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Background
During RAN4#107 meeting, WF [1] on NCR_MT demodulation requirements was approved. In this contribution, we share our views about demodulation performance requirements for NR network-controlled repeaters.
Discussion
General
FR1 requirements
	Agreement: 
· 10MHz for 15kHz SCS and 40MHz for 30kHz SCS for NCR-MT demodulation requirements.
· FFS whether need to consider 5MHz/15kHz



For the channel bandwidth, we think the only one typical value is enough, i.e. 10MHz for 15kHz SCS and 40MHz for 30kHz SCS that is the same value used for the legacy UE requirements and IAB-MT requirements.
Only consider 10MHz for 15kHz SCS and 40MHz for 30kHz SCS for NCR-MT demodulation requirements.
1.1.1 FR2 requirements
	Agreement:
· Option 1: New FR2 requirements shall be defined on PDCCH for signaling of the indication of changing the Access link beam. 
· Option 2: Do not define new requirements on PDCCH for signaling of Access link beam change indication. 



RAN4 do not define performance requirements for all new signaling but just focus on the UE baseband processing. From demodulation point of view, we don’t see any UE algorithm change for the new signaling of Access link beam change indication. So we prefer to not define new requirements on PDCCH for signaling of Access link beam change indication.
Do not define new requirements on PDCCH for signaling of Access link beam change indication.
PDSCH
MCS
	Agreement:  
· MCS 4 (QPSK) for FR1
· QPSK is the same as legacy UE for FR2



As per TS 38.101-4, QPSK with CR 0.30 (MCS4) is used for FR2 legacy UE case, so we confirm that MCS4 is used for FR2 NCR PDSCH requirements.
Confirm that MCS4 is used for FR2 NCR PDSCH requirements.
PDCCH
PDCCH requirements
	Agreement: 
· Reuse IAB-MT and legacy UE requirements as much as possible as baseline.
· FFS for adapt PDCCH requirement for testing of DCI type 2_8 used for access link beam change indication.
· Interesting companies can bring simulation results for DCI type 2_8.



Same as we discussed in section 2.1.2, RAN4 do not define performance requirements for all new signaling but just focus on the UE baseband processing. From demodulation point of view, we don’t see any UE algorithm change for the new signaling of Access link beam change indication. Therefore, to save simulation effort, we propose to reuse same DCI type from IAB-MT and legacy UE requirements for NCR PDCCH requirements.
Reuse same DCI type from IAB-MT and legacy UE requirements for NCR PDCCH requirements.
CSI
PMI requirements
	Agreement: 
· Option1: Define PMI requirements for MCR-MT.
· Option 1A: Testing of performance requirements for PMI reporting is optional (Reuse from IAB-MT). 
· Option 2: No



For the NCR-MT CSI reporting requirements, the only issue is that whether to consider PMI reporting cases. From our understanding, the NCR has the similar deployment scenario as the IAB. The PMI reporting cases for the IAB-MT are already defined in the specification TS 38.174, so we prefer to define PMI reporting cases for the NCR-MT with the test parameters reused from IAB. Since that there is applicability rule defined for the IAB that “Testing of performance requirements for RI and PMI reporting is optional”, we propose to reuse the same applicability for the NCR PMI reporting case to allow different BS implementation.
Define PMI reporting cases for the NCR-MT with the test parameters reused from IAB.
Define applicability rule that “Testing of performance requirements for PMI reporting is optional”.
List for NCR requirements
Overall, we give the following list for NCR requirements.
FR1 PDSCH (4 new simulation is needed)
	Case number
	Bandwidth (MHz)
	SCS (kHz)
	Propagation condition
	Antenna configuration
	Test metric

