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Outline

• Overview of differential schemes
– Rotation based
– Codeword hopping based

• Simulation results
• Conclusion
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System Model

• is channel matrix of dimension                 .

• is beamforming matrix of dimension               .

• is transmitted signal vector of dimension            .

H tr NN ×

V̂ st NN ×

s 1×sN

nH V̂ sy
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Rotation Based Scheme

( )1ˆ −tV
( )1ˆ −tV

dC

( )tV

( )tV̂
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Rotation Scheme I
• Differentiation at SS: 

• Quantization at SS: 

• Beamforming matrix reconstruction at BS: 

• Beamforming at BS: 

( ) ( )ttH VQD 1−=

Fi
H

Cdi

DDD
D ∈

= maxargˆ

( ) ( )DQV ˆ1ˆ −= tt

( ) nsVHy += tˆ

[1],[2], and [3] use this scheme for differential feedback.
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Rotation Scheme II

• Differentiation at SS: 

• Quantization at SS: 

• Beamforming matrix reconstruction at BS: 

•Beamforming at BS: 

( ) ( )1−= tt HQVD

Fi
H

Cdi

DDD
D ∈

= maxargˆ

( ) ( )1ˆˆ −= tt QDV

( ) nsVHy += tˆ

SS always feeds back for maximum number of streams.
– and       are square matrix of dimension              .

[4] [5] use this scheme.
V̂ D tt NN ×
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Scheme I has a compacter codebook than scheme II 
because of reduced dimension.

Differential codebook of 
scheme II

Differential codebook of 
scheme I

Polar cap

Differential matrix space
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Codeword Hopping [6]

( )1ˆ −tV ( )1ˆ −tV

( )tV

( )tV̂

Set of ideal 
beamforming matrixes

Codewords of 
base codebook

Neighbor codewords 
of ( )1ˆ −tV

hops to   ( )1ˆ −tV ( )tV̂

• Each codeword has a list of 8 closest neighbors.
• Next beamforming matrix is selected from the 8 neighbors. 
• Beamforming accuracy is worse than that the non-differential 
scheme using the whole codebook.
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SLS Results for SU-MIMO

• Differential outperforms non-differential.
• Rotation scheme I is better than codeword hopping.

> 3.98%> 0.73%SE gain of rotation scheme I [1] 
over codeword hopping [6]

< 7.2527< 6.7217Codeword hopping, 3-bit 
differential [6] (b/s/Hz)

7.54146.7706Rotation scheme I, 3-bit 
differential [1] (b/s/Hz)

7.25276.721716e 6-bit codebook (b/s/Hz)

Highly correlated 
channels

Uncorrelated 
channels
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Differential vs. non-differential

• Rotation scheme II outperforms non-differential. 
• Improvement due to differential feedback decreases as 
correlation for rotation scheme II with DFT codebook.

0.02%2.98%3.58%SE gain of rotation II [4] 
over non-differential

7.5060 7.05196.7177Rotation scheme II, 4-bit 
differential [4] (b/s/Hz)

7.5046 6.84816.4855DFT 4-bit codebook 
(b/s/Hz)

Highly 
correlated 
channels

Weakly 
correlated 
channels

Uncorrelated 
channels
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Rotation scheme I vs. rotation scheme II

• Rotation scheme I outperforms rotation scheme II in 
terms of throughput and overhead.
• Scheme I is tailored to stream number while Scheme II 
is not. 

3.3 bits : 4 bits3.3 bits : 4 bitsOverhead comparison: [1] vs. [4]

0.47%0.79%SE gain of scheme I [1] over 
scheme II [4]

7.50606.7177Rotation scheme II [4] (b/s/Hz)

7.54146.7706Rotation scheme I [1] (b/s/Hz)

Highly correlated 
channels

Uncorrelated 
channels
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SLS Results for MU-MIMO

• Differential outperforms non-differential.
• Rotation scheme I is better than codeword hopping.

> 27.0%> 9.36%> 3.97%SE gain of rotation scheme I 
[1] over codeword hopping [6]

< 7.6895< 6.903< 6.3643Codeword hopping, 3-bit 
differential [6] (b/s/Hz)

9.7667.54926.6172 Rotation scheme I, 3-bit 
differential [1] (b/s/Hz)

7.68956.9036.364316e 6-bit codebook (b/s/Hz)

Highly 
correlated 
channels

Weakly 
correlated 
channels

Uncorrelated 
channels
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Rotation scheme I vs. rotation scheme II

• Rotation scheme I outperforms rotation scheme II in 
terms of throughput and overhead.

3.53 bits : 4 bits3.53 bits : 4 bits3.53 bits : 4 bitsOverhead comparison: [1] 
vs. [4]

11.74%2.88%0.34%SE gain of scheme I [1] 
over scheme II [4]

10.12397.77876.6766Rotation scheme II [4] 
(b/s/Hz)

11.31298.00276.6993Rotation scheme I [1] 
(b/s/Hz)

Highly correlated 
channels

Weakly 
correlated 
channels

Uncorrelated 
channels
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Conclusions

• Differential outperforms non-differential.
• Rotation schemes have higher throughput than 
codeword hopping.
• Rotation scheme I has smaller quantization errors than 
rotation scheme II because of compacter codebook. 


