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Addition of New Codebooks
Ron Porat, Wee Peng Goh - Nextwave
Purpose 
This document describes a 4 bit codebook for 4 transmit antenna and a new 3 bit codebook (with 9 total rank 1 and 2entries only) for 2 transmit antenna to be added the standard.
Reasons:
1. The proposed 4 bit codebook was shown to have comparable performance when compared to the current 6 bit codebook.
2. These codebooks were extensively simulated by many companies and their performance was validated thoroughly. 

3. The search complexity at the MS is much lower since the codebook values are drawn from a quaternary alphabet (+/-1,+/-j) and do not require multipliers for codebook search

4. The codebooks were designed to have constant modulus property ensuring power amplifier balance 
5. The 4 bit codebook reduces UL overhead and provides better overall balance between DL performance, UL overhead and MS search complexity

6. The current standard provides adequate mechanisms to feed back a 4 bit codebook via either:

a. Feedback header
b. 4 bit secondary fast-feedback channel (8.4.5.4.10.13)
Background and Simulation Results:

Current requirements for CL_MIMO feedback include search for optimal rank and codeword across multiple AMC bands (narrowband) and possibly the entire bandwidth (wideband) in order to allow for optimal operation for different base station antenna configurations and for AMC and PUSC zones (a PUSC zone can use one wideband precoder).  
The burden on the mobile subscriber may be high – for example, with the current 6 bit codebook there are a total of 128 floating point codewords that require 
1. Considerable memory - roughly 64x4x(2 bytes per complex number) for rank 1 + 64x2x4x2 bytes for rank 2 = 1.5Kbytes

2. Considerable search operations across possible 12 bands to find the optimum band, codeword and rank which increase power consumption and implementation complexity
In addition, codebooks represent a vector quantization of the columns of V (from the SVD transform of the channel H=USV’) and some implementations may require the subscriber to implement a non trivial SVD transform in order to find the optimum codeword.
In light of this, recent research revolves around finding codebooks with values drawn from simple alphabets (for example quaternary +/-1 , +/-j) and with minimum size.  These codebook therefore:

1. Require minimal storage 
2. Enable simple codebook and rank search mechanisms by reducing the need for multiplications and potentially even the need to perform SVD.
The codebooks we suggest, described at the end, follow that design criterion and as we show provide good performance with only one quarter the size of the 6 bit codebook.
Here we show 10% outage capacity results using the generally acceptable 3GPP SCM spatial channel model and assuming the Urban Macro scenario that has average RMS delay spread similar to ITU Ped B. 

We show results for closely spaced antennas and widely spaced antennas as different vendors may have different base station antenna configurations and the codebook structure should accommodate all of them.
The rank and codeword were chosen to maximize the average capacity in the band of consideration (800KHz or 5MHz – denoted as S)
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Since in our proposal 
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is from a quaternary alphabet we avoid multiplications on the way to create a small 2x1 or 2x2 sized 
[image: image3.wmf]i

k

V

H

.

All plots show optimal waterfilling per subcarrier, rank adaptation per band without quantization and with quantization using the 6,4 and 3 bit codebooks.

The first plot show that for 4 widely spaced antennas with one wideband precoder 4 and 6 bit codebook perform the same with 0.7dB advantage over the 3 bit codebook.
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The second plot shows that for 4 closely spaced antennas with one narrowband precoder 4 bit codebook performs better than 6 and 3 bit codebook by 0.8dB and 1.6dB respectively!
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The third plot shows that for 4 widely spaced antennas with one narrowband precoder 6 bit codebook performs better than 4 and 3 bit codebook by 0.4dB and 1dB respectively.
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The fourth plot shows that for 2 widely spaced antennas with one narrowband precoder our new 3 bit codebook performs similar to the current 3 bit codebook and therefore simplifies the codebook search due to its alphabet.

