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1	Introduction
RAN4#103-e agreed with the WF on RedCap UE demodulation and CQI reporting requirements [1]. This contribution provides our simulation results and discusses the remaining open issues on PDSCH demodulation requirements for RedCap.
2	HD-FDD
	Agreement: UL/DL pattern used for FDD tests for 1Rx UE
· 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
· Test applicability rule: 
· If RedCap UE support only HD-FDD in a FDD band, this UE is tested with HD-FDD mode otherwise UE is tested with FD-FDD mode
· FFS for the UE demodulation and CSI reporting requirements for 2Rx RedCap UE supporting HD-FDD in FDD bands



According to the latest Rel-17 RAN1 feature list [2], the half-duplex FDD feature is independent of the number of receive antennas, that is, 2Rx UE may support HD-FDD in an FDD band instead of full-duplex FDD. 
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Consequence if the feature is not supported by the UE

	28. NR_redcap
	28-3
	Half-duplex FDD operation type A for RedCap UE
	1. Half-duplex FDD operation (instead of full-duplex FDD operation) type A for RedCap UE
	28-1
	UE is assumed to support FD-FDD in that band


Although we think the HD-FDD is mainly supported by 1Rx UE, from the test coverage point of view, it is important to ensure the UE performance if 2Rx RedCap UE supports only HD-FDD in an FDD band. Our preference is therefore to define HD-FDD also for 2Rx UE, and apply the same UE demodulation and CSI reporting requirements regardless of HD-FDD or FD-FDD. 
For reference, the below is an example of specification of PDSCH demodulation requirements of 1Rx and 2Rx. In this example, R.PDSCH.x-y.z HD-FDD is the FRC with HD-FDD pattern (i.e., DDDSU) where the MCS etc. are same as R.PDSCH.1-1.1 HD-FDD.
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5.2.1.1	FDD
5.2.1.1.1	Minimum requirements for RedCap UE
Table 5.2.1.1.x-y: Minimum performance for UE supporting full-duplex FDD
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	R.PDSCH.1-1.1 FDD
	10 / 15
	QPSK, 0.30
	TDLB100-400
	2x1, ULA Low
	70
	TBD



Table 5.2.1.1.x-z: Minimum performance for UE supporting half-duplex FDD
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	2-1
	R.PDSCH.x-y.z HD-FDD
	10 / 15
	QPSK, 0.30
	TDLB100-400
	2x1, ULA Low
	70
	Same as 1-1
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Table 5.2.2.1.x-y: Minimum performance for UE supporting full-duplex FDD
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	R.PDSCH.1-1.1 FDD
	10 / 15
	QPSK, 0.30
	TDLB100-400
	2x2, ULA Low
	70
	-0.8



Table 5.2.2.1.x-z: Minimum performance for UE supporting half-duplex FDD
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	2-1
	R.PDSCH.x-y.z HD-FDD
	10 / 15
	QPSK, 0.30
	TDLB100-400
	2x2, ULA Low
	70
	Same as 2-1






Proposal 1: Specify the UE demodulation and CSI reporting requirements for 2Rx RedCap UE supporting HD-FDD in FDD bands as well as 1Rx UE. The requirements with HD-FDD should be the same as the corresponding (full-duplex) FDD requirements. 
3	PDSCH demodulation
3.1	256QAM PDSCH requirements
The remaining open issues on PDSCH demodulation requirements for RedCap is whether to specify 256QAM demodulation requirements or not for 1Rx UE.
	For 256QAM requirements for 1Rx, 
· Option 1: Define 256QAM demodulation requirements for 1Rx in FR1
· Option 1a: MCS20
· Option 1b: MCS is based on the operating SNR
· Option 2: Not to define 256QAM demodulation requirements for 1Rx in FR1



Since RAN4 has already agreed to define PDSCH demodulation requirements with 256QAM for 2Rx RedCap UE, it is straightforward to define the requirements for 1Rx RedCap UE. Moreover supporting 256QAM is an optional feature for RedCap UE; UE does not need to be tested if it does not support this feature. 
Table 3 shows the ideal simulation results of 256QAM PDSCH according to the way forward. According to the simulation results, it is observed that the required SNR to achieve 70% of peak rate for MCS25 is more than 25dB. We think it is still feasible even if we consider the RF impairment margin, but we also understand the concern from chipset vendors discussed in the last meeting. If we observe the ideal results with MCS20 with 1Rx, it is close to MCS24 with 2Rx which is used for 2Rx RedCap requirements. We are also fine to define 256QAM PDSCH requirements with MCS20 for 1Rx RedCap UE considering the same operating point as MCS24 for 2Rx UE.
[bookmark: _Ref100775212]Table 3	Ideal PDSCH simulation results with 256QAM for 1Rx/2Rx RedCap UEs.
	
	MCS 20
(CR=0.67)
	MCS22
(CR=0.74)
	MCS23
(CR=0.78)
	MCS24
(CR=0.82)

	FDD SCS=15kHz, 1Rx
	21.8
	22.9
	24.4
	25.3

	FDD SCS=15kHz, 2Rx (reference)
	
	
	
	20.8

	TDD SCS=30kHz, 1Rx
	21.8
	23.6
	24.7
	25.8

	TDD SCS=30kHz, 2Rx
	
	
	
	21.1



Proposal 2: RAN4 defines 256QAM demodulation requirements for 1Rx RedCap UE. 
Proposal 3: For 1Rx RedCap UE, set MCS20 for 256QAM demodulation requirements. 

