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< ---------------                                                         Start of change                                                                         --------------------->
[bookmark: _Toc535443047]6	CSI reporting requirements (Conducted requirements)
[bookmark: _Toc535443048]6.1	General
This section includes conducted requirements for the reporting of channel state information (CSI).
[bookmark: _Toc535443049]6.1.1	Applicability of requirements
[bookmark: _Toc535443050]6.1.2	Common test parameters
Parameters specified in Table 6.1.2-1 are applied for all test cases in this section unless otherwise stated.
Table 6.1.2-1: Test parameters for CSI test cases
	Parameter
	Unit
	Value

	PDSCH transmission scheme
	
	Transmission scheme 1

	EPRE ratio of PTRS to PDSCH
	dB
	

	Active DL BWP index
	
	1

	Cyclic prefix
	
	Normal

	Common serving cell parameters
	Physical Cell ID
	
	0

	
	SSB position in burst
	
	First SSB in Slot #0

	
	SSB periodicity
	ms
	20

	PDCCH configuration
	Slots for PDCCH monitoring
	
	Each slot

	
	Symbols with PDCCH
	
	0,1

	
	Number of PDCCH candidates and aggregation levels
	
	1/[8]

	
	DCI format
	
	1_1

	
	TCI state
	
	TCI state #1

	Cross carrier scheduling
	
	Not configured

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	0

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Length
	
	Single-symbol DM-RS

	
	DMRS ports indexes
	
	{1000} for Rank1
{1000,1001} for Rank2
{1000,1001,1002} for Rank3
{1000,1001,1002,1003} for Rank4

	
	Number of PDSCH DMRS CDM group(s) without data
	
	2

	PTRS configuration
	Frequency density (KPT-RS)
	
	N/A

	
	Time density (LPT-RS)
	
	N/A

	CSI-RS for tracking
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	[0]

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	[4]

	
	Number of CSI-RS ports (X)
	
	1

	
	CDM Type
	
	No CDM

	
	Density (ρ)
	
	3

	
	CSI-RS periodicity
	slot
	15 kHz SCS: 20
30 kHz SCS: 40

	
	CSI-RS offset
	slot
	15 kHz SCS:
10 for CSI-RS resource 1 and 2
11 for CSI-RS resource 3 and 4

30 kHz SCS:
20 for CSI-RS resource 1 and 2
21 for CSI-RS resource 3 and 4

	
	Frequency Occupation
	
	Start PRB 0
Number of PRB = BWP size

	
	QCL info
	
	TCI state #0

	NZP CSI-RS for CSI acquisition
	Frequency Occupation
	
	Start PRB 0
Number of PRB = BWP size

	
	QCL info
	
	TCI state #1

	ZP CSI-RS for CSI acquisition
	Frequency Occupation
	
	Start PRB 0
Number of PRB = BWP size

	TCI state #0
	Type 1 QCL information

	SSB index
	
	SSB #0

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information

	SSB index
	
	N/A

	
	
	QCL Type
	
	N/A

	TCI state #1
	Type 1 QCL information

	CSI-RS resource
	
	CSI-RS resource 1 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	
	Type A

	
	Type 2 QCL information

	CSI-RS resource
	
	N/A

	
	
	QCL Type
	
	N/A

	Number of HARQ Processes
	
	4 For FDD
8 for TDD

	HARQ ACK/NACK bundling
	
	Multiplexed

	Redundancy version coding sequence
	
	{0,2,3,1}

	K1 value
(PDSCH-to-HARQ-timing-indicator)
	
	2 for FDD
Defined in Annex A.1.2 for TDD

	Symbols for unused Res
	
	OCNG as specified in A.5

	Note 1:	PDSCH is not scheduled on slots containing CSI-RS or slots which are not full DL.
Note 2:	UE assumes that the TCI state for the PDSCH is identical to the TCI state applied for the PDCCH transmission.



[bookmark: _Toc535443051]6.2	Reporting of Channel Quality Indicator (CQI)
<Editor’s note: The requirements were introduced based on current results from companies; these requirements can be revised based on more results from companies.>
This section includes the requirements for the reporting of channel quality indicator (CQI).
[bookmark: _Toc535443052]6.2.1	1RX requirements
(Void)
[bookmark: _Toc535443053]6.2.2	2RX requirements
This sub-clause includes the requirements for reporting of CQI for UE equipped with 2 receiver antennas.
[bookmark: _Toc535443054]6.2.2.1	FDD
[bookmark: _Toc535443055]6.2.2.1.1	CQI reporting definition under AWGN conditions
The reporting accuracy of the channel quality indicator (CQI) under frequency non-selective conditions is determined by the reporting variance and the BLER performance using the transport format indicated by the reported CQI median. The purpose is to verify that the reported CQI values are in accordance with the CQI definition given in TS 38.214 [12]. To account for sensitivity of the input SNR the reporting definition is considered to be verified if the reporting accuracy is met for at least one of two SNR levels separated by an offset of [1] dB.
[bookmark: _Toc535443056]6.2.2.1.1.1	Minimum requirement for periodic CQI reporting
For the parameters specified in Table 6.2.2.1.1.1-1, and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified by the following:
a)	The reported CQI value according to the reference channel shall be in the range of ±1 of the reported median more than [90]% of the time.
b)	If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, then the BLER using the transport format indicated by the (median CQI+1) shall be greater than 0.1. If the PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, then the BLER using transport format indicated by (median CQI-1) shall be less than or equal to 0.1.
Table 6.2.2.1.1.1-1: CQI reporting definition test
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	Duplex Mode
	
	FDD

	DL BWP configuration #1
	First PRB 
	
	0

	
	Number of contiguous PRB
	
	52

	
	Subcarrier spacing
	kHz
	15

	 SNR
	 dB
	[8]
	[9]
	[14]
	[15]

	Propagation channel
	
	AWGN

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

	Beamforming Model
	
	As specified in Section [Annex TBD]Annex B.4.1

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	Row 5,4

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	9

	
	CSI-RS
periodicity and offset
	slot
	5/1

	
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 )
	
	Row 3,(6,-)

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

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

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4, 9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	5/1

	ReportConfigType
	
	Periodic

	CQI-table
	
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	N/A

	CSI-Report periodicity and offset
	slot
	5/1

	aperiodicTriggeringOffset
	
	Not configured

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	Not configured

	
	CodebookSubsetRestriction
	
	[010000]

	
	RI Restriction
	
	[N/A]

	Physical channel for CSI report
	
	[PUCCH]

	CQI/RI/PMI delay 
	ms
	8

	Maximum number of HARQ transmission
	
	1

	Measurement channel
	
	As specified in Table A.4-1, TBS.2-2



[bookmark: _Toc535443057]6.2.2.1.2	CQI reporting under fading conditions
[bookmark: _Toc535443058]6.2.2.1.2.1	Minimum requirement for wideband CQI reporting
The purpose of the requirements is to verify that the UE is tracking the channel variations and selecting the largest transport format possible according to the prevailing channel state for the frequency non-selective scheduling.
The reporting accuracy of CQI under frequency non-selective fading conditions is determined by the reporting variance, the relative increase of the throughput obtained when the transport format is indicated by the reported CQI compared to the throughput obtained when a fixed transport format is configured according to the reported median CQI, and a minimum BLER using the transport formats indicated by the reported CQI. To account for sensitivity of the input SNR the sub-band CQI reporting under frequency selective fading conditions is considered to be verified if the reporting accuracy is met for at least one of two SNR levels separated by an offset of [1] dB.
For the parameters specified in Table 6.2.2.1.2.1-1 and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified by the following:
a)	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% is specified in Table 6.2.2.1.2.1-2;
b)	The ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index and that obtained when transmitting a fixed transport format configured according to the wideband CQI median shall be ≥ γ, where γ is specified in Table 6.2.2.1.2.1-2;
c)	When transmitting the transport format indicated by each reported wideband CQI index, the average BLER for the indicated transport formats shall be greater than or equal to [0.02].
Table 6.2.2.1.2.1-1: Wideband CQI reporting test under frequency non-selective fading conditions
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	Duplex Mode
	
	FDD

	DL BWP configuration #1
	First PRB 
	
	0

	
	Number of contiguous PRB
	
	52

	
	Subcarrier spacing
	kHz
	15

	 SNR
	 dB
	[6]
	[7]
	[12]
	[13]

	Propagation channel
	
	TDLA30-5

	Antenna configuration
	
	2×2 

	Correlation configuration
	
	ULA high

	Beamforming Model
	
	As specified in Section [Annex TBD]Annex B.4.1

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	Row 5,4

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	9

	
	CSI-RS
periodicity and offset
	slot
	5/1

	
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 )
	
	Row 3,(6,-)

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

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

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4, 9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	5/1

	ReportConfigType
	
	Periodic

	CQI-table
	
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	[8]

	Csi-ReportingBand
	
	[1111111]

	CSI-Report periodicity and offset
	slot
	5/1

	aperiodicTriggeringOffset
	
	Not configured

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	Not configured

	
	CodebookSubsetRestriction
	
	000001

	
	RI Restriction
	
	[N/A]

	Physical channel for CSI report
	
	[PUCCH]

	CQI/RI/PMI delay 
	ms
	8

	Maximum number of HARQ transmission
	
	1

	Measurement channel
	
	As specified in Table A.4-1, TBS.2-1



Table 6.2.2.1.2.1-2: Minimum requirements
	Parameters
	Test 1
	Test 2

	 [%]
	[20]
	[20]

	 
	[1.05]
	[1.05]



[bookmark: _Toc535443059]6.2.2.1.2.2	Minimum requirement for sub-band CQI reporting
The purpose of the requirements is to verify that the preferred sub-bands can be used for frequency-selective scheduling under the frequency-selective fading conditions.
The accuracy of sub-band channel CQI reporting under the frequency-selective fading conditions is determined by a double-sided percentile of  the reported differential CQI offset level 0 per sub-band, and the relative increase of the throughput obtained when transmitting the transport format indicated by the corresponding reported sub-band CQI on a randomly selected sub-band among the sub-bands with the highest reported differential CQI offset level compared to the throughput when transmitting a fixed transport format according to the wideband CQI median on a randomly selected sub-band among all the sub-bands.
For the parameters specified in Table 6.2.2.1.2.2-1 and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified by the following:
a)	A sub-band differential CQI offset level of 0 shall be reported at least α% of the time but less than β% of the time for each sub-band, where α and β are specified in Table 6.2.2.1.2.2-2;
b)	The ratio of the throughput obtained when transmitting the corresponding transport format on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level and that obtained when transmitting the transport format indicated by the reported wideband CQI median on a randomly selected sub-band among all the sub-bands shall be ≥ γ, where γ is specified in Table 6.2.2.1.2.2-2;
c)	When transmitting the corresponding transport format on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level, the average BLER for the indicated transport format shall be greater than or equal to TBD[0.02].
The requirements only apply for sub-bands of full size and the random scheduling across the sub-bands is done by selecting a new sub-band in each TTI for FDD.