	1
	10
	15
	TDLA30-10
	2x2
	70% max throughput
1% BLER

	2
	10
	15
	TDLA30-10
	2x4
	70% max throughput
1% BLER

	3
	40
	30
	TDLA30-10
	2x2
	70% max throughput
1% BLER

	4
	40
	30
	TDLA30-10
	2x4
	70% max throughput
1% BLER



	Parameter
	Unit
	Case 1/2
	Case 3/4

	Channel bandwidth
	MHz
	10
	40

	Subcarrier spacing
	kHz
	15
	30

	Allocated resource blocks
	PRBs
	52
	106

	Number of consecutive PDSCH symbols
	
	12
	12

	MCS table
	
	64QAM
	64QAM

	MCS index
	
	4
	4

	Modulation
	
	QPSK
	QPSK

	Target Coding Rate
	
	0.30
	0.30

	Number of MIMO layers
	
	1
	1

	Number of DMRS REs
	
	12
	12

	Overhead for TBS determination
	
	0
	0

	Information Bit Payload per Slot 
	
	4096
	8456

	Transport block CRC per Slot
	
	24
	24

	Number of Code Blocks per Slot
	
	1
	2

	Binary Channel Bits Per Slot
	
	13728
	27984



FR1 PDCCH (1 new simulation is needed)
	Case number
	Bandwidth (MHz)
	SCS (kHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Propagation condition
	Antenna configuration
	Test metric
	SNR reused (dB)

	1
	10
	15
	24
	2
	2
	TDLA30-10
	1x2
	1% BLER
	8.1

	2
	10
	15
	24
	2
	2
	TDLA30-10
	1x4
	1% BLER
	2.2

	3
	10
	15
	48
	2
	4
	TDLA30-10
	1x2
	1% BLER
	5.5

	4
	10
	15
	48
	2
	4
	TDLA30-10
	1x4
	1% BLER
	0.2

	5
	10
	15
	48
	1
	8
	TDLA30-10
	2x2
	1% BLER
	-0.2

	6
	10
	15
	48
	1
	8
	TDLA30-10
	2x4
	1% BLER
	x

	7
	40
	30
	102
	1
	2
	TDLA30-10
	1x2
	1% BLER
	7.0

	8
	40
	30
	102
	1
	2
	TDLA30-10
	1x4
	1% BLER
	2.1

	9
	40
	30
	102
	1
	4
	TDLA30-10
	1x2
	1% BLER
	4.9

	10
	40
	30
	102
	1
	4
	TDLA30-10
	1x4
	1% BLER
	0.7

	11
	40
	30
	90
	1
	8
	TDLA30-10
	2x2
	1% BLER
	-0.7

	12
	40
	30
	90
	1
	8
	TDLA30-10
	2x4
	1% BLER
	-4.1



	Parameter
	Unit
	Case 1/2
	Case 3/4
	Case 5/6
	Case 7/8
	Case 9/10
	Case 11/12

	Subcarrier spacing
	kHz
	15
	15
	15
	30
	30
	30

	CORESET frequency domain allocation
	
	24
	48
	48
	102
	102
	90

	CORESET time domain allocation
	
	2
	2
	1
	1
	1
	1

	Aggregation level
	
	2
	4
	8
	2
	4
	8

	DCI Format
	
	1_0
	1_1
	1_1
	1_0
	1_1
	1_1

	Payload (without CRC)
	Bits
	39
	52
	52
	41
	53
	53



FR1 CQI (no new simulation is needed)
	Parameter
	Unit
	Test1
	Test2
	Test3
	Test4
	Test5
	Test6
	Test7
	Test8

	Bandwidth
	MHz
	10
	10
	40
	40

	Subcarrier spacing
	kHz
	15
	15
	30
	30

	Default TDD UL-DL pattern (Note 1)
	
	3D1S1U, S=10D:2G:2U
	3D1S1U, S=10D:2G:2U
	7D1S2U, S=6D:4G:4U
	7D1S2U, S=6D:4G:4U

	SNR
	 dB
	8
	9
	14
	15
	5
	6
	11
	12
	8
	9
	14
	15
	5
	6
	11
	12

	Propagation channel
	
	AWGN
	AWGN
	AWGN
	AWGN

	Antenna configuration
	
	2x2
	2x4
	2x2
	2x4

	NZP CSI-RS for CSI acquisition
	CSI-RS resource Type
	
	Periodic
	Periodic
	Periodic
	Periodic

	
	Number of CSI-RS ports (X)
	
	2
	2
	2
	2

	
	CDM Type
	
	FD-CDM2
	FD-CDM2
	FD-CDM2
	FD-CDM2

	
	Density (ρ)
	
	1
	1
	1
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1)
	
	Row 3,(6,-)
	Row 3,(6,-)
	Row 3,(6,-)
	Row 3,(6,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	13
	13
	13
	13

