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The assumptions made by the UE for CSI reporting are not properly defined in 36.213 as follows:

In section 7.1.5B, the text should be “up to 8 layer transmission of the PDSCH”, to be consistent with the section heading.
There may be more than one CSI-RS configuration, but the UE should only use the configuration with non-zero power for channel measurements. 
The in the definition of CQI, the same assumptions should be used by the UE for deriving CQI, PMI and RI, but currently this is only stated for CQI.

In TM9 the CQI reference resource can fall into either non-MBSFN subframe or MBSFN subframe. It is not clear what CRS overhead the UE should assume in data regions of MBSFN and non-MBSFN subframes when deriving CQI index.

For consistency, the term “DMRS” should be corrected to “UE-specific reference signal”.
When a UE in TM9 is configured with PMI/RI reporting the UE measures the channel using CSI-RS (ports 15 to 22), and reports the corresponding precoder to be used by the eNodeB for PDSCH transmission. However, in deriving the CSI report the UE should assume that PDSCH and the corresponding UE specific reference symbols are transmitted on ports 7 to14. In order for the assumed PDSCH transmission to be consistent with the PMI derived from the CSI-RS measurements the UE should assume that a PDSCH or UE specific reference signal 
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is the precoding matrix.
Table 7.2.3-0 does not cover the case of a UE configured in TM9 with only one CSI-RS port.

When a UE in TM9 is configured with PMI/RI reporting, the appropriate transmission scheme to be indicated in Table 7.2.3-0 is “Up to 8 layer transmission scheme”, and inclusion of the wording “Closed loop spatial multiplexing” is inconsistent with the reference to section 7.1.5B. 

The precoding assumptions for TM9 require reference to the relevant precoding codebooks. In the case of 8 antenna ports the precoding codebooks are currently defined in 36.211. However, unlike precoding codebooks for 2 and 4 antenna ports, these are only used for CSI reporting. Therefore the specification structure is more consistent if these codebooks are moved to 36.213.


	
	

	Summary of change:
(

	In section 7.1.5B, “up to” is included.
In section 7.2 references to codebooks for 8Tx antennas are updated to reflect that these codebooks are deleted in 36.211 (by 36.211 CR0167) and moved to 36.213 

It is clarified that the UE should derive the channel measurements from the CSI-RS configuration with non-zero power.

In section 7.2.3 it is clarified that the UE should use the same assumptions for deriving PMI and RI as for deriving CQI.

It is clarified that the UE should always assume the CRS overhead of non-MBSFN subframes for deriving CQI.

“DMRS” is corrected to “UE-specific reference signal”.

For CSI reporting in TM9, the relationship between the reported precoder (derived by measurements on ports 15-22) and the assumed PDSCH transmission on ports 7-14 is clarified (as above).

For TM9, if the UE is configured with PMI/RI reporting the PDSCH transmission scheme in Table 7.2.3-0 is corrected to”Precoding for spatial multiplexing using antenna ports with UE-specific reference symbols”. It is clarified that the DMRS are transmitted on ports 7-14 and the precoding is as defined.

It is clarified that for TM9 if the UE is configured with PMI/RI reporting: if the number of CSI-RS ports is one, transmission is via a single-antenna port, port 7.
“Closed loop spatial multiplexing with up to 8 layer transmission” is corrected to up “to 8 layer transmission”.

The precoding codebooks for 8Tx antennas are moved into this section from 36.211 and the necessary references to these codebooks are updated accordingly 
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7.1.5B

Up to 8 layer transmission scheme

For the up to 8 layer transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the PDSCH would be performed with up to 8 transmission layers on antenna ports 7 - 14 as defined in Section 6.3.4.4 of [3].
7.2
UE procedure for reporting Channel State Information (CSI)
The time and frequency resources that can be used by the UE to report CSI which consists of channel quality indicator (CQI), precoding matrix indicator (PMI), precoding type indicator (PTI), and/or rank indication (RI) are controlled by the eNB. For spatial multiplexing, as given in [3], the UE shall determine a RI corresponding to the number of useful transmission layers. For transmit diversity as given in [3], RI is equal to one.

