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9
Reporting of Channel State Information  

9.1

General

This section includes requirements for the reporting of channel state information (CSI).
9.2

CQI reporting 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 36.211].    

9.2.1
Minimum requirement PUCCH 1-0



	
	
	
	

	
	
	

	
	
	

	


	
	

	
	
	
	

	

	
	
	

	

	
	
	

	
	
	

	


9.2.1.1
FDD

For the parameters specified in Table 9.2.1.1-1, and using the downlink physical channels specified in tables C.3.2-1 and C.3.2-2, the reported CQI value shall be in the range of +/-[1] of the reported median more than [90%] of the time. 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 9.2.1.1-1: PUCCH 1-0 static test (FDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	1

	Downlink power allocation
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	dB
	0
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	dB
	0

	Propagation condition and antenna configuration
	
	AWGN (1 x 2)

	SNR
	dB
	[0]
	[6]
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	dB[mW/15kHz]
	[-98]
	[-98]
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	dB[mW/15kHz]
	[-98]
	[-92]

	PUCCH Format
	
	[Format 2]

	PUCCH Report Type
	
	4

	Reporting periodicity 
	ms
	[NP = 5 ms]

	cqi-pmi-ConfigurationIndex
	
	5

	NOTE: Reference measurement channel as per TS 36.213 Section 7.2.3


9.2.1.2
TDD

For the parameters specified in Table 9.2.1.2-1, and using the downlink physical channels specified in tables C.3.2-1 and C.3.2-2, the reported CQI value shall be in the range of +/-[1] of the reported median more than [90%] of the time. 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 9.2.1.2-1: PUCCH 1-0 static test (TDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	1

	Uplink downlink configuration
	
	1

	Special subframe configuration
	
	4

	Downlink power allocation
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	dB
	0

	Propagation condition and antenna configuration
	
	AWGN (1 x 2)

	SNR
	dB
	[0]
	[6]
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	dB[mW/15kHz]
	[-98]
	[-98]
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	dB[mW/15kHz]
	[-98]
	[-92]

	PUCCH Format
	
	[Format 2]

	PUCCH Report Type
	
	4

	Reporting periodicity 
	ms
	[NP = 5]

	cqi-pmi-ConfigurationIndex
	
	4

	NOTE: Reference measurement channel as per TS 36.213 Section 7.2.3


9.3

CQI reporting under fading conditions

9.3.1
Frequency-selective scheduling mode
The accuracy of sub-band channel quality indicator (CQI) reporting under 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 on any one of the sub-bands with the highest reported differential CQI offset level the corresponding transport format compared to the case for which a fixed format is transmitted on any sub-band in set S [36.213]. The purpose is to verify that preferred sub-bands can be used for frequently-selective scheduling.   
9.3.1.1
Minimum requirement PUSCH 3-0
9.3.1.1.1
FDD
For the parameters specified in Table 9.3.1.1.1-1, [and using the downlink physical channels specified in Annex C,] the minimum requirements are specified in Table 9.3.1.1.1-2 and by the following 

a) a sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than % for each sub-band;
b) [the ratio of the throughput obtained when transmitting on any one of the sub-bands with the highest differential CQI offset level the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected sub-band in set S shall be ≥ ;]
c) [BLER requirement]
[Editors note: details of additional requirements (b) and (c) TBD]
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, each available downlink transmission instance for TDD]. The transport block size TBS(wideband CQI median) is that resulting from the code rate which is closest to that indicated by the wideband CQI median and the
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entry in Table 7.1.7.2.1-1 [TS 36.213] that corresponds to the sub-band size.
Table 9.3.1.1.1-1 Sub-band test for single antenna transmission (FDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	SNR
	dB
	[9]
	[14]
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	dB[mW/15kHz]
	[-98]
	[-98]
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	dB[mW/15kHz]
	[-89]
	[-84]

	Propagation channel
	
	[Clause B.2.4]

	Correlation
	
	[Full]

	Reporting interval
	ms
	[5] ms

	Reporting mode
	
	PUSCH 3-0

	Max number of HARQ transmissions
	
	[1]



Table 9.3.1.1.1-2  Minimum requirement (FDD)

