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1	Introduction
RAN4#110 agreed with the way forward on UE demodulation and CSI reporting requirements for RedCap enhancements (eRedCap) [1]. This contribution shows our initial simulation results and discuss the open issues on the UE demodulation and CSI reporting requirements for eRedCap.
2	UE demodulation requirements
2.1	PDSCH demodulation
2.1.1	Test cases for 64QAM/256QAM
RAN4#110 agreed to define PDSCH demodulation requirements for eRedCap UE with QPSK and 16QAM, but not decided whether to define PDSCH with 64QAM and 256QAM. 
Table 1 and Table 2 summarize our initial simulation results for 64QAM/256QAM for FDD/HD-FDD (SCS=15kHz) and TDD (SCS=30kHz), respectively. Note 64QAM/256QAM setups are same for the cases with supporting eRedCapNotReducedBB-BW-r18 and not supporting eRedCapNotReducedBB-BW-r18.
[bookmark: _Ref162268528]Table 1	Alignment results for 64QAM/256QAM (FDD/HD-FDD, SCS=15kHz).
	Received antennas
	Modulation
	Code rate
	Rank
	PRB size
	TBS
	Propagation
	SNR to achieve 70% of the maximum throughput

	1Rx
	MCS19 in Table 1
	64QAM, 0.50
	Rank 1
	25
	9992
	TDLA30-10
	13.6

	2Rx
	MCS19 in Table 1
	64QAM, 0.50
	Rank 1
	25
	9992
	TDLA30-10
	9.3

	2Rx
	MCS19 in Table 1
	64QAM, 0.50
	Rank 2
	12
	9480
	TDLA30-10
	16.4

	1Rx
	MCS20 in Table 2
	256QAM, 0.67
	Rank 1
	14
	9736
	TDLA30-10
	21.6

	2Rx
	MCS24 in Table 2
	256QAM, 0.82
	Rank 1
	11
	9480
	TDLA30-10
	21.3



[bookmark: _Ref162268530]Table 2	Alignment results for 64QAM/256QAM (TDD, SCS=30kHz).
	Received antennas
	Modulation
	Code rate
	Rank
	PRB size
	TBS
	Propagation
	SNR to achieve 70% of the maximum throughput

	1Rx
	MCS19 in Table 1
	64QAM, 0.50
	Rank 1
	12
	4736
	TDLA30-10
	14.0

	2Rx
	MCS19 in Table 1
	64QAM, 0.50
	Rank 1
	12
	4736
	TDLA30-10
	9.0

	2Rx
	MCS19 in Table 1
	64QAM, 0.50
	Rank 2
	6
	4736
	TDLA30-10
	16.2

	1Rx
	MCS20 in Table 2
	256QAM, 0.67
	Rank 1
	7
	4864
	TDLA30-10
	21.1

	2Rx
	MCS24 in Table 2
	256QAM, 0.82
	Rank 1
	5
	4352
	TDLA30-10
	21.3



According to our simulation results, we don’t see any issue to define the 64QAM/256QAM demodulation requirements from SNR to achieve 70% of the peak rate. As we discussed in RAN4#110, however, one concern is the required PRB size becomes very small (< 10) especially for TDD SCS=30kHz to fulfill the eRedCap capability with the maximum throughput of 10Mbps. We therefore think it is sufficient to define 64QAM as well as QPSK/16QAM for PDSCH demodulation requirements for eRedCap UEs. Regarding 64QAM cases, we slight prefer to consider rank 1 for 2Rx because it is 1) it is aligned with 1Rx case and 2) the required PRB size becomes large.
Proposal 1: Define PDSCH demodulation requirements with 64QAM with rank 1 for both 1Rx/2Rx.
Proposal 2: Not to define PDSCH demodulation requirements with 256QAM for eRedCap UE.
2.1.2	Correction of simulation parameters
In RAN4#110, it was agreed to define PDSCH demodulation requirements for QPSK/16QAM for UE supporting eRedCapNotReducedBB-BW-r18 and agreed with the simulation assumption for TDD as shown in Table 3. However, we found there are errors in PRB size and TBS.
[bookmark: _Ref162269692]Table 3	Simulation parameters for PDSCH test cases for UE supporting eRedCapNotReducedBB-BW-r18 (TDD SCS=30kHz)
	
	Received antennas
	Modulation
	Code rate
	Rank
	PRB size
	TBS
	Propagation

	QPSK
	1Rx/2Rx
	MCS4 in Table 1
	1/3 
	Rank 1
	12
	928
	TDLB100-400

	16QAM
	1Rx/2Rx
	MCS13 in Table 1
	0.47
	Rank 1
	25
	4992
	TDLC300-100



We propose to correct the PDSCH simulation parameters for UE supporting eRedCapNotReducedBB-BW-r18 (TDD SCS=30kHz) as shown in Table 4. 
[bookmark: _Ref162269836]Table 4	Correction of simulation parameters for PDSCH test cases for UE supporting eRedCapNotReducedBB-BW-r18 (TDD SCS=30kHz)
	
	Received antennas
	Modulation
	Code rate
	Rank
	PRB size
	TBS
	Propagation

	QPSK
	1Rx/2Rx
	MCS4 in Table 1
	1/3 
	Rank 1
	51
	3840
	TDLB100-400

	16QAM
	1Rx/2Rx
	MCS13 in Table 1
	0.47
	Rank 1
	20
	4992
	TDLC300-100



Proposal 3: Revise the simulation parameters for PDSCH test cases for UE supporting eRedCapNotReducedBB-BW-r18 (TDD SCS=30kHz) as follows:
· QPSK: PRB size from 12 to 52, and TBS from 928 to 3840
· 16QAM: PRB size from 25 to 20.

