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1 Introduction
Details on feedback design and codebooks for enhanced DL multiple antenna transmission in LTE advanced have been discussed in RAN1#62. Design principle of 8-Tx codebook suggested in [1] has been agreed and the exact codebooks are captured in an agreed draft CR to TS36.211 [2]. It was also agreed from RAN1#62 that UE-specific codebook subset restriction following the Rel-8 principle is supported in Rel-10 [3]. The bitmap signalling of codebook subset restriction for 8-Tx codebook has been discussed in [5]. This document is a follow-up  contribution to finalize the codebook subset restriction of 8-Tx codebook for transmission mode 9, which is newly supported for enhanced DL MIMO in LTE Rel-10.
2 Review of the agreed 8-Tx codebook

Since LTE Rel-10 provides the precoded DM-RS for enhanced DL multiple antenna transmission, the precoder codebook does not mandate for the eNB to use only the precoders defined in the codebook for precoding while UEs report the spatial signature of the DL MIMO channel by selecting and feeding back a preferred precoder defined in the codebook.

The double codebook structure was adopted in designing 8-Tx codebook and it enables higher granularity of the PMI feedback with reasonable feedback overhead. Codebook design [1] is summarized as follows:

· For all ranks 1 to 8:

· A precoder W is defined by the matrix product of two matrices 
[image: image1.wmf]1

1

C

Î

W

 and 
[image: image2.wmf]2

2

C

Î

W

: 
[image: image3.wmf]2

1

W

W

W

=


· 
[image: image4.wmf]ú

û

ù

ê

ë

é

=

X

0

0

X

W

1

 block diagonal
· Block diagonal W1: matching the spatial covariance of dual-polarized antenna setup with any spacing (e.g. l/2 or 4)

· At least sixteen 8TxDFT vectors generated from W1 and co-phasing via W2: matching the spatial covariance of ULA antenna setup

· Good performance for high and low spatial correlation

· Ranks 1 to 4: X is 4(Nb matrix

· For each W1, adjacent overlapping beams are used to reduce edge effect in frequency-selective precoding (ensure the same W1 is “optimal” for sub-bands with potentially different W2)

· Ranks 1 and 2

· 32 4-Tx DFT beams for X (oversampled 8x)

· Beam index: 0,1,2, …,31 

· W1: Nb=4 adjacent overlapping beams

· Sixteen W1 matrices per rank: {0,1,2,3}, {2,3,4,5}, {4,5,6,7}, …, {28,29,30,31}, {30,31,0,1} 

· W2 selection + co-phasing:

· Rank 1: 4 selection hypotheses, 4 QPSK co-phasing hypotheses (16 precoders in total)
· Rank 2: 8 selection hypotheses, 2 QPSK co-phasing hypotheses (16 precoders in total)
· Ranks 3 and 4

· 16 4-Tx DFT beams for X (oversampled 4x)

· Beam index: 0,1,2, …,15 

· W1: Nb=8 adjacent overlapping beams

· Four W1 matrices per rank: {0,1,2,…,7}, {4,5,6,…,11}, {8,9,10,…,15}, {12,…,15,0,…,3}

· W2 selection + co-phasing:

· Rank 3: 16 selection hypotheses, 1 QPSK co-phasing hypotheses (16 precoders in total)
· Rank 4: 4 selection hypotheses, 2 QPSK co-phasing hypotheses (8 precoders in total)
· Ranks 5 to 8:

· X is the 4(4 4-Tx DFT matrix (critically sampled)

· Ranks 5 to 7: Four W1 matrices

· Rank 8: One W1 matrix

· 
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· Rank 5 to 8: 1 hypothesis per rank 

· 
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 is introduced to ensure equal usage of both polarization groups for each transmission layer

· Good performance for higher rank transmissions (spatial channel with richer scattering)

Table 1 summarizes the codebook size for each rank. The total number of W hypotheses across ranks is 621 while those of W1 and W2 are 25 and 60, respectively.
Table 1. Codebook size
	
	Codebook size

	Rank
	1
	2
	3
	4
	5
	6
	7
	8

	n(C1)
	16
	4
	4
	1

	n(C2)
	16
	16
	16
	8
	1
	1
	1
	1

	n(C1( C2)
	256
	256
	64
	32
	4
	4
	4
	1


3 Codebook subset restriction
Codebook subset restriction specified in LTE Rel-8 and Rel-9 is to let a UE report PMI within the codebook subset configured by the serving eNB. A bitmap is signalled via RRC in a UE-specific manner and a bit value of zero in the bitmap indicates that the PMI and RI reporting is not allowed to correspond to the precoder associated with the bit. The number of bits in the codebook subset restriction bitmap is determined by the number of precoders allowed in both the configured UE-specific transmission mode and the number of CRS antenna ports. Table 2 lists the bitmap sizes specified in LTE Rel-9 [4].
Table 2. Number of bits in codebook subset restriction bitmap for applicable transmission modes