It also shows that we can limit the CL-MIMO operation for 2 antennas to rank 1 only and CL and OL have equal performance for rank 2 and we can use matrix B in open loop STC-AMC.
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Waterfilling per subcarrier

Rank Adaptation: no quantization

16e   3-bit

16e rank 1 + OL rank 2

New 3 bit


Feedback Mechanisms:

The 4 bit codebooks nicely fit into the various CQICH or Feedback Header mechanisms as follows:
The CQICH mechanisms can be used for low SINR users or to feed back one common precoder using CQICH_Enhanced_Alloc_IE
· CQICH (6 bits in current profile)

· 4-bits for PMI

· 1-bit for differential CQI

· 1-bit for rank.

· Primary/Secondary CQICH – (6+4) bits

· Option 1:  4 bits PMI on secondary + (1+5) bits rank+CQI on primary

· Option 2: use 2 CQICH channels – total 20 bits for 3 bands feedback

· 6 bits x2 carry 3 PMI 

· 4 bits x2 carry 3 1 bit diff CQI + 1  bit rank  (2bits unused)  

· Option 3: use 3 CQICH channels – total 30 bits for 5 bands feedback

· 4 bits x3 carry 3 PMI 

· 6 bits x3 carry 2 PMI + 5x(rank+diff CQI)  

Using new feedback header type 1110 we can feed multiple precoders more efficiently for high SINR users:
· Feed back - (1bit rank + 5bit CQI + 4bit PMI)x3 bands=30 bits

· Feed back - (1bit rank + 1bit Diff CQI + 4bit PMI)x5 bands = 30bits

· Feed back – 12 bit band bit map + 5bit average +4 bit PMI x 3bands + 1 common rank = 30bits
Text Changes
Add the following text to section 8.4.5.4.10.15 at the end:
Following are definitions of a new 2 antenna 3 bit codebook and a new 4 antenna 4 bit codebook.
The codebooks use entries from the following alphabet where 
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Table xxx: Alphabet letters
	
[image: image7.wmf]0

A


	0

	
[image: image8.wmf]1

A


	1

	
[image: image9.wmf]2

A


	-1

	
[image: image10.wmf]3

A


	
[image: image11.wmf]j



	
[image: image12.wmf]4

A


	
[image: image13.wmf]j

-




The codebooks are specified using the alphabet letters 
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2 antenna 3-bit codebook
Rank-1 codebook has 6 codewords:
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Rank-2 codebook has 3 codewords:
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4 transmit antenna 4-bit codebook:

The codewords are built using the columns of the following 4x4 householder matrices:
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where 
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 is a 4x1 vector and
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is the norm of a vector. All vectors in this construction have norm=4.
There are 16 different vectors 
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 as defined below that are used to generate 16 different householder matrices 
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Rank-1 codewords are 4x1 vectors that equal the first column of the 16 householder matrices.

Rank-2 codewords are 4x2 matrices that equal the following pairs of columns from the 16 householder matrices in the order 
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to 
[image: image26.wmf]15

V

:

[1 4], [1 2],[1 2], [1 2],[1 4], [1 4], [1 3], [1 3], [1 2], [1 4], [1 3], [1 3], [1 2], [1 3], [1 3], [1 2].


The matrices are further divided by 
[image: image27.wmf]2

in order to normalize the power.

Rank-3 codewords are 4x3 matrices that equal the following triplets of columns from the 16 householder matrices in the order 
[image: image28.wmf]0

V

to 
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V

:

[1 2 4], [1 2 3],[1 2 3], [1 2 3],[1 2 4], [1 2 4], [1 3 4], [1 3 4], [1 2 4], [1 3 4], [1 2 3], [1 3 4], [1 2 3],   [1 2 3], [1 2 3], [1 2 3].


The matrices are further divided by 
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in order to normalize the power.

Rank-4 codewords are 4x4 matrices that equal the following re-arrangement of columns from the 16 householder matrices in the order 
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to 
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V

:

[1 2 3 4], [1 2 3 4],[3 2 1 4], [3 2 1 4],[1 2 3 4], [1 2 3 4], [1 3 2 4], [1 3 2 4], [1 2 3 4], [1 2 3 4], [1 3 2 4], [1 3 2 4], [1 2 3 4], [1 3 2 4], [3 2 1 4], [1 2 3 4].


The matrices are further divided by 2 in order to normalize the power.
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