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1 Introduction
In the agreed simulation assumptions for R11 CoMP evaluation [1], it was agreed that antenna mis-calibration modelling is recommended for TDD. Any channel reciprocity modelling and any antenna calibration mechanism are to be described, and there is an aim to capture a common model for miscalibration at RAN1#65:
	Channel estimation
	Non-ideal
Clarify in detail the following on CoMP evaluation:
- CSI knowledge of eNB

- Feedback scheme and/or UL sounding scheme
- Accuracy of CSI
. Quantization error

. Channel estimation error based on CSI-RS and SRS
1. Each company describes their model for CSI channel estimation errors
2. K different CDF curves are provided, where K = number of transmission points in the CoMP cluster. A curve corresponds to statistics over all UEs of average SINR of the estimated channel for the k:th strongest transmission point for a UE
- Try to capture common mis-calibration modelling at RAN1 #65 for TDD
Until RAN1 #65, no antennas mis-calibration for UL-DL channel reciprocity as mandatory and antennas mis-calibration for UL-DL channel reciprocity as recommended for TDD

- Antennas mis-calibration for DL Tx antennas with 0.5λ spacing as optional for FDD
- Channel estimation error for demodulation
- Any channel reciprocity modelling to be described.
- Any antenna calibration mechanism to be described


In this document, we propose an example of a reciprocity error model that might be suitable for the evaluation of TDD CoMP with mis-calibration. The model is then verified with system level simulations.
2 Channel Reciprocity Error Model
UE and eNB side reciprocity errors both need to be modelled. Detailed analysis on reciprocity error modelling can be found in [2]. With that model, the downlink baseband to baseband channel can be related to the uplink channel with the following equation, 
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denote the eNB side (‘b’) and mobile UE side (‘m’) reciprocity errors, respectively. The amplitude error A is Gaussian distributed with mean zero and standard deviation 
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 , and the phase error 
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[image: image5.wmf][,]

jj

-DD

. Refer to [2] for more details about this model.

The main benefits of this model include: 

1) Convenient for analysis and implementation ;

2) Capable of simulating both eNB side and UE side errors;

3) Extendable to model coupling effect of antenna array if needed.

By setting the parameters (
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) to given values, the effect of mis-calibration can be simulated. 

By varying the values of the parameters (
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) in the band, the frequency selectivity of the reciprocity errors can be simulated. 

After performing effective calibration, it can be assumed that the residual reciprocity error is flat in the band, e.g., (
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) stays constant across subcarriers. 
Before performing any calibration, the frequency spectrum of the amplitude errors 
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is mainly determined by the difference in frequency flatness between the transmitter and receiver, while that of the phase errors 
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 is mainly determined by the group delay difference. One example of reciprocity spectrum is as shown in the figure below. 
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Fig.1 Spectrum of reciprocity errors before calibration
The exact spectrum may depend on hardware implementation and environmental factors such as temperature. 
3 Model Verification
We run simulations to verify the reciprocity model for Intra-site CoMP scenarios. The general simulation configurations are listed in the Annex. The following results are obtained:
Table 1. The average throughput and cell edge throughput comparison for 2x8 case
	
	Average throughput
	Cell edge throughput
	Average gain relative to single cell
	Cell edge gain relative to single cell

	Intra-site CoMP, residual reciprocity error 0dB, 0deg
	6.16
	0.223
	0.0%
	0.0%

	Intra-site CoMP, residual reciprocity error 0.5dB,5deg
	5.95
	0.219
	-3.9%
	-2.3%

	Intra-site CoMP, residual reciprocity error 1dB,10deg
	5.32
	0.197
	-13.6%
	-11.6%

	Intra-site CoMP, per cell calibration with residual reciprocity error 0.5dB, 5deg, cross-cell reciprocity error not calibrated
	3.41
	0.110
	-42.7%
	-49.6%


