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Introduction

The baseline assumptions for CoMP simulations have been defined at 3GPP RAN1#63bis meeting. As a part of CoMP evaluation assumption it has been agreed that the channel estimation error for demodulation on DM-RS and channel measurements error for measurements and CSI-feedback on SRS or CSI-RS should be modeled [1]. However there is no commonly adopted channel estimation and measurements error models. Therefore in this document we describe the approaches of modeling such estimation errors which can be applied for system level simulations. 
Channel measurement error model for CSI-RS and SRS
Channel measurements on CSI-RS and CRS are used for link adaptation and channel state information feedback and therefore play important for efficient operation of the entire system. Applying over simplified models by adding to the ideal channels some Gaussian noise may not be a very accurate approach especially for CoMP evaluations that involve channel measurements across multiple cells. In order to account the special structure of reference signals and reflect the realistic measurements errors an explicit link level modeling of the CSI-RS/SRS transmission and practical channel measurements are proposed for system level simulations (see Figure 1).
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Figure 1: Block diagram of channel measurement schemes

In Figure 1 the channel measurements block receives the ideal channel realization, CSI-RS/SRS configuration as an input variables and generates the instantaneous channel measurements realizations for the serving and interfering channels. 
Channel estimation error model for DM-RS

For DM-RS, the impact of the real channel estimation can be modeled such that the channel estimation errors increase the interference noise power level in the data transmission model. In this case the channel estimation error can be represented as an additional noise term in the received signal model
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This step is justified by using the fact that new noise term is uncorrelated with the signal for MMSE channel estimation. It can be shown by taking the conditional expectation and using the MMSE estimation property  
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Please refer to [2] for additional details. 

To have the same average energy as the original channel we further normalize the estimated channel by the multiplicative bias of MMSE 
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This step is required to have the same or similar statistics as for original channel. In this case the performance of a receiver with channel estimation and the model
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is equivalent to the performance of a receiver with perfect channel knowledge and the signal model
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where 
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 has the same or similar statistics as 
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 and the power of additive noise is increased. For MMSE receiver the new noise power is given by
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where 
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 is a noise power of MMSE estimation without bias correction and 
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 is a power of additive noise. The bias term can be derived from 
[image: image13.wmf]2

e

s

 using expression


[image: image14.wmf]2

2

1

e

s

b

-

=

.
The effective SNR is then given by 


[image: image15.wmf]2

2

2

2

~

1

1

n

e

e

SNR

s

s

s

s

+

-

=

=

.

The SNR degradation due to channel estimation can be translated to multiplication noise model, where the input noise plus interference power is multiplied by
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The example of multiplication noise factor for PDSCH is shown in figure below for the transmission mode that uses DM-RS antenna port 7.
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Figure 2: The example of multiplication noise factor for PDSCH for the transmission mode on DM-RS antenna port 7
To calculate the noise amplification coefficient 
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 the channel estimation error 
[image: image19.wmf]2

e

s

 should be measured on the link level. Then the noise amplification coefficient can be derived using the following expression
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where mean square error 
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 of de-biased MMSE estimator (which is different from mean square error of biased MMSE estimator 
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 used in previous expressions). The equivalence of two approaches can be shown using the relation between mean square errors 
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 Plugging the expression for 
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 in equation for noise multiplication factor yields
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which is the same as expression we used before.

For MIMO channel we can apply the same principle of moving estimation noise to additive noise term
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For each receiver antenna the equivalent noise is sample is defined by
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where 
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 is number of layers. The equivalent noise power for biased MMSE estimator for each receive antenna
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The noise multiplication is factor for MIMO system is defined as
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It should be noted that usually the total power is distributed across multiple layers of each layer, so the average transmit power of the layer is equal to 
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. In this case the previous equation should be modified as follows 
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As we discussed before the signal model  
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 is unknown at the receiver) is equivalent to the signal model 
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 is known at the receiver) with new noise term 
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  with increased power level, i.e. 
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