A UE in transmission mode 8 or 9 is configured with or without PMI/RI reporting by the higher layer parameter pmi-RI-Report. 

A UE is configured with resource-restricted CSI measurements if the subframe sets 
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 are configured by higher layers.

CSI reporting is periodic or aperiodic.

If the UE is configured with more than one serving cell, it transmits CSI for activated serving cell(s) only.

If a UE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on PUCCH as defined hereafter in subframes with no PUSCH allocation.

If a UE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on PUSCH of the serving cell with smallest ServCellIndex as defined hereafter in subframes with a PUSCH allocation, where the UE shall use the same PUCCH-based periodic CSI reporting format on PUSCH.
A UE shall transmit aperiodic CSI reporting on PUSCH if the conditions specified hereafter are met. For aperiodic CQI/PMI reporting, RI reporting is transmitted only if the configured CSI feedback type supports RI reporting.

The CSI transmissions on PUCCH and PUSCH for various scheduling modes are summarized in the following table:
Table 7.2-1: Physical Channels for Aperiodic or Periodic CSI reporting

	Scheduling Mode
	Periodic CSI reporting channels
	Aperiodic CSI reporting channel

	Frequency non-selective
	PUCCH
	

	Frequency selective
	PUCCH
	PUSCH


In case both periodic and aperiodic CSI reporting would occur in the same subframe, the UE shall only transmit the aperiodic CSI report in that subframe.

When reporting RI the UE reports a single instance of the number of useful transmission layers. For each RI reporting interval when the UE is configured in transmission modes 4 or when the UE is configured in transmission mode 8 or 9 with PMI/RI reporting, a UE shall determine a RI from the supported set of RI values for the corresponding eNodeB antenna configuration and UE category and report the number in each RI report. For each RI reporting interval when the UE is configured in transmission mode 3, a UE shall determine RI for the corresponding eNodeB antenna configuration and UE category in each reporting interval and report the detected number in each RI report to support selection between transmit diversity and large delay CDD.

When reporting PMI the UE reports either a single or a multiple PMI report.  The number of RBs represented by a single UE PMI report can be 
[image: image12.wmf]DL

RB

N

 or a smaller subset of RBs. The number of RBs represented by a single PMI report is semi-statically configured by higher layer signalling. A UE is restricted to report PMI, RI and PTI within a precoder codebook subset specified by a bitmap parameter codebookSubsetRestriction configured by higher layer signalling. For a specific precoder codebook and associated transmission mode, the bitmap can specify all possible precoder codebook subsets from which the UE can assume the eNB may be using when the UE is configured in the relevant transmission mode. Codebook subset restriction is supported for transmission modes 3, 4, 5, 6 and for transmission modes 8 and 9 with PMI/RI reporting. The resulting number of bits for each transmission mode is given in Table 7.2-1b. The bitmap forms the bit sequence 
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is the MSB and where a bit value of zero indicates that the PMI and RI reporting is not allowed to correspond to precoder(s) associated with the bit. The association of bits to precoders for the relevant transmission modes are given as follows:

1. Transmission mode 3

a. 2 antenna ports: bit 
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is associated with the precoder in Table 6.3.4.2.3-1 of [3] corresponding to 
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 layers and codebook index 0 while bit 
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 is associated with the precoder for 2 antenna ports in Section 6.3.4.3 of [3].

b. 4 antenna ports: bit 
[image: image19.wmf]4

,

3

,

2

,

1

=

-

u

u

a

is associated with the precoders in Table 6.3.4.2.3-2 of [3] corresponding to 
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 layers and codebook indices 12, 13, 14, and 15 while bit 
[image: image21.wmf]0

a

 is associated with the precoder for 4 antenna ports in Section 6.3.4.3 of [3].

2. Transmission mode 4

a. 2 antenna ports: see Table 7.2-1c

b. 4 antenna ports: bit 
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 layers and with codebook index 
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in Table 6.3.4.2.3-2 of [3].

