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Proposed Modifications to the Text on Adaptive Codebook-Based Feedback
David Mazzarese et Al.
Samsung Electronics
1. Introduction
This contribution proposes amendment text for MIMO, to be included in the IEEE 802.16m Amendment Working Document [1], subclause 15.3.7. The adaptive codebook feedback mode has been adopted in the SDD [3] and AWD [1]. It transforms the codebook of any rank according to the feedback of the long-term wideband quantized transmit correlation matrix. Good gains in average sector throughput have been observed in correlated channel with multiuser MIMO transmissions [6,7]. The gains in uncorrelated channels and with SU MIMO transmission were mitigated. We further investigate these gains in this contribution, and show that the transformation provides no gain when it is applied to codewords of rank larger than 1, and it may even decrease the sector throughput. We therefore propose to limit the application of the transformation (adaptive codebook feedback mode) to rank 1 feedback only. Finally, we propose to change the name to “transformation codebook-based feedback mode”, in order to avoid the confusion with “adaptive precoding”. 
2. References
[1] IEEE 802.16m-09/0010r1a, “IEEE 802.16m Amendment Working Document (AWD)”, 2009-03-31.

[2] IEEE 802.16m-07/002r8, “802.16m System Requirements”, 2009-01-15.
[3] IEEE 802.16m-08/003r8, “The Draft IEEE 802.16m System Description Document”, 2009-04-10.
[4] IEEE 802.16m-08/004r5, “The IEEE 802.16m Evaluation Methodology Document”, 2009-01-15.
[5] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”, 2008-09-18.
[6] IEEE C80216m-08/1285r1, “Performance evaluation of Codebooks Proposed for IEEE 802.16m”, 2008-10-30.

[7] IEEE C80216m-09/0588, “Performance Evaluation of Codebooks Proposed for IEEE 802.16m Amendment”, 2009-03-07.
3. Analysis of codebook adaptive feedback mode
The amendment text in [1] specifies:

The transformation for codewords of rank 1 is of the form in equation (21).
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The transformation for codewords of rank > 1 is of the form in equation (22).
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Where,
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 is the input matrix (or vector),
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 is the i-th codeword of the base codebook,
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 is the i-th codeword of the transformed codebook,
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 is the Nt × Nt transmit correlation matrix.
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The transformation for rank > 1 involves significantly more computation than for the rank 1, since it requires a multiplication of 2 matrices rather than a multiplication of a matrix by a vector for the rank 1. Then it requires an orthogonalization, which can be done by Gram-Schmidt for example. This additional computational complexity must be avoided if it provides no gain over the standard codebook feedback mode. 

Another consideration for limiting the computational complexity comes from the property of the 4Tx codebook adopted in the AWD. This codebook has a nested property, which means that any column of any matrix of rank k in the codebook belongs to the rank 1 codebook. Therefore, after computing the products Hkwi of the channel matrix Hk on subcarrier k by all vectors wi with index i of the rank 1, the CQI for ranks 2 and higher can reuse these computations without having to perform further matrices multiplications. However, this property is destroyed by the transformation of rank > 1. 
In order to assess the benefits of the transformation for feedback of rank > 1, we conducted the simple experiment described below. 

Simulation cases in DL 4x2 SU CL MIMO with rank adaptation (between ranks 1 and 2)
· Standard mode: ranks 1 and 2 without transformation

· Adaptive mode: ranks 1 and 2 with transformation

· Mixed mode: rank 1 with adaptive mode, rank 2 with standard mode
Figure 1 compares the relative throughput of the 3 schemes in uncorrelated (10 lambdas antenna spacing) and correlated (1/2 lambda antenna spacing) channels for CL SU MIMO (rank 1 and 2 feedback) and CL MU MIMO transmissions (rank 1 feedback only). The gain previously observed with CL MU MIMO in correlated channels is still observed. Some gain is observed with SU CL MIMO transmission in correlated channels, where 99% of the feedback is of rank 1. There is no loss of the mixed mode compared to the standard mode. 
However, a loss is observed with the adaptive mode with SU CL MIMO transmission in uncorrelated channel, whereas there is no loss of the mixed mode compared to the standard mode. Figure 2 shows the statistics of rank feedback with SU CL MIMO in uncorrelated channels. With the adaptive mode applied to the rank 2, it is observed that the rank 2 is select less frequently for feedback, which decreases the overall spatial multiplexing gain and therefore decreases the sector throughput. This proves that the codebook transformation is not effective for rank > 1.

[image: image10]Figure 1 – Relative sector throughput
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Figure 2 – Percentage of users scheduled with rank 1 and 2
4. Text proposal for inclusion in the 802.16m amendment
< Modify the text from page 89 line 33 to page 90 line 10 as follows>
-------------------------------  Text Start  --------------------------------------------------- 
15.3.7.2.6.6.3.
Adaptive Transformation codebook-based feedback mode 

The base codebooks and their subsets of rank 1 for SU and MU MIMO can be transformed as a function of the BS transmit correlation matrix. A quantized representation of the BS transmit correlation matrix shall be feedback by the MS as instructed by the BS.
For the adaptive transformation mode, the PMI feedback from a mobile station shall represent an entry of the transformed base codebook according to long term channel information.
In adaptive transformation mode, both BS and MS transform the rank-1 base codebook to a rank-1 transformed codebook using the correlation matrix. 
The transformation for codewords of rank 1 is of the form in equation (21).
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 is the i-th codeword of the base codebook,
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 is the i-th codeword of the transformed codebook,
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 is the Nt × Nt transmit correlation matrix.






After obtaining the transformed codebook, both MS and BS shall use the transformed codebook for the feedback and precoding process of rank 1. The codebooks of rank > 1 shall be used without transformation when the MS is operating with transformation codebook-based feedback mode.
-------------------------------  Text End  --------------------------------------------------- 
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