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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 in transmission mode 10 can be configured with one or more CSI processes per serving cell by higher layers. Each CSI process is associated with a CSI-RS resource (defined in Section 7.2.5) and a CSI-interference measurement (CSI-IM) resource (defined in Section 7.2.6). A CSI reported by the UE corresponds to a CSI process configured by higher layers. Each CSI process can be configured with or without PMI/RI reporting by higher layer signalling.

A UE is configured with resource-restricted CSI measurements if the subframe sets 
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 and 
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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, 9 or 10 with PMI/RI reporting, a UE shall determine a RI from the supported set of RI values as defined in Section 5.2.2.6 of [4] 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 as defined in Section 5.2.2.6 of [4] 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 
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 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 UE configured in transmission mode 10, the bitmap parameter codebookSubsetRestriction is configured for each CSI process and each subframe sets (if subframe sets 
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 are configured by higher layers) by higher layer signaling. 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, 9 and 10 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 LSB and 
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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 
[image: image11.wmf]0

a

 is associated with the precoder for 2 antenna ports in Section 6.3.4.3 of [3].

b. 4 antenna ports: bit 
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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 
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 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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 layer with codebook index 
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in Table 6.3.4.2.3-1 of [3].

b. 4 antenna ports: bit 
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 layer with codebook index 
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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 except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit 
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 layers and with codebook index 
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in Table 6.3.4.2.3-2 of [3], 
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c. 4 antenna ports with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: 
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is associated with the precoder for 
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. Codebook indices 
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 are given in Table 7.2.4-0A or 7.2.4-0B, for 
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=1 or 2 respectively.  
5. Transmission modes 9 and 10

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

b. 4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit 
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in Table 6.3.4.2.3-2 of [3].
c. 4 antenna ports with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: 
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 are given in Table 7.2.4-0A,  7.2.4-0B, 7.2.4-0C or  7.2.4-0D,  for 
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=1,2,3 or 4  respectively.
d. 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
	

	
	
	
	

	
	
	64 with 
	

	Transmission mode 8
	6
	alternativeCodeBookEnabledFor4TX-r12=TRUE configured, otherwise 32
	

	
	
	
	

	
	
	
	

	Transmission modes 9 and 10
	6
	96 with alternativeCodeBookEnabledFor4TX-r12=TRUE configured, otherwise 64
	109

	
	
	
	


Table 7.2-1c: Association of bits in codebookSubSetRestriction bitmap to precoders in the 2 antenna port codebook of Table 6.3.4.2.3-1 in [3].

	Codebook index 
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	Number of layers 
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	1
	2

	0
	a0
	-

	1
	a1
	a4

	2
	a2
	a5

	3
	a3
	-


The set of subbands (S) a UE shall evaluate for CQI reporting spans the entire downlink system bandwidth.  A subband is a set of k contiguous PRBs where k is a function of system bandwidth.  Note the last subband in set S may have fewer than k contiguous PRBs depending on
[image: image73.wmf]DL

RB

N

 .  The number of subbands for system bandwidth given by
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.  The subbands shall be indexed in the order of increasing frequency and non-increasing sizes starting at the lowest frequency.  

· For transmission modes 1, 2, 3 and 5, as well as transmission modes 8, 9 and 10 without PMI/RI reporting, transmission mode 4 with RI=1, and transmission modes 8, 9 and 10 with PMI/RI reporting and RI=1, a single 4-bit wideband CQI is reported according to Table 7.2.3-1.
· For transmission modes 3 and 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, CQI is calculated assuming transmission of one codeword for RI=1 and two codewords for RI > 1.
· For RI > 1 with transmission mode 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, PUSCH based triggered reporting includes reporting a wideband CQI which comprises: 
· A 4-bit wideband CQI for codeword 0 according to Table 7.2.3-1 

· A 4-bit wideband CQI for codeword 1 according to Table 7.2.3-1
· For RI > 1 with transmission mode 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, PUCCH based reporting includes reporting a 4-bit wideband CQI for codeword 0 according to Table 7.2.3-1 and a wideband spatial differential CQI. The wideband spatial differential CQI value comprises:

· A 3-bit wideband spatial differential CQI value for codeword 1 offset level
· Codeword 1 offset level = wideband CQI index for codeword 0 – wideband CQI index for codeword 1. 

· The mapping from the 3-bit wideband spatial differential CQI value to the offset level is shown in Table 7.2-2.

Table 7.2-2 Mapping spatial differential CQI value to offset level

	Spatial differential CQI value
	Offset level

	0
	0

	1
	1

	2
	2

	3
	(3

	4
	(-4

	5
	-3

	6
	-2

	7
	-1


7.2.1
Aperiodic CSI Reporting using PUSCH

A UE shall perform aperiodic CSI reporting using the PUSCH in subframe n+k on serving cell 
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, upon decoding in subframe n either:

· an uplink DCI format [4], or

· a Random Access Response Grant,

for serving cell 
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 if the respective CSI request field is set to trigger a report and is not reserved. 

If the CSI request field is 1 bit and the UE is configured in transmission mode 1-9, a report is triggered for serving cell 
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, if the CSI request field is set to ‘1’. If the CSI request field is 1 bit and the UE is configured in transmission mode 10, a report is triggered for a set of CSI process(es) for serving cell 
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 corresponding to the higher layer configured set of CSI process(es) associated with the value of CSI request field of ‘01’ in Table 7.2.1-1B, if the CSI request field is set to ‘1’.

If the CSI request field size is 2 bits and the UE is configured in transmission mode 1-9 for all serving cells, a report is triggered according to the value in Table 7.2.1-1A corresponding to aperiodic CSI reporting. If the CSI request field size is 2 bits and the UE is configured in transmission mode 10 for at least one serving cell, a report is triggered according to the value in Table 7.2.1-1B corresponding to aperiodic CSI reporting. For a given serving cell, if the UE is configured in transmission modes 1-9, the “CSI process” in Table 7.2.1-1B refers to the aperiodic CSI configured for the UE on the given serving cell. A UE is not expected to be configured by higher layers with more than 5 CSI processes in each of the 1st and 2nd set of CSI process(es) in Table 7.2.1-1B.

A UE is not expected to receive more than one aperiodic CSI report request for a given subframe.

If a UE is configured with more than one CSI process for a serving cell, the UE on reception of an aperiodic CSI report request triggering a CSI report according to Table 7.2.1-1B is not expected to update CSI corresponding to the CSI reference resource (defined in Section 7.2.3) for all CSI processes except 
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 lowest-indexed CSI processes for the serving cell associated with the request when the UE has other 
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 unreported CSI processes associated with other aperiodic CSI requests for the serving cell, where 
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is the maximum number of CSI processes supported by the UE for the serving cell and:

· for FDD 
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· for TDD 

· if the UE is configured with four CSI processes for the serving cell , 
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· if the UE is configured with two or three CSI processes for the serving cell, 
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If more than one value of 
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 is included in the UE-EUTRA-Capability, the UE assumes a value of 
[image: image87.wmf]P

CSI

N

-

 that is consistent with its CSI process configuration.  If  more than one consistent value of 
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 exists, the UE may assume any one of the consistent values. 
Table 7.2.1-1A: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search space

	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for serving cell 
[image: image89.wmf]c



	‘10’
	Aperiodic CSI report is triggered for a 1st set of serving cells configured by higher layers

	‘11’
	Aperiodic CSI report is triggered for a 2nd set of serving cells configured by higher layers


Table 7.2.1-1B: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search space

	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for a set of CSI process(es) configured by higher layers for serving cell 
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	‘10’
	Aperiodic CSI report is triggered for a 1st set of CSI process(es) configured by higher layers

	‘11’
	Aperiodic CSI report is triggered for a 2nd set of CSI process(es) configured by higher layers


Note: PDCCH/EPDCCH with DCI formats used to grant PUSCH transmissions as given by DCI format 0 and DCI format 4 are herein referred to as uplink DCI format when common behaviour is addressed.

When the CSI request field from an uplink DCI format is set to trigger a report, for FDD k=4, and for TDD UL/DL configuration 1-6, k is given in Table 8-2. For TDD UL/DL configuration 0, if the MSB of the UL index is set to 1 and LSB of the UL index is set to 0, k is given in Table 8-2; or if MSB of the UL index is set to 0 and LSB of the UL index is set to 1, k is equal to 7; or if both MSB and LSB of the UL index is set to 1, k is given in Table 8-2. . For TDD, if a UE is configured with more than one serving cell and if the UL/DL configurations of at least two serving cells are different, the “TDD UL/DL Configuration” given in Table 8-2 refers to the UL-reference UL/DL configuration (defined in Section 8.0).
When the CSI request field from a Random Access Response Grant is set to trigger a report and is not reserved, k is equal to 
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 if the UL delay field in section 6.2 is set to zero, where 
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 is given in section 6.1.1. The UE shall postpone aperiodic CSI reporting to the next available UL subframe if the UL delay field is set to 1.

The minimum reporting interval for aperiodic reporting of CQI and PMI and RI is 1 subframe. The subband size for CQI shall be the same for transmitter-receiver configurations with and without precoding.
If a UE is not configured for simultaneous PUSCH and PUCCH transmission, when aperiodic CSI report with no transport block associated as defined in section 8.6.2 and positive SR is transmitted in the same subframe, the UE shall transmit SR, and, if applicable, HARQ-ACK, on PUCCH resources as described in Section 10.1
A UE is semi-statically configured by higher layers to feed back CQI and PMI and corresponding RI on the same PUSCH using one of the following CSI reporting modes given in Table 7.2.1-1 and described below.

