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1 Introduction

In RAN1#63bis, it was pointed out that CoMP in HetNet scenarios can be an important part in the CoMP considerations and should be further investigated [1][2][3]. In this document, we discuss antenna calibration techniques for CoMP, which are useful especially for HetNet scenarios.
2 Discussion
Although CoMP can improve RAN in terms of network throughput and coverage, the potential problem is that it significantly increases complexity in antenna calibrations; to make the associated eNodeBs well coordinated, it is essential that extensive measurements of the channel transfer functions be performed between the eNodeBs and the UE using feedback mechanisms. 
To reduce the complexity in calibration, we assume a TDD system and use SRS feedback because the overhead associated with channel measurement can be significantly reduced due to the channel reciprocity. (On the other hand, in explicit feedback, significant amount of downlink information must be frequently carried in the uplink for the antenna calibration.)
In [4] [5], several calibration techniques that make coherent CoMP possible are proposed. However, in the prior work, since calibrations must be extensively performed for all the antennas of all the eNodeBs that are associated with the CoMP operation each time when needed, the overhead for the feedback can be unacceptably large when the number of eNodeBs increases. Moreover, in a HetNet scenario, where the coordination of the CoMP eNodeBs can frequently change due to the small coverage of femto/pico-cells, the large overhead may even degrade the overall network performance.
Thus, to reduce the overhead in the conventional calibration procedures, we propose a two-step antenna calibration technique, which reduces the feedback overhead in the CoMP calibration process.
< Step 1 - Self calibration>
To make the eNodeBs self-calibrated, first, we measure the transfer functions between the antenna branches within each eNodeB. Here, the transfer function is the signal ratio between branches, with the measurement performed at A/D converters (Fig. 1). M11, M12 ･･･are the calibration coefficients for each branch, which are computed through this calibration procedure.
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Figure 1  Transfer function measurement.
Fig. 2 illustrates the self-calibration procedure, which comprises forward and backward transfer function measurements. The forward/backward measurements are performed with regard to the reference branch, which can be arbitrarily chosen within each eNodeB.  Assuming now that we have four branches in the eNodeB and branch 1 is the reference branch, we obtain three frequency-dependent self-calibration coefficients for each eNodeB, which are given by 
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(a) Forward measurement              (b) Backward measurement
Figure 2  Self antenna calibration.
Although measurement of
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 for convenience as it can be assumed as a divided-by-itself. In practice, however, 
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 can be an arbitrary constant, and should be appropriately determined so as to scale these calibration coefficients.
Thus, for a given
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< Step 2 – UE-eNodeB calibration>
Next, we measure the transfer functions between the reference branches in UE and eNodeB. Fig. 3 illustrates the inter-reference calibration. Similarly, the transfer functions are measured for both the forward and backward directions and we calculate the coefficients between the UE and eNodeB, with the equation given by
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where 
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denotes the 
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-th eNodeB in the CoMP operation.
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(b) Forward measurement          (b) Backward measurement
Figure 3  UE-eNodeB reference calibration.
The calibration coefficients we need for the CoMP operation are obtained by the following equation:
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 is the calibration coefficient for the 
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Although the example above assumes a particular case of 
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, the proposed technique can be applied in general cases. Calibration of UE antenna branches may further improve the network performance, but the improvement can be considered marginal.
3 Conclusion

In this contribution, we discussed a two-step antenna calibration technique for a CoMP system, which can significantly reduce the transmit data in the calibration process. The proposed technique can be considered especially helpful for a HetNet scenario, where femto/pico-cells are supposed to be frequently added or removed during the CoMP operation.
RAN1 is kindly asked to discuss and agree on the following proposal:
Proposal: Discuss efficient antenna calibration techniques that accommodate HetNet scenarios.
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