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1   Background
During CSI discussion in RAN4#78bis meeting, the way forward [1] was agreed. The detailed assumptions are given for further evaluations.
In this contribution, we will further analyze the relevant issues.
2   Discussion

There are two kinds of impacts on rank measurement with 4RX:
· With 4RX antenna, it would be more likely for UE to achieve performance gain with rank 2, compared with rank1, so the UE should not reuse the measurement results of 2RX for the 4RX rank reporting.

· The 4RX UE is able to report the higher rank, as the measurement procedures for rank1/2 and rank3/4 might be different, such as there will involve multiple-layer to codeword mapping for rank3/4. So, the 4RX UE need to capture some new implementation.
In the following section, we would firstly propose reusing the legacy rank tests for 4RX and then capture link level evaluations to verify the feasibility. The proposed test setups are based on section 9.5.1.1 (FDD), and listed in Table 1:

Table 1 Test setup for 4RX rank requirements (FDD)

	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	4

	Downlink power allocation
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	-3

	
	(
	dB
	0

	Propagation condition and antenna configuration
	
	2 x 4 EPA5

	CodeBookSubsetRestriction bitmap
	
	000011 for fixed RI = 1

010000 for fixed RI = 2

010011 for UE reported RI

	Antenna correlation
	
	Low
	Low
	High

	RI configuration
	
	[TBD]
	[TBD]
	[TBD]

	SNR
	dB
	[TBD]
	[TBD]
	[TBD]
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	dB[mW/15kHz]
	-98
	-98
	-98
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	dB[mW/15kHz]
	[TBD]
	[TBD]
	[TBD]

	Maximum number of HARQ transmissions
	
	1

	Reporting mode
	
	PUCCH 1-1 


The simulation results are provided in Figure 1.
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a) Throughput with low/high correlation and fixed/adaptive rank
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b) Gama1 = rank-adaptation/rank1





c) Gama-2 = rank-adaptation/rank2

Figure 1 throughput performance with different antenna correlation and rank scheme

With respect to the legacy requirements with 2x2 channels in Table 9.5.1.1-2:

	
	Test 1 (low)
	Test 2 (low)
	Test 3(high)

	1
	N/A
	1.05 
	0.9

	2
	1 
	N/A
	N/A 

	UE Category
	≥2
	≥2
	≥2


It could be observed from the evaluation results that the requirements for test 1 and test 2 should be updated, because:

· The 2 for test 1 would be less than 1

· The 1 for test 2 would be 1.6, which is larger than 1.05

With respect to the results, we would like to propose new RANK requirements for 4RX, for example:

Table 2 Proposed requirements for 4RX rank (FDD)

	
	Test 1 (low)
	Test 2 (low)
	Test 3(high)

	1
	0.95 @ 0dB
	1.2 @10dB or

1.3 @15dB or

1.4 @20dB
	0.9 @0dB

	UE Category
	≥2
	≥2
	≥2


In [2], the test method of using variable channel correlation over time is proposed, which add complexity of the test. And for the existing test cases, fixed reference channels are in widespread use and more mature.
Proposal 1: Reuse legacy test methodology using fixed channel correlation at high SNR.
3   Conclusion
In this contribution, we further analyze the RI relevant issues and propose that:
Proposal 1: Reuse legacy test methodology using fixed channel correlation at high SNR.
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