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1	Introduction
RAN4#103-e agreed with WF on RedCap UE demodulation and CQI reporting requirements [1]. This contribution provides our simulation results and discusses the open issues on CQI reporting requirements for RedCap.
2	Test points of CQI reporting in fading condition
	Agreement: Test metric and pass/fail criteria for CQI reporting test in fading condition for 1Rx/2Rx UE
· Reuse the same test metrics and pass/fail criteria as existing WB CQI reporting tests in fading channel for RedCap UE:
· A CQI index not in the set {median CQI -1, median CQI, median CQI +1} shall be reported at least α% of the time
· The ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index and that obtained when transmitting a fixed transport format configured according to the wideband CQI median shall be ≥ γ.
· When transmitting the transport format indicated by each reported wideband CQI index, the average BLER for the indicated transport formats shall be greater than or equal to 0.02.
· Set α=20%, γ=1.05
Agreement: Test points for CQI reporting test in fading condition for 2Rx
· Lower SNR test points
· Option 1: SNR=5/6 dB
· Option 2: SNR=6/7 dB
· Higher SNR test points: 
· SNR=12/13dB
Agreement: Test points for CQI reporting test in fading condition for 1Rx
· Set SNR test points 3 dB higher than 2Rx case



One of the remaining open issues for the CQI reporting test is the lower SNR test point for fading condition.  Table 2 shows our simulation result of the CQI reporting in fading condition according to the simulation parameters in Table 1, where the applied CQI-MCS mapping table is shown in Table 4. 
[bookmark: _Ref100843534]Table 1	Simulation parameters for CQI reporting test in fading condition.
	1Rx UE or 2Rx UE
	Reference
	CQI test
	CBW / SCS
	CQI table 
	Rank
	Antenna configuration
	New / Reuse

	2Rx UE
	FDD 15KHz
Table 6.2.2.1.2.1-1 Test 1/2
	Wideband CQI reporting test
	10 / 15
	Table 1
	1
	2 x 2 ULA high
	New



[bookmark: _Ref100843478]Table 2	Simulation results of CQI reporting test in fading condition for 2Rx FDD SCS=15kHz.
	
	Median CQI
	Percentage of reported CQI Index not in {medCQI-1, medCQI+1} (α)
	BLER with following CQI
	TP ratio with following CQI and Median CQI (γ)

	0
	6 / QPSK
	0.48
	0.11
	1.48

	1
	6 / QPSK
	0.49
	0.11
	1.49

	2
	7 / 16QAM
	0.51
	0.12
	1.46

	3
	7 / 16QAM
	0.51
	0.11
	1.47

	4
	8 / 16QAM
	0.50
	0.11
	1.42

	5
	9 / 16QAM
	0.53
	0.12
	1.46

	6
	9 / 16QAM
	0.53
	0.13
	1.37

	7
	10 / 64QAM
	0.52
	0.14
	1.52

	8
	10 / 64QAM
	0.52
	0.15
	1.43

	9
	11 / 64QAM
	0.50
	0.16
	1.44

	10
	11 / 64QAM
	0.51
	0.16
	1.34

	11
	12 / 64QAM
	0.48
	0.16
	1.45

	12
	12 / 64QAM
	0.48
	0.17
	1.32

	13
	13 / 64QAM
	0.40
	0.16
	1.50

	14
	13 / 64QAM
	0.37
	0.14
	1.37

	15
	14 / 64QAM
	0.30
	0.15
	1.58

	16
	14 / 64QAM
	0.23
	0.13
	1.43



Option 2 means RAN4 sets the same SNR test point as the existing CQI reporting test defined in Rel-15 with CQI table 2. On the other hand, we think Option 1 adjusts the SNR test point considering the CQI table 1. Observing our simulation results, both the options satisfy the requirements (α=20%, γ=1.05, BLER ≥ 2%) with enough margin.
Although the configured CQI table is different between RedCap and Rel-15 CQI reporting tests, we slight prefer to set the same SNR test points as Rel-15 (Option 2). However we can also accept Option 1. 

