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1. Introduction
During RAN4#71 and RAN4#72bis, the complexity of ML-based joint estimation of dynamic interference parameters for CRS-based transmission modes was debated. In reference [1], we showed that the complexity was driven by the amount of precoder hypotheses and resulted in to ~5.8 times (=+480%) increase for 4 CRS AP compared to 2 CRS AP. It was argued that complexity reduction may be achieved by means of QR decompositions, and detailed calculations were provided in [2]. While these derivations are valid, we clarify in this contribution that the relative complexity increase is even larger than the initial estimate in [1], rather than reduced to ~2.9 times as claimed in [2].
2. Complexity of ML-based blind parameter estimation with QR decomposition: 2 vs 4 CRS AP
Table 1: Overall computational complexity of ML-based blind estimation of dynamic parameter, QR decomposition is used for both 2 and 4 CRS AP [2].
	Number of CRS AP
	Complexity of blind estimation of dynamic parameters with 
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	The complexity of the term multiplied by 
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QR decomposition is exploited.

Reference complexity.
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Table 1 is taken from [2] and summarizes the relative complexity comparison of ML-based joint estimation of dynamic interference parameters for CRS-based transmission modes, based on the analysis in [1]. The underlying assumption behind these complexity estimates is that the QR decomposition allows reducing the number of operations associated with square distance calculations in the ML criterion. 
In general, the QR decomposition proves to be a useful tool for MIMO processing, and since it is applied here to effective channel matrices which factor transmit precoding, it becomes agnostic to the antenna port configuration, i.e. the number of CRS APs. Hence, assuming that the UE would support both 2 and 4 CRS AP for NAICS processing and that it would exploit the QR decomposition, the same implementation blocks would be used regardless of the antenna configuration, precisely because those blocks are agnostic to the antenna configuration. Hence it is fair to compare the increase in complexity of NAICS processing for 4 CRS AP with QR processing together with the one of 2 CRS AP with QR processing, and not without QR processing as done in [2]. Also, as discussed in [1], sub-optimum ML search strategies may be used: these attempt at reducing the number of joint symbol vector candidates for which to evaluate the ML metric, but the complexity ratio between 2 and 4 CRS AP would remain unchanged.
Based on the complexity estimates provided in Table 1, the relative complexity comparison between 2 and 4 CRS AP may be summarized as follows:
Conclusion 1: 

Even with QR-based optimization, the relative complexity increase from 2 to 4 CRS AP is driven by the increased number of precoder hypotheses.
Conclusion 2:

The complexity of blind estimation of dynamic interference parameters for CRS-based modes is ~6.4 to 7.1 times (+540% to +610%) more complex for 4 CRS AP compared to 2 CRS AP.
3. Conclusion 
In this contribution, we clarified the relative complexity increase from 2 CRS AP to 4 CRS AP for ML-based parameter estimation for CRS-based modes when exploiting the QR decomposition. While the QR decomposition itself allows reducing the overall processing complexity, it benefits equally to the case of 2 and 4 CRS AP since effective channel processing is agnostic to the antenna port configuration. A fair comparison between 2 and 4 CRS AP processing allows concluding that:
Conclusion 1: 

Even with QR-based optimization, the relative complexity increase from 2 to 4 CRS AP is driven by the increased number of precoder hypotheses.

Conclusion 2:

The complexity of blind estimation of dynamic interference parameters for CRS-based modes is ~6.4 to 7.1 times (+540% to +610%) more complex for 4 CRS AP compared to 2 CRS AP.
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