	
	NZP CSI-RS-timeConfig
periodicity and offset
	slot
	5/1
	5/1
	10/1
	10/1

	ReportConfigType
	
	Periodic
	Periodic
	Periodic
	Periodic

	CQI-table
	
	Table 2
	Table 2
	Table 2
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI
	cri-RI-PMI-CQI
	cri-RI-PMI-CQI
	cri-RI-PMI-CQI

	cqi-FormatIndicator
	
	Wideband
	Wideband
	Wideband
	Wideband

	pmi-FormatIndicator  
	
	Wideband
	Wideband
	Wideband
	Wideband

	Sub-band Size
	RB
	8
	8
	16
	16

	Csi-ReportingBand
	
	1111111
	1111111
	1111111
	1111111

	CSI-Report periodicity and offset
	slot
	5/0
	5/0
	10/9
	10/9

	Codebook configuration
	Codebook Type
	
	typeI-SinglePanel
	typeI-SinglePanel
	typeI-SinglePanel
	typeI-SinglePanel

	
	Codebook Mode
	
	1
	1
	1
	1

	
	(CodebookConfig-N1, CodebookConfig-N2)
	
	Not configured
	Not configured
	Not configured
	Not configured

	
	CodebookSubsetRestriction
	
	010000
	010000
	010000
	010000

	
	RI Restriction
	
	N/A
	N/A
	N/A
	N/A

	CQI/RI/PMI delay
	ms
	8
	8
	9.5
	9.5

	Maximum number of HARQ transmission
	
	1
	1
	1
	1

	Note 1:	The same requirements are applicable for FDD and TDD with different UL-DL pattern.
Note 2:	If the NCR-MT reports in an available uplink reporting instance at slot #n based on CQI estimation at a downlink slot not later than slot#(n-4), this reported CQI cannot be applied at the gNB downlink before slot#(n+4).
Note 3:	SSB, TRS, CSI-RS, and/or other unspecified test parameters with respect to TS 38.101-4 are left up to test implementation, if transmitted or needed.



FR1 PMI (no new simulation is needed)
	Parameter
	Unit
	Test1
	Test2
	Test3
	Test4
	Test5
	Test6
	Test7
	Test8

	Bandwidth
	MHz
	10
	10
	40
	40

	Subcarrier spacing
	kHz
	15
	15
	30
	30

	TDD DL-UL configuration (Note 1)
	
	3D1S1U, S=10D:2G:2U
	3D1S1U, S=10D:2G:2U
	7D1S2U, S=6D:4G:4U
	7D1S2U, S=6D:4G:4U

	Propagation channel
	
	TDLA30-5
	TDLA30-5
	TDLA30-5
	TDLA30-5

	Antenna configuration
	
	High XP 4 x 2
(N1,N2) = (2,1)
	High XP 8 x 2
(N1,N2) = (4,1)
	High XP 4 x 4
(N1,N2) = (2,1)
	High XP 8 x 4
(N1,N2) = (4,1)
	High XP 4 x 2
(N1,N2) = (2,1)
	High XP 8 x 2
(N1,N2) = (4,1)
	High XP 4 x 4
(N1,N2) = (2,1)
	High XP 8 x 4
(N1,N2) = (4,1)

	NZP CSI-RS for CSI acquisition

	CSI-RS resource Type
	
	Periodic
	Periodic
	Periodic
	Periodic

	
	Number of CSI-RS ports (X)
	
	4
	8
	4
	8
	4
	8
	4
	8

	
	CDM Type
	
	FD-CDM2
	CDM4 (FD2, TD2)
	FD-CDM2
	CDM4 (FD2, TD2)
	FD-CDM2
	CDM4 (FD2, TD2)
	FD-CDM2
	CDM4 (FD2, TD2)

	
	Density (ρ)
	
	1
	1
	1
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1)
	
	Row 4, (0,-)
	Row 8, (4,6)
	Row 4, (0,-)
	Row 8, (4,6)
	Row 4, (0,-)
	Row 8, (4,6)
	Row 4, (0,-)
	Row 8, (4,6)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(13,-)
	(5,-)
	(13,-)
	(5,-)
	(13,-)
	(5,-)
	(13,-)
	(5,-)

