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Discussion
1  Introduction
A Way Forward [1] and on-line discussion in Mexico meeting have consensus to select the reference receiver for SU-MIMO enhancement WI. Keeping only one receiver type is necessary for further study. In this paper, we analyze two candidate receivers, R-ML and CW-IC, from the point of view of the performance and implementation cost.
2  Performance analysis for R-ML and CW-IC receivers
The medium MIMO correlation and EVA channel are applied throughout the entire evaluation. There are 9 cases listed below to cover TM3 and TM9, with respectively selected MCS and Doppler frequencies. The channel estimation and noise estimation are realistic, based on CRS and DMRS respectively for TM3 and TM9. There are three curves in each figure for the throughput representing the LMMSE, R-ML and CW-IC receivers. It is seen that the performance gain of R-ML over LMMSE is between 1.1 dB~ 3.9 dB, and the gain of CW-IC over R-ML is between 0.4 dB~1.1 dB. 
So, we have,

Observation 1: The R-ML provides significant gain over LMMSE (1.1 dB~3.9 dB). The CW-IC can further improve the performance from the R-ML, but the gain is smaller (0.4 dB~1.1 dB).
	Evaluation Case
	@70% of max

LMMSE – R-ML (dB)
	@70% of max

R-ML – CW-IC (dB)
	@90% of max

LMMSE – R-ML (dB)
	@90% of max

R-ML – CW-IC (dB)

	Fig. 1,
TM3 MCS14 EVA 5Hz
	2.1 dB
	0.5 dB
	2.2 dB
	0.5 dB

	Fig. 2,
TM3 MCS14 EVA 70Hz
	2.4 dB
	0.5 dB
	2.9 dB
	0.6 dB

	Fig. 3,
TM3 MCS14 EVA 200Hz
	2.5 dB
	0.5 dB
	2.9 dB
	0.4 dB

	Fig. 4,
TM3 MCS19 EVA 5Hz
	1.1 dB
	0.6 dB
	1.3 dB
	0.5 dB

	Fig. 5,
TM3 MCS19 EVA 70Hz
	1.3 dB
	0.6 dB
	1.6 dB
	0.7 dB

	Fig. 6,
TM3 MCS24 EVA 5Hz
	2.6 dB
	0.5 dB
	3.2 dB
	0.5 dB

	Fig. 7,

TM9 MCS13 EVA 5Hz
	2.0 dB
	1.0 dB
	2.9 dB
	1.0 dB

	Fig. 8,

TM9 MCS19 EVA 5Hz
	1.4 dB
	0.9 dB
	1.9 dB
	1.1 dB

	Fig. 9,

TM9 MCS24 EVA 5Hz
	3.1 dB
	0.7 dB
	3.9 dB
	0.5 dB
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     Fig. 1, TM3 MCS14, EVA 5Hz                  Fig. 2, TM3 MCS14, EVA 70Hz                  
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    Fig. 3, TM3 MCS14, EVA 200Hz                
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    Fig. 4, TM3 MCS19, EVA 5Hz                   Fig. 5, TM3 MCS19, EVA 70Hz                  
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 Fig. 6, TM3 MCS24, EVA 5Hz                  
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     Fig. 7, TM9 MCS13, EVA 5Hz                        Fig. 8, TM9 MCS19, EVA 5Hz
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        Fig. 9, TM9 MCS24, EVA 5Hz 
3  Implementation cost analysis for R-ML and CW-IC receivers 
The R-ML is the algorithm applied at the MIMO demapper module for estimating the LLR on each bit. The complexity of R-ML is expected to be more than the LMMSE but it is still in reasonable scope.
The CW-IC creates a feedback loop from Turbo decoder to the MIMO demapper to deliver extrinsic information (soft values). During the process, the additional hardware for interleaver, circular buffer and the rate matching for soft values have to be developed. Also the required buffer size may depend on the bitwidth to represent each LLR value. 

The MIMO demapper further receives the feedback soft values and re-calculates the LLR values, and the updated LLRs are sent to the Turbo decoder again. 
The decoding time for each TTI is a fixed period. As the CW-IC is applied, the allowed iteration number inside the Turbo decoder should be limited by considering three factors, 1, the latency of constructing soft values back to the MIMO demapper, 2, the re-generation of LLR values at the MIMO demapper, and 3, the iteration number between Turbo decoder and MIMO demapper. 

As our simulation considers the above mentioned factors, the performance gap between R-ML and CW-IC becomes smaller. However, from the cost point of view, the price paid for CW-IC implementation is far more than replacing LMMSE by R-ML. 

Based on the performance and cost analysis, we have that,
Observation 2: The CW-IC requires additional hardware for interleaver, circular buffer and rate matching, and a buffer to store soft values. 
Observation 3: The allowed iteration number in Turbo decoder should consider the latency induced by CW-IC implementation, and the resulting effect is the limited performance improvement.

Finally, we come out the proposal,

Proposal 1: Take R-ML as the reference receiver for SU-MIMO enhancement WI.
4  Conclusion 
Our observations and proposal are as follows,
Observation 1: The R-ML provides significant gain over LMMSE (1.1 dB~3.9 dB). The CW-IC can further improve the performance from the R-ML, but the gain is smaller (0.4 dB~1.1 dB).

Observation 2: The CW-IC requires additional hardware for interleaver, circular buffer and rate matching, and a buffer to store soft values. 

Observation 3: The allowed iteration number in Turbo decoder should consider the latency induced by CW-IC implementation, and the resulting effect is the limited performance improvement.

Proposal 1: Take R-ML as the reference receiver for SU-MIMO enhancement WI.
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