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1	Introduction
RAN#102 completed the core part of Rel-18 RedCap enhancements (eRedCap) [1]. This contribution discusses our view on the UE demodulation and CSI reporting requirements for eRedCap.
2	Discussion
Rel-18 eRedCap WI introduced the UE data peak rate reduction and UE baseband bandwidth reduction both in FR1 [2]. The detailed features are described in the WI summary [3] and UE feature list [4] as below.
	· FG 48-1: RedCap UE with reduced peak data rate and reduced baseband bandwidth in FR1
· Maximum FR1 RedCap UE bandwidth is 20 MHz.
· [bookmark: _Hlk153894760]DL/UL peak data rate target of 10 Mbps corresponding to  (See also TS 38.306 V18.0.0 4.1.2)
· Maximum number of PDSCH/PUSCH PRBs that can be scheduled/configured for unicast is 25 PRBs for 15 kHz SCS and is 12 PRBs for 30 kHz SCS
· FG 48-2: RedCap UE with reduced peak data rate without reduced baseband bandwidth in FR1
· Prerequisite feature group is FG 48-1
· Maximum FR1 RedCap UE bandwidth is 20 MHz.
· DL/UL peak data rate target of 10 Mbps corresponding to  when  and   when  (See also TS 38.306 V18.0.0 4.1.2).



According to the FG descriptions, for Rel-18 eRedCap UEs, PDCCH/PBCH and CSI-RS can be transmitted with 20MHz CBW which is same as Rel-17 RedCap UE, but the maximum PRB size for PDSCH transmission is up to 25PRB for SCS=15kHz and 12PRB for SCS=30kHz. Moreover, PDSCH DL peak data rate is also limited up to 10Mbps.
From the UE demodulation requirement point of view, the maximum configurable TBS is important to define the PDSCH demodulation requirements. According to TS 38.214 5.1.3, the TBS (V) is derived as follows, considering single carrier and single transport block,

From the formula, V ≤ 10,000 (bits) for SCS=15kHz because of µ=0, and V ≤ 5,000 (bits) for SCS=30kHz because of µ=1.
Observation 1: RAN2 introduced ‘eRedCap’ in TS38.300/306 V18.0.0.
eRedCap UE: a UE with enhanced reduced capabilities as specified in clause 4.2.22.1 in TS 38.306.
Observation 2: eRedCap UE can receive PDCCH/PBCH and CSI-RS are transmitted with 20MHz as same as Rel-17 RedCap. 
Observation 3: For eRedCap UE, the maximum TBS for PDSCH is 10,000 bits for SCS=15kHz and 5,000 bits for SCS=30kHz.
Observation 4: For eRedCap UE, the maximum PRB for PDSCH is 25PRB for SCS=15kHz and 12PRB for SCS=30kHz.

As we mentioned before, Rel-18 eRedCap enhanced the operation in FR1 only. This means Rel-18 eRedCap UE does not need to pass any FR2 UE demodulation and CSI reporting requirements.  
Proposal 1: No UE demodulation and CSI reporting requirements in FR2 are applicable for Rel-18 eRedCap UE.
3	UE demodulation requirements
3.1	Test scope
The difference between FG 48-1 and FG 48-2 is that FG 48-2 can receive PDSCH with more than 5MHz, although the peak rate is limited to 10Mbps. Since RAN4 usually defines the minimum requirements, we propose to define new PDSCH requirements targeting FG 48-1, because FG 48-2 prerequisites FG 48-1. 
Proposal 2: Define PDSCH demodulation requirements for eRedCap WI with the following setup:
· FR1 FDD (and HD-FDD) SCS=15kHz: 25PRB, TBS ≤ 10,000 bits, 1Rx/2Rx
· FR1 TDD SCS=30kHz: 12PRB, TBS ≤ 5,000 bits, 1Rx/2Rx
For PDCCH/PBCH, since eRedCap UE should be able to receive with 20MHz CBW, we can reuse the requirements specified in Rel-17 RedCap.
Proposal 3: Rel-17 RedCap FR1 PDCCH requirements are applicable for eRedCap UE.
Proposal 4: Rel-17 RedCap FR1 PBCH requirements are applicable for eRedCap UE.
We think Rel-18 eRedCap need to pass the SDR tests as same as Rel-17. As we discussed before, the MCS index for SDR test for eRedCap should be chosen so that  for FG 48-1. According to TS 38.101-4 Table 5.5A-5, there are MCS indexes applicable for eRedCap as shown in Table 1, e.g., vlauers = 1, Qm = 6, and f = 0.4. This means RAN4 does not need to add new MCS index table for eRedCap SDR tests. 
Proposal 5: Rel-17 RedCap FR1 SDR requirements are applicable for eRedCap UE. RAN4 can reuse the existing MCS index table specified in TS 38.101-4 Table 5.5A-5.

