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1 Introduction
In RAN #67, the work item of “LTE DL 4 Rx antenna ports” was approved [1]. The WI aims to define core and UE performance requirement for LTE with 4 Rx AP. For the performance part requirement, the objectives for demodulation requirements of PDSCH for 4 Rx AP are the following:

· Specify UE performance requirements with 4 Rx antenna including

· Demodulation of PDSCH (Cell-Specific Reference Symbols)

· Demodulation of PDSCH (User-Specific Reference Symbols)

· PDSCH demodulation requirements support up to 4 layers.

· No prioritization on number of layers.

· MMSE-MRC/IRC, RML and CWIC receivers will be investigated as candidate reference receivers. 

In this contribution, we analyzed the 3 and 4 layer transmission gain and the relevant condition by link level evaluation. 
The main observation is the condition to support larger layer transmission of PDSCH (larger than 2) to achieve better performance is quite limited, especially for 4 layer case, even in favourable condition. Considering other drawbacks such as complexity, it is suggested to be cautious to introduce higher layer (larger than 2) transmission tests. 

2 Discussion
In this document, 3 and 4 layer transmission gain and the relevant condition by link level evaluation. In [2] some similar analysis is also done, however, no 3 layer transmission is analyzed and the MCS selection also have some differences. Here 4x4 MIMO configuration is used. Low correlation is also used to optimize the performance for larger layer transmission. Both MMSE and R-ML receiver were evaluated. The basic assumptions are as following:

Table 1 Simulation Assumptions
	Parameter
	Value

	Duplex mode
	TDD

	System bandwidth
	10 PRB

	Subframes for demodulation
	4 and 9

	Transmission mode
	TM3

	Transmission Layer Number
	2 / 3 / 4

	MIMO configuration
	4x4, Low correlation

	Channel model
	EVA5

	HARQ
	OFF (for Fix MCS) / ON (For AM&OLLA)

	Link Adaptation
	OFF (for Fix MCS) / ON (For AM&OLLA)

	UE receiver
	MMSE / R-ML

	PCFICH/PDCCH detection
	Not considered

	Tx EVM
	6%
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Figure 1: Fixed MCS with MMSE receiver performance (HARQ OFF)
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Figure 2: Fixed MCS with R-ML receiver performance (HARQ OFF)
Figure 1 and Figure 2 are simulation results for multiple MCS level under several layer number configurations.  It can be seen that for MMSE receiver shown in Figure 1, 3 layer transmission can have gain compared to 2 layer and only when SNR is larger than 20dB while 4 layer transmission always have worse performance than 3 layer. For R-ML receiver results in Figure 2, better performance for 4 layer transmission is shown compared to 3 layer, however, only in the case of larger than 24dB. 
In addition to fixed MCS simulation, link adaptation is also simulated with AMC and OLLA on. The results are shown in Figure 3 and Figure 4 below.
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Figure 3: Link Adaptation with MMSE receiver performance (HARQ ON)
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Figure 3: Link Adaptation with R-ML receiver performance (HARQ ON)
From those results, it can be observed that:
Observation 1: For MMSE receiver, the 3 layer transmission can always have better performance compared to 4layers  in the condition that link adaptation is enabled. 

Observation 2: For R-ML receiver, 4 layer transmission performances can be better than 3 layer transmission only in the SNR range that was larger than 24dB in simulation. 

This would means that only in the range of > 24dB, 4 layer transmission would be useful for R-ML receiver and there is no SNR range is meaningful for MMSE receiver. However, this > 24dB SNR range is so high that it is quite doubtful how much portion of UEs in the field could achieve this SNR and even more doubtful whether it is possible to do testing in this range. 
Although these observations are derived from results under certain simulation assumption, it should still be useful since EVA5 and low correlation are already satisfactory condition for larger layer number transmissions. 
In all, there is the following observation:

Observation 3: It would be difficult to transform larger layer number into better performance in the field, especially for 4 layer transmission which have worse performance than 3 layer in vast majority of cases. It is also difficult to do testing for too high SNR range in which 4 layer transmissions could be meaningful.
Based on these observations, it is proposed that:

Proposal 1: It is suggested to be cautious to introduce higher layer (larger than 2) transmission tests, especially for 4 layers transmission.
Since higher rank means higher complexity while not necessarily better performance, it is suggested that only in the case that higher layer can brought better performance such as 1.x times of lower layer number, the higher layer number is used. 

Proposal 2: Only in the case that higher layer can brought better performance such as 1.x times of lower layer number, the higher layer number is used.
In addition, if it is really necessary to test 4 layer transmissions, it is suggested to use DMRS based transmission rather than CRS to reduce overhead. 
Proposal 3: Considering CRS overhead, if 4 layer test is introduced, DMRS based transmission is prefered.
3 Conclusions
In this contribution, we analyzed the 3 and 4 layer transmission gain and the relevant condition by link level evaluation. The following observations were provided:

Observation 1: For MMSE receiver, the 3 layer transmission can always have better performance compared to 4layers  in the condition that link adaptation is enabled. 

Observation 2: For R-ML receiver, 4 layer transmissions performances can be better than 3 layer transmission only in the SNR range that was larger than 24dB in simulation. 

Observation 3: It would be difficult to transform larger layer number into better performance in the field, especially for 4 layer transmission which have worse performance than 3 layer in vast majority of cases. It is also difficult to do testing for too high SNR range in which 4 layer transmissions could be meaningful.
Proposal 1: It is suggested to be cautious to introduce higher layer (larger than 2) transmission tests, especially for 4 layers transmission.
Proposal 2: Only in the case that higher layer can brought better performance such as 1.x times of lower layer number, the higher layer number is used.
Proposal 3: Considering CRS overhead, if 4 layer test is introduced, DMRS based transmission is prefered
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