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1 Introduction
The Rel-19 study items on “Study on channel modelling enhancements for 7 – 24 GHz for NR” is endorsed in RAN#102 [1]. The objectives for this SI are shown below:
	The objectives of this study are:
· Validate using measurements the channel model of TR38.901 at least for 7-24 GHz
· Note: Only stochastic channel model is considered for the validation.
· Note: The validation may consider all existing scenarios: UMi-street canyon, UMa, Indoor-Office, RMa and Indoor-Factory.

· Adapt/extend as necessary the channel model of TR38.901 at least for 7-24 GHz, including at least the following aspects for applicable scenarios: 
· Near-field propagation (with consideration being given to consistency between near-field and far-field)
· Spatial non-stationarity

Note 1: Continuity of the channel model in the frequency domain below 7 GHz and above 24 GHz shall be ensured.

Note 2: Mathematical and/or theoretical aspects (if any) may be studied before results of measurement campaigns are available. While measurement results may be available and submitted at any time, the study of measurement results may start later (e.g., Q3 2024).




In this contribution, we discuss channel mode validation of TR 38.901 [2] related aspects for Rel-19 channel model SI.
2 Initial measurement results and observations 
3.1 Measurement set-up and scenario
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Figure 1. Measurement set-up and scenario: (a) Tx positioned atop a building; (b) Measurement scenario
An outdoor measurement campaign was conducted in the 6 - 14 GHz frequency band. Figure 1 shows the measurement setup and scenario. The measurement was performed with a frequency-domain channel sounder, which was built based on a Vector Network Analyzer (VNA). As mentioned earlier, the VNA covers the frequency band of interest, 6 - 14 GHz. As shown in Figure 1(a), a horn antenna operating at 6 - 18 GHz was used as the Tx antenna, and the same antenna was used for Rx. As shown in Figure 1(b), the Tx is located above 20 meters on the rooftop of the building (red dot in the figure), and the Rx is 1.7 meters height and positioned at 5 different points along the road located in front of the Tx (blue dots in the figure). Considering this setup and surrounding building environments, measurements were carried out in an urban environment.
 Measurements were taken by mechanically scanning the Tx and Rx at regular angles to collect multipath components (MPCs) from all directions. Specifically, the azimuth of the Tx scanned a 120° area and ranged from -60° to 60° with a 10° azimuthal resolution. The Rx performed a complete scan ranging from 0° to 360° with a 10° azimuthal resolution. In addition, for more accurate measurements, the Rx additionally performed an elevation scan ranging from -20° to 20° with a 10° resolution. 

3.2 Initial measurement results
The collected channel frequency response is converted into the response in delay domain through inverse FFT, which can be represented as a direction power delay profile (PDP). In addition, to minimize the noise effect in the measurement results, we set the threshold to avoid the values below the noise floor among the collected delay bins. For the collected directional PDP, we labelled a legend called Max-dir for the beam-pair (combination of azimuth and elevation) having the strongest power. Afterwards, for each delay bin in the azimuth direction, it was summed over different elevation angles, and the PDP was constructed for the azimuth angle component that made the strongest contribution among them. We labelled a legend called omnidirectional to this. In this contribution, in order to extract the observation, we concentrate to the measurement results at ‘Rx 1’ location in Figure 1.
Figure 2 shows the PDP according to the frequency band at the Rx 1 location. Among the results, when observed omnidirectional results, the first MPC component shows a more dominant compared to other MPC components. This shows that under LOS conditions at Rx 1 location, LOS MPC significantly exceeds the value of extra MPC components. In addition, it was confirmed that the power of these MPCs gradually decreased with increasing frequency. To be more specific, the measured pathloss was -104 dB for 6 – 7 GHz band and -112 dB for 13 - 14 GHz band. In other words, the pathloss reduction from 6 GHz to 14 GHz was about 8 dB, and when compared to the frequency-dependent value (20log10(fc)) of the UMa pathloss defined in 3GPP, a similar trend was observed.
The initial measurement campaign shows the general pathloss trends over frequency band when compared to frequency dependent value (20log10(fc)) of the UMa pathloss defined in 3GPP

The number of clusters
We observed the tendency of the number of cluster over each frequency band. We confirmed it with the basis that the power of first arriving MPCs in a cluster is a local maximum in the PDP, and the power of first arriving MPCs in each cluster decreases with the delay domain. Comparing the PDP of the 6 - 7 GHz band and the PDP of the 13 - 14 GHz band in Figure 2, it can be confirmed that the number of clusters significantly decreases as the frequency increases. We suppose that it is because the reflection and diffraction effects could be weaker as frequency band increase. Considering the actual propagation characteristics, it may be worthwhile to discuss the distribution and number of clusters. Because the radio-wave reach of higher frequency bands (in here, 14 GHz) can be relatively shorter than that of lower frequency bands, it may not have a distinct impact on some of clusters which are generated. That is, in the current channel model (TR 38.901), there may be more NLOS environments generated than in the actual wireless environment. Although the generation of fast fading in TR 38.901 considers that clusters with a fixed value are generated and then clusters which have power lower than -25 dB are removed, it is necessary to check whether such modelling accurately emulates the realistic MIMO environment.
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Figure 2. Power delay profile at Rx 1 location: (a) 6 - 7 GHz, (b) 10 - 11 GHz and (c) 13 - 14 GHz

