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1 Introduction
During LTE advanced (LTE-A) study item phase, multi-user MIMO (MU-MIMO) and coordinated multi-point (CoMP) transmission/reception have been discussed to achieve further downlink (DL) enhancement. Various feedback schemes have been suggested as enabling schemes of such technologies. An interesting proposal is the standard-transparent technique based on channel reciprocity between uplink (UL) and downlink even in frequency division duplex (FDD) systems [1,2]. Channel reciprocity has been widely used for obtaining channel knowledge without explicit feedback from a receiver in time division duplex (TDD) systems. This instantaneous channel information is in general hard to obtain in an FDD system due to duplexing gap between UL and DL. Therefore, we typically do not rely on the channel reciprocity in designing feedback schemes for FDD. Where short-term reciprocity cannot be relied upon in FDD systems, in [1,2] a method of using long-term channel reciprocity in the FDD mode was considered to obtain at the eNB DL beamforming weights from estimated UL long-term wideband channel covariance matrix. A duplexing gap compensation method for FDD was introduced and evaluated in [1].
This document considers several potential issues regarding the feasibility of the standard-transparent technique based on long-term channel reciprocity in the FDD mode.
2 Potential issues on long-term channel reciprocity
Reliability of channel reciprocity was a key issue in designing the feedback modes for Rel-9 dual layer beamforming. Therefore, recalling the discussions can be a good starting point of the discussions on long-term channel reciprocity in the FDD mode. It was suggested that PMI feedback is required for dual layer beamforming even though channel reciprocity is available in the TDD mode [8,9]. Several potential issues of relying only on channel reciprocity were discussed in [8]:
· Two UE transmit antennas is a UE capability and hence only half the channel will be visible for UEs with single transmit antennas. 

· Mismatch between Rx and Tx in primarily eNodeB but also in the UE.

· UL power control and transmission power inaccuracy. 

· UL channel estimation errors and smoothing in time and frequency.
While these issues were mainly identified for the case of obtaining instantaneous channel information from UL SRS in a TDD network, most of them also apply in the case of obtaining long-term channel covariance from UL SRS or traffic in an FDD network.
Tx-Rx mismatch
Channel reciprocity between UL and DL explains the duality of channel itself but the random phases and phase ramp in the frequency domain on UL and DL can be totally different considering the practical impairments. This Tx-Rx mismatch problem concludes that antennas should be calibrated. The calibration issue was already disused [3-7] and we have studied on the need of implementation-based calibrations at both eNB and UE sides for LTE TDD. To make sure long-term channel reciprocity in the FDD mode, antenna calibrations are also requested. Since UE calibration appeared to be relatively immature [7], it was recommended to avoid the needs for UE amplitude calibration [8].
eNB’s antenna configuration
The study in [1] assumed co-polarized antenna configuration with small antenna spacing of 0.5 wavelengths to show the comparable performance achieved by the UL channel covariance matrix to that by the DL channel covariance matrix. Since the specification should not mandate any antenna configuration in a practical system, the behaviour with different antenna configurations should also be investigated, i.e. it should be clarified whether or not this assumption still works in lowly correlated situation and /or in a large duplexing gap.
UE’s antenna configuration

If all the UE receive antennas are used as transmit antennas, then the DL channel matrix can be obtained from the transpose of the UL channel matrix. However, most of terminals may not have this antenna configuration. In general, a UE will have more receive antennas than transmit antennas as we assumed in LTE Rel-8. To resolve this asymmetry issue, we have introduced transmit antenna switching in sounding reference signals (SRS) transmissions to LTE Rel-8 as an optional feature. If the same mechanism is needed, then it needs to be discussed whether the transmit antenna switching should be mandated to enable the standard-transparent technique based on channel reciprocity. If it is still optional, then the performance needs to be re-evaluated without antenna switching.
Following is an example showing the problem in estimating the channel covariance matrix when transmit antenna switching is not supported. Assuming the 4x2 antenna configuration with cross-polarization antennas as shown in Figure 1 and uncorrelated spatial channels, the channel matrix is modelled as
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where 
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 denotes the channel from transmit antenna m to receive antenna n, 
[image: image3.wmf]1,,8

{}

=

L

kk

g

 are the i.i.d. complex Gaussian random variables, and 
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 denotes the cross-polarization power ratio (XPR). The covariance matrices observed at receive antennas 1 and 2 are
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respectively while the average covariance matrix, usually defined as 
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Assuming long-term channel reciprocity, the eNB will estimate R1, R2, and R by measuring the UL SRS. However, if transmit antenna switching is not supported, R and R1 (resp. R2) cannot be estimated from R2 (resp. R1) as seen in the example. It should be also noticed that R itself already lost some information about cross-polarization so the eNB may not perform relevant precoding and spatial multiplexing based on R.
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Figure 1. DL 4x2 antenna configuration with cross-polarization antennas

Channel estimation accuracy

The eNB will estimate the UL channel matrix by receiving the SRS. Relying on long-term channel reciprocity, the estimate of the DL channel covariance matrix is derived from that of the UL one. Therefore, the overall performance will depend on the accuracy of the estimate provided by the SRS. For low geometry users, the SRS needs to be bandwidth-limited to concentrate the transmission energy onto the limited SRS bandwidth and even with SRS hopping it will take a long time period for the eNB to obtain the UL channel response over the entire bandwidth. If antenna switching is performed on top, then it will takes more time. Moreover, since SRS is power-controlled, the estimation performance is also coupled with transmit power control (TPC) errors. Given that situation, the estimate accuracy for a low geometry user needs to be evaluated. 
3 Conclusion
In this contribution, we listed potential issues related to the feasibility of the standard-transparent technique based on channel reciprocity in the FDD mode. They can be summarized as follows:
· Antenna calibrations are needed at not only the eNB but also the UE.

· Long-term channel reciprocity needs to be evaluated for various eNB antenna configurations.

· It needs to be discussed whether the transmit antenna switching at the UE should be mandated.
· Channel estimate performance needs to be evaluated for low geometry users and considering TPC errors as well.
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