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7 
Physical downlink shared channel related procedures
7.1
UE procedure for receiving the physical downlink shared channel
In addition to receiving PDSCH transmissions initiated via the use of DCI format 1A, the UE is semi-statically configured via higher layer signalling to receive PDSCH transmissions based on one of the following transmission modes:

1. Single-antenna port

2. Transmit diversity

3. Open-loop spatial multiplexing

4. Closed-loop spatial multiplexing

5. Multi-user MIMO

PDSCH transmissions shall always use the same set of antenna ports as the transmission of PBCH. Only a transmission mode supporting the same set of antenna ports as used for PBCH is allowed to be configured.
7.1.1  
Single-antenna port

For the single-antenna port mode, the UE may assume that a corresponding eNB transmission on the PDSCH would be performed according to Section 6.3.4.1 of [3]
7.1.2

Transmit diversity 

For the transmit diversity mode, the UE may assume that a corresponding eNB transmission on the PDSCH would be performed according to Section 6.3.4.3 of [3]
7.1.3

Open-loop spatial multiplexing

For the open-loop spatial multiplexing transmission mode, the UE may assume, based on the rank indication (RI) obtained from an associated DCI as determined from the number of assigned transmission layers, that a corresponding eNB transmission on the PDSCH would be performed according to the following:

· RI = 1

: transmit diversity as defined in Section 6.3.4.3  of [3]
· RI > 1

: large delay CDD as defined in Section 6.3.4.2.2 of [3]
For RI>1, the operation of large delay CDD is further defined as follows:

· For 2 antenna ports, the precoder for data resource element index i, denoted by W(i) is selected according to 
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 denotes the precoding matrix corresponding to precoder index 1 in Table 6.3.4.2.3-1 of [3].

· For 4 anetnna ports, the UE may assume that the eNB cyclically assigns different precoders to different data resource elements on the physical downlink shared channel as follows.  A different precoder is used every 
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 denotes the number of transmission layers in the case of spatial multiplexing. In particular, the precoder for data resource element index i, denoted by W(i) is selected according to  
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, where k is the precoder index given by 
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, where k=1,2,…4, and  
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denote precoder matrices corresponding to precoder indices 12,13,14 and 15, respectively, in Table 6.3.4.2.3-2 of [3].  . 

7.1.4

Closed-loop spatial multiplexing

For the closed-loop spatial multiplexing transmission mode, the UE may assume that a corresponding eNB transmission on the physical downlink shared channel would be performed according to zero/small delay CDD for all the applicable number of transmission layers as defined in Section 6.3.4.2.1 of [3]. 
7.1.5

Void
7.1.6

Resource allocation 

The UE shall interpret the resource allocation field depending on the PDCCH DCI format detected.  A resource allocation field in each PDCCH includes two parts, a type field and information consisting of the actual resource allocation.  PDCCH with type 0 and type 1 resource allocation have the same format and are distinguished from each other via the single bit type field. For system bandwidth less than or equal to 10 PRBs the resource allocation field in each PDCCH contains only information of the actual resource allocation. PDCCH with DCI format 0 and 1A have a type 2 resource allocation which is a different format from PDCCH with a type 0 or type 1 resource allocation. PDCCH with a type 2 resource allocation do not have a type field.
7.1.6.1
Resource allocation type 0

In resource allocations of type 0, a bitmap indicates the resource block groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive physical resource blocks (PRBs). Resource block group size (P) is a function of the system bandwidth as shown in Table 7.1.6.1-1.  The total number of RBGs (
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.  The bitmap is of size 
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bits with one bitmap bit per RBG such that each RBG is addressable.

Table 7.1.6.1-1: Type 0 Resource Allocation RBG Size vs. Downlink System Bandwidth

	System Bandwidth
	RBG Size
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	(P)

	≤10
	1

	11 -– 26
	2

	27 -– 6463
	3

	64 -– 110
	4


7.1.6.2
Resource allocation type 1

In resource allocations of type 1, a bitmap of size 
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 indicates to a scheduled UE the PRBs from the set of PRBs from one of P resource block group subsets. Also P is the resource block group size associated with the system bandwidth as shown in Table 7.1.6.1-1.  The portion of the bitmap used to address PRBs in a selected RBG subset has size 
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where 
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is the minimum number of bits needed to select one of the P RBG subsets and one additional bit is used to indicate whether the addressable PRBs of a selected RBG subset is left justified or is right justified (right shifted) where the shift is needed for full resource block granular addressability of all PRBs in a carrier since the number of PRBs in a RBG subset is larger than the PRB addressing portion of the bitmap as indicated by 
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.  Each bit in the PRB addressing portion of the bitmap addresses a single addressable PRB in the selected RBG subset starting at the left most addressable PRB.  