3. Transmission modes 5 and 6

a. 2 antenna ports: bit 
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 is associated with the precoder for 
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in Table 6.3.4.2.3-1 of [3].

b. 4 antenna ports: bit 
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in Table 6.3.4.2.3-2 of [3].

4. Transmission mode 8

a. 2 antenna ports: see Table 7.2-1c

b. 4 antenna ports: bit 
[image: image31.wmf]c

)

1

(

16

i

a

+

-

u

 is associated with the precoder for 
[image: image32.wmf]u
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in Table 6.3.4.2.3-2 of [3], 
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5. Transmission mode 9

a. 2 antenna ports: see Table 7.2-1c

b. 4 antenna ports: bit 
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in Table 6.3.4.2.3-2 of [3].

c. 8 antenna ports: bit 
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 are given in Table 7.2.4-1, 7.2.4-2, 7.2.4-3, 7.2.4-4, 7.2.4-5, 7.2.4-6, 7.2.4-7, or 7.2.4-8, for 
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Table 7.2-1b: Number of bits in codebook subset restriction bitmap for applicable transmission modes.

	
	Number of bits 
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	2 antenna ports
	4 antenna ports
	8 antenna ports

	
	
	
	

	Transmission mode 3
	2
	4
	

	
	
	
	

	
	
	
	

	Transmission mode 4
	6
	64
	

	
	
	
	

	
	
	
	

	Transmission mode 5
	4
	16
	

	
	
	
	

	
	
	
	

	Transmission mode 6
	4
	16
	

	
	
	
	

	
	
	
	

	Transmission mode 8
	6
	32
	

	
	
	
	

	
	
	
	

	Transmission mode 9
	6
	64
	109

	
	
	
	


7.2.3
Channel quality indicator (CQI) definition

The CQI indices and their interpretations are given in Table 7.2.3-1.

Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the condition:

· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1. 

If CSI subframe sets 
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 and 
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 are configured by higher layers, each CSI reference resource belongs to either 
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 or 
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 but not to both. When CSI subframe sets 
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 are configured by higher layers a UE is not expected to receive a trigger for which the CSI reference resource is in subframe that does not belong to either subframe set.

For a UE in transmission mode 9 when parameter pmi-RI-Report is configured by higher layers,the UE shall derive the channel measurements for computing the CQI value reported in uplink subframe n based on only the Channel-State Information (CSI) reference signals defined in [3] for which the UE is configured to assume non-zero power. For a UE in transmission mode 9 when the parameter pmi-RI-Report is not configured by higher layers or in other transmission modes the UE shall derive the channel measurements for computing CQI based on CRS.

A combination of modulation scheme and transport block size corresponds to a CQI index if:

· the combination could be signalled for transmission on the PDSCH in the CSI reference resource according to the relevant Transport Block Size table, and 

· the modulation scheme is indicated by the CQI index, and 

· the combination of transport block size and modulation scheme when applied to the reference resource results in the effective channel code rate which is the closest possible to the code rate indicated by the CQI index. If more than one combination of transport block size and modulation scheme results in an effective channel code rate equally close to the code rate indicated by the CQI index, only the combination with the smallest of such transport block sizes is relevant.

The CSI reference resource is defined as follows:

· In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CQI value relates.

· In the time domain, the CSI reference resource is defined by a single downlink subframe n-nCQI_ref,
· where for periodic CSI reporting nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe;

· where for aperiodic CSI reporting nCQI_ref  is such that the reference resource is in the same valid downlink subframe as the corresponding CSI request in an uplink DCI format.

· where for aperiodic CSI reporting nCQI_ref  is equal to 4 and downlink subframe n-nCQI_ref corresponds to a valid downlink subframe, where downlink subframe n-nCQI_ref is received after the subframe with the corresponding CSI request in a Random Access Response Grant.

