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[bookmark: _Toc67918117][bookmark: _Toc76298160][bookmark: _Toc76572172][bookmark: _Toc76652039][bookmark: _Toc76652877][bookmark: _Toc83742149][bookmark: _Toc91440639][bookmark: _Toc98849429][bookmark: _Toc106543282][bookmark: _Toc106737379][bookmark: _Toc107233146][bookmark: _Toc107234736][bookmark: _Toc107419705][bookmark: _Toc107476999]<The first Changes>
[bookmark: _Toc107477076][bookmark: _Toc114565925][bookmark: _Toc115268015]6.3	Reporting of Precoding Matrix Indicator (PMI)
[bookmark: _Hlk37069531]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 reported PMI 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 with equal propability of each applicable i1 and i2 combination and applied to the PDSCH. A fixed transport format (FRC) is configured for all requirements.
The requirements for transmission scheme 1 with higher layer parameter codebookType set to 'typeI-SinglePanel' are specified in terms of the ratio:






In the definition of γ, for 4TX,  8TX, 16TX, and 32TX 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.
The requirements for transmission scheme 1 with higher layer parameter codebookType set to 'typeII' or 'typeII-r16' are specified in terms of the ratio:






In the definition of γ, for 16TX 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: _Toc21338240][bookmark: _Toc29808348][bookmark: _Toc37068267][bookmark: _Toc37083812][bookmark: _Toc37084154][bookmark: _Toc40209516][bookmark: _Toc40209858][bookmark: _Toc45892817][bookmark: _Toc53176674][bookmark: _Toc61120987][bookmark: _Toc67918165][bookmark: _Toc76298209][bookmark: _Toc76572221][bookmark: _Toc76652088][bookmark: _Toc76652926][bookmark: _Toc83742198][bookmark: _Toc91440688][bookmark: _Toc98849478][bookmark: _Toc106543331][bookmark: _Toc106737429][bookmark: _Toc107233196][bookmark: _Toc107234811][bookmark: _Toc107419781][bookmark: _Toc107477077][bookmark: _Toc114565926][bookmark: _Toc115268016]6.3.1	1RX requirements
[bookmark: _Toc114565927][bookmark: _Toc115268017]6.3.1.1	FDD
[bookmark: _Toc114565928][bookmark: _Toc115268018]6.3.1.1.1	Single PMI with 4TX TypeI-SinglePanel Codebook
For the parameters specified in Table 6.3.1.1.1-1, and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified in Table 6.3.1.1.1-2. The requirements are 
Table 6.3.1.1.1-1: Test parameters (single layer)
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Subcarrier spacing
	kHz
	15

	Duplex Mode
	
	FDD

	Propagation channel
	
	TDLA30-5

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

	Beamforming Model
	
	As specified in 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, l1)
	
	(9)

	
	CSI-RS
periodicity 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)
	
	Row 4, (0)

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

	
	CSI-RS
periodicity and offset
	
	Not configured

	
	aperiodicTriggeringOffset
	
	0

	CSI-IM configuration
	CSI-IM resource Type
	
	Aperiodic

	
	CSI-IM RE pattern
	
	Pattern 0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)
	
	(4,9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	Not configured

	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 periodicity and offset
	slot
	Not configured

	Aperiodic Report Slot Offset
	
	43

	CSI request
	
	1 in slots i, where mod(i, 5) = 1, otherwise it is equal to 0

	reportTriggerSize
	
	1

	CSI-AperiodicTriggerStateList
	
	One State with one Associated Report Configuration
Associated Report Configuration contains pointers to NZP CSI-RS and CSI-IM

	Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

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

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

	
	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 (Note 4)
	
	R.PDSCH.1-6.1 FDD
R.PDSCH.X6-1TBD HD-FDD

	PDSCH & PDSCH DMRS Precoding configuration for random Precoding
	
	Single Panel Type I, Random precoder selection updated per slot, with equal probability of each applicable i1, i2 combination, and with Wideband granularity

	Note 1:	When Throughput is measured using random precoder selection, the precoder shall be updated in each slot (1 ms granularity) with equal probability of each applicable i1, i2 combination.
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 gNB downlink before slot#(n+3).
Note 3:	Randomization of the principle beam direction shall be used as specified in Annex B.2.3.2.3.
Note 4:	Applied reference channel depends on the supported operation mode: FDD or HD-FDD



