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In RAN Plenary #102, study for channel modeling verification for 7 – 24 GHz was approved [1]. The Study includes two objectives as described below.
· 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.

· [bookmark: _Hlk160723968]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 RAN1 #116-bis meeting, the following agreements and conclusions were made.
	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. 
· For frequency continuity of the channel models, Measurement information outside 7 to 24 GHz is also encouraged

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.




In this document, we discuss the potential aspects that may require channel modeling validation effort for frequencies from 7 to 24 GHz. We provide analysis of previous channel modeling design and the references used by the channel modeling for obtaining the models for frequencies from 7 to 24 GHz.
Discussion of modeling parameters
The current channel model contains various modeling parameters that help determine how the channel coefficients for a given frequency behave. Agreements from RAN1 #116-bis list all the potential parameters. However, for the study of 7 to 24 GHz, we do not believe all modeling parameters need to be revisited.
For the following listed parameters, {LOS probability, Shadow fading, K factor (mean, variance), LSP cross correlations, Delay scaling parameter, XPR, Cluster ASD, Cluster ASA, Cluster ZSD, Cluster ZSA, Per Cluster shadowing, Correlation distances, Correlation distance for spatial consistency, Blockage region parameters/blocker parameters, spatial correlation for blockages}, the existing channel modeling did not have any frequency dependency. Furthermore, we have not come across any existing measurements or literature that hints they would need to be substantially different compared to other frequencies. Therefore, we suggest to not revisit the following parameters.
Oxygen absorption rate has been something that has been thoroughly investigated, and only start to impact spectrum above 50 GHz. We do not believe there is any need to revisit oxygen absorption rates for 7 – 24 GHz.

Material properties for explicit ground reflection modeling is something that has been studies quite well based on measurements that included frequency between 7 to 24 GHz. As such, we do not think these parameters are required to be revisited.

Proposal 1:
· Suggest to not revisit the following parameters
· LOS probability, Shadow fading, K factor (mean, variance), LSP cross correlations, Delay scaling parameter, XPR, Cluster ASD, Cluster ASA, Cluster ZSD, Cluster ZSA, Per Cluster shadowing, Correlation distances, Correlation distance for spatial consistency, Blockage region parameters/blocker parameters, spatial correlation for blockages
· Oxygen absorption loss
· Material properties for explicit reflection modeling

Antenna modeling parameters, such as antenna radiation power patterns, direction gain values, antenna height, etc., are dependent on physical antenna element shapes and frequency. However, they traditionally have been simplified to standardized form for evaluations and did not change as a function of frequency. Unless new deployment scenario, such as sub-urban macro scenario, is being considered, for all existing deployment scenarios, it is suggested to not revisit the antenna modeling parameters.

Proposal 2:
· Suggest to not revisit the antenna modeling parameters for all existing deployment scenarios.
· FFS antenna modeling parameters for potentially new deployment scenarios.


For all other channel modeling parameters, {Pathloss, 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), Number of clusters, Number of rays per cluster}, further study may be needed to assess whether they would need further updates.

Discussion on other channel modeling aspects
In RAN1 #114-bis, Ericsson has noted an error with how angles are handled as part of the MIMO simulation extensions for CDL model [3]. Based on the Tdoc submissions, the issue was further discussed in RAN1 #115. We have analyzed the issue and presented a discussion Tdoc in [5] and ZTE has provided further corrections in [6]. From the discussions in RAN1 #115, it was evident that all companies thought that the angle handling for MIMO simulation extension for CDL was incorrect but did not wish to change existing TR. Instead, a note was added to Section 7.7.5.1 of TR 38.901 [2] that stated the computed angles may not result in desired values. During the discussion, it was also noted that the issue could be revisited as part of the Rel-19 study for channel model extension. While the updates to the CDL model angles specifically do not far under 7 to 24 GHz frequencies, the LLS model used may be still applicable for these frequencies and therefore, we believe it is worth revisiting this issue during this SI.
The angle scaling (and shifting) procedure of CDL channel is described in Section 7.7.5.1 of [2] where the following formula is provided:
.
There are three issues this scaling formula:
Issue #1: 
If , the current angle scaling formula of [2] may cause issue with azimuth angle discontinuity at 180° and -180°. As illustrated in [3], it can cause unwanted consequences when the azimuth angles are around 180° or -180°. To fix this issue, it was proposed in [3] to use  instead of . This issue was discussed in RAN1#114bis during which it was pointed out by some companies that the following Note in Section 7.7.5.1 of [2] already resolves the issue:

	TR 38.901, Section 7.7.5.1 [2]:
Note: The azimuth angles may need to be wrapped around to be within [0, 360] degrees, while the zenith angles may need to be clipped to be within [0, 180] degrees. 



However, it turns out that the wrap-around range of [0, 360] degrees for azimuth angles as mentioned in this Note is incorrect. The correct wrap-around range for azimuth angles is [-180, 180] degrees. This is evident throughout the entire TR 38.901 [2]. For example, all azimuth angles for different CDL channels in Tables 7.7.1-1 to 7.7.1-5 in [2] are within [-180, 180] degrees. Therefore, this Note should be fixed to capture the correct wrap-around range for azimuth angles. Nevertheless, the identified issue#1 is still unresolved even after fixing the Note, because of the following reasons:
Firstly, The Note only clarified the value range for individual azimuth angles and does impose any restriction on outcome of an intermediate arithmetic operation on azimuth angles. In particular, the term  in the current formula in TR 38.901 does not represent any specific azimuth angle to be addressed by the Note.
Secondly, if the Note is interpreted more generally by considering  as an “angle”, then the second part of the Note also needs to be applied to zenith angles. This means that  should be clipped to be within [0, 180] degrees for zenith angles. However, this clipping will result in incorrect values for zenith angles. For example, consider the case of  and  and . In this case, we should have . However, for example of , we have , and thus,  which is incorrect because the correct value of  is .

Issue #2:
If , the mean angle is also impacted by the AS scaling factor , and as a result, the current angle scaling formula of [2] does not result in desired mean angle . To resolve this issue, a two-step formula was proposed in [3]:

.

Although the issues identified in [3] are valid, the proposed CR [4] has the following issues: Firstly, the  function is only applicable to azimuth angles, whereas the proposed CR is proposed to all angles including zenith angles. Secondly, the current angle scaling formula of [2] has another issue which was not addressed in [3]:
Issue # 3:
If , the current angle scaling formula of [2] does not result in the desired . Specifically, linear scaling of the angles by  does not necessarily result in  using the AS definition in Annex A of [2], i.e. . Mathematically speaking, 
     with .
To fix this issue, we define a function  where  is the angle scaling factor. For a given , we need to find  such that . 
It can be shown that  for almost all values of , except for the obvious value of  and possibly a few other values of  corresponding to intersections of  and .
We believe the three outlined CDL angle handling issues could be revisited as part of the channel modelling extension objective and suggest considering correcting the issue for Rel-19.
Proposal 3: 
· RAN1 to consider correcting the angle handling for MIMO simulation extension for CDL as part of the 7 – 24 GHz channel model validation SI.

Conclusions
In this contribution, we discussed the potential aspects that may require channel modeling validation effort for frequencies from 7 to 24 GHz. The following is a summary of proposals and observations made in this contribution.
Proposal 1:
· Suggest to not revisit the following parameters
· LOS probability, Shadow fading, K factor (mean, variance), LSP cross correlations, Delay scaling parameter, XPR, Cluster ASD, Cluster ASA, Cluster ZSD, Cluster ZSA, Per Cluster shadowing, Correlation distances, Correlation distance for spatial consistency, Blockage region parameters/blocker parameters, spatial correlation for blockages
· Oxygen absorption loss
· Material properties for explicit reflection modeling
Proposal 2:
· Suggest to not revisit the antenna modeling parameters for all existing deployment scenarios.
· FFS antenna modeling parameters for potentially new deployment scenarios.
Proposal 3: 
· RAN1 to consider correcting the angle handling for MIMO simulation extension for CDL as part of the 7 – 24 GHz channel model validation SI.
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