2.2	SDR test
	SDR requirements
· Update TS 38.101-4 5.5.1 as follows:
	5.5.1  FR1 single carrier requirements
The requirements in this clause are applicable to the FR1 single carrier case.
The requirements and procedure defined in Clause 5.5A.1 apply using operating band instead of CA configuration, and bandwidth instead of bandwidth combination.
For RedCap and eRedCap, the requirements and procedure are defined in Clause 5.5A.1 except that the MIMO layers are configured to 2 for UE supporting 2 MIMO layers and 1 for UE supporting 1 MIMO layers for all operating band. Antenna configuration is 1x1 for UE supporting 1 layer and 2x2 for UE supporting 2 layers. 
For eRedCap with reduced peak date rate and reduced baseband bandwidth in FR1, only 25 PRBs for 15kHz SCS and 12RBs for 30kHz SCS are allocated for PDSCH transmission.
For RedCap UE with HD-FDD mode, the additional test parameters are specified in Table 5.5.1-1.






RAN4#110 agreed to apply SDR requirements for eRedCap UE but did not conclude the detailed statements. We basically support the text proposal provided in WF with minor updates.
Proposal 4: For SDR requirements, add the following sentence in TS 38.101-4 5.5.1: 
· For eRedCap with reduced peak date rate and reduced baseband bandwidth in FR1 (not supporting supporting eRedCapNotReducedBB-BW-r18), only 25 PRBs for 15kHz SCS and 12RBs for 30kHz SCS are allocated for PDSCH transmission.
Proposal 5: Add the definition of eRedCap in TS 38.101-4 3.1:
· eRedCap: A UE with enhanced reduced capabilities as specified in clause 4.2 in TS 38.306 [14].

3	 CSI reporting requirements
3.1	CSI-RS transmission bandwidth
According to RAN1 conclusion, Rel-18 eRedCap UE should be able to receive CSI-RS with 20MHz even if it does not support eRedCapNotReducedBB-BW-r18. According to Rel-17 RedCap CSI-RS reporting requirements, CSI-RS is transmitted with 52PRB for FDD/HD-FDD 10MHz with SCS=15kHz and 51PRB for TDD 20MHz with SCS=30kHz. According to TS 38.101-4 Table 6.1.2-1, moreover, both NPZ-CSI-RS and ZP-CSI-RS for CSI acquisition is transmitted with PRB size Ceil (BWP size / 4) * 4. This means, for TDD 20MHz SCS=30kHz, for example, CSI-RS is transmitted with the same PRB size as CBW, i.e., 51PRBs.
On the other hand, RAN4 agreed that PDSCH is transmitted with 15PRB/7PRB in CQI reporting tests with SCS=15/30kHz, and 25PRB/12PRB in PMI reporting tests with SCS=15/30kHz, as shown in Table 5 and Table 6, respectively. To avoid the negative impact due to the mismatch of PRB size between CSI estimation and PDSCH transmission, we propose to align the CBWs of CSI-RS and PDSCH as much as possible.

Table 6.1.2-1: Test parameters for CSI test cases
	Parameter
	Unit
	Value

	…
	…
	…

	NZP CSI-RS for CSI acquisition
	Frequency Occupation
	
	Start PRB 0
Number of PRB = ceil(BWP size /4)*4

	
	QCL info
	
	TCI state #1

	ZP CSI-RS for CSI acquisition
	Frequency Occupation
	
	Start PRB 0
Number of PRB = ceil(BWP size /4)*4

	…
	…
	
	…



[bookmark: _Ref162291876]Table 5	Allocated PDSCH PRB size for CQI reporting tests to verify BLER etc.
	
	Rank 1

	TBS Scheme
	TBS.1-3y
	TBS.1-5y

	MCS table
	64QAM

	Number of allocated PDSCH resource blocks
	15
	7



[bookmark: _Ref162291878]Table 6	Allocated PDSCH PRB size for PMI reporting tests to verify throughput. 
	