Table 6.2.2.1.2.2-1: Sub-band CQI reporting test under frequency-selective fading conditions
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	Duplex Mode
	
	FDD

	DL BWP configuration #1
	First PRB 
	
	0

	
	Number of contiguous PRB
	
	52

	
	Subcarrier spacing
	kHz
	15

	 SNR
	 dB
	TBD[8]
	TBD[9]
	TBD[14]
	TBD[15]

	Propagation channel
	
	[Two tap model specified in Annex B.2.4 with a=1, fD = 5Hz, and τd=0.45μs]

	Antenna configuration
	
	TBD 2×2

	Correlation configuration
	
	As per Annex B.1

	Beamforming Model
	
	As specified in Section [Annex TBD]Annex B.4.1

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	Row 5,4

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	9

	
	CSI-RS
periodicity and offset
	slot
	5/1

	
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 )
	
	Row 3,(6,-)

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

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

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4, 9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	5/1

	ReportConfigType
	
	Periodic

	CQI-table
	
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Subband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	8

	CSI-Report periodicity and offset
	slot
	5/1

	aperiodicTriggeringOffset
	
	Not configured

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	Not configured

	
	CodebookSubsetRestriction
	
	000001

	
	RI Restriction
	
	[N/A]

	Physical channel for CSI report
	
	TBD

	CQI/RI/PMI delay 
	ms
	8

	Maximum number of HARQ transmission
	
	1

	Measurement channel
	
	TBD



Table 6.2.2.1.2.2-2: Minimum requirements
	Parameters
	Test 1
	Test 2

	α [%]
	TBD[2]
	TBD[2]

	β [%]
	[55]TBD
	TBD[55]

	 
	TBD[1.05]
	TBD[1.05]



[bookmark: _Toc535443060]6.2.2.2	TDD
[bookmark: _Toc535443061]6.2.2.2.1	CQI reporting definition under AWGN conditions
[bookmark: _Toc535443062]6.2.2.2.1.1	Minimum requirement for periodic CQI reporting
The purpose of the requirements is to verify that the reported CQI values are in accordance with the CQI definition given in TS38.214 [12]. The reporting accuracy of CQI under AWGN condition is determined by the reporting variance and BLER performance using the transport format indicated by the reported CQI median.
For the parameters specified in Table 6.2.2.2.1.1-1, and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified by the following:
a)	The reported CQI value according to the reference channel shall be in the range of ±1 of the reported median more than [90]% of the time.
b)	If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, then the BLER using the transport format indicated by the (median CQI+1) shall be greater than 0.1. If the PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, then the BLER using transport format indicated by (median CQI-1) shall be less than or equal to 0.1.
Table 6.2.2.2.1.1-1: CQI reporting definition test
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	40

	Duplex Mode
	
	TDD

	TDD UL-DL pattern
	
	FR1.30-1

	DL BWP configuration #1
	First PRB 
	
	0

	
	Number of contiguous PRB
	
	106

	
	Subcarrier spacing
	kHz
	30

	 SNR
	 dB
	[8]
	[9]
	[14]
	[15]

	Propagation channel
	
	AWGN

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

	Beamforming Model
	
	As specified in Section [Annex TBD]Annex B.4.1

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	Row 5,4

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	9

	
	CSI-RS
periodicity and offset
	slot
	10/1

	
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 )
	
	Row 3,(6,-)

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

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

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4, 9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	10/1

	ReportConfigType
	
	Periodic

	CQI-table
	
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	N/A

	CSI-Report periodicity and offset
	slot
	10/1

	aperiodicTriggeringOffset
	
	Not configured

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	Not configured

	
	CodebookSubsetRestriction
	
	[010000]

	
	RI Restriction
	
	[N/A]

	Physical channel for CSI report
	
	[PUCCH]

	CQI/RI/PMI delay 
	ms
	[9.5]

	Maximum number of HARQ transmission
	
	1

	Measurement channel
	
	As specified in Table A.4-1, TBS.2-4



[bookmark: _Toc535443063]6.2.2.2.2	Wideband CQI reporting under fading conditions
[bookmark: _Toc535443064]6.2.2.2.2.1	Minimum requirement for wideband CQI reporting
The purpose of the requirements is to verify that the UE is tracking the channel variations and selecting the largest transport format possible according to the prevailing channel state for the frequency non-selective scheduling.
The reporting accuracy of CQI under frequency non-selective fading conditions is determined by the reporting variance, the relative increase of the throughput obtained when the transport format is indicated by the reported CQI compared to the throughput obtained when a fixed transport format is configured according to the reported median CQI, and a minimum BLER using the transport formats indicated by the reported CQI.
For the parameters specified in Table 6.2.2.2.2.1-1 and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified by the following:
a)	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% is specified in Table 6.2.2.2.2.1-2;
b)	The ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index and that obtained when transmitting a fixed transport format configured according to the wideband CQI median shall be ≥ γ, where γ is specified in Table 6.2.2.2.2.1-2;
c)	When transmitting the transport format indicated by each reported wideband CQI index, the average BLER for the indicated transport formats shall be greater than or equal to [0.02].
Table 6.2.2.2.2.1-1: Wideband CQI reporting test under frequency non-selective fading conditions
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	40

	Duplex Mode
	
	TDD

	TDD UL-DL pattern
	
	FR1.30-1

	DL BWP configuration #1
	First PRB 
	
	0

	
	Number of contiguous PRB
	
	106

	
	Subcarrier spacing
	kHz
	30

	 SNR
	 dB
	
6
	
7
	
12
	
13

	Propagation channel
	
	[TDLA30-5]

	Antenna configuration
	
	2×2 

	Correlation configuration
	
	ULA high

	Beamforming Model
	
	As specified in Section [Annex TBD]Annex B.4.1

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	Row 5,4

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	9

	
	CSI-RS
periodicity and offset
	slot
	10/1

	
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 )
	
	Row 3,(6,-)

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

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

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4, 9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	10/1

	ReportConfigType
	
	Periodic

	CQI-table
	
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	[16]

	Csi-ReportingBand
	
	[1111111]

	CSI-Report periodicity and offset
	slot
	10/1

	aperiodicTriggeringOffset
	
	Not configured

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	Not configured

	
	CodebookSubsetRestriction
	
	000001

	
	RI Restriction
	
	[N/A]

	Physical channel for CSI report
	
	[PUCCH]

	CQI/RI/PMI delay 
	ms
	[9.5]

	Maximum number of HARQ transmission
	
	1

	Measurement channel
	
	As specified in Table A.4-1, TBS.2-3



Table 6.2.2.2.2.1-2: Minimum requirements
	Parameters
	Test 1
	Test 2

	 [%]
	[20]
	[20]

	 
	[1.05]
	[1.05]



[bookmark: _Toc535443065]6.2.2.2.2.2	Minimum requirement for sub-band CQI reporting
The purpose of the requirements is to verify that the preferred sub-bands can be used for frequency-selective scheduling under the frequency-selective fading conditions.
The accuracy of sub-band channel CQI reporting under the frequency-selective fading conditions is determined by a double-sided percentile of  the reported differential CQI offset level 0 per sub-band, and the relative increase of the throughput obtained when transmitting the transport format indicated by the corresponding reported sub-band CQI on a randomly selected sub-band among the sub-bands with the highest reported differential CQI offset level compared to the throughput when transmitting a fixed transport format according to the wideband CQI median on a randomly selected sub-band among all the sub-bands.
For the parameters specified in Table 6.2.2.2.2.2-1 and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified by the following:
a)	A sub-band differential CQI offset level of 0 shall be reported at least α% of the time but less than β% of the time for each sub-band, where α and β are specified in Table 6.2.2.2.2.2-2;
b)	The ratio of the throughput obtained when transmitting the corresponding transport format on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level and that obtained when transmitting the transport format indicated by the reported wideband CQI median on a randomly selected sub-band among all the sub-bands shall be ≥ γ, where γ is specified in Table 6.2.2.2.2.2-2;
c)	When transmitting the corresponding transport format on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level, the average BLER for the indicated transport format shall be greater than or equal to TBD[0.02].
The requirements only apply for sub-bands of full size and the random scheduling across the sub-bands is done by selecting a new sub-band in each available downlink transmission instance for TDD.
Table 6.2.2.2.2.2-1: Sub-band CQI reporting test under frequency-selective fading conditions
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	40

	Duplex Mode
	
	TDD

	TDD UL-DL pattern
	
	FR1.30-1

	DL BWP configuration #1
	First PRB 
	
	0

	
	Number of contiguous PRB
	
	106

	
	Subcarrier spacing
	kHz
	30

	 SNR
	 dB
	TBD[8]
	TBD[9]
	TBD[14]
	TBD[15]

	Propagation channel
	
	[Two tap model specified in Annex B.2.4 with a=1, fD = 5Hz, and τd=0.1125μs]

	Antenna configuration
	
	2×2TBD 

	Correlation configuration
	
	As per Annex B.1

	Beamforming Model
	
	As specified in Section [Annex TBD]Annex B.4.1

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	Row 5,4

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	9

	
	CSI-RS
periodicity and offset
	slot
	10/1

	
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 )
	
	Row 3,(6,-)

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

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

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4, 9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	10/1

	ReportConfigType
	
	Periodic

	CQI-table
	
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Subband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	16

	CSI-Report periodicity and offset
	slot
	10/1

	aperiodicTriggeringOffset
	
	Not configured

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	Not configured

	
	CodebookSubsetRestriction
	
	000001

	
	RI Restriction
	
	[N/A]

	Physical channel for CSI report
	
	TBD

	CQI/RI/PMI delay 
	ms
	[9.5]

	Maximum number of HARQ transmission
	
	1

	Measurement channel
	
	TBD



Table 6.2.2.2.2.2-2: Minimum requirements
	Parameters
	Test 1
	Test 2

	α [%]
	TBD[2]
	TBD[2]

	β [%]
	TBD[55]
	TBD[55]

	 
	TBD[1.05]
	TBD[1.05]



[bookmark: _Toc535443066]6.2.3	4RX requirements
This sub-clause includes the requirements for reporting of CQI for UE equipped with 4 receiver antennas.
[bookmark: _Toc535443067]6.2.3.1	FDD
[bookmark: _Toc535443068]6.2.3.1.1	CQI reporting definition under AWGN conditions
The purpose of the requirements is to verify that the reported CQI values are in accordance with the CQI definition given in TS38.214 [12]. The reporting accuracy of CQI under AWGN condition is determined by the reporting variance and BLER performance using the transport format indicated by the reported CQI median.
[bookmark: _Toc535443069]6.2.3.1.1.1	Minimum requirement for period CQI reporting
For the parameters specified in Table 6.2.3.1.1.1-1, and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified by the following:
a)	The reported CQI value according to the reference channel shall be in the range of ±1 of the reported median more than [90]% of the time.
b)	If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, then the BLER using the transport format indicated by the (median CQI+1) shall be greater than 0.1. If the PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, then the BLER using transport format indicated by (median CQI-1) shall be less than or equal to 0.1.
Table 6.2.2.1.1.1-1: CQI reporting definition test
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	Duplex Mode
	
	FDD

	DL BWP configuration #1
	First PRB 
	
	0

	
	Number of contiguous PRB
	
	52

	
	Subcarrier spacing
	kHz
	15

	 SNR
	 dB
	[5]
	[6]
	[11]
	[12]

	Propagation channel
	
	AWGN

	Antenna configuration
	
	2×4 with static channel specified in Annex B.1

	Beamforming Model
	
	As specified in Section [Annex TBD]Annex B.4.1

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	Row 5,4

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	9

	
	CSI-RS
periodicity and offset
	slot
	5/1

	
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 )
	
	Row 3,(6,-)

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

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

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4, 9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	5/1

	ReportConfigType
	
	Periodic

	CQI-table
	
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	N/A

	CSI-Report periodicity and offset
	slot
	5/1

	aperiodicTriggeringOffset
	
	Not configured

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	Not configured

	
	CodebookSubsetRestriction
	
	[010000]

	
	RI Restriction
	
	[N/A]

	Physical channel for CSI report
	
	[PUCCH]

	CQI/RI/PMI delay 
	ms
	8

	Maximum number of HARQ transmission
	
	1

	Measurement channel
	
	As specified in Table A.4-1, TBS.2-2



[bookmark: _Toc535443070]6.2.3.1.2	Wideband CQI reporting under fading conditions
[bookmark: _Toc535443071]6.2.3.1.2.1	Minimum requirement for wideband CQI reporting
The purpose of the requirements is to verify that the UE is tracking the channel variations and selecting the largest transport format possible according to the prevailing channel state for the frequency non-selective scheduling.
The reporting accuracy of CQI under frequency non-selective fading conditions is determined by the reporting variance, the relative increase of the throughput obtained when the transport format is indicated by the reported CQI compared to the throughput obtained when a fixed transport format is configured according to the reported median CQI, and a minimum BLER using the transport formats indicated by the reported CQI.
For the parameters specified in Table 6.2.3.1.2.1-1 and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified by the following:
a)	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% is specified in Table 6.2.3.1.2.1-2;
b)	The ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index and that obtained when transmitting a fixed transport format configured according to the wideband CQI median shall be ≥ γ, where γ is specified in Table 6.2.3.1.2.1-2;
c)	When transmitting the transport format indicated by each reported wideband CQI index, the average BLER for the indicated transport formats shall be greater than or equal to [0.02].
Table 6.2.3.1.2.1-1: Wideband CQI reporting test under frequency non-selective fading conditions
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	Duplex Mode
	
	FDD

	DL BWP configuration #1
	First PRB 
	
	0

	
	Number of contiguous PRB
	
	52

	
	Subcarrier spacing
	kHz
	15

	 SNR
	 dB
	
[3]
	