	
	Test 1
	Test 2
	

	 [%]
	TBD
	TBD
	

	 [%]
	TBD
	TBD
	

	 
	TBD
	TBD
	


9.3.1.1.2
TDD

For the parameters specified in Table 9.3.1.1.2-1, [and using the downlink physical channels specified in Annex C,] the minimum requirements are specified in Table 9.3.1.1.2-2 and by the following 

a) a sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than % for each sub-band;
b) [the ratio of the throughput obtained when transmitting on any one of the sub-bands with the highest differential CQI offset level the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected sub-band in set S shall be ≥ ;]
c) [BLER requirement]
[Editors note: details of additional requirements (b) and (c) TBD]
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, each available downlink transmission instance for TDD]. The transport block size TBS(wideband CQI median) is that resulting from the code rate which is closest to that indicated by the wideband CQI median and the
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entry in Table 7.1.7.2.1-1 [TS 36.213] that corresponds to the sub-band size.
  Table 9.3.1.1.2-1 Sub-band test for single antenna transmission (TDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Uplink downlink configuration
	
	1

	Special subframe configuration
	
	4

	SNR
	dB
	[9]
	[14]
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	dB[mW/15kHz]
	[-98]
	[-98]
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	dB[mW/15kHz]
	[-89]
	[-84]

	Propagation channel
	
	[Caluse B.2.4]

	Correlation
	
	[Full]

	Reporting interval
	ms
	[5] ms

	Reporting mode
	
	PUSCH 3-0

	Max number of HARQ transmissions
	
	[1]



Table 9.3.1.1.2-2  Minimum requirement (TDD)

	
	Test 1
	Test 2
	

	 [%]
	TBD
	TBD
	

	 [%]
	TBD
	TBD
	

	 
	TBD
	TBD
	


9.3.2
Frequency non-selective scheduling mode
The reporting accuracy of the channel quality indicator (CQI) under frequency non-selective fading conditions is determined by a single-sided percentile of the reported CQI, and the relative increase of the throughput obtained when the transport format transmitted is that indicated by the reported CQI compared to the case for which a fixed transport format configured according to the reported median CQI is transmitted. The purpose is to verify that the UE is tracking the channel variations and selecting the transport format according to the prevailing channel state for frequently non-selective scheduling.   
9.3.2.1
Minimum requirement PUCCH 1-0

9.3.2.1.1
FDD
For the parameters specified in Table 9.3.2.1.1-1, [and using the downlink physical channels specified in Annex C,] the minimum requirements are specified in Table 9.3.2.1.1-2 and by the following 

a) a CQI index below (wideband CQI median – [1]) shall be reported at least  % of the time;
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 ≥ ;]
c) [BLER requirement]
[Editors note: details of additional requirements (b) and (c) TBD]
The transport block size TBS(wideband CQI median) is that resulting from the code rate which is closest to that indicated by the wideband CQI median and the
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entry in Table 7.1.7.2.1-1 [36.213] that corresponds to the maximum transmission configuration (Table 5.6-1).
Table 9.3.2.1.1-1 Fading test for single antenna (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	SNR
	dB
	[6]
	[12]
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	dB[mW/15kHz]
	[-98]
	[-98]
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	dB[mW/15kHz]
	[-92]
	[-86]

	Propagation channel
	
	EPA5

	Correlation
	
	High

	Reporting mode
	
	PUCCH 1-0

	Reporting periodicity
	ms
	[NP = 2]

	PUCCH Format
	
	[Format 2]

	PUCCH Report Type
	
	4

	cqi-pmi-ConfigurationIndex
	
	1

	Max number of HARQ transmissions
	
	[1]


Table 9.3.2.1.1-2 Minimum requirement (FDD)

	
	Test 1
	Test 2
	

	 [%]
	TBD
	TBD
	

	 
	TBD
	TBD
	


9.3.2.1.2
TDD

For the parameters specified in Table 9.3.2.1.2-1, [and using the downlink physical channels specified in Annex C,] the minimum requirements are specified in Table 9.3.2.1.2-2 and by the following 

a) a CQI index below (wideband CQI median – [1]) shall be reported at least  % of the time;
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 ≥ ;]
c) [BLER requirement]
[Editors note: details of additional requirements (b) and (c) TBD]
The transport block size TBS(wideband CQI median) is that resulting from the code rate which is closest to that indicated by the wideband CQI median and the
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entry in Table 7.1.7.2.1-1 [36.213] that corresponds to the maximum transmission configuration (Table 5.6-1).
Table 9.3.2.1.2-1 Fading test for single antenna (TDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Uplink downlink configuration
	
