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Background
As per [1], RAN 4 agreed to define CQI requirements under AWGN channel and fading channel for RedCap UE. However, we find some test parameters were missing. In this paper, we provide our initial simulation results and share views on those parameters.
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Static channel is used for CQI requirements definition. However, existing spec doesn't define static channel matrix for 1RX. Therefore, we propose to define the static channel matrix for 1RX and add the corresponding CR work.
We propose to use following channel matrix for static propagation condition with 1RX:

For 2 port transmission the channel matrix is defined in the frequency domain by
..
For 4 port transmission the channel matrix is defined in the frequency domain by
H = [1   1    j    j]
For 8 port transmission the channel matrix is defined in the frequency domain by
H = [1   1   1   1    j    j    j    j]
Proposal 1: Use following channel matrix for static propagation conditions with 1RX and add the corresponding CR work

· For 2 port transmission the channel matrix is defined in the frequency domain by

..
· For 4 port transmission the channel matrix is defined in the frequency domain by

H = [1   1    j    j]
· For 8 port transmission the channel matrix is defined in the frequency domain by

H = [1   1   1   1    j    j    j    j]
The equivalent channel matrix for 2T1R is calculated in Table 2-1 by using PMI specified in Table 5.2.2.2.1-1 in TS 38.101-4:
Table 2-1: Equivalent channel matrixs
	Physical channel matirx
	PMI matrix
	Equivalent channel matrix
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We propose to set CodebookSubsetRestriction to 000001 to aviod equivalent channel matrix is 0.
Proposal 1: Define the codebookSubsetRestriction for 2T1R to avoid the equivalent channel matrix is 0. 

Proposal 2: Set codebookSubsetRestriction to 000001 if  is used.

We agreed to define the CQI requiremments for 2T2R with rank 2 and 2T1R with rank 1 and these are new requirements that needs simulation. We caculate the post SINR by using linear receiver as follows:

For case with 2T2R and rank2 , the input-output model can be descriptes as follows:



S1 and s2 are transmitted signals for two layers with power equalling to P, and h1 and h2 are equivalent channel matrix of two layers which have feature that     and n is white noise with power of each RX equalling to N. 

The linear receiver can be described as projecting the receiver signal (y) to the target signal (h1) which can be described as follows:



The SINR can be calculated as follows:


For case with 2T1R and rank1, we have following input-out model:




  by using static channel matrix H=[1   1] and PMI=, the SINR can be calculated as follows:



Therefore, SINR for 2T1R rank1 is 3dB higher than that for 2T2R rank2.

Observation 1: The SINR for 2T2R with rank 1 is 3dB higher than that for 2T2R rank 2 under static channel condition.

Therefore, we don’t need to do the simulation for both two cases and just simulate the case for 2T2R with rank2 to find the tested SNR point and substract 3dB for case with 2T1R with rank 1.

Proposal 3: Simulate the case for 2T2R with rank2 to find the tested SNR point and subtract 3dB for case with 2T1R with rank 1 for CQI test.

The simulation results for case with 2T2R, rank2 are shown in Table 2-2. In the simulation, we reuse the test parameters in Table 6.2.2.1.1.1-1 in TS 38.101-4 with changing CQI table 2 to table1: 

Table 2-2: Simulation results for case with 2T2R rank 2.
	SNR
	Median CQI
	Prob(Median CQI-1<CQI< Median CQI+1)
	BLER of  Median CQI-1
	BLER of  Median CQI
	BLER of  Median CQI+1

	-6
	1
	100%
	0
	0
	100%

	-4
	2
	100%
	0
	0
	100%

	-2
	3
	100%
	0
	0
	100%

	0
	4
	100%
	0
	0
	100%

	2
	5
	100%
	0
	0
	100%

	4
	6
	100%
	0
	0
	100%

	6
	7
	100%
	0
	0
	100%

	8
	8
	100%
	0
	0
	100%

	10
	9
	100%
	0
	0
	87.5%

	12
	10
	100%
	0
	0
	88.9%

	14
	12
	100%
	0
	0
	100%

	16
	12
	100%
	0
	0
	24.0%

	18
	13
	100%
	0
	0
	53.8%



We propose to define the SNR points with [8, 9] dB and [14,15] dB to verify the 16QAM and 64QAM respectively. For case with 2T1R rank1, we propose to define the SNR [5, 6] dB and [11,12] dB.

Proposal 4: Define the SNR points with [8,9] dB and [14, 15]dB for case with 2T2R rank2 and define the SNR points with [5,6] dB and [11, 12]dB for case with 2T1R rank1.