[4]
	
[9]
	
[10]

	Propagation channel
	
	TDLA30-5

	Antenna configuration
	
	2×4

	Correlation configuration
	
	XP High

	Beamforming Model
	
	As specified in Section [Annex TBD]Annex B.4.1

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	Row 5,4

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	9

	
	CSI-RS
periodicity and offset
	slot
	5/1

	
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 )
	
	Row 3,(6,-)

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

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

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4, 9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	5/1

	ReportConfigType
	
	Periodic

	CQI-table
	
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	[8]

	csi-ReportingBand
	
	[1111111]

	CSI-Report periodicity and offset
	slot
	5/1

	aperiodicTriggeringOffset
	
	Not configured

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	Not configured

	
	CodebookSubsetRestriction
	
	000001

	
	RI Restriction
	
	[N/A]

	Physical channel for CSI report
	
	[PUCCH]

	CQI/RI/PMI delay 
	ms
	8

	Maximum number of HARQ transmission
	
	1

	Measurement channel
	
	As specified in Table A.4-1, TBS.2-1



Table 6.2.3.1.2.1-2: Minimum requirements
	Parameters
	Test 1
	Test 2

	 [%]
	[5]
	[5]

	 
	[1.05]
	[1.05]



[bookmark: _Toc535443072]6.2.3.1.2.2	Minimum requirement for sub-band CQI reporting
The purpose of the requirements is to verify that the preferred sub-bands can be used for frequency-selective scheduling under the frequency-selective fading conditions.
The accuracy of sub-band channel CQI reporting under the frequency-selective fading conditions is determined by a double-sided percentile of  the reported differential CQI offset level 0 per sub-band, and the relative increase of the throughput obtained when transmitting the transport format indicated by the corresponding reported sub-band CQI on a randomly selected sub-band among the sub-bands with the highest reported differential CQI offset level compared to the throughput when transmitting a fixed transport format according to the wideband CQI median on a randomly selected sub-band among all the sub-bands.
For the parameters specified in Table 6.2.3.1.2.2-1 and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified by the following:
a)	A sub-band differential CQI offset level of 0 shall be reported at least α% of the time but less than β% of the time for each sub-band, where α and β are specified in Table 6.2.3.1.2.2-2;
b)	The ratio of the throughput obtained when transmitting the corresponding transport format on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level and that obtained when transmitting the transport format indicated by the reported wideband CQI median on a randomly selected sub-band among all the sub-bands shall be ≥ γ, where γ is specified in Table 6.2.3.1.2.2-2;
c)	When transmitting the corresponding transport format on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level, the average BLER for the indicated transport format shall be greater than or equal to TBD[0.02].
The requirements only apply for sub-bands of full size and the random scheduling across the sub-bands is done by selecting a new sub-band in each TTI for FDD.
Table 6.2.3.1.2.2-1: Sub-band CQI reporting test under frequency-selective fading conditions
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	Duplex Mode
	
	FDD

	DL BWP configuration #1
	First PRB 
	
	0

	
	Number of contiguous PRB
	
	52

	
	Subcarrier spacing
	kHz
	15

	 SNR
	 dB
	TBD[5]
	TBD[6]
	TBD[11]
	TBD[12]

	Propagation channel
	
	[Two tap model specified in Annex B.2.4 with a=1, fD = 5Hz, and τd=0.45μs]

	Antenna configuration
	
	2×4TBD 

	Correlation configuration
	
	As per Annex B.1

	Beamforming Model
	
	As specified in Section [Annex TBD]Annex B.4.1

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	Row 5,4

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	9

	
	CSI-RS
periodicity and offset
	slot
	5/1

	
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 )
	
	Row 3,(6,-)

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

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

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4, 9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	5/1

	ReportConfigType
	
	Periodic

	CQI-table
	
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Subband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	8

	CSI-Report periodicity and offset
	slot
	5/1

	aperiodicTriggeringOffset
	
	Not configured

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	Not configured

	
	CodebookSubsetRestriction
	
	000001

	
	RI Restriction
	
	[N/A]

	Physical channel for CSI report
	
	TBD

	CQI/RI/PMI delay 
	ms
	8

	Maximum number of HARQ transmission
	
	1

	Measurement channel
	
	TBD



Table 6.2.3.1.2.2-2: Minimum requirements
	Parameters
	Test 1
	Test 2

	α [%]
	TBD[2]
	TBD[2]

	β [%]
	TBD[55]
	TBD[55]

	 
	TBD[1.05]
	TBD[1.05]



[bookmark: _Toc535443073]6.2.3.2	TDD
[bookmark: _Toc535443074]6.2.3.2.1	CQI reporting definition under AWGN
[bookmark: _Toc535443075]6.2.3.2.1.1	Minimum requirement for CQI periodic reporting
The purpose of the requirements is to verify that the reported CQI values are in accordance with the CQI definition given in TS38.214 [12]. The reporting accuracy of CQI under AWGN condition is determined by the reporting variance and BLER performance using the transport format indicated by the reported CQI median.
For the parameters specified in Table 6.2.3.2.1.1-1, and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified by the following:
a)	The reported CQI value according to the reference channel shall be in the range of ±1 of the reported median more than [90]% of the time.
b)	If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, then the BLER using the transport format indicated by the (median CQI+1) shall be greater than 0.1. If the PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, then the BLER using transport format indicated by (median CQI-1) shall be less than or equal to 0.1.
Table 6.2.3.2.1.1-1: CQI reporting definition test
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	40

	Duplex Mode
	
	TDD

	TDD UL-DL pattern
	
	FR1.30-1

	DL BWP configuration #1
	First PRB 
	
	0

	
	Number of contiguous PRB
	
	106

	
	Subcarrier spacing
	kHz
	30

	 SNR
	 dB
	[5]
	[6]
	[11]
	[12]

	Propagation channel
	
	AWGN

	Antenna configuration
	
	2×4 with static channel specified in Annex B.1

	Beamforming Model
	
	As specified in Section [Annex TBD]Annex B.4.1

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	Row 5,4

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	9

	
	CSI-RS
periodicity and offset
	slot
	10/1

	
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 )
	
	Row 3,(6,-)

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

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

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4, 9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	10/1

	ReportConfigType
	
	Periodic

	CQI-table
	
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	N/A

	CSI-Report periodicity and offset
	slot
	10/1

	aperiodicTriggeringOffset
	
	Not configured

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	Not configured

	
	CodebookSubsetRestriction
	
	[010000]

	
	RI Restriction
	
	[N/A]

	Physical channel for CSI report
	
	[PUCCH]

	CQI/RI/PMI delay 
	ms
	[9.5]

	Maximum number of HARQ transmission
	
	1

	Measurement channel
	
	As specified in Table A.4-1, TBS.2-4



[bookmark: _Toc535443076]6.2.3.2.2	Wideband CQI reporting under fading conditions
[bookmark: _Toc535443077]6.2.3.2.2.1	Minimum requirement for wideband CQI reporting
The purpose of the requirements is to verify that the UE is tracking the channel variations and selecting the largest transport format possible according to the prevailing channel state for the frequency non-selective scheduling.
The reporting accuracy of CQI under frequency non-selective fading conditions is determined by the reporting variance, the relative increase of the throughput obtained when the transport format is indicated by the reported CQI compared to the throughput obtained when a fixed transport format is configured according to the reported median CQI, and a minimum BLER using the transport formats indicated by the reported CQI.
For the parameters specified in Table 6.2.3.2.2.1-1 and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified by the following:
a)	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% is specified in Table 6.2.3.2.2.1-2;
b)	The ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index and that obtained when transmitting a fixed transport format configured according to the wideband CQI median shall be ≥ γ, where γ is specified in Table 6.2.3.2.2.1-2;
c)	When transmitting the transport format indicated by each reported wideband CQI index, the average BLER for the indicated transport formats shall be greater than or equal to [0.02].
Table 6.2.3.2.2.1-1: Wideband CQI reporting test under frequency non-selective fading conditions
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	40

	Duplex Mode
	
	TDD

	TDD UL-DL pattern
	
	FR1.30-1

	DL BWP configuration #1
	First PRB 
	
	0

	
	Number of contiguous PRB
	
	106

	
	Subcarrier spacing
	kHz
	30

	 SNR
	 dB
	
[3]
	
[4]
	
[9]
	
[10]

	Propagation channel
	
	[TDLA30-5]

	Antenna configuration
	
	2×4 

	Correlation configuration
	
	XP High

	Beamforming Model
	
	As specified in Section [Annex TBD]

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	Row 5,4

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	9

	
	CSI-RS
periodicity and offset
	slot
	10/1

	
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 )
	
	Row 3,(6,-)

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

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

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4, 9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	10/1

	ReportConfigType
	
	Periodic

	CQI-table
	
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	[16]

	csi-ReportingBand
	
	[1111111]

	CSI-Report periodicity and offset
	slot
	10/1

	aperiodicTriggeringOffset
	
	Not configured

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	Not configured

	
	CodebookSubsetRestriction
	
	000001

	
	RI Restriction
	
	[N/A]

	Physical channel for CSI report
	
	[PUCCH]

	CQI/RI/PMI delay 
	ms
	[9.5]

	Maximum number of HARQ transmission
	
	1

	Measurement channel
	
	As specified in Table A.4-1, TBS.2-3



Table 6.2.3.2.2.1-2: Minimum requirements
	Parameters
	Test 1
	Test 2

	 [%]
	[5]
	[5]

	 
	[1.05]
	[1.05]



[bookmark: _Toc535443078]6.2.3.2.2.2	Minimum requirement for sub-band CQI reporting
The purpose of the requirements is to verify that the preferred sub-bands can be used for frequency-selective scheduling under the frequency-selective fading conditions.
The accuracy of sub-band channel CQI reporting under the frequency-selective fading conditions is determined by a double-sided percentile of  the reported differential CQI offset level 0 per sub-band, and the relative increase of the throughput obtained when transmitting the transport format indicated by the corresponding reported sub-band CQI on a randomly selected sub-band among the sub-bands with the highest reported differential CQI offset level compared to the throughput when transmitting a fixed transport format according to the wideband CQI median on a randomly selected sub-band among all the sub-bands.
For the parameters specified in Table 6.2.3.2.2.2-1 and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified by the following:
a)	A sub-band differential CQI offset level of 0 shall be reported at least α% of the time but less than β% of the time for each sub-band, where α and β are specified in Table 6.2.3.2.2.2-2;
b)	The ratio of the throughput obtained when transmitting the corresponding transport format on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level and that obtained when transmitting the transport format indicated by the reported wideband CQI median on a randomly selected sub-band among all the sub-bands shall be ≥ γ, where γ is specified in Table 6.2.3.2.2.2-2;
c)	When transmitting the corresponding transport format on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level, the average BLER for the indicated transport format shall be greater than or equal to TBD[0.02].
The requirements only apply for sub-bands of full size and the random scheduling across the sub-bands is done by selecting a new sub-band in each available downlink transmission instance for TDD.
Table 6.2.3.2.2.2-1: Sub-band CQI reporting test under frequency-selective fading conditions
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	40

	Duplex Mode
	
	TDD

	TDD UL-DL pattern
	
	FR1.30-1

	DL BWP configuration #1
	First PRB 
	
	0

	
	Number of contiguous PRB
	
	106

	
	Subcarrier spacing
	kHz
	30

	 SNR
	 dB
	TBD[5]
	TBD[6]
	TBD[11]
	TBD[12]

	Propagation channel
	
	[Two tap model specified in Annex B.2.4 with a=1, fD = 5Hz, and τd=0.1125μs]

	Antenna configuration
	
	2×4TBD 

	Correlation configuration
	
	As per Annex B.1

	Beamforming Model
	
	As specified in Section [Annex TBD]Annex B.4.1

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	Row 5,4

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	9

	
	CSI-RS
periodicity and offset
	slot
	10/1

	
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 )
	
	Row 3,(6,-)

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

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

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4, 9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	10/1

	ReportConfigType
	
	Periodic

	CQI-table
	
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Subband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	16

	CSI-Report periodicity and offset
	slot
	10/1

	aperiodicTriggeringOffset
	
	Not configured

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	Not configured

	
	CodebookSubsetRestriction
	
	000001

	
	RI Restriction
	
	[N/A]

	Physical channel for CSI report
	
	TBD

	CQI/RI/PMI delay 
	ms
	[9.5]