A downlink subframe in a serving cell shall be considered to be valid if:

· it is configured as a downlink subframe for that UE, and

· except for transmission mode 9, it is not an MBSFN subframe, and

· it does not contain a DwPTS field in case the length of DwPTS is 
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 and less, and

· it does not fall within a configured measurement gap for that UE, and

· for periodic CSI reporting, it is an element of the CSI subframe set linked to the periodic CSI report when that UE is configured with CSI subframe sets.

If there is no valid downlink subframe for the CSI reference resource in a serving cell, CSI reporting is omitted for the serving cell in uplink subframe n.

· In the layer domain, the CSI reference resource is defined by any RI and PMI on which the CQI is conditioned.

In the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also configured, PMI and RI:

· The first 3 OFDM symbols are occupied by control signalling

· No resource elements used by primary or secondary synchronisation signals or PBCH

· CP length of the non-MBSFN subframes

· Redundancy Version 0

· If CSI-RS is used for channel measurements, the ratio of PDSCH EPRE to CSI-RS EPRE is as given in Section 7.2.5 

· For transmission mode 9 CSI reporting:
· CRS REs are as in non-MBSFN subframes; 
· If the UE is configured for PMI/RI reporting, the UE-specific reference signal overhead is consistent with the most recent reported rank; and PDSCH or UE specific reference signals 
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, where 
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is the number of CSI-RS ports configured, and if only one CSI-RS port is configured, 
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is 1, otherwise 
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is the precoding matrix corresponding to the reported PMI applicable to resource element 
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 transmitted in the CSI reference resource on antenna ports 
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layers have a ratio of EPRE to CSI-RS EPRE equal to the ratio given by
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· Assume no REs allocated for CSI-RS and zero-power CSI-RS
· Assume no REs allocated for PRS

· The PDSCH transmission scheme given by Table 7.2.3-0 depending on the transmission mode currently configured for the UE (which may be the default mode).  

· If CRS is used for channel measurements, the ratio of PDSCH EPRE to cell-specific RS EPRE is as given in Section 5.2 with the exception of 
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[dB] for any modulation scheme, if the UE is configured with transmission mode 2 with 4 cell-specific antenna ports, or transmission mode 3 with 4 cell-specific antenna ports and the associated RI is equal to one; 
· 
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The shift 
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is given by the parameter nomPDSCH-RS-EPRE-Offset which is configured by higher-layer signalling. 
Table 7.2.3-0: PDSCH transmission scheme assumed for CSI reference resource

	Transmission mode
	Transmission scheme of PDSCH

	1
	Single-antenna port, port 0

	2
	Transmit diversity

	3
	Transmit diversity if the associated rank indicator is 1, otherwise large delay CDD

	4
	Closed-loop spatial multiplexing

	5
	Multi-user MIMO

	6
	Closed-loop spatial multiplexing with a single transmission layer

	7
	If the number of PBCH antenna ports is one, Single-antenna port, port 0; otherwise Transmit diversity

	8
	If the UE is configured without PMI/RI reporting: if the number of PBCH antenna ports is one, single-antenna port, port 0; otherwise transmit diversity

If the UE is configured with PMI/RI reporting: closed-loop spatial multiplexing



	9
	If the UE is configured without PMI/RI reporting: if the number of PBCH antenna ports is one, single-antenna port, port 0; otherwise transmit diversity 

If the UE is configured with PMI/RI reporting: if the number of CSI-RS ports is one, single-antenna port, port 7; otherwise up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) 


Table 7.2.3-1: 4-bit CQI Table

	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.3770

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547


7.2.4
Precoding Matrix Indicator (PMI) definition

For transmission modes 4, 5 and 6, precoding feedback is used for channel dependent codebook based precoding and relies on UEs reporting precoding matrix indicator (PMI). For transmission mode 8, the UE shall report PMI if configured with PMI/RI reporting. For transmission mode 9, the UE shall report PMI if configured with PMI/RI reporting and the number of CSI-RS ports is larger than 1. A UE shall report PMI based on the feedback modes described in 7.2.1 and 7.2.2. For other transmission modes, PMI reporting is not supported.
For 2 and 4 antenna ports, each PMI value corresponds to a codebook index given in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [3] as follows:

· For 2 antenna ports 
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[image: image81.wmf]1

=

u

.