[bookmark: _Ref157085894]Table 1	MCS index applicable for eRedCap FG 48-1 (TS 38.101-4 Table 5.5A-5). 
	Maximum number of PDSCH MIMO layers
	Maximum modulation format
	Scaling factor
	MCS

	1
	8
	1
	26

	1
	8
	0.8
	21

	1
	8
	0.75
	20

	1
	8
	0.4
	11

	1
	6
	1
	27

	1
	6
	0.8
	23

	1
	6
	0.75
	22

	1
	6
	0.4
	14

	1
	4
	1
	16

	1
	4
	0.8
	16

	1
	4
	0.75
	16

	1
	4
	0.4
	10

	1
	2
	1
	9

	1
	2
	0.8
	9

	1
	2
	0.75
	9

	1
	2
	0.4
	4

	2
	8
	1
	26

	2
	8
	0.8
	21

	2
	8
	0.75
	20

	2
	8
	0.4
	11

	2
	6
	1
	27

	2
	6
	0.8
	23

	2
	6
	0.75
	22

	2
	6
	0.4
	14

	2
	4
	1
	16

	2
	4
	0.8
	16

	2
	4
	0.75
	16

	2
	4
	0.4
	10

	2
	2
	1
	9

	2
	2
	0.8
	9

	2
	2
	0.75
	9

	2
	2
	0.4
	4



3.2	PDSCH demodulation
Table 2 and Table 3 list the possible PDSCH demodulation requirements for Rel-18 eRedCap UE for FDD/HD-FDD and TDD, respectively, where we calculated TBS based on 5MHz CBW from the existing Rel-17 RedCap PDSCH demodulation requirements. According to the tables, we observe several requirements, especially, higher order modulation scenario, exceeds the maximum TBS size for eRedCap UEs, as highlighted in red. 
Observation 5: TBS with 256QAM exceeds eRedCap FG 48-1 capability. 
Observation 6: TBS with 64QAM with rank 2 exceeds eRedCap FG 48-1 capability. 

[bookmark: _Ref157086883]Table 2	PDSCH test list for Rel-18 eRedCap UE (FDD and HD-FDD).
	1Rx UE or 2Rx UE
	MCS and rank
	TBS with 10MHz (bits)
	TBS with 5MHz (bits)
	Propagation condition
	Antenna configuration
	Metric
	Reference from TS38.101-4 Table

	1Rx UE
	QPSK 1/3
Rank 1
	3904
	1928
	TDLB100-400
	2x1 low
	70% of peak rate
	5.2.1.1.1-3 Test 1-1

	1Rx UE
	16QAM 0.48
Rank 1
	13064
	6272
	TDLC300-100
	2x1 low
	70% of peak rate
	5.2.1.1.1-3 Test 1-2

	1Rx UE
	64QAM 0.50
Rank 1
	21000
	9992
	TDLA30-10
	2x1 low
	70% of peak rate
	5.2.1.1.1-3 Test 1-3

	1Rx UE
	256QAM 0.67
Rank 1
	36896
	17424
	TDLA30-10
	2x1 low
	70% of peak rate
	5.2.1.1.1-3 Test 1-4

	2Rx UE
	QPSK 1/3
Rank 1
	3904
	1928
	TDLB100-400
	2x2 ULA low
	70% of peak rate
	5.2.2.1.17-3 Test 1-1

	2Rx UE
	16QAM 0.48
Rank 1
	13064
	6272
	TDLC300-100
	2x2 ULA low
	70% of peak rate
	5.2.2.1.17-3 Test 1-2

	2Rx UE
	64QAM 0.5 Rank 2
	42016
	19968
	TDLA30-10
	2x2 ULA low
	70% of peak rate
	5.2.2.1.17-4
Test 2-1

	2Rx UE
	256QAM 0.82
Rank 1
	45096
	21504
	TDLA30-10
	2x2 ULA low
	70% of peak rate
	5.2.2.1.17-3 Test 1-3



[bookmark: _Ref157086886]Table 3	PDSCH test list for Rel-18 eRedCap UE (TDD).
	1Rx UE or 2Rx UE
	MCS and rank
	TBS with 20MHz (bits)
	TBS with 5MHz (bits)
	TDD UL/DL pattern
	Propagation condition
	Antenna configuration
	Metric
	Reference from TS38.101-4 Table

	1Rx UE
	QPSK 1/3
Rank 1
	3840
	928
	FR1.30-1A
	TDLB100-400
	2x1 low
	70% of peak rate
	5.2.1.2.1-3 Test 1-1

	1Rx UE
	16QAM 0.48
Rank 1
	12808
	3104
	FR1.30-1
	TDLC300-100
	2x1 low
	70% of peak rate
	5.2.1.2.1-3 Test 1-2

	1Rx UE
	64QAM 0.50
Rank 1
	20496
	4736
	FR1.30-1
	TDLA30-10
	2x1 low
	70% of peak rate
	5.2.1.2.1-3 Test 1-3

	1Rx UE
	256QAM 0.67 
Rank 1
	35856
	8456
	FR1.30-1
	TDLA30-10
	2x1 low
	70% of peak rate
	5.2.1.2.1-3 Test 1-4

	2Rx UE
	QPSK 1/3
Rank 1
	3840
	928
	FR1.30-1A
	TDLB100-400
	2x2 ULA low
	70% of peak rate
	5.2.2.2.18-3 Test 1-1