Table 7.2.1-1: CQI and PMI Feedback Types for PUSCH CSI reporting Modes

	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI
	Multiple PMI

	PUSCH CQI                 Feedback Type
	
	
	
	

	
	Wideband
	
	
	Mode 1-2

	
	(wideband CQI)
	
	
	

	
	
	
	
	

	
	UE Selected
	Mode 2-0
	
	Mode 2-2

	
	(subband CQI)
	
	
	

	
	
	
	
	

	
	Higher Layer-configured
	Mode 3-0
	Mode 3-1
	Mode 3-2

	
	(subband CQI)
	
	
	


For each of the transmission modes defined in Section 7.1, the following reporting modes are supported on PUSCH:

Transmission mode 1
: Modes 2-0, 3-0

Transmission mode 2
: Modes 2-0, 3-0

Transmission mode 3
: Modes 2-0, 3-0

Transmission mode 4
: Modes 1-2, 2-2, 3-1, 3-2 

Transmission mode 5
: Mode 3-1

Transmission mode 6
: Modes 1-2, 2-2, 3-1, 3-2
Transmission mode 7
: Modes 2-0, 3-0

Transmission mode 8
: Modes 1-2, 2-2, 3-1, 3-2 if the UE is configured with PMI/RI reporting; modes 2-0, 3-0 if the UE is configured without PMI/RI reporting 

Transmission mode 9 
: Modes 1-2, 2-2, 3-1, 3-2 if the UE is configured with PMI/RI reporting and number of CSI-RS ports > 1; modes 2-0, 3-0 if the UE is configured without PMI/RI reporting or number of CSI-RS ports=1 

Transmission mode 10 
: Modes 1-2, 2-2, 3-1, 3-2 if the UE is configured with PMI/RI reporting and number of CSI-RS ports > 1; modes 2-0, 3-0 if the UE is configured without PMI/RI reporting or number of CSI-RS ports=1.

The aperiodic CSI reporting mode is given by the parameter cqi-ReportModeAperiodic which is configured by higher-layer signalling.  

For a serving cell with 
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, PUSCH reporting modes are not supported for that serving cell.

RI is only reported for transmission modes 3 and 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting. 

For serving cell 
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, a UE configured in transmission mode 10 with PMI/RI reporting for a CSI process can be configured with a ‘RI-reference CSI process’ for the CSI process. If the UE is configured with a ‘RI-reference CSI process’ for the CSI process, the reported RI for the CSI process shall be the same as the reported RI for the configured ‘RI-reference CSI process'. The RI for the ‘RI-reference CSI process’ is not based on any other configured CSI process other than the ‘RI-reference CSI process’. The UE is not expected to receive an aperiodic CSI report request for a given subframe triggering a CSI report including CSI associated with the CSI process and not including CSI associated with the configured ‘RI-reference CSI process’. If the UE is configured with a ‘RI-reference CSI process’ for a CSI process and if subframe sets 
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 are configured by higher layers for only one of the CSI processes then the UE is not expected to receive configuration for the CSI process configured with the subframe subsets that have a different set of restricted RIs with precoder codebook subset restriction between the two subframe sets. The UE is not expected to receive configurations for the CSI process and the ‘RI-reference CSI process’ that have a different:

· Aperiodic CSI reporting mode, and/or
· number of CSI-RS antenna ports, and/or

· set of restricted RIs with precoder codebook subset restriction if subframe sets 
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 and 
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 are not configured by higher layers for both CSI processes, and/or
· set of restricted RIs with precoder codebook subset restriction for each subframe set if subframe sets 
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 and 
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 are configured by higher layers for both CSI processes, and/or
· set of restricted RIs with precoder codebook subset restriction if subframe sets 
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 and 
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 are configured by higher layers for only one of the CSI processes, and the set of restricted RIs for the two subframe sets are the same.
A RI report for a serving cell on an aperiodic reporting mode is valid only for CQI/PMI report for that serving cell on that aperiodic reporting mode

· Wideband feedback

· Mode 1-2 description:

· For each subband a preferred precoding matrix is selected from the codebook subset assuming transmission only in the subband

· A UE shall report one wideband CQI value per codeword which is calculated assuming the use of the corresponding selected precoding matrix in each subband and transmission on set S subbands.

· The UE shall report the selected precoding matrix indicator for each set S subband except with 8 CSI-RS ports configured for transmission modes 9 and 10 or with alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission modes 8, 9 and 10 in which case a first precoding matrix indicator 
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is reported for the set S subbands and a second precoding matrix indicator 
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 is reported for each set S subband.

· Subband size is given by Table 7.2.1-3. 

· For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are calculated conditioned on the reported RI. For other transmission modes they are reported conditioned on rank 1.

· Higher Layer-configured subband feedback 

· Mode 3-0 description:

· A UE shall report a wideband CQI value which is calculated assuming transmission on set S subbands

· The UE shall also report one subband CQI value for each set S subband. The subband CQI value is calculated assuming transmission only in the subband

· Both the wideband and subband CQI represent channel quality for the first codeword, even when RI>1.
· For transmission mode 3 the reported CQI values are calculated conditioned on the reported RI. For other transmission modes they are reported conditioned on rank 1.
· Mode 3-1 description:

· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands

· A UE shall report one subband CQI value per codeword for each set S subband which are calculated assuming the use of the single precoding matrix in all subbands and assuming transmission in the corresponding subband.

· A UE shall report a wideband CQI value per codeword which is calculated assuming the use of the single precoding matrix in all subbands and transmission on set S subbands

· The UE shall report the selected single precoding matrix indicator except with 8 CSI-RS ports configured for transmission modes 9 and 10 or with alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission modes 8, 9 and 10, in which case a first and second precoding matrix indicator are reported corresponding to the selected single precoding matrix.

· For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are calculated conditioned on the reported RI. For other transmission modes they are reported conditioned on rank 1.
· Mode 3-2 description:

· For each subband a preferred precoding matrix is selected from the codebook subset assuming transmission only in the subband
· A UE shall report one wideband CQI value per codeword which is calculated assuming the use of the corresponding selected precoding matrix in each subband and transmission on set S subbands.
· A UE shall report the selected single precoding matrix indicator for each set S subband except with 8 CSI-RS ports configured for transmission mode 9 and 10, or with alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission modes 8, 9 and 10, in which case the UE shall report a first precoding matrix indicator for all set S subbands and also report a second precoding matrix indicator for each set S subband.  
· A UE shall report one subband CQI value per codeword for each set S subband reflecting transmission over the single subband and using the selected precoding matrix in the corresponding subband.
· For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are calculated conditioned on the reported RI. For transmission mode 6 they are reported conditioned on rank 1.
· Subband CQI value for each codeword are encoded differentially with respect to their respective wideband CQI using 2-bits as defined by

· Subband differential CQI offset level = subband CQI index – wideband CQI index. The mapping from the 2-bit subband differential CQI value to the offset level is shown in Table 7.2.1-2.

Table 7.2.1-2:  Mapping subband differential CQI value to offset level

	Subband differential CQI value
	Offset level

	0
	0

	1
	1

	2
	(2

	3
	(-1


· Supported subband size (k) is given in Table 7.2.1-3.

Table 7.2.1-3: Subband Size (k) vs. System Bandwidth

	System Bandwidth
	Subband Size
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	(k)

	6 - 7
	NA

	8 - 10
	4

	11 - 26
	4

	27 - 63
	6

	64 - 110
	8


· UE-selected subband feedback

· Mode 2-0 description:

· The UE shall select a set of M preferred subbands of size k (where k and M are given in Table 7.2.1-5 for each system bandwidth range) within the set of subbands S. 

· The UE shall also report one CQI value reflecting transmission only over the M selected subbands determined in the previous step. The CQI represents channel quality for the first codeword, even when RI>1. 

· Additionally, the UE shall also report one wideband CQI value which is calculated assuming transmission on set S subbands. The wideband CQI represents channel quality for the first codeword, even when RI>1. 

· For transmission mode 3 the reported CQI values are calculated conditioned on the reported RI. For other transmission modes they are reported conditioned on rank 1.
· Mode 2-2 description:

· The UE shall perform joint selection of the set of M preferred subbands of size k within the set of subbands S and a preferred single precoding matrix selected from the codebook subset that is preferred to be used for transmission over the M selected subbands.

· The UE shall report one CQI value per codeword reflecting transmission only over the selected M preferred subbands and using the same selected single precoding matrix in each of the M subbands.  

· Except with 8 CSI-RS ports configured for transmission modes 9 and 10 or with alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission modes 8, 9 and 10,  the UE shall also report the selected single precoding matrix indicator preferred for the M selected subbands. A UE shall also report the selected single precoding matrix indicator for all set S subbands.

· For transmission modes 9 and 10with 8 CSI-RS ports configured and for transmission modes 8, 9 and 10 with alternativeCodeBookEnabledFor4TX-r12=TRUE configured, a UE shall report a first precoding matrix indicator for all set S subbands.  A UE shall also report a second precoding matrix indicator for all set S subbands and another second precoding matrix indicator for the M selected subbands.

· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands

· A UE shall report a wideband CQI value per codeword which is calculated assuming the use of the single precoding matrix in all subbands and transmission on set S subbands

· For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are calculated conditioned on the reported RI. For other transmission modes they are reported conditioned on rank 1.
· For all UE-selected subband feedback modes the UE shall report the positions of the M selected subbands using a combinatorial index r defined as

· 
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 is the extended binomial coefficient, resulting in unique label 
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· The CQI value for the M selected subbands for each codeword is encoded differentially using 2-bits relative to its respective wideband CQI as defined by

· Differential CQI offset level = M selected subbands CQI index – wideband CQI index

· The mapping from the 2-bit differential CQI value to the offset level is shown in Table 7.2.1-4.

Table 7.2.1-4:  Mapping differential CQI value to offset level

	Differential CQI value
	Offset level

	0
	(1

	1
	2

	2
	3

	3
	(4


· Supported subband size k and M values include those shown in Table 7.2.1-5. In Table 7.2.1-5 the k and M values are a function of system bandwidth.

