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 Power consumption model:

 PA power consumption (class B) [10]:

 Total power consumption:

Conclusion

 Energy-efficient joint beamforming and
subarray selection with output-power
dependent PA efficiency

Convergence example

Abstract
Multi-user single-cell MISO downlink transmission
Key Idea:
 Improve energy efficiency with joint beamforming and 

subarray selection
 Antenna array divided into subarrays, each connected to a 

common RF chain  Less RF chains
 Output power dependent power amplifier efficiency model 

Optimization Problem:
 Energy efficiency maximization
Proposed solution:
 Continuous relaxation and successive convex approximation 

with additional penalty term in the objective function

System Model

Recover the Binary SolutionProblem Formulation
 Many of the binary variables converge to zero 

round all the non-zero variables to one
 Run SCA again for the chosen antenna set to find 

the beamformers

Binary subarray selection 
variable

Each PA efficiency depends 
on its output power

Fixed power consumption 
of all the other parts

Power consumption per 
active RF chain (i.e., if 
subarray g is selected 
for transmission)

• Antenna elements are divided into G groups (subarrays)
• Each antenna group is connected to a single RF chain
• Each antenna has its own power amplifier
• The number of RF chains can be smaller than the number of subarrays (we can

perform subarray selection by using an RF switch)

Constant (>1)

Efficiency maximized at 
maximum output power

Power consumption scales 
with square root of output 
power of PA i

SINR constraints

Guarantees 

Subarray specific power constraint

Maximum number of RF chains

Binary subarray selection variables

(1)

(2)

(3)

(4)

(5)

Equivalent Transformation

(2)-(4)

Variables: 

Nonconvex

Convex

Convex continuous 
relaxation

Equivalent convex form 
of the SINR constraint

Convex

Penalized Formulation

(6)

(7)

(8)

(9)

(2)-(4), (7)-(9)

Penalty term which 
promotes sparsity of 

Equivalent 
transformations of (6)

Linear >= concave(10)

(11)

Successive Convex Approximation
 Solve a convex

problem iteratively

Variables: 

Linear upper 
approximations of RHS 
of (10) and (11)

(2)-(4), (7)-(9), (12)-(13)

(12)

(13)

 Fast convergence 
for the relaxed 
problem with 
different initial 
points

Comparison to Other Methods
 EE gains over the 

method with linear PA 
and a method without 
subarray selection

 Linear PA model greatly 
over-estimates 
efficiency  Results 
can be really bad

 With fixed PA efficiency, 
we tend to transmit 
with very small transmit 
power  more active 
subarrays

 With output power 
dependent model, use 
less subarrays with 
higher transmit power

 Note: ‘Linear PA’ means that the efficiency is assumed to be maximum for all 
the output power values (i.e., it is equal to non-linear efficiency with maximum 
power)


