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1 Introduction

In TDD CoMP downlink, the cooperative cells are expected to have the DL channel information either by UE’s feedback or through the UL and DL channels reciprocity, which needs antenna calibration among the multiple cells to enhance the Joint Processing CoMP performance. Although the self-calibration in one cell is a mature technique and is already widely employed in the current LCR TDD system, it can not be directly applied to the multiple cell case since the unknown calibration coefficient is leftover for each self-calibrated BS and would degrade the CoMP JP performance. In [2][3], the self-calibration and OTA(over-the-air) calibration between multiple BSs were studied for TDD CoMP system and this contribution gives some further consideration on the practical requirements of the OTA calibration technique.
2 Antenna Calibration in TDD CoMP
2.1 OTA Calibration for CoMP and Reciprocity Error Model
OTA calibration method introduced in [2][3] for multiple BSs takes the advantage that it does not require additional hardware support and calibration information exchange among the multiple BSs. Whether the OTA calibration is able to provide accurate calibration performance should be carefully evaluated. The OTA calibration for CoMP is capable to adjust the unknown coefficients among the multiple BSs, however, the limitations of this method can not be ignored as discussed in the following calibration procedure. 
At the first step, each BS in the cooperative set picks one antenna (which can be a calibration antenna or any antenna of this BS) and sends pilots to a selected MS and the MS estimate the CSI from multiple BSs, which is denoted as
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. To ensure the downlink channel estimation performance, the pilots of multiple BSs should be orthogonal. Besides, in order to guarantee the estimation performance of channels from multiple BSs to the selected MS almost the same, the selected MS should locate near to the centre of the cooperative set, as shown in Fig1 where three adjacent cells form a cooperative set, but the centre of the cooperative set is also the intersection of the cell edges of the cooperative cells, which means the large pathloss from BS to MS and results in the low SINR in downlink channel estimation and the downlink channel estimation performance can not to be guaranteed.
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Fig 1 MS position in a cooperative set


At the second step, the selected MS sends SRS in the uplink phase and the BSs in cooperative set can estimate the CSI 
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from this MS. This requires that each BS should be able to receive the sounding signal and estimate the uplink channel based on the sounding signal. Since the MS locates at the cell edge, the SINR for uplink channel estimation can not be high enough to guarantee the channel uplink channel estimation performance.

At the third step, this MS quantizes the estimated CSI at the downlink phase, i.e. 
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, and sends them back through the uplink phase. When the BS has obtained the estimated uplink channel 
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 and the quantized downlink channel 
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, it can get the calibration coefficient as 
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. In order to reduce the quantization error on the calibration performance, the MS should quantize the downlink CSI in high accuracy, which will leads to the high transmission overhead load in uplink. 

2.2 Calibration Error Model for OTA calibration
From 2.1 we can see that the calibration performance of OTA calibration relies on the downlink channel estimation error, the quantize error and the uplink channel estimation error.
We assume that the pilots from multiple BSs are orthogonal and the MS employ the MMSE channel estimation, then the estimated downlink and uplink channel are 
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, where 
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 are the uplink and downlink noise with zero mean and covariance 
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. We model the quantized downlink channel as 
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 is the quantization error. Then the calibration coefficient can be denoted as
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If the channel estimation error for both the uplink channel and downlink channel are severe, the calibration accuracy can not be guaranteed. 

3 Simulation 
In this section, some simplified simulations were conducted to evaluate the reciprocity error on the CoMP JP performance. The simulation assumption is outlined in Table 1. 

Table 1 Simulation assumptions

	Channel Model
	Rayleigh fading channel 

	Cellular topology
	Hexagon cell

	ISD
	500m

	Antennas configuration
	8x1

	Cooperative set
	3 adjacent cells form a cluster

	Scheduled MSs at a time
	3 MS per cell

	Precoder for JP
	SLRT (Sigal Leakage Ration Transmission)

	Pathloss
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In the simulation, the MS locates at the centre of the cooperative set as depicted in figure 1 and as a result the channel estimation SINR for channels from multiple BS to the selected MS can be assumed almost the same. We further assume that the uplink channel estimation SINR is the same as that for uplink channel estimation. To simplify the simulation, the SNR for downlink and uplink channel estimation are set to the same. We assume that the feedback CSI can be quantized in high accuracy, which means the quantization errors are negligible.
3.1 The Impacts of SNR on the Phase Error 
The channel estimation errors are the main contributor of calibration errors, thus we first evaluate the calibration errors under different channel estimation SNR. To simplify the simulation, we assume that the SNR for downlink and uplink channel estimation are the same. We mainly analysis the phase error, which is defined as 
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Fig 2 shows the phase error decrease as the channel estimation SNR increase. When the SNR is lower than 15dB, the phase error will be larger than 10 degree, which exceeds the residual calibration error of self-calibration of BS.
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Fig 2 Phase Error of OTA calibration

3.2 The Impacts of SNR on the CoMP JP performance 
Fig.3 and Fig.4 show the impact of the SNR of the channel estimation on the CoMP JP performance. The ‘ideal calibration’ means that no calibration errors are considered. The ‘inter-BS & intra-BS calibration’ denotes that the CoMP are calibrated by self-calibration of BSs and only the residual error defined in [1] exists. The ‘over-the-air calibration’ means that BSs do the self-calibration to ensure the same HPA-LNA gains and the over-the-air calibration is executed to calibrate the inter-BS HPA-LNA gains. The ‘intra-BS calibration’ represents that only the self-calibration of each BS are done
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Fig 3 Average cell spectral efficiency with different calibration methods
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Fig 4 Cell-edge user spectral efficiency with different calibration methods

Fig.3 and Fig.4 show that the intra-BS self-calibration only will suffer more than 35% performance loss compare with the ‘ideal calibration’, which indicates that it is advantageous to calibrate the multiple BSs in the cooperative set. If the inter-BS self-calibration can be done ideally with only residual error, this performance loss will be greatly reduced. When the SNR for channel estimation is lower than 13dB, the performance of CoMP JP transmission with over-the-air calibration is even worse than that with the intra-BS self-calibration only case. 
3.3 Discussion on the Results 
The simulation results in subsection 3.1 and 3.2 show the over-the-air calibration performance is greatly influenced by the SNR of both downlink and uplink channel estimation. If the channel estimation SNR of the selected MS is low, the performance of CoMP JP transmission with over-the-air calibration is even worse than that with only the intra-BS self-calibration. Thus if we still want to take advantage of the over-the-air calibration method, the high channel estimation SNR is desired. Known from the deployed network, only the user in inner loop of cell can achieve such high SNR, however, to maintain reasonable SNR for channel estimation at both MS and eNodeBs belonging to the cooperative set, the calibration MS shall be chosen in the CoMP set centre (the intersection of the edges of the CoMP set cells), where the high SNR requirement for the high accuracy of the channel estimation seems very difficult to meet. Even if the high accuracy of the channel estimation is achieved at the cell edge, the high overhead load in both uplink and downlink might be unacceptable.  
4 Conclusion
In this contribution OTA calibration method in TDD CoMP was analyzed. To evaluate the impact of the reciprocity error on the performance with OTA calibration method, some simplified simulations were conducted and the results show that the JP CoMP performance requires high SNR level for the channel estimation. Taking account of the high overhead of uplink feedback of the downlink channel estimation and the difficulties to meet the high SNR level requirement for the high accuracy of the channel estimation, OTA calibration is not recommended for the calibration method for multiple-cell CoMP antenna. 
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