	2Rx UE
	16QAM 0.48
Rank 1
	12808
	3104
	FR1.30-1
	TDLC300-100
	2x2 ULA low
	70% of peak rate
	5.2.2.2.18-3 Test 1-2

	2Rx UE
	64QAM 0.50
Rank 2
	40976
	9480
	FR1.30-1
	TDLA30-10
	2x2 ULA low
	70% of peak rate
	5.2.2.2.18-4 Test 2-1

	2Rx UE
	256QAM 0.82 
Rank 1
	44040
	10504
	FR1.30-1
	TDLA30-10
	2x2 ULA low
	70% of peak rate
	5.2.2.2.18-3 Test 1-3



According to our investigation, TBS with 256QAM exceeds the maximum limit regardless of MCS. we therefore propose not to define PDSCH demodulation requirements with 256QAM. Moreover, 64QAM 2Rx scenario exceeds the maximum TBS because of rank 2 configuration. For this test case we propose to change to rank 1 so that the TBS does not exceed the maximum TBS limit. 
Proposal 6: Set PDSCH demodulation requirements for eRedCap with the following configuration:
FDD and HD-FDD
	Test number
	1Rx UE or 2Rx UE
	MCS and rank
	TBS with 5MHz (bits)
	Propagation condition
	Antenna configuration
	Metric
	Reference from TS38.101-4 Table

	1-1
	1Rx UE
	QPSK 1/3
Rank 1
	1928
	TDLB100-400
	2x1 low
	70% of peak rate
	5.2.1.1.1-3 Test 1-1

	1-2
	1Rx UE
	16QAM 0.48
Rank 1
	6272
	TDLC300-100
	2x1 low
	70% of peak rate
	5.2.1.1.1-3 Test 1-2

	1-3
	1Rx UE
	64QAM 0.50
Rank 1
	9992
	TDLA30-10
	2x1 low
	70% of peak rate
	5.2.1.1.1-3 Test 1-3

	1-4
	2Rx UE
	QPSK 1/3
Rank 1
	1928
	TDLB100-400
	2x2 ULA low
	70% of peak rate
	5.2.2.1.17-3 Test 1-1

	1-5
	2Rx UE
	16QAM 0.48
Rank 1
	6272
	TDLC300-100
	2x2 ULA low
	70% of peak rate
	5.2.2.1.17-3 Test 1-2

	1-6
	2Rx UE
	64QAM 0.5 Rank 1
	9992
	TDLA30-10
	2x2 ULA low
	70% of peak rate
	5.2.2.1.17-4
Test 2-1



TDD
	Test number
	1Rx UE or 2Rx UE
	MCS and rank
	TBS with 5MHz (bits)
	TDD UL/DL pattern
	Propagation condition
	Antenna configuration
	Metric
	Reference from TS38.101-4 Table

	1-7
	1Rx UE
	QPSK 1/3
Rank 1
	928
	FR1.30-1A
	TDLB100-400
	2x1 low
	70% of peak rate
	5.2.1.2.1-3 Test 1-1

	1-8
	1Rx UE
	16QAM 0.48
Rank 1
	3104
	FR1.30-1
	TDLC300-100
	2x1 low
	70% of peak rate
	5.2.1.2.1-3 Test 1-2

	1-9
	1Rx UE
	64QAM 0.50
Rank 1
	4736
	FR1.30-1
	TDLA30-10
	2x1 low
	70% of peak rate
	5.2.1.2.1-3 Test 1-3

	1-10
	2Rx UE
	QPSK 1/3
Rank 1
	928
	FR1.30-1A
	TDLB100-400
	2x2 ULA low
	70% of peak rate
	5.2.2.2.18-3 Test 1-1

	1-11
	2Rx UE
	16QAM 0.48
Rank 1
	3104
	FR1.30-1
	TDLC300-100
	2x2 ULA low
	70% of peak rate
	5.2.2.2.18-3 Test 1-2

	1-12
	2Rx UE
	64QAM 0.50
Rank 1
	4736
	FR1.30-1
	TDLA30-10
	2x2 ULA low
	70% of peak rate
	5.2.2.2.18-4 Test 2-1



4	 CSI reporting requirements
Rel-17 RedCap CSI reporting requirements are set based on the PDSCH throughput where PDSCH is transmitted with 10MHz for FDD/HD-FDD and 20MHz for TDD. This means the existing Rel-17 RedCap CSI reporting requirements cannot be applied for Rel-18 eRedCap UEs. 
Observation 7: CSI reporting requirements (CQI/PMI/RI reporting tests) defined for Rel-17 RedCap UE cannot be reused for Rel-18 eRedCap UE.
We therefore propose to define new CSI reporting requirements for eRedCap UE.
4.1	CQI reporting tests
Table 4 and Table 5 list all the CQI reporting requirements defined for Rel-17 RedCap UE. These tables also show expected median CQI indexes according to our simulation results submitted in Rel-17 RedCap WI [5]. 

