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Background
In last meeting, a WF on requirements for 6Rx was approved. Agreements on MIMO layers are copied as follows:
	Sub-topic 3-1:	MIMO layers to be discussed in RF or Demod session?
Agreement: Number of MIMO layers will be discussed in the RF session with involvement of Demod experts.
Sub-topic 3-2:	MIMO layer support
Way forward: Further discuss number of MIMO layers support for FWA devices and handhelds considering the following aspects:
-	antenna correlation analysis based on form factor constraints
-	performance simulation in comparison with 4 MIMO layer considering possible implementation constraint


This contribution provides our views on the antenna correlation modelled in link level simulations.
1   Discussions
Antenna correlation is the most important parameter for evaluation. Higher correlation leads to diversity reduction and performance degradation, which may affect the maximum supported layers. Assume   and  are uncorrelated and correlated receiving vector signal respectively. We can have:


Where C is antenna correlation matrix and   is the correlation coefficient of antenna i and j. 
TS 38.101-4 and TS 36.101 specify several types of correlation models, namely Low, medium, medium A, medium B and high for 2Rx, 4Rx and 8Rx as shown below: 
Table B.2.3.2-1: The  and  parameters for ULA MIMO correlation matrices
	Correlation Model
	
	

	Low correlation
	0
	0

	Medium Correlation
	0.3
	0.9

	Medium Correlation A
	0.3
	0.3874

	Medium Correlation B
	0.3
	0.005154

	High Correlation
	0.9
	0.9



The corresponding correlation matrix is defined as per the uniform linear array:
 Table B.2.3.1-2 UE correlation matrix
	
	One antenna
	Two antennas
	Four antennas
	Eight antennas

	UE Correlation
	


	

	

	




There are lots of discussion on how to determine the exact  in LTE Release 8 [2,3,4]. However, these correlation matrixes are based on the assumption of specific antenna configurations such as uniform linear array or cross polarized, with the correlation coefficients derived corresponding to proper channel capacity from simulations [2,3]. However these correlation matrixes are defined for the performance test purpose under given conditions, e.g. MIMO layers, MCS, which are too ideal and can’t reflect the real antenna correlation of a UE device. 
Observation 1: Antenna correlation matrixes defined in 36.101 and 38.101-4 are for performance testing and can’t reflect the real antenna correlation of a UE device.
Compared to the performance test, the difference for this work item is to evaluate the number of MIMO layers support for 6Rx, which is related to feature design, so the antenna correlation analysis should comply with the 6Rx physical realization as much as possible, especially for handheld UE. Antenna correlation coefficient depends on the physical antenna realization, which is closely related to the antenna spacing, antenna placement, antenna pattern, form factors and etc.,, hence we suggest that RAN4 to discuss possible 6Rx realizations and choose typical one to derive antenna correlation for simulation evaluation so that the evaluation results have real meaning to decide the number of MIMO layers support for 6Rx. 
Proposal 1: RAN4 discuss possible 6Rx realizations and choose typical one to derive antenna correlation for simulation evaluation.
Based on the WI [5], the target UE type should be handheld UE, but also applicable for FWA devices:
	6Rx for handheld and FWA UE
· Specify the core requirements to enable 6Rx for higher frequency bands (>2.5GHz) targeting at support of handheld UE for NR FR1 single carrier scenario
· Example bands: n41, n77/n78, n79, n104
· Support 4 MIMO layers at least, and study the gain and feasibility and if feasible, support 6 MIMO layers
· Specify the Rx requirements including reference sensitivity requirements for support 6Rx
· Note: the specified requirements can be applicable to both handheld UE and FWA devices
· Specify the requirements to support SRS antenna switching including t1r6, t2r6, t3r6, t4r6 depending on UE capability
· Study the issue of insertion loss imbalance across SRS ports, and if justified, specify the corresponding solution.


Our understanding is that handheld UE have more form size constraint compared to FWA, which should be considered as target scenario for the number of MIMO layers support evaluation. 
Proposal 2: RAN4 consider handheld UE for MIMO layers evaluation.
2   Conclusion
In this contribution we provide our views on MIMO layers evaluation for 6Rx UE. The observations and proposals are:
Observation 1: Antenna correlation matrixes defined in 36.101 and 38.101-4 are for performance testing and can’t reflect the real antenna correlation of a UE device.
Proposal 1: Discuss possible 6Rx realizations and choose typical one to derive antenna correlation for simulation evaluation.
Proposal 2: Consider handheld UE for MIMO layers evaluation.
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