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1 Introduction
In RAN #103 meeting, the new WID of UE RF enhancements for NR FR1/FR2 and EN-DC, Phase 4 was approved in [1], wherein the objectives related to 6Rx for handheld UE and FWA UE are listed as below:
	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
· [bookmark: OLE_LINK80]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
· [bookmark: OLE_LINK57]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.


[bookmark: OLE_LINK18]In this contribution, we give some initial discussions on the MIMO layers related to 6Rx. 
2 Discussion
Sub-topic 2-1 MIMO layer support
MIMO layers for 6Rx UE
	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 constraints


Regarding the MIMO layers for 6Rx, it is obvious that it can support 4 MIMO at least in the new WID[1] and need more feasibility study for the gain to support 6 MIMO layers. 
For FWA devices, which there is no limitation on the devices size, we believe FWA devices can support 6 layers for 6Rx. Moreover, RAN4 introduced 8Rx demodulation requirements with 8 MIMO layers for FWA in Rel-18. Therefore, we believe that 6 layers are perfectly feasible for FWA devices at least.
For handle UE, which is limitation on the devices size, antenna correlation will be a non-negligible factor for baseband performance. Based on the analysis, channel capacity and diversity gain decrease as the correlation between the antennas increase, which means the demodulation SNR will be high for baseband. However, we don’t want to expect excessively high demodulation thresholds in the filed. This is because the possible SNR value depends on actual deployed link budget. 
It is widely know that the antenna correlation is related to antennas isolation, AOA, polarization, etc. Considering the limitation on the devices size of the handle UE, more antennas will inevitably lead to high correlation, and the channel matrix will no longer be full rank due to correlation. Therefore, supporting 6 MIMO layers for 6Rx is very challenging, meaning that supporting less than 6 layers is very likely. From the perspective of channel capacity, more MIMO layers mean more channel capacity, which is exactly what we expect. In general, The channel capacity can be approximated as
C = 
Consider the following correlation model,
H = 
where,is the correlation matrix, which reflects the correlation between the transmitter antennas. Andis the correlation matrix, which reflects the correlation between the receiver antennas.
C = 
Thus, the MIMO channel capacity can be approximated as 
C 
It can be proven that for any correlation matrix R, . If R is the low correlation matrix, R=I, =0; If R is the medium or high correlation matrix, . 
Based on the above formulas, we can observe that correlation between the antennas will reduce the channel capacity.
To summarize, correlation is the bottleneck for handle UE with 6 MIMO layers. However, correlation will be affected by antenna layout and size, which depends on the implementation of the handle UE. From performance perspective, RAN4 shall identify the better performance than other layers at least. Unfortunately, there is currently no antenna correlation data can be provided for 6Rx. 
In our view, we believe that the handle UE cannot fully exploit the technical benefits of 6 MIMO layers for 6Rx due to practical physical limitations. RAN4 shall first evaluate the performance of 6 MIMO layers. And then decide whether 6 MIMO layers need to be introduced for the handle UE.
Observation 1. Correlation between antennas will reduce the channel capacity.
Observation 2. The handle UE cannot fully exploit the technical benefits of 6 MIMO layers using 6Rx due to practical physical limitations. 
Observation 3. Currently, there is no antenna correlation data can be provided for 6Rx for the handle UE. 
Proposal 1. 6 MIMO layers are perfectly feasible for FWA devices at least.
Proposal 2. RAN4 shall first evaluate the performance of 6 MIMO layers. And then decide whether 6 MIMO layers need to be introduced for the handle UE.

3 Conclusion
In this contribution, we give some discussions on the MIMO layers related to 6Rx, The conclusions are:
Observation 1. The correlation between the transmitter antennas and the receiver antennas will reduce the channel capacity.
Observation 2. The handle UE cannot fully exploit the technical benefits of 6 MIMO layers using 6Rx due to practical physical limitations. 
Observation 3. Currently, there is no antenna correlation data can be provided for 6Rx for handle UE. 
Proposal 1. 6 MIMO layers are perfectly feasible for FWA devices at least.
Proposal 2. RAN4 shall first evaluate the performance of 6 MIMO layers. And then decide whether need to introduce 6 MIMO layers for the handle UE.
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