[bookmark: _Ref153812765]Table 4	CQI definition tests defined for Rel-17 RedCap UE.
	Duplex
	CBW/SCS
	Antenna configuration
	Channel condition
	Rank
	Test points
	Median CQI index [5] 

	FDD/HD-FDD
	10MHz/15kHz
	2x1
	AWGN
	1
	5/6dB, 11/12dB
	7 for low SNR
10 for high SNR

	TDD
	20MHz/30kHz
	2x1
	AWGN
	1
	5/6dB, 11/12dB
	

	FDD/HD-FDD
	10MHz/15kHz
	2x2
	AWGN
	2
	8/9dB, 14/15dB
	9 for low SNR
11/12 for high SNR

	TDD
	20MHz/30kHz
	2x2
	AWGN
	2
	8/9dB, 14/15dB
	



[bookmark: _Ref153812777]Table 5	Wideband CQI reporting test defined for Rel-17 RedCap UE. 
	Duplex
	CBW/SCS
	Antenna configuration
	Channel condition
	Rank
	Test points
	Median CQI index [5]

	FDD/HD-FDD
	10MHz/15kHz
	2x1, ULA high
	TDLA30-5
	1
	9/10dB, 15/16dB
	9 for low SNR
12 for high SNR

	TDD
	20MHz/30kHz
	2x1, ULA high
	TDLA30-5
	1
	9/10dB, 15/16dB
	

	FDD/HD-FDD
	10MHz/15kHz
	2x2, ULA high
	TDLA30-5
	1
	6/7dB
	9/10

	TDD
	20MHz/30kHz
	2x2, ULA high
	TDLA30-5
	1
	6/7dB
	



Table 6 shows the possible CQI-TBS mapping table used for CQI (and RI) reporting tests, since we cannot reuse the existing mapping table defined in TS 38.101-4 A.4 because of the limitation of CBW and TBS for eRedCap UEs. In the table, postfix ‘x’ is one option that we reduce the number of allocated PDSCH resource block to 5MHz, i.e., 25 for SCS=15kHz and 12 for SCS=30kHz. As shown in the table, the TBS with options ‘x’ should not be increased from the CQI index 11 for rank 1 because it exceeds 10Mbps. For rank 2, similarly, TBS should not be increased from CQI index 7 because it exceeds 10Mbps. 
Observation 8: TBS cannot be increased from CQI index 11 for rank 1 and from CQI 7 for rank 2 for eRedCap UE when RAN4 configures 25PRBs for SCS=15kHz and 12PRBs for SCS=30kHz.

[bookmark: _Ref153813363]Table 6	CQI-TBS mapping table for eRedCap UE.
	[bookmark: _Hlk153894627]TBS Scheme
	TBS.1-3x
	TBS.1-5x
	TBS.1-3y
	TBS.1-5y
	TBS.1-4x
	TBS.1-6x

	MCS table
	64QAM
	64QAM
	

	Number of allocated PDSCH resource blocks
	25
	12
	15
	7
	25
	12

	Number of consecutive PDSCH symbols
	12
	12
	12
	12
	12
	12

	Number of PDSCH MIMO layers
	1
	1
	1
	1
	2
	2

	Number of DMRS REs (Note 1)
	24
	24
	24
	24
	24
	24

	Overhead for TBS determination
	0
	0
	0
	0
	0
	0

	Available RE-s
	3000
	1440
	1800
	840
	3000
	1440

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

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

	1
	0.2344
	0
	QPSK
	704
	336
	432
	192
	1416
	672

	2
	0.2344
	0
	
	704
	336
	432
	192
	1416
	672

	3
	0.3770
	2
	
	1128
	552
	672
	320
	2280
	1128

	4
	0.6016
	4
	
	1800
	888
	1128
	504
	3624
	1736

	5
	0.8770
	6
	
	2664
	1256
	1608
	736
	5248
	2536

	6
	1.1758
	8
	
	3624
	1736
	2152
	984
	7040
	3368

	7
	1.4766
	11
	16QAM
	4352
	2152
	2664
	1256
	8968
	4224

	8
	1.9141
	13
	
	5760
	2792
	3496
	1608
	8968
	4224

	9
	2.4063
	15
	
	7160
	3496
	4352
	2024
	8968
	4224

	10
	2.7305
	18
	64QAM
	8192
	3904
	4864
	2280
	8968
	4224

	11
	3.3223
	20
	
	9992
	4726
	6016
	2792
	8968
	4224

	12
	3.9023
	22
	
	9992
	4726
	7040
	3368
	8968
	4224

	13
	4.5234
	24
	
	9992
	4726
	8064
	3824
	8968
	4224

	14
	5.1152
	26
	
	9992
	4726
	9224
	4224
	8968
	4224

	15
	5.5547
	28
	
	9992
	4726
	9992
	4608
	8968
	4224



We also show another option ‘y’ which reduce the number of allocated PDSCH resource blocks further so that the TBS with CQI15 does not exceed the limit. For this option, the number of PDSCH resource blocks are 15 and 7 for SCS=15kHz and SCS=30kHz, respectively. 
From the CQI reporting requirement point of view, we prefer to use the option ‘y’, to avoid the scenario UE reports high CQI index such as CQI index 15 but TE schedules PDSCH according to lower code rate. 
Regarding the test points, considering the 10Mbps DL peak rate and to reduce the test cases, we propose to consider lower SNR test point only.
Proposal 7: Define new CQI definition and wideband CQI reporting tests cases for eRedCap UE.
Proposal 8: For CQI reporting test, configure rank 1 for both static and fading condition. 
Proposal 9: Define new CQI-TBS mapping table based on 15RB for SCS=15kHz and 7RB for SCS=30kHz for eRedCap CQI reporting tests.
Proposal 10: For CQI reporting test, set lower SNR test point only. 
We show below the list of proposed CQI reporting requirements for eRedCap UEs.
CQI definition tests
	Test number
	Duplex
	CBW/SCS
	Antenna configuration
	Channel condition
	Rank
	Test points