	Maximum number of HARQ transmission
	
	1

	Measurement channel
	
	TBD



Table 6.2.2.1.2.2-2: Minimum requirements
	Parameters
	Test 1
	Test 2

	α [%]
	TBD[2]
	TBD[2]

	β [%]
	TBD[55]
	TBD[55]

	 
	TBD[1.05]
	TBD[1.05]



[bookmark: _Toc535443079]6.3	Reporting of Precoding Matrix Indicator (PMI)
<Editor’s note: The requirements were introduced based on current results from companies; these requirements can be revised based on more results from companies.>
The minimum performance requirements of PMI reporting are defined based on the precoding gain, expressed as the relative increase in throughput when the transmitter is configured according to the UE reports compared to the case when the transmitter is using random precoding, respectively. When the transmitter uses random precoding, for each PDSCH allocation a precoder is randomly generated and applied to the PDSCH. A fixed transport format (FRC) is configured for all requirements.
The requirements for transmission mode 1 with higher layer parameter codebookType set to ‘typeI-SinglePanel’ are specified in terms of the ratio:

	




In the definition of γ, for 4TX and 8TX PMI requirements, 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.
[bookmark: _Toc535443080]6.3.1	1RX requirements
(Void)
[bookmark: _Toc535443081]6.3.2	2RX requirements
[bookmark: _Toc535443082]6.3.2.1	FDD
[bookmark: _Toc535443083]6.3.2.1.1	Single PMI with 4TX TypeI-SinglePanel Codebook
For the parameters specified in Table 6.3.2.1.1-1, and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified in Table 6.3.2.1.1-2.
Table 6.3.2.1.1-1: Test parameters (single layer)
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Duplex Mode
	
	FDD

	DL BWP configuration #1
	First PRB 
	
	0

	
	Number of contiguous PRB
	
	52

	
	Subcarrier spacing
	kHz
	15

	Propagation channel
	
	TDLA30-5

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

	Beamforming Model
	
	As specified in Section Annex B.4.1TBD

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 5, (4,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(9,-)

	
	CSI-RS
interval and offset
	slot
	5/1

	
NZP CSI-RS for CSI acquisition

	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

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

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

	
	CSI-RS
interval and offset
	
	5/1

	


CSI-IM configuration
	CSI-IM RE pattern    
	
	Patten 0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4,9)

	
	CSI-IM timeConfig
interval and offset
	slot
	5/1

	ReportConfigType
	
	Aperiodic

	CQI-table
	
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	[8]

	csi-ReportingBand
	
	[1111111]

	CSI-Report interval and offset
	slot
	5/1

	aperiodicTriggeringOffset
	
	0

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

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

	
	CodebookSubsetRestriction
	
	11111111

	
	RI Restriction
	
	00000001

	Physical channel for CSI report
	
	PUSCH

	CQI/RI/PMI delay 
	ms
	6

	Maximum number of HARQ transmission
	
	4

	Measurement channel
	
	R.PDSCH.1-6.1 FDD

	Note 1:	For random precoder selection, the precoder shall be updated in each slot (1 ms granularity).
Note 2:	If the UE reports in an available uplink reporting instance at slot#n based on PMI estimation at a downlink slot not later than slot#[(n-3)], this reported PMI cannot be applied at the eNB downlink before slot#[(n+3)].
Note 3:	Randomization of the principle beam direction shall be used as specified in Annex B.2.3.2.3TBD.



Table 6.3.2.1.1-2: Minimum requirement
	Parameter
	Test 1

	
	[1.3]



[bookmark: _Toc535443084]6.3.2.1.2	Single PMI with 8TX TypeI-SinglePanel Codebook
For the parameters specified in Table 6.3.2.1.2-1, and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified in Table 6.3.2.1.2-2.
Table 6.3.2.1.2-1: Test parameters (dual-layer)
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Duplex Mode
	
	FDD

	DL BWP configuration #1
	First PRB 
	
	0

	
	Number of contiguous PRB
	
	52

	
	Subcarrier spacing
	kHz
	15

	Propagation channel
	
	TDLA30-5

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

	Beamforming Model
	
	As specified in Section Annex B.4.1TBD

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 5, (4,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(9,-)

	
	CSI-RS
interval and offset
	slot
	5/1

	
NZP CSI-RS for CSI acquisition

	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	8

	
	CDM Type
	
	CDM4 (FD2, TD2)

	
	Density (ρ)
	
	1

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

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

	
	CSI-RS
interval and offset
	slot
	5/1

	


CSI-IM configuration
	CSI-IM RE pattern    
	
	Patten 0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4,9)

	
	CSI-IM timeConfig
interval and offset
	slot
	5/1

	ReportConfigType
	
	Aperiodic

	CQI-table
	
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	[8]

	csi-ReportingBand
	
	[1111111]

	CSI-Report interval and offset
	slot
	5/1

	aperiodicTriggeringOffset
	
	0

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

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

	
	CodebookSubsetRestriction
	
	0x FFFF

	
	RI Restriction
	
	00000010

	Physical channel for CSI report
	
	PUSCH

	CQI/RI/PMI delay 
	ms
	8

	Maximum number of HARQ transmission
	
	4

	Measurement channel
	
	R.PDSCH.1-6.2 

	Note 1:	For random precoder selection, the precoder shall be updated in each slot (1 ms granularity).
Note 2:	If the UE 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 eNB downlink before slot#[(n+4)].
Note 3:	Randomization of the principle beam direction shall be used as specified in Annex B.2.3.2.3TBD.



Table 6.3.2.1.2-2: Minimum requirement
	Parameter
	Test 1

	
	[1.5]



[bookmark: _Toc535443085]6.3.2.2	TDD
[bookmark: _Toc535443086]6.3.2.2.1	Single PMI with 4TX TypeI-SinglePanel Codebook
For the parameters specified in Table 6.3.2.2.1-1, and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified in Table 6.3.2.2.1-2.
Table 6.3.2.2.1-1: Test parameters (single layer)
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	40

	Duplex Mode
	
	TDD

	TDD DL-UL configuration
	
	FR1.30-1 as specified in Annex A

	DL BWP configuration #1
	First PRB 
	
	0

	
	Number of contiguous PRB
	
	106

	
	Subcarrier spacing
	kHz
	30

	Propagation channel
	
	TDLA30-5

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

	Beamforming Model
	
	As specified in Section Annex B.4.1TBD

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 5, (4,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(9,-)

	
	CSI-RS
interval and offset
	slot
	10/1

	
NZP CSI-RS for CSI acquisition

	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

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

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

	
	CSI-RS
interval and offset
	slot
	10/1

	


CSI-IM configuration
	CSI-IM RE pattern    
	
	Patten 0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4,9)

	
	CSI-IM timeConfig
interval and offset
	slot
	10/1

	ReportConfigType
	
	Aperiodic

	CQI-table
	
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	[16]

	csi-ReportingBand
	
	[1111111]

	CSI-Report interval and offset
	slot
	10/1

	aperiodicTriggeringOffset
	
	0

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

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

	
	CodebookSubsetRestriction
	
	11111111

	
	RI Restriction
	
	00000001

	Physical channel for CSI report
	
	PUSCH

	CQI/RI/PMI delay 
	ms
	5.5

	Maximum number of HARQ transmission
	
	4

	Measurement channel
	
	R.PDSCH.2-8.1 TDD

	Note 1:	For random precoder selection, the precoder shall be updated in each slot (0.5 ms granularity).
Note 2:	If the UE 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 eNB downlink before slot#[(n+4)].
Note 3:	Randomization of the principle beam direction shall be used as specified in Annex B.2.3.2.3TBD.



Table 6.3.2.2.1-2: Minimum requirement
	Parameter
	Test 1

	
	[1.3]



[bookmark: _Toc535443087]6.3.2.2.2	Single PMI with 8TX TypeI-SinglePanel Codebook
For the parameters specified in Table 6.3.2.2.2-1, and using the downlink physical channels specified in Annex TBD, the minimum requirements are specified in Table 6.3.2.2.2-2.
Table 6.3.2.2.2-1: Test parameters (dual-layer)
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	40

	Duplex Mode
	
	TDD

	TDD DL-UL configurations
	
	FR1.30-1 as specified in Annex A

	DL BWP configuration #1
	First PRB 
	
	0

	
	Number of contiguous PRB
	
	106

	
	Subcarrier spacing
	kHz
	30

	Propagation channel
	
	TDLA30-5

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

	Beamforming Model
	
	As specified in Section Annex B.4.1TBD

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 5, (4,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(9,-)

	
	CSI-RS
interval and offset
	slot
	10/1

	
NZP CSI-RS for CSI acquisition

	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	8

	
	CDM Type
	
	CDM4 (FD2, TD2)

	
	Density (ρ)
	
	1

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

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

	
	CSI-RS
interval and offset
	slot
	10/1

	


CSI-IM configuration
	CSI-IM RE pattern    
	
	Patten 0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4,9)

	
	CSI-IM timeConfig
interval and offset
	slot
	10/1

	ReportConfigType
	
	Aperiodic

	CQI-table
	
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForIChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	[16]

	csi-ReportingBand
	
	[1111111]

	CSI-Report interval and offset
	slot
	10/1

	aperiodicTriggeringOffset
	
	0

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

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

	
	CodebookSubsetRestriction
	
	0x FFFF

	
	RI Restriction
	
	00000010

	Physical channel for CSI report
	
	PUSCH

	CQI/RI/PMI delay 
	ms
	6.5

	Maximum number of HARQ transmission
	
	4

	Measurement channel
	
	R.PDSCH.2-8.2 TDD

	Note 1:	For random precoder selection, the precoder shall be updated in each slot (0.5 ms granularity).
Note 2:	If the UE reports in an available uplink reporting instance at slot#n based on PMI estimation at a downlink slot not later than slot#[(n-6)], this reported PMI cannot be applied at the eNB downlink before slot#[(n+6)].
Note 3:	Randomization of the principle beam direction shall be used as specified in Annex B.2.3.2.3TBD.



Table 6.3.2.2.2-2: Minimum requirement
	Parameter
	Test 1

	
	[1.5]



[bookmark: _Toc535443088]6.3.3	4RX requirements
[bookmark: _Toc535443089]6.3.3.1	FDD
[bookmark: _Toc535443090]6.3.3.1.1	Single PMI with 4TX TypeI-SinglePanel Codebook
For the parameters specified in Table 6.3.3.1.1-1, and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified in Table 6.3.3.1.1-2.
Table 6.3.3.1.1-1: Test parameters (single layer)
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Duplex Mode
	
	FDD

	DL BWP configuration #1
	First PRB 
	
	0

	
	Number of contiguous PRB
	
	52

	
	Subcarrier spacing
	kHz
	15

	Propagation channel
	
	TDLA30-5

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

	Beamforming Model
	
	As specified in Section Annex B.4.1TBD

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 5, (4,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(9,-)

	
	CSI-RS
interval and offset
	slot
	5/1

	
NZP CSI-RS for CSI acquisition

	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

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

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

	
	CSI-RS
interval and offset
	slot
	5/1

	


CSI-IM configuration
	CSI-IM RE pattern    
	
	Patten 0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4,9)

	
	CSI-IM timeConfig
interval and offset
	slot
	5/1

	ReportConfigType
	
	Aperiodic

	CQI-table
	
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	[8]

	csi-ReportingBand
	
	[1111111]

	CSI-Report interval and offset
	slot
	5/1

	aperiodicTriggeringOffset
	
	0

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

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

	
	CodebookSubsetRestriction
	
	11111111

	
	RI Restriction
	
	00000001

	Physical channel for CSI report
	
	PUSCH

	CQI/RI/PMI delay 
	ms
	6

	Maximum number of HARQ transmission
	
	4

	Measurement channel
	
	R.PDSCH.1-6.1 FDD

	Note 1:	For random precoder selection, the precoder shall be updated in each slot (1 ms granularity).
Note 2:	If the UE reports in an available uplink reporting instance at slot#n based on PMI estimation at a downlink slot not later than slot#[(n-3)], this reported PMI cannot be applied at the eNB downlink before slot#[(n+3)].
Note 3:	Randomization of the principle beam direction shall be used as specified in Annex B.2.3.2.3TBD.



