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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 is configured with resource-restricted CSI measurements if the subframe sets 
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 are configured by higher layers.
CSI reporting is periodic or aperiodic.

If the UE is configured with more than one serving cell, it transmits periodic CSI for all activated serving cells as configured by higher layers.
If a UE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on PUCCH as defined hereafter in subframes with no PUSCH allocation.
If a UE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on PUSCH of the serving cell with smallest ServCellIndex as defined hereafter in subframes with a PUSCH allocation, where the UE shall use the same PUCCH-based periodic CSI reporting format on PUSCH.
A UE shall transmit aperiodic CSI reporting on PUSCH if the conditions specified hereafter are met. For aperiodic CQI/PMI reporting, RI reporting is transmitted only if the configured CSI feedback type supports RI reporting.

The CSI transmissions on PUCCH and PUSCH for various scheduling modes are summarized in the following table:

Table 7.2-1: Physical Channels for Aperiodic or Periodic CSI reporting

	Scheduling Mode
	Periodic CSI reporting channels
	Aperiodic CSI reporting channel

	Frequency non-selective
	PUCCH
	

	Frequency selective
	PUCCH
	PUSCH


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

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

When reporting PMI the UE reports either a single or a multiple PMI report.  The number of RBs represented by a single UE PMI report can be 
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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 specific precoder codebook and associated transmission mode, the bitmap can specify all possible precoder codebook subsets from which the UE can assume the eNB may be using when the UE is configured in the relevant transmission mode. Codebook subset restriction is supported for transmission modes 3, 4, 5, 6 and for transmission modes 8 and 9 with PMI/RI reporting. The resulting number of bits for each transmission mode is given in Table 7.2-1b. The bitmap forms the bit sequence 
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 is the 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 
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 is associated with the precoder for 2 antenna ports in Section 6.3.4.3 of [3].

b. 4 antenna ports: bit 
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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: 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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5. Transmission mode 9

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

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

c. 8 antenna ports: bit 
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. Codebook indices 
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 are given in Table 6.3.4.2.3-3, 6.3.4.2.3-4, 6.3.4.2.3-5, 6.3.4.2.3-6, 6.3.4.2.3-7, 6.3.4.2.3-8, 6.3.4.2.3-9, or 6.3.4.2.3-10 of [3] for 
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=1,2,3,4,5,6,7, or 8 respectively.
Table 7.2-1b: Number of bits in codebook subset restriction bitmap for applicable transmission modes.

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

	
	
	
	

	Transmission mode 3
	2
	4
	

	
	
	
	

	
	
	
	

	Transmission mode 4
	6
	64
	

	
	
	
	

	
	
	
	

	Transmission mode 5
	4
	16
	

	
	
	
	

	
	
	
	

	Transmission mode 6
	4
	16
	

	
	
	
	

	
	
	
	

	Transmission mode 8
	6
	32
	

	
	
	
	

	
	
	
	

	Transmission mode 9
	6
	64
	109

	
	
	
	


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 
[image: image43.wmf]c

i


	Number of layers 
[image: image44.wmf]u



	
	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
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 .  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 and 9 without PMI/RI reporting, transmission mode 4 with RI=1, and transmission modes 8 and 9 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 and 9 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 and 9 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 and 9 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, 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 [4], 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 size is 2 bits [4], a report is triggered according to the value in Table 7.2.1-1A corresponding to aperiodic CSI reporting.
A UE is not expected to receive more than one aperiodic CSI report request for a given subframe.
Table 7.2.1-1A: CSI Request field for PDCCH 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 
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	‘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


Note: PDCCH 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. 

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
	

	
	(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 

Transmission mode 5
: Mode 3-1

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

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

Transmission mode 8
: Modes 1-2, 2-2, 3-1 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 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 and 9 with PMI/RI reporting.

7.2.4
Precoding Matrix Indicator (PMI) definition

For transmission modes 4, 5
 and 6, precoding feedback is used for channel dependent codebook based precoding and relies on UEs reporting precoding matrix indicator (PMI). For transmission mode 8, the UE shall report PMI if configured with PMI/RI reporting. For transmission mode 9, the UE shall report PMI if configured with PMI/RI reporting and the number of CSI-RS ports is larger than 1. A UE shall report PMI based on the feedback modes described in 7.2.1 and 7.2.2. 
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