	Received antennas
	Modulation
	Code rate
	Rank
	PRB size
	TBS
	Propagation

	FDD/HD-FDD
	1Rx/2Rx
	MCS13 in Table 1
	0.47
	Rank 1
	25
	5760
	TDLA30-5

	TDD
	1Rx/2Rx
	MCS13 in Table 1
	0.47
	Rank 1
	12
	2792
	TDLA30-5




[bookmark: _Ref163486456]Table 7	TS38.331 CSI-RS-ResourceMapping
	CSI-RS-ResourceMapping ::=          SEQUENCE {
    frequencyDomainAllocation           CHOICE {
        row1                                BIT STRING (SIZE (4)),
        row2                                BIT STRING (SIZE (12)),
        row4                                BIT STRING (SIZE (3)),
        other                               BIT STRING (SIZE (6))
    },
    nrofPorts                           ENUMERATED {p1,p2,p4,p8,p12,p16,p24,p32},
    firstOFDMSymbolInTimeDomain         INTEGER (0..13),
    firstOFDMSymbolInTimeDomain2        INTEGER (2..12)                                                         OPTIONAL,   -- Need R
    cdm-Type                            ENUMERATED {noCDM, fd-CDM2, cdm4-FD2-TD2, cdm8-FD2-TD4},
    density                             CHOICE {
        dot5                                ENUMERATED {evenPRBs, oddPRBs},
        one                                 NULL,
        three                               NULL,
        spare                               NULL
    },
    freqBand                            CSI-FrequencyOccupation,
    ...
}

CSI-FrequencyOccupation ::=         SEQUENCE {
    startingRB                          INTEGER (0..maxNrofPhysicalResourceBlocks-1),
    nrofRBs                             INTEGER (24..maxNrofPhysicalResourceBlocksPlus1),
    ...
}

	CSI-FrequencyOccupation field descriptions

	nrofRBs
Number of PRBs across which this CSI resource spans. Only multiples of 4 are allowed. The smallest configurable number is the minimum of 24 and the width of the associated BWP. If the configured value is larger than the width of the corresponding BWP, the UE shall assume that the actual CSI-RS bandwidth is equal to the width of the BWP.

	startingRB
PRB where this CSI resource starts in relation to common resource block #0 (CRB#0) on the common resource block grid. Only multiples of 4 are allowed (0, 4, ...)






However, according to TS38.331, the number of PRB size for CSI-RS is the minimum of 24 and BWP size, as shown in Table 7. Since we assume the BWP size for eRedCap is same as that for Rel-17 RedCap, that is, 52PRB for SCS=15kHz and 51PRB for SCS=30kHz, the smallest configurable CSI-RS PRB size is 24. 
Alternatively, we can configure smaller BWP size, e.g., 15 PRBs. However, if BWP size is smaller than CBW size, CD-SSB may not include in the BWP. In this case, eRedCap UE may need to switch the center frequency to measure CD-SSB during the CQI/PMI reporting test. Since it cases the negative impact to CQI/PMI reporting performance due to the interruption, we prefer to set the BWP size to be same as CBW.
Observation 1: The smallest configurable PRB size for CSI-RS for CSI acquisition is 24 for eRedCap.
Proposal 6: Configure the following CSI-RS frequency occupation parameters for CSI reporting requirements for eRedCap.
· Frequency occupation for NZP CSI-RS for CSI acquisition: Start PRB 0 and number of PRB = 24
· Frequency occupation for ZP CSI-RS for CSI acquisition: Start PRB 0 and number of PRB = 24
Proposal 7: Configure the following PDSCH PRB allocation parameters for CSI reporting requirements for eRedCap to align with PRBs used for CSI-RS transmission. 
· For CQI reporting test, add the following note in the CQI-TBS table.
	Number of allocated PDSCH resource blocks (Note 1)
	15
	7

	Note 1: 	PDSCH are allocated from PRB 0


· For PMI reporting test, add the following note in the FRC table.
	Reference channel
	
	R.PDSCH.x-x.x

	Channel bandwidth
	MHz
	10

	Subcarrier spacing
	kHz
	15

	Number of allocated resource blocks (Note 1)
	PRBs
	25

	Note 1: 	PDSCH is allocated from PRB 0. 



3.2	CQI reporting test in static condition
	CQI reporting test in static condition
· Define CQI reporting test in static condition for 1Rx/2Rx with TDD/FDD/HD-FDD
· Reused Rel-17 test scenarios: 
· 1Rx FDD/HD-FDD: TS38.101-4 6.2.1.1.1.1 
· 1Rx TDD: TS38.101-4 6.2.1.2.1.1
· 2Rx FDD/HD-FDD: TS38.101-4 6.2.2.1.1.4
· Set to Rank 1
· 2Rx TDD: TS38.101-4 6.2.2.2.1.5
· Set to Rank 1



RAN4#110 agreed to define CQI reporting test in static condition for 1Rx/2Rx with FDD/HD-FDD/TDD by reusing the Rel-17 RedCap test setup. RAN4 also agreed to use the new CQI-TBS table shown in Table 16 in Appendix to adapt to eRedCap UE capability such as the maximum DL data rate of 10Mbps. 
Table 8 and Table 9 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 corresponding to the test points set for the Rel-17 RedCap CQI reporting test, e.g., setting test points to SNR=5/6dB and SNR=11/12dB for 1Rx UE. Our simulation results show we can set the same SNR test points for both 1Rx and 2Rx cases. 
Proposal 8: 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 9: 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 8	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
	0.98
	0.00
	0.00
	0.00
	8
	1.00
	0.01
	0.00
	1.00

