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II. System modelI. Introduction III. Proposed beam tracking

Millimeter wave (mmWave) has many applications

MmWave WiFi [1] 5G cellular [2] Vehicular comm. [3]

MmWave beam alignment is expensive

IEEE 802.11ad beam training can take up to ~50 ms for beamwidth of 10° [4]

Proposed a low overhead beam tracking method

Investigate impacts of SINR and array size on tracking

Our contributions:

Sector level search Beam level search

Channel model:

State-space model:

Number of paths

IV. Numerical results
Effect of SINR Effect of array size Comparison with prior work [5]
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V. Conclusions

Complex channel gain

Angle of arrival

Rx array response vector

Angle of departure

Tx array response vector

State evolution:

Measurement function:

State vector:

where     is the temporal correlation of 

Process noise assumed to be white Gaussian

Leveraging sparsity, focusing 

on only one path

Noise and interference from other 

paths via sidelobe are lumped up
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Rx

Path to be tracked

Other paths 

arrive via sidelobe

AoA/AoD Estimation

Set beam direction

Beam tracking

Tracking is reliable?

Path still exists?

? 

Not considered in this work

Yes

Yes

No

No

Switch beam when the error 

exceeds the threshold

A natural choice for the 

threshold is 1/2 beamwidth

Extended Kalman filter 

(EKF)  is applied on the 

state-space model

Path can disappear, e.g., 

due to blockage

Rate of change of AoA/AoD

Enough SINR is needed for good 

tracking performance
Optimal array size depends on the 

rate of change of AoA/AoD

Excessive SINR does not help much

Large jump between 10 and 20 dB Too narrow beams are too 

sensitive and too wide beams are 

not sensitive enough

Method in [5] requires 𝑁r𝑁t times

more measurement overhead

The low measurement overhead 

makes our method better for fast 

changing environments 

SINR=20 dB

 Proposed a beam tracking method with low overhead

 Tracking performance improvement saturates at high SINR 

 Appropriate choice of array size needed for good tracking

o Too small arrays are not sensitive enough

o Too large arrays cannot keep up with changes in AoA/AoD

Future work
 Introduce more structure in evolution model to differentiate angle 

change due to linear displacement and rotation

 Propose solutions for all the gray blocks in Section III

ULA-16, SINR=20 dB

Lower rate of change because low
overhead allows frequent probing

Half beamwidth

16-element uniform linear array (ULA-16)

ULA-32 is best

ULA-16 is best

Dot product of array
steering vectors