	Transmission mode
	Number of bits AC

	
	2 antenna ports
	4 antenna ports

	3
	2
	4

	4
	6
	64

	5
	4
	16

	6
	4
	16

	8
	6
	32


Transmission mode 4 was designed for DL CRS-based closed-loop MIMO transmission scheme in LTE Rel-8. Since 6 precoders across all the ranks are defined in the 2-Tx codebooks for transmission mode 4, the size-6 bitmap is used for signalling of codebook subset restriction for 2 antenna ports configuration. Total 64 precoders across all the ranks are defined in the 4-Tx codebooks for transmission mode 4, and therefore the size-64 bitmap is used. On the other hand, transmission mode 8, which was introduced in LTE Rel-9 for DL DM-RS based dual-layer beamforming, supports only ranks 1 and 2. Since total 32 precoders for ranks 1 and 2 are defined in the 4-Tx codebooks, the size-32 bitmap is defined for transmission mode 8 in 4 antenna ports configuration.
Following the same principle as adopted in Rel-8, we propose the bitmap signalling of codebook subset restriction for the 8-Tx codebooks. Two bitmaps B1 and B2 defined for C1 and C2, respectively, form the bit sequences as follows:
· 
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(a) Bitmap B1 for codebook C1
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(b) Bitmap B2 for codebook C2
Figure 1. Codebook subset restriction bitmaps for transmission mode 9


[image: image11.wmf])

1

(

C

A

 and 
[image: image12.wmf])

2

(

C

A

 denote the number of bits in bitmaps B1 and B2, respectively. As shown in Table 1, we have defined 25 precoders and 60 precoders in C1 and C2, respectively. Therefore, 
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 is the MSB of bitmap Bk for k=1,2. Accordingly, Table 2 showing the bitmap sizes needs to be modified as in Table 3.

Table 3. Number of bits in codebook subset restriction bitmap for applicable transmission modes based on the separate bitmap approach
	Transmission mode
	Number of bits AC
	Number of bits 
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	2 antenna ports
	4 antenna ports
	8 antenna ports

	3
	2
	4
	-
	-

	4
	6
	64
	-
	-

	5
	4
	16
	-
	-

	6
	4
	16
	-
	-

	8
	6
	32
	-
	-

	9
	6
	64
	25
	60


Figure 1 illustrates how to map the bits in each bitmap to corresponding precoders for transmission mode 9. Figure 1(a) shows bitmap B1.
· The first 16 bits 
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 from the LSB are associated with the precoders in codebook C1 for ranks 1 and 2.

· The next 4 bits 
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 are associated with the precoders in codebook C1 for ranks 3 and 4.
· The next 4 bits 
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 are associated with the precoders in codebook C1 for ranks 5 to 7.
· The MSB 
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 is associated with the precoder in codebook C1 for rank 8.
Figure 1(b) shows bitmap B2.
· The first 16 bits 
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 from the LSB are associated with the precoders in codebook C2 for rank 1.

· The next 16its 
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 are associated with the precoders in codebook C2 for rank 2.

· The next 16its 
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 are associated with the precoders in codebook C2 for rank 3.

· The next 8 bits 
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 are associated with the precoders in codebook C2 for rank 4.

· The next 4 bits 
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 are associated with the precoders in codebook C2 for rank 5,6,7,8, respectively.

Interpretation of bit values in the bitmaps can be expressed in mathematical forms as follows:
· Transmission mode 9

· 8 antenna ports

· Bitmap B1
· Bit 
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 is the codebook index in codebook C1.
· Bitmap B2
· Bit 
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 is the codebook index in codebook C2.
Alternatively, it is also possible to introduce a bitmap which signals codebook subset restrictions for both codebooks C1 and C2 by concatenating bitmaps B1 and B2. Figure 2 illustrates how to construct the concatenated bitmap for transmission mode 9. The first 25 bits from the LSB are the ones in bitmap B1 and the remaining 60 bits are from bitmap B2. Interpretation of bit values in the concatenated bitmap can be formulated as follows:
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Figure 2. Concatenated bitmap for transmission mode 9
· Transmission mode 9
· 8 antenna ports
· Bit 
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To capture the concatenated bitmaps into the specification, Table 2 showing the bitmap size needs to be modified as in Table 4.
Table 4. Number of bits in codebook subset restriction bitmap for applicable transmission modes based on the concatenated single bitmap approach
	Transmission mode
	Number of bits AC

	
	2 antenna ports
	4 antenna ports
	8 antenna ports

	3
	2
	4
	-

	4
	6
	64
	-

	5
	4
	16
	-

	6
	4
	16
	-

	8
	6
	32
	-

	9
	6
	64
	85


4 Conclusion
In this contribution, we discussed further details on UE-specific codebook subset restriction for 8 antenna ports. Two alternatives were presented.

· Alternative 1: Separated bitmaps approach

· Two bitmaps are defined.

· Bitmaps B1 and B2 are to signal codebook subset restriction to codebooks C1 and C2, respectively.

· Alternative 2: Concatenated bitmap approach

· The other alternative is to introduce a concatenated bitmap B. 

Both alternatives are equivalent to each other in actual operation. Considering the description in the current specification, therefore, we propose Alternative 2 which just defines a codebook subset restriction bitmap and changes the interpretation of individual bits of the bitmap. According to Alternative 2, the bitmap size becomes 85 for transmission mode 9.
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