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1	Introduction
RAN4#110bis agreed with the way forward on the UE demodulation and CSI reporting requirements for RedCap enhancements (eRedCap) [1]. This contribution discusses the open issues on the CSI reporting requirements for eRedCap.
2	UE demodulation requirements
RAN4#110bis agreed with the simulation assumption for all the Rel-18 eRedCap PDSCH demodulation requirements [1]. Our companion paper [2] provides the simulation results. We propose to consider our simulation results to set the PDSCH demodulation requirements for eRedCap. 
3	CSI reporting requirements
3.1	General
RAN4#110bis agreed with the BWP/PDSCH/CSI-RS PRB size configuration for eRedCap CSI reporting tests as shown in Table 1. Based on the configuration we have verified whether we could reuse the same CSI reporting requirements (e.g., SNR test points) as Rel-17 RedCap.
Note in the WF [1], PDSCH PRB size for PMI test with TDD SCS=30kHz was set to 15, but it should be 12 to support both the UEs with/without supporting eRedCapNotReducedBB-r18 as agreed in [4]. 
[bookmark: _Ref165290921]Table 1	BWP/PDSCH/CSI-RS PRB size for eRedCap CSI reporting requirements.
	
	CQI reporting tests (static/fading)
	PMI reporting test

	FDD
CBW/SCS=10MHz/15kHz
	BWP: 52 RBs 
CSI-RS: 24RBs (PRB 0 to 23)
PDSCH:15 RBs (PRB 0 to 14))
	BWP: 52 RBs 
CSI-RS: 28RBs (PRB 0 to 27)
PDSCH: 25RBs (PRB 0 to 24)

	TDD
CBW/SCS=20MHz/30kHz
	BWP: 51 RBs 
CSI-RS: 24RBs (PRB 0 to 23)
PDSCH: 7RBs (PRB 0 to 6)
	BWP: 51 RBs 
CSI-RS: 24RBs (PRB 0 to 23)
PDSCH: 12RBs (PRB 0 to 14)

	Note:	BWP size is same as the transmission bandwidth in TS38.101-1 5.3.2.



3.2	CQI reporting test in static condition
	CQI reporting test in static condition
· Interested companies are encouraged to provide the simulation results whether to apply the same test points as Rel-17 RedCap CQI reporting requirements in static condition.
· SNR=5/6dB and SNR=11/12dB for FDD/HD-FDD/TDD with 1Rx.
· SNR=8/9dB and SNR=14/15dB for FDD/HD-FDD/TDD with 2Rx.



Table 2 and Table 3 show our simulation results for CQI reporting test in static condition for FDD/HD-FDD SCS=15kHz and TDD SCS=30kHz, respectively. The rows highlighted in yellow correspond to the test points specified in the Rel-17 RedCap CQI reporting test, for example, in which the test points are set to SNR=5/6dB and SNR=11/12dB for 1Rx UE. Although we have shown the feasibility of reusing the Rel-17 RedCap CQI reporting requirements in RAN4#110bis [3], our updated simulation results with the limited CSI-RS RB size also show the same SNR test points can be set for both 1Rx and 2Rx cases.
Proposal 1: Set SNR=5/6dB and SNR=11/12dB for CQI reporting test in static condition for FDD/HD-FDD/TDD with 1Rx, same as Rel-17 RedCap CQI reporting test in static condition.
Proposal 2: Set SNR=8/9dB and SNR=14/15dB for CQI reporting test in static condition for FDD/HD-FDD/TDD with 2Rx, same as Rel-17 RedCap CQI reporting test in static condition.

[bookmark: _Ref162273752]Table 2	Simulation results for CQI reporting test in static condition (FDD/HD-FDD SCS=15kHz).
	
	1Rx UE
	2Rx UE

	SNR (dB)
	Median CQI
	Rate of reported CQI in range of median CQI +/- 1
	BLER at median CQI
	BLER at Median CQI - 1
	BLER at Median CQI + 1
	Median CQI
	Rate of reported CQI in range of median CQI +/- 1
	BLER at median CQI
	BLER at Median CQI - 1
	BLER at Median CQI + 1