	5
	8
	0.98
	0.00
	0.00
	0.47
	8
	1.00
	0.00
	0.00
	0.84

	6
	8
	0.99
	0.00
	0.00
	0.00
	9
	1.00
	0.01
	0.00
	1.00

	7
	9
	1.00
	0.00
	0.00
	0.60
	9
	1.00
	0.00
	0.00
	0.95

	8
	10
	0.99
	0.00
	0.00
	1.00
	10
	1.00
	0.01
	0.00
	1.00

	9
	10
	1.00
	0.00
	0.00
	0.31
	10
	1.00
	0.00
	0.00
	0.82

	10
	11
	1.00
	0.00
	0.00
	1.00
	11
	1.00
	0.01
	0.00
	1.00

	11
	11
	1.00
	0.00
	0.00
	0.18
	12
	1.00
	0.57
	0.00
	1.00

	12
	12
	1.00
	0.00
	0.00
	1.00
	12
	1.00
	0.01
	0.00
	1.00

	13
	12
	1.00
	0.00
	0.00
	0.49
	13
	1.00
	0.99
	0.00
	1.00

	14
	13
	1.00
	0.02
	0.00
	1.00
	13
	1.00
	0.20
	0.00
	1.00

	15
	13
	1.00
	0.00
	0.00
	0.33
	13
	1.00
	0.00
	0.00
	0.99

	16
	13
	1.00
	0.00
	0.00
	0.07
	14
	1.00
	0.22
	0.00
	1.00

	17
	14
	1.00
	0.00
	0.00
	1.00
	14
	1.00
	0.02
	0.00
	1.00

	18
	14
	1.00
	0.00
	0.00
	0.23
	14
	1.00
	0.00
	0.00
	0.97



[bookmark: _Ref162274455]Table 9	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
	0.91
	0.00
	0.00
	0.02
	8
	0.97
	0.16
	0.00
	1.00

	5
	8
	0.91
	0.00
	0.00
	0.60
	8
	0.98
	0.00
	0.00
	0.99

	6
	8
	0.95
	0.00
	0.00
	0.00
	9
	0.99
	0.13
	0.00
	1.00

	7
	9
	0.98
	0.00
	0.00
	0.68
	9
	0.98
	0.00
	0.00
	1.00

	8
	9
	0.95
	0.00
	0.00
	0.00
	10
	1.00
	0.19
	0.00
	1.00

	9
	10
	0.99
	0.00
	0.00
	0.58
	10
	0.99
	0.00
	0.00
	1.00

	10
	11
	0.97
	0.00
	0.00
	1.00
	11
	1.00
	0.29
	0.00
	1.00

	11
	11
	0.99
	0.00
	0.00
	0.41
	12
	0.98
	1.00
	0.00
	1.00

	12
	12
	0.99
	0.00
	0.00
	0.99
	12
	1.00
	0.35
	0.00
	1.00

	13
	12
	0.99
	0.00
	0.00
	0.19
	12
	0.99
	0.01
	0.00
	1.00

	14
	13
	0.99
	0.00
	0.00
	1.00
	13
	1.00
	0.28
	0.00
	1.00

	15
	13
	1.00
	0.00
	0.00
	0.60
	13
	0.99
	0.01
	0.00
	1.00

	16
	14
	0.99
	0.17
	0.00
	1.00
	14
	1.00
	0.98
	0.00
	1.00

	17
	14
	1.00
	0.00
	0.00
	0.84
	14
	1.00
	0.26
	0.00
	1.00

	18
	15
	1.00
	0.21
	0.00
	0.21
	15
	1.00
	1.00
	0.09
	1.00



3.3	CQI reporting test in fading condition
	CQI reporting test in fading condition
· Define CQI reporting test in fading condition for 1Rx/2Rx with TDD/FDD/HD-FDD
· Reused Rel-17 test scenarios:
· 1Rx FDD/HD-FDD: TS38.101-4 6.2.1.1.2.1
· 1Rx TDD: TS38.101-4 6.2.1.2.2.1
· 2Rx FDD/HD-FDD: TS38.101-4 6.2.2.2.1.5
· 2Rx TDD: TS38.101-4 6.2.2.2.2.4



RAN4#110 agreed to define CQI reporting test in fading condition for 1Rx/2Rx with FDD/HD-FDD/TDD by reusing the Rel-17 RedCap test setup. RAN4 also agreed to use the new CQI-TBS table shown in Table 16 in Appendix to adapt to eRedCap UE capability such as the maximum DL data rate of 10Mbps.
Table 10 and Table 11 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. Our simulation results show we can set the same SNR test points for both 1Rx and 2Rx cases. Moreover, we propose to apply the same requirements as Rel-17 RedCap UE CQI reporting test in fading condition regarding the BLER, α, and γ. 
Proposal 10: 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 11: 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 12: 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 10	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
	1.23
	0.40
	9
	0.25
	1.14
	0.45

