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1 Introduction
It is well known that reciprocity principle exists between antennae of a pair of transceivers, i.e. the transmission channel matrix of a mobile station (MS) from MS antennae to base station (BS) antennae is simply the transpose of the receiving channel matrix of the MS from BS antennae to MS antennae. This property is especially favorable for time division duplex (TDD) systems, and can be used in TDD multi-input multi-output (MIMO) communication systems. However, real implementations occur in base band, and the channel faced is a composite channel including radio frequency (RF) path of transmission/reception at the MS/BS side. Generally the amplitude and phase properties of different RF paths are different, which is destructive to the uplink/downlink reciprocity. Thus, some kind of calibration should be taken to restore the reciprocity property [1].
In this contribution, an RF path calibration method is proposed. The calibration method is described first, and then the possible implementation in current TDD MIMO systems is detailed. 
2 Calibration in base band
Here we consider an OFDM MIMO system. Suppose matrix
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represent the channel response matrix from BS antenna array (
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. Then from reciprocity, we can say the channel response matrix from MS antenna array to BS antenna array of sub band k is transpose of
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. When viewed from base band side, the effective downlink and uplink channel response, 
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, should include response of RF path devices, i.e.
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Where
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are diagonal matrix of size
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, with its non-zero element representing RF path transmission and reception response at 
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 BS antennae for sub band k. Similarly, 
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, with its non-zero element representing RF path transmission and reception response at 
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From (1) we can see the relations between uplink and downlink effective channel response matrices:
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Where 
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. The purpose of calibration is to find the two calibration matrices, 
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3 Implementation in TDD MIMO systems
In order to derive or learn the calibration matrices, an initial training period is needed. In a time interval, the BS transmits pilot signals at the downlink, while the MS transmits sounding packets almost simultaneously at time prescribed by the BS. Now the MS can do channel estimation deriving
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, and then transmitting it back to BS. At the same time, BS estimates 
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 and transmits it back to MS. After the exchange of channel estimates, each side have both 
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, and various numerical method can be used to derive 
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. After that, both MS and BS can estimate transmission channel response matrix by reception channel response matrix by (2), using the derived calibration matrices 
[image: image32.wmf])

(

k

A

AP

and
[image: image33.wmf])

(

k

A

UE

.
Due to temperature variances, the calibration matrices may change. So, the calibration training should take place periodically to update the calibration matrices, and the exact time of training is determined by BS. The BS can estimate the channel change caused by MS speed, and decide to start training when the MS is static with most probability, which is left to decisions of BS implementation.
4 Conclusion
In this contribution, we proposed a procedure of RF path calibration, which consists of an initial training, and a periodic update of training. After proper calibration, channel reciprocity can be utilized to ease implementation of TDD MIMO systems. In order to achieve this goal, a BS control procedure and some calculations in both BS and MS are needed.
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