	
	NZP CSI-RS-timeConfig periodicity and offset
	slot
	5/1
	5/1
	10/1
	10/1

	ReportConfigType
	
	Periodic
	Periodic
	Periodic
	Periodic

	CQI-table
	
	Table 1
	Table 1
	Table 1
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI
	cri-RI-PMI-CQI
	cri-RI-PMI-CQI
	cri-RI-PMI-CQI

	cqi-FormatIndicator
	
	Wideband
	Wideband
	Wideband
	Wideband

	pmi-FormatIndicator  
	
	Wideband
	Wideband
	Wideband
	Wideband

	Sub-band Size
	RB
	8
	8
	16
	16

	csi-ReportingBand
	
	1111111
	1111111
	1111111
	1111111

	CSI-Report interval and offset
	slot
	Not configured
	Not configured
	Not configured
	Not configured

	CSI-Report periodicity and offset
	
	5/0
	5/0
	10/9
	10/9

	Codebook configuration
	Codebook Type
	
	typeI-SinglePanel
	typeI-SinglePanel
	typeI-SinglePanel
	typeI-SinglePanel

	
	Codebook Mode
	
	1
	1
	1
	1

	
	(CodebookConfig-N1, CodebookConfig-N2)
	
	(2,1)
	(4,1)
	(2,1)
	(4,1)
	(2,1)
	(4,1)
	(2,1)
	(4,1)

	
	(CodebookConfig-O1, CodebookConfig-O2)
	
	(4,1)
	(4,1)
	(4,1)
	(4,1)

	
	CodebookSubsetRestriction
	
	11111111
	0x FFFF
	11111111
	0x FFFF
	11111111
	0x FFFF
	11111111
	0x FFFF

	
	RI Restriction
	
	00000001
	00000010
	00000001
	00000010
	00000001
	00000010
	00000001
	00000010

	CQI/RI/PMI delay 
	ms
	5.5
	6.5
	5.5
	6.5
	5.5
	6.5
	5.5
	6.5

	Maximum number of HARQ transmission
	
	4
	4
	4
	4

	Note 1:	The same requirements are applicable for TDD with different UL-DL pattern.
Note 2:	When Throughput is measured using random precoder selection, the precoder shall be updated in each slot (0.5 ms granularity) with equal probability of each applicable i1, i2 combination.
Note 3:	If the NCR-MT reports in an available uplink reporting instance at slot#n based on PMI estimation at a downlink slot not later than slot#(n-4) for test 1 and not later than slot#(n-6) for test 2, this reported PMI cannot be applied at the gNB downlink before slot#(n+4) for test 1 and before slot#(n+6) for test 2.
Note 4:	Randomization of the principle beam direction shall be used.
Note 5:	SSB, TRS, CSI-RS, and/or other unspecified test parameters with respect to TS 38.101-4 are left up to test implementation, if transmitted or needed.



	Parameter
	Test1
	Test2
	Test3
	Test4
	Test5
	Test6
	Test7
	Test8

	
	1.3
	1.5
	1.3
	1.5
	1.3
	1.5
	1.3
	1.5



FR2 PDSCH (2 new simulation is needed)
	Case number
	Bandwidth (MHz)
	SCS (kHz)
	Propagation condition
	Antenna configuration
	Test metric

	1
	100
	120
	TDLA30-75
	2x2
	70% max throughput
1% BLER

	2
	100
	120
	TDLA30-75
	2x4
	70% max throughput
1% BLER



	Parameter
	Unit
	Case 1/2

	Channel bandwidth
	MHz
	100

	Subcarrier spacing
	kHz
	120

	Allocated resource blocks
	PRBs
	66

	Number of consecutive PDSCH symbols
	
	13

	MCS table
	
	64QAM

	MCS index
	
	4

	Modulation
	
	QPSK

	Target Coding Rate
	
	0.30

	Number of MIMO layers
	
	1

	Number of DMRS REs
	
	12

	Overhead for TBS determination
	
	0

	Information Bit Payload per Slot 
	
	5504

	Transport block CRC per Slot
	
	24

	Number of Code Blocks per Slot
	
	1

	Binary Channel Bits Per Slot
	
	18282



FR2 PDCCH (no new simulation is needed)
	Case number
	Bandwidth (MHz)
	SCS (kHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Propagation condition
	Antenna configuration
	Test metric
	SNR (dB)

