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Introduction
At the RAN1 Channel Model Ad-Hoc meeting [1], several >6GHz channel model components have been built based on the geometric stochastic channel model (GSCM) framework, e.g., LOS probability [2], pathloss models [3], large scale and small scale parameters for fast fading [4]. Besides, several additional features have been developed to fulfill the channel model requirements, e.g., to support large antenna array [5], spatial consistency [6], blockage [7], etc. Consensus has also been made among companies to perform a channel model calibration in order to align their system level implementations. In this contribution, we discuss the appropriate channel model calibration metrics and a reasonable procedure to finish the calibration.
Channel Model Calibration Metrics
Based on the group discussion in the previous meetings, the >6GHz channel model is developed based on the latest 3GPP 3D channel model [8] with necessary additional features to support additional requirements. In that sense, channel model calibration can be divided into two parts. In the first part, calibration is performed to verify the channel model components developed within the GSCM framework, e.g., the LOS probability, pathloss model, fast fading, etc. Additional calibration metrics and/or procedures can be defined to further verify the new features, e.g., large antenna array, spatial consistency, blockage, etc. However, RAN 1 shall first study the necessity and feasibility of such calibrations. 
Calibration of the GSCM Part
The calibration can follow the similar procedure used for the 3D channel model calibration. A phased approach can be used as well. Phase-1 is used for verifying the cell layout, the LOS probability model and the path loss models and does not consider the fast fading models. Therefore, Coupling loss and geometry can be used as calibration metrics. More specifically, UE attachment is based on the pathloss considering the LOS angle. In order to verify the LOS probability and the pathloss models, both LOS and NLOS can be considered. Phase-2 is used for further verifying the implementation of the fast fading components. Wideband SINR and singular values can be used as calibration metrics. More specifically, UE attachment is based on the RSRP, according to equation (8.1) of [8]. Assuming two UE antennas, then the CDF of largest singular values, smallest singular values and the CDF of the ratio between the largest singular value and the smallest singular value can be used for calibration.
Proposal 1: Phase-1 calibration of >6GHz channel model is based on the phase-1 calibration of the 3D channel model. Coupling loss and geometry are used for phase-1 calibration.
Proposal 2: Phase-2 calibration of >6GHz channel model is based on the phase-2 calibration of the 3D channel model. Wideband SINR and singular values are used for phase-2 calibration.
Detailed simulation assumptions for phase-1 and phase-2 calibration are provided in our accompanying contribution [9]. Corresponding calibration metrics for phase-1 and phase 2 are summarized in Table 1 and Table 2 respectively.
Proposal 3: Capture the metrics defined in Table 1 and Table 2 in TR for phase-1 and phase-2 calibration respectively.
Table 1: Metrics for phase-1 calibration.[image: ]

Table 2: Metrics for phase-2 calibration.[image: ]
Calibration of the Additional Features
Several additional features have been introduced to the channel model to enable appropriate evaluations of new technologies in the near future. 
Spatial consistency models have been discussed in [6] to enable the study of MU-MIMO, V2X, etc. With spatial consistency, UEs located in close proximity have correlated channel. In order to verify the implementation of the spatial consistency, channel correlation factor can be used as a calibration metric. Since the strength of the correlation depends on the correlation distance, distance dependent performance metric can be considered, e.g., correlation vs. distance curve. RAN 1 shall discuss whether spatial consistency is mandated for phase-1 and/or phase-2 calibration, or spatial consistency is considered in a separate calibration.
Blockage models were discussed in [7], which captures the realistic blockage effect in the high frequency bands. The blockage feature is important for evaluating 5G technologies like beam tracking. According to the proposal in [7], the blockage effect will change the number of clusters/rays seen by the receiver. In that sense, checking the cluster/ray distribution can help to verify the blockage effect. Again, RAN 1 shall discuss whether blockage effect is mandated for phase-1 and/or phase-2 calibration, or it is considered in a separate calibration.
New antenna array structures for eNB and UE are introduced in [10]. The new eNB antenna array structure may introduce new radiation pattern. Then antenna array related parameters, e.g., RS virtualization scheme, tilting angles shall be studied. If directive antenna array is introduced to the UE, it may complicate the calibration process, especially for cell association. The UE antenna array orientation may impact the cell association which introduces additional randomness into the system level evaluation. Then RAN 1 shall carefully check the UE density assumption for the calibration purpose.
Observation: Some of the additional features developed for >6GHz channel model are required by specific 5G technologies and can be calibrated during the technology study item.
Proposal 4: RAN 1 shall decide for each additional feature, whether include that feature in phase-1 and phase-2 calibration or establish a separate calibration for it.
Summary
In this contribution, we discussed necessary performance metrics for calibrating the channel model implementations. Based on the discussion, we have the following proposals and observations.
Proposal 1: Phase-1 calibration of >6GHz channel model is based on the phase-1 calibration of the 3D channel model. Coupling loss and geometry are used for phase-1 calibration.
Proposal 2: Phase-2 calibration of >6GHz channel model is based on the phase-2 calibration of the 3D channel model. Wideband SINR and singular values are used for phase-2 calibration.
Proposal 3: Capture the metrics defined in Table 1 and Table 2 in TR for phase-1 and phase-2 calibration respectively.
Observation: Some of the additional features developed for >6GHz channel model are required by specific 5G technologies and can be calibrated during the technology study item.
Proposal 4: RAN 1 shall decide for each additional feature, whether include that feature in phase-1 and phase-2 calibration or establish a separate calibration for it.
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