Comparing the PDP of the 6 – 7 GHz band and the PDP of the 13 – 14 GHz band, the number of cluster is decreased as frequency band is increased
RAN1 to study the impacts on number of cluster over frequency band

Angular spread
Furthermore, we have confirmed the angular characteristics of each frequency band. As mentioned before, the azimuth of the Tx scanned a 120° area and ranged from -60° to 60° with a 10° azimuthal resolution. The Rx performed a complete scan ranging from 0° to 360° with a 10° azimuthal resolution. The power spectrum was measured according to the angle at Tx and Rx in different directions, and this is illustrated in Figure 3. To understand the angular characteristics of each frequency band, the analysis was conducted with basis that the power spectrum above -120 dB is valid. From the Tx perspective ( in Figure 4), it can be seen that the angular range with APS higher than -120dB gets narrower as the frequency band increases. Likewise, it can be confirmed that the Rx perspective ( in Figure 4) also exhibits the same trends. Based on these observations, it can be confirmed that the azimuth angular characteristic in the outdoor urban scenario may be varied depending on the frequency band. When we interpret with the 3GPP terminologies, the  could be azimuth angular information of departure and  could be azimuth angular information of arrival. Meanwhile, the channel model parameter in Table 7.5-6 part-1 of TR 38.901, some angular spread for urban macro scenario has fixed mean/standard deviation values (i.e., AOA spread, ZOA spread for LOS condition). Therefore, RAN1 need to discuss whether the angular spread can be updated or not.
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Figure 3. Angular power spectrum at Rx 1 location in Figure 1: (a) 6 - 7 GHz, (b) 10 - 11 GHz and (c) 13 - 14 GHz

Comparing the angular power spectrum of the 6 – 7 GHz band and of the 13 – 14 GHz band, it was observed that angular region of dominant power decreases as the frequency increases.
RAN1 to study the impacts on the angular spread

[bookmark: _GoBack]On the other hand, this measurement campaign observed the characteristics of some parameters over the frequency band at one location (Rx 1 in Figure 1) only. For statistical results and accurate analysis, we are continuing with the measurements by moving the Rx locations (e.g., Rx 2 – Rx 5 and different routes) as shown in Figure 1 On the other hand, the weak point of the measurement campaign is its rather low EIPR characteristics. Therefore, additional measurement using a channel sounder with antenna array are planned to supplement the data from measurement campaigns using a horn antenna and secure deeper insights. After completing these measurements, it is expected the discussion on the statistical properties of the parameters according to the LOS/NLOS conditions and on the continuity of the frequency bands will be possible. 
3 Conclusion
1. The initial measurement campaign shows the general pathloss trends over frequency band when compared to frequency dependent value (20log10(fc)) of the UMa pathloss defined in 3GPP
Comparing the PDP of the 6 – 7 GHz band and the PDP of the 13 – 14 GHz band, the number of cluster is decreased as frequency band is increased
Comparing the angular power spectrum of the 6 – 7 GHz band and of the 13 – 14 GHz band, it was observed that angular region of dominant power decreases as the frequency increases.
1. RAN1 to study the impacts on number of cluster over frequency band
1. RAN1 to study the impacts on the angular spread
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Agreement on previous meetings
	RAN1#116bis

	Conclusion
· To provide measurement data, and/or simulation results, and/or available publications with measurement information for frequencies 7 to 24 GHz to validate/update the channel model.
Agreement
The following provides list of modelling parameters for 7 – 24 GHz frequencies that could be further studied for validation. The parameters listed are starting point for further discussions and does not imply the parameters require validation nor imply parameters require updates for 7 – 24 GHz frequencies.
· Antenna modelling parameters (e.g. radiation power patterns, directional gain values, etc.)
· Pathloss
· LOS probability
· O-to-I penetration loss
· Delay spread (mean, variance)
· AoD spread (mean, variance)
· AoA spread (mean, variance)
· ZoA spread (mean, variance)
· ZoD spread (mean, variance)
· ZoD offset
· Angle distribution characteristics (e.g. exponential, Gaussian, Laplacian distributions)
· Shadow fading
· K factor (mean, variance)
· LSP cross correlations
· Delay scaling parameter
· XPR
· Number of clusters
· Number of rays per cluster
· Cluster delay spread
· Cluster ASD
· Cluster ASA
· Cluster ZSD
· Cluster ZSA
· Per Cluster shadowing
· Correlation distances
· LSP correlation type (e.g. site-specific or all correlated)
· Oxygen absorption
· Correlation distance for spatial consistency
· Blockage region parameters/blocker parameters
· Spatial correlation for blockages
· Material properties for ground reflector model
· Spatial consistency model A/B

Conclusion
RAN1 to continue discussion on the need for new modelling parameters/scenarios and modelling procedure. The following modelling parameters/aspects for 7 – 24 GHz frequencies that are currently not available in TR38.901 have been identified by companies in RAN1#116bis. At least the following is for further study, but does not imply parameters/scenarios and modelling procedure are required for 7 – 24 GHz frequencies.
· Intra-cluster K factor
· Random power variability in each polarization
· Addition of SMa deployment scenario

Conclusion
· RAN1 to compile measurement/simulation descriptions from companies into a Tdoc to be added as reference to TR38.901.
· Rapporteur to update the Tdoc in each meeting based on inputs from companies.
· Rapporteurs to provide a template for the measurement/simulation descriptions capture to RAN1 #117 for initial review and endorsement.
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