· The number of bits to denote the position of the M selected subbands is 
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Table 7.2.1-5: Subband Size (k) and Number of Subbands (M) in S vs. Downlink System Bandwidth

	System Bandwidth
	Subband Size k (RBs)
	M
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	6 – 7
	NA
	NA

	8 – 10
	2
	1

	11 – 26 
	2
	3

	27 – 63 
	3
	5

	64 – 110 
	4
	6


7.2.2
Periodic CSI Reporting using PUCCH

A UE is semi-statically configured by higher layers to periodically feed back different CSI components (CQI, PMI, PTI, and/or RI) on the PUCCH using the reporting modes given in Table 7.2.2-1 and described below. A UE in transmission mode 10 can be configured by higher layers for multiple periodic CSI reports corresponding to one or more CSI processes per serving cell on PUCCH.  

Table 7.2.2-1: CQI and PMI Feedback Types for PUCCH CSI reporting Modes

	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI

	PUCCH CQI                 Feedback Type
	
	
	

	
	Wideband
	Mode 1-0
	Mode 1-1

	
	(wideband CQI)
	
	

	
	
	
	

	
	UE Selected
	Mode 2-0
	Mode 2-1

	
	(subband CQI)
	
	


For each of the transmission modes defined in Section 7.1, the following periodic CSI reporting modes are supported on PUCCH:

Transmission mode 1
: Modes 1-0, 2-0

Transmission mode 2
: Modes 1-0, 2-0

Transmission mode 3
: Modes 1-0, 2-0

Transmission mode 4
: Modes 1-1, 2-1

Transmission mode 5
: Modes 1-1, 2-1

Transmission mode 6
: Modes 1-1, 2-1

Transmission mode 7
: Modes 1-0, 2-0

Transmission mode 8
: Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting; modes 1-0, 2-0 if the UE is configured without PMI/RI reporting 

Transmission mode 9 
: Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting and number of CSI-RS ports>1; modes 1-0, 2-0 if the UE is configured without PMI/RI reporting or number of CSI-RS ports=1.

Transmission mode 10 
: Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting and number of CSI-RS ports>1; modes 1-0, 2-0 if the UE is configured without PMI/RI reporting or number of CSI-RS ports=1.

For a UE configured in transmission mode 1-9, one periodic CSI reporting mode for each serving cell is configured by higher-layer signalling. 

For a UE configured in transmission mode 10, one or more periodic CSI reporting modes for each serving cell are configured by higher-layer signalling. 

For a UE configured with transmission mode 9 or 10, and with 8 CSI-RS ports, mode 1-1 is configured to be either submode 1 or submode 2 via higher-layer signaling using the parameter PUCCH_format1-1_CSI_reporting_mode. 

For the UE-selected subband CQI, a CQI report in a certain subframe of a certain serving cell describes the channel quality in a particular part or in particular parts of the bandwidth of that serving cell described subsequently as bandwidth part (BP) or parts. The bandwidth parts shall be indexed in the order of increasing frequency and non-increasing sizes starting at the lowest frequency. 

For each serving cell

· There are a total of N subbands for a serving cell system bandwidth given by
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· A bandwidth part j is frequency-consecutive and consists of 
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subbands where J bandwidth parts span S or 
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· Each bandwidth part j, where 0 ≤ j ≤ J-1, is scanned in sequential order according to increasing frequency.

· For UE selected subband feedback a single subband out of 
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 subbands of a bandwidth part is selected along with a corresponding L-bit label indexed in the order of increasing frequency, where
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The CQI and PMI payload sizes of each PUCCH CSI reporting mode are given in Table 7.2.2-3.

The following CQI/PMI and RI reporting types with distinct periods and offsets are supported for the PUCCH CSI reporting modes given in Table 7.2.2-3: 

· Type 1 report supports CQI feedback for the UE selected sub-bands 

· Type 1a report supports subband CQI and second PMI feedback
· Type 2, Type 2b, and Type 2c report supports wideband CQI and PMI feedback

· Type 2a report supports wideband PMI feedback

· Type 3 report supports RI feedback

· Type 4 report supports wideband CQI

· Type 5 report supports RI and wideband PMI feedback

· Type 6 report supports RI and PTI feedback

For a UE configured in transmission mode 1-9 and for each serving cell, or for a UE configured in transmission mode 10 and for each CSI process in each serving cell, the periodicity 
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 (in subframes) and offset 
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 (in subframes) for CQI/PMI reporting are determined based on the parameter cqi-pmi-ConfigIndex (
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) given in Table 7.2.2-1A for FDD and Table 7.2.2-1C for TDD. The periodicity 
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 and relative offset 
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  for RI reporting are determined based on the parameter ri-ConfigIndex (
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) given in Table 7.2.2-1B. Both cqi-pmi-ConfigIndex and ri-ConfigIndex are configured by higher layer signalling.  The relative reporting offset for RI 
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 takes values from the set 
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. If a UE is configured to report for more than one CSI subframe set then parameter cqi-pmi-ConfigIndex and ri-ConfigIndex respectively correspond to the CQI/PMI and RI periodicity and relative reporting offset for subframe set 1 and cqi-pmi-ConfigIndex2 and ri-ConfigIndex2 respectively correspond to the CQI/PMI and RI periodicity and relative reporting offset for subframe set 2. For a UE configured with transmission mode 10, the parameters cqi-pmi-ConfigIndex , ri-ConfigIndex, cqi-pmi-ConfigIndex2 and ri-ConfigIndex2 can be configured for each CSI process.
In the case where wideband CQI/PMI reporting is configured:

· The reporting instances for wideband CQI/PMI are subframes satisfying 
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· In case RI reporting is configured, the reporting interval of the RI reporting is an integer multiple 
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· The reporting instances for RI are subframes satisfying 
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In the case where both wideband CQI/PMI and subband CQI reporting are configured:

· The reporting instances for wideband CQI/PMI and subband CQI are subframes satisfying 
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· When PTI is not transmitted (due to not being configured) or the most recently transmitted PTI is equal to 1 for a UE configured in transmission mode 9 or for a UE configured in transmission mode 10 without a ‘RI-reference CSI process’ for a CSI process, or the transmitted PTI is equal to 1 reported in the most recent RI reporting instance for a CSI process when a UE is configured in transmission mode 10 with a ‘RI-reference CSI process’ for the CSI process, or the transmitted PTI is equal to 1 for a ‘RI-reference CSI process’ reported in the most recent RI reporting instance for a CSI process when a UE is configured in transmission mode 10 with the ‘RI-reference CSI process’ for the CSI process, and the most recent type 6 report for the CSI process is dropped:

· The wideband CQI/ wideband PMI (or wideband CQI/wideband second PMI for transmission modes 9 and 10) report has period 
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. The integer 
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 is defined as 
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 is the number of bandwidth parts.

· Between every two consecutive wideband CQI/ wideband PMI (or wideband CQI/wideband second PMI for transmission modes 9 and 10) reports, the remaining 
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 reporting instances are used in sequence for subband CQI reports on 
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 full cycles of bandwidth parts except when the gap between two consecutive wideband CQI/PMI reports contains less than 
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 reporting instances due to a system frame number transition to 0, in which case the UE shall not transmit the remainder of the subband CQI reports which have not been transmitted before the second of the two wideband CQI/ wideband PMI (or wideband CQI/wideband second PMI for transmission modes 9 and 10) reports. Each full cycle of bandwidth parts shall be in increasing order starting from bandwidth part 0 to bandwidth part 
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 is configured by higher-layer signalling.

· When the most recently transmitted PTI is 0 for a UE configured in transmission mode 9 or for a UE configured in transmission mode 10 without a ‘RI-reference CSI process’ for a CSI process, or the transmitted PTI is 0 reported in the most recent RI reporting instance for a CSI process when a UE is configured in transmission mode 10 with a ‘RI-reference CSI process’ for the CSI process, or the transmitted PTI is 0 for a ‘RI-reference CSI process’ reported in the most recent RI reporting instance for a CSI process when a UE is configured in transmission mode 10 with the ‘RI-reference CSI process’ for the CSI process, and the most recent type 6 report for the CSI process is dropped:

· The wideband first precoding matrix indicator report has period 
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· Between every two consecutive wideband first precoding matrix indicator reports, the remaining  reporting instances are used for a wideband second precoding matrix indicator with wideband CQI as described below

· In case RI reporting is configured, the reporting interval of RI is 
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 times the wideband CQI/PMI period 
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, and RI is reported on the same PUCCH cyclic shift resource as both the wideband CQI/PMI and subband CQI reports.

· The reporting instances for RI are subframes satisfying 
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In case of collision of a CSI report with PUCCH reporting type 3, 5, or 6 of one serving cell with a CSI report with PUCCH reporting type 1, 1a, 2, 2a, 2b, 2c, or 4 of the same serving cell the latter CSI report with PUCCH reporting type (1, 1a, 2, 2a, 2b, 2c, or 4) has lower priority and is dropped. 

For a serving cell and UE configured in transmission mode 10, in case of collision between CSI reports of same serving cell with PUCCH reporting type of the same priority, and the CSI reports corresponding to different CSI processes, the CSI reports corresponding to all CSI processes except the CSI process with the lowest CSIProcessIndex are dropped.

If the UE is configured with more than one serving cell, the UE transmits a CSI report of only one serving cell in any given subframe. For a given subframe, in case of collision of a CSI report with PUCCH reporting type 3, 5, 6, or 2a of one serving cell with a CSI report with PUCCH reporting type 1, 1a, 2, 2b, 2c, or 4 of another serving cell, the latter CSI with PUCCH reporting type (1, 1a, 2, 2b, 2c, or 4) has lower priority and is dropped. For a given subframe, in case of collision of CSI report with PUCCH reporting type 2, 2b, 2c, or 4 of one serving cell with CSI report with PUCCH reporting type 1 or 1a of another serving cell, the latter CSI report with PUCCH reporting type 1, or 1a has lower priority and is dropped.

For a given subframe and serving cells with UE configured in transmission mode 1-9, in case of collision between CSI reports of these different serving cells with PUCCH reporting type of the same priority, the CSI reports for all these serving cells except the serving cell with lowest ServCellIndex are dropped.

