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Introduction
The deployment scenarios for NR evaluations are described in section 6.1 of TR 38.913 [1]. These scenarios include among others Indoor hotspot, Dense Urban, Rural, and Urban macro, and specifies frequencies of interest between 700 MHz and 70 GHz. The agreed link-level and system-level simulation assumptions for these scenarios are further clarified in Annex A of TR 38.802 [2]. The frequency ranges and channel models are summarized in the table below as extracted from Table A.2.1-1 in [2].
Extract from Table A.2.1-1 in TR 38.802: System level evaluation assumptions for Indoor hotspot, Dense urban, Rural, and Urban macro
	Parameters
	Indoor hotspot
	Dense urban
	Rural
	Urban macro

	Carrier frequency 
	4GHz, 30GHz, and 70GHz 
	Macro layer: 4GHz and 30GHz
Micro layer: 30GHz and 4GHz; 70 GHz (optional)
	4GHz and 700MHz
	4 GHz and 30GHz

	Channel model
	Below 6GHz: ITU InH
Above 6 GHz: 5GCM office 
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used 
	Below 6GHz: 3D UMa (Macro layer) and 3D UMi (Micro layer)
Above 6GHz: 5GCM UMa (Macro layer) and UMi-Street canyon (Micro layer)
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used
	ITU Rural1
	Below 6GHz: 3D UMa
6 GHz: 5GCM UMa
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used

	1 Note; In RAN1-87, a working assumption was made to use 38.900 RMa for the Rural deployment scenario with FFS on possible modification of the O2I and elevation parameters. 



The channel models “3D UMa” and “3D UMi” refer to the 3D SCM model in TR 36.873 [3], “ITU” refers to the IMT-Advanced model in M.2135 [4] (also captured in Annex B of TR 36.814), while “5GCM” refers to the channel model for higher frequencies in TR 38.900 [5].
From the above table it can be noted that evaluations will be performed for one or several frequency bands in the same scenario. Among the objectives of the NR Study Item [7] it is worth mentioning “tight interworking between new RAT and LTE” and “licensed assisted operation in unlicensed bands”, both of which may require channel models supporting simulations of dual connectivity i.e. concurrent parallel links using two or more frequency bands.
The development and evaluation of a new RAT will require a channel model capable of supporting dual connectivity, e.g. between cellular and mmW frequency bands
However, the current agreements as captured in the table above specify different channel models for below and above 6 GHz. These channel models are not fully consistent with each other as captured in TR 38.900: “The new channel model is observed not always consistent with earlier channel models for <6 GHz such as the 3D SCM model (3GPP TR 36.873) or IMT-Advanced (ITU-R M.2135). Comparisons across frequency bands using different models are discouraged.”. The situation could be resolved if TR 38.900 is found to be applicable to below 6 GHz, as then this model could be used for all frequency bands. Unfortunately, there is no consensus in 3GPP as stated in TR 38.900: “Applicability of the channel model to frequency range 0.5-6GHz was discussed but consensus was not reached.”
The current set of channel models agreed for NR evaluation do not fully meet the requirements of the NR SI, due to the lack of consensus on the applicability of 38.900 to below 6 GHz
It is therefore of high importance to revisit 38.900 and see what improvements could be made to resolve the concerns about using this model below 6 GHz. The purpose of this document is to review the concerns for using 38.900 below 6 GHz and propose model improvements that addresses these concerns. The proposed improvements have been implemented in the draft CR R1-1701168 [8] .
RAN1 should review the concerns against using 38.900 below 6 GHz and implement model improvements that address these concerns
Concerns about using TR 38.900 below 6 GHz
Two of the most common concerns about using TR 38.900 below 6 GHz are the following: “38.900 is based on mmW measurements and is not applicable below 6 GHz”, and “companies do not want to re-simulate or discard previous simulation results using 3D-SCM or IMT-Advanced channel models”. Here one should be aware that 38.900 was developed using a large number of measurement data points also below 6 GHz. Furthermore, the 3D-SCM and IMT-Advanced channel models were used as the starting point for the model development in the respective scenarios and many of the channel parameters are common between 38.900 and these two models. Nevertheless, there are some differences such that it is not guaranteed that a simulation at e.g. 2 GHz using 38.900 in its current shape would give the same result as a simulation using 3D-SCM or IMT-Advanced. 
One more technical concern has to do with the functional form of the frequency-dependence of some of the large-scale parameters (LSPs). These LSP are proportional to -log10(1+fGHz), a function for which the derivative is largest when fGHz is small. This means that the frequency-dependence is strongest for frequencies in the low GHz bands, somewhat contrary to experience from measurements. 