Table 6.3.3.1.1-2: Minimum requirement
	Parameter
	Test 1

	
	[1.3]



[bookmark: _Toc535443091]6.3.3.1.2	Single PMI with 8TX TypeI-SinglePanel Codebook
For the parameters specified in Table 6.3.3.1.2-1, and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified in Table 6.3.3.1.2-2.
Table 6.3.3.1.2-1: Test parameters (dual-layer)
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Duplex Mode
	
	FDD

	DL BWP configuration #1
	First PRB 
	
	0

	
	Number of contiguous PRB
	
	52

	
	Subcarrier spacing
	kHz
	15

	Propagation channel
	
	TDLA30-5

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

	Beamforming Model
	
	As specified in Section Annex B.4.1TBD

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 5, (4,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(9,-)

	
	CSI-RS
interval and offset
	slot
	5/1

	
NZP CSI-RS for CSI acquisition

	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	8

	
	CDM Type
	
	CDM4 (FD2, TD2)

	
	Density (ρ)
	
	1

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

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

	
	CSI-RS
interval and offset
	slot
	5/1

	


CSI-IM configuration
	CSI-IM RE pattern    
	
	Patten 0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4,9)

	
	CSI-IM timeConfig
interval and offset
	slot
	5/1

	ReportConfigType
	
	Aperiodic

	CQI-table
	
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	[8]

	csi-ReportingBand
	
	[1111111]

	CSI-Report interval and offset
	slot
	5/1

	aperiodicTriggeringOffset
	
	0

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

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

	
	CodebookSubsetRestriction
	
	0x FFFF

	
	RI Restriction
	
	00000010

	Physical channel for CSI report
	
	PUSCH

	CQI/RI/PMI delay 
	ms
	8

	Maximum number of HARQ transmission
	
	4

	Measurement channel
	
	R.PDSCH.1-6.2 FDD

	Note 1:	For random precoder selection, the precoder shall be updated in each slot (1 ms granularity).
Note 2:	If the UE 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 eNB downlink before slot#[(n+4)].
Note 3:	Randomization of the principle beam direction shall be used as specified in Annex B.2.3.2.3TBD.



Table 6.3.3.1.2-2: Minimum requirement
	Parameter
	Test 1

	
	[1.5]



[bookmark: _Toc535443092]6.3.3.2	TDD
[bookmark: _Toc535443093]6.3.3.2.1	Single PMI with 4TX TypeI-SinglePanel Codebook
For the parameters specified in Table 6.3.3.2.1-1, and using the downlink physical channels specified in Annex TBD, the minimum requirements are specified in Table 6.3.3.2.1-2.
Table 6.3.3.2.1-1: Test parameters (single layer)
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	40

	Duplex Mode
	
	TDD

	TDD DL-UL configuration
	
	FR1.30-1 as specified in Annex A

	DL BWP configuration #1
	First PRB 
	
	0

	
	Number of contiguous PRB
	
	106

	
	Subcarrier spacing
	kHz
	30

	Propagation channel
	
	TDLA30-5

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

	Beamforming Model
	
	As specified in Section Annex B.4.1TBD

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 5, (4,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(9,-)

	
	CSI-RS
interval and offset
	slot
	10/1

	
NZP CSI-RS for CSI acquisition

	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

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

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

	
	CSI-RS
interval and offset
	
	10/1

	


CSI-IM configuration
	CSI-IM RE pattern    
	
	Patten 0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4,9)

	
	CSI-IM timeConfig
interval and offset
	slot
	10/1

	ReportConfigType
	
	Aperiodic

	CQI-table
	
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	[16]

	csi-ReportingBand
	
	[1111111]

	CSI-Report interval and offset
	slot
	10/1

	aperiodicTriggeringOffset
	
	0

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

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

	
	CodebookSubsetRestriction
	
	11111111

	
	RI Restriction
	
	00000001

	Physical channel for CSI report
	
	PUSCH

	CQI/RI/PMI delay 
	ms
	5.5

	Maximum number of HARQ transmission
	
	4

	Measurement channel
	
	R.PDSCH.2-8.1 TDD

	Note 1:	For random precoder selection, the precoder shall be updated in each slot (0.5 ms granularity).
Note 2:	If the UE 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 eNB downlink before slot#[(n+4)].
Note 3:	Randomization of the principle beam direction shall be used as specified in Annex B.2.3.2.3TBD.



Table 6.3.3.2.1-2: Minimum requirement
	Parameter
	Test 1

	
	[1.3]



[bookmark: _Toc535443094]6.3.3.2.2	Single PMI with 8TX TypeI-SinglePanel Codebook
For the parameters specified in Table 6.3.3.2.2-1, and using the downlink physical channels specified in Annex TBD, the minimum requirements are specified in Table 6.3.3.2.2-2.
Table 6.3.3.2.2-1: Test parameters (dual-layer)
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	40

	Duplex Mode
	
	TDD

	TDD DL-UL configurations
	
	FR1.30-1 as specified in Annex A

	DL BWP configuration #1
	First PRB 
	
	0

	
	Number of contiguous PRB
	
	106

	
	Subcarrier spacing
	kHz
	30

	Propagation channel
	
	TDLA30-5

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

	Beamforming Model
	
	As specified in Section Annex B.4.1TBD

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 5, (4,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(9,-)

	
	CSI-RS
interval and offset
	slot
	10/1

	
NZP CSI-RS for CSI acquisition

	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	8

	
	CDM Type
	
	CDM4 (FD2, TD2)

	
	Density (ρ)
	
	1

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

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

	
	CSI-RS
interval and offset
	slot
	10/1

	


CSI-IM configuration
	CSI-IM RE pattern    
	
	Patten 0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4,9)

	
	CSI-IM timeConfig
interval and offset
	slot
	10/1

	ReportConfigType
	
	Aperiodic

	CQI-table
	
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannnelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	[16]

	csi-ReportingBand
	
	[1111111]

	CSI-Report interval and offset
	slot
	10/1

	aperiodicTriggeringOffset
	
	0

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

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

	
	CodebookSubsetRestriction
	
	0x FFFF

	
	RI Restriction
	
	00000010

	Physical channel for CSI report
	
	PUSCH

	CQI/RI/PMI delay 
	ms
	6.5

	Maximum number of HARQ transmission
	
	4

	Measurement channel
	
	R.PDSCH.2-8.2 TDD

	Note 1:	For random precoder selection, the precoder shall be updated in each slot (0.5 ms granularity).
Note 2:	If the UE reports in an available uplink reporting instance at slot#n based on PMI estimation at a downlink slot not later than slot#[(n-6)], this reported PMI cannot be applied at the eNB downlink before slot#[(n+6)].
Note 3:	Randomization of the principle beam direction shall be used as specified in Annex B.2.3.2.3TBD.



Table 6.3.3.2.2-2: Minimum requirement
	Parameter
	Test 1

	
	[1.5]



[bookmark: _Toc535443095]6.4	Reporting of Rank Indicator (RI)
The purpose of this test is to verify that the reported rank indicator accurately represents the channel rank. The accuracy of RI reporting is determined by the relative increase of the throughput obtained when transmitting based on the reported rank compared to the case for which a fixed rank is used for transmission.
[bookmark: _Toc535443096]6.4.1	1RX requirements
(Void)
[bookmark: _Toc535443097]6.4.2	2RX requirements
[bookmark: _Toc535443098]6.4.2.1	FDD
The minimum performance requirement in Table 6.4.2.1-2 is defined as
a)	The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ ;
b)	The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2 shall be ≥ ;
For the parameters specified in Table 6.4.2.1-1, and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified in Table 6.4.2.1-2.
Table 6.4.2.1-1: RI Test (FDD)
	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Bandwidth
	MHz
	10
	10
	10

	Duplex Mode
	
	FDD
	FDD
	FDD

	DL BWP configuration #1
	First PRB 
	
	0
	0
	0

	
	Number of contiguous PRB
	
	52
	52
	52

	
	Subcarrier spacing
	kHz
	15
	15
	15

	 SNR 
	 dB
	[0]
	[20]
	[20]

	Propagation channel
	
	TDLA30-5
	TDLA30-5
	TDLA30-5

	Antenna configuration
	
	ULA Low 2x2
	ULA Low 2x2
	ULA High 2x2

	Beamforming Model
	
	As defined in Annex B.4.1
	As defined in Annex B.4.1
	As defined in Annex B.4.1

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Periodic
	Periodic
	Periodic

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

	
	CDM Type
	
	FD-CDM2
	FD-CDM2
	FD-CDM2

	
	Density (ρ)
	
	1
	1
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 5, (4,-)
	Row 5, (4,-)
	Row 5, (4,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(9,-)
	(9,-)
	(9,-)

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

	
NZP CSI-RS for CSI acquisition


	CSI-RS resource Type
	
	Periodic
	Periodic
	Periodic

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

	
	CDM Type
	
	FD-CDM2
	FD-CDM2
	FD-CDM2

	
	Density (ρ)
	
	1
	1
	1

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

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

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

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	Pattern 0
	Pattern 0
	Pattern 0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4,9)
	(4,9)
	(4,9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	5/1
	5/1
	5/1

	ReportConfigType
	
	Periodic
	Periodic
	Periodic

	CQI-table
	
	Table 2
	Table 2
	Table 2

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

	timeRestrictionForChannelMeasurements
	
	not configured
	not configured
	not configured

	timeRestrictionForInterferenceMeasurements
	
	not configured
	not configured
	not configured

	cqi-FormatIndicator
	
	Wideband
	Wideband
	Wideband

	pmi-FormatIndicator  
	
	Wideband
	Wideband
	Wideband

	Sub-band Size
	RB
	[8]
	[8]
	[8]

	csi-ReportingBand
	
	[1111111]
	[1111111]
	[1111111]

	CSI-Report periodicity and offset
	slot
	5/1
	5/1
	5/1

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

	
	Codebook Mode
	
	1
	1
	1

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

	
	CodebookSubsetRestriction
	
	[010000 for fixed rank 2,
010011 for following rank]
	[000011 for fixed rank 1,
010011 for following rank]
	[000011 for fixed rank 1,
010011 for following rank]

	
	RI Restriction
	
	N/A
	N/A
	N/A

	Physical channel for CSI report
	
	PUCCH
	PUCCH
	PUCCH

	CQI/RI/PMI delay 
	ms
	8
	8
	8

	Maximum number of HARQ transmission
	
	1
	1
	1

	RI Configuration
	
	Fixed RI = 2 and follow RI
	Fixed RI = 1 and follow RI
	Fixed RI = 1 and follow RI



Table 6.4.2.1-2: Minimum requirement (FDD)
	
	Test 1
	Test 2
	Test 3

	1
	N/A
	[1.05]
	[0.9]

	2
	[1.0]
	N/A
	N/A



[bookmark: _Toc535443099]6.4.2.2	TDD
[bookmark: _Hlk525306195]The minimum performance requirement in Table 6.4.2.2-2 is defined as
a)	The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ ;
b)	The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2 shall be ≥ ;
For the parameters specified in Table 6.4.2.2-1, and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified in Table 6.4.2.2-2.
Table 6.4.2.2-1: RI Test (TDD)
	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Bandwidth
	MHz
	40
	40
	40

	Duplex Mode
	
	TDD
	TDD
	TDD

	TDD Slot Configuration
	
	FR1.30-1
	FR1.30-1
	FR1.30-1

	DL BWP configuration #1
	First PRB 
	
	0
	0
	0

	
	Number of contiguous PRB
	
	106
	106
	106

	
	Subcarrier spacing
	kHz
	30
	30
	30

	 SNR 
	dB
	[0]
	[20]
	[20]

	Propagation channel
	
	TDLA30-5
	TDLA30-5
	TDLA30-5

	Antenna configuration
	
	ULA Low 2x2
	ULA Low 2x2
	ULA High 2x2

	Beamforming Model
	
	As defined in Annex B.4.1
	As defined in Annex B.4.1
	As defined in Annex B.4.1

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Periodic
	Periodic
	Periodic

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

	
	CDM Type
	
	FD-CDM2
	FD-CDM2
	FD-CDM2

	
	Density (ρ)
	
	1
	1
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 5, (4,-)
	Row 5, (4,-)
	Row 5, (4,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(9,-)
	(9,-)
	(9,-)

	
	CSI-RS
periodicity and offset
	slot
	10/1
	10/1
	10/1

	
NZP CSI-RS for CSI acquisition


	CSI-RS resource Type
	
	Periodic
	Periodic
	Periodic

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

	
	CDM Type
	
	FD-CDM2
	FD-CDM2
	FD-CDM2

	
	Density (ρ)
	
