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Channel Feedback for CL-MIMO in the DL 
Ron Porat  

Nextwave Wireless 

1. Introduction 
 

Channel feedback from a MS to the BS is required in order to enable optimal CL-MIMO in FDD and to some 
extent in TDD. 

There are two main approaches: 

1) BS centric approach – an MS estimates the MIMO channel and feeds back the un-quantized values of 
the channel.  This is done by modulating the OFDM subcarriers by the actual complex channel values 
(hence the name analog feedback). It is also possible to feed back the actual precoder (in an analog 
fashion) to reduce feedback. 

a. Typically, one value is fed back for a certain band, say 800KHz, and while feeding back the 
channel value for the center of this band is possible, feeding back the ‘average’ channel for that 
band performs better.  

b. In this document we simulated feeding back the average covariance. 

2) MS centric approach – here the MS uses vector quantization (codebook) to quantize only the precoder 
and feeds back the rank and precoder index (RI and PMI). This is a digital approach. 

 

 

2. Key Considerations 
 

1) Complexity –  

a. Approach 1 is simpler at the MS as there is no codebook search. 

b. Approach 2 - in this contribution we propose a simple QPSK based codebook to simplify the 
search at the MS which vastly improves upon the current 802.16e codebook. 

2) UL feedback mechanism – given the digital nature of option 2, a general UL feedback mechanism can 
feed back the RI and PMI whereas approach 1 requires a separate feedback mechanism. 

3) UL feedback overhead –  

a. Approach 1 – feeding back the average covariance matrix for 4 BS antennas requires 8 complex 
values. Feeding back the precoder only, requires 3 complex values for rank 1 and 5 for rank 2.  

b. Approach 2 - here we propose 4bit codebook for 4 antennas which require 5bits per one PMI+RI 
feedback.  

4) DL SU-MIMO performance - for single user MIMO, there is a dB loss due to precoder error. As the 
following simulation results show, different antenna configurations require different codebooks for 
optimal performance whereas analog feedback doesn’t.  

5) DL MU-MIMO performance – In this case there is a much higher spatial multiplexing loss due to the 
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fact that multiple users are being served on the same resource block. In this case the required feedback 
accuracy is proportional to SNR and one codebook design is insufficient. In addition the number of bits 
required is much higher.  

a. Analog feedback has an inherent property that the feedback quality improves with UL SINR and 
is hence more suitable.  

b. In addition, full channel feedback enables better MU-MIMO schemes as the BS can reduce 
interference to the MS via MMSE or non-liner schemes like THP. 

 

3. Proposal: 
 
This document describes a QPSK based 4 bit codebook for 4 transmit antenna and shows SU-MIMO simulation 
results for this codebook as compared to analog feedback and optimal waterfilling per subcarrier. 

We recommend including both analog and codebook based options in 16m SDD. 

 

4. Simulation Results: 
 

Here we show 10% outage capacity results using 3GPP SCM spatial channel model and assuming the Urban 
Macro scenario.  

The BS has 4 antennas and the MS 2. Rank 1 or 2 was used for the codebook approach. 

 

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 plots show the following 3 graphs: 

1. Optimal precoding (waterfilling) per subcarrier 

2. Analog feedback based on average covariance matrix per band (800KHz) 

3. Rank adaptation per band using the 4 bit codebooks 

 

The results are summarized in this table that shows the loss in dB relative to an optimum precoding per 
subcarrier (10KHz) 

 

 Analog Feedback 4bit Codebook 
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4 closely spaced 

verticals  

0.3 0.9 

2 closely spaced 
cross-pols 

0.5 1.25 
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cross-pols 
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5. Codebook description 
 
 
We use 1−=j : 
 
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 2 to normalize power. 
Rank-3 matrices should be further divided by 3 to normalize power. 

 
 
 
 

4-Bit 4-Tx Codebook for Close Loop MIMO 
 
 

Codebook Index  Rank 1 Rank 2 Rank 3 
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6. Analog feedback description 
 
 
One option for analog feedback is to compute the average covariance matrix. Assume the MS needs to feed 
back the channel for a band of N subcarriers. It computes 
 

∑
∈

Η=
Sk

kk HHR   where kH  is the estimated unquantized 2x4 channel in subcarrier k,  R is a 4x4 covariance 

matrix and S is the group of N subcarriers.  Note, it is vendor specific whether to use all subcarriers in S or a 
decimated subset. 
 
We denote by Rij the (i,j) element and due to the symmetry properties of R we only need to feedback the upper 
triangular elements.  Also, the diagonal elements are real and two elements can be lumped together to form a 
complex number (this depends on the exact UL control channel and here we provided just an example).  
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The mapping of the complex Rij values to UL PUSC tile (4 subcarriers x 3 symbols) uses simple amplitude 
modulation as shown where X denotes pilots. 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
In this example we repeat the same mapping 6 times over all the tiles in one CQICH slot to provide diversity 
and interference immunity. 
 
For comparison, a 6 bit codeword will be mapped to one CQICH slot (6 tiles) according to the 802.16e 
standard. 
 
Decoding – this is vendor specific but an MMSE receiver can be used on a subcarrier basis with MRC/MMSE 
combining across subcarriers. 
 
For example, if nhRy UL += *12  where ),0(~ 2σNn   then after estimating the UL channel ULh we get 
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