· For 2 antenna ports 
[image: image82.wmf]{

}

1

,

0

 or {15,16} and an associated RI value of 2, a PMI value of 
[image: image83.wmf]{

}

1

,

0

Î

n

 corresponds to the codebook index 
[image: image84.wmf]1

+

n

given in Table 6.3.4.2.3-1 of [3] with 
[image: image85.wmf]2

=

u

.

· For 4 antenna ports 
[image: image86.wmf]{

}

3

,

2

,

1

,

0

 or {15,16,17,18}, a PMI value of 
[image: image87.wmf]{

}

15

,

,

1

,

0

L

Î

n

 corresponds to the codebook index 
[image: image88.wmf]n

 given in Table 6.3.4.2.3-2 of [3] with 
[image: image89.wmf]u

 equal to the associated RI value.

For 8 antenna ports, each PMI value corresponds to a pair of codebook indices given in Table 7.2.4-1, 7.2.4-2, 7.2.4-3, 7.2.4-4, 7.2.4-5, 7.2.4-6, 7.2.4-7, or 7.2.4-8, where the quantities 
[image: image90.wmf]n

j

 and 
[image: image91.wmf]m

v

 are given by


[image: image92.wmf][

]

T

32

6

32

4

32

2

2

1

m

j

m

j

m

j

m

n

j

n

e

e

e

v

e

p

p

p

p

j

=

=


as follows:

· For 8 antenna ports
[image: image93.wmf]{

}

22

,

21

,

20

,

19

,

18

,

17

,

16

,

15

, a first PMI value of 
[image: image94.wmf]{

}

1

)

(

,

,

1

,

0

1

-

Î

u

f

n

L

 and a second PMI value of 
[image: image95.wmf]{

}

1

)

(

,

,

1

,

0

2

-

Î

u

g

n

L

corresponds to the codebook indices 
[image: image96.wmf]1

n

 and 
[image: image97.wmf]2

n

 given in Table 7.2.4-j ] with 
[image: image98.wmf]u

 equal to the associated RI value and where j =
[image: image99.wmf]u

, 
[image: image100.wmf]{

}

1

,

4

,

4

,

4

,

4

,

4

,

16

,

16

)

(

=

u

f

 and 
[image: image101.wmf]{

}

1

,

1

,

1

,

1

,

8

,

16

,

16

,

16

)

(

=

u

g

.

· In some cases codebook subsampling is supported.  The sub-sampled codebook for PUCCH mode 1-1 submode 2 is defined in Table 7.2.2-1D for first and second precoding matrix indicator 
[image: image102.wmf]1

i

 and 
[image: image103.wmf]2

i

.  Joint encoding of rank and first precoding matrix indicator 
[image: image104.wmf]1

i

 for PUCCH mode 1-1 submode 1 is defined in Table 7.2.2-1E.  The sub-sampled codebook for PUCCH mode 2-1 is defined in Table 7.2.2-1F for the second precoding matrix indicator 
[image: image105.wmf]2

i

.

Table 7.2.4-1: Codebook for 1-layer CSI reporting using antenna ports 15 to 22.
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Table 7.2.4-2: Codebook for 2-layer CSI reporting using antenna ports 15 to 22.
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Table 7.2.4-3: Codebook for 3-layer CSI reporting using antenna ports 15 to 22.
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Table 7.2.4-4: Codebook for 4-layer CSI reporting using antenna ports 15 to 22.
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Table 7.2.4-5: Codebook for 5-layer CSI reporting using antenna ports 15 to 22.
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Table 7.2.4-6: Codebook for 6-layer CSI reporting using antenna ports 15 to 22.
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Table 7.2.4-7: Codebook for 7-layer CSI reporting using antenna ports 15 to 22.
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Table 7.2.4-8: Codebook for 8-layer CSI reporting using antenna ports 15 to 22.
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�A possible alternative to this formulation would be to apply the ratio Pc to the the equivalent signals transmitted on ports 15 to 14+P 
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