3.2	Simulation results
Table 1 and Table 2 summarizes our simulation results for FDD 15kHz and TDD 30kHz, respectively, according to the simulation assumption in [1]. 
[bookmark: _Ref100774109]Table 1	Summary of PDSCH simulation results for FDD 15kHz.
	1Rx UE or 2Rx UE
	CBW / SCS
	MCS and rank
	Propagation condition
	Antenna configuration
	Metric
	Reference from TS38.101-4 Table
	Alignment results
	Impairment results

	1Rx UE
	10MHz / 15kHz
	QPSK 1/3
Rank 1
	TDLB100-400
	2x1 low
	70% of peak rate
	5.2.2.1.1-3 Test 1-1
	1.0
	3.0

	1Rx UE
	10MHz / 15kHz
	16QAM 0.48
Rank 1
	TDLC300-100
	2x1 low
	70% of peak rate
	5.2.2.1.1-3 Test 1-4
	9.1
	11.1

	1Rx UE
	10MHz / 15kHz
	64QAM 0.50
Rank 1
	TDLA30-10
	2x1 low
	70% of peak rate
	5.2.2.1.1-4 Test 2-1
	13.6
	15.6

	2Rx UE
	10MHz / 15kHz
	QPSK 1/3
Rank 1
	TDLB100-400
	2x2 ULA low
	70% of peak rate
	5.2.2.1.1-3 Test 1-1
	Reuse
	Reuse

	2Rx UE
	10MHz / 15kHz
	16QAM 0.48
Rank 1
	TDLC300-100
	2x2 ULA low
	70% of peak rate
	5.2.2.1.1-3 Test 1-4
	5.1
	7.1

	2Rx UE
	10MHz / 15kHz
	64QAM 0.5 Rank 2
	TDLA30-10
	2x2 ULA low
	70% of peak rate
	5.2.2.1.1-4 Test 2-1
	Reuse
	Reuse

	2Rx UE
	10MHz / 15kHz
	256QAM 0.82
Rank 1
	TDLA30-10
	2x2 ULA low
	70% of peak rate
	5.2.2.1.1-3 Test 1-3
	Reuse
	Reuse




[bookmark: _Ref100774111]Table 2	Summary of PDSCH simulation results for TDD 30kHz. 
	1Rx UE or 2Rx UE
	CBW / SCS
	MCS and rank
	TDD UL/DL pattern
	Propagation condition
	Antenna configuration
	Metric
	Reference from TS38.101-4 Table
	Alignment results
	Impairment results

	1Rx UE
	20MHz / 30kHz
	QPSK 1/3
Rank 1
	FR1.30-1A
	TDLB100-400
	2x1 low
	70% of peak rate
	5.2.2.2.1-3 Test 1-1
	0.7
	2.7

	1Rx UE
	20MHz / 30kHz
	16QAM 0.48
Rank 1
	FR1.30-1
	TDLC300-100
	2x1 low
	70% of peak rate
	5.2.2.2.1-3 Test 1-4
	9.2
	11.2

	1Rx UE
	20MHz / 30kHz
	64QAM 0.50
Rank 1
	FR1.30-1
	TDLA30-10
	2x1 low
	70% of peak rate
	5.2.2.2.1-4 Test 2-1
	13.8
	15.8

	2Rx UE
	20MHz / 30kHz
	QPSK 1/3
Rank 1
	FR1.30-1A
	TDLB100-400
	2x2 ULA low
	70% of peak rate
	5.2.2.2.1-3 Test 1-1
	-2.8
	-0.8

	2Rx UE
	20MHz / 30kHz
	16QAM 0.48
Rank 1
	FR1.30-1
	TDLC300-100
	2x2 ULA low
	70% of peak rate
	5.2.2.2.1-3 Test 1-4
	4.9
	6.9

	2Rx UE
	20MHz / 30kHz
	64QAM 0.50
Rank 2
	FR1.30-1
	TDLA30-10
	2x2 ULA low
	70% of peak rate
	5.2.2.2.1-4 Test 2-1
	16.5
	18.5

	2Rx UE
	20MHz / 30kHz
	256QAM 0.82 
Rank 1
	FR1.30-1
	TDLA30-10
	2x2 ULA low
	70% of peak rate
	5.2.2.2.1-3 Test 1-3
	21.1
	23.1




4	Summary
Proposal 1: Specify the UE demodulation and CSI reporting requirements for 2Rx RedCap UE supporting HD-FDD in FDD bands as well as 1Rx UE. The requirements with HD-FDD should be the same as the corresponding (full-duplex) FDD requirements. 
Proposal 2: RAN4 defines 256QAM demodulation requirements for 1Rx RedCap UE. 
Proposal 3: For 1Rx RedCap UE, set MCS20 for 256QAM demodulation requirements. 
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