Table 6.3.1.1.1-2: Minimum requirement
	Parameter
	Test 1

	
	1.3



[bookmark: _Toc114565929][bookmark: _Toc115268019]6.3.1.2	TDD
[bookmark: _Toc114565930][bookmark: _Toc115268020]6.3.1.2.1	Single PMI with 4TX TypeI-SinglePanel Codebook
For the parameters specified in Table 6.3.1.2.1-1, and using the downlink physical channels specified in Annex C.3.1, the minimum requirements are specified in Table 6.3.1.2.1-2.
Table 6.3.1.2.1-1: Test parameters (single layer)
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	20

	Subcarrier spacing
	kHz
	30

	Duplex Mode
	
	TDD

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

	Propagation channel
	
	TDLA30-5

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

	Beamforming Model
	
	As specified in 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
	
	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)
	
	Row 4, (0)

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

	
	CSI-RS
periodicity and offset
	slot
	Not configured

	
	aperiodicTriggeringOffset
	
	0

	CSI-IM configuration
	CSI-IM resource Type
	
	Aperiodic

	
	CSI-IM RE pattern
	
	Pattern 0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)
	
	(4,9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	Not configured

	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 periodicity and offset
	slot
	Not configured

	Aperiodic Report Slot Offset
	
	8

	CSI request
	
	1 in slots i, where mod(i, 10) = 1, otherwise it is equal to 0

	reportTriggerSize
	
	1

	CSI-AperiodicTriggerStateList
	
	One State with one Associated Report Configuration
Associated Report Configuration contains pointers to NZP CSI-RS and CSI-IM

	Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

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

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

	
	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.2-8.4 TDD

	PDSCH & PDSCH DMRS Precoding configuration for random Precoding
	
	Single Panel Type I, Random precoder selection updated per slot, with equal probability of each applicable i1, i2 combination, and with Wideband granularity

	Note 1:	When Throughput is measured using random precoder selection, the precoder shall be updated in each slot (0.5 ms granularity) with equal probability of each applicable i1, i2 combination.
Note 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 gNB downlink before slot#(n+4).
Note 3:	Randomization of the principle beam direction shall be used as specified in Annex B.2.3.2.3.



Table 6.3.2.2.1-2: Minimum requirement
	Parameter
	Test 1

	
	1.3




[bookmark: _Toc21338241][bookmark: _Toc29808349][bookmark: _Toc37068268][bookmark: _Toc37083813][bookmark: _Toc37084155][bookmark: _Toc40209517][bookmark: _Toc40209859][bookmark: _Toc45892818][bookmark: _Toc53176675][bookmark: _Toc61120988][bookmark: _Toc67918166][bookmark: _Toc76298210][bookmark: _Toc76572222][bookmark: _Toc76652089][bookmark: _Toc76652927][bookmark: _Toc83742199][bookmark: _Toc91440689][bookmark: _Toc98849479][bookmark: _Toc106543332][bookmark: _Toc106737430][bookmark: _Toc107233197][bookmark: _Toc107234812][bookmark: _Toc107419782][bookmark: _Toc107477078][bookmark: _Toc114565931][bookmark: _Toc115268021]6.3.2	2RX requirements
[bookmark: _Toc21338242][bookmark: _Toc29808350][bookmark: _Toc37068269][bookmark: _Toc37083814][bookmark: _Toc37084156][bookmark: _Toc40209518][bookmark: _Toc40209860][bookmark: _Toc45892819][bookmark: _Toc53176676][bookmark: _Toc61120989][bookmark: _Toc67918167][bookmark: _Toc76298211][bookmark: _Toc76572223][bookmark: _Toc76652090][bookmark: _Toc76652928][bookmark: _Toc83742200][bookmark: _Toc91440690][bookmark: _Toc98849480][bookmark: _Toc106543333][bookmark: _Toc106737431][bookmark: _Toc107233198][bookmark: _Toc107234813][bookmark: _Toc107419783][bookmark: _Toc107477079][bookmark: _Toc114565932][bookmark: _Toc115268022]6.3.2.1	FDD
[bookmark: _Toc21338243][bookmark: _Toc29808351][bookmark: _Toc37068270][bookmark: _Toc37083815][bookmark: _Toc37084157][bookmark: _Toc40209519][bookmark: _Toc40209861][bookmark: _Toc45892820][bookmark: _Toc53176677][bookmark: _Toc61120990][bookmark: _Toc67918168][bookmark: _Toc76298212][bookmark: _Toc76572224][bookmark: _Toc76652091][bookmark: _Toc76652929][bookmark: _Toc83742201][bookmark: _Toc91440691][bookmark: _Toc98849481][bookmark: _Toc106543334][bookmark: _Toc106737432][bookmark: _Toc107233199][bookmark: _Toc107234814][bookmark: _Toc107419784][bookmark: _Toc107477080][bookmark: _Toc114565933][bookmark: _Toc115268023]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

