statistics of channel correlation matrix in 6 PRBs in one subframe while single PRB CSI granularity for narrowband CSI.
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Figure1: Performance of short term channel reciprocity with two SRSs for TDD 8x2 system (0.5λ)
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Figure2: Performance of short term channel reciprocity with single SRS for TDD 8x2 systems (0.5λ, wideband CSI)
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Figure3: Performance of short term channel reciprocity with two SRSs for TDD 4x2 system (10λ, narrowband CSI)
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Figure4: Performance of short term channel reciprocity with two SRSs for TDD 4x2 system (0.5λ, wideband CSI)
Some conclusions are drawn based on the above results as follows:

· Better channel reciprocity can be obtained with statistical CSI with closely spaced antennas array compared to narrowband CSI or large spaced antennas array.
· For TDD system, even with sounding error and calibration error, the channel reciprocity is reliable for both closely spaced antennas array and large spaced antennas array.
· If there is only single SRS in uplink, channel reciprocity is still available with statistical CSI. 
2.2. Channel reciprocity based on Channel Covariance Matrix in FDD system
For FDD system, exploitation of channel reciprocity is also feasible for many scenarios. It is well known that channel covariance changes much slowly than the coherence time and bandwidth of the channel for correlated channel. Hence, if an eNodeB measures the spatial channel covariance matrix for a particular UE on uplink transmissions, reciprocity states that the same covariance can be used in the downlink signal processing. Therefore for FDD system, downlink channel covariance matrix can be obtained from uplink channel by SRS or DMRS. 
The most critical issue to exploit channel reciprocity in FDD system is the change of channel information between uplink frequency band and downlink frequency band. Compared to the frequency band asymmetry, the impact of other non-ideal issues such as sounding error, calibration error or even partial CSI as in TDD system becomes trivial since their effect on CSI is relatively insignificant. Some techniques such as frequency band transformation or spatial covariance matrix transformation can be considered to overcome the frequency band asymmetry. In [4], the downlink channel covariance matrix at an eNodeB can be expressed as 
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Where L is the number of multi-paths in channel, 
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 is the ray power density at direction of departure angle
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 is the antenna array response. If the antenna array is designed for the carrier frequency
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, with an antenna spacing of
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wavelengths (on that frequency), the array response in the uplink and downlink is obtained as
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Then the ray power density 
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Assuming 
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when the duplex frequency distance is not very large, then the downlink channel covariance matrix can be calculated as:
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In [5], more effective frequency band transformation for even larger duplex frequency-band distance can be achieved by diagonal transformation matrix:
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As the array response in the downlink can be expressed by uplink as:
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then the estimation of downlink covariance matrix can be obtained as
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where 
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 is the DOA estimated in the uplink which maximizes the receiver power in equation[3].
The basic assumptions above are based on closely spaced linear antenna array, and when it comes to dual-polarized array or large spaced array, the transformation will be weakened. Results in [1] show that the CSI estimation error by frequency band transformation is very small with closely spaced linear antenna array. 
Similar simulation results as in TDD system are presented here to study the channel reciprocity in FDD system. The same non-ideal assumptions are listed in appendix. Note that the frequency band distance between uplink channel and downlink channel is 100M with carrier frequency
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 of 2.0GHZ. Robust uplink to downlink spatial covariance matrix transformation as equation [7] is considered to optimize the channel reciprocity. Statistical CSI is applied with time-domain statistics of channel corrective matrix in last 5s. To further optimize the performance, precoding based on DOA estimation as in equation [7] instead of maximal eigenvector is exploited for rank 1 transmission.
[image: image25.emf]0 0.5 1 1.5 2 2.5 3 3.5 4

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Receive power difference between ideal CSI and reciprocity based CSI

Receive power difference

CDF

 

 

8x2 layer1 6prb

8x2 layer2 6prb


Figure5: Performance of long term channel reciprocity with two SRSs for FDD 8x2 system (0.5λ)
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Figure6: Performance of long term channel reciprocity with single SRS for FDD 8x2 system (0.5λ)
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Figure7: Performance of long term channel reciprocity with two SRSs for FDD 4x2 system (10λ)
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Figure8: Performance of long term channel reciprocity with two SRSs for FDD 4x2 system (0.5λ)
Some conclusions drawn based on the above results as follows:

· Better channel reciprocity can be obtained based on channel directional information with closely spaced antenna array.
· For FDD system, channel reciprocity can be obtained for closely spaced antenna array with statistical CSI. However for large spaced antenna array, since the channel state changes significantly in time domain and frequency domain, the channel reciprocity is not as good as that with closely spaced antenna array.
3. Summary
If CSI of expected UEs is available in BS, flexible pre-processing and accurate CQI/RI calculation can be performed in BS to optimize the system performance not only for SU-MIMO, but also for MU-MIMO and CoMP. This contribution discusses the feasibility of channel reciprocity in LTE-A system by which CSI can be obtained from uplink reference signals. Some conclusions are summarized as follows:

· Better channel reciprocity can be obtained with statistical CSI or channel directional information with closely spaced antenna array.
· Channel reciprocity is available in both TDD system and FDD system even with non-ideal issues, though there will be some degradation in FDD system with large spaced antenna array.
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5. Appendix-Simulation assumptions
	Parameter

	Assumption

	Antenna configuration
	4x2, 8x2 with ULA

	Distance of UE antennae
	0.5λ

	Distance of BS antennae
	0.5λ for 8x2

10/0.5λ for 4x2

	Bandwidth
	5M

	CSI
	Based on SRS(5ms delay, real channel estimation with 10dB noise)
One subframe CSI for TDD

5s statistical CSI for FDD 

	Calibration error
	Power offset: Uniform distribution between (-2,2)dB

Phase offset: Uniform distribution between (-10,10) degree

	Channel model
	SCM-TU

	Carrier frequency
	2.0 GHz

	FDD up/dw frequency interval
	100M

	Receiver 
	MMSE

	Codeword number
	2/1

	Layer number
	2/1

	Scheduled resource block
	6 RB, contiguous allocation

	Precoding granularity 
	1 RB、6 RB

	UE mobile speed
	3 km/h
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