For a given subframe and serving cells with UE configured in transmission mode 10, in case of collision between CSI reports of different serving cells with PUCCH reporting type of the same priority and the CSI reports corresponding to CSI processes with same csi-ProcessId-r11, the CSI reports of all serving cells except the serving cell with lowest ServCellIndex are dropped.

For a given subframe and serving cells with UE configured in transmission mode 10, in case of collision between CSI reports of different serving cells with PUCCH reporting type of the same priority and the CSI reports corresponding to CSI processes with different csi-ProcessId-r11, the CSI reports of all serving cells except the serving cell with CSI reports corresponding to CSI process with the lowest csi-ProcessId-r11 are dropped. 

For a given subframe, in case of collision between CSI report of a given serving cell with UE configured in transmission mode 1-9, and CSI report(s) corresponding to CSI process(es) of a different serving cell with the UE configured in transmission mode 10, and the CSI reports of the serving cells with PUCCH reporting type of the same priority, the CSI report(s) corresponding to CSI process(es) with csi-ProcessId-r11 > 1 of the different serving cell are dropped.

For a given subframe, in case of collision between CSI report of a given serving cell with UE configured in transmission mode 1-9, and CSI report corresponding to CSI process with csi-ProcessId-r11 = 1 of a different serving cell with the UE configured in transmission mode 10, and the CSI reports of the serving cells with PUCCH reporting type of the same priority, the CSI report of the serving cell with highest ServCellIndex is dropped.

See section 10.1 for UE behaviour regarding collision between CSI and HARQ-ACK and the corresponding PUCCH format assignment.

The CSI report of a given PUCCH reporting type shall be transmitted on the PUCCH resource 
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 is UE specific and configured by higher layers for each serving cell.

If the UE is not configured for simultaneous PUSCH and PUCCH transmission or, if the UE is configured for simultaneous PUSCH and PUCCH transmission and not transmitting PUSCH, in case of collision between CSI and positive SR in a same subframe, CSI is dropped.
Table 7.2.2-1A: Mapping of 
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Table 7.2.2-1C: Mapping of 
[image: image206.wmf]/

CQIPMI

I

 to 
[image: image207.wmf]pd

N

 and 
[image: image208.wmf],

OFFSETCQI

N

 for TDD.

	
[image: image209.wmf]/

CQIPMI

I


	Value of 
[image: image210.wmf]pd

N


	Value of 
[image: image211.wmf],

OFFSETCQI

N



	
[image: image212.wmf]/

CQIPMI

I

 = 0
	1 
	
[image: image213.wmf]/

CQIPMI

I



	1 ( 
[image: image214.wmf]/

CQIPMI

I

 ( 5
	5
	
[image: image215.wmf]/

CQIPMI

I

 – 1

	6 ( 
[image: image216.wmf]/

CQIPMI

I

 ( 15
	10
	
[image: image217.wmf]/

CQIPMI

I

 – 6

	16 ( 
[image: image218.wmf]/

CQIPMI

I

 ( 35
	20
	
[image: image219.wmf]/

CQIPMI

I

 – 16

	36 ( 
[image: image220.wmf]/

CQIPMI

I

 ( 75
	40
	
[image: image221.wmf]/

CQIPMI

I

 – 36

	76 ( 
[image: image222.wmf]/

CQIPMI

I

 ( 155
	80
	
[image: image223.wmf]/

CQIPMI

I

 – 76

	156 ( 
[image: image224.wmf]/

CQIPMI

I

 ( 315
	160
	
[image: image225.wmf]/

CQIPMI

I

 – 156

	316 ( 
[image: image226.wmf]/

CQIPMI

I

 ( 1023
	Reserved


For TDD periodic CQI/PMI reporting, the following periodicity values apply for a serving cell c depending on the TDD UL/DL configuration of the primary cell [3]:
· The reporting period of 
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 is applicable for the serving cell c only if TDD UL/DL configuration of the primary cell belongs to {0, 1, 3, 4, 6}, and where all UL subframes of the primary cell in a radio frame are used for CQI/PMI reporting.

· The reporting period of 
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 is applicable for the serving cell c only if TDD UL/DL configuration of the primary cell belongs to {0, 1, 2, 6}.

· The reporting periods of 
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 are applicable for the serving cell c for any TDD UL/DL configuration of the primary cell.

For a serving cell with 
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, Mode 2-0 and Mode 2-1 are not supported for that serving cell. 

The sub-sampled codebook for PUCCH mode 1-1 submode 2 for 8 CSI-RS portsis defined in Table 7.2.2-1D for first and second precoding matrix indicator 
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 and 
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.  Joint encoding of rank and first precoding matrix indicator 
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 for PUCCH mode 1-1 submode 1 for 8 CSI-RS ports is defined in Table 7.2.2-1E. The sub-sampled codebook for PUCCH mode 2-1 for 8 CSI-RS ports is defined in Table 7.2.2-1F for PUCCH Reporting Type 1a.

Table 7.2.2-1D: PUCCH mode 1-1 submode 2 codebook subsampling.
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Table 7.2.2-1E: Joint encoding of RI and 
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 for PUCCH mode 1-1 submode 1.
	Value of joint encoding of RI and the first PMI
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Table 7.2.2-1F: PUCCH mode 2-1 codebook subsampling.
	RI
	Relationship between the second PMI value and codebook index 
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The sub-sampled codebook for PUCCH mode 1-1 submode 2 for transmission modes 8, 9 and 10 configured with alternativeCodeBookEnabledFor4TX-r12=TRUE is defined in Table 7.2.2-G for first and second precoding matrix indicator 
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 and
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.  Joint encoding of rank and first precoding matrix indicator 
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 for PUCCH mode 1-1 submode 1 for transmission modes 8, 9 and 10 configured with alternativeCodeBookEnabledFor4TX-r12=TRUE is defined in Table 7.2.2-1H. The sub-sampled codebook for PUCCH mode 2-1 for transmission modes 8, 9 and 10 configured with alternativeCodeBookEnabledFor4TX-r12=TRUE is defined in Table 7.2.2-1I for PUCCH Reporting Type 1a.
Table 7.2.2-1G: PUCCH mode 1-1 submode 2 codebook subsampling with 4 antenna ports.
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Table 7.2.2-1 H: Joint encoding of RI and for PUCCH mode 1-1 submode 1 with 4 antenna ports.
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Table 7.2.2-1 I: PUCCH mode 2-1 codebook subsampling with 4 antenna ports.
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An RI or PTI or any precoding matrix indicator reported for a serving cell in a periodic reporting mode is valid only for CSI reports for that serving cell on that periodic CSI reporting mode. 

For serving cell 
[image: image298.wmf]c

, a UE configured in transmission mode 10 with PMI/RI reporting for a CSI process can be configured with a ‘RI-reference CSI process’. The RI for the ‘RI-reference CSI process’ is not based on any other configured CSI process other than the ‘RI-reference CSI process’. If the UE is configured with a ‘RI-reference CSI process’ for a CSI process and if subframe sets 
[image: image299.wmf]CSI,0

C

 and 
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 are configured by higher layers for only one of the CSI processes then the UE is not expected to receive configuration for the CSI process configured with the subframe subsets that have a different set of restricted RIs with precoder codebook subset restriction between the two subframe sets.The UE is not expected to receive configurations for the CSI process and the ‘RI-reference CSI process’ that have a different:

· periodic CSI reporting mode (including sub-mode if configured), and/or
· number of CSI-RS antenna ports, and/or

· set of restricted RIs with precoder codebook subset restriction if subframe sets 
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 and 
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 are not configured by higher layers for both CSI processes, and/or
· set of restricted RIs with precoder codebook subset restriction for each subframe set if subframe sets 
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 and 
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 are configured by higher layers for both CSI processes, and/or
· set of restricted RIs with precoder codebook subset restriction if subframe sets 
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 and 
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 are configured by higher layers for only one of the CSI processes, and the set of restricted RIs for the two subframe sets are the same.
For the calculation of CQI/PMI conditioned on the last reported RI, in the absence of a last reported RI the UE shall conduct the CQI/PMI calculation conditioned on the lowest possible RI as given by the bitmap parameter codebookSubsetRestriction and the parameter alternativeCodeBookEnabledFor4TX-r12 if configured. If reporting for more than one CSI subframe set is configured, CQI/PMI is conditioned on the last reported RI linked to the same subframe set as the CSI report.
· Wideband feedback

· Mode 1-0 description:

· In the subframe where RI is reported (only for transmission mode 3):

· A UE shall determine a RI assuming transmission on set S subbands.

· The UE shall report a type 3 report consisting of one RI.

· In the subframe where CQI is reported:

· A UE shall report a type 4 report consisting of one wideband CQI value which is calculated assuming transmission on set S subbands. The wideband CQI represents channel quality for the first codeword, even when RI>1.

· For transmission mode 3 the CQI is calculated conditioned on the last reported periodic RI. For other transmission modes it is calculated conditioned on transmission rank 1.

· Mode 1-1 description:

· In the subframe where RI is reported (only for transmission modes 4, 8, 9 and 10):

· If a UE is configured in transmission mode 10 with a ‘RI-reference CSI process’ for a CSI process, the RI for the CSI process shall be the same as the RI in the most recent CSI report comprising RI for the configured ‘RI-reference CSI process' irrespective of subframe sets if configured; otherwise, the UE shall determine a RI assuming transmission on set S subbands.
· The UE shall report a type 3 report consisting of one RI.

· In the subframe where RI and a first PMI are reported  for transmission modes 9 and 10 configured with submode 1 and 8 CSI-RS ports, and for transmission modes 8, 9 and 10 configured with submode 1 and alternativeCodeBookEnabledFor4TX-r12=TRUE:
· If a UE is configured in transmission mode 10 with a ‘RI-reference CSI process’ for a CSI process, the RI for the CSI process shall be the same as the RI in the most recent CSI report comprising RI for the configured ‘RI-reference CSI process' irrespective of subframe sets if configured; otherwise, the UE shall determine a RI assuming transmission on set S subbands.