Proposal 1: For the wideband CQI reporting test with CQI table 1 in fading condition, set SNR=6/7dB for lower test points for RedCap 2Rx UE (both FDD 15kHz and TDD 30kHz). 
3	UL/DL pattern used for FDD tests for 1Rx UE
3.1	CQI reporting tests
	Introduce demodulation/CSI requirements covering both FD-FDD and HD-FDD.
· DDDSU applied for HD-FDD
· Existing pattern applied for FD-FDD
· Same demodulation requirement applied for FD-FDD and HD-FDD with different FRCs
· For CSI requirements, configure the following CSI feedback scheduling pattern applicable for both FD-FDD and HD-FDD
· CQI reporting test in static/fading condition (periodic CSI reporting)
· CSI-RS periodicity and offset: [10/1]
· CSI-Report periodicity and offset: [10/9]
· CQI/RI/PMI delay:
· Option 1: 10ms
· Option 2: 14ms



RAN4 has agreed to use DL/UL scheduling pattern DDDSU for HD-FDD 15kHz by reusing the existing TDD 15kHz pattern. RAN4 also discussed the DL CSI-RS scheduling and UL CSI report scheduling, and the possible option is to reuse the existing TDD test, i.e., CSI-RS periodicity/offset=10/1 and CSI-report periodicity/offset=10/9. Figure 1 illustrates the existing CSI-RS/CSI-report scheduling used for TDD 30kHz CQI reporting tests. Note in this figure two slots correspond to 1ms because of SCS=30kHz. In this configuration, UE is requested to report CSI in slot 9 according to the CSI-RS resource for CSI acquisition in slot 1. If we consider the minimum delay of 4ms, gNB applies the new CSI report in slot 17. However since slot 17 is special slot with 7D1S2U and CQI test does not use the special slots for PDSCH BLER measurement, the new CQI is applied from slot 20. With this configuration, the CQI delay is 19 slots (=9.5ms). 
[image: ]
[bookmark: _Ref108698338]Figure 1	CSI-RS/CSI-report scheduling used for TDD 30kHz CQI reporting tests. 
Figure 2 illustrates CSI-RS/CSI-reporting scheduling for HD-FDD 15kHz CQI reporting tests according to the way forward. In this configuration, UE is requested to report CSI in slot 9 according to CSI-RS in slot 1. If we consider the minimum delay of 4ms, gNB applies the new CSI report in slot 13. Since RAN4 test will configure DDDSU, the slot 13 is supposed to be ‘switching slot’ and therefore this slot is not used for PDSCH BLER measurements. If we use the next available DL slot, i.e., slot 15, the CQI delay becomes 14ms. Please note that one slot corresponds to 1ms because of SCS=15kHz. 
[image: ]
[bookmark: _Ref108699011]Figure 2	CSI-RS/CSI-report scheduling option 1 for HD-FDD 15kHz CQI reporting tests.
Alternative option is to configure DL CSI-RS is configured as periodicity/offset=10/5, as illustrated in Figure 3, then the CQI delay can be reduced to 10ms. 
[image: ]
[bookmark: _Ref108699012]Figure 3	CSI-RS/CSI-report scheduling option 2 for HD-FDD 15kHz CQI reporting tests.

Table 3 compares Option 1 (CQI delay=14ms) and Option 2 (CQI delay=10ms). Figure 4 shows the throughput gain of follow CQI over fixed median CQI, where we also put the simulation results with 2Rx FDD in Table 2 for reference. From the simulation results, it is observed the throughput gain with option 1 is lower than option 2 because of larger CQI delay. Although the gains are still above the agreed threshold (γ=1.05), we prefer option 2 as it results in the similar throughput gain with 2Rx FDD results.  
[bookmark: _Ref108705355]Table 3	Comparison between CSI-RS/CSI-report scheduling option 1 and option 2. 
	
	Option 1 (CQI delay=14ms)
	Option 2 (CQI delay=10ms)

	
	Percentage of reported CQI Index not in {medCQI-1, medCQI+1}
	BLER with following CQI
	TP ratio with following CQI and Median CQI
	Percentage of reported CQI Index not in {medCQI-1, medCQI+1}
	BLER with following CQI
	TP ratio with following CQI and Median CQI

	0
	0.33
	0.18
	1.22
	0.34
	0.14
	1.31

	2
	0.40
	0.15
	1.28
	0.41
	0.10
	1.37

	4
	0.51
	0.14
	1.32
	0.50
	0.10
	1.42

	6
	0.56
	0.17
	1.30
	0.54
	0.11
	1.42

	8
	0.57
	0.19
	1.24
	0.55
	0.12
	1.37

	10
	0.57
	0.20
	1.21
	0.58
	0.13
	1.33

	12
	0.57
	0.20
	1.30
	0.56
	0.16
	1.39

	14
	0.55
	0.22
	1.21
	0.54
	0.16
	1.32

	16
	0.52
	0.22
	1.20
	0.53
	0.17
	1.31

	18
	0.41
	0.21
	1.24
	0.42
	0.16
	1.32

	20
	0.25
	0.19
	1.29
	0.26
	0.15
	1.37
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[bookmark: _Ref108705347]Figure 4	Throughput gain of follow CQI over fixed median CQI. 