	Subcarrier spacing
	kHz
	15

	Duplex Mode
	
	FDD

	Propagation channel
	
	TDLA30-5

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

	Beamforming Model
	
	As specified in 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, l1)
	
	(9)

	
	CSI-RS
periodicity 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)
	
	Row 4, (0)

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

	
	CSI-RS
periodicity and offset
	
	Not configured

	
	aperiodicTriggeringOffset
	
	0

	CSI-IM configuration
	CSI-IM resource Type
	
	Aperiodic

	
	CSI-IM RE pattern
	
	Pattern 0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)
	
	(4,9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	Not configured

	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 periodicity and offset
	slot
	Not configured

	Aperiodic Report Slot Offset
	
	4

	CSI request
	
	1 in slots i, where mod(i, 5) = 1, otherwise it is equal to 0

	reportTriggerSize
	
	1

	CSI-AperiodicTriggerStateList
	
	One State with one Associated Report Configuration
Associated Report Configuration contains pointers to NZP CSI-RS and CSI-IM

	Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

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

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

	
	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 (Note 4)
	
	R.PDSCH.1-6.1 FDD
R.PDSCH.1.X6-1 HD-FDD

	PDSCH & PDSCH DMRS Precoding configuration for random Precoding
	
	Single Panel Type I, Random precoder selection updated per slot, with equal probability of each applicable i1, i2 combination, and with Wideband granularity

	Note 1:	When Throughput is measured using random precoder selection, the precoder shall be updated in each slot (1 ms granularity) with equal probability of each applicable i1, i2 combination.
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 gNB downlink before slot#(n+3).
Note 3:	Randomization of the principle beam direction shall be used as specified in Annex B.2.3.2.3.
Note 4:	Applied reference channel depends on the supported operation mode: FDD or HD-FDD.



Table 6.3.2.1.1-2: Minimum requirement
	Parameter
	Test 1

	
	1.3




<The end of Changes>
[bookmark: _Toc21338396][bookmark: _Toc29808504][bookmark: _Toc37068423][bookmark: _Toc37083968][bookmark: _Toc37084310][bookmark: _Toc40209672][bookmark: _Toc40210014][bookmark: _Toc45892973][bookmark: _Toc53176838][bookmark: _Toc61121166][bookmark: _Toc67918362][bookmark: _Toc76298432][bookmark: _Toc76572444][bookmark: _Toc76652311][bookmark: _Toc76653149][bookmark: _Toc83742422][bookmark: _Toc91440912][bookmark: _Toc98849702][bookmark: _Toc106543556][bookmark: _Toc106737654][bookmark: _Toc107233421][bookmark: _Toc107235039][bookmark: _Toc107420009][bookmark: _Toc107477307][bookmark: _Toc114566165][bookmark: _Toc115268255]A.3.2.1	FDD
[bookmark: _Toc21338397][bookmark: _Toc29808505][bookmark: _Toc37068424][bookmark: _Toc37083969][bookmark: _Toc37084311][bookmark: _Toc40209673][bookmark: _Toc40210015][bookmark: _Toc45892974][bookmark: _Toc53176839][bookmark: _Toc61121167][bookmark: _Toc67918363][bookmark: _Toc76298433][bookmark: _Toc76572445][bookmark: _Toc76652312][bookmark: _Toc76653150][bookmark: _Toc83742423][bookmark: _Toc91440913][bookmark: _Toc98849703][bookmark: _Toc106543557][bookmark: _Toc106737655][bookmark: _Toc107233422][bookmark: _Toc107235040][bookmark: _Toc107420010][bookmark: _Toc107477308][bookmark: _Toc114566166][bookmark: _Toc115268256]A.3.2.1.1	Reference measurement channels for SCS 15 kHz FR1

