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1	Introduction
RAN4#101-bis-e agreed on RedCap demodulation and CQI reporting requirements [1]. This contribution discusses the open issues on PDSCH demodulation and SDR requirements for RedCap.
2	PDSCH demodulation
RAN4 agreed to define PDSCH demodulation requirements for RedCap 1Rx UE and 2Rx UE. We understand the motivation to minimize the work effort for defining the performance requirements. However we also need to ensure the test coverage including MCS, rank (for 2Rx UE), fading channel model (low/high delay spread and high/low Doppler spread) and TDD pattern. We also think it is important to apply the same test configuration regardless of FDD/TDD and FR1/FR2. Therefore we propose to define PDSCH with the following configuration for 1Rx/2Rx UEs. We are also fine to define PDSCH with 256QAM in FR1 with optional capability. 
For FR2, as we discussed in our companion paper [2], RAN4 RF session agreed to exclude 1Rx from FR2, but it is FFS whether the supporting 2 MIMO layers is mandatory or not. We therefore propose to define the requirements with 2Rx only for FR2.  
Proposal 1: Define the following PDSCH demodulation requirements for RedCap UE.
FR1 FDD
	1Rx UE or 2Rx UE
	CBW / SCS
	MCS and rank
	Propagation condition
	Antenna configuration
	Metric
	Reference from TS38.101-4 Table
	New / Reuse

	1Rx UE
	10MHz / 15kHz
	QPSK 1/3
Rank 1
	TDLB400-400
	2x1 low
	70% of peak rate
	5.2.2.1.1-3 Test 1-1
	New

	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
	New

	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
	New

	1Rx UE (Optional with UE capability)
	10 MHz / 15kHz
	256QAM 0.82
Rank 1
	TDLA30-10
	2x1 low
	70% of peak rate
	5.2.2.1.1-3 Test 1-3
	New

	2Rx UE
	10MHz / 15kHz
	QPSK 1/3
Rank 1
	TDLB400-400
	2x2 ULA low
	70% of peak rate
	5.2.2.1.1-3 Test 1-1
	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
	New

	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

	2Rx UE (Optional with UE capability)
	10 MHz / 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



FR1 TDD
	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
	New / Reuse

	1Rx UE
	20MHz / 30kHz
	QPSK 1/3
Rank 1
	FR1.30-1A
	TDLB400-400
	2x1 low
	70% of peak rate
	5.2.2.2.1-3 Test 1-1
	New

	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
	New

	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
	New

	1Rx UE (Optional with UE capability)
	20MHz / 30kHz
	256QAM 0.82
Rank 1
	FR1.30-1
	TDLA30-10
	2x1 low
	70% of peak rate
	5.2.2.2.1-3 Test 1-3
	New

	2Rx UE
	20MHz / 30kHz
	QPSK 1/3
Rank 1
	FR1.30-1A
	TDLB400-400
	2x2 ULA low
	70% of peak rate
	5.2.2.2.1-3 Test 1-1
	New

	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
	New

	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
	New

	2Rx UE (Optional with UE capability)
	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
	New



FR2 TDD
	1Rx UE or 2Rx UE
	CBW / SCS
	MCS and rank
	TDD UL/DL pattern
	Propagation condition
	Antenna configuration
	Metric
	Reference from TS38.101-4
	New / Reuse

	1Rx UE
	100MHz / 120kHz
	QPSK 1/3
Rank 1
	FR2.120-1A
	TDLC60-300
	2x1 low
	70% of peak rate
	7.2.2.2.1-3 Test 1-1
	New

	1Rx UE
	100MHz / 120kHz
	16QAM 0.48
Rank 1
	FR2.120-1
	TDLA30-300
	2x1 low
	70% of peak rate
	7.2.2.2.1-4 Test 2-2
	New

	1Rx UE
	100MHz / 120kHz
	64QAM 0.43
Rank 1
	FR2.120-2
	TDLA30-75
	2x1 low
	70% of peak rate
	7.2.2.2.1-4 Test 2-6
	New

	2Rx UE
	100MHz / 120kHz
	QPSK 1/3
Rank 1
	FR2.120-1A
	TDLC60-300
	2x2 ULA low
	70% of peak rate
	7.2.2.2.1-3 Test 1-1
	Reuse

	2Rx UE
	100MHz / 120kHz
	16QAM 0.48
Rank 2
	FR2.120-1
	TDLA30-300
	2x2 ULA low
	70% of peak rate
	7.2.2.2.1-4 Test 2-2
	Reuse

	2Rx UE
	100MHz / 120kHz
	64QAM 0.46
Rank 2
	FR2.120-2
	TDLA30-75
	2x2 ULA low
	70% of peak rate
	7.2.2.2.1-4 Test 2-6
	Reuse




3	SDR requirements
	· Option 1: Existing SDR test methodology can be reused for RedCap 1Rx/2Rx UE. 
· Discuss whether to update MCS configuration and common test parameters for 1 Rx RedCap UE testing
· Option 2: Not introduce SDR tests for RedCap 1Rx/2Rx UE



