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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 for 2 transmit antenna to be added the standard. Both codebooks use a QPSK alphabet and share the same implementation simplicity.
Reasons:
1. The proposed 4 bit codebook was shown to have better performance when compared to the current 6 bit codebook for closely spaced antennas.
2. The search complexity at the MS is substantially lower since the codebook values are drawn from a QPSK alphabet and require only 3% of the number of multiplications for codebook search. (Note that some metrics exist that don’t require any multiplications at all for the QPSK codebooks).
3. The codebooks were designed to have constant modulus property ensuring power amplifier balance 
4. The 4 bit codebook reduces UL overhead and provides much better overall balance between DL performance, UL overhead and MS search complexity

Search Complexity:

Current requirements for CL_MIMO feedback include search for optimal rank and codeword across all AMC bands.

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 the entire BW of operation to find the optimum band, codeword and rank which increase power consumption and implementation complexity
In light of this, current research revolves around finding codebooks with values drawn from simple alphabets (for example QPSK) and with minimum size.  These designs therefore:

1. Require minimal storage 
2. Enable simple codeword and rank search mechanisms by reducing the need for multiplications.
The codebooks we suggest, described at the end, follow that design criterion and as we show provide in some cases better performance with only one quarter the size of the 6 bit codebook.
One possible codebook search algorithm requires the computation of the channel capacity for each and every codeword and rank using the formula 
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Here S represents the band of operation which can be 72 subcarriers for one band AMC or 864 subcarriers for full BW.
Since in our proposal 
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is from a QPSK alphabet we avoid multiplications on the way to create a small 2x1 or 2x2 sized 
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Specifically, it can be verified that the rough number of complex multiplications required for capacity calculation per one subcarrier of a 2x4 channel is: 

· Rank-2 6-bit – 2x4x2+4=20 complex multipliers x 64 codewords = 1280

· Rank-1 6-bit -  2x4x1+2=10 complex multipliers x 64 codewords = 640

· Rank-2 4-bit -  4 complex multipliers x 16 codewords = 64

· Rank-1 4-bit -  part of rank 2 computation

· Ratio of 4-bit to 6-bit multipliers– 3.3%
When these numbers are multiplied by 864 subcarriers the burden on the MS can become huge.
Some simplifications exist – representing each band by one subcarrier causes a loss of 0.5-1dB in our simulations.
Simulation Results:

Here we show 10% outage capacity results using the 3GPP SCM spatial channel model and assuming the Urban Macro scenario that has average RMS delay spread similar to ITU Ped B. 

BS is assumed to have 4 antennas and MS 2 in all the simulations.

Power amplifier problems with the 16e codebooks can arise due to codewords having different power for different antennas and are not simulated here. 
No complexity simplifications were assumed - the capacity was averaged across all subcarriers in the band.
We show results for three typical antenna configurations:

1. 4 closely spaced antennas with 0.5 lambda spacing 
2. 2 closely spaced cross polarized antennas with 0.5 lambda spacing 

3. 2 widely spaced cross polarized antennas with 4 lambda spacing

All three configurations may be used by different vendors and the codebook structure should enable good performance for all of them.
All plots show the following 5 graphs:

1. Optimal precoding (waterfilling) per subcarrier

2. Rank adaptation with analog feedback based on average covariance matrix per band

3. Rank adaptation per band using the 802.16e 6 bit codebooks
4. Rank adaptation per band using the 4 bit codebooks

5. Rank adaptation per band using the 802.16e 3 bit codebooks

	
	(dB) loss compared to scheme 1 at high SNR

	
	Analog Feedback
	16e  - 6 bits
	New - 4bit
	16e  - 3bits

	4 closely spaced

verticals 
	0.3
	1.5
	0.9
	2.6

	2 closely spaced cross-pols
	0.5
	1.2
	1.2
	2.7

	2 widely spaced cross-pols
	1.4
	1.8
	2.1
	2.9


The results clearly show the following main conclusions:

1. It is possible to design codebooks using simple alphabet that have very good performance
2. The 16e 6bit codebooks show performance loss compared to the new codes when the antennas are correlated and are mostly suitable for uncorrelated antennas.
3. Implementation complexity simplification of the 6 bit codebook will reduce its performance advantage even further.

4. The 16e 3bit codebooks are much worse
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The following 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.
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Text Changes
Add the following text to section 8.4.5.4.10.15 at the end (after table 406):
Following are definitions of a new 2 antenna 3 bit codebook and a new 4 antenna 4 bit codebook.
We use 
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Table xxx – New 3-Bit 2-Tx Codebook for Close Loop MIMO
	Codebook Index
	Rank 1
	Rank 2

	0
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New 4-Bit 4-Tx Codebook for Close Loop MIMO
For rank-2 the description [V0 V1] means that the precoder has two columns – rank-1 column 0 and rank-1 column 1. Similarly for rank-3.

Rank-2 matrices should be further divided by 
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to normalize power.

Rank-3 matrices should be further divided by 
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to normalize power.

	Codebook Index 
	Rank 1
	Rank 2
	Rank 3

	0
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	[V0 V1]
	[V1 V2 V3]
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	[V1 V3]
	[V0 V2 V3]
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	[V2 V3]
	[V0 V1 V3]
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	[V0 V2]
	[V0 V1 V2]
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	[V4 V5]
	[V5 V6 V7]
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	[V5 V7]
	[V4 V6 V7]
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	[V6 V7]
	[V4 V5 V7]
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	[V4 V6]
	[V4 V5 V6]
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	[V8 V9]
	[V9 V10 V11]
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	[V9 V11]
	[V8 V10 V11]
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	[V10 V11]
	[V8 V9 V11]
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	[V8 V10]
	[V8 V9 V10]
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	[V12 V13]
	[V13 V14 V15]
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	[V13 V15]
	[V12 V14 V15]

	14
	
[image: image41.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

j

j

j

j

2

1


	[V14 V15]
	[V12 V13 V15]
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