The first three rows show the impact of reciprocity calibration with different residual reciprocity errors. The bottom row examines a realistic scenario where each cell has already performed reciprocity calibration with 0.5dB,5deg residual reciprocity error, while the reciprocity errors among different cells are uncompensated and modelled as in Fig.1.
The above simulation results show that channel reciprocity errors should be carefully treated in the evaluation of TDD CoMP performance. The gains of TDD CoMP depend on the channel reciprocity being strictly limited, for instance, to a level of 0.5dB, 5degree. Even small residual reciprocity errors, such as 1dB, 10deg, may significantly degrade CoMP performance. 
Considering the difficulty of direct extension of conventional antenna calibration approaches to a distributed antenna system such as CoMP [3], we suggest to consider coordinated self-calibration or hybrid of OTA and self calibration approaches as proposed in [3][4] [5].

4 Conclusions
A channel reciprocity error model for TDD CoMP performance evaluation is proposed in this paper, verified by system level simulations. We conclude that,
1. The channel reciprocity can be modelled as,
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denote the reciprocity errors. The amplitude error A is Gaussian distributed with mean zero and standard deviation 
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 , and the phase error 
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 is uniformly distributed in 
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2. Reciprocity error model and scales should be explicitly described in the simulation assumptions for TDD CoMP performance evaluation. It is recommended to use 0.5dB 5deg as the residual error benchmark.
3. Coordinated self-  or OTA-calibration solutions as proposed in [3 - 5] should be considered.
We propose the following Text Proposal for the evaluation assumptions:

-- Start Text Proposal --

	Channel estimation
	Non-ideal
Clarify in detail the following on CoMP evaluation:
- CSI knowledge of eNB

- Feedback scheme and/or UL sounding scheme
- Accuracy of CSI
. Quantization error

. Channel estimation error based on CSI-RS and SRS
1. Each company describes their model for CSI channel estimation errors
2. K different CDF curves are provided, where K = number of transmission points in the CoMP cluster. A curve corresponds to statistics over all UEs of average SINR of the estimated channel for the k:th strongest transmission point for a UE
- Try to capture common mis-calibration modelling at RAN1 #65 for TDD
Until RAN1 #65, no antennas mis-calibration for UL-DL channel reciprocity as mandatory and antennas mis-calibration for UL-DL channel reciprocity as recommended for TDD

- Antennas mis-calibration for DL Tx antennas with 0.5λ spacing as optional for FDD
- Channel estimation error for demodulation
- Any channel reciprocity modelling to be described. For example, the following model may be used:
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denote the reciprocity errors. The amplitude error A is Gaussian distributed with mean zero and standard deviation 
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 , and the phase error 
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 is uniformly distributed in [
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 are 0.5dB and 5 degrees respectively.
- Any antenna calibration mechanism to be described


-- End Text Proposal --
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Annex
The following simulation assumptions were used for the system level simulations used here to evaluate the impact of non-ideal reciprocity for a TDD LTE CoMP / MU-MIMO system. 
A.1 General Configurations
The main simulation parameters are listed as below:
Table 1. System level simulation parameters

	Number of eNB antennas
	8 

	Number of UE antennas
	2 

	eNB antenna separation 
	0.5 

	UE antenna separation 
	0.5 

	Antenna polarization 
	CLA for eNB and UE

	Total number of cells in the system 
	57, wrap around 

	Number of cells in a CoMP cluster 
	3, intra-site 

	SCM Scenario 
	3GPP Case1 3D

	UE velocity 
	3km/h 

	SRS Periodicity
	5ms

	Average number of users per cell 
	10 

	Channel Estimation Error
	Non-ideal 

	CQI
	Based on pre-SNR


A.2 Channel Estimation Error Model

A Gaussian model as described in [6] is employed to simulate the impact of channel estimation errors. According to [6], let
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 are zero-mean circularly symmetric complex Gaussian (ZMCSCG) with variance 
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dictates the quality of the channel estimation. We will utilize this error model in the system simulation to evaluate calibration performance in this document.
Here, we utilize the following formula to determine the noise power, 
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 depends on the granularity of reference signal and filtering algorithms, and are determined by link level simulation and analysis.
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