	2-1
	FDD/HD-FDD
	15RB/15kHz
	2x1
	AWGN
	1
	[5/6dB]

	2-2
	TDD
	7RB/30kHz
	2x1
	AWGN
	1
	[5/6dB]

	2-3
	FDD/HD-FDD
	15RB/15kHz
	2x2
	AWGN
	1
	[8/9dB]

	2-4
	TDD
	7RB/30kHz
	2x2
	AWGN
	1
	[8/9dB]



Wideband CQI reporting tests
	Test number
	Duplex
	CBW/SCS
	Antenna configuration
	Channel condition
	Rank
	Test points

	2-5
	FDD/HD-FDD
	15RB/15kHz
	2x1, ULA high
	TDLA30-5
	1
	[9/10dB]

	2-6
	TDD
	7RB/30kHz
	2x1, ULA high
	TDLA30-5
	1
	[9/10dB]

	2-7
	FDD/HD-FDD
	15RB/15kHz
	2x2, ULA high
	TDLA30-5
	1
	[6/7dB]

	2-8
	TDD
	7RB/30kHz
	2x2, ULA high
	TDLA30-5
	1
	[6/7dB]


 
4.2	PMI reporting tests
Table 7 lists all the PMI reporting test defined for Rel-17 RedCap UE. 
[bookmark: _Ref153812778]Table 7	PMI reporting tests defined for Rel-17 RedCap UE. 
	Duplex
	CBW/SCS
	Antenna configuration
	Channel condition
	MCS
	Rank

	FDD/HD-FDD
	10MHz/15kHz
	4x1 ULA High
	TDLA30-5
	16QAM, 0.43
	1

	TDD
	20MHz/30kHz
	4x1 ULA High
	TDLA30-5
	16QAM, 0.43
	1

	FDD/HD-FDD
	10MHz/15kHz
	4x2 XP High
	TDLA30-5
	16QAM, 0.43
	1

	TDD
	20MHz/30kHz
	4x2 XP High
	TDLA30-5
	16QAM, 0.43
	1



Rel-17 RedCap PMI reporting test verifies the throughput ratio (γ) of follow PMI and random PMI at SNR with 90% of the peak rate of follow PMI is more than 1.3, where PDSCH TBS is fixed with MCS13 rank 1. Since the FRC for Rel-17 RedCap PMI reporting test is derived with CBW 10MHz for FDD and 20MHz for TDD, we need to define new FRC based on CBW 5MHz for eRedCap. We therefore propose to define PMI reporting test by reusing Rel-17 RedCap PMI reporting test setup. 
Proposal 11: Define new PMI reporting tests cases for eRedCap UE. 
Proposal 12: 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.
We show below the list of proposed PMI reporting requirements for eRedCap UEs.
FDD and HD-FDD
	Test number
	MCS and rank
	CBW/SCS
	TBS (bits)
	Propagation condition
	Antenna configuration
	Reference from TS38.101-4 Table

	3-1
	16QAM 0.48
Rank 1
	5MHz/15kHz
	5760
	TDLA30-5
	4x1 ULA High
	Table 6.3.1.1.1-1 Test 1

	3-2
	16QAM 0.48
Rank 1
	5MHz/15kHz
	5760
	TDLA30-5
	4x2 XP High
	Table 6.3.2.1.1-1 Test 1



TDD
	Test number
	MCS and rank
	CBW/SCS
	TBS (bits)
	TDD UL/DL pattern
	Propagation condition
	Antenna configuration
	Reference from TS38.101-4 Table

	3-3
	16QAM 0.48
Rank 1
	5MHz/15kHz
	2792
	FR1.30-1
	TDLA30-5
	4x1 ULA High
	Table 6.3.1.2.1-1 Test 1

	3-4
	16QAM 0.48
Rank 1
	5MHz/15kHz
	2792
	FR1.30-1
	TDLA30-5
	4x2 XP High
	Table 6.3.2.2.7-1 Test 1



4.3	RI reporting tests
Table 8 lists all the RI reporting tests defined for Rel-17 RedCap UE.
[bookmark: _Ref153812768]Table 8	RI reporting tests defined for Rel-17 RedCap UE.
	Duplex
	CBW/SCS
	Antenna configuration
	Channel condition
	Rank
	Test points