Table A.3.2.1.1-X6: PDSCH Reference Channel for FDD PMI reporting requirements
	Parameter
	Unit
	Value

	Reference channel
	
	R.PDSCH.1-X6.1 HD-FDD
	
	
	
	

	Channel bandwidth
	MHz
	10
	
	
	
	

	Subcarrier spacing
	kHz
	15
	
	
	
	

	Number of allocated resource blocks
	PRBs
	52
	
	
	
	

	Number of consecutive PDSCH symbols
	
	
	
	
	
	

	  For Slot i, if mod(i, 5) = 3 for i from {0,…,19}
	
	8
	
	
	
	

	  For Slot i, if mod(i, 5) = {0,2} for i from {1,…,19}
	
	12
	
	
	
	

	Allocated slots per 2 frames
	Slots
	11
	
	
	
	

	MCS table
	
	64QAM
	
	
	
	

	MCS index
	
	13
	
	
	
	

	Modulation
	
	16QAM
	
	
	
	

	Target Coding Rate
	
	0.48
	
	
	
	

	Number of MIMO layer
	
	1
	
	
	
	

	Number of DMRS REs (Note 3)
	
	24
	
	
	
	

	Overhead for TBS determination
	
	0
	
	
	
	

	Information Bit Payload per Slot 
	
	
	
	
	
	

	  For Slot i = 0
	Bits
	N/A
	
	
	
	

	  For CSI Slots i, if mod (i,5) =1, i={0,…,19}
	
	N/A
	
	
	
	

	  For Non CSI-RS Slot i, if mod (i,5) =3, i={0,..19}
	Bits
	7168
	
	
	
	

	  For Non CSI-RS Slot i, if mod (i,5) ={0,2}, i={1,..19}
	Bits
	12040
	
	
	
	

	Transport block CRC per Slot
	
	
	
	
	
	

	  For Slot i = 0
	Bits
	N/A
	
	
	
	

	  For CSI Slots i, if mod (i,5) =1, i={0,…,19}
	
	N/A
	
	
	
	

	  For Non CSI-RS Slot i, if mod (i,5) =3, i={0,..19}
	Bits
	24
	
	
	
	

	  For Non CSI-RS Slot i, if mod (i,5) ={0,2}, i={1,..19}
	Bits
	24
	
	
	
	

	Number of Code Blocks per Slot
	
	
	
	
	
	

	  For Slot i = 0
	CBs
	N/A
	
	
	
	

	  For CSI Slots i, if mod (i,5) =1, i={0,…,19}
	
	N/A
	
	
	
	

	  For Non CSI-RS Slot i, if mod (i,5) =3, i={0,..,19}
	CBs
	1
	
	
	
	

	  For Non CSI-RS Slot i, if mod (i,5) ={0,2}, i={1,..,19}
	CBs
	2
	
	
	
	

	Binary Channel Bits Per Slot
	
	
	
	
	
	

	  For Slot i = 0
	Bits
	N/A
	
	
	
	

	  For CSI Slots i, if mod (i,5) =1, i={0,…,19}
	
	N/A
	
	
	
	

	  For Slots i = 10
	Bits
	23712
	
	
	
	

	  For Non CSI-RS Slot i, if mod (i,5) =3, i={0,..,19}
	Bits
	14976
	
	
	
	

	  For Non CSI-RS Slot i, if mod (i,5) ={0,2}, i={1,..9,11,…,19}
	Bits
	24960
	
	
	
	

	Max. Throughput averaged over 2 frames
	Mbps
	5.648
	
	
	
	

	Note 1:	SS/PBCH block is transmitted in slot #0 with periodicity 20 ms
Note 2:	Slot i is slot index per 2 frames
Note 3:	Number of DMRS REs includes the overhead of the DM-RS CDM groups without data
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