· The UE shall report a type 5 report consisting of jointly coded RI and a first PMI corresponding to a set of precoding matrices selected from the codebook subset assuming transmission on set S subbands.

· If the UE is configured in transmission mode 10 with a ‘RI-reference CSI process’ for a CSI process and in case of collision of type 5 report for the CSI process with type 5 report for the ‘RI-reference CSI process', the wideband first PMI for the CSI process shall be the same as the wideband first PMI in the most recent type 5 report for the configured ‘RI-reference CSI process'; otherwise, the wideband first PMI value is calculated conditioned on the reported periodic RI.
· In the subframe where CQI/PMI is reported for all transmission modes except with 8 CSI-RS ports configured for transmission modes 9 and 10, or with alternativeCodeBookEnabledFor4TX-r12=TRUE  configured for transmission modes 8, 9 and 10:
· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands.

· A UE shall report a type 2 report consisting of 

· A single wideband CQI value which is calculated assuming the use of a single precoding matrix in all subbands and transmission on set S subbands.

· The selected single PMI (wideband PMI). 

· When RI>1, an additional 3-bit wideband spatial differential CQI, which is shown in Table 7.2-2. 

· For transmission modes 4, 8, 9 and 10, 

· If a UE is configured in transmission mode 10 with a ‘RI-reference CSI process’ for a CSI process, and the most recent type 3 report for the CSI process is dropped, and a type 3 report for the ‘RI-reference CSI process’ is reported in the most recent RI reporting instance for the CSI process, the PMI and CQI for the CSI process are calculated conditioned on the reported periodic RI for the configured ‘RI-reference CSI process’ in the most recent RI reporting instance for the CSI process; otherwise the PMI and CQI are calculated conditioned on the last reported periodic RI. 
· For other transmission modes the PMI and CQI are calculated conditioned on transmission rank 1.
· In the subframe where wideband CQI/second PMI is reported for transmission modes 9 and 10 with 8 CSI-RS ports and submode 1 configured,  and for transmission modes 8, 9 and 10 with submode 1 and alternativeCodeBookEnabledFor4TX-r12=TRUE configured:
· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands.
· A UE shall report a type 2b report consisting of 

· A single wideband CQI value which is calculated assuming the use of the single precoding matrix in all subbands and transmission on set S subbands.

· The wideband second PMI corresponding to the selected single precoding matrix. 

· When RI>1, an additional 3-bit wideband spatial differential CQI, which is shown in Table 7.2-2. 

· If a UE is configured in transmission mode 10 with a ‘RI-reference CSI process’ for a CSI process, and the most recent type 5 report for the CSI process is dropped, and a type 5 report for the ‘RI-reference CSI process’ is reported in the most recent RI reporting instance for the CSI process,

· The wideband second PMI value for the CSI process is calculated conditioned on the reported periodic RI and the wideband first PMI for the configured ‘RI-reference CSI process’ in the most recent RI reporting instance for the CSI process.

· The wideband CQI value is calculated conditioned on the selected precoding matrix for the CSI process and the reported periodic RI for the configured ‘RI-reference CSI process’ in the most recent RI reporting instance for the CSI process.

· Otherwise,

· The wideband second PMI value is calculated conditioned on the last reported periodic RI and the wideband first PMI. 
· The wideband CQI value is calculated conditioned on the selected precoding matrix and the last reported periodic RI.
· In the subframe where wideband CQI/first PMI/second PMI is reported for transmission modes 9 and 10 with 8 CSI-RS ports and submode 2 configured , and for transmission modes 8, 9 and 10 with submode 2 and alternativeCodeBookEnabledFor4TX-r12=TRUE configured:
· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands.
· A UE shall report a type 2c report consisting of 

· A single wideband CQI value which is calculated assuming the use of a single precoding matrix in all subbands and transmission on set S subbands.

· The wideband first PMI and the wideband second PMI corresponding to the selected single precoding matrix as defined in Section 7.2.4.

· When RI>1, an additional 3-bit wideband spatial differential CQI, which is shown in Table 7.2-2. 

· If a UE is configured in transmission mode 10 with a ‘RI-reference CSI process’ for a CSI process, and the most recent type 3 report for the CSI process is dropped, and a type 3 report for the ‘RI-reference CSI process’ is reported in the most recent RI reporting instance for the CSI process, the wideband first PMI, the wideband second PMI and the wideband CQI for the CSI process are calculated conditioned on the reported periodic RI for the configured ‘RI-reference CSI process’ in the most recent RI reporting instance for the CSI process; otherwise the wideband first PMI, the wideband second PMI and the wideband CQI are calculated conditioned on the last reported periodic RI.
· UE Selected subband feedback

· Mode 2-0 description:

· In the subframe where RI is reported (only for transmission mode 3):

· A UE shall determine a RI assuming transmission on set S subbands.

· The UE shall report a type 3 report consisting of one RI.

· In the subframe where wideband CQI is reported:

· The UE shall report a type 4 report on each respective successive reporting opportunity consisting of one wideband CQI value which is calculated assuming transmission on set S subbands. The wideband CQI represents channel quality for the first codeword, even when RI>1.
· For transmission mode 3 the CQI is calculated conditioned on the last reported periodic RI. For other transmission modes it is calculated conditioned on transmission rank 1. 

· In the subframe where CQI for the selected subbands is reported:

· The UE shall select the preferred subband within the set of 
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 subbands in each of the J bandwidth parts where J is given in Table 7.2.2-2. 

· The UE shall report a type 1 report consisting of one CQI value reflecting transmission only over the selected subband of a bandwidth part determined in the previous step along with the corresponding preferred subband L-bit label. A type 1 report for each bandwidth part will in turn be reported in respective successive reporting opportunities. The CQI represents channel quality for the first codeword, even when RI>1. 

· For transmission mode 3 the preferred subband selection and CQI values are calculated conditioned on the last reported periodic RI. For other transmission modes they are calculated conditioned on transmission rank 1.

· Mode 2-1 description:

· In the subframe where RI is reported for transmission mode 4, transmission mode 8 except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured,  transmission modes 9 and 10 with 2 CSI-RS ports, and transmission modes 9 and 10 with 4 CSI-RS ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured:
· If a UE is configured in transmission mode 10 with a ‘RI-reference CSI process’ for a CSI process, the RI for the CSI process shall be the same as the RI in the most recent CSI report comprising RI for the configured ‘RI-reference CSI process' irrespective of subframe sets if configured; otherwise, the UE shall determine a RI assuming transmission on set S subbands.
· The UE shall report a type 3 report consisting of one RI.
· In the subframe where RI is reported for transmission modes 9 and 10 with 8 CSI-RS ports configured and for transmission modes 8, 9 and 10 with alternativeCodeBookEnabledFor4TX-r12=TRUE  configured then:
· If a UE is configured in transmission mode 10 with a ‘RI-reference CSI process’ for a CSI process, the RI for the CSI process shall be the same as the RI in the most recent CSI report comprising RI for the configured ‘RI-reference CSI process' irrespective of subframe sets if configured; otherwise, the UE shall determine a RI assuming transmission on set S subbands.

· If a UE is configured in transmission mode 10 with a ‘RI-reference CSI process’ for a CSI process, the PTI for the CSI process shall be the same as the PTI in the most recent type 6 report for the configured ‘RI-reference CSI process'; otherwise, the UE shall determine a precoder type indication (PTI).
· The PTI for the CSI process shall be equal to 1 if the RI reported jointly with the PTI is greater than 2 for transmission modes 8, 9, 10 with alternativeCodeBookEnabledFor4TX-r12=TRUE  configured. 
· The UE shall report a type 6 report consisting of one RI and the PTI.
· In the subframe where wideband CQI/PMI is reported for all transmission modes except with 8 CSI-RS ports configured for transmission modes 9 and 10, or with alternativeCodeBookEnabledFor4TX-r12=TRUE  configured for transmission modes 8, 9 and 10:

· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands.

· A UE shall report a type 2 report on each respective successive reporting opportunity consisting of:

· A wideband CQI value which is calculated assuming the use of a single precoding matrix in all subbands and transmission on set S subbands. 

· The selected single PMI (wideband PMI).

· When RI>1, an additional 3-bit wideband spatial differential CQI, which is shown in Table 7.2-2. 

· For transmission modes 4, 8, 9 and 10, 

· If a UE is configured in transmission mode 10 with a ‘RI-reference CSI process’ for a CSI process, and the most recent type 3 report for the CSI process is dropped, and a type 3 report for the ‘RI-reference CSI process’ is reported in the most recent RI reporting instance for the CSI process, the PMI and CQI values for the CSI process are calculated conditioned on the reported periodic RI for the configured ‘RI-reference CSI process’ in the most recent RI reporting instance for the CSI process; otherwise the PMI and CQI values are calculated conditioned on the last reported periodic RI. 

· For other transmission modes the PMI and CQI values are calculated conditioned on transmission rank 1.

· In the subframe where the wideband first PMI is reported for transmission modes 9 and 10 with 8 CSI-RS ports configured and for transmission modes 8, 9 and 10 with alternativeCodeBookEnabledFor4TX-r12=TRUE  configured:
· A set of precoding matrices corresponding to the wideband first PMI is selected from the codebook subset assuming transmission on set S subbands.
· A UE shall report a type 2a report on each respective successive reporting opportunity consisting of the wideband first PMI corresponding to the selected set of precoding matrices.

· If a UE is configured in transmission mode 10 with a ‘RI-reference CSI process’ for a CSI process, and the most recent type 6 report for the CSI process is dropped, and a type 6 report for the ‘RI-reference CSI process’ with PTI=0 is reported in the most recent RI reporting instance for the CSI process, the wideband first PMI value for the CSI process is calculated conditioned on the reported periodic RI for the configured ‘RI-reference CSI process’ in the most recent RI reporting instance for the CSI process; otherwise with the last reported PTI=0, the wideband first PMI value is calculated conditioned on the last reported periodic RI.