	1

	Special subframe configuration
	
	4

	SNR
	dB
	[6]
	[12]
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	dB[mW/15kHz]
	[-98]
	[-98]
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	dB[mW/15kHz]
	[-92]
	[-86]

	Propagation channel
	
	EPA5

	Correlation
	
	High

	Reporting mode
	
	PUCCH 1-0

	Reporting periodicity
	ms
	[NP = 1]

	PUCCH Format
	
	[Format 2]

	PUCCH Report Type
	
	4

	cqi-pmi-ConfigurationIndex
	
	0

	Max number of HARQ transmissions
	
	[1]


Table 9.3.2.1.2-2 Minimum requirement (TDD)

	
	Test 1
	Test 2
	

	 [%]
	TBD
	TBD
	

	 
	TBD
	TBD
	


9.4

Reporting of Precoding Matrix Indicator (PMI)
[Editors note: the test procedure described in this setion is still FFS]
The minimum performance requirements of PMI reporting are defined based on the [difference between the SNR(s) required to achieve [90%] of the maximum throughput / the relative throughput difference] when the transmitter is using a fixed randomly chosen precoder and when configured according to the UE reports, respectively. Transmission mode [6] is used with a fixed transport format (FRC) configured. The requirements are specified in terms of an improvement of the SNR defined as
[Precoding gain = SNRrnd – SNRue or (TP2 – TP1)/TP1]
where [SNRrnd and SNRue are the SNR required for achieving the throughput with a fixed randomly chosen precoder and when configured according to the reported PMI, respectively / TP1 is [60%] of the maximum throughput, measured at SNR1 assuming a fixed randomly chosen precoder. TP2 is the throughput measured at SNR1 assuming precoders configured according to the UE feedback.]
[Editors note: definition of precoding gain TBD]
9.4.1
Single PMI

9.4.1.1
Minimum requirement PUSCH 3-1

9.4.1.1.1
FDD
For the parameters specified in Table 9.4.1.1.1-1, [and using the downlink physical channels specified in Annex C,] the minimum requirements are specified in Table 9.4.1.1.1-2.
Table 9.4.1.1.1-1 PMI test for single-layer (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10
	

	Transmission mode
	
	[6]
	

	Propagation channel
	
	[EVA5]
	

	Precoding granularity
	
	50
	

	Correlation and antenna configuration
	
	Low 2 x 2
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	dB[mW/15kHz]
	[-98]
	

	Reporting mode
	
	PUSCH 3-1
	

	Reporting interval
	ms
	[1]
	

	Reporting delay
	ms
	TBD
	

	Measurement channel
	
	[QPSK 1/3]
	

	Max number of HARQ transmissions
	
	4
	

	Note 1:
For random precoder selection, one precoder is chosen from the code book and used throughout the test
Note 2:





Table 9.4.1.1.1-2 Minimum requirement (FDD)

	Precoding gain [dB/%]

	Test 1 
	Test 2

	TBD
	

	Note 1:


Note 2:


 


9.4.1.1.2
TDD
For the parameters specified in Table 9.4.1.1.2-1, [and using the downlink physical channels specified in Annex C,] the minimum requirements are specified in 9.4.1.1.2-2.
Table 9.4.1.1.2-1 PMI test for single-layer (TDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10
	

	Transmission mode
	
	[6]
	

	Uplink downlink configuration
	
	1
	

	Special subframe configuration
	
	4
	

	Propagation channel
	
	[EVA5]
	

	Precoding granularity
	
	50
	

	Correlation and antenna configuration
	
	Low 2 x 2
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	dB[mW/15kHz]
	[-98]
	

	Reporting mode
	
	PUSCH 3-1
	

	Reporting interval
	ms
	[1]
	

	Reporting delay
	Ms
	TBD
	

	Measurement channel
	
	[QPSK 1/3]
	

	Max number of HARQ transmissions
	
	4
	

	Note 1:
For random precoder selection, one precoder is chosen from the code book and used throughout the test
Note 2:





Table 9.4.1.1.2-2 Minimum requirement (TDD)

	Precoding gain [dB/%]

	Test 1 
	Test 2

	TBD
	

	Note 1:


Note 2:


 


9.4.2
Multiple PMI
9.4.2.1
Minimum requirement PUSCH 1-2

9.4.2.1.1
FDD
For the parameters specified in Table 9.4.2.1.1-1, [and using the downlink physical channels specified in Annex C,] the minimum requirements are specified in 9.4.2.1.1-2.
Table 9.4.2.1.1-1 PMI test for single-layer (TDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	20
	

	Transmission mode
	
	[6]
	

	Propagation channel
	
	[EPA5]
	

	Precoding granularity
	
	8
	

	Correlation and antenna configuration
	
	Low 2 x 2
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	dB[mW/15kHz]
	[-98]
	

	Reporting mode
	
	PUSCH 1-2
	

	Reporting interval
	ms
	[1]
	

	Reporting delay
	ms
	TBD
	

	Measurement channel
	
	[16QAM 1/2]
	

	Max number of HARQ transmissions
	
	4
	

	Note 1:
For random precoder selection, one precoder is chosen from the code book and used throughout the test
Note 2:





Table 9.4.2.1.1-2 Minimum requirement (TDD)

	Minimum [SNR] precoding gain [dB/%]

	Test 1 
	Test 2

	TBD
	

	Note 1:


Note 2:


 


9.4.2.1.2
TDD

For the parameters specified in Table 9.4.2.1.2-1, [and using the downlink physical channels specified in Annex C,] the minimum requirements are specified in 9.4.2.1.2-2.
Table 9.4.2.1.2-1 PMI test for single-layer (TDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	20
	

	Transmission mode
	
	[6]
	

	Uplink downlink configuration
	
	1
	

	Special subframe configuration
	
	4
	

	Propagation channel
	
	[EPA5]
	

	Precoding granularity
	
	8
	

	Correlation and antenna configuration
	
	Low 2 x 2
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	dB[mW/15kHz]
	[-98]
	

	Reporting mode
	
	PUSCH 1-2
	

	Reporting interval
	ms
	[1]
	

	Reporting delay
	ms
	TBD
	

	Measurement channel
	
	[16QAM 1/2]
	

	Max number of HARQ transmissions
	
	4
	

	Note 1:
For random precoder selection, one precoder is chosen from the code book and used throughout the test
Note 2:





Table 9.4.2.1.2-2 Minimum requirement (TDD)

	Minimum [SNR/TP] precoding gain [dB/%]

	Test 1 
	Test 2

	TBD
	

	Note 1:


Note 2:


 


< Text omitted >
B.2
Multi-path fading propagation conditions
The multipath propagation conditions consist of several parts:

· A delay profile in the form of a "tapped delay-line", characterized by a number of taps at fixed positions on a sampling grid. The profile can be further characterized by the r.m.s. delay spread and the maximum delay spanned by the taps.

· A combination of  channel model parameters that include the Delay profile and the Doppler spectrum, that is  characterized by a classical spectrum shape and a maximum Doppler frequency 

· A set of correlation matrices defining the correlation between the UE and eNodeB antennas in case of multi-antenna systems.

· Additional multi-path models used for CQI (Channel Quality Indication) tests

B.2.1
Delay profiles
The delay profiles are selected to be representative of low, medium and high delay spread environments. The resulting model parameters are defined in Table B.2.1-1 and the tapped delay line models are defined in Tables B.2.1-2, B.2.1-3 and  B.2.1-4. 

Table B.2.1-1 Delay profiles for E-UTRA channel models
	Model
	Number of 
channel taps
	Delay spread

(r.m.s.)
	Maximum excess tap delay (span)

	Extended Pedestrian A (EPA)
	7
	45 ns
	410 ns

	Extended Vehicular A model (EVA)
	9
	357 ns
	2510 ns

	Extended Typical Urban model (ETU)
	9
	991 ns
	5000 ns


Table B.2.1-2 Extended Pedestrian A model (EPA)
	Excess tap delay [ns]
	Relative power 
[dB]