	1
	100
	120
	60
	1
	2
	TDLA30-75
	1x2
	1% BLER
	6.4

	2
	100
	120
	60
	1
	4
	TDLA30-75
	1x2
	1% BLER
	2.9

	3
	100
	120
	60
	1
	8
	TDLA30-75
	2x2
	1% BLER
	0.1



	Parameter
	Unit
	Case 1
	Case 2
	Case 3

	Subcarrier spacing
	kHz
	30
	30
	30

	CORESET frequency domain allocation
	
	102
	102
	90

	CORESET time domain allocation
	
	1
	1
	1

	Aggregation level
	
	2
	4
	8

	DCI Format
	
	1_0
	1_1
	1_1

	Payload (without CRC)
	Bits
	41
	53
	53



FR2 CQI (no new simulation is needed)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	100

	Subcarrier spacing
	kHz
	120

	Duplex Mode
	
	TDD

	Default TDD UL-DL pattern (Note 1)
	
	3D1S1U

	Special Slot Configuration
	
	10D+2G+2U

	SNRBB 
	 dB
	8
	9
	14
	15

	Propagation channel
	
	AWGN

	Antenna configuration
	
	2×2 with static channel specified in Annex I.1

	NZP CSI-RS for CSI acquisition

	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	2

	
	CDM Type
	
	fd-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	6

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	13

	
	NZP CSI-RS-timeConfig
periodicity and offset
	slot
	5/1

	ReportConfigType
	
	Periodic

	CQI-table
	
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	8

	csi-ReportingBand
	
	111111111

	CSI-Report periodicity and offset
	slot
	5/0

	Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	Not configured

	
	CodebookSubsetRestriction
	
	010000

	
	RI Restriction
	
	N/A

	Maximum number of HARQ transmission
	
	1

	Note 1:	The same requirements are applicable to with different UL-DL patterns.
Note 2:	If the NCR-MT reports in an available uplink reporting instance at slot #n based on CQI estimation at a downlink slot not later than slot#(n-4), this reported CQI cannot be applied at the gNB downlink before slot#(n+4).
Note 3:	SSB, TRS, CSI-RS, and/or other unspecified test parameters with respect to TS 38.101-4 are left up to test implementation, if transmitted or needed.



FR2 PMI (no new simulation is needed)
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	100

	Subcarrier spacing
	kHz
	120

	Default TDD UL-DL pattern (Note 1)
	
	3D1S1U

	Special Slot Configuration
	
	10D+2G+2U

	Propagation channel
	
	TDLA30-35

	Antenna configuration
	
	2 x 2 ULA Low

	NZP CSI-RS for CSI acquisition
	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	2

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 3, (6,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(13,-)

	
	CSI-RS
interval and offset
	slot
	5/1

	ReportConfigType
	
	Periodic

	CQI-table
	
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	8

	csi-ReportingBand
	
	111111111

	CSI-Report interval and offset
	slot
	5/0

	Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	N/A

	
	CodebookSubsetRestriction
	
	001111

	
	RI Restriction
	
	N/A

	CQI/RI/PMI delay
	ms
	1.75

	Maximum number of HARQ transmission
	
	4

	Note 1: 	The same requirements are applicable for FDD and TDD with different UL-DL pattern.
Note 2:	For random precoder selection, the precoder shall be updated in each slot (0.125 ms granularity).
Note 3:	If the NCR-MT reports in an available uplink reporting instance at slot #n based on PMI estimation at a downlink slot not later than slot#(n-4), this reported PMI cannot be applied at the gNB downlink before slot#(n+4).
Note 4:	Randomization of the principle beam direction shall be used.
Note 5:	SSB, TRS, CSI-RS and/or other unspecified test parameters with respect to TS 38.101-4 are left up to test implementation, if transmitted or needed



	Parameter
	Test 1

	
	1.05



Use above list for NCR requirements.
Proposals
In this contribution, we discuss on demodulation performance requirements for NR network-controlled repeaters. Our observations and proposals are:
1. Only consider 10MHz for 15kHz SCS and 40MHz for 30kHz SCS for NCR-MT demodulation requirements.
Do not define new requirements on PDCCH for signaling of Access link beam change indication.
Confirm that MCS4 is used for FR2 NCR PDSCH requirements.
Reuse same DCI type from IAB-MT and legacy UE requirements for NCR PDCCH requirements.
Define PMI reporting cases for the NCR-MT with the test parameters reused from IAB.
Define applicability rule that “Testing of performance requirements for PMI reporting is optional”.
Use above list for NCR requirements.
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