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1. Introduction

CoMP for HetNet scenarios has been considered as an important topic and should be further investigated [1][2][3]. In RAN1#64, we discussed an antenna calibration technique useful for HetNet CoMP scenarios [6].
In this document, we present an antenna calibration procedure that allows the use of an arbitrary UE/eNodeB pair to efficiently reconfigure CoMP eNodeBs.
2. Discussion
2.1. CoMP in HetNet scenario
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.)
In [4] [5], several calibration techniques for coherent CoMP 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 their small coverage of femto/pico-cells, the large overhead may degrade the overall network performance.
2.2. Basic Calibration Procedure Set
To reduce the overhead in the calibration procedure, we previously proposed a two-step antenna calibration technique as a basic calibration procedure [6]. We repeat here the procedure and use it as a baseline for the calibration procedure for the eNodeB reconfiguration scenario, which is described in the next section.
< 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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 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 
[image: image13.wmf]j

denotes the 
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-th eNodeB in the CoMP operation.
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(a) Forward measurement          (b) Backward measurement
Figure 3.  UE-eNodeB reference calibration

Finally, the calibration coefficients we need for the CoMP operation are obtained by the following equation:
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where 
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Although the example above assumes a particular case of 
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, the proposed technique can be applied to general cases. Calibration of UE antenna branches may further improve the network performance, but the improvement can be considered marginal.
2.3. Calibration Procedure Set for CoMP Reconfiguration
In HetNet scenarios, it is considered that reconfiguration of CoMP eNodeB extensively occurs when a UE comes across a pico/femto cells. Thus, it is desirable that we have an efficient procedure that handles such specific scenarios. The procedure we present here for the reconfiguration scenario is essentially a straightforward extension of the basic procedure set in the previous section with minimal additional measurements and computations.
< Step 1’ – Self calibration for new eNodeB >
Fig. 4 illustrates the self-calibration procedure for the reconfiguration scenario. The shaded pico eNodeB is the newly added eNodeB, which is needed to be calibrated before coordinated.
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(a) Forward measurement              (b) Backward measurement
Figure 4.  Self-calibration for newly added eNodeB
First, for the self-calibration, we measure the forward/backward transfer functions between the antenna branches of the new eNodeB, and obtain the following coefficient in the same way as the basic calibration procedure.
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where 
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 is the self-calibration coefficients for the new eNodeB.
Note that these measurements are required only for the new eNodeB to be coordinated now, and not for the rest of the eNodeBs.
< Step 2’ – UE-eNodeB calibration with “guide” UE/eNodeB>
Fig. 5 illustrates the UE-eNodeB inter-reference calibration procedure for the CoMP reconfiguration case. Here, we measure the transfer functions between the reference branches of (i) the guide UE and the new eNodeB, and (ii) the guide UE and the guide eNodeB.
The choice of the guide UE/eNodeB pair can be arbitrary, but it should be better to choose a UE-eNodeB pair with a good signal-to-noise connection, possibly a pair geographically close to each other, to obtain a good calibration result. This flexibility in the choice of the guide UE/eNodeB can provide advantages over the conventional calibration techniques, which may rely on transfer functions measured in low signal-to-noise conditions.
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(a) Forward measurement              (b) Backward measurement
Figure 5.  UE-eNodeB calibration using a guide UE/eNodeB
To calculate the inter-reference coefficients between the guide UE and the new eNodeB, and the guide UE and the guide eNodeB, the following equations apply.
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Finally, using the calibration coefficient of the guide eNodeB, 
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, which was previously computed in the previous section, the calibration coefficients for the new eNodeB are computed by the following equation:
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Since the procedure set proposed here for the eNodeB reconfiguration only perform a minimal measurement for the new eNodeB, the proposed procedure is considered efficient and helpful for the HetNet CoMP scenarios, where reconfiguration of eNodeB can frequently occurs.
3. Conclusion

In this contribution, we discussed an antenna calibration technique for a HetNet CoMP reconfiguration. The advantages of the proposed technique are:
A) Minimal overhead in eNodeB calibration for CoMP reconfiguration
B) Flexibility in choice of guide UE/eNodeB pair, which avoids the use of undesirable calibration coefficients computed from low signal-to-noise ratio connections.
The proposed technique can be considered especially helpful for a HetNet scenario.
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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