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1. Introduction
In the email discussion after RAN1 #65 [1], it was agreed that antenna mis-calibration should be modelled in the TDD CoMP simulations for Scenarios 3 and 4. In addition, any calibration scheme used in the simulations should be described [1].
Intra-site mis-calibration magnitudes in amplitude and phase (
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) of (0.5dB, 5 degree) are proposed in [2]. This contribution further discusses the feasible mis-calibration magnitudes for inter-site CoMP based on the antenna calibration schemes used in the TDD CoMP Scenario 3/4 performance evaluations submitted in [3].
2. Inter-site antenna calibration
The mis-calibration can be described according to the modelling in [2], with the only open issue being the mis-calibration magnitudes.
2.1. Mis-calibration modelling

We take a two-cell CoMP configuration as an example, with 
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being the 
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 matrices respectively representing the UL and DL channel parameters between the 
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 transmitting antennas of cell 
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 and the 
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 receiving antennas of the UE. The inter-cell RF mismatch can be written as: 
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where 
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are the power offset and phase offset matrices respectively. Assuming that the intra-site antennas can be calibrated by self-calibration (with residual error of e.g. (0.5dB, 5 degree)), 
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 can be approximated as: 
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Where 
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) is the power offset and 
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) is the phase offset. Here the deviation range (
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) is determined by the hardware capability.
Then the remaining issues are how to identify the mis-calibration values (
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) with the minimum standardization impact.
2.2. CQI based antenna calibration
It is well known that antenna mis-calibration degrades the system throughput, which will be reflected in the statistics of the UEs’ reported CQIs. In other words, the statistics of the CQI can reflect the extent of the antenna mis-calibration.

Therefore, a simple solution is for the eNB to test various assumptions of the offset values (
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) in an assumed search space (
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), and converge iteratively on the actual values by monitoring the effect of different values on the reported CQI. The eNB can average multiple CQIs to achieve more robust estimation of the offsets. Considering that the antenna calibration is performed very rarely (e.g., once per half an hour), CQI averaging should be reasonable.
Note that if the CQI feedback is based on CSI-RS, the best results will be achieved if the eNB knows exactly which CSI-RS the UE is using to derive the CQI. The eNB may therefore configure CQI reporting such that the CQI reference resource falls in the same subframe as CSI-RS, or, if there is no CSI-RS in the CQI reference resource, the eNB must make an assumption (e.g. that the UE is using the most recent CSI-RS).The eNB may further assume that the UE derives sub-band CQI using the corresponding bandwidth of the CSI-RS.
For CoMP operation in Rel-11, it is expected that it will be necessary to be able to configure a UE with multiple sets of CSI-RS. The same multiple-configuration possibility could also be used to facilitate antenna calibration. For example, if the eNB temporarily configures multiple sets of CSI-RS and applies different assumed values of 
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 to each, then the eNB can monitor the CQI values of each in parallel and arrive quickly at a robust estimate of correction that must be applied to eliminate the mis-calibration. This is illustrated in Fig. 1. 
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Fig. 1: CSI-RS configuration for CQI generation
3. Simulation verification
Simulation results are provided to verify the performance of this kind of CQI-based antenna calibration scheme. The simulation assumptions are shown in Table 1.
Table 1: System simulation parameters
	Parameter
	Values used for evaluation

	General 
	Parameters and assumptions are aligned with agreed CoMP simulation parameters in R1-111999 [1]

	Specific parameter
	Values

	Deployment
	Scenario 3 & 4.

	Simulation case
	ITU-UMa for macro eNB, and ITU-UMi for RRH; 3km/h

	System bandwidth
	10MHz 

	Sub-band width
	5 PRB

	Transmission schemes in DL
	TM9: MU-MIMO & SU-MIMO dynamic switching

	Number of antennas at UE
	2

	Antenna configuration
	For macro eNB and high power RRH:

· 2 Tx antennas, CLA

	Channel estimation
	Non-ideal, based on SRS, CSI-RS and DMRS.

- UL sounding scheme

- Accuracy of CSI

. Channel estimation error based on SRS 

(MSE = a * SINR + b)

Note: parameters (a, b) are set according to CSI-RS, SRS and DMRS granularity.

	Frame structure
	 DSUUD, 2 MBSFN subframes

	CSI-RS muting
	supported

	UL overhead assumption
	SRS: 4 OFDM symbol per 5ms, SRS interference cancellation assumed

	SRS periodicity
	5ms 

	CQI latency
	5ms

	TDD intra-site mis-calibration modelling
	Using the modelling in [2], with (0.5dB, 5 degree) for intra-site


Fig. 2 shows the convergence of the calibration. Here the “successful calibration ratio” means the probability that the estimated mis-calibration parameters are within the target range.
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Fig. 2: Successful calibration ratio vs. number of CQI reporting cycle
For these results, we assume that the eNB uses the average of the 10 sub-band CQIs in every CQI reporting cycle. 
Observations:

1. When the target calibration accuracy is +/- 1 dB from +/- 2 dB search space, the required calibration time is about 65 CQI reporting cycles.

2. When the target calibration accuracy is +/- 20 degree from +/- 40degree search space, the required calibration time is about 10 CQI reporting cycles.
3. When the target calibration accuracy is +/- 10 degree from +/- 20degree search space, the required calibration time is about 90 CQI reporting cycles.

4. When the target calibration range is more accurate, the required calibration time increases sharply. For example, nine times the calibration time is required when the target accuracy is increased from +/- 20degree -> +/- 10degree. 
We simulate the typical assumed derivation range as: (+/- 40degree, +/- 2dB), and the target calibration accuracy is: (+/- 10degree, +/- 1dB). According to these observations, we believe that a CQI-based calibration scheme can effectively and quickly reach a sufficient calibration accuracy.
We propose that {
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} = {+/- 10degree, +/- 1dB} should be assumed for inter-site mis-calibration for TDD CoMP. 

4. Conclusion 
In this contribution, we examine the possibility of CQI-based antenna calibration for TDD CoMP. We show that such schemes can effectively and quickly reach a sufficient calibration accuracy .

The standardization impact of CQI based antenna calibration is small. The ability to configure a UE with multiple CSI-RS configurations would greatly facilitate CQI-based antenna calibration, and the ability to make such multiple configurations would anyway be important for CoMP. 

We propose that {
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} = {+/- 10degree, +/- 1dB} should be assumed for inter-site mis-calibration for TDD CoMP. 

We conclude that antenna mis-calibration should not be considered an obstacle to JT CoMP for TDD. 
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