The purpose of the SDR requirements is to verify that the Layer 1 and Layer 2 correctly process in a sustained manner the received packets corresponding to the maximum data rate indicated by UE capabilities. Although RedCap targets low complexity/cost UE implementation, it also requires DL peak rate of 150Mbps according to WID [3]. Even for FR1, RedCap UE can support the maximum channel bandwidth of 20MHz with 64QAM rank 1. This is the same capability as Rel-14 LTE Cat-1bis device, and RAN4 defined SDR test for Cat-1bis as shown in TS36.101 Table 8.7.1-4. 
We therefore propose to define SDR test for RedCap 1Rx/2Rx UEs. As we discussed in RAN4#101-bis-e, RAN4 need to update the common test parameters in TS 38.101-4 Table 5.5A-1 for FR1 and Table 7.5A.1-1 for FR2, as shown in Table 1 and Table 2.
Proposal 2: Define SDR test for RedCap UE assuming 1Rx for FR1/FR2 and 2Rx for FR1.
[bookmark: _Ref94729954]
Table 1	Possible update of TS 38.101-4 Table 5.5A-1 for RedCap in FR1
	Parameter
	Unit
	Value

	Antenna configuration for non RedCap UE
	1 layer CCs
	
	1x2 or 1x4

	
	2 layers CCs
	
	2x2 or 2x4

	
	4 layers CCs
	
	4x4

	Antenna configuration for RedCap UE
	1 layer
	
	1x1 or 1x2

	
	2 layers
	
	2x2

	Physical signals, channels mapping and precoding
	
	As specified in Annex B.4.1



[bookmark: _Ref94729956]Table 2	Possible update of TS 38.101-4 Table 7.5A.1-1 for RedCap in FR2.
	Parameter
	Unit
	Value

	Antenna configuration for non RedCap UE
	1 layer CCs
	
	1x2 or 1x4

	
	2 layers CCs
	
	2x2 or 2x4

	Antenna configuration for RedCap UE
	1 layer
	
	1x2

	
	2 layers
	
	2x2

	Physical signals, channels mapping and precoding
	
	As specified in Annex B.4.1



4	Summary
Proposal 1: Define the following PDSCH demodulation requirements for RedCap UE.
FR1 FDD
	1Rx UE or 2Rx UE
	CBW / SCS
	MCS and rank
	Propagation condition
	Antenna configuration
	Metric
	Reference from TS38.101-4 Table
	New / Reuse

	1Rx UE
	10MHz / 15kHz
	QPSK 1/3
Rank 1
	TDLB400-400
	2x1 low
	70% of peak rate
	5.2.2.1.1-3 Test 1-1
	New

	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
	New

	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
	New

	1Rx UE (Optional with UE capability)
	10 MHz / 15kHz
	256QAM 0.82
Rank 1
	TDLA30-10
	2x1 low
	70% of peak rate
	5.2.2.1.1-3 Test 1-3
	New

	2Rx UE
	10MHz / 15kHz
	QPSK 1/3
Rank 1
	TDLB400-400
	2x2 ULA low
	70% of peak rate
	5.2.2.1.1-3 Test 1-1
	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
	New

	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

	2Rx UE (Optional with UE capability)
	10 MHz / 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



FR1 TDD
	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
	New / Reuse

	1Rx UE
	20MHz / 30kHz
	QPSK 1/3
Rank 1
	FR1.30-1A
	TDLB400-400
	2x1 low
	70% of peak rate
	5.2.2.2.1-3 Test 1-1
	New

	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
	New

	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
	New

	1Rx UE (Optional with UE capability)
	20MHz / 30kHz
	256QAM 0.82
Rank 1
	FR1.30-1
	TDLA30-10
	2x1 low
	70% of peak rate
	5.2.2.2.1-3 Test 1-3
	New

	2Rx UE
	20MHz / 30kHz
	QPSK 1/3
Rank 1
	FR1.30-1A
	TDLB400-400
	2x2 ULA low
	70% of peak rate
	5.2.2.2.1-3 Test 1-1
	New

	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
	New

	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
	New

	2Rx UE (Optional with UE capability)
	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
	New



FR2 TDD
	1Rx UE or 2Rx UE
	CBW / SCS
	MCS and rank
	TDD UL/DL pattern
	Propagation condition
	Antenna configuration
	Metric
	Reference from TS38.101-4
	New / Reuse

	1Rx UE
	100MHz / 120kHz
	QPSK 1/3
Rank 1
	FR2.120-1A
	TDLC60-300
	2x1 low
	70% of peak rate
	7.2.2.2.1-3 Test 1-1
	New

	1Rx UE
	100MHz / 120kHz
	16QAM 0.48
Rank 1
	FR2.120-1
	TDLA30-300
	2x1 low
	70% of peak rate
	7.2.2.2.1-4 Test 2-2
	New

	1Rx UE
	100MHz / 120kHz
	64QAM 0.43
Rank 1
	FR2.120-2
	TDLA30-75
	2x1 low
	70% of peak rate
	7.2.2.2.1-4 Test 2-6
	New

	2Rx UE
	100MHz / 120kHz
	QPSK 1/3
Rank 1
	FR2.120-1A
	TDLC60-300
	2x2 ULA low
	70% of peak rate
	7.2.2.2.1-3 Test 1-1
	Reuse

	2Rx UE
	100MHz / 120kHz
	16QAM 0.48
Rank 2
	FR2.120-1
	TDLA30-300
	2x2 ULA low
	70% of peak rate
	7.2.2.2.1-4 Test 2-2
	Reuse

	2Rx UE
	100MHz / 120kHz
	64QAM 0.46
Rank 2
	FR2.120-2
	TDLA30-75
	2x2 ULA low
	70% of peak rate
	7.2.2.2.1-4 Test 2-6
	Reuse



Proposal 2: Define SDR test for RedCap UE assuming 1Rx for FR1/FR2 and 2Rx for FR1.
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