	FDD/HD-FDD
	10MHz/15kHz
	2x2, ULA low
	TDLA30-5
	Fixed RI=1 and follow RI
	20dB

	TDD
	20MHz/30kHz
	2x2, ULA low
	TDLA30-5
	Fixed RI=1 and follow RI
	20dB



The existing Rel-17 RedCap UE RI reporting tests verify 2Rx RedCap UE reports the rank 2 in the higher SNR test points. As we discussed in CQI test cases, we don’t think it is feasible to verify follow RI and fixed RI=1 at higher SNR test points because it exceeds the maximum TBS for eRedCap UEs. We therefore propose not to define RI reporting requirements for eRedCap UE.
Proposal 13: Not define RI reporting tests for eRedCap UE. 
5	Applicability of requirements
We propose to introduce the applicability tables for eRedCap UE like Rel-17 RedCap UE demodulation and CSI reporting requirements.
Proposal 14: Introduce applicability of demodulation requirements for eRedCap UE as follows in TS 38.101-5 5.1.1.
	UE capability
	Test type
	Test list
	Applicability notes

	eRedCap with 1RX
	FR1 FDD and HD-FDD (Note 1)
	PDSCH
	Define new tests
	

	
	
	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
	Define new tests
	

	
	
	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
	Define new tests
	

	
	
	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
	Define new tests
	

	
	
	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 15: Introduce applicability of CSI reporting requirements for eRedCap UE as follows in TS 38.101-5 6.1.1.
	UE capability
	Test type
	Test list
	Applicability notes

	RedCap with 1RX
	FR1 FDD and HD-FDD (Note 1)
	CQI
	Define new tests
	

	
	
	PMI
	Define new tests
	

	
	FR1 TDD
	CQI
	Define new tests
	

	
	
	PMI
	Define new tests
	

	RedCap with 2RX
	FR1 FDD and HD-FDD (Note 1)
	CQI
	Define new tests
	

	
	
	PMI
	Define new tests
	

	
	FR1 TDD
	CQI
	Define new tests
	

	
	
	PMI
	Define new tests
	

	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



6	Summary
Observation 1: RAN2 introduced ‘eRedCap’ in TS38.300/306 V18.0.0.
eRedCap UE: a UE with enhanced reduced capabilities as specified in clause 4.2.22.1 in TS 38.306.
Observation 2: eRedCap UE can receive PDCCH/PBCH and CSI-RS are transmitted with 20MHz as same as Rel-17 RedCap. 
Observation 3: For eRedCap UE, the maximum TBS for PDSCH is 10,000 bits for SCS=15kHz and 5,000 bits for SCS=30kHz.
Observation 4: For eRedCap UE, the maximum PRB for PDSCH is 25PRB for SCS=15kHz and 12PRB for SCS=30kHz.
Proposal 1: No UE demodulation and CSI reporting requirements in FR2 are applicable for Rel-18 eRedCap UE.
Proposal 2: Define PDSCH demodulation requirements for eRedCap WI with the following setup:
· FR1 FDD (and HD-FDD) SCS=15kHz: 25PRB, TBS ≤ 10,000 bits, 1Rx/2Rx
· FR1 TDD SCS=30kHz: 12PRB, TBS ≤ 5,000 bits, 1Rx/2Rx
Proposal 3: Rel-17 RedCap FR1 PDCCH requirements are applicable for eRedCap UE.
Proposal 4: Rel-17 RedCap FR1 PBCH requirements are applicable for eRedCap UE.
Proposal 5: Rel-17 RedCap FR1 SDR requirements are applicable for eRedCap UE. RAN4 can reuse the existing MCS index table specified in TS 38.101-4 Table 5.5A-5.
Observation 5: TBS with 256QAM exceeds eRedCap FG 48-1 capability. 
Observation 6: TBS with 64QAM with rank 2 exceeds eRedCap FG 48-1 capability. 
Proposal 6: Set PDSCH demodulation requirements for eRedCap with the following configuration:
FDD and HD-FDD
	Test number
	1Rx UE or 2Rx UE
	MCS and rank
	TBS with 5MHz (bits)
	Propagation condition
	Antenna configuration
	Metric
	Reference from TS38.101-4 Table

	1-1
	1Rx UE
	QPSK 1/3
Rank 1
	1928
	TDLB100-400
	2x1 low
	70% of peak rate
	5.2.1.1.1-3 Test 1-1

	1-2
	1Rx UE
	16QAM 0.48
Rank 1
	6272
	TDLC300-100
	2x1 low
	70% of peak rate
	5.2.1.1.1-3 Test 1-2

	1-3
	1Rx UE
	64QAM 0.50
Rank 1
	9992
	TDLA30-10
	2x1 low
	70% of peak rate
	5.2.1.1.1-3 Test 1-3

	1-4
	2Rx UE
	QPSK 1/3
Rank 1
	1928
	TDLB100-400
	2x2 ULA low
	70% of peak rate
	5.2.2.1.17-3 Test 1-1

	1-5
	2Rx UE
	16QAM 0.48
Rank 1
	6272
	TDLC300-100
	2x2 ULA low
	70% of peak rate
	5.2.2.1.17-3 Test 1-2

	1-6
	2Rx UE
	64QAM 0.5 Rank 1
	9992
	TDLA30-10
	2x2 ULA low
	70% of peak rate
	5.2.2.1.17-4
Test 2-1