	5
	7
	0.24
	1.24
	0.40
	9
	0.26
	1.11
	0.43

	6
	7
	0.24
	1.25
	0.37
	10
	0.26
	1.22
	0.44

	7
	8
	0.25
	1.17
	0.40
	10
	0.26
	1.18
	0.41

	8
	9
	0.25
	1.16
	0.42
	11
	0.26
	1.19
	0.43

	9
	9
	0.26
	1.14
	0.41
	11
	0.27
	1.12
	0.41

	10
	10
	0.25
	1.25
	0.42
	12
	0.27
	1.13
	0.49

	11
	10
	0.26
	1.23
	0.40
	12
	0.28
	1.08
	0.48

	12
	11
	0.26
	1.22
	0.42
	13
	0.27
	1.17
	0.55

	13
	11
	0.26
	1.17
	0.40
	13
	0.27
	1.09
	0.54

	14
	12
	0.25
	1.19
	0.49
	14
	0.27
	1.20
	0.71

	15
	12
	0.25
	1.14
	0.47
	14
	0.25
	1.13
	0.77

	16
	13
	0.23
	1.25
	0.54
	14
	0.23
	1.08
	0.82

	17
	13
	0.23
	1.18
	0.55
	15
	0.21
	1.66
	0.72

	18
	13
	0.22
	1.14
	0.52
	15
	0.19
	1.53
	0.78



[bookmark: _Ref162275359]Table 11	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
	0.22
	1.28
	0.44
	8
	0.18
	1.29
	0.39

	5
	7
	0.21
	1.31
	0.44
	9
	0.18
	1.26
	0.42

	6
	7
	0.21
	1.33
	0.41
	9
	0.19
	1.25
	0.40

	7
	8
	0.21
	1.27
	0.41
	10
	0.19
	1.32
	0.44

	8
	8
	0.20
	1.28
	0.41
	11
	0.20
	1.31
	0.43

	9
	9
	0.20
	1.26
	0.43
	11
	0.22
	1.24
	0.43

	10
	9
	0.21
	1.25
	0.42
	12
	0.22
	1.26
	0.43

	11
	10
	0.21
	1.33
	0.44
	12
	0.23
	1.19
	0.42

	12
	11
	0.21
	1.34
	0.44
	13
	0.23
	1.22
	0.44

	13
	11
	0.22
	1.27
	0.44
	13
	0.22
	1.17
	0.44

	14
	11
	0.22
	1.27
	0.42
	14
	0.22
	1.31
	0.68

	15
	12
	0.21
	1.27
	0.43
	14
	0.20
	1.23
	0.75

	16
	13
	0.22
	1.28
	0.47
	15
	0.19
	1.64
	0.70

	17
	13
	0.21
	1.23
	0.46
	15
	0.17
	1.50
	0.76

	18
	14
	0.19
	1.39
	0.63
	15
	0.16
	1.38
	0.80



3.4	PMI reporting tests
	PMI reporting tests
· Define PMI reporting test for 1Rx/2Rx with TDD/FDD/HD-FDD by reusing the Rel-17 RedCap PMI test setup.
· For PMI reporting test, the test metric is given as a throughput ratio of follow PMI and random PMI at 90% of peak rate with follow PMI.
· Reused Rel-17 test scenarios:
· 1Rx FDD/HD-FDD: TS38.101-4 6.3.1.1.1
· 1Rx TDD: TS38.101-4 6.3.1.2.1
· 2Rx FDD/HD-FDD: TS38.101-4 6.3.2.1.1
· 2Rx TDD: TS38.101-4 6.3.2.2.7



RAN4#110 agreed to define PMI reporting test for 1Rx/2Rx with FDD/HD-FDD/TDD by reusing the Rel-17 RedCap test setup where we use the dedicated FRC to adapt to eRedCap UE capability, i.e., 25RB for SCS=15kHz and 12RB for SCS=30kHz. 
Figure 1 and Figure 2 show our simulation results to derive PMI reporting requirements for FDD/HD-FDD and TDD, respectively. Table 12 also summarizes the PMI report test. Since Rel-17 RedCap PMI reporting requirements set gamma to 1.3 for all the cases, our simulation results show the same requirements can apply for Rel-18 eRedCap PMI reporting requirements.
[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 12	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

	1Rx, FDD/HD-FDD SCS=15kHz
	5.4dB
	1.71

	1Rx, TDD SCS=30kHz
	6.0dB
	1.77

	2Rx, FDD/HD-FDD SCS=15kHz
	1.7dB
	1.66

	2Rx, TDD SCS=30kHz
	1.7dB
	1.63



Proposal 13: 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
4	Specification structure and applicability of requirements
4.1	Specification structure
According to the agreements, specification impacts due to eRedCap UE demodulation requirements are summarized in Table 13. Since RAN4 has RedCap UE demodulation requirements in Rel-17, we think it is sufficient to add new eRedCap PDSCH demodulation requirements in the same level as Rel-17 RedCap PDSCH demodulation requirements.
[bookmark: _Ref162280905]Table 13	Affected sections for general and UE demodulation requirements.
	Section number
	Section name
	Notes