· In the subframe where wideband CQI/second PMI is reported for transmission modes 9 and 10 with 8 CSI-RS ports configured and for transmission modes 8,9, and 10 with alternativeCodeBookEnabledFor4TX-r12=TRUE  configured:
· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands.
· A UE shall report a type 2b report on each respective successive reporting opportunity consisting of:

· A wideband CQI value which is calculated assuming the use of the selected single precoding matrix in all subbands and transmission on set S subbands. 

· The wideband second PMI corresponding to the selected single precoding matrix.

· When RI>1, an additional 3-bit wideband spatial differential CQI, which is shown in Table 7.2-2. 

· If a UE is configured in transmission mode 10 with a ‘RI-reference CSI process’ for a CSI process, and the most recent type 6 report for the CSI process is dropped, and a type 6 report for the ‘RI-reference CSI process’ with PTI=1 is reported in the most recent RI reporting instance for the CSI process, 
· The wideband second PMI value for the CSI process is calculated conditioned on the reported periodic RI for the configured ‘RI-reference CSI process’ in the most recent RI reporting instance for the CSI process and the last reported wideband first PMI for the CSI process,
· The wideband CQI value is calculated conditioned on the selected precoding matrix for the CSI process and the reported periodic RI for the configured ‘RI-reference CSI process’ in the most recent RI reporting instance for the CSI process.
· Otherwise, with the last reported PTI=1, 
· The wideband second PMI value is calculated conditioned on the last reported periodic RI and the wideband first PMI. 

· The wideband CQI value is calculated conditioned on the selected precoding matrix and the last reported periodic RI.

· If the last reported first PMI was computed under an RI assumption that differs from the last reported periodic RI, or in the absence of a last reported first PMI, the conditioning of the second PMI value is not specified.  

· In the subframe where CQI for the selected subband is reported for all transmission modes except with 8 CSI-RS ports configured for transmission modes 9 and 10, or with alternativeCodeBookEnabledFor4TX-r12=TRUE  configured for transmission modes 8, 9 and 10:
· The UE shall select the preferred subband within the set of Nj subbands in each of the J bandwidth parts where J is given in Table 7.2.2-2.

· The UE shall report a type 1 report per bandwidth part on each respective successive reporting opportunity consisting of:

· CQI value for codeword 0 reflecting transmission only over the selected subband of a bandwidth part determined in the previous step along with the corresponding preferred subband L-bit label.

· When RI>1, an additional 3-bit subband spatial differential CQI value for codeword 1 offset level
· Codeword 1 offset level = subband CQI index for codeword 0 – subband CQI index for codeword 1.
· Assuming the use of the most recently reported single precoding matrix in all subbands and transmission on the selected subband within the applicable bandwidth part. 
· The mapping from the 3-bit subband spatial differential CQI value to the offset level is shown in Table 7.2-2. 

· For transmission modes 4, 8, 9 and 10, 

· If a UE is configured in transmission mode 10 with a ‘RI-reference CSI process’ for a CSI process, and the most recent type 3 report for the CSI process is dropped, and a type 3 report for the ‘RI-reference CSI process’ is reported in the most recent RI reporting instance for the CSI process, the subband selection and CQI values for the CSI process are calculated conditioned on the last reported periodic wideband PMI for the CSI process and the reported periodic RI for the configured ‘RI-reference CSI process’ in the most recent RI reporting instance for the CSI process; otherwise the subband selection and CQI values are calculated conditioned on the last reported periodic wideband PMI and RI. 

· For other transmission modes the subband selection and CQI values are calculated conditioned on the last reported PMI and transmission rank 1.

· In the subframe where wideband CQI/second PMI is reported for transmission modes 9 and 10 with 8 CSI-RS ports configured and for transmission modes 8, 9 and 10 with alternativeCodeBookEnabledFor4TX-r12=TRUE  configured:
· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands.
· The UE shall report a type 2b report on each respective successive reporting opportunity consisting of:

· A wideband CQI value which is calculated assuming the use of the selected single precoding matrix in all subbands and transmission on set S subbands. 

· The wideband second PMI corresponding to the selected single precoding matrix.
· When RI>1, an additional 3-bit wideband spatial differential CQI, which is shown in Table 7.2-2. 

· If a UE is configured in transmission mode 10 with a ‘RI-reference CSI process’ for a CSI process, and the most recent type 6 report for the CSI process is dropped, and a type 6 report for the ‘RI-reference CSI process’ with PTI=0 is reported in the most recent RI reporting instance for the CSI process,
· The wideband second PMI value for the CSI process is calculated conditioned on the reported periodic RI for the configured ‘RI-reference CSI process’ in the most recent RI reporting instance for the CSI process and the last reported wideband first PMI for the CSI process.
· The wideband CQI value is calculated conditioned on the selected precoding matrix for the CSI process and the reported periodic RI for the configured ‘RI-reference CSI process’ in the most recent RI reporting instance for the CSI process.
· Otherwise, with the last reported PTI=0, 
· The wideband second PMI value is calculated conditioned on the last reported periodic RI and the wideband first PMI. The wideband CQI value is calculated conditioned on the selected precoding matrix and the last reported periodic RI.
· If the last reported first PMI was computed under an RI assumption that differs from the last reported periodic RI, or in the absence of a last reported first PMI, the conditioning of the second PMI value is not specified.
· In the subframe where subband CQI/second PMI for the selected subband is reported for transmission modes 9 and 10 with 8 CSI-RS ports configured and for transmission modes 8, 9 and 10 with alternativeCodeBookEnabledFor4TX-r12=TRUE  configured:
· The UE shall select the preferred subband within the set of Nj subbands in each of the J bandwidth parts where J is given in Table 7.2.2-2.
· The UE shall report a type 1a report per bandwidth part on each respective successive reporting opportunity consisting of:

· CQI value for codeword 0 reflecting transmission only over the selected subband of a bandwidth part determined in the previous step along with the corresponding preferred subband L-bit label.

· When RI>1, an additional 3-bit subband spatial differential CQI value for codeword 1 offset level
· Codeword 1 offset level = subband CQI index for codeword 0 – subband CQI index for codeword 1.
· Assuming the use of the precoding matrix corresponding to the selected second PMI and the most recently reported first PMI and transmission on the selected subband within the applicable bandwidth part.

· The mapping from the 3-bit subband spatial differential CQI value to the offset level is shown in Table 7.2-2.
· A second PMI of the preferred precoding matrix selected from the codebook subset assuming transmission only over the selected subband within the applicable bandwidth part determined in the previous step.

· If a UE is configured in transmission mode 10 with a ‘RI-reference CSI process’ for a CSI process, and the most recent type 6 report for the CSI process is dropped, and a type 6 report for the ‘RI-reference CSI process’ with PTI=1 is reported in the most recent RI reporting instance for the CSI process, 
· The subband second PMI values for the CSI process are calculated conditioned on the reported periodic RI for the configured ‘RI-reference CSI process’ in the most recent RI reporting instance for the CSI process and the last reported wideband first PMI for the CSI process.
· The subband selection and CQI values are calculated conditioned on the selected precoding matrix for the CSI process and the reported periodic RI for the configured ‘RI-reference CSI process’ in the most recent RI reporting instance for the CSI process.
· Otherwise, with the last reported PTI=1
· The subband second PMI values are calculated conditioned on the last reported periodic RI and the wideband first PMI. 
· The subband selection and CQI values are calculated conditioned on the selected precoding matrix and the last reported periodic RI.

· If the last reported first PMI was computed under an RI assumption that differs from the last reported periodic RI, or in the absence of a last reported first PMI, the conditioning of the second PMI value is not specified.
Table 7.2.2-2: Subband Size (k) and Bandwidth Parts (J) vs. Downlink System Bandwidth

	System Bandwidth 
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	Subband Size k (RBs)
	Bandwidth Parts (J)

	
	
	

	6 – 7
	NA
	NA

	8 – 10
	4
	1

	11 – 26
	4
	2

	27 – 63
	6
	3

	64 – 110
	8
	4


If parameter ttiBundling provided by higher layers is set to TRUE and if an UL-SCH in subframe bundling operation collides with a periodic CSI reporting instance, then the UE shall drop the periodic CSI report of a given PUCCH reporting type in that subframe and shall not multiplex the periodic CSI report payload in the PUSCH transmission in that subframe. A UE is not expected to be configured with simultaneous PUCCH and PUSCH transmission when UL-SCH subframe bundling is configured.
Table 7.2.2-3: PUCCH Reporting Type Payload size per PUCCH Reporting Mode and Mode State

	PUCCH Reporting Type
	Reported
	Mode State 
	PUCCH Reporting Modes

	
	
	
	Mode 1-1
	Mode 2-1
	Mode 1-0
	Mode 2-0

	
	
	
	(bits/BP)
	(bits/BP)
	(bits/BP)
	(bits/BP)

	1
	Sub-band

CQI
	RI = 1
	NA
	4+L
	NA
	4+L

	
	
	RI > 1
	NA
	7+L
	NA
	4+L

	1a
	Sub-band CQI / second PMI
	8 antenna ports RI = 1
	NA
	8+L
	NA
	NA

	
	
	8 antenna ports 1 < RI < 5
	NA
	9+L
	NA
	NA

	
	
	8 antenna ports RI > 4
	NA
	7+L
	NA
	NA

	
	
	4 antenna ports RI=1
	NA
	6+L
	NA
	NA

	
	
	4 antenna ports  1<RI(
4
	NA
	9+L
	NA
	NA

	2
	Wideband CQI/PMI
	2 antenna ports RI = 1
	6
	6
	NA
	NA

	
	
	4 antenna ports RI = 1
	8
	8
	NA
	NA

	
	
	2 antenna ports RI > 1
	8
	8
	NA
	NA

	
	
	4 antenna ports RI > 1
	11
	11
	NA
	NA

	2a
	Wideband first PMI
	8 antenna ports RI < 3
	NA
	4
	NA
	NA

	
	
	8 antenna ports 2 < RI < 8
	NA
	2
	NA
	NA

	
	