TDD
	Test number
	1Rx UE or 2Rx UE
	MCS and rank
	TBS with 5MHz (bits)
	TDD UL/DL pattern
	Propagation condition
	Antenna configuration
	Metric
	Reference from TS38.101-4 Table

	1-7
	1Rx UE
	QPSK 1/3
Rank 1
	928
	FR1.30-1A
	TDLB100-400
	2x1 low
	70% of peak rate
	5.2.1.2.1-3 Test 1-1

	1-8
	1Rx UE
	16QAM 0.48
Rank 1
	3104
	FR1.30-1
	TDLC300-100
	2x1 low
	70% of peak rate
	5.2.1.2.1-3 Test 1-2

	1-9
	1Rx UE
	64QAM 0.50
Rank 1
	4736
	FR1.30-1
	TDLA30-10
	2x1 low
	70% of peak rate
	5.2.1.2.1-3 Test 1-3

	1-10
	2Rx UE
	QPSK 1/3
Rank 1
	928
	FR1.30-1A
	TDLB100-400
	2x2 ULA low
	70% of peak rate
	5.2.2.2.18-3 Test 1-1

	1-11
	2Rx UE
	16QAM 0.48
Rank 1
	3104
	FR1.30-1
	TDLC300-100
	2x2 ULA low
	70% of peak rate
	5.2.2.2.18-3 Test 1-2

	1-12
	2Rx UE
	64QAM 0.50
Rank 1
	4736
	FR1.30-1
	TDLA30-10
	2x2 ULA low
	70% of peak rate
	5.2.2.2.18-4 Test 2-1



Observation 7: CSI reporting requirements (CQI/PMI/RI reporting tests) defined for Rel-17 RedCap UE cannot be reused for Rel-18 eRedCap UE.
Observation 8: TBS cannot be increased from CQI index 11 for rank 1 and from CQI 7 for rank 2 for eRedCap UE when RAN4 configures 25PRBs for SCS=15kHz and 12PRBs for SCS=30kHz.
Proposal 7: Define new CQI definition and wideband CQI reporting tests cases for eRedCap UE.
Proposal 8: For CQI reporting test, configure rank 1 for both static and fading condition. 
Proposal 9: Define new CQI-TBS mapping table based on 15RB for SCS=15kHz and 7RB for SCS=30kHz for eRedCap CQI reporting tests.
Proposal 10: For CQI reporting test, set lower SNR test point only. 
CQI definition tests
	Test number
	Duplex
	CBW/SCS
	Antenna configuration
	Channel condition
	Rank
	Test points

	2-1
	FDD/HD-FDD
	15RB/15kHz
	2x1
	AWGN
	1
	[5/6dB]

	2-2
	TDD
	7RB/30kHz
	2x1
	AWGN
	1
	[5/6dB]

	2-3
	FDD/HD-FDD
	15RB/15kHz
	2x2
	AWGN
	1
	[8/9dB]

	2-4
	TDD
	7RB/30kHz
	2x2
	AWGN
	1
	[8/9dB]


Wideband CQI reporting tests
	Test number
	Duplex
	CBW/SCS
	Antenna configuration
	Channel condition
	Rank
	Test points

	2-5
	FDD/HD-FDD
	15RB/15kHz
	2x1, ULA high
	TDLA30-5
	1
	[9/10dB]

	2-6
	TDD
	7RB/30kHz
	2x1, ULA high
	TDLA30-5
	1
	[9/10dB]

	2-7
	FDD/HD-FDD
	15RB/15kHz
	2x2, ULA high
	TDLA30-5
	1
	[6/7dB]

	2-8
	TDD
	7RB/30kHz
	2x2, ULA high
	TDLA30-5
	1
	[6/7dB]


 
Proposal 11: Define new PMI reporting tests cases for eRedCap UE. 
Proposal 12: 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.
FDD and HD-FDD
	Test number
	MCS and rank
	CBW/SCS
	TBS (bits)
	Propagation condition
	Antenna configuration
	Reference from TS38.101-4 Table

	3-1
	16QAM 0.48
Rank 1
	5MHz/15kHz
	5760
	TDLA30-5
	4x1 ULA High
	Table 6.3.1.1.1-1 Test 1

	3-2
	16QAM 0.48
Rank 1
	5MHz/15kHz
	5760
	TDLA30-5
	4x2 XP High
	Table 6.3.2.1.1-1 Test 1


TDD
	Test number
	MCS and rank
	CBW/SCS
	TBS (bits)
	TDD UL/DL pattern
	Propagation condition
	Antenna configuration
	Reference from TS38.101-4 Table

	3-3
	16QAM 0.48
Rank 1
	5MHz/15kHz
	2792
	FR1.30-1
	TDLA30-5
	4x1 ULA High
	Table 6.3.1.2.1-1 Test 1

	3-4
	16QAM 0.48
Rank 1
	5MHz/15kHz
	2792
	FR1.30-1
	TDLA30-5
	4x2 XP High
	Table 6.3.2.2.7-1 Test 1



Proposal 13: Not define RI reporting tests for eRedCap UE. 
Proposal 14: Introduce applicability of demodulation requirements for eRedCap UE as follows in TS 38.101-5 5.1.1.
	UE capability
	Test type
	Test list
	Applicability notes

	eRedCap with 1RX
	FR1 FDD and HD-FDD (Note 1)
	PDSCH
	Define new tests
	

	
	