Simulation results under fading channel
The simulation results for FR1 FDD 1RX are captured in Table 2-1:
Table 2-1: Simulation results for FR1 FDD 1RX 
	SNR
	TP ratio of follow CQI/  Median CQI
	Median CQI
	Prob of(Median CQI-1<CQI< Median CQI+1)
	BLER with follow CQI

	0
	1.40
	4
	50.2%
	0.23

	2
	1.25
	5
	49.2%
	0.76

	4
	1.26
	6
	46.3%
	0.24

	6
	1.24
	7
	44.0%
	0.23

	8
	1.19
	8
	39.6%
	0.20

	10
	1.27
	9
	42.7%
	0.19

	12
	1.35
	10
	40.2%
	0.19

	14
	1.32
	11
	43.8%
	0.18

	16
	1.33
	12
	51.0%
	0.17

	18
	1.39
	13
	61.5%
	0.14



The simulation results for FR1 FDD 2RX are captured in Table 2-2:
Table 2-2: Simulation results for FR1 FDD 2RX 
	SNR
	TP ratio of follow CQI/  Median CQI
	Median CQI
	Prob of(Median CQI-1<CQI< Median CQI+1)
	BLER with follow CQI

	0
	1.05
	5
	54.6
	0.30

	2
	1.08
	6
	52.1%
	0.28

	4
	1.12
	8
	43.1%
	0.31

	6
	1.12
	9
	47.3%
	0.29

	8
	1.14
	9
	52.7%
	0.23

	10
	1.39
	11
	48.1%
	0.21

	12
	1.45
	12
	55.2%
	0.19

	14
	1.54
	13
	67.1%
	0.15

	16
	1.29
	13
	71.5%
	0.10

	18
	1.29
	14
	64.2%
	0.07



The simulation results for FR1 TDD 1RX are captured in Table 2-3:
Table 2-3: Simulation results for FR1 TDD 1RX 
	SNR
	TP ratio of follow CQI/  Median CQI
	Median CQI
	Prob of(Median CQI-1<CQI< Median CQI+1)
	BLER with follow CQI

	0
	1.27
	4
	70%
	0.17

	2
	1.24
	5
	72.1%
	0.19

	4
	1.30
	6
	67.5%
	0.17

	6
	1.32
	6
	45%
	0.18

	8
	1.14
	8
	62.5%
	0.19

	10
	1.18
	9
	58.8%
	0.18

	12
	1.18
	10
	56.7%
	0.21

	14
	1.18
	11
	70.8%
	0.20

	16
	1.23
	12
	68.8%
	0.17

	18
	1.28
	13
	79.2%
	0.16



The simulation results for FR1 TDD 2RX are captured in Table 2-4:
Table 2-4: Simulation results for FR1 TDD 2RX 
	SNR
	TP ratio of follow CQI/  Median CQI
	Median CQI
	Prob (Median CQI-1<CQI< Median CQI+1)
	BLER with follow CQI

	0
	1.02
	5
	70%
	0.21

	2
	1.05
	6
	67.9%
	0.20

	4
	1.11
	8
	57.5%
	0.28

	6
	1.21
	9
	67.5%
	0.25

	8
	1.15
	9
	64.2%
	0.24

	10
	1.22
	11
	65.4%
	0.27

	12
	1.32
	12
	74.2%
	0.23

	14
	1.08
	12
	86.3%
	0.14

	16
	1.08
	13
	80.8%
	0.11

	18
	1.27
	14
	95%
	0.09



Based on the simulation results, we propose to define SNR=[3 or 4 , 9 or 10] dB for  2RX and [7 or 8,13 or 14] dB for 1RX
Proposal 5: Define CQI requirements on [3 or 4, 9 or 10] dB for 2RX and [7 or 8, 13 or 14] dB for 1RX under fading channel.
We can reuse the test metric of Rel-15 CQI test under fading channel:
· BLER with following CQI>0.02
· Prob (Median CQI-1<CQI< Median CQI+1)>20%
· γ>1.05

Proposal 6: Use following test metric for CQI test under fading channel:
· BLER with following CQI>0.02
· Prob (Median CQI-1<CQI< Median CQI+1)>20%
· γ>1.05

Conclusion
In this paper, we provide our initial simulation results and views on CQI requirements for both AWGN channel and fading channel. The observations and proposals are:
For CQI test under AWGN channel:
· Proposal 1: Define the codebookSubsetRestriction for 2T1R to avoid the equivalent channel matrix is 0. 

· Proposal 2: Set codebookSubsetRestriction to 000001 if  is used.

· Observation 1: The SINR for 2T2R with rank 1 is 3dB higher than that for 2T2R rank 2 under static channel condition.

· Proposal 3: Simulate the case for 2T2R with rank2 to find the tested SNR point and subtract 3dB for case with 2T1R with rank 1 for CQI test.

· Proposal 4: Define the SNR points with [8,9] dB and [14, 15]dB for case with 2T2R rank2 and define the SNR points with [5,6] dB and [11, 12]dB for case with 2T1R rank1.

For CQI test under fading channel:
· Proposal 5: Define CQI requirements on [3 or 4, 9 or 10] dB for 2RX and [7 or 8, 13 or 14] dB for 1RX under fading channel.

· Proposal 6: Use following test metric for CQI test under fading channel:
· BLER with following CQI>0.02
· Prob (Median CQI-1<CQI< Median CQI+1)>20%
· γ>1.05
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