	3
	Definitions
	Add the definition of ‘eRedCap’

	5.1.1
	Applicability of requirements
	

	5.1.1.x
	  Applicability of requirements for eRedCap
	Add applicability table

	5.2
	PDSCH demodulation requirements
	

	5.2.1
	  1RX requirements
	

	5.2.1.1
	    FDD
	

	5.2.1.1.x
	      Minimum requirements for eRedCap
	Define new PDSCH demodulation requirements

	5.2.1.2
	    TDD
	

	5.2.1.2.x
	      Minimum requirements for eRedCap
	Define new PDSCH demodulation requirements

	5.2.2
	  2RX requirements
	

	5.2.2.1
	    FDD
	

	5.2.2.1.x
	      Minimum requirements for eRedCap
	Define new PDSCH demodulation requirements

	5.2.2.2
	    TDD
	

	5.2.2.2.x
	      Minimum requirements for eRedCap
	Define new PDSCH demodulation requirements

	
	
	

	5.5
	Sustained downlink data rate provided by lower layers
	

	5.5.1
	  FR1 single carrier requirements
	Add new sentences



Table 14 shows our view on CSI reporting requirements. Since our proposal is to apply the same SNR test points and requirements for eRedCap CSI reporting requirements, we propose NOT to create any new sub-clauses for eRedCap CSI reporting requirements but propose to revise the existing Rel-17 RedCap CSI reporting requirements, e.g., configuring new CQI-TBS table, FRC tables, and CSI-RS transmission bandwidth. If RAN4 does not reuse the same requirements as Rel-17, we may need to add new sub-clauses dedicated for eRedCap CSI reporting requirements. 

[bookmark: _Ref162280908]Table 14	Affected sections for CSI reporting requirements.
	Section number
	Section name
	Notes

	6.1.1
	Applicability of requirements
	

	6.1.1.x
	  Applicability of requirements for eRedCap
	Add applicability table

	6.2
	Reporting of Channel Quality Indicator (CQI)
	

	6.2.1
	  1RX requirements
	

	6.2.1.1
	    FDD
	

	6.2.1.1.1
	      CQI reporting definition under AWGN conditions
	

	6.2.1.1.1.1
	        Minimum requirement for periodic CQI reporting for RedCap [and eRedCap]
	- Change section name.
- Configure new CQI-TBS table and CSI-RS BW for eRedCap

	6.2.1.1.2
	      CQI reporting under fading conditions
	

	6.2.1.1.2.1
	        Minimum requirement for wideband CQI reporting for RedCap [and eRedCap]
	- Change section name.
- Configure new CQI-TBS table and CSI-RS BW for eRedCap

	6.2.1.2
	    TDD
	

	6.2.1.2.1
	      CQI reporting definition under AWGN conditions
	

	6.2.1.2.1.1
	        Minimum requirement for periodic CQI reporting for RedCap [and eRedCap]
	- Change section name.
- Configure new CQI-TBS table and CSI-RS BW for eRedCap

	6.2.1.2.2
	      CQI reporting under fading conditions
	

	6.2.1.2.2.1
	        Minimum requirement for wideband CQI reporting for RedCap [and eRedCap]
	- Change section name.
- Configure new CQI-TBS table and CSI-RS BW for eRedCap

	6.2.2
	  2RX requirements
	

	6.2.2.1
	    FDD
	

	6.2.2.1.1
	      CQI reporting definition under AWGN conditions
	

	6.2.2.1.1.4
	        Minimum requirement for periodic CQI reporting for RedCap [and eRedCap]
	- Change section name.
- Configure new CQI-TBS table and CSI-RS BW for eRedCap

	6.2.2.1.2
	      CQI reporting under fading conditions
	

	6.2.2.1.2.4
	        Minimum requirement for wideband CQI reporting for RedCap [and eRedCap]
	- Change section name.
- Configure new CQI-TBS table and CSI-RS BW for eRedCap

	6.2.2.2
	    TDD
	

	6.2.2.2.1
	      CQI reporting definition under AWGN conditions
	

	6.2.2.2.1.5
	        Minimum requirement for periodic CQI reporting for RedCap [and eRedCap]
	- Change section name.
- Configure new CQI-TBS table and CSI-RS BW for eRedCap

	6.2.2.2.2
	      CQI reporting under fading conditions
	

	6.2.2.2.2.4
	        Minimum requirement for wideband CQI reporting for RedCap [and eRedCap]
	- Change section name.
- Configure new CQI-TBS table and CSI-RS BW for eRedCap