	8 antenna ports RI = 8
	NA
	0
	NA
	NA

	
	
	4 antenna ports 1<RI(2
	NA
	4
	NA
	NA

	
	
	4 antenna ports 2<RI(4
	NA
	NA
	NA
	NA

	2b
	Wideband CQI / second PMI
	8 antenna ports RI = 1
	8
	8
	NA
	NA

	
	
	8 antenna ports 1 < RI < 4
	11
	11
	NA
	NA

	
	
	8 antenna ports RI = 4
	10
	10
	NA
	NA

	
	
	8 antenna ports RI > 4
	7
	7
	NA
	NA

	
	
	4 antenna ports RI=1

	8
	8
	NA
	NA

	
	
	4 antenna port 1<RI(4
	11
	11
	NA
	NA

	2c
	Wideband CQI / first PMI / second PMI
	8 antenna ports RI = 1
	8
	NA
	NA
	NA

	
	
	8 antenna ports 1 < RI ( 4
	11
	NA
	NA
	NA

	
	
	8 antenna ports 4 < RI ( 7
	9
	NA
	NA
	NA

	
	
	8 antenna ports RI = 8
	7
	NA
	NA
	NA

	
	
	4 antenna ports RI=1
	8
	NA
	NA
	NA

	
	
	4 antenna ports 1<RI(4 

	11
	NA
	NA
	NA

	3
	RI
	2/4 antenna ports, 2-layer spatial multiplexing
	1
	1
	1
	1

	
	
	8 antenna ports, 2-layer spatial multiplexing
	1
	NA
	NA
	NA

	· 
	· 
	4 antenna ports, 4-layer spatial multiplexing
	2
	2
	2
	2

	
	
	8 antenna ports, 4-layer spatial multiplexing
	2
	NA
	NA
	NA

	
	
	8-layer spatial multiplexing
	3
	NA
	NA
	NA

	4
	Wideband CQI
	RI = 1 or RI>1
	NA
	NA
	4
	4

	5
	RI/ first PMI
	8 antenna ports, 2-layer spatial multiplexing
	4
	NA
	NA
	NA

	
	
	8 antenna ports, 4 and 8-layer spatial multiplexing
	5
	
	
	

	
	
	4 antenna ports, 2-layer spatial multiplexing
	4
	
	
	

	
	
	
4 antenna ports, 4-layer spatial multiplexing
	5
	
	
	

	6


	RI/PTI
	8 antenna ports, 2-layer spatial multiplexing
	NA
	2
	NA
	NA

	
	
	8 antenna ports, 4-layer spatial multiplexing
	NA
	3
	NA
	NA

	
	
	8 antenna ports, 8-layer spatial multiplexing
	NA
	4
	NA
	NA

	
	
	4 antenna ports, 2-layer spatial multiplexing
	NA
	2
	NA
	NA

	
	
	4 antenna ports, 4-layer spatial multiplexing
	NA
	3
	NA
	NA


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 
[image: image309.wmf]CSI,0
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 and 
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 are configured by higher layers, each CSI reference resource belongs to either 
[image: image311.wmf]CSI,0
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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 10 and periodic CSI reporting, the CSI subframe set for the CSI reference resource is configured by higher layers for each CSI process.

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 (CSI-RS) defined in [3] for which the UE is configured to assume non-zero power for the CSI-RS. For a UE in transmission mode 9 when the parameter pmi-RI-Report is not configured by higher layers or in transmission modes 1-8 the UE shall derive the channel measurements for computing CQI based on CRS.

For a UE in transmission mode 10, the UE shall derive the channel measurements for computing the CQI value reported in uplink subframe n and corresponding to a CSI process, based on only the non-zero power CSI-RS (defined in [3]) within a configured CSI-RS resource associated with the CSI process. 

For a UE in transmission mode 10 , the UE shall derive the interference measurements for computing the CQI value reported in uplink subframe n and corresponding to a CSI process, based on only the zero power CSI-RS (defined in [3]) within the configured CSI-IM resource associated with the CSI process. If the UE in transmission mode 10 is configured by higher layers for CSI subframe sets 
[image: image315.wmf]CSI,0

C

 and 
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 for the CSI process, the configured CSI-IM resource within the subframe subset belonging to the CSI reference resource is used to derive the interference measurement.
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 for a serving cell 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, 

· for a UE configured in transmission mode 1-9 or transmission mode 10 with a single configured CSI process for the serving cell, 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.

· for a UE configured in transmission mode 10 with multiple configured CSI processes for the serving cell, the CSI reference resource for a given CSI process is defined by a single downlink subframe n-nCQI_ref,
· where for FDD and periodic or aperiodic CSI reporting nCQI_ref  is the smallest value greater than or equal to 5, such that it corresponds to a valid downlink subframe, and for aperiodic CSI reporting the corresponding CSI request is in an uplink DCI format;

· where for FDD and aperiodic CSI reporting nCQI_ref  is equal to 5 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.

· where for TDD, and 2 or 3 configured CSI processes, and periodic or aperiodic CSI reporting, nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe, and for aperiodic CSI reporting the corresponding CSI request is in an uplink DCI format;

· where for TDD, and 2 or 3 configured CSI processes, and 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;

· where for TDD, and 4 configured CSI processes, and periodic or aperiodic CSI reporting, nCQI_ref  is the smallest value greater than or equal to 5, such that it corresponds to a valid downlink subframe, and for aperiodic CSI reporting the corresponding CSI request is in an uplink DCI format;

· where for TDD, and 4 configured CSI processes, and aperiodic CSI reporting, nCQI_ref  is equal to 5 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

· in case multiple cells with different uplink-downlink configurations are aggregated and the UE is not capable of simultaneous reception and transmission in the aggregated cells, the subframe in the primary cell is a downlink subframe or a special subframe with the length of DwPTS more than 
[image: image317.wmf]s

7680

T

×

, and
· except for transmission mode 9 or 10, 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, and

· for a UE configured in transmission mode 10 with multiple configured CSI processes, and aperiodic CSI reporting for a CSI process, it is an element of the CSI subframe set linked to the downlink subframe with the corresponding CSI request in an uplink DCI format, when that UE is configured with CSI subframe sets for the CSI process.

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 or EPDCCH

· 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 if more than one CSI-RS port is configured, and is consistent with rank 1 transmission if only one CSI-RS port is configured; and PDSCH signals on antenna ports 
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layers would result in signals equivalent to corresponding symbols transmitted on antenna ports 
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, as given by 
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 is a vector of symbols from the layer mapping in section 6.3.3.2 of [3], 
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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 
[image: image326.wmf])

(

i

W

is the precoding matrix corresponding to the reported PMI applicable to 
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. The corresponding PDSCH signals transmitted on antenna ports 
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 would have a ratio of EPRE to CSI-RS EPRE equal to the ratio given in section 7.2.5.
· For transmission mode 10 CSI reporting, if a CSI process is configured without PMI/RI reporting:
· If the number of antenna ports of the associated CSI-RS resource is one, a PDSCH transmission is on single-antenna port, port 7. The channel on antenna port {7} is inferred from the channel on antenna port {15} of the associated CSI-RS resource.  
· CRS REs are as in non-MBSFN subframes. The CRS overhead is assumed to be the same as the CRS overhead corresponding to the number of CRS antenna ports of the serving cell;
· The UE-specific reference signal overhead is 12 REs per PRB pair.
· Otherwise, 

· If the number of antenna ports of the associated CSI-RS resource is 2, the PDSCH transmission scheme assumes the transmit diversity scheme defined in section 7.1.2 on antenna ports {0,1} except that the channels on antenna ports {0,1} are inferred from the channels on antenna port {15, 16} of the associated CSI resource respectively.  

· If the number of antenna ports of the associated CSI-RS resource is 4, the PDSCH transmission scheme assumes the transmit diversity scheme defined in section 7.1.2 on antenna ports {0,1,2,3} except that the channels on antenna ports {0,1,2,3} are inferred from the channels on antenna ports {15, 16, 17, 18} of the associated CSI-RS resource respectively.  
· The UE is not expected to be configured with more than 4 antenna ports for the CSI-RS resource associated with the CSI process configured without PMI/RI reporting.
· The overhead of CRS REs is assuming the same number of antenna ports as that of the associated CSI-RS resource.
· UE-specific reference signal overhead is zero.
· For transmission mode 10 CSI reporting, if a CSI process is configured with PMI/RI reporting:

· CRS REs are as in non-MBSFN subframes. The CRS overhead is assumed to be the same as the CRS overhead corresponding to the number of CRS antenna ports of the serving cell; 
· The UE-specific reference signal overhead is consistent with the most recent reported rank for the CSI process if more than one CSI-RS port is configured, and is consistent with rank 1 transmission if only one CSI-RS port is configured; and PDSCH signals on antenna ports 
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 is a vector of symbols from the layer mapping in section 6.3.3.2 of [3], 
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is the number of antenna ports of the associated CSI-RS resource, and if  P=1,
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is 1, otherwise 
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is the precoding matrix corresponding to the reported PMI applicable to 
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 would have a ratio of EPRE to CSI-RS EPRE equal to the ratio given in section 7.2.5
· 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 
[image: image339.wmf]A

r

which shall be assumed to be 
· 
[image: image340.wmf])

2

(

log

10

10

+

D

+

=

offset

A

A

P

r

[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) 

	10
	If a CSI process of the UE is configured without PMI/RI reporting: if the number of CSI-RS ports is one, single-antenna port, port7; otherwise transmit diversity

If a CSI process of 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 modes 9 and 10, 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 antenna ports, each PMI value corresponds to a codebook index given in Table 6.3.4.2.3-1 as follows:
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For 4 antenna ports  
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· If  alternativeCodeBookEnabledFor4TX-r12=TRUE is configured, each PMI value corresponds to a pair of codebook indices given in Table 7.2.4-0A, 7.2.4-0B, 7.2.4-0C, or 7.2.4-0D,  where the quantities 
[image: image359.wmf]n

j

, 
[image: image360.wmf]'

n

j

 and 
[image: image361.wmf]m

v

 in Table 7.2.4-0A and Table 7.2.4-0B are given by

[image: image362.wmf][

]

