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1. Introduction

The channel estimation error model based on the CSI-RS to study downlink coordinated multi-point (CoMP) transmission was discussed, and it was agreed that each company should describe their model for CSI channel estimation errors [1]. This contribution investigates CSI-RS estimation error modeling that takes advantage of the minimum mean square error (MMSE)-based channel filter, which was used in [2] to evaluate the CoMP phase 1 performance, and verifies the normalized mean square error (NMSE) performance for various channel estimation error modeling schemes.
2. Proposed Model

2.1. System Model

Figure 1 shows the frame structure. For simplicity, the CSI-RS is assumed to be multiplexed in the 10th and 11th OFDM symbols in the paper (However, it can be easily extended to other cases).  Furthermore, the CSI-RS is multiplexed in the subcarrier index, k = 12i + cl (0 ≤ i < N = K/12), where l, cl (0 ≤ cl  < 12), K, and N represent the cell index, CSI-RS configuration, the number of subcarriers, and the number of resource blocks (RBs), respectively. Here, the CSI-RS REs group, Ll, is defined as Ll = {cl, 12+cl, … , 12(N-1)+cl}.When muting is applied, the muting group, Ml, is defined. For example, Fig. 1 shows the case for cl = 0, Ml = {1, 2}. 

In the paper, the MMSE-based channel filter is used as the channel estimation of the CSI-RS. As shown in Fig. 1, the CSI-RS is despread and phase rotation is compensated to obtain 
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where w(k) (0 ≤ k < K) represents the channel estimation filter weight vector at the k-th subcarrier with the element 
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Figure 1 – Frame structure and channel estimation.

The average received power of the UE from the l-th cell is represented as
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(2)

where hl(k) represents the ideal channel estimate from the l-th cell at the k-th subcarrier. Here, Pl is obtained from the transmission power, antenna gain, distant-dependent path loss, and shadowing loss (instantaneous fading is not taken into account). 

In order to calculate the interference incurred by the CSI-RS from the other cells, the interference power of the CSI-RS RE is needed. Figure 2 shows the assumed other cell interference model. The other cell interference of the 0-th cell (0-th cell is defined as the desired cell), Ioc,  is calculated as
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Figure 2 – Other cell interference model

2.2. Normalized Mean Square Error Representation
According to [3], the NMSE of the channel estimation error using any channel estimation filter is expressed as
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Here,  is the auto-covariance matrix of the channel with elements 
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, and (k) is the cross-covariance vector with elements 
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The auto-covariance matrix is further expressed as
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where PN and Rhh,cl respectively represent the background noise power and the covariance matrix of the channel matrix comprising CSI-RS REs from the cl-th cell, which is described as 
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Here, Rhh,cl is obtained through the discrete Fourier transform (DFT) operation of the average channel impulse responses in the time domain, i.e., the power delay profile (PDP). Furthermore, the other cell interference is assumed to have a Gaussian distribution. Equation (5) can be further simplified as
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The cross-covariance vector is further expressed as
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(8)

Equation (8) is also obtained through the DFT operation of the average channel impulse responses in the time domain. 
2.3. MMSE Channel Estimation Filter

When the average channel impulse responses in the time domain, i.e., PDP, is ideally known at the UE receiver, the optimum MMSE channel estimation filter, wMMSE opt(k), can be calculated as follows.


[image: image16.wmf]1

MMSE opt

()()

T

kk

-

=

w

θ

Φ

.




(9)

However, practically, the ideal PDP cannot be known before the channel estimation. Therefore, the PDP assumption should be considered at the UE receiver. In this contribution, a uniform delay power spectrum [3] within the cyclic prefix length of 4.76 sec is assumed for the MMSE channel estimation filter, wMMSE uni(k). Here, wMMSE uni(k) is represented as follows.
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where 
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 are the cross-covariance vector and the auto-covariance matrix, which are obtained from the PDP assumption as well as (7) and (8), respectively.
2.4. CSI-RS Estimation Error Model 

The channel estimation error vector, e(k), is obtained using the following process.

1. Calculate P0 and Ioc from the transmission power, antenna pattern, distant-dependent path loss, and shadowing loss.

2. NMSE, JNMSE, is obtained from (4), (7), (8), and (10).

3. e(k) is generated with a Gaussian distribution with JNMSE 

4. Estimated channel estimation, 
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3. Verification of Proposed Model

In order to verify the model, the simulation results are compared to the model described in Section 2. Table 1 shows the simulation parameters. In the evaluation, a typical urban channel model is used as an instantaneous fading model. 

Table 1 – Simulation Parameters
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Figure 3 shows the NMSE performance of the MMSE channel estimation filter with an ideal PDP information, wMMSE opt(k), and the MMSE channel estimation filter without a priori PDP information (assuming a uniform PDP), wMMSE uni(k). As a reference, the NMSE performance of the model proposed in [4] is also plotted. Although the NMSE performance of wMMSE opt(k) is close to that for the model in [4], the NMSE performance of wMMSE uni(k) is degraded compared to that for the model in [4]. Therefore, we employed wMMSE uni(k) in the companion contribution in [2]. 
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Figure 3 – Comparison of NMSE performance for various CSI-RS estimation error modelling schemes

4. Conclusion

In this contribution, we investigated CSI-RS estimation error modeling that takes advantage of an MMSE-based channel filter, which was used in [2] to evaluate the CoMP phase 1 performance, and verified the NMSE performance for various channel estimation error modeling schemes. 
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