	6.3
	Reporting of Precoding Matrix Indicator (PMI)
	

	6.3.1
	  1RX requirements
	

	6.3.1.1
	    FDD
	

	6.3.1.1.1
	      Single PMI with 4TX TypeI-SinglePanel Codebook for RedCap [and eRedCap]
	- Change section name
- Configure new FRC and CSI-RS BW for eRedCap

	6.3.1.2
	    TDD
	

	6.3.1.2.1
	      Single PMI with 4TX TypeI-SinglePanel Codebook for RedCap [and eRedCap]
	- Change section name
- Configure new FRC and CSI-RS BW for eRedCap

	6.3.2
	  2RX requirements
	

	6.3.2.1
	    FDD
	

	6.3.2.1.1
	      Single PMI with 4TX TypeI-SinglePanel Codebook
	- Change section name
- Configure new FRC and CSI-RS BW for eRedCap

	6.3.2.2
	    TDD
	

	6.3.2.2.7
	      Single PMI with 4TX TypeI-SinglePanel Codebook for RedCap [and eRedCap[
	- Change section name
- Configure new FRC and CSI-RS BW for eRedCap



Finally, Table 15 lists the section in Appendix we need to add new FRC/RMC table to define eRedCap UE demodulation and CSI reporting requirements. 
[bookmark: _Ref162280909]Table 15	Affected sections for Appendix.
	Section number
	Section name
	Notes

	A.3.2.1
	FDD
	

	A.3.2.1.1
	  Reference measurement channels for SCS 15 kHz FR1
	Add new FRC for FDD 15kHz

	A.3.2.2
	TDD
	

	A.3.2.2.2
	  Reference measurement channels for SCS 30 kHz FR1
	Add new FRC for TDD 30kHz

	A.3.2.3
	HD-FDD
	

	A.3.2.3.1
	  Reference measurement channels for SCS 15 kHz FR1
	Add new FRC for HD-FDD 15kHz

	A.4
	CSI reference measurement channels
	Add new CQI-TBS table



Proposal 14: RAN4 should discuss the specification structure for eRedCap PDSCH demodulation and CQI/PMI reporting requirements. 
4.2	Applicability of UE demodulation and CSI reporting requirements
We propose to introduce the applicability tables for eRedCap UE like Rel-17 RedCap UE demodulation and CSI reporting requirements.
Proposal 15: Introduce applicability of demodulation requirements for eRedCap UE as follows in TS 38.101-4 5.1.1.
	UE capability
	Test type
	Test list
	Applicability notes

	eRedCap with 1RX
	FR1 FDD and HD-FDD (Note 1)
	PDSCH
	Clause 5.2.1.1.x
	

	
	
	PDCCH
	All tests in Clause 5.3.1.1.1
	

	
	
	PBCH
	All tests in Clause 5.4.1.1
	

	
	
	SDR
	Clause 5.5.1
	

	
	FR1 TDD
	PDSCH
	Clause 5.2.1.2.x
	

	
	
	PDCCH
	All tests in Clause 5.3.1.2.1
	

	
	
	PBCH
	All tests in Clause 5.4.1.2
	

	
	
	SDR
	Clause 5.5.1
	

	eRedCap with 2RX
	FR1 FDD and HD-FDD (Note 1)
	PDSCH
	Clause 5.2.2.1.x
	

	
	
	PDCCH
	All tests in Clause 5.3.2.1.4
	

	
	
	PBCH
	Clause 5.4.2.1 (Table 5.4.2.1-2 Test 1)
Clause 5.4.2.1 (Table 5.4.2.1-3 Test 1)
	

	
	
	SDR
	Clause 5.5.1
	

	
	FR1 TDD
	PDSCH
	Clause 5.2.2.2.x
	

	
	
	PDCCH
	All tests in Clause 5.3.2.2.4
	

	
	
	PBCH
	Clause 5.4.2.2 (Table 5.4.2.2-4 Test 1)
Clause 5.4.2.2 (Table 5.4.2.2-5 Test 1)
	

	
	
	SDR
	Clause 5.5.1
	

	Note 1:	If UE support only HD-FDD in a FDD band, this UE is tested with HD-FDD mode otherwise UE is tested with full-duplex FDD mode



Proposal 16: Introduce applicability of CSI reporting requirements for eRedCap UE as follows in TS 38.101-4 6.1.1.
	UE capability
	Test type
	Test list
	Applicability notes

	RedCap with 1RX
	FR1 FDD and HD-FDD (Note 1)
	CQI
	All tests in Clause 6.2.1.1.1.1
All tests in Clause 6.2.1.1.2.1
	

	
	
	PMI
	All tests in Clause 6.3.1.1.1
	

	
	FR1 TDD
	CQI
	All tests in Clause 6.2.1.2.1.1
All tests in Clause 6.2.1.2.2.1
	

	
	
	PMI
	All tests in Clause 6.3.1.2.1
	

	RedCap with 2RX
	FR1 FDD and HD-FDD (Note 1)
	CQI
	All tests in Clause 6.2.2.1.1.4
All tests in Clause 6.2.2.1.2.4
	

	
	
	PMI
	Clause 6.3.2.1.1 (Test 1)
	

