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BS cooperation model

• All BSs have full channel knowledge
• Each BS transmits signals for multiple users simultaneously
• Typical model: All base stations together are one giant MIMO array
• Broadcast MIMO channel problem

– Linear precoding, Dirty paper coding, Multi-user detection
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Presentation outline

• System model 

• Linear precoding for BS cooperation

• Simulations & conclusions
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CoMP: Joint Transmission and Reception

• “Coordinated Multipoint Transmission and Reception” 
(CoMP) added to the skeleton TR 36.814 for LTE-A

• Collaborative MIMO (Co-MIMO) 
– Turns interference into useful signals

– UE1 and UE2 can receive signals from BS1 and BS2

BSs exchange messages intended to UEs in the overlap region
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System Model
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Linear precoding for user k at BS b:

Signal transmitted by BS b for UE k:
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Linear Precoding
• Many companies are pushing for collaborative MIMO to 

be included in the LTE-A standard

• Complexity versus performance tradeoff will be the 
decisive factor

• Both DPC and THP (nonlinear pre-coding techniques) are 
prohibitively complicated for Co-MIMO networks

• Linear pre-coding at the transmitter among cooperative 
BSs is an attractive solution given its relatively lower 
complexity requirements at both the BSs and the UEs
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Design Methods

• Linear precoding design methods 
1. Conventional Zero-Forcing (ZF) precoding

2. Signal to leakage plus noise ratio criterion (JLS) 
– [Tarighat, Sadek, Sayed ‘05][Zhang, Mehta, Molisch, Zhang, 

Dai ‘08]

3. Sum rate maximization (CISVD)
– Non-trivial, non-convex 

– Game theoretic approach in DSL: [Yu, Ginis, Cioffi ’02]
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Design method 1: Conventional Zero-Forcing

• ZF makes the transmitter satisfy the constraint:
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• Final closed-form solution derivable for precoding matrices 
Per-MS power constraint
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• ZF solution degenerates if       is a tall matrix, i.e.,kH
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Design method 2: Joint leakage suppression (JLS)

• Maximize SLNRk: Ratio of signal power received by UE k
to total interference power (due to UE k) leaked onto other 
UEs
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• Advantage: Decoupled per-UE optimization

• Closed-form solution obtained by maximizing a lower 
bound on SLNR 
– Solution follows from Courant-Fischer max-min theorem
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Design method 3: Sum rate maximization
• Maximize sum rate
• Most relevant metric from system capacity perspective
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Rate:

Interference covariance:

• Use an iterative algorithm to maximize sum rate (CISVD)
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CISVD iterative algorithm

• Step 1: Use JLS precoding solution as starting point 

• Step 2: Update precoding matrix over all BSs for a user keeping 
precoding for other users fixed. 

• Step 3: Repeat step 2 until the increase is insignificant (or worse)

(Similar to Yu, Ginnis, Cioffi ‘02  game theoretic rate maximization 
algorithm for DSL)
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Key differences and comparisons: JLS vs (ZF, CISVD) 
• JLS minimizes the leakage due to data streams intended 

for UE k instead of the interference that arrives at UE k  

• JLS has no restriction as to the number of receive 
antennas per UE  (therefore number of UEs) :
– that can be supported compared to the (total) number of transmit 

antennas 

• No exchange of precoding matrices:
– eNBs do not have to know about the precoding matrices of other 

base stations       reduction in backbone signaling

• JLS (unlike ZF) takes noise level into account 
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Key differences and comparisons: JLS vs (ZF, CISVD) 

• JLS and ZF have the same computational complexity        
[Sadek, Tarighat, Sayed ‘07]

• JLS (like ZF) is sub-optimal in terms of SINR 
maximization, yet simple enough that one can find the 
best linear precoding solution s.t:
– Closed-form solutions directly exist and involve just calculating 

some singular values. 

– For the SINR solution, this is impossible. A complicated CISVD 
algorithm for SINR maximization has to be used 

( )3Ο Ν
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Simulation results: Urban micro environment
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– 2 BSs, 2 MSs with 2 transmit antennas, 2 receive antennas 

– 500 m inter-site distance, SCM channel model

– Bandwidth: 10 MHz, FFT size: 1024, 

– Carrier freq.: 2 GHz

Simulated cell layout
SINR [dB]SNR [dB]
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Simulation results: Suburban macro environment
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ZF < JLS < CISVD
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Conclusions
• Signal-to-leakage-and-noise-ratio (SLNR)-based 

precoding is proposed for LTE-A collaborative MIMO

• Three linear precoding design methods
– Conventional zero-forcing ZF

– Joint Leakage Suppression (Maximize SLNR)

– Controlled Iterative SVD (Increase sum rate)

• SLNR is a relevant metric to be optimized for inter-cell 
interference reduction in the context of Co-MP in LTE-A

• JLS outperforms ZF-based precoding and closely 
matches the more complicated but not so practical sum 
rate maximization approaches 
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