7.1.6.3
Resource allocation type 2

In resource allocations of type 2, the resource allocation information indicates to a scheduled UE a set of contiguously allocated physical or virtual resource blocks depending on the setting of a 1-bit flag carried on the associated PDCCH.  PRB allocations vary from a single PRB up to a maximum number of PRBs spanning the system bandwidth. For VRB allocations .the resource allocation information consists of a starting VRB number and a number of consecutive VRBs where each VRB is mapped to multiple non-consecutive PRBs.

A type 2 resource allocation field consists of a resource indication value (RIV) corresponding to a starting resource block (
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7.2
UE procedure for reporting channel quality indication (CQI), precoding matrix indicator (PMI) and rank indication (RI)

The time and frequency resources that can be used by the UE to report CQI, PMI, and 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.

CQI, PMI, and RI reporting is periodic or aperiodic. A UE transmits CQI, PMI, and RI reporting on a PUCCH for subframes with no PUSCH allocation. A UE transmits CQI, PMI, and RI reporting on a PUSCH for those subframes with PUSCH allocation for a) scheduled PUSCH transmissions with or without an associated scheduling grant or b) PUSCH transmissions with no UL-SCH. The CQI 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 CQI reporting

	Scheduling Mode
	Periodic CQI reporting channels
	Aperiodic CQI reporting channel

	Frequency non-selective
	PUCCH

PUSCH
	PUSCH

	Frequency selective
	PUCCH 

PUSCH
	PUSCH


In case both periodic and aperiodic reporting would occur in the same subframe, the UE shall only transmit the aperiodic 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 during closed-loop spatial multiplexing, a UE shall determine a RI from the supported set of RI values for the corresponding eNodeB and UE antenna configuration and report the number in each RI report. For each RI reporting interval during open-loop spatial multiplexing, a UE shall determine RI for the corresponding eNodeB and UE antenna configuration in each reporting interval and report the detected number in each RI report to support selection between RI=1 transmit diversity and RI>1 large delay CDD open-loop spatial multiplexing.
When reporting PMI the UE reports either a single or a multiple PMI report.  The number of RBs represented by a single UE PMI report can be 
[image: image27.wmf]DL

RB

N

 or a smaller subset of RBs. The number of RBs represented by a single PMI report is semi-statically configured by higher layer signalling.  A UE is restricted to report PMI and RI within a precoder codebook subset specified by a bitmap 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.

The set of subbands (S) a UE shall evaluate for CQI reporting is semi-statically configured by higher layers.  A subband is a set of k contiguous PRBs where k is also semi-statically configured by higher layers.  Note the last subband in set S may have fewer than k contiguous PRBs depending on
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.  The term “Wideband CQI” denotes a CQI value obtained over the set S.  

· For single-antenna port and transmit diversity,  as well as open-loop spatial multiplexing, and closed-loop spatial multiplexing with RI=1 a single 4-bit wideband CQI is reported according to Table 7.2.3-1 
· For RI > 1, closed-loop spatial multiplexing PUSCH based triggered reporting includes reporting a wideband CQI which comprises: 
· A 4-bit wideband CQI for codeword 1 according to Table 7.2.3-1 
· A 4-bit wideband CQI for codeword 2 according to Table 7.2.3-1
· For RI > 1, closed-loop spatial multiplexing PUCCH based reporting includes separately reporting a 4-bit wideband CQI for codeword 1 according to Table 7.2.3-1 and a wideband spatial differential CQI each with a distinct reporting period and relative subframe offset.  The wideband spatial differential CQI comprises:
· A 3-bit wideband spatial differential CQI for codeword 2 = wideband CQI index for codeword 1 – wideband CQI index for codeword 2. The set of exact offset levels is {-4, -3, -2, -1, 0, +1, +2, +3}
7.2.1
Aperiodic/Periodic CQI/PMI/RI Reporting using PUSCH
A UE shall perform aperiodic CQI, PMI and RI reporting using the PUSCH upon receiving an indication sent in the scheduling grant.  
The aperiodic CQI report size and message format is given by RRC.  
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.
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 reporting modes given in Table 7.2.1-1 and described below:

Table 7.2.1-1: CQI and PMI Feedback Types for PUSCH 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 2-1
	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:

1. Single-antenna port



: Modes 2-0, 3-0
2. Transmit diversity




: Modes 2-0, 3-0
3. Open-loop spatial multiplexing
: Modes 2-0, 3-0
4. Closed-loop spatial multiplexing
: Modes 1-2, 2-1, 2-2, 3-1, 3-2 
The selection of PMI and the calculation of CQI are both dependent on the RI value that the UE selects for the corresponding reporting instance.
· 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.
· Subband size is given by Table 7.2.1-2.

· 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 The CQI represents channel quality for the first codeword, even when RI>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

· 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 single selected precoding matrix indicator

· 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 subband CQI value per codeword for each set S subband. The subband CQI value is calculated assuming the use of the corresponding selected precoding matrix in each set S subband.

· A UE shall report a 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 precoding matrix indicator for each set S subband.

· Subband CQI for each codeword are encoded differentially with respect to their respective wideband CQI using 2-bits as defined by

· Subband differential CQI = subband CQI index – wideband CQI index

· Possible subband differential CQI values are {-2, 0, +1, +2}

· Supported subband size (k) used and number of subbands (M1) in the set of subands S contained in a report include those given in Table 7.2.1-2. In Table 7.2.1-2 the k values and M1 values are semi-statically configured by higher layers as a function of system bandwidth.

· The payload size P in bits for closed loop spatial multiplexing feedback modes (3-0, 3-1, 3-2) is given by 

· Mode 3-0 or Mode 3-1/3-2 with RI=1: 
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· Mode 3-1/3-2 with RI>1: 
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· where T=2 if 4 antenna ports for common reference symbols are configured, for 2 antenna ports T=y, while for mode 3-0 then T=0
Editor’s note: RAN1 needs to agree on y.
· where C=N for mode 3-2 else C=1 for mode 3-1 and C=0 for mode 3-0

· where R=2 for up to 4-layer spatial multiplexing else R=1 for up to 2-layer spatial multiplexing and R=0 otherwise

Table 7.2.1-2: Subband Size and #Subband CQI in S vs. System Bandwidth

	System Bandwidth
	Subband Size
	#Subband CQI in S
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	(k)
	(M1)

	6 - 7
	(wideband CQI only)
	

	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 7.2.1-3 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 across all layers irrespective of computed or reported RI. 

· Additionally, the UE shall also report one wideband CQI value. 
· Mode 2-1 description:
· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands
· The UE shall perform joint selection of a set of M preferred subbands of size k within the set of subbands S assuming the use of selected preferred precoding matrix. 

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

· A UE shall report a wideband CQI value per codeword which is calculated assuming the use of the single preferred precoding matrix in all subbands and transmission on set S subbands
· A UE shall also report the selected single preferred precoding matrix indicator for all set S subbands
· 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 best subbands and using the same selected single precoding matrix in each of the M subbands.  

· The UE shall also report the selected single precoding matrix preferred 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
· A UE shall also report the selected single precoding matrix indicator for all set S subbands.
· 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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· where the set
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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 = best-M average index – wideband CQI index

· Possible differential CQI values are {+1, +2, +3, +4}

· Supported subband size k and M values include those shown in Table 7.2.1-3. In Table 7.2.1-3 the k and M values are a function of system bandwidth.

