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6.3.4
Precoding

The precoder takes as input a block of vectors
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 from the layer mapping and generates a block of vectors
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 to be mapped onto resources on each of the antenna ports, where 
[image: image5.wmf])

(

)

(

i

y

p

 represents the signal for antenna port
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6.3.4.1
Precoding for transmission on a single antenna port

For transmission on a single antenna port, precoding is defined by 
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 is the number of the single antenna port used for transmission of the physical channel and 
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6.3.4.2
Precoding for spatial multiplexing
Precoding for spatial multiplexing is only used in combination with layer mapping for spatial multiplexing as described in Section 6.3.3.2. Spatial multiplexing supports two or four antenna ports and the set of antenna ports used is 
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6.3.4.2.1
Precoding without CDD

Without cyclic delay diversity (CDD), precoding for spatial multiplexing is defined by
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where the precoding matrix 
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For spatial multiplexing, the values of  
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 shall be selected among the precoder elements in the codebook configured in the eNodeB and the UE. The eNodeB can further confine the precoder selection in the UE to a subset of the elements in the codebook using codebook subset restrictions. The configured codebook shall be selected from Table 6.3.4.2.3-1 or 6.3.4.2.3-2. 
6.3.4.2.2
Precoding for large delay CDD

For large-delay CDD, precoding for spatial multiplexing is defined by
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where the precoding matrix
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 supporting cyclic delay diversity and the size-
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 are both given by Table 6.3.4.2.2-1 for different numbers of layers
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The values of the precoding matrix 
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 shall be selected among the precoder elements in the codebook configured in the eNodeB and the UE. The eNodeB can further confine the precoder selection in the UE to a subset of the elements in the codebook using codebook subset restriction. The configured codebook shall be selected from Table 6.3.4.2.3-1 or 6.3.4.2.3-2. 
· For 2 antenna ports, the precoder is selected according to 
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 denotes the precoding matrix corresponding to precoder index 0 in Table 6.3.4.2.3-1.

· For 4 antenna ports, the UE may assume that the eNB cyclically assigns different precoders to different vectors 
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 denotes the number of transmission layers in the case of spatial multiplexing. In particular, the precoder  is selected according to  
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, where k=1,2,3,4, 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.

Table 6.3.4.2.2-1: Large-delay cyclic delay diversity

	Number of layers 
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6.3.4.2.3
Codebook for precoding
For transmission on two antenna ports, 
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 shall be selected from Table 6.3.4.2.3-1 or a subset thereof. For the closed-loop spatial multiplexing transmission mode defined in [4], the codebook index 0 is not used when the number layers is 
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Table 6.3.4.2.3-1: Codebook for transmission on antenna ports 
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	Codebook index
	Number of layers 
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For transmission on four antenna ports, 
[image: image60.wmf]{

}

3

,

2

,

1

,

0

Î

p

, the precoding matrix 
[image: image61.wmf]W

 shall be selected from Table 6.3.4.2.3-2 or a subset thereof. The quantity 
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Table 6.3.4.2.3-2: Codebook for transmission on antenna ports
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6.3.4.3
Precoding for transmit diversity
Precoding for transmit diversity is only used in combination with layer mapping for transmit diversity as described in Section 6.3.3.3. The precoding operation for transmit diversity is defined for two and four antenna ports.
For transmission on two antenna ports, 
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For transmission on four antenna ports,
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6.3.4.4
Precoding for spatial multiplexing with UE specific reference signals

Precoding for spatial multiplexing with UE specific reference signals is only used in combination with layer mapping for spatial multiplexing as described in Section 6.3.3.2. Spatial multiplexing with UE specific reference signals supports two antenna ports and the set of antenna ports used is 
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For transmission on two antenna ports, 
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, the precoding operation is defined by
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6.4
Physical downlink shared channel

The physical downlink shared channel shall be processed and mapped to resource elements as described in Section 6.3 with the following exceptions:
-
In resource blocks in which UE-specific reference signals are not transmitted, the PDSCH shall be transmitted on the same set of antenna ports as the PBCH, which is one of  
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-
In resource blocks in which UE-specific reference signals are transmitted, the PDSCH shall be transmitted on antenna port(s) 
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6.10.3
UE-specific reference signals

UE-specific reference signals are supported for single-antenna-port transmission of PDSCH and are transmitted on antenna port 5, 7 or 8. Spatial multiplexing with UE-specific reference signals transmitted on antenna ports 7 and 8 is also supported. The UE is informed by higher layers whether the UE-specific reference signal is present and is a valid reference for PDSCH demodulation or not. UE-specific reference signals are transmitted only on the resource blocks upon which the corresponding PDSCH is mapped. The UE-specific reference signal is not transmitted in resource elements 
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 in which one of the physical channels or physical signals other than UE-specific reference signal defined in 6.1 are transmitted using resource elements with the same index pair
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 regardless of their antenna port 
[image: image176.wmf]p

.
6.10.3.1
Sequence generation

For antenna port 5,the UE-specific reference-signal sequence 
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 denotes the bandwidth in resource blocks of the corresponding PDSCH transmission. The pseudo-random sequence 
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 is defined in Section 7.2. The pseudo-random sequence generator shall be initialised with 
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For antenna port 7 and 8, the reference-signal sequence 
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The pseudo-random sequence generator shall be 
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6.10.3.2
Mapping to resource elements

In a physical resource block with frequency-domain index 
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Normal cyclic prefix:
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Extended cyclic prefix:
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where  
[image: image194.wmf]'

m

 is the counter of UE-specific reference signal resource elements within a respective OFDM symbol of the PDSCH transmission.

The cell-specific frequency shift is given by 
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The mapping shall be in increasing order of the frequency-domain index 
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Figure 6.10.3.2-1 illustrates the resource elements used for UE-specific reference signals for normal cyclic prefix for antenna port 5. 
Figure 6.10.3.2-2 illustrates the resource elements used for UE-specific reference signals for extended cyclic prefix for antenna port 5.
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Figure 6.10.3.2-1: Mapping of UE-specific reference signals (normal cyclic prefix)
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Figure 6.10.3.2-2: Mapping of UE-specific reference signals (extended cyclic prefix)
For antenna ports 7 and 8,  the reference signal sequence 
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Figure 6.10.3.2-3 illustrates the resource elements used for UE-specific reference signals for normal cyclic prefix for antenna ports 7 and 8 
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Figure 6.10.3.2-3: Mapping of UE-specific reference signals, ports 7 and 8 (normal cyclic prefix)
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