	0
	0.0

	30
	-1.0

	70
	-2.0

	90
	-3.0

	110
	-8.0

	190
	-17.2

	410
	-20.8


Table B.2.1-3 Extended Vehicular A model (EVA)
	Excess tap delay [ns]
	Relative power
 [dB]

	0
	0.0

	30
	-1.5

	150
	-1.4

	310
	-3.6

	370
	-0.6

	710
	-9.1

	1090
	-7.0

	1730
	-12.0

	2510
	-16.9


Table B.2.1-4 Extended Typical Urban model (ETU)
	Excess tap delay [ns]
	Relative power 
[dB]

	0
	-1.0

	50
	-1.0

	120
	-1.0

	200
	0.0

	230
	0.0

	500
	0.0

	1600
	-3.0

	2300
	-5.0

	5000
	-7.0


B.2.2
Combinations of channel model parameters

Table B.2.2-1 shows propagation conditions that are used for the performance measurements in multi-path fading environment for low, medium and high Doppler frequencies 

Table B.2.2-1 Channel model parameters
	Model
	Maximum Doppler frequency

	EPA 5Hz
	5 Hz

	EVA 5Hz
	5 Hz

	EVA 70Hz
	70 Hz

	ETU 70Hz
	70 Hz

	ETU 300Hz
	300 Hz


B.2.3
MIMO Channel Correlation Matrices
B.2.3.1
Definition of MIMO Correlation Matrices
Table B.2.3.1-1 defines the correlation matrix for the eNodeB 

Table B.2.3.1-1 eNodeB correlation matrix 

	
	One antenna
	Two antennas
	Four antennas

	eNode B Correlation
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Table B.2.3.1-2 defines the correlation matrix for the UE:

Table B.2.3.1-2 UE correlation matrix

	
	One antenna
	Two antennas
	Four antennas

	UE Correlation
	
[image: image31.wmf]1

=

UE

R


	
[image: image32.wmf]÷

÷

ø

ö

ç

ç

è

æ

=

*

1

    

        

b

b

1

UE

R


	
[image: image33.wmf]÷

÷

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

ç

ç

è

æ

=

1

1

1

1

*

9

1

*

9

4

*

9

1

*

9

1

*

9

4

9

4

9

1

*

9

1

9

4

9

1

b

b

b

b

b

b

b

b

b

b

b

b

UE

R




Table B.2.3.1-3 defines the channel spatial correlation matrix 
[image: image34.wmf]spat
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. The parameters, α and β in Table B.2.3.1-3 defines the spatial correlation between the antennas at the eNodeB and UE.

Table B.2.3.1-3: 
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 correlation matrices 

	1x2 case
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	2x2 case
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	4x2 case
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	4x4 case
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For cases with more antennas at either eNodeB or UE or both, the channel spatial correlation matrix can still be expressed as the Kronecker product of 
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B.2.3.2
MIMO Correlation Matrices at High, Medium and Low Level
The 
[image: image43.wmf]a

 and 
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 for different correlation types are given in Table B.2.3.2-1.

Table B.2.3.2-1
	Low correlation
	Medium Correlation
	High Correlation
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The correlation matrices for high, medium and low correlation are defined in Table B.2.3.1-2, B.2.3.2-3 and B.2.3.2-4,as below.  

The values in the table have been adjusted for the 4x2 and 4x4 high correlation cases to insure the correlation matrix is positive semi-definite after round-off to 4 digit precision.  This is done using the equation:
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Where the value “a” is a scaling factor such that the smallest value is used to obtain a positive semi-definite result.  For the 4x2 high correlation case, a=0.00010.  For the 4x4 high correlation case, a=0.00012.
Table B.2.3.2-2: MIMO correlation matrices for high correlation
	1x2 case
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	2x2 case 
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	4x2 case
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	4x4 case
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Table B.2.3.2-3: MIMO correlation matrices for medium correlation

	1x2 case
	N/A

	2x2 case
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	4x2 case
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	4x4 case
	TBD


Table B.2.3.2-4: MIMO correlation matrices for low correlation

	1x2 case
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	4x2 case
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	4x4 case
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In Table B.2.3.2-4, 
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 identity matrix.
B.2.4
Propagation conditions for CQI tests
[For Channel Quality Indication (CQI) tests, the following additional multi-path profile is used:
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