· The payload size (P) in bits for closed loop spatial multiplexing feedback modes (2-0, 2-1, 2-2) is given by 

· Mode 2-0 or Mode 2-1/2-2 with RI=1: 

P = R (RI)  +
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· Mode 2-1/2-2 with RI>1: 
P = R (RI)  +
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· where T=2 if 4 antenna ports for common reference symbols are configured, for 2 antenna ports T=y, while for mode 2-0 then T=0
Editor’s note: RAN1 needs to agree on y.
· where C=2 for mode 2-2 and C=1 for mode 2-1 and C=0 for mode 2-0
· where 
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· where R=2 for up to 4-layer spatial multiplexing else R=1 for up to 2-layer spatial multiplexing and R=0 otherwise
Table 7.2.1-3: Subband Size (k) and M values vs. Downlink System Bandwidth

	System Bandwidth
	Subband Size k (RBs)
	M
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	6 – 7
	(wideband CQI only)
	(wideband CQI only)

	8 – 10
	2
	1

	11 - 26
	2
	3

	27 - 63
	3
	5

	64 - 110
	4
	6


7.2.2
Periodic CQI/PMI/RI Reporting using PUCCH

A UE is semi-statically configured by higher layers to periodically feed back different CQI, PMI, and RI on the PUCCH using the reporting modes given in Table 7.2.2-1 and described below.   
For the UE-selected subband CQI, a CQI report in a certain subframe describes the channel quality in a particular part or in particular parts of the bandwidth described subsequently as bandwidth part (BP) or parts.
· There are a total of N subbands for a system bandwidth given by
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· A bandwidth part is frequency-consecutive and consists of 
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 as given in Table 7.2.2-2 and where 
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· Each bandwidth part j is scanned in sequential order as defined by the equation 
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 is a counter that a UE increments after each subband report transmission for a bandwidth part.

· 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 where
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The CQI and PMI payload sizes of each PUCCH reporting mode are given in Table 7.2.2-3.

Three CQI/PMI and RI reporting types with distinct periods and offsets are supported for each PUCCH reporting mode as given in Table 7.2.2-3: 

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

· Type 2 report supports wideband CQI and PMI feedback.

· Type 3 report supports RI feedback

· Type 4 report supports wideband CQI

RI and wideband CQI/PMI are not reported in the same subframe (reporting instance):

· The reporting interval of the RI reporting is an integer multiple of wideband CQI/PMI period. 

· The same or different offsets between RI and wideband CQI/PMI reporting instances can be configured.

· Both the reporting interval and offset are configured by higher layers.  In case of collision of RI and wideband CQI/PMI the wideband CQI/PMI is dropped.
The following PUCCH formats are used:

· Format 2 as defined in section 5.4.2 in [3] when CQI/PMI or RI report is not multiplexed with ACK/NAK 
· Format 2a/2b as defined in section 5.4.2 in [3] when CQI/PMI or RI report is multiplexed with ACK/NAK for normal CP
· Format 2 as defined in section 5.4.2 in [3] when CQI/PMI or RI report is multiplexed with ACK/NAK for extended CP
Table 7.2.2-1: CQI and PMI Feedback Types for PUCCH 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 reporting modes are supported on PUCCH:

1. Single-antenna port



: Modes 1-0, 2-0
2. Transmit diversity




: Modes 1-0, 2-0
3. Open-loop spatial multiplexing
: Modes 1-0, 2-0
4. Closed-loop spatial multiplexing
: Modes 1-1, 2-1
· Wideband feedback

· Mode 1-0 description:

· In the subframe where RI is reported (only for open-loop spatial multiplexing):

· 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.  For open-loop spatial multiplexing the CQI is calculated conditioned on the last reported RI.

· Mode 1-1 description:
· In the subframe where RI is reported (only for closed-loop spatial multiplexing):

· 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/PMI is reported:
· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands and conditioned on the last reported RI
· A UE shall report a type 2 report on each respective successive reporting opportunity 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 and conditioned on the last reported RI.
· The selected single precoding matrix indicator (wideband PMI)

· When RI>1, a 3-bit wideband spatial differential CQI.
· UE Selected subband feedback
· Mode 2-0 description:
· In the subframe where RI is reported (only for open-loop spatial multiplexing):

· 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 conditioned on the last reported RI. 
· In the subframe where CQI for the selected subbands is reported:

· The UE shall select the preferred subband within the set of N subbands in each of the J bandwidth parts where J is given in Table 7.2.2-2. For open-loop spatial multiplexing, the selection is conditioned on the last reported RI.