	1
	1
	1

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

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

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

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	Pattern 0
	Pattern 0
	Pattern 0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4,9)
	(4,9)
	(4,9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	10/1
	10/1
	10/1

	ReportConfigType
	
	Periodic
	Periodic
	Periodic

	CQI-table
	
	Table 2
	Table 2
	Table 2

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

	timeRestrictionForChannelMeasurements
	
	not configured
	not configured
	not configured

	timeRestrictionForInterferenceMeasurements
	
	not configured
	not configured
	not configured

	cqi-FormatIndicator
	
	Wideband
	Wideband
	Wideband

	pmi-FormatIndicator  
	
	Wideband
	Wideband
	Wideband

	Sub-band Size
	RB
	[16]
	[16]
	[16]

	csi-ReportingBand
	
	[1111111]
	[1111111]
	[1111111]

	CSI-Report periodicity and offset
	slot
	10/1
	10/1
	10/1

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

	
	Codebook Mode
	
	1
	1
	1

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

	
	CodebookSubsetRestriction
	
	[010000 for fixed rank 2,
010011 for following rank]
	[000011 for fixed rank 1,
010011 for following rank]
	[000011 for fixed rank 1,
010011 for following rank]

	
	RI Restriction
	
	N/A
	N/A
	N/A

	Physical channel for CSI report
	
	PUCCH
	PUCCH
	PUCCH

	CQI/RI/PMI delay 
	ms
	9.5
	9.5
	9.5

	Maximum number of HARQ transmission
	
	1
	1
	1

	RI Configuration
	
	Fixed RI = 2 and follow RI
	Fixed RI = 1 and follow RI
	Fixed RI = 1 and follow RI



Table 6.4.2.2-2: Minimum requirement (TDD)
	
	Test 1
	Test 2
	Test 3

	1
	N/A
	[1.05]
	[0.9]

	2
	[1.0]
	N/A
	N/A



[bookmark: _Toc535443100]6.4.3	4RX requirements
[bookmark: _Toc535443101]6.4.3.1	FDD
The minimum performance requirement in Table 6.4.3.1-2 is defined as
a)	The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ ;
b)	The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2 shall be ≥ ;
For the parameters specified in Table 6.4.3.1-1, and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified in Table 6.4.3.1-2.
Table 6.4.3.1-1: RI Test (FDD)
	Parameter
	Unit
	Test 1
	Test 2
	Test 3
	Test 4

	Bandwidth
	MHz
	10
	10
	10
	10

	Duplex Mode
	
	FDD
	FDD
	FDD
	FDD

	DL BWP configuration #1
	First PRB 
	
	0
	0
	0
	0

	
	Number of contiguous PRB
	
	52
	52
	52
	52

	
	Subcarrier spacing
	kHz
	15
	15
	15
	15

	 SNR 
	dB
	TBD[-2]
	[16]
	[16]
	TBD[22]

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

	Antenna configuration
	
	ULA Low 2x4
	ULA Low 2x4
	ULA High 2x4
	ULA Low 4x4

	Beamforming Model
	
	As defined in Annex B.4.1
	As defined in Annex B.4.1
	As defined in Annex B.4.1
	As defined in Annex B.4.1

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Periodic
	Periodic
	Periodic
	Periodic

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

	
	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 5, (4,-)
	Row 5, (4,-)
	Row 5, (4,-)
	Row 5, (4,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(9,-)
	(9,-)
	(9,-)
	(9,-)

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

	
NZP CSI-RS for CSI acquisition


	CSI-RS resource Type
	
	Periodic
	Periodic
	Periodic
	Periodic

	
	Number of CSI-RS ports (X)
	
	2
	2
	2
	4

	
	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 4 (0,-)

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

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

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	Pattern 0
	Pattern 0
	Pattern 0
	Pattern 0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4,9)
	(4,9)
	(4,9)
	(4,9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	5/1
	5/1
	5/1
	5/1

	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

	timeRestrictionForChannelMeasurements
	
	not configured
	not configured
	not configured
	not configured

	timeRestrictionForInterferenceMeasurements
	
	not configured
	not configured
	not configured
	not configured

	cqi-FormatIndicator
	
	Wideband
	Wideband
	Wideband
	Wideband

	pmi-FormatIndicator  
	
	Wideband
	Wideband
	Wideband
	Wideband

	Sub-band Size
	RB
	[8]
	[8]
	[8]
	[8]

	csi-ReportingBand
	
	[1111111]
	[1111111]
	[1111111]
	[1111111]

	CSI-Report periodicity and offset
	slot
	5/1
	5/1
	5/1
	5/1

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

	
	Codebook Mode
	
	1
	1
	1
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	N/A
	N/A
	N/A
	(2,1)

	
	CodebookSubsetRestriction
	
	[010000 for fixed rank 2,
010011 for following rank]
	[000011 for fixed rank 1,
010011 for following rank]
	[000011 for fixed rank 1,
010011 for following rank]
	11111111

	
	RI Restriction
	
	N/A
	N/A
	N/A
	00000010 for fixed Rank 2 and 00001111 for follow RI

	Physical channel for CSI report
	
	PUCCH
	PUCCH
	PUCCH
	PUCCH

	CQI/RI/PMI delay 
	ms
	8
	8
	8
	8

	Maximum number of HARQ transmission
	
	1
	1
	1
	1

	RI Configuration
	
	Fixed RI = 2 and follow RI
	Fixed RI = 1 and follow RI
	Fixed RI = 1 and follow RI
	Fixed RI = 2 and follow RI



Table 6.4.3.1-2: Minimum requirement (FDD)
	
	Test 1
	Test 2
	Test 3
	Test 4

	1
	N/A
	[1.05]
	[0.9]
	N/A

	2
	TBD[0.9]
	N/A
	N/A
	TBD[0.9]



[bookmark: _Toc535443102]6.4.3.2	TDD
The minimum performance requirement in Table 6.4.3.2-2 is defined as
a)	The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ ;
b)	The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2 shall be ≥ ;
For the parameters specified in Table 6.4.3.2-1, and using the downlink physical channels specified in Annex TBD, the minimum requirements are specified in Table 6.4.3.2-2.
Table 6.4.3.2-1: RI Test (TDD)
	Parameter
	Unit
	Test 1
	Test 2
	Test 3
	Test 4

	Bandwidth
	MHz
	40
	40
	40
	40

	Duplex Mode
	
	TDD
	TDD
	TDD
	TDD

	TDD Slot Configuration
	
	FR1.30-1
	FR1.30-1
	FR1.30-1
	FR1.30-1

	DL BWP configuration #1
	First PRB 
	
	0
	0
	0
	0

	
	Number of contiguous PRB
	
	106
	106
	106
	106

	
	Subcarrier spacing
	kHz
	30
	30
	30
	30

	 SNR 
	dB
	TBD[-2]
	[16]
	[16]
	TBD[22]

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

	Antenna configuration
	
	ULA Low 2x4
	ULA Low 2x4
	ULA High 2x4
	ULA Low 4x4

	Beamforming Model
	
	As defined in Annex B.4.1
	As defined in Annex B.4.1
	As defined in Annex B.4.1
	As defined in Annex B.4.1

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Periodic
	Periodic
	Periodic
	Periodic

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

	
	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 5, (4,-)
	Row 5, (4,-)
	Row 5, (4,-)
	Row 5, (4,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(9,-)
	(9,-)
	(9,-)
	(9,-)

	
	CSI-RS
periodicity and offset
	slot
	10/1
	10/1
	10/1
	10/1

	
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 4 (0,-)

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

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

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	Pattern 0
	Pattern 0
	Pattern 0
	Pattern 0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(4,9)
	(4,9)
	(4,9)
	(4,9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	10/1
	10/1
	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

	timeRestrictionForChannelMeasurements
	
	not configured
	not configured
	not configured
	not configured

	timeRestrictionForInterferenceMeasurements
	
	not configured
	not configured
	not configured
	not configured

	cqi-FormatIndicator
	
	Wideband
	Wideband
	Wideband
	Wideband

	pmi-FormatIndicator  
	
	Wideband
	Wideband
	Wideband
	Wideband

	Sub-band Size
	RB
	[16]
	[16]
	[16]
	[16]

	csi-ReportingBand
	
	[1111111]
	[1111111]
	[1111111]
	[1111111]

	CSI-Report periodicity and offset
	slot
	10/1
	10/1
	10/1
	10/1

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

	
	Codebook Mode
	
	1
	1
	1
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	N/A
	N/A
	N/A
	(2,1)

	
	CodebookSubsetRestriction
	
	[010000 for fixed rank 2,
010011 for following rank]
	[000011 for fixed rank 1,
010011 for following rank]
	[000011 for fixed rank 1,
010011 for following rank]
	11111111

	
	RI Restriction
	
	N/A
	N/A
	N/A
	00000010 for fixed Rank 2 and 00001111 for follow RI

	Physical channel for CSI report
	
	PUCCH
	PUCCH
	PUCCH
	PUCCH

	CQI/RI/PMI delay 
	ms
	9.5
	9.5
	9.5
	9.5

	Maximum number of HARQ transmission
	
	1
	1
	1
	1

	RI Configuration
	
	Fixed RI = 2 and follow RI
	Fixed RI = 1 and follow RI
	Fixed RI = 1 and follow RI
	Fixed RI = 2 and follow RI



Table 6.4.3.2-2: Minimum requirement (TDD)
	
	Test 1
	Test 2
	Test 3
	Test 4

	1
	N/A
	[1.05]
	[0.9]
	N/A

	2
	TBD[0.9]
	N/A
	N/A
	TBD[0.9]



[bookmark: _Toc535443125]< ---------------                                                         Start of next change                                                                  --------------------->
8	CSI reporting requirements (Radiated requirements)
[bookmark: _Toc535443126]8.1	General
This section includes radiated requirements for the reporting of channel state information (CSI).
[bookmark: _Toc535443127]8.1.1	Applicability of requirements
<TBA>
[bookmark: _Toc535443128]8.1.2	Common test parameters
Parameters specified in Table 8.1.2-1 are applied for all test cases in this section unless otherwise stated.
Table 8.1.2-1: Test parameters for CSI test cases
	Parameter
	Unit
	Value

	PDSCH transmission scheme
	
	Transmission scheme 1

	Duplex Mode
	
	TDD

	EPRE ratio of PTRS to PDSCH
	dB
	[0]

	Active DL BWP index
	
	1

	Cyclic prefix
	
	Normal

	Common serving cell parameters
	Physical Cell ID
	
	0

	
	SSB position in burst
	
	First SSB in Slot #0

	
	SSB periodicity
	ms
	20

	PDCCH configuration
	Slots for PDCCH monitoring
	
	Each slot

	
	Symbols with PDCCH
	
	0,1

	
	Number of PDCCH candidates and aggregation levels
	
	1/[8]

	
	DCI format
	
	1_1

	
	TCI state
	
	TCI state #1

	Cross carrier scheduling
	
	Not configured

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	0

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	DMRS ports indexes
	
	{1000} for Rank1
{1000,1001} for Rank2

	
	Length
	
	Single-symbol DM-RS

	
	Number of PDSCH DMRS CDM group(s) without data
	
	2

	PTRS configuration
	Frequency density (KPT-RS)
	
	2

	
	Time density (LPT-RS)
	
	1

	CSI-RS for tracking
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	[0]

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	[4]

	
	Number of CSI-RS ports (X)
	
	1

	
	CDM Type
	
	No CDM

	
	Density (ρ)
	
	3

	
	CSI-RS periodicity
	slot
	120kHz SCS: 160

	
	CSI-RS offset
	slot
	      120 kHz SCS:
80 for CSI-RS resource 1 and 2
81 for CSI-RS resource 3 and 4

	
	Frequency Occupation
	
	Start PRB 0
Number of PRB = BWP size

	
	QCL info
	
	TCI state #0

	NZP CSI-RS for CSI acquisition
	Frequency Occupation
	
	Start PRB 0
Number of PRB = BWP size

	
	QCL info
	
	TCI state #1

	ZP CSI-RS for CSI acquisition
	Frequency Occupation
	
	Start PRB 0
Number of PRB = BWP size

	CSI-RS for beam refinement
	First subcarrier index in the PRB used for CSI-RS 
	
	k0=0 for CSI-RS resource 1,2

	
	First OFDM symbol in the PRB used for CSI-RS 
	
	l0 = 8 for CSI-RS resource 1
l0 = 9 for CSI-RS resource 2

	
	Number of CSI-RS ports (X)
	
	1 for CSI-RS resource 1,2

	
	CDM Type
	
	‘No CDM’ for CSI-RS resource 1,2

	
	Density (ρ)
	
	3 for CSI-RS resource 1,2

	
	CSI-RS periodicity
	Slots
	120 kHz SCS: 160 for CSI-RS resource 1,2

	
	CSI-RS offset
	Slots
	0 for CSI-RS resource 1,2

	
	Repetition
	
	ON

	TCI state #0
	Type 1 QCL information

	SSB index
	
	SSB #0

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information

	SSB index
	
	SSB #0

	
	
	QCL Type
	
	Type D

	TCI state #1
	Type 1 QCL information

	CSI-RS resource
	
	CSI-RS resource 1 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	
	Type A

	
	Type 2 QCL information

	CSI-RS resource
	
	CSI-RS resource 1 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	
	Type D

	Number of HARQ Processes
	
	8

	HARQ ACK/NACK bundling
	
	Multiplexed

	Redundancy version coding sequence
	
	{0,2,3,1}

	K1 value
(PDSCH-to-HARQ-timing-indicator)
	
	For FR2.120-1:
[3] if mod (i.5) = 0,
[6] if mod(i,5) = 2
For FR2.120-2:
[11] if mod(i,8) = 0,
[7] if mod(i,8) = 4,
[6] if mod(i,8) = 5,
where i is slot index per radio fame with values 0-79.