Proposal 2: For CQI reporting tests for HD-FDD SCS=15kHz in static/fading condition, configure the following CSI feedback scheduling pattern.
· CSI-RS periodicity and offset: 10/5
· CSI-Report periodicity and offset: 10/9
· CQI/RI/PMI delay: 10ms
4	Summary
Proposal 1: For the wideband CQI reporting test with CQI table 1 in fading condition, set SNR=6/7dB for lower test points for RedCap 2Rx UE (both FDD 15kHz and TDD 30kHz). 
Proposal 2: For CQI reporting tests for HD-FDD SCS=15kHz in static/fading condition, configure the following CSI feedback scheduling pattern.
· CSI-RS periodicity and offset: 10/5
· CSI-Report periodicity and offset: 10/9
· CQI/RI/PMI delay: 10ms
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Appendix
[bookmark: _Ref95665879]Table 4	Mapping of CQI Index to Information Bit payload (CQI table 1)
	CBW/SCS
	10MHz / 15kHz
	10MHz / 15kHz
	20MHz / 30kHz
	20MHz / 30kHz

	MCS table
	64QAM
	64QAM
	64QAM
	64QAM

	Number of allocated PDSCH resource blocks
	52
	52
	51
	51

	Number of consecutive PDSCH symbols
	12
	12
	12
	12

	Number of PDSCH MIMO layers
	1
	2
	1
	2

	Number of DMRS REs
	24
	24
	24
	24

	Overhead for TBS determination
	0
	0
	0
	0

	Available REs
	6240
	6240
	6120
	6120

	CQI index
	Spectrum efficiency
	MCS index
	Modulation
	
	
	
	

	0
	OOR
	OOR
	OOR
	N/A
	N/A
	N/A
	N/A

	1
	0.2344
	0
	2
	1480
	2976
	1480
	2856

	2
	0.2344
	0
	2
	1480
	2976
	1480
	2856

	3
	0.3770
	2
	2
	2408
	4744
	2408
	4616

	4
	0.6016
	4
	2
	3752
	7424
	3752
	7296

	5
	0.8770
	6
	2
	5504
	11016
	5376
	10760

	6
	1.1758
	8
	2
	7296
	14600
	7168
	14344

	7
	1.4766
	11
	4
	9224
	18432
	8968
	17928

	8
	1.9141
	13
	4
	12040
	24072
	11784
	23568

	9
	2.4062
	15
	4
	15112
	30216
	14600
	29192

	10
	2.7305
	18
	6
	16896
	33816
	16896
	33816

	11
	3.3223
	20
	6
	20496
	40976
	20496
	40976

	12
	3.9023
	22
	6
	24576
	49176
	24072
	48168

	13
	4.5234
	24
	6
	28168
	56368
	27656
	55304

	14
	5.1152
	26
	6
	31752
	63528
	31240
	62504

	15
	5.5547
	28
	6
	31752
	69672
	33816
	67584




3

image2.emf
1ms

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

UL CSI report (10/9) S S X S S X

DL CSI-RS (10/1) X S S X S S

CQI delay: 14ms


image3.emf
1ms

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

UL CSI report (10/9) S S X S S X

DL CSI-RS (10/5) S X S S S

CQI delay: 10ms


image4.emf
0 2 4 6 8 10 12 14 16 18

SNR (dB)

1.05

1.1

1.15

1.2

1.25

1.3

1.35

1.4

1.45

1.5

T

p

u

t

 

r

a

t

i

o

 

(

g

a

m

m

a

)

1Rx HD-FDD Option 1 (delay=14ms)

1Rx HD-FDD Option 2 (delay=10ms)

2Rx FDD (reference)


image1.emf
0.5ms

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

UL CSI report (10/9) S X S X

DL CSI-RS (10/1) X S X S

CQI delay: 9.5ms


