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mmWave Networks Simulations

Channel model is key for wireless system level simulations
Accuracy - Complexity

‘mmWave frequencies introduce new challenges for channel modeling:
'« Beamforming and MIMO with many antenna elements

'« Rapid channel variations due to LOS/NLOS transitions

'« Sparsity in the angular domain

mmWave Channel Models

e Quasi-Deterministic Channel Models
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Need a detailed model of the environment
+ Difficult to code and debug
» Computationally extremely demanding

- Spatial Channel Models siiifilj@\\
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3GPP TR 25.996 - V14.0.0, Spatial channel
model for Multiple Input Multiple
Output (MIMO) simulations

MS direction
of travel

Model complex interactions - interaction with beamforming vectors
.+ Chosen by 3GPP for system level evaluation of 5G networks

Cons: Number of TX antennas Vurher 6f dlusiars
« Compute a channel matrix with X@S

Fading I1s computationally intensive
» Cannot be used for analysis
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* Analytical Channel Models Back .
Main lobe

Pros:
-+ Simple and widely-used for analytical papers on mmWaves
-+ Rayleigh, Nakagami-m, etc
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Non-geometric model
+ Usually coupled with simple sectorized beamforming model

MS array

TCP experiment: Nakagami-m vs. 3GPP Cellular Model (from [1])
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' [1] M. Polese and M. Zorzi, "Impact of Channel Models on the End-to-End Performance of Mmwave Cellular Networks," IEEE SPAWC 2018.
+ [2] A. K. Gupta et al, “On the feasibility of sharing spectrum licenses in mmwave cellular systems,” IEEE Trans. Commun., vol. 64, no. 9, Sep 2016.

Cellular experiment: 3GPP Cellular Model vs. NYU Channel Model
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Mean SINR [dB] CDF obtained with fixed deployment
parameters and different channel models.

Comparison of mean SINR [dB] obtained with

different deployment parameters
(antenna array size, antenna element spacings, downtilt)

' [3GPP] 3GPP, “Study on channel model for frequency spectrum above 6 GHz (Release 14) “, TR 38.900 V14.2.0, Dec. 2016.
i [NYU] Akdeniz, Mustafa Riza, et al, "Millimeter wave channel modeling and cellular capacity evaluation”, in IEEE Journal on Selected Areas in
: Communications, vol. 32, no. 6, pp. 1164-1179, June 2014.

Vehicular experiment: 3GPP Vehicular Model vs. others
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' 3GPP_V] 3GPP, “Study on evaluation methodology of new Vehicle-to-Everything V2X use cases for LTE and NR (Release 15),” TS 37.885, 2018.
. [HUA_V] 3GPP, “v2X sidelink channel model,” Huawei, HiSilicon - Tdoc R1-1803671, 2018.

g HUA_Bck] 3GPP, “V2X sidelink measurement results,” Huawei, HiSilicon — Tdoc R1-1801398, 2018.

| 3GPP_C} 3GPP, “Study on channel model for frequencies from 0.5 to 100 GHz (Release 14),” TR 38.901, 2018.

Open issues and limitations

« Second order statistics, such as the temporal and spatial autocorrelation,

are not considered In the vast majority of the geometry based channel
models (GSCMs).

« This limits their applicability to dynamic scenarios, e.g., for V2V
communications, where a complete model for the temporal evolution of the
channel is still missing.

« The role played by ground reflection is often underestimated, especially in
mobile and vehicular settings.

* Measurements campaigns generally employ horns antennas to simulate
large, highly directive beamforming arrays, thus ignoring specific 1Issues
concerning large arrays.

 The impact of the aforementioned limitations and approximations iIs often
not clear, and that strongly calls for further investigation and validation.
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Visit mmWave.del.unipd.it to know more on our research on mmWave networks




