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Problem Description 

A cooperative relay scenario in LTE 
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Motivation 

ÅIn Closed-Loop Spatial Multiplexing (CLSM), downlink 

transmission uses antenna ports  {0, 1, 2, 3} 

ïUse Cell-specific Reference Signals (CRSs) 

ïCRSs added after precoding 
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Motivation 

ÅIn Closed-Loop Spatial Multiplexing (CLSM), downlink 

transmission uses antenna ports  {0, 1, 2, 3} 

ïUse Cell-specific Reference Signals (CRSs) 

ïCRSs added after precoding 

 

ÅPU uses CRSs and knowledge of precoder used to 

demodulate received signal 

 

ÅPrecoder information is not always specified by eNodeB 

ïPU knows the precoder as it chose it 

ïCMR is not aware of the precoder 
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Precoder Detection 

ÅGoal: Design an algorithm to detect the employed 

precoder in downlink transmission from eNodeB 

 

ÅApproaches 

}Hypothesis testing Framework 

ÅSimplified ML algorithm 

ÅCluster variance algorithm 
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Precoder Detection 

Received OFDM data symbols: 

 

◐ ╗╟● ▪ 
 

● ï Ὥth transmitted OFDM data symbol 

╗  ï frequency domain channel gain matrix for ● 

╟ ï a precoder matrix from set ╟ȟὮɴ ρȟȣȟὔ  

▪ ï noise (i.i.d., zero mean Gaussian) 
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Precoder Detection 

Hypothesis testing framework: 

 

ÅA naïve Maximum Likelihood (ML) hypothesis test:  

fl╟  ╗ȟ◐
Ⱶ

Ὢ◐ ȿ ╗ȟ╟ȟ●

● Ⱶɴ

 

 

fl╟  ╗ȟ◐ fl╟  ╗ȟ◐  

 

Ⱶ ï set of all possible transmit vectors; can be very large! 

╗ḧ ╗ȟȣȟ╗ , ◐ḧ ◐ȟȣȟ◐  

◐ ╗╟● ▪ 
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Precoder Detection ï Simplified ML 

 

ÅEqualize ◐ using an MMSE filter to get ◐ 

ÅDecode ● as ●  assuming ╟ is true precoder matrix: 
 

● ḧÁÒÇÍÉÎ
●ɴ

╟◐ ●  

 

ÅDerive a simplified log-likelihood function: 

ÌÏÇfl╟  ╗ȟ◐ȟ●
ρ

ς„
◐ ╗╟● ÃÏÎÓÔȢ 

 

ÅChoose ╟ that maximizes above log-likelihood function 

◐ ╗╟● ▪ 
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Precoder Detection ï Simplified ML 

ÅEquivalent to ML detector  

ïOptimal detection when ╟ôs are equiprobable 

 

ÅComputation complexity: 

ïLinear in ὓ, ὔ (number of precoder matrices), and      

ὅ (size of symbol constellation) 

 

ÅAdditional step needed to handle ambiguity for 4x4 MIMO 

with 4 layers 
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Precoder Detection 

Ambiguity in 4x4 MIMO scenario, 4 layers 

Å16 4x4 precoder matrices grouped into  

a) Three sets of four precoders 

b) Two sets of two precoders,  

    where ╟ ═╟,   ╟ȟ╟ᶰÁ ÓÅÔ,   ═ ï permutation matrix 

 

ÅAmbiguity resolved using channel coding built in LTE 

ïAll precoders in a detected set sent to receive chain 

ïThe precoder that passes turbo decoding and CRC 

check is chosen as detected precoder 
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Precoder Detection ï Cluster variance 

 
 

ÅDefine following objective function for each precoder ╟ 

 

ὰ╟Ƞ╗ȟ◐ȟ● ḧ ● ╟◐  

 

ÅChoose the precoder ╟ that minimizes ὰϽ 

 

ÅSimilarity with minimum distance decision rule 

 

◐ ╗╟● ▪ 
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Precoder Detection ï Cluster variance 

ÅNot equivalent to ML detector (i.e. not optimal) 

ïModified noise term, after MMSE filter, is not i.i.d. 

 

ÅComputation complexity: 

ïLinear in ὓ, ὔ (number of precoder matrices), and      

ὅ (size of symbol constellation) 

ïFewer floating point operations needed compared to 

Simplified ML algorithm 

 

ÅAdditional step needed to handle ambiguity for 4x4 MIMO 

ïSame as with Simplified ML 
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System Model 

Based on a MATLAB LTE link-level simulator from the Vienna University of Technology 

Overall LTE simulator structure 
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System Model 

LTE Transmitter 
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System Model 

LTE Receiver 
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Simulation Results ï Simplified ML 

2x2 MIMO: ETU channel at 60 km/h user speed, EPA channel at 3 km/h user speed 
Carrier frequency = 2110 MHz, System bandwidth = 1.4 MHz 
1000 subframes, 12 RBs scheduled, MMSE channel estimator, SSD receiver 
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Simulation Results ï Cluster variance 

2x2 MIMO: ETU channel at 60 km/h user speed, EPA channel at 3 km/h user speed 
Carrier frequency = 2110 MHz, System bandwidth = 1.4 MHz 
1000 subframes, 12 RBs scheduled, MMSE channel estimator, SSD receiver 


