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1. Introduction
In this paper, we add more information on top of our previous proposal [1] and propose a framework for defining and generating channel models to test demodulation performance requirements for FR2.
2. Channel Model
In WF [2], two options for channel models were proposed:

1.  Use TDL channel models as described in 38.901.
2. Generate TDL channel model from CDLs in 38.901 without assuming Jakes spectrum.
For realistic FR2 demodulation testing, it makes more sense to generate fast fading according to the CDL channel models defined in [3, Section 7.7.1], due to the modelling of angles of arrival and departure. 
Proposal 1: Use CDL channel models defined in TR 38.901 to generate channel model for FR2 demodulation performance testing.

Comparison with Jakes Spectrum
To show the difference in spectrum due to directionality aspect of CDL, we simulated three cases:
1. CDL-A channel with Omni-directional UE antenna

2. CDL-A channel with Directional UE antenna

3. TDL-A channel with Jakes spectrum.

Below are the simulation assumptions:
Table 1: Simulation Assumptions

	Parameter
	Value

	Delay Spread
	300ns

	Maximum Doppler Spread (fD = v*fc/c)
	1000Hz

	UE Direction
	[1, 0, 0]

	Number of Antennas
	1 Tx and 1 Rx antenna

	gNB Antenna Pattern
	Omni-directionalNote1

	UE Antenna Pattern
	1. DirectionalNote2: Table 7.3-1 in 38.901 with θ3dB = 45 degree and φ3dB = 45 degree
2. Omni-directional

	Note1: We assumed omni-directional antenna at gNB to light up all the clusters from Tx side.

	Note2: We assumed this pattern just for the simulation purposes. The choice of the UE antenna main lobe beam-width (θ3dB = 45 degree and φ3dB = 45 degree) is arbitrary, and is chosen in order to elucidate the distinction between omni-directional antenna response and a directional antenna response. RAN4 should come up with a patch UE antenna pattern for actually generating the channel coefficients for FR2 testing.


Based on the above simulation assumptions, we generated the CDL fading coefficients using equation 7.5-22 in 38.901 and dividing it by square root of Pn and generated TDL coefficients using Jakes spectrum. We then computed power spectral density using Welch’s method. Below are the results for Cluster 1 and Cluster 8 of CDL-A:
[image: image1.emf]-2000 -1500 -1000 -500 0 500 1000 1500 2000

-160

-140

-120

-100

-80

-60

-40

-20

Welch s PSD estimate

f, Hz

Magnitude Response, dB

 

 

Cluster-8, CDL-A, Directional UE Antenna
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Cluster-1, CDL-A, Directional UE Antenna

Cluster-1, CDL-A, Omnidirectional UE Antenna
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Observation 1: Jakes spectrum has completely different spectrum from CDL channel models and it does not capture any directional aspect. It is spread over [-fD, fD] for all clusters whereas Doppler spectrum for each cluster is different in case of CDL.
Observation 2: Omni-directional antenna at UE will see all the clusters while directional UE antenna will only see some of the clusters based on its orientation and beam width. In above figures, cluster 1 is seen with lower amplitude while cluster 8 is seen with similar magnitude with directional antenna compared to omni-directional antenna.
Observation 3: TDL and CDL channel PSD have different maximum power because CDL channel coefficients are not normalized to their second moment in equation 7.5-22 in 38.901 while TDL channel coefficients have unit variance. So, RAN4 needs to define the normalization procedure for CDL channel coefficients. 
Based on above observations, we propose the following:

Proposal 2: Define a new CDL2SP (CDL to Single Probe) procedure to generate channel model for demodulation performance testing. 

Proposal 3: CDL2SP is defined as applying CDL model with prescribed antenna responses at gNB and UE to generate a single probe (dual-polarity) output. 

Proposal 4: Use a standard, directional antenna response on the UE side of the CDL2SP procedure. The beamwidth of this standard model is proposed to be broad and have the same/similar directionality for both polarities (e.g. single patch antenna response).
Proposal 5: Define a field pattern for single patch antenna at UE as part of CDL2SP procedure.
As demodulation performance testing is directed at testing baseband operation and not beam management, we propose the following.