	4
	7
	0.99
	0.00
	0.00
	0.00
	8
	1.00
	0.00
	0.00
	1.00

	5
	8
	0.99
	0.00
	0.00
	0.43
	8
	1.00
	0.00
	0.00
	0.46

	6
	9
	0.98
	0.00
	0.00
	1.00
	9
	1.00
	0.00
	0.00
	1.00

	7
	9
	1.00
	0.00
	0.00
	0.56
	9
	1.00
	0.00
	0.00
	0.58

	8
	10
	1.00
	0.00
	0.00
	1.00
	10
	1.00
	0.00
	0.00
	1.00

	9
	10
	1.00
	0.00
	0.00
	0.26
	10
	1.00
	0.00
	0.00
	0.27

	10
	11
	1.00
	0.00
	0.00
	1.00
	11
	1.00
	0.00
	0.00
	1.00

	11
	11
	1.00
	0.00
	0.00
	0.15
	11
	1.00
	0.00
	0.00
	0.15

	12
	12
	1.00
	0.00
	0.00
	1.00
	12
	1.00
	0.00
	0.00
	1.00

	13
	12
	1.00
	0.00
	0.00
	0.33
	12
	1.00
	0.00
	0.00
	0.34

	14
	13
	1.00
	0.01
	0.00
	1.00
	13
	1.00
	0.01
	0.00
	1.00

	15
	13
	1.00
	0.00
	0.00
	0.23
	13
	1.00
	0.00
	0.00
	0.23

	16
	14
	1.00
	0.02
	0.00
	1.00
	14
	1.00
	0.02
	0.00
	1.00

	17
	14
	1.00
	0.00
	0.00
	0.89
	14
	1.00
	0.00
	0.00
	0.89

	18
	15
	1.00
	0.20
	0.00
	0.20
	15
	1.00
	0.20
	0.00
	0.20



[bookmark: _Ref162274455]Table 3	Simulation results for CQI reporting test in static condition (TDD SCS=30kHz).
	
	1Rx UE
	2Rx UE

	SNR (dB)
	Median CQI
	Rate of reported CQI in range of median CQI +/- 1
	BLER at median CQI
	BLER at Median CQI - 1
	BLER at Median CQI + 1
	Median CQI
	Rate of reported CQI in range of median CQI +/- 1
	BLER at median CQI
	BLER at Median CQI - 1
	BLER at Median CQI + 1

	4
	7
	0.99
	0.00
	0.00
	0.01
	8
	0.99
	0.01
	0.00
	1.00

	5
	8
	1.00
	0.00
	0.00
	0.55
	8
	1.00
	0.00
	0.00
	0.56

	6
	9
	0.98
	0.00
	0.00
	1.00
	9
	1.00
	0.00
	0.00
	1.00

	7
	9
	1.00
	0.00
	0.00
	0.36
	9
	1.00
	0.00
	0.00
	0.36

	8
	10
	1.00
	0.00
	0.00
	1.00
	10
	1.00
	0.00
	0.00
	1.00

	9
	10
	1.00
	0.00
	0.00
	0.47
	10
	1.00
	0.00
	0.00
	0.47

	10
	11
	1.00
	0.00
	0.00
	1.00
	11
	1.00
	0.00
	0.00
	1.00

	11
	11
	1.00
	0.00
	0.00
	0.28
	11
	1.00
	0.00
	0.00
	0.28

	12
	12
	1.00
	0.00
	0.00
	0.91
	12
	1.00
	0.00
	0.00
	0.90

	13
	12
	1.00
	0.00
	0.00
	0.11
	12
	1.00
	0.00
	0.00
	0.11

	14
	13
	1.00
	0.00
	0.00
	0.79
	13
	1.00
	0.00
	0.00
	0.78

	15
	13
	1.00
	0.00
	0.00
	0.15
	13
	1.00
	0.00
	0.00
	0.15

	16
	14
	1.00
	0.00
	0.00
	0.46
	14
	1.00
	0.00
	0.00
	0.44

	17
	14
	1.00
	0.00
	0.00
	0.20
	14
	1.00
	0.00
	0.00
	0.20

	18
	15
	1.00
	0.02
	0.00
	0.02
	15
	1.00
	0.02
	0.00
	0.02



3.3	CQI reporting test in fading condition
	CQI reporting test in fading condition
· Interested companies are encouraged to provide the simulation results whether to apply the same test points and requirements as Rel-17 RedCap CQI reporting requirements in fading condition.
· SNR=9/10dB and SNR=15/16dB for FDD/HD-FDD/TDD with 1Rx.
· SNR=6/7dB for FDD/HD-FDD/TDD with 2Rx.
· Requirements:
· A CQI index not in the set {median CQI - 1, median CQI, median CQI + 1} shall be reported at least α% of the time where α = 20%.
· Throughput ratio of follow CQI and fixed median CQI shall be ≥ γ, where γ = 1.05
· Average BLER with follow CQI shall be greater than or equal to 0.02.



