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1 Introduction 
The NR OTA testing discussion in the Testability SI [1] has progressed regarding RRM as well as demodulation discussion to the point where the common understanding — but not documented in any contribution — is that definition of the link–level channel modelling is the key to the next steps for RRM and demodulation in this SI. This common understanding includes several factors that were listed already in the noted contribution [2]: 

· Starting point for the channel modelling is TR 38.901 [3]
· Simplifications are required to lower down the test system complexity

· Cluster delay line (CDL) models will be used

The simplifications lead to the trade–off selections as follows [2]: 

1. Is the resulting model testable? (i.e. can it be implemented with reasonable cost/complexity)

2. Is the resulting model consistent with expectations from channel measurements?

3. If not, how to simplify — and possible trade–offs with potential UE evaluation metrics

The items 1 – 3 have not been detailed. The RAN4 #84 meeting should agree these up to the necessary level to be able to proceed to the requirements for the test methods. And then, in turn, the requirements define the test systems. The intent of this contribution is to discuss the channel modelling procedure. The next step for the upcoming meeting is to write the tabulated CDL values in the form proposed in section 3 below. 

2 Key Parameters

2.1 Carrier Frequencies
Frequency range from the SID is used. 
Proposal 1: Single CDL definition is used for frequencies f > 24 GHz.  
2.2 Scenarios
TR 38.901 knows four scenarios ([3], section 7.2); indoor office, UMi–street canyon, UMa and RMa. It is supposed that the office and the street canyon models are appropriate for mmWave communications. These contain both LOS and NLOS models. It is to discuss whether the parameter tables 7.2-1 for UMi-street canyon and 7.2-2 for indoor office should be edited for mmWave OTA testing. 
Proposal 2: Indoor office and UMi-street canyon scenarios both with LOS and NLOS options are used for mmWave OTA RRM and demodulation testing. Further scenarios are FFS. 

2.3 New OTA Channel Model Based on 38.901
The CDL models of 38.901 represent 5 different channel profiles, being random realizations of the generic model for NLOS (A, B and C) and LOS (D and E) conditions. The angular characteristics of the CDL models do not produce the median angle spread values of the generic models. This is in contradiction with SCME, WINNER or IMT-A CDL models, which produce the median characteristics of the generic model. The 38.901 CDL models can be scaled to provide median angle spread values by applying scaling of angles as described in section 7.7.5.1 of 38.901. Similarly, the delays and powers of the CDL models must be scaled in order to obtain scenario specific delay spread and K-factor. The scaled CDL models could provide a basis for OTA models, but the models are not well suited for a realistic (sparse) OTA probe configuration because of the arbitrary cluster angles and wide intra-cluster angle spreads. Therefore, it is proposed to generate new CDL models for OTA testing based on 38.901 generic models. The CDL models should provide the scenario specific median values for channel model parameters given in table 7.5-6 of TR. 38.901. The new CDL models should be generated taking into account the limited probe configuration and revised intra-cluster angle spreads. 
Proposal 3: Generate new CDL models which reproduce the scenario-specific median parameters of the 38.901 channel model. Median channel model parameters are given in table 7.5-6 of TR. 38.901.
Proposal 4: Revise intra-cluster angle spreads and number of clusters of 38.901 channel model.
2.4 Antenna Models

TR 38.901 does not offer antenna models other than for calibration purposes. However, for the OTA testing the antenna assumption must be done for BS Tx. The standard procedure for geometric stochastic channel models (GSCM) is to define the propagation channel parameters (CDL model table) separately from the antenna characteristics. As the next step the antenna characteristics are embedded into the propagation channel parameters to get the channel impulse response. In other words, the directivity is imported into the results using the directed antennae as part of the system as specified in equations 7.5-28 and 7.5-29 in TR 38.901. 
In order to obtain a good enough link budget, the BS is expected to transmit to the UE with a narrow beamwidth. In the radio link evaluations, the effect of the narrow beams is seen clearly, see Figure 1 below for the analysis done by Bristol university in context of the ray tracing study reported in [4]. 
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Figure 1. Left side is with omni TX pattern, right side is with 10( HPBW Tx. Both with omni Rx. The effect of reduction in multipath clusters is clearly seen.  
Proposal 5: BS antenna array is planar.
Proposal 6: The single element BS antenna pattern is based on table 7.3-1 in 38.901.
Proposal 7: BS antenna array model should be specified in order to simulate suitability of the test systems.
Observation 1: BS antenna beam pattern does not influence channel model propagation parameter tables (CDL tables). 

Proposal 8: UE antenna model is not included in channel model but the UE antenna model should be specified in order to simulate suitability of the test systems. 
2.5 Polarization
Polarization modelling shall be similarly as it is in TR 38.901, i.e. dual–polarized probes will be used. 

Proposal 9: Dual–polarization is taken as the baseline.  
3 CDL Models

This section describes the general procedure for the channel model creation. 

The channel model framework for UE OTA testing is adopted from [3]. The model contains:

1. Propagation parameter tables for selected scenarios, similar but not same as specified in tables 7.7.1-1…5 of [3, 7.7.1]. Also, the ray offset angles of table 7.5-3 of [3] are part of the CDL parameterization.
2. Velocity vector 
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, containing the direction of travel (DoT) and the speed parameters.

3. Base station antenna characteristics, containing the number of antenna element, geometry of the array, and the field pattern for each element s specified by Ftx,s,θ and Ftx,s,ϕ.. Alternatively, the field patterns may be specified per antenna port. 
4. The procedure described in eq. (7.5-22) to (7.5-30) of [3] to compose channel impulse response with modifications to ignore UE antenna information and to make impulse responses suitable for an OTA setup. 
Non-stationary (dynamic) behaviour may be introduced to the propagation parameters to test the adaptivity of DUT to changing conditions. This can be done in the simplest form by introducing one or a few paths with time variant AoA, ZoA and power. An example table is introduced below. For example, the angles AoA and ZoA angles may follow a simple linear function
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where parameter A indicates the rate of angle change, B and C determine the range of angle variation. Further, the blockage effect can be incorporated by introducing function P(t) that has a repeating typical power pattern of blocked path, taken either from [3] or from other literature.

Table 1. Table format for CDL models. 

	Cluster #
	Excess Delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0
	P(t)
	TBD
	((t)
	TBD
	((t)

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	…
	…
	…
	…
	…
	…
	…

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	TBD
	TBD
	TBD
	TBD
	TBD


Proposal 10: mmWave OTA channel model is created as described in section 3. 
4 Conclusion

Proposal 1: Single CDL definition is used for frequencies f > 24 GHz.

Proposal 2: Indoor office and UMi-street canyon scenarios both with LOS and NLOS options are used for mmWave OTA RRM and demodulation testing. Further scenarios are FFS. 

Proposal 3: Generate new CDL models which reproduce the scenario-specific median parameters of the 38.901 channel model. Median channel model parameters are given in table 7.5-6 of TR. 38.901.
Proposal 4: Revise intra-cluster angle spreads and number of clusters of 38.901 channel model.
Proposal 5: BS antenna array is planar.

Proposal 6: The single element BS antenna pattern is based on table 7.3-1 in 38.901.
Proposal 7: BS antenna array model should be specified in order to simulate suitability of the test systems.
Observation 8: BS antenna beam pattern does not influence channel model propagation parameter tables (CDL tables). 

Proposal 8: UE antenna model is not included in channel model but the UE antenna model should be specified in order to simulate suitability of the test systems. 
Proposal 9: Dual–polarization is taken as the baseline. 

Proposal 10: mmWave OTA channel model is created as described in section 3.
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