	Symbols for unused Res
	
	OCNG as specified in A.5

	Note 1:	PDSCH is not scheduled on slots containing CSI-RS or slots which are not full DL.
Note 2:	UE assumes that the TCI state for the PDSCH is identical to the TCI state applied for the PDCCH transmission.



[bookmark: _Toc535443129]8.2	Reporting of Channel Quality Indicator (CQI)
[bookmark: _Toc535443130]8.2.1	1RX requirements
(Void)
[bookmark: _Toc535443131]8.2.2	2RX requirements
[bookmark: _Toc535443132]8.2.2.1	FDD
(Void)
[bookmark: _Toc535443133]8.2.2.2	TDD
[bookmark: _Toc535443134]8.2.2.2.1	CQI reporting under AWGN conditions
<Editor’s note: The requirements were introduced based on current results from companies; these requirements can be revised based on more results from companies.>
The reporting accuracy of the channel quality indicator (CQI) under frequency non-selective conditions is determined by the reporting variance and the BLER performance using the transport format indicated by the reported CQI median. The purpose is to verify that the reported CQI values are in accordance with the CQI definition given in TS 38.214 [12]. To account for sensitivity of the input SNR the reporting definition is considered to be verified if the reporting accuracy is met for at least one of two SNR levels separated by an offset of [1] dB.
[bookmark: _Toc535443135]8.2.2.2.1.1	Minimum requirement for periodic CQI reporting
For the parameters specified in Table 8.2.2.2.1.1-1, and using the downlink physical channels specified in Annex C.5.1, the minimum requirements are specified by the following:
a)	the reported CQI value shall be in the range of ±1 of the reported median more than [90%] of the time;
b)	if the PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, the BLER using the transport format indicated by the (median CQI + 1) shall be greater than 0.1. If the PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, the BLER using transport format indicated by (median CQI – 1) shall be less than or equal to 0.1.
Table 8.2.2.2.1.1-1 Test parameters
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	100
	100

	Duplex Mode
	
	TDD
	TDD

	TDD Slot Configuration 
	
	FR2.120-2 [Annex A.1.3]
	FR2.120-2 [Annex A.1.3]

	DL BWP configuration #1
	First PRB 
	
	0
	0

	
	Number of contiguous PRB
	
	66
	66

	
	Subcarrier spacing
	kHz
	120
	120

	 SNRBB 
	 dB
	[8]
	[9]
	[14]
	[15]

	Propagation channel
	
	AWGN
	AWGN

	Antenna configuration
	
	2×2 with static channel specified in [Annex B.1]
	2×2 with static channel specified in [Annex B.1]

	Beamforming Model
	
	As specified in Section [Annex TBD]Annex B.4.1
	As specified in Section [Annex TBD]Annex B.4.1

	
	
	
	

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Periodic
	Periodic

	
	Number of CSI-RS ports (X)
	
	4
	4

	
	CDM Type
	
	FD-CDM2
	FD-CDM2

	
	Density (ρ)
	
	1
	1

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

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

	
	CSI-RS
periodicity and offset
	slot
	8/1
	8/1

	
NZP CSI-RS for CSI acquisition

	CSI-RS resource Type
	
	Periodic
	Periodic

	
	Number of CSI-RS ports (X)
	
	2
	2

	
	CDM Type
	
	fd-CDM2
	fd-CDM2

	
	Density (ρ)
	
	1
	1

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

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

	
	NZP CSI-RS-timeConfig
periodicity and offset
	slot
	8/1
	8/1

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	1
	1

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(8, 13)
	(8, 13)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	8/1
	8/1

	ReportConfigType
	
	Periodic
	Periodic

	CQI-table
	
	Table 1
	Table 1

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

	timeRestrictionForChannelMeasurements
	
	Not configured
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured
	Not configured

	cqi-FormatIndicator
	
	Wideband
	Wideband

	pmi-FormatIndicator  
	
	Wideband
	Wideband

	Sub-band Size
	RB
	[8]
	[8]

	csi-ReportingBand
	
	[111111111]
	[111111111]

	CSI-Report periodicity and offset
	slot
	8/1
	8/1

	aperiodicTriggeringOffset
	
	Not configured
	Not configured

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel
	typeI-SinglePanel

	
	Codebook Mode
	
	1
	1

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

	
	CodebookSubsetRestriction
	
	[010000]
	[010000]

	
	RI Restriction
	
	[N/A]
	[N/A]

	Physical channel for CSI report
	
	[PUCCH]
	[PUCCH]

	CQI/RI/PMI delay 
	ms
	[8.375]
	[8.375]

	Maximum number of HARQ transmission
	
	1
	1

	Measurement channel
	
	As specified in Table A.4-1, TBS.1-2
	As specified in Table A.4-1, TBS.1-2



[bookmark: _Toc535443136]8.2.2.2.2	CQI reporting under fading conditions
[bookmark: _Toc535443137]8.2.2.2.2.1	Minimum requirement for wideband CQI reporting
<Editor’s note: Open issues to be resolved:
-	SNR levels
-	Test parameters
-	Requirements values (BLER, α, γ)>
The purpose of the requirements is to verify that the UE is tracking the channel variations and selecting the largest transport format possible according to the prevailing channel state for the frequency non-selective scheduling.
The reporting accuracy of CQI under frequency non-selective fading conditions is determined by the reporting variance, the relative increase of the throughput obtained when the transport format is indicated by the reported CQI compared to the throughput obtained when a fixed transport format is configured according to the reported median CQI, and a minimum BLER using the transport formats indicated by the reported CQI. To account for sensitivity of the input SNR the CQI reporting under frequency non-selective fading conditions is considered to be verified if the reporting accuracy is met for at least one of two SNR levels separated by an offset of [1] dB.
For the parameters specified in Table 8.2.2.2.2.1-1 and using the downlink physical channels specified in Annex C.5.1, the minimum requirements are specified by the following:
a)	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% is specified in Table 8.2.2.2.2.1-2;
b)	the ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index and that obtained when transmitting a fixed transport format configured according to the wideband CQI median shall be ≥ γ, where γ is specified in Table 8.2.2.2.2.1-2;
c)	when transmitting the transport format indicated by each reported wideband CQI index, the average BLER for the indicated transport formats shall be greater or equal to [0.01].
Table 8.2.2.2.2.1-1 Test parameters
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	100
	100

	Duplex Mode
	
	TDD
	TDD

	TDD Slot Configuration 
	
	FR2.120-2 [Annex A.1.3]
	FR2.120-2 [Annex A.1.3]

	DL BWP configuration #1
	First PRB 
	
	0
	0

	
	Number of contiguous PRB
	
	66
	66

	
	Subcarrier spacing
	kHz
	120
	120

	 SNRBB
	 dB
	6
	7
	12
	13

	Propagation channel
	
	[TDLA30-35]
	[TDLA30-35]

	Antenna configuration
	
	2×2
[ULA High]
	2×2
[ULA High]

	Beamforming Model
	
	As specified in Section [Annex TBD]Annex B.4.1
	As specified in Section [Annex TBD]Annex B.4.1

	
	
	
	

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Aperiodic
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	4
	4

	
	CDM Type
	
	FD-CDM2
	FD-CDM2

	
	Density (ρ)
	
	1
	1

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

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

	
	CSI-RS
interval and offset
	slot
	[8/1]
	[8/1]

	
NZP CSI-RS for CSI acquisition

	CSI-RS resource Type
	
	Aperiodic
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	2
	2

	
	CDM Type
	
	fd-CDM2
	fd-CDM2

	
	Density (ρ)
	
	1
	1

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

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

	
	NZP CSI-RS-timeConfig
interval and offset
	slot
	[8/1]
	[8/1]

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	1
	1

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(8, 13)
	(8, 13)

	
	CSI-IM timeConfig
interval and offset
	slot
	[8/1]
	[8/1]

	ReportConfigType
	
	Aperiodic
	Aperiodic

	CQI-table
	
	Table 1
	Table 1

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

	timeRestrictionForChannelMeasurements
	
	Not configured
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured
	Not configured

	cqi-FormatIndicator
	
	Wideband
	Wideband

	pmi-FormatIndicator  
	
	Wideband
	Wideband

	Sub-band Size
	RB
	[8]
	[8]

	csi-ReportingBand
	
	[111111111]
	[111111111]

	CSI-Report periodicity and offset
	slot
	8/1
	8/1

	aperiodicTriggeringOffset
	
	Not configured
	Not configured

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel
	typeI-SinglePanel

	
	Codebook Mode
	
	1
	1

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

	
	CodebookSubsetRestriction
	
	[000001]
	[000001]

	
	RI Restriction
	
	[N/A]
	[N/A]

	Physical channel for CSI report
	
	[PUSCH]
	[PUSCH]

	CQI/RI/PMI delay 
	ms
	[1.375]
	[1.375]

	Maximum number of HARQ transmission
	
	1
	1

	Measurement channel
	
	As specified in Table A.4-1, TBS.1-1
	As specified in Table A.4-1, TBS.1-1



Table 8.2.2.2.2.1-2 Minimum requirements
	
	Test 1
	Test 2

	 [%]
	[2]
	[2]

	 
	[1.05]
	[1.05]



[bookmark: _Toc535443138]8.3	Reporting of Precoding Matrix Indicator (PMI)
The minimum performance requirements of PMI reporting are defined based on the precoding gain, expressed as the relative increase in throughput when the transmitter is configured according to the UE reports compared to the case when the transmitter is using random precoding, respectively. When the transmitter uses random precoding, for each PDSCH allocation a precoder is randomly generated and applied to the PDSCH. A fixed transport format (FRC) is configured for all requirements.
The requirements for transmission mode 1 with 2TX and higher layer parameter codebookType set to ‘typeI-SinglePanel’ are specified in terms of the ratio

	




In the definition of γ, for 2TX PMI requirements, 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.
[bookmark: _Toc535443139]8.3.1	1RX requirements
(Void)
[bookmark: _Toc535443140]8.3.2	2RX requirements
[bookmark: _Toc535443141]8.3.2.1	FDD
(Void)
[bookmark: _Toc535443142]8.3.2.2	TDD
[bookmark: _Toc535443143]8.3.2.2.1	Single PMI with 2TX TypeI-SinglePanel Codebook
For the parameters specified in Table 8.3.2.2.1-1, and using the downlink physical channels specified in Annex C.5.1, the minimum requirements are specified in Table 8.3.2.2.1-2.
Table 8.3.2.2.1-1: Test parameters (single layer)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	100
	100