· 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 best 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 across all layers irrespective of the computed or reported RI. For open-loop spatial multiplexing, the selection is conditioned on the last reported RI
· Mode 2-1 description:
· In the subframe where RI is reported:
· 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/PMI is reported:
· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands and conditioned on the last reported RI.

· 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 and conditioned on the last reported RI. 

· The selected single precoding matrix indicator (wideband PMI).

· When RI>1, and additional 3-bit wideband spatial differential CQI.

· In the subframe where CQI for the selected subbands is reported:
· 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 conditioned on the last reported wideband PMI and RI.
· The UE shall report a type 1 report per bandwidth part on each respective successive reporting opportunity consisting of:

· A single CQI value 1 reflecting transmission only over the selected subband of a bandwidth part determined in the previous step along with the corresponding best subband L-bit label conditioned on the last reported wideband PMI and RI.

· If RI>1, an additional 3-bit spatial differential CQI represents the difference between CQI value 1 for codeword 1 and CQI value 2 for codeword 2 assuming the use of the most recently reported single precoding matrix in all subbands and transmission on set S subbands. 
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
	(wideband CQI only)
	1

	8 – 10
	4
	1

	11 – 26
	4
	2

	27 – 64
	6
	3

	65 – 110
	8
	4


The corresponding periodicity parameters for the different CQI/PMI modes are defined as:
· 
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 is the periodicity of the sub-frame pattern allocated for the CQI reports in terms of subframes were the minimum reporting interval is 
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· 
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is the subframe offset

A UE with a scheduled PUSCH allocation in the same subframe as its CQI report shall use the same PUCCH-based reporting format when reporting CQI on the PUSCH unless an associated PDCCH with scheduling grant format indicates an aperiodic report is required.

Table 7.2.2-3: PUCCH Report Type Payload size per Reporting Mode

	PUCCH Report 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

	2
	Wideband CQI/PMI
	2 TX Antennas RI = 1
	 
	 
	NA
	NA

	
	
	4 TX Antennas RI = 1
	8
	8
	NA
	NA

	
	
	2 TX Antennas RI > 1
	 
	 
	NA
	NA

	
	
	4 TX Antennas RI > 1
	11
	11
	NA
	NA

	3
	RI
	2-layer spatial multiplexing
	1
	1
	1
	1

	
	
	4-layer spatial multiplexing
	2
	2
	2
	2

	4
	Wideband CQI
	RI = 1
	NA
	NA
	4
	4


7.2.3
Channel quality indicator (CQI) definition

The number of entries in the CQI table for a single TX antenna = 16 as given by Table 7.2.3-1.  
A single CQI index corresponds to an index pointing to a value in the CQI table.  The CQI index is defined in terms of a channel coding rate value and modulation scheme (QPSK, 16QAM, 64QAM),  

Based on an unrestricted observation interval in time and frequency, the UE shall report the highest tabulated CQI index for which a single PDSCH sub-frame with a transport format (modulation and coding rate) and number of REs corresponding to the reported or lower CQI index that could be received in a 2-slot downlink subframe aligned, reference period ending z slots before the start of the first slot in which the reported CQI index is transmitted and for which the transport block error probability would not exceed 0.1.  
Editor’s note: RAN1 needs to agree on z.
The UE may assume the following in calculating the number of REs for the CQI calculation:

· 3 OFDM symbols for control signaling

· No resources reserved for P/S-SCH and P-BCH

· CP length of the non-MBSFN subframe

In deriving the CQI index, the UE may assume

· the MIMO mode (TxD or spatial multiplexing)

· the nominal measurement offset is a parameter semi-statically configurable by higher layers of the data EPRE with respect to the RS EPRE, from which the actual measurement offset of the data EPRE is derived

Table 7.2.3-1: 4-bit CQI Table

	CQI index
	modulation
	coding 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 closed-loop spatial multiplexing transmission, precoding feedback is used for channel dependent codebook based precoding and relies on UEs reporting precoding matrix indicator (PMI). A UE shall report PMI based on the feedback modes described in 7.2.1 and 7.2.2.  Each PMI value corresponds to a codebook index given in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [3].

For open-loop spatial multiplexing transmission, PMI reporting is not supported.
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