Table 4 and Table 5 show our simulation results for CQI reporting test in fading condition for FDD/HD-FDD SCS=15kHz and TDD SCS=30kHz, respectively. The rows highlighted in yellow corresponding to the test points set for the Rel-17 RedCap CQI reporting test. Although some companies concerned the accuracy of the reported CQI index due to the smaller CSI-RS PRB size in RAN4#110bis, our updated simulation result shows we can keep the same accuracy requirements (i.e., α = 20%). We therefore propose to set the same SNR test points for both 1Rx and 2Rx cases. We also propose to apply the same requirements as Rel-17 RedCap UE CQI reporting test in fading condition regarding the BLER, α, and γ. 
Proposal 3: Set SNR=9/10dB and SNR=15/16dB for CQI reporting test in fading condition for FDD/HD-FDD/TDD with 1Rx, same as Rel-17 RedCap CQI reporting test in fading condition. 
Proposal 4: Set SNR=6/7dB for CQI reporting test in fading condition for FDD/HD-FDD/TDD with 2Rx, same as Rel-17 RedCap CQI reporting test in fading condition. 
Proposal 5: Apply the same requirements as Rel-17 RedCap UE CQI reporting test in fading condition:
· A CQI index not in the set {median CQI - 1, median CQI, median CQI + 1} shall be reported at least α% of the time, where α = 20%. 
· Throughput ratio of follow CQI and fixed median CQI shall be ≥ γ, where γ = 1.05
· Average BLER with follow CQI shall be greater than or equal to 0.02.

[bookmark: _Ref162275357]Table 4	Simulation results for CQI reporting test in fading condition (FDD/HD-FDD SCS=15kHz).
	
	1Rx
	2Rx

	SNR
	Median CQI
	BLER
	Throughput ratio (gamma)
	Alpha
	Median CQI
	BLER
	Throughput ratio (gamma)
	Alpha

	4
	6
	0.24
	1.21
	0.45
	9
	0.26
	1.14
	0.54

	5
	7
	0.23
	1.24
	0.50
	9
	0.26
	1.11
	0.57

	6
	7
	0.24
	1.24
	0.53
	10
	0.26
	1.23
	0.53

	7
	8
	0.24
	1.16
	0.56
	10
	0.27
	1.18
	0.56

	8
	9
	0.25
	1.13
	0.58
	11
	0.27
	1.18
	0.53

	9
	9
	0.25
	1.13
	0.58
	11
	0.27
	1.11
	0.55

	10
	10
	0.25
	1.23
	0.61
	12
	0.28
	1.13
	0.53

	11
	10
	0.25
	1.21
	0.58
	12
	0.27
	1.08
	0.55

	12
	11
	0.26
	1.18
	0.57
	13
	0.27
	1.18
	0.50

	13
	11
	0.25
	1.16
	0.58
	13
	0.26
	1.11
	0.52

	14
	12
	0.25
	1.15
	0.57
	14
	0.25
	1.19
	0.33

	15
	12
	0.25
	1.11
	0.58
	14
	0.23
	1.14
	0.27

	16
	13
	0.24
	1.19
	0.56
	14
	0.20
	1.10
	0.21

	17
	13
	0.23
	1.14
	0.57
	15
	0.19
	1.48
	0.27

	18
	13
	0.22
	1.11
	0.56
	15
	0.17
	1.37
	0.21



[bookmark: _Ref162275359]Table 5	Simulation results for CQI reporting test in fading condition (TDD SCS=30kHz).
	
	1Rx
	2Rx

	SNR
	Median CQI
	BLER
	Throughput ratio (gamma)
	Alpha
	Median CQI
	BLER
	Throughput ratio (gamma)
	Alpha