	TDD DL-UL configuration
	
	FR2.120-2 as specified in Annex A
	FR2.120-12 as specified in Annex A

	DL BWP configuration #1
	First PRB 
	
	0
	0

	
	Number of contiguous PRB
	
	66
	66

	
	Subcarrier spacing
	kHz
	120
	120

	Propagation channel
	
	[TDLA30-35]
	TDLA30-35

	Antenna configuration
	
	2 x 2 [ULA Low]
	2 x 2 [ULA Low]

	Beamforming Model
	
	TBD
	

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Aperiodic
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	4
	4

	
	CDM Type
	
	FD-CDM2
	FD-CDM2

	
	Density (ρ)
	
	1
	1

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

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

	
	CSI-RS
interval and offset
	slot
	8/1
	5/1

	
NZP CSI-RS for CSI acquisition

	CSI-RS resource Type
	
	Aperiodic
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	2
	2

	
	CDM Type
	
	FD-CDM2
	FD-CDM2

	
	Density (ρ)
	
	1
	1

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

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

	
	CSI-RS
interval and offset
	slot
	8/1
	85/1

	


CSI-IM configuration
	CSI-IM RE pattern    
	
	Patten 0
	Patten 0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(8,13)
	(8,13)

	
	CSI-IM timeConfig
interval and offset
	slot
	8/1
	5/1

	ReportConfigType
	
	Aperiodic
	Aperiodic

	CQI-table
	
	Table 1
	Table 1

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

	timeRestrictionForChannelMeasurements
	
	Not configured
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured
	Not configured

	cqi-FormatIndicator
	
	Wideband
	Wideband

	pmi-FormatIndicator  
	
	Wideband
	Wideband

	Sub-band Size
	RB
	[8]
	[8]

	csi-ReportingBand
	
	[111111111]
	[111111111]

	CSI-Report interval and offset
	slot
	8/1
	5/1

	aperiodicTriggeringOffset
	
	0
	0

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel
	typeI-SinglePanel

	
	Codebook Mode
	
	1
	1

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

	
	CodebookSubsetRestriction
	
	001111
	001111

	
	RI Restriction
	
	N/A
	N/A

	Physical channel for CSI report
	
	PUSCH
	PUSCH

	CQI/RI/PMI delay 
	ms
	1.375
	1.75

	Maximum number of HARQ transmission
	
	4
	4

	Measurement channel
	
	R.PDSCH.5-8.1 TDD
	R.PDSCH.5-7.1 TDD

	Note 1:	For random precoder selection, the precoder shall be updated in each slot (0.125 ms granularity).
Note 2:	If the UE 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 eNB downlink before slot#[(n+4)].
Note 3:	Randomization of the principle beam direction shall be used as specified in Annex B.2.3.2.3TBD.



Table 8.3.2.2.1-2: Minimum requirement
	Parameter
	Test 1
	Test 2

	
	[1.05]
	[1.05]



[bookmark: _Toc535443144]8.4	Reporting of Rank Indicator (RI)
The purpose of this test is to verify that the reported rank indicator accurately represents the channel rank. The accuracy of RI reporting is determined by the relative increase of the throughput obtained when transmitting based on the reported rank compared to the case for which a fixed rank is used for transmission.
[bookmark: _Toc535443145]8.4.1	1RX requirements
(Void)
[bookmark: _Toc535443146]8.4.2	2RX requirements
[bookmark: _Toc535443147]8.4.2.1	FDD
(Void)
[bookmark: _Toc535443148]8.4.2.2	TDD
The minimum performance requirement in Table 8.4.2.2-2 is defined as
a)	The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ ;
b)	The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2 shall be ≥ ;
For the parameters specified in Table 8.4.2.2-1, and using the downlink physical channels specified in Annex C.5.1, the minimum requirements are specified in Table 8.4.2.2-2.
Table 8.4.2.2-1: RI Test (TDD)
	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Bandwidth
	MHz
	100
	100
	100

	Duplex Mode
	
	TDD
	TDD
	TDD

	TDD Slot Configuration
	
	FR1.120-2
	FR1.120-2
	FR1.120-2

	DL BWP configuration #1
	First PRB 
	
	0
	0
	0

	
	Number of contiguous PRB
	
	66
	66
	66

	
	Subcarrier spacing
	kHz
	120
	120
	120

	 SNR 
	 dB
	[0]
	[2016]
	[2016]

	Propagation channel
	
	[TDLA30-35]
	[TDLA30-35]
	[TDLA30-35]

	Antenna configuration
	
	ULA Low 2x2
	ULA Low 2x2
	XP High 2x2

	Beamforming Model
	
	As defined in Annex B.4.1
	As defined in Annex B.4.1
	As defined in Annex B.4.1

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Aperiodic
	Aperiodic
	Aperiodic

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

	
	CDM Type
	
	FD-CDM2
	FD-CDM2
	FD-CDM2

	
	Density (ρ)
	
	1
	1
	1

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

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

	
	CSI-RS
interval and offset
	slot
	8/1
	8/1
	8/1

	
NZP CSI-RS for CSI acquisition


	CSI-RS resource Type
	
	Aperiodic
	Aperiodic
	Aperiodic

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

	
	CDM Type
	
	FD-CDM2
	FD-CDM2
	FD-CDM2

	
	Density (ρ)
	
	1
	1
	1

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

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

	
	NZP CSI-RS-timeConfig
interval and offset
	slot
	8/1
	8/1
	8/1

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	Pattern 1
	Pattern 1
	Pattern 1

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)

	
	(8,13)
	(8,13)
	(8,13)

	
	CSI-IM timeConfig
interval and offset
	slot
	8/1
	8/1
	8/1

	ReportConfigType
	
	Aperiodic 
	Aperiodic
	Aperiodic

	CQI-table
	
	Table 1
	Table 1
	Table 1

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

	timeRestrictionForChannelMeasurements
	
	not configured
	not configured
	not configured

	timeRestrictionForInterferenceMeasurements
	
	not configured
	not configured
	not configured

	cqi-FormatIndicator
	
	Wideband
	Wideband
	Wideband

	pmi-FormatIndicator  
	
	Wideband
	Wideband
	Wideband

	Sub-band Size
	RB
	[8]
	[8]
	[8]

	csi-ReportingBand
	
	[111111111]
	[111111111]
	[111111111]

	CSI-Report interval and offset
	slot
	8/1
	8/1
	8/1

	aperiodicTriggeringOffset
	
	0
	0
	0

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

	
	Codebook Mode
	
	1
	1
	1

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

	
	CodebookSubsetRestriction
	
	
[010000 for fixed rank 2,
010011 for following rank]
	[000011 for fixed rank 1,
010011 for following rank]
	[000011 for fixed rank 1,
010011 for following rank]

	
	RI Restriction
	
	N/A
	N/A
	N/A

	Physical channel for CSI report
	
	PUSCH
	PUSCH
	PUSCH

	CQI/RI/PMI delay 
	ms
	1.375
	1.375
	1.375

	Maximum number of HARQ transmission
	
	1
	1
	1

	RI Configuration
	
	Fixed RI = 2 and follow RI
	Fixed RI = 1 and follow RI
	Fixed RI = 1 and follow RI



Table 8.4.2.2-2: Minimum requirement (TDD)
	
	Test 1
	Test 2
	Test 3

	1
	N/A
	[1.05]
	[1.05]

	2
	[1.0]
	N/A
	N/A



< ---------------                                                         Start of next change                                                                  --------------------->
[bookmark: _Toc535443188]10	CSI reporting requirements for interworking
[bookmark: _Toc535443189]10.1	General
This clause specifies CSI performance requirements for EN-DC, NE-DC, inter-band NR-DC between FR1 and FR2, and inter-band NR CA between FR1 and FR2.
The definition of frequency ranges (FR1 and FR2) are specified in TS38.101-3 [8, table 5.1-1].
[bookmark: _Toc535443190]10.1.1	Applicability of requirements
<TBA>
[bookmark: _Toc535443191]10.2	Void
[bookmark: _Toc535443192]10.2A	Reporting of Channel Quality Indicator (CQI) for CA
[bookmark: _Toc535443193]10.2B	Reporting of Channel Quality Indicator (CQI) for DC
[bookmark: _Toc535443194]10.2B.1	EN-DC
<Editor’s note: FFS which test cases from SA will be applied for EN-DC >
[bookmark: _Toc535443195]10.2B.1.1	EN-DC within FR1
Unless otherwise stated, the configuration of LTE Pcell specified in Section 9.1.2 [X] applies to LTE carrier.
Unless otherwise stated, NR CQI requirements and test configurations defined in Subclause 6.2 apply to NR cell(s).
Unless otherwise stated, only NR requirements on NR cell(s) shall be verified during test.
[bookmark: _Toc535443196]10.2B.1.2	EN-DC including FR2 NR carrier
Unless otherwise stated, the configuration of LTE Pcell specified in Section 9.1.2[X]  applies to LTE carrier.
Unless otherwise stated, NR CQI requirements and test configurations defined in Subclause 8.2 apply to NR cell(s).
Unless otherwise stated, only NR requirements on NR cell(s) shall be verified during test.
[bookmark: _Toc535443197]10.2B.1.3	EN-DC including FR1 and FR2 NR carriers

[bookmark: _Toc535443198]10.3	Void
[bookmark: _Toc535443199]10.3A	Reporting of Precoding Matrix Indicator (PMI) for CA
[bookmark: _Toc535443200]10.3B	Reporting of Precoding Matrix Indicator (PMI) for DC
[bookmark: _Toc535443201]10.3B.1	EN-DC
<Editor’s note: FFS which test cases from SA will be applied for EN-DC >
[bookmark: _Toc535443202]10.3B.1.1	EN-DC within FR1
Unless otherwise stated, the configuration of LTE Pcell specified in Section 9.1.2 [X] applies to LTE carrier.
Unless otherwise stated, NR PMI requirements and test configurations defined in Subclause 6.3 apply to NR cell(s).
Unless otherwise stated, only NR requirements on NR carrier(s) shall be verified during test.
[bookmark: _Toc535443203]10.3B.1.2	EN-DC including NR FR2 carrier
Unless otherwise stated, the configuration of LTE Pcell specified in Section 9.1.2 [X] applies to LTE carrier.
Unless otherwise stated, NR PMI requirements and test configurations defined in Subclause 8.3 apply to NR cell(s).
Unless otherwise stated, only NR requirements on NR cell(s) shall be verified during test.
[bookmark: _Toc535443204]10.3B.1.3	EN-DC including FR1 and FR2 NR carriers

[bookmark: _Toc535443205]10.4	Void
[bookmark: _Toc535443206]10.4A	Reporting of Rank Indicator (RI) for CA
[bookmark: _Toc535443207]10.4B	Reporting of Rank Indicator (RI) for DC
[bookmark: _Toc535443208]10.4B.1	EN-DC
<Editor’s note: FFS which test cases from SA will be applied for EN-DC >
[bookmark: _Toc535443209]10.4B.1.1	EN-DC within FR1
Unless otherwise stated, the configuration of LTE Pcell specified in Section 9.1.2 [X] applies to LTE carrier.
Unless otherwise stated, NR RI requirements and test configurations defined in Subclause  6.4 apply to NR cell(s).
Unless otherwise stated, only NR requirements on NR cell(s) shall be verified during test.
[bookmark: _Toc535443210]10.4B.1.2	EN-DC including NR FR2 carrier
Unless otherwise stated, the configuration of LTE Pcell specified in Section 9.1.2 [X] applies to LTE carrier.
Unless otherwise stated, NR RI requirements and test configurations defined in Subclause 8.4 apply to NR cell(s) for EN-DC operation with NR carrier(s) in FR2.
Unless otherwise stated, only NR requirements on NR cell(s) shall be verified during test.
[bookmark: _Toc535443211]10.4B.1.3	EN-DC including FR1 and FR2 NR carriers
< -----------------                                                        End of change                                                                  --------------------->
image1.wmf
2

,

1

2

,

1

,

rnd

rnd

follow

follow

ue

t

t

=

g


oleObject1.bin

image2.wmf
1,2

followfollow

t


oleObject2.bin

image3.wmf
1,2

followfollow

SNR


oleObject3.bin

image4.wmf
1,2

rndrnd

t


oleObject4.bin

oleObject5.bin

image5.wmf
rnd

ue

t

t

=

g


oleObject6.bin

image6.wmf
ue

t


oleObject7.bin

image7.wmf
ue

SNR


oleObject8.bin

image8.wmf
rnd

t


oleObject9.bin

oleObject10.bin

