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Background

Channel feedback is essential for applications like MIMO beamforming, nulling, etc. 

However, the feedback overhead is excessive: “about 4.6 Mb/s of signaling

per user in a 20 MHz 4×2 network”

This paper focuses on a simple, yet fundamental question: “Can a node infer the wireless 
channels on one frequency band by observing the channels on a different frequency band?” 
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A model that given f1 signals and its channel, 
outputs channel at f2.

Actualize and evaluate on real system. 



Relevant Works

Previous works on FDD channel estimation:

● Based on long-term stats, not suitable for fast variation
● Based on AoA, frequency dependent
● Does not account for hardware artifacts (real system)

Other systems like WiFi:

● Estimate one channel from other coarsely (i.e., just 
amplitude response) 



R2F2 Model (background)An abstract path:

Multi abstract path:

Multi path received by an antenna:

d: path length; λ: wavelength; 
Φ: constant phase shift

Antenna geometry

l: antenna spacing
i: antenna index
Θ: AoA



R2F2 Model (background)



R2F2 Model (practical)
Know (e) from rx signal, derive (a) (i.e., backward), 
so we can obtain (e’) (i.e., forward) for another 
freq.

What are (c) and (d): windowing effect due to imperfect sampling



R2F2 Model: path to channel

We have path model (a):
AoA



R2F2 Model: path to channel

Windowing

L: ant array length; 
K: ant num

Artifact given imperfect 
spatial sampling



R2F2 Model: path to channel

superposition



R2F2 Model: path to channel

To summarize:

K *K 
K *N (path num) 

N * 1

K * 1



From Channel to Path

IFT is simply 

Then goal is to find/guess AoA and amp and phase response of 

each path

Note phase response not considered yet

Use multiple OFDM waves to form equations and add constraints



From Channel to Path
arrow
(Pi) = 

N * N diagonal matrix 
where only kk has the 
observed final phase 
shift

Compute, iteratively add guessed candidate path based on sinc peaks, and if 
conditions reach, all the guessed paths are considered 



Apply to LTE system

Apply reciprocity

Compensate for hardware artifacts:
● Frequency offset
● Frame detection delay
● Hardware delay

Use periodic SRS for uplink ground-truth 
data



System Setup

Basestation:
● five-antenna Ettus USRP N210
● MIMO mode
● 1024 subcarriers; 10MHz
● 640MHz to 690MHz

UE:
● One antenna USRP
● UL and DL separated by 30MHz by 

default



Microbenchmark



Evaluation: Beamforming



Interference nulling



Compare with AoA



Opinion

● Beautiful and computationally light model

● Educational

● Might not work well if large frequency gap 


