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1 Introduction
The WID [1] was approved in RP#103 meeting with one objective “6Rx for handheld and FWA UE” within which one task to RAN4 is to study the gain and feasibility of 6 MIMO layers support for 6Rx UEs. 
	[bookmark: OLE_LINK4]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
· [bookmark: OLE_LINK5]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.


In RAN4#110 meeting, the discussions started. An WF [2] was agreed with the 
	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 constraints


In this paper, we provided our views on the remaining issues.
2 Discussion
One important aspect on the feasibility of 6-layer MIMO support for 6Rx UE is to check the lowest SNR point which starts to show the benefit of 6-layer MIMO over 4-layer MIMO. Therefore, we conducted a quick link-level simulation with some assumptions listed below
· Duplex mode: TDD 
· SCS: 30KHz 
· BW: 100MHz 
· Channel model: TDL-A-30-10
· MIMO correlation: Low
· Adaptive Rank and MCS (up to 256QAM, which is mandatory in FR1)
· Random precoder
· HARQ disabled
· TX EVM: 0%

[bookmark: OLE_LINK14]The results are provided in Figure 1. It can be observed that the lowest SNR to see the benefit of supporting 6-Layer MIMO over 4-Layer MIMO is 33dB. Note that this SNR point is still an underestimate because the low MIMO correlation assumed in the simulation is rather ideal. For handheld UEs, it is reasonable to assume some MIMO correlation (e.g., extending Medium correlation A defined in 38.101-4 to 6Rx like Appendix A). With a more reasonable MIMO correlation, we expect the SNR point to be further increased. Therefore, we expect the SNR point for 6Rx-6Layer to outperform 6Rx-4Layer should be some value higher than 33dB.

[bookmark: _Ref166178740][bookmark: OLE_LINK11]Observation 1: Consider reasonable MIMO correlation, the lowest SNR for 6Rx-6Layer to outperform 6Rx-4Layer is expected to be higher than 33dB.

[image: ]
[bookmark: OLE_LINK6][bookmark: OLE_LINK10][bookmark: OLE_LINK7]Figure 1. Link-level simulation results for 6Rx-6Layer, 6Rx-4Layer and 4Rx-4Layer with up to 256QAM

However, this high SNR point is only achievable if BS EVM is also tightened correspondingly. According to Table 6.5.2.2-1 in TS 38.104, the BS EVM requirement is 3.5% for 256QAM, which corresponding to a 29.1dB SNR upper bound, as shown in Figure 2. (A quick calculation can also be done by 10*log10(1/0.035/0.035))

[bookmark: OLE_LINK13]Table 6.5.2.2-1: EVM requirements for BS type 1-C and BS type 1-H carrier
	Modulation scheme for PDSCH
	Required EVM

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %

	256QAM
	3.5 %

	1024QAM
	2.5 %1
2.8 %2

	Note1:	This requirement is applicable for frequencies equal to or below 4.2 GHz.
Note 2:	This requirement is applicable for frequencies above 4.2 GHz.



[image: ]
Figure 2. The equivalent SNR upper bounds for different Tx EVM values

[bookmark: _Ref166178742][bookmark: OLE_LINK16]Observation 2: The current BS EVM requirement for 256QAM is 3.5% which corresponds to a 29.1dB SNR upper bound.

[bookmark: OLE_LINK15][bookmark: OLE_LINK17][bookmark: OLE_LINK18]With above analysis, we can obviously see that in order to achieve the benefit of 6-layer MIMO, it is necessary to also tighten the BS EVM requirement (e.g., to a value less than 2%). Without a better the BS EVM, the gain of 6Rx-6Layer over 6Rx-4Layer cannot be achieved. Therefore, we suggest RAN4 to discuss the need of tightening BS EVM requirement when discussing the feasibility of 6-Layer MIMO for 6Rx UEs.

[bookmark: _Ref166178748]Proposal 1: RAN4 should also discuss the need of tightening BS EVM requirement when discussing the feasibility of 6-Layer MIMO for 6Rx UEs.
3 Summary
[bookmark: _Hlk94866332]In this paper, we provided our view on the feasibility of MIMO layer for 6Rx UE. We have the following observations and proposal.

Observation 1: Consider reasonable MIMO correlation, the lowest SNR for 6Rx-6Layer to outperform 6Rx-4Layer is expected to be higher than 33dB.

Observation 2: The current BS EVM requirement for 256QAM is 3.5% which corresponds to a 29.1dB SNR upper bound.

[bookmark: OLE_LINK2]Proposal 1: RAN4 should also discuss the need of tightening BS EVM requirement when discussing the feasibility of 6-Layer MIMO for 6Rx UEs.
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5 [bookmark: OLE_LINK3]Appendix A
For information about extending MIMO correlation model to 6Rx UEs 

Table B.2.3.1.2-1: The α and β parameters for ULA MIMO correlation matrices
	Correlation Model
	a
	b

	Low correlation
	0
	0

	Medium Correlation
	0.3
	0.9

	Medium Correlation A
	0.3
	0.3874

	High Correlation
	0.9
	0.9
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