	
	FR1 TDD
	CQI
	All tests in Clause 6.2.2.2.1.5
All tests in Clause 6.2.2.2.2.4
	

	
	
	PMI
	Clause 6.3.2.2.7 (Test 1)
	

	Note 1:	If UE support only HD-FDD in a FDD band, this UE is tested with HD-FDD mode otherwise UE is tested with full-duplex FDD mode



5	Summary
Proposal 1: Define PDSCH demodulation requirements with 64QAM with rank 1 for both 1Rx/2Rx.
Proposal 2: Not to define PDSCH demodulation requirements with 256QAM for eRedCap UE.
Proposal 3: Revise the simulation parameters for PDSCH test cases for UE supporting eRedCapNotReducedBB-BW-r18 (TDD SCS=30kHz) as follows:
· QPSK: PRB size from 12 to 52, and TBS from 928 to 3840
· 16QAM: PRB size from 25 to 20.
Proposal 4: For SDR requirements, add the following sentence in TS 38.101-4 5.5.1: 
· For eRedCap with reduced peak date rate and reduced baseband bandwidth in FR1 (not supporting supporting eRedCapNotReducedBB-BW-r18), only 25 PRBs for 15kHz SCS and 12RBs for 30kHz SCS are allocated for PDSCH transmission.
Proposal 5: Add the definition of eRedCap in TS 38.101-4 3.1:
· eRedCap: A UE with enhanced reduced capabilities as specified in clause 4.2 in TS 38.306 [14].
Observation 1: The smallest configurable PRB size for CSI-RS for CSI acquisition is 24 for eRedCap.
Proposal 6: Configure the following CSI-RS frequency occupation parameters for CSI reporting requirements for eRedCap.
· Frequency occupation for NZP CSI-RS for CSI acquisition: Start PRB 0 and number of PRB = 24
· Frequency occupation for ZP CSI-RS for CSI acquisition: Start PRB 0 and number of PRB = 24
Proposal 7: Configure the following PDSCH PRB allocation parameters for CSI reporting requirements for eRedCap to align with PRBs used for CSI-RS transmission. 
· For CQI reporting test, add the following note in the CQI-TBS table.
	Number of allocated PDSCH resource blocks (Note 1)
	15
	7

	Note 1: 	PDSCH are allocated from PRB 0


· For PMI reporting test, add the following note in the FRC table.
	Reference channel
	
	R.PDSCH.x-x.x

	Channel bandwidth
	MHz
	10

	Subcarrier spacing
	kHz
	15

	Number of allocated resource blocks (Note 1)
	PRBs
	25

	Note 1: 	PDSCH is allocated from PRB 0. 



Proposal 8: 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 9: 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 10: 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 11: 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 12: 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 13: 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
Proposal 14: RAN4 should discuss the specification structure for eRedCap PDSCH demodulation and CQI/PMI reporting requirements. 
Proposal 15: Introduce applicability of demodulation requirements for eRedCap UE as follows in TS 38.101-4 5.1.1.
Proposal 16: Introduce applicability of CSI reporting requirements for eRedCap UE as follows in TS 38.101-4 6.1.1.
[bookmark: _Ref16604413]References
[1] [bookmark: _Ref89866727][bookmark: _Ref101821050][bookmark: _Ref130824703][bookmark: _Ref157083880]R4-2402870, “Way forward on [110][325] NR_redcap_enh_demod”, Ericsson.
Appendix 
[bookmark: _Ref162272727]Table 16	CQI-TBS table used for eRedCap CQI reporting requirements.
	
	Rank 1

	TBS Scheme
	TBS.1-3y
	TBS.1-5y

	MCS table
	64QAM

	Number of allocated PDSCH resource blocks
	15
	7

	Number of consecutive PDSCH symbols
	12
	12

	Number of PDSCH MIMO layers
	1
	1

	Number of DMRS REs (Note 1)
	24
	24

	Overhead for TBS determination
	0
	0

	Available RE-s
	1800
	840

	CQI index
	Spectral efficiency
	MCS index
	Modulation
	Information Bit Payload per Slot

	0
	OOR
	OOR
	OOR
	N/A
	N/A

	1
	0.2344
	0
	QPSK
	432
	192

	2
	0.2344
	0
	
	432
	192

	3
	0.3770
	2
	
	672
	320

	4
	0.6016
	4
	
	1128
	504

	5
	0.8770
	6
	
	1608
	736

	6
	1.1758
	8
	
	2152
	984

	7
	1.4766
	11
	16QAM
	2664
	1256

	8
	1.9141
	13
	
	3496
	1608

	9
	2.4063
	15
	
	4352
	2024

	10
	2.7305
	18
	64QAM
	4864
	2280

	11
	3.3223
	20
	
	6016
	2792

	12
	3.9023
	22
	
	7040
	3368

	13
	4.5234
	24
	
	8064
	3824

	14
	5.1152
	26
	
	9224
	4224

	15
	5.5547
	28
	
	9992
	4608
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