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1. Introduction
During RAN4#71, the complexity of covariance matrix –based joint estimation of dynamic interference parameters for CRS-based transmission modes provided in reference [1] was debated. The derivations in [1] are valid except that, while all REs are considered for estimating the covariance matrix of the received symbols, a single channel realization per-PRB is assumed for hypothetical covariance matrix calculations. The latter assumption was not deemed realistic by several companies, and it also skews the relative complexity comparison between 2 and 4 CRS AP. In this contribution, based on the analysis in [1], we provide revised complexity estimates, assuming per-PRB, per-subcarrier or per-RE calculation of hypothetical covariance matrices.
2. Revised complexity of covariance matrix –based blind parameter estimation: 2 vs 4 CRS AP
The analysis relies here on the derivations in reference [1] which are not repeated for conciseness. The main criticism relates to the assumption of a single channel realization per-PRB assumed for hypothetical covariance matrix calculations, while all REs are considered for estimating the covariance matrix of the received symbols. In reality, the wireless channel is both time- and frequency-selective, and thus both hypothetical channel and received symbol covariance matrices need to capture this in the same way, in order to allow for reliable blind parameter estimation (e.g. for PMI, rank, P_A value, etc.). Also, the demodulation gains of E-LMMSE-IRC rely mostly on the availability of an interference covariance matrix estimates on a per-RE basis as opposed to baseline LMMSE-IRC (per-PRB basis). 
The complexity estimates hereafter are based on the examples provided in Section 1.1.2 and 1.1.3 of [1]:
· Table 1 is taken from [1] without modification to the complexity estimates.
· Table 2 builds on the same numerical assumptions as in Table 1, except that hypothetical covariance matrices are computed on a per-subcarrier basis, i.e. a total of 12 matrices per PRB which need to be calculated for each PMI/rank hypothesis.
· Table 3 builds on the same numerical assumptions as in Table 1, except that hypothetical covariance matrices are computed on a per-RE basis, i.e. a total of 120 matrices per PRB for 2 CRS AP and 116 matrices for 4 CRS AP which need to be calculated for each PMI/rank hypothesis.
Based on the revised and more realistic assumptions, it is concluded that:
Conclusion 1: 
When hypothetical covariance matrices are updated on a per-subcarrier basis, the relative complexity between 2 and 4 CRS AP increases ~2.21 times (+121%) for rank-1 and ~3.70 times (+270%) for rank-2. 
Conclusion 2: 
When hypothetical covariance matrices are updated on a per-RE basis, the relative complexity between 2 and 4 CRS AP increases ~3.94 times (+294%) for rank-1 and ~7.70 times (+670%). 
It is also observed that when the hypothetical covariance matrices are updated on a per-RE basis, the relative complexity increases are closely matching the ratios in the number of precoders between 2 and 4 CRS AP: for rank-1, 16/4 = 4 times more precoders, and for rank-2, 16/2 = 8 times more precoders. 
Table 1: Complexity comparison of covariance matrix –based blind parameter estimation taken from reference [1], where a single hypothetical covariance matrix is formed per-PRB (i.e. assumes constant channel matrix per PRB) for each PMI/rank hypothesis.
	Case
	Hypothetical covariance matrix
	Covariance matrix of received symbol
	Overall complexity
	Ratio wrt to 2 CRS APs

	2 CRS AP, rank = 1
	16.5
	360
	376.5
	1

	2 CRS AP, rank =2
	16.5
	360
	376.5
	1

	4 CRS AP, rank = 1
	74
	348
	422
	1.12

	4 CRS AP, rank = 2
	148
	348
	496
	1.32


Table 2: Revised complexity comparison of covariance matrix –based blind parameter estimation, where hypothetical covariance matrices are formed on a per-subcarrier basis for each PMI/rank hypothesis.
	Case
	Hypothetical covariance matrix
	Covariance matrix of received symbol
	Overall complexity
	Ratio wrt to 2 CRS APs

	2 CRS AP, rank = 1
	16.5 x 12 = 198
	360
	558
	1

	2 CRS AP, rank =2
	16.5 x 12 = 198
	360
	558
	1

	4 CRS AP, rank = 1
	74 x 12 = 888
	348
	1236
	2.21

	4 CRS AP, rank = 2
	148 x 12 = 1716
	348
	2064
	3.70


Table 3: Revised complexity comparison of covariance matrix –based blind parameter estimation, where hypothetical covariance matrices are formed on a per-RE basis for each PMI/rank hypothesis.
	Case
	Hypothetical covariance matrix
	Covariance matrix of received symbol
	Overall complexity
	Ratio wrt to 2 CRS APs

	2 CRS AP, rank = 1
	16.5 x 120 = 1980
	360
	2340
	1

	2 CRS AP, rank =2
	16.5 x 116 = 1914
	360
	2274
	1

	4 CRS AP, rank = 1
	74 x 120 = 8880
	348
	9228
	3.94

	4 CRS AP, rank = 2
	148 x 116 = 17168
	348
	17516
	7.70


3. Conclusion 
In this contribution, we have clarified the relative complexity increase from 2 CRS AP to 4 CRS AP for received covariance-based blind interference parameter estimation for CRS-based transmission modes. Based on the analysis in [1], we provide revised complexity estimates, assuming per-subcarrier or per-RE updates of hypothetical covariance matrices, which stand as more realistic/practical assumptions than per per-PRB updates. Under such revised assumptions, the relative comparison between the complexity for 2 and 4 CRS AP is concluded as follows:
Conclusion 1: 
When hypothetical covariance matrices are updated on a per-subcarrier basis, the relative complexity between 2 and 4 CRS AP increases ~2.21 times (+121%) for rank-1 and ~3.70 times (+270%) for rank-2. 
Conclusion 2: 
When hypothetical covariance matrices are updated on a per-RE basis, the relative complexity between 2 and 4 CRS AP increases ~3.94 times (+294%) for rank-1 and ~7.70 times (+670%).
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