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1 Introduction
Channel reciprocity has been regarded as one of the main advantages of TDD operation. Since the uplink and downlink share the same frequency band, the transmitter can predict the downlink channel based on the uplink channel estimation result, and thus perform advanced precoding to enhance the downlink transmission. Ideally, channel reciprocity is only conditioned on a system’s coherence time. As long as the related uplink and downlink transmissions are within the system’s coherence time, the downlink channel is reciprocal to the uplink channel. However, in realistic situations the reciprocity might be imperfect even within the coherence time. The main contributors to reciprocity error include different transmitter and receiver radio circuits, different interference profiles, and potentially different doppler shifts/group delays due to mobility or filtering. 

[8] provides a model for analysis of reciprocity error, and shows the potential performance improvement that can be achieved from reciprocity calibration. The aim of this paper is to provide a reciprocity calibration approach considering the distributed antenna array elements in a CoMP scenario.
2 System Model
Reciprocity based MIMO is of most interest for the downlink transmission because the eNB has higher computation power than the UE. Moreover, it has access to all users’ channel information and thus can perform globally optimum precoding taking the full channel matrix into account. In the following, we therefore assume a downlink channel. Extension of the results to SU-MIMO uplink is straightforward; extension to uplink MU-MIMO is left for further study.
Consider a general downlink MIMO scenario. Let 
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 denote the transmit symbol vector where K is the number of receive antennas, 
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 denotes the precoding matrix, 
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 denotes the channel matrix with elements normalized to unitary variance, e.g., 
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, where M is the number of transmit antennas, 
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 denotes the Gaussian distributed interference and additive white Gaussian noise (AWGN) matrix experienced by the vector. Without loss of generality, we assume here that each user has one data stream. The system can be described by,
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Specifically for MU-MIMO, the symbol received at the k-th user’s front end would be
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The task of precoding, e.g. by SVD, inversion based zero-forcing, or block diagonalization, is to design the weight matrix 
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 based on the channel matrix 
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, such that a given performance metric can be met. Particularly for TDD systems exploiting channel reciprocity, the uplink channel response 
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 is used for downlink precoding by assuming that 
[image: image11.wmf]T

UL

DL

c

H

H

=

, where c is a complex scalar which will not impact MIMO gain. 
3 Antenna Array Calibration for TDD CoMP
Calibration methods can in general be classified as either self-calibration or over-the-air calibration. Self calibration does not require air-interface signaling and can provide full band accurate RF mismatch calibration. It has therefore been deployed in many current TDD systems such as TD-SCDMA and WiMAX. Over-the-air calibration is a pure software calibration, not requiring any hardware support.
To reduce the impact of the calibration implementation, relative calibration, i.e. selecting the reciprocity of one TRX as reference and aligning all other TRXs to it so as to reduce calibration complexity, is implemented in most practical systems for either self- or over-the-air calibration. To support inter-cell TDD CoMP, a global calibration reference has to be provided to all cells in the cooperating set.
1. Self-calibration for Cells Configured in TDD CoMP
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Fig.1 Self-calibration for TDD CoMP

Fig.1 shows an example of a self reciprocity calibration scheme for TDD CoMP. We assume that each cell is equipped with two antenna elements, and only two cells participate in the CoMP transmission. Extension of the scheme to more complicated CoMP scenarios is straightforward.

Define the following variables:
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The calibration scheme is described in more detail below.  

1) Conventional single-cell relative self-calibration for multiple cells
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2) Cal TRX responses measurement via a Cal TRX inner loop
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3) Cal receiver response measurement

Measure 
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 by injecting a known white random sequence into the calibration receiver. The random sequence should be known at the  baseband processor. The random output at the noise sequence generator (RSG) should be spectrally white. The impact of the RSG’s response can be minimized by a) not integrating any power amplifier or power control circuit so as to minimize variance due to component aging, b) doing several measurements and taking average, c) doing an accurate factory measurement for 
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, storing the initial response into a ROM, and obtaining the absolute Cal receiver response as 
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4) Calculation of absolute reciprocity of Cal TRXs 
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5)  Global reference reciprocity broadcasting to all cells in the active set.  Calculate the absolute reciprocity of the reference TRX of each cell, 
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Choose the absolute reciprocity of one TRX, say TRX m, m=1 or 3, as global reference and denote its cell index as n, n=1 if m=1; n=2 if m=3. Broadcast 
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 to all companion cells with information exchange among cells in the active set.s.
6) Global relative calibration
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 can be used as the final CoMP calibration weight.

2. Over-the-Air calibration for cells Configured in TDD CoMP
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Fig.2 OTA-calibration for TDD CoMP

Fig.2 shows an example of over-the-air (OTA) reciprocity calibration for TDD CoMP. We assume that each cell is equipped with two antenna elements, and only two cells participate in the CoMP transmissoin. Extension of the scheme to more complicated CoMP scenarios is straightforward.

Using the variables defined previously, the calibration scheme is described in detail below.  

1) Over-the-air calibration for cells in the active set without local normalization [5]
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We assumed that all cells in the active set can receive UE’s UL SRS signal and do uplink measurement; at the same time, a CoMP UE can receive the DL CSI-RS from all cells in the measurement set to estimate the CSI, which can be further fed back to the anchor cell..In case multiple UEs/UE antennas participate in the CoMP transmissoin, only one UE antenna needs to be involved in the OTA calibration.
2) Global reference reciprocity broadcasting to all cells in the active sets.  
Choose the reciprocity of one TRX in the anchor cells , say 
[image: image27.wmf]1

~

w

, measured in step 1) as global reference. Broadcast it to all cells configured in the CoMP with information exchange among cells. .
3) Global relative calibration
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 can be used as the final CoMP calibration weight.
4 Conclusion
In order to provide a suitable antenna array calibration scheme which is applicable to single-cell or CoMP scenarios, we recommend that:

· For air-interface calibration, the UE should be able to measure all DL CSI-RS from the cells in the cooperating set  CSI feedback (for the cells in the measurement set ) is necessary. All cells in the cooperating set  should be able to measure the SRS from the UE.
To facilitate the antenna array calibration in TDD CoMP, information exchange between cells in the cooperating set is needed, in order to transmit a global reference reciprocity.  For self-calibration based TDD systems, the global reference can be the absolute reciprocity of one Cal TRX. For over-the-air calibration based TDD systems, the global reference can be the measured reciprocity of any antenna branch of one cell  in the cooperating set. 
Compared to self-calibration, air-interface calibration can provide improved performance without imposing requirement on hardware implementations at the cost of air-interface overhead. The performance gain should be further investigated to decide whether air-interface calibration is necessary.
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