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Improved Rank-1 8-Antenna Codebooks 

Ron Porat 

Mitsubishi Electric Research Labs


1. Background
The current 802.16m codebooks include 3-bit 2-antenna, 6bit 4-antenna and 4bit 8-antenna codebooks.

Clearly the number of bits required for a codebook grows with the number of antennas as long as they are uncorrelated. It is therefore expected that for truly uncorrelated 8-antenna arrays, 12 bits will be required. In practice some correlation is expected and the number of bits can be reduced.

However, the current 8-antenna design is only satisfactory with highly correlated antennas and draws on the classical array signal processing AoD concept.

In this contribution we propose to augment the current 8-antenna codebook with two new designs that are more suitable for other array configurations.
The proposed designs utilize the current 16m codebooks by using them as building blocks.

2. Proposed Codebooks
We focus on three practical antenna configurations:

1. Eight lambda/2 spaced antennas [ | | | | | | | | ] – We used a 6bit steering vector with the same structure of the 4bit steering vector in 802.16m.

2. Four lambda/2 spaced cross-pols [XXXX] – We used a 4-antenna 4bit steering vector and a 2-antenna 3bit codebook.  Each co-polarized group of antennas uses one steering vector and a weight from the 2-antenna codebook in order to account for the gain and phase offset between the groups. 

The rank-1 PMI has therefore the following structure 
[image: image1.wmf][exp((0:3))exp((0:3))]
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 where it was assumed that the co-polarized antennas occupy the first and second halves of the singular vector.

3. Two clusters of 4-lambda spaced two lambda/2 spaced cross-pols [XX  XX]  - We used the same 2-antenna steering vector for each of the semi-independent 4 groups of closely spaced co-polarized antennas. Each group uses a weight taken from the 6bit 4-antenna codebook.  The rank-1 PMI has the following structure 
[image: image2.wmf][exp((0:1))exp((0:1))exp((0:1))exp((0:1)
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Three options were simulated:

· 3bit 2-antenna steering vector

· 2bit 2-antenna steering vector

· 3bit 16m 2-antenna codebook
3. Simulation Results

We test the proposed rank-1 codebook using MUZF simulations with the MS using an MMSE receiver. The interference is assumed to be known perfectly.

The simulation assumptions are:

· DL channel – SCM Urban Macro (15 degrees angular spread). 

· DL Band Size – 4 PRB (assuming one precoder per band)

· DL speed and feedback delay – 3kmph, 5mS 

· DL midamble estimation – perfect

· UL feedback channel – error free
· User selection: 4 random users with exhaustive search 
The table contains the achieved throughput gain (in percentage) relative to the current 4bit codebook.
	8-Antenna Configuration
	Codebook Option
	DL SNR [dB]

	
	
	5
	10
	15
	20

	Two clusters of 4-lambda spaced two lambda/2 spaced cross-pols

[XX   XX]
	2bit Steering Vector
	19
	18
	14
	10

	
	3bit Steering Vector
	22
	22
	19
	14

	
	3bit 16m CB
	21
	21
	18
	12

	Four lambda/2 spaced cross-pols

[XXXX]
	16m 2-Ant
	10
	11
	10
	9

	
	2bit Subset
	8.5
	9
	9
	7.5

	Eight lambda/2 spaced vertical-pols

[||||||||]
	6bit Steering Vector 
	2.7
	2.5
	4.3
	4.5


Proposed text

Add in section 15.3.7.2.6.6.2.3.1 after table 700 on page 255:
Three additional rank-1 codebooks are provided for enhanced performance

1. 6-bit steering vector
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2. A Kronecker product of a 4-antenna steering vector and the 2-antenna codebook. 
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3. A Kronecker product of a 2-antenna steering vector and the 4-antenna codebook
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