Proposals for improving TR 38.900 for below 6 GHz usage
Urban Macro (UMa)
The UMa channel model in 38.900 was designed so that at 6 GHz the values of the LSPs would coincide with the values in 36.873. An easy solution to maintain backwards compatibility is then to simply use the 6 GHz values for all lower frequencies. 
Cap the UMa LSPs at 6 GHz, i.e. use the 6 GHz values for all lower frequencies
TR 38.900 also introduced a more advanced and frequency-dependent building penetration loss model, with some additional differences in the modelling methodology of link-specific vs UT-specific characteristics of the penetration loss. Considering these differences, it seems most straightforward to add the simpler building penetration loss model from 36.873 targeting low band simulations when there is no need to compare performance across frequency. 
Retain the simpler building penetration loss model from 36.873 for single-frequency simulations below 6 GHz when there is no need to compare the performance across frequency bands (also applies to UMi)
The UMa LOS path loss models of 38.900 and 36.873 are very similar but not identical. To ensure backwards compatibility of 38.900 it is therefore proposed to switch to the LOS path loss model from 36873.
Change the LOS path loss model to the formula from 36.873 (note: this has a minor impact of +-2 dB within the distance range of interest)
Some other LSPs that have minor impact on most simulation KPIs can also be changed to their counterpart values in 36.873
Align O2I cross-correlations and cluster spreads with 36.873 (also applies to UMi)
Urban Micro (UMi)
The possibility of making the 38.900 UMi channel model backwards compatible with 37.873 has been studied, however it was found that this would require too large deviations compared to the set of new measurements made during the development of 38.900. Instead, motivated by the quite strong measurement support also below 6 GHz, it is proposed to simply extend the path loss model to lower frequency bands. 
No changes to the UMi path loss model < 6 GHz is needed
The frequency-dependent LSPs in 38.900 UMi have been modelled such that their values at 2 GHz would be similar (though not identical) to 36.873. Considering the concern about the strong frequency dependence at low frequency bands it is proposed to use the 2 GHz values for all lower frequencies.
Cap the UMi LSPs at 2 GHz, i.e. use the 2 GHz values for all lower frequencies
Furthermore, from an implementation perspective it has been found that the frequency-dependent correlation distances of LOS ZSD/ZSA leads to an undesired complexity. Therefore, it is proposed to reuse the constant correlations distances from 36.873 for these parameters.
Use the frequency-independent correlation distances for UMi LOS ZSD/ZSA from 36.873
Rural Macro (RMa)
Considering the working assumption from RAN1-87, the applicability of 38.900 RMa to below 6 GHz has already been established. (Note however the possibility for further model updates based on new measurements of O2I and 3D parameters). 
No changes to the RMa model
Indoor hotspot (InH)
Similar to the UMi scenario, also for InH it was found difficult to motivate changes to make the path loss model backwards compatible with M.2135 given the measurement support also below 6 GHz. Also, while the LOS probability model in 38.900 is different than in M.2135 the new model seems better aligned with the open office deployment assumptions including the TRP density as given by 38.802. 
No changes to the InH path loss model or LOS probability model
With minor impact, the InH LSPs can be adjusted to coincide with M.2135 at 6 GHz. However, the 3D parameters usch as ZSD, ZSA, and cross-correlations are missing in M.2135. However, new measurements have been presented for these parameters that should be taken into account. 
Adjust the InH LSPs so that they coincide with M.2135 or <6 GHz 3D parameters from new measurements at 6 GHz, and use the 6 GHz values for all lower frequencies

Conclusions
In this contribution we made the following observations:
	Observation 1
	The development and evaluation of a new RAT will require a channel model capable of supporting dual connectivity, e.g. between cellular and mmW frequency bands

	Observation 2
	The current set of channel models agreed for NR evaluation do not fully meet the requirements of the NR SI, due to the lack of consensus on the applicability of 38.900 to below 6 GHz



Based on the discussion in this contribution we propose the following: 
	Proposal 1
	RAN1 should review the concerns against using 38.900 below 6 GHz and implement model improvements that address these concerns

	Proposals 2-11 contain specific changes to 38.900 which have all been implemented in the draft CR in R1-1701168
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