	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
	Define new tests
	

	
	
	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
	Define new tests
	

	
	
	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
	Define new tests
	

	
	
	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 15: Introduce applicability of CSI reporting requirements for eRedCap UE as follows in TS 38.101-5 6.1.1.
	UE capability
	Test type
	Test list
	Applicability notes

	RedCap with 1RX
	FR1 FDD and HD-FDD (Note 1)
	CQI
	Define new tests
	

	
	
	PMI
	Define new tests
	

	
	FR1 TDD
	CQI
	Define new tests
	

	
	
	PMI
	Define new tests
	

	RedCap with 2RX
	FR1 FDD and HD-FDD (Note 1)
	CQI
	Define new tests
	

	
	
	PMI
	Define new tests
	

	
	FR1 TDD
	CQI
	Define new tests
	

	
	
	PMI
	Define new tests
	

	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
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Appendix
40. NR_redcap_enh
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	[bookmark: _Hlk153468257]48. NR_redcap_enh
	48-1
	RedCap UE with reduced peak data rate and reduced baseband bandwidth in FR1
	The following components are the same as for supportOfRedCap-r17 (28-1):
1. Maximum FR1 RedCap UE bandwidth is 20 MHz.
3. Early indication of RedCap UE in Msg.1 for 4-step RACH
4. Separate initial UL BWP for RedCap UEs
- It includes the configuration(s) needed for RedCap UE to perform random access
- Enabling/disabling of frequency hopping for common PUCCH resources
5. Separate initial DL BWP for RedCap UEs
- It includes CSS/CORESET for random access
- For separate initial DL BWP used for paging, CD-SSB is included
- For separate initial DL BWP only used for RACH, SSB may or may not be included
- For separate initial DL BWP used in connected mode as BWP#0 configuration option 1, CD-SSB is included
6. 1 UE-specific RRC configured DL BWP per carrier
7. 1 UE-specific RRC configured UL BWP per carrier
8. RRC reconfiguration of any parameters related to BWP
9. UE-specific RRC configured DL BWP with CD-SSB or NCD-SSB
10. NCD-SSB based measurements in RRC-configured DL BWP

The following components are new compared to supportOfRedCap-r17 (28-1):
[bookmark: _Hlk153468367]11. DL/UL peak data rate target of 10 Mbps corresponding to vLayers·Qm·f = 3.2
12. Maximum number of PDSCH/PUSCH PRBs that can be scheduled/configured for unicast is 25 PRBs for 15 kHz SCS and is 12 PRBs for 30 kHz SCS
13. Relaxed processing timeline of 1/0.5 ms for 15/30 kHz SCS when the RAR PDSCH and MsgB PDSCH (if supported) is larger than 25/12 PRBs for 15/30 kHz SCS
14. Network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs
15. Maximum number of Msg4 PDSCH PRBs, which is scheduled by DCI scrambled by a TC-RNTI, that can be decoded and maximum number of Msg 3 PUSCH PRBs and Msg A PUSCH PRBs (if supported), which is scheduled by RAR UL grant or by a DCI scrambled by a TC-RNTI, or is configured for a Type-2 random access procedure,  that can be transmitted is 25 PRBs for 15 kHz SCS and is 12 PRBs for 30 kHz SCS
	
	Y
	
	Network assumes the UE is not a RedCap UE with reduced peak data rate and reduced baseband bandwidth in FR1.
	Per UE
	No
	FR1 only
	
	A UE supporting this FG is not required to support FG 6-1.
A UE supporting this FG is not allowed to support FG 28-1.
The specifications for a UE supporting FG 28-1 (‘RedCap UE’) also apply for a UE supporting this FG (FG 48-1) unless stated otherwise.
It is up to RAN2 whether/how to capture the capabilities for early indication of RedCap UE in Msg 3 and Msg A.
It is up to RAN2 whether/how to capture the capabilities for additional separate early indication of Rel-18 eRedCap UE in Msg 3 and Msg A PUSCH.
	Optional with capability signaling
UEs supporting Rel-18 eRedCap UE complexity reduction feature(s) indicate support of this FG instead of FG 28-1 (supportOfRedCap-r17).

	48. NR_redcap_enh
	48-2
	RedCap UE with reduced peak data rate without reduced baseband bandwidth in FR1
	The capabilities of FG 48-2 are the same as for FG 48-1 with following exceptions

Component 11 in FG 48-1 does not apply for FG 48-2, and instead FG 48-2 has DL/UL peak data rate target of 10 Mbps corresponding to vLayers·Qm·f = 0.75 when vLayers = 1 and vLayers·Qm·f = 0.8 when vLayers = 2
Component 12 in FG 48-1 does not apply for FG 48-2.
Component 13 in FG 48-1 is supported by FG 48-2 only for CBRA.
	48-1
	Y
	
	Network assumes the UE is not a RedCap UE with reduced peak data rate without reduced baseband bandwidth in FR1.
	Per UE
	No
	FR1 only
	
	
	Optional with capability signaling