Proposal 6: Define a procedure to normalize the CDL channel coefficients by fixing the assumptions on UE and gNB antenna models and orientations and UE speed for demodulation performance tests.
Proposal 7: For demodulation performance testing, the UE-side “standard, directional antenna” of Proposal 3 should be optimally oriented for the CDL2SP procedure, where “optimal” means that the orientation results in the maximum receive power given the standard, directional antenna shape and assuming the gNB transmits with an omni-directional pattern.

Proposal 8: Use an omni-directional response at the gNB side of the CDL2SP model to illuminate all directions from the gNB perspective.

Computation of Doppler Spread

In CDL2SP procedure, we will be generating the fading coefficients using equation 7.5-22 in 38.901 as given below:
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From phase term in the end of the above equation, we can see that Doppler shift for ray m in cluster n can be computed as: [image: image5.png]
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and only depends on AOA and ZOA for that cluster, [image: image8.png]


 is UE velocity vector which depends on UE speed and UE direction and [image: image10.png]


 is wavelength of the carrier. So, we can compute Doppler spread for each cluster by looking at the minimum and maximum Doppler shift among all 20 rays for that cluster.

Parameters for channel model
Based on the discussion in Sections 2.1 and 2.2, we propose the following:
Proposal 9: Define following common test parameters for generating the channel models:

1. UE antenna field pattern

2. gNB antenna field pattern

3. UE antenna orientation

4. gNB antenna orientation

5. Polarization at UE and gNB antennas
Proposal 10: For each channel model for demodulation performance testing in FR2, following parameters need to be defined:

1. Base CDL channel model defined in TR 38.901

2. Delay Spread

3. UE speed and direction
4. Angular Spread for AOA, AOD, ZOA and ZOD

5. Mean Angle for AOA, AOD, ZOA and ZOD.

3. Conclusions
This paper proposes a framework for defining and generating channel models to test demodulation requirements for FR2. Following has been proposed:
Proposal 1: Use CDL channel models defined in TR 38.901 to generate channel model for FR2 demodulation performance testing.
Proposal 2: Define a new CDL2SP (CDL to Single Probe) procedure to generate channel model for demodulation performance testing. 

Proposal 3: CDL2SP is defined as applying CDL model with prescribed antenna responses at gNB and UE to generate a single probe (dual-polarity) output. 

Proposal 4: Use a standard, directional antenna response on the UE side of the CDL2SP procedure. The beamwidth of this standard model is proposed to be broad and have the same/similar directionality for both polarities (e.g. single patch antenna response).
Proposal 5: Define a field pattern for single patch antenna at UE as part of CDL2SP procedure.
Proposal 6: Define a procedure to normalize the CDL channel coefficients by fixing the assumptions on UE and gNB antenna models and orientations and UE speed for demodulation performance tests.
Proposal 7: For demodulation performance testing, the UE-side “standard, directional antenna” of Proposal 3 should be optimally oriented for the CDL2SP procedure, where “optimal” means that the orientation results in the maximum receive power given the standard, directional antenna shape and assuming the gNB transmits with an omni-directional pattern.

Proposal 8: Use an omni-directional response at the gNB side of the CDL2SP model to illuminate all directions from the gNB perspective.
Proposal 9: Define following common test parameters for generating the channel models:

1. UE antenna field pattern

2. gNB antenna field pattern

3. UE antenna orientation

4. gNB antenna orientation

5. Polarization at UE and gNB antennas
Proposal 10: For each channel model for demodulation performance testing in FR2, following parameters need to be defined:

1. Base CDL channel model defined in TR 38.901

2. Delay Spread

3. UE speed and direction
4. Angular Spread for AOA, AOD, ZOA and ZOD

5. Mean Angle for AOA, AOD, ZOA and ZOD.
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