	4
	6
	0.28
	1.20
	0.47
	8
	0.26
	1.21
	0.54

	5
	7
	0.28
	1.22
	0.43
	9
	0.26
	1.18
	0.54

	6
	7
	0.28
	1.26
	0.43
	9
	0.26
	1.19
	0.54

	7
	8
	0.27
	1.16
	0.46
	10
	0.26
	1.25
	0.54

	8
	8
	0.28
	1.18
	0.45
	10
	0.26
	1.25
	0.53

	9
	9
	0.28
	1.14
	0.45
	11
	0.26
	1.21
	0.52

	10
	9
	0.28
	1.14
	0.45
	12
	0.25
	1.25
	0.53

	11
	10
	0.28
	1.21
	0.45
	12
	0.25
	1.20
	0.52

	12
	10
	0.28
	1.21
	0.47
	12
	0.23
	1.18
	0.50

	13
	11
	0.28
	1.17
	0.47
	13
	0.22
	1.19
	0.49

	14
	11
	0.27
	1.16
	0.47
	13
	0.20
	1.15
	0.35

	15
	12
	0.27
	1.15
	0.47
	14
	0.19
	1.18
	0.28

	16
	12
	0.25
	1.14
	0.49
	14
	0.18
	1.14
	0.35

	17
	13
	0.25
	1.13
	0.50
	15
	0.16
	1.21
	0.29

	18
	13
	0.23
	1.11
	0.59
	15
	0.13
	1.16
	0.23



3.4	PMI reporting tests
	PMI reporting tests
· Interested companies are encouraged to provide the simulation results whether to apply the same test points and requirements as Rel-17 RedCap PMI reporting requirements for FDD/HD-FDD/TDD with 1Rx/2Rx.
· Set the test metric as , where  is 90 % of the maximum throughput obtained at  using the precoders configured according to the UE reports, and  is the throughput measured at  with random precoding based on type I Single Panel codebook.
· γ=1.3.



Figure 1 and Figure 2 show our simulation results to derive the PMI reporting requirements for FDD/HD-FDD and TDD, respectively. Table 6 also summarizes the PMI report test. Rel-17 RedCap PMI reporting requirements set gamma (γ) to 1.3 for all the cases, and our simulation results show the same requirements can apply for Rel-18 eRedCap PMI reporting requirements even if we consider smaller CSI-RS PRB size. 
[image: ] [image: ]
	(a) PDSCH simulation results with follow / random PMI
	(b) Throughput ratio


[bookmark: _Ref162276391]Figure 1	PMI simulation results for FDD/HD-FDD SCS=15kHz.
[image: ] [image: ]
	(a) PDSCH simulation results with follow / random PMI
	(b) Throughput ratio


[bookmark: _Ref162276393]Figure 2	PMI simulation results for TDD SCS=30kHz.

[bookmark: _Ref163487897]Table 6	Summary of simulation results for PMI reporting test. 
	Test case
	SNR (dB) to achieve 90% of the maximum throughput with follow PMI
	Throughput ratio of follow PMI and random PMI

	Duplex/SCS
	Receive antennas
	
	

	FDD/HD-FDD SCS=15kHz
	1Rx
	5.6dB
	1.88

	
	2Rx
	1.9dB
	1.65

	TDD SCS=30kHz
	1Rx
	6.4dB
	1.72

	
	2Rx
	2.2dB
	1.60



Proposal 6: Apply the same requirements as Rel-17 RedCap UE PMI reporting test for FDD/HD-FDD/TDD with 1Rx/2Rx:
· Define the test metric as  , where  is 90 % of the maximum throughput obtained at  using the precoders configured according to the UE reports, and  is the throughput measured at  with random precoding based on type I Single Panel codebook.
· Set γ=1.3
5	Summary
Proposal 1: Set SNR=5/6dB and SNR=11/12dB for CQI reporting test in static condition for FDD/HD-FDD/TDD with 1Rx, same as Rel-17 RedCap CQI reporting test in static condition.
Proposal 2: Set SNR=8/9dB and SNR=14/15dB for CQI reporting test in static condition for FDD/HD-FDD/TDD with 2Rx, same as Rel-17 RedCap CQI reporting test in static condition.
Proposal 3: Set SNR=9/10dB and SNR=15/16dB for CQI reporting test in fading condition for FDD/HD-FDD/TDD with 1Rx, same as Rel-17 RedCap CQI reporting test in fading condition. 
Proposal 4: Set SNR=6/7dB for CQI reporting test in fading condition for FDD/HD-FDD/TDD with 2Rx, same as Rel-17 RedCap CQI reporting test in fading condition. 
Proposal 5: Apply the same requirements as Rel-17 RedCap UE CQI reporting test in fading condition:
· A CQI index not in the set {median CQI - 1, median CQI, median CQI + 1} shall be reported at least α% of the time, where α = 20%. 
· Throughput ratio of follow CQI and fixed median CQI shall be ≥ γ, where γ = 1.05
· Average BLER with follow CQI shall be greater than or equal to 0.02.
Proposal 6: Apply the same requirements as Rel-17 RedCap UE PMI reporting test for FDD/HD-FDD/TDD with 1Rx/2Rx:
· Define the test metric as  , where  is 90 % of the maximum throughput obtained at  using the precoders configured according to the UE reports, and  is the throughput measured at  with random precoding based on type I Single Panel codebook.
· Set γ=1.3
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