T

32

2

16

'

2

'

2

1

'

m

j

m

n

j

n

n

j

n

e

v

e

e

p

p

p

j

j

=

=

=


· A first PMI value of 
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 in Table 7.2.4-0C and Table 7.2.4-0D denotes the matrix defined by the columns given by the set 
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· In some cases codebook subsampling is supported.  The sub-sampled codebook for PUCCH mode 1-1 submode 2 is defined in Table 7.2.2-1G for first and second precoding matrix indicators 
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 and 
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.  Joint encoding of rank and first precoding matrix indicator 
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 for PUCCH mode 1-1 submode 1 is defined in Table 7.2.2-1H.  The sub-sampled codebook for PUCCH mode 2-1 is defined in Table 7.2.2-1I for PUCCH Reporting Type 1a.
Table 7.2.4-0A: Codebook for 1-layer CSI reporting using antenna ports 0 to 3 or 15 to 18
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Table 7.2.4-0B: Codebook for 2-layer CSI reporting using antenna ports 0 to 3 or 15 to 18
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Table 7.2.4-0C: Codebook for 3-layer CSI reporting using antenna ports 15 to 18
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Table 7.2.4-0D: Codebook for 4-layer CSI reporting using antenna ports 15 to 18
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The UE is not expected to receive the configuration of alternativeCodeBookEnabledFor4TX-r12 except for transmission mode 8 configured with 4 CRS ports, and transmission modes  9 and 10 configured with 4 CSI-RS ports. For a UE configured in transmission mode 10, the parameter alternativeCodeBookEnabledFor4TX-r12 may be configured for each CSI process.  
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 
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· as follows:For 8 antenna ports
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corresponds to the codebook indices 
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· 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: image500.wmf]1

i

 and 
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.  Joint encoding of rank and first precoding matrix indicator 
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 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 PUCCH Reporting Type 1a.
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.

	
[image: image549.wmf]1

i


	
[image: image550.wmf]2

i



	
	0
	1
	2
	3

	0 - 3
	
[image: image551.wmf])

3

(

8

8

,

8

,

8

1

1

1

+

i

i

i

W


	
[image: image552.wmf])

3

(

8

8

,

8

,

8

8

1

1

1

+

+

i

i

i

W


	
[image: image553.wmf])

3

(

8

8

,

8

8

,

8

1

1

1

~

+

+

i

i

i

W


	
[image: image554.wmf])

3

(

8

,

8

,

8

8

1

1

1

~

i

i

i

W

+



	
[image: image555.wmf]1

i


	
[image: image556.wmf]2

i



	
	4
	5
	6
	7

	0 - 3
	
[image: image557.wmf])

3

(

10

8

,

2

8

,

2

8

1

1

1

+

+

+

i

i

i

W


	
[image: image558.wmf])

3

(

10

8

,

2

8

,

10

8

1

1

1

+

+

+

i

i

i

W


	
[image: image559.wmf])

3

(

10

8

,

10

8

,

2

8

1

1

1

~

+

+

+

i

i

i

W


	
[image: image560.wmf])

3

(

2

8

,

2

8

,

10

8

1

1

1

~

+

+

+

i

i

i

W



	
[image: image561.wmf]1

i


	
[image: image562.wmf]2

i



	
	8
	9
	10
	11

	0 - 3
	
[image: image563.wmf])

3

(

12

8

,

4

8

,

4

8

1

1

1

+

+

+

i

i

i

W


	
[image: image564.wmf])

3

(

12

8

,

4

8

,

12

8

1

1

1

+

+

+

i

i

i

W


	
[image: image565.wmf])

3

(

12

8

,

12

8

,

4

8

1

1

1

~

+

+

+

i

i

i

W


	
[image: image566.wmf])

3

(

4

8

,

4

8

,

12

8

1

1

1

~

+

+

+

i

i

i

W



	
[image: image567.wmf]1

i


	
[image: image568.wmf]2

i



	
	12
	13
	14
	15

	0 - 3
	
[image: image569.wmf])

3

(

14

8

,

6

8

,

6

8

1

1

1

+

+

+

i

i

i

W


	
[image: image570.wmf])

3

(

14

8

,

6

8

,

14

8

1

1

1

+

+

+

i

i

i

W


	
[image: image571.wmf])

3

(

14

8

,

14

8

,

6

8

1

1

1

~

+

+

+

i

i

i

W


	
[image: image572.wmf])

3

(

6

8

,

6

8

,

14

8

1

1

1

~

+

+

+

i

i

i

W



	where 
[image: image573.wmf]ú

û

ù

ê

ë

é

-

=

ú

û

ù

ê

ë

é

-

-

=

"

'

"

'

)

3

(

"

,

'

,

"

'

"

'

)

3

(

"

,

'

,

24

1

~

    

,

 

24

1

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

v

v

v

v

v

v

W

v

v

v

v

v

v

W




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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7.2.5
Channel-State Information – Reference Signal (CSI-RS) definition

For a serving cell and UE configured in transmission mode 9, the UE can be configured with one CSI-RS resource configuration. For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or more CSI-RS resource configuration(s). The following parameters for which the UE shall assume non-zero transmission power for CSI-RS are configured via higher layer signaling for each CSI-RS resource configuration:

· CSI-RS resource configuration identity, if the UE is configured in transmission mode 10,
· Number of CSI-RS ports.  The allowable values and port mapping are given in Section 6.10.5 of [3].
· CSI RS Configuration (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3])

· CSI RS subframe configuration 
[image: image599.wmf]RS

CSI

-

I

. The allowable values are given in Section 6.10.5.3 of [3].
· UE assumption on reference PDSCH transmitted power for CSI feedback 
[image: image600.wmf]c

P

, if the UE is configured in transmission mode 9. 
· UE assumption on reference PDSCH transmitted power for CSI feedback 
[image: image601.wmf]c

P

 for each CSI process, if the UE is configured in transmission mode 10. If CSI subframe sets 
[image: image602.wmf]CSI,0

C

 and 
[image: image603.wmf]CSI,1

C

 are configured by higher layers for a CSI process,
[image: image604.wmf]c

P

 is configured for each CSI subframe set of the CSI process.
· Pseudo-random sequence generator parameter, 
[image: image605.wmf]ID

n

. The allowable values are given in [11]. 

· Higher layer parameter qcl-CRS-Info-r11 for Quasi co-location type B UE assumption of CRS antenna ports and CSI-RS antenna ports with the following parameters, if the UE is configured in transmission mode 10:
· qcl-ScramblingIdentity-r11. 
· crs-PortsCount-r11. 
· mbsfn-SubframeConfigList-r11.
 
[image: image606.wmf]c

P

is the assumed ratio of PDSCH EPRE to CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size, where the PDSCH EPRE corresponds to the symbols for which the ratio of the PDSCH EPRE to the cell-specific RS EPRE is denoted by 
[image: image607.wmf]A

r

, as specified in Table 5.2-2 and Table 5.2-3.

A UE should not expect the configuration of CSI-RS and PMCH in the same subframe of a serving cell. 

For frame structure type 2 and 4 CRS ports, the UE is not expected to receive a CSI RS Configuration index (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3]) belonging to the set [20-31] for the normal CP case or the set [16-27] for the extended CP case. 

A UE may assume the CSI-RS antenna ports of a CSI-RS resource configuration are quasi co-located (as defined in [3]) with respect to delay spread, Doppler spread, Doppler shift, average gain, and average delay.

A UE configured in transmission mode 10 and with quasi co-location type B, may assume the antenna ports 0 – 3 associated with qcl-CRS-Info-r11 corresponding to a CSI-RS resource configuration and antenna ports 15 – 22 corresponding to the CSI-RS resource configuration are quasi co-located (as defined in [3]) with respect to Doppler shift, and Doppler spread.

7.2.6
Channel-State Information – Interference Measurement (CSI-IM) Resource definition

For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or more CSI-IM resource configuration(s). The following parameters are configured via higher layer signaling for each CSI-IM resource configuration:

· Zero-power CSI RS Configuration (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3])

· Zero-power CSI RS subframe configuration 
[image: image608.wmf]RS

CSI

-

I

.  The allowable values are given in Section 6.10.5.3 of [3].
A UE is not expected to receive CSI-IM resource configuration(s) that are not all completely overlapping with one zero-power CSI-RS resource configuration which can be configured for the UE.  A UE is not expected to receive a CSI-IM resource configuration that is not completely overlapping with one of the zero-power CSI-RS resource configurations defined in Section 7.2.7.

A UE should not expect the configuration of CSI-IM resource and PMCH in the same subframe of a serving cell. 

7.2.7
Zero Power CSI-RS Resource definition 

For a serving cell and UE configured in transmission mode 1-9, the UE can be configured with one zero-power CSI-RS resource configuration. For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or more zero-power CSI-RS resource configuration(s). 

The following parameters are configured via higher layer signaling for each zero-power CSI-RS resource configuration:

· Zero-power CSI RS Configuration list (16-bit bitmap ZeroPowerCSI-RS in [3]) 

· Zero-power CSI RS subframe configuration 
[image: image609.wmf]RS

CSI

-

I

. The allowable values are given in Section 6.10.5.3 of [3]. 

A UE should not expect the configuration of zero-power CSI-RS and PMCH in the same subframe of a serving cell. 

For frame structure type 1, the UE is not expected to receive the 16-bit bitmap ZeroPowerCSI-RS with any one of the 6 LSB bits set to 1 for the normal CP case, or with any one of the 8 LSB bits set to 1 for the extended CP case.

For frame structure type 2 and 4 CRS ports, the UE is not expected to receive the 16-bit bitmap ZeroPowerCSI-RS with any one of the 6 LSB bits set to 1 for the normal CP case, or with any one of the 8 LSB bits set to 1 for the extended CP case.
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