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1. [bookmark: _Ref124589705][bookmark: _Ref129681862] Introduction
The radio channel model is a fundamental component in performance evaluation of the system design for the new radio (NR) particularly as it relates to the new channels in the range 6 to 100 GHz. Currently there are several different channel models available, including the SCM(TR 25.996)/ITU-R (M.2135)/3GPP 3D (TR 36.873) models that have been developed and tested for channels operating in the range of 0.5 to an upper limit of about 6 GHz.  The study item report TR38.900 reviews channel propagation for bands ranging from about 6 to 100 GHz and introduces a new model with some new features.  However, how to select the models to be used for performance evaluation is still an open issue, particularly as it relates to NR systems operating below 6 GHz and to those operating above 6 GHz. In this contribution, we discuss the two major candidate channel models and propose a way forward on selection of channel models in NR evaluation.
Based on the limited opportunity to validate the channel model in TR38.900 for frequencies below 6 GHz, it is proposed that for performance evaluation of the NR, TR38.900 is applicable to 6 - 100 GHz only, and TR 36.873/ITU-R M.2135 continues to be applicable to 0.5-6 GHz.

2. Discussion
From the propagation physics point of view, the 6 GHz separation between low frequency and high frequency channel models is an artificial demarcation. The propagation phenomenon is not very different between frequencies slightly below 6 GHz and frequencies slightly above 6 GHz. However, measurements have indicated that many propagation characteristics at 2 GHz and 60 GHz, for example, are very different. The 6 GHz frequency demarcation serves to separate new mm-Wave channel models from the previous low-frequency cellular channel models.    
The channel model study item description (SID) [1] suggests a focus on channels above 6 GHz in its title: “Study on channel model for frequency spectrum above 6 GHz”. Generally, there was little discussion by participants of propagation factors below 6 GHz . This was seen in the requirements discussion [2], meeting agendas and the scarcity of contributions on below 6 GHz channel measurements and modelling.  This neglect of the lower frequency bands was inspite of the SID having a note to “Consider possible implication of the new channel model on the existing 3D channel model for below 6 GHz”.  The study item report (TR 38.900) details the propagation properties of the new mm-Wave bands for frequencies above 6 GHz based largely on measurements made in bands between 28 and 73 GHz.  Although there was some discussion of the frequency range of the model, there was not a consensus that the new model with its new features and its parameters have been verified to be applicable to studies of frequencies below 6 GHz (i.e. at 2 GHz and 800 MHz).  Further measurements and verification of the new model behaviour would be required before it could be considered fully qualified for modelling the NR in bands well below about 6 GHz.  
For reference, a high level comparison of 3GPP 3D channel model (TR 36.873) and 3GPP high frequency (HF) channel model (TR 38.900) is given in the table below.   
Table 1. High level comparison of 3GPP-3D channel model [3] and the new high frequency channel model [4].
	
	3GPP TR 36.873 (below 6 GHz) [3]
	3GPP TR 38.900 (above 6 GHz) [4]

	Scenario 
	3D-UMi, 3D-UMa, 3D-UMa-H 
	UMi – street canyon, UMa,  UMi – open square, InH Indoor – shopping mall, Indoor – office
(RMa – rural macro for below 7 GHz)

	Carrier frequency 
	< 6 GHz 
	> 6 GHz (whether to extend this model to below 6 GHz is exactly the discussion item in this contribution) 

	Antenna model 
	2D planar antenna array 
	Uniform rectangular panel array (MgNg panels) 

	Pathloss model 
	ABG 
	ABG for NLOS (inconsistency expected),    CI for LOS

	O2I penetration loss 
	20 dB 
	Material and frequency dependent 

	Fast fading 
	11 step procedure 
	11 step procedure with new parameters 

	Key features 
	3D 
	High frequency, oxygen absorption, large bandwidth and large antenna array, spatial consistency, blockage, UT rotation 

	Link level model 
	N/A 
	CDL/TDL 



Observation 1: The below 6 GHz model [3] and the above 6 GHz model [4] have several differences in terms of Scenarios, Component Models, and Key features.

The following sub-sections discuss further some details of interest: path loss model, channel model parameter tables, and the additional features. 
1. 
2. 
1. 
2. 
2.1. Path Loss Models
Table 2. Comparison of path loss models between 3GPP-3D model [3] and the new 3GPP-HF model [4].
	Scenario
	3GPP TR 36.873 (below 6 GHz) [3]
	3GPP TR 38.900 (above 6 GHz) [4]

	
	CI/AB(G)
	2D/3D
	UE height dependency
	single slope / dual slope
	CI/AB(G)
	2D/3D
	UE height dependency
	single slope / dual slope

	UMi LOS
	ABG
	3D
	yes
	dual slope
	CI
	3D
	yes
	dual slope

	UMi NLOS
	ABG
	3D
	yes
	dual slope1)
	ABG (CI optional)
	3D
	ABG yes, CI no
	dual slope3)

	UMi O2I
	ABG + wall loss + indoor
	3D
	yes
	N/A
	CI + wall loss + indoor
	3D
	yes
	N/A

	UMa LOS
	ABG
	3D
	yes
	dual slope
	CI
	3D
	yes
	dual slope

	UMa NLOS
	ABG extended
	3D
	yes
	dual slope2)
	ABG (CI optional)
	3D
	ABG yes, CI no
	dual slope4)

	UMa O2I
	ABG + wall loss + indoor
	3D
	yes
	N/A
	CI + wall loss + indoor
	3D
	yes
	N/A

	RMa LOS
	N/A
	N/A
	N/A
	N/A
	ABG
	2D
	no
	dual slope

	RMa NLOS
	N/A
	N/A
	N/A
	N/A
	ABG
	2D
	yes
	dual slope5)

	InH office LOS
	N/A
	N/A
	N/A
	N/A
	CI
	2D
	
	single slope

	InH office NLOS
	N/A
	N/A
	N/A
	N/A
	ABG (CI optional)
	2D
	
	dual slope6)

	InH shopping mall LOS
	N/A
	N/A
	N/A
	N/A
	CI
	2D
	
	single slope


1) PL = max(PL3D-UMi-NLOS, PL3D-UMi-LOS)  leads to dual slope.
2) PL = max(PL3D-UMa-NLOS, PL3D-UMa-LOS) leads to dual slope.

3)  leads to dual slope.

4)  leads to dual slope.

5)  leads to dual slope.

6)  leads to dual slope.

Observation 2: The above 6 GHz path loss models are different from the below 6 GHz path loss models.

Table 3. Summary on pathloss measurement results [5].
	Scenarios
	Contributors
	Frequency (GHz)

	
	
	Below 6GHz
	Above 6GHz

	Indoor Office
	CMCC
	N/A
	14, 28

	
	DOCOMO
	N/A
	20

	
	Ericsson
	2.44, 5.8
	14.8, 60

	
	Huawei
	N/A
	28, 73

	
	NYU
	N/A
	28, 73

	
	Qualcomm
	2.9
	29

	Urban Micro
	DOCOMO
	0.8, 2.2, 4.7
	26.4, 37

	
	Nokia/AAU
	2
	10, 18

	
	Qualcomm
	2.9
	29

	
	Samsung/KT
	N/A
	28

	
	Samsung
	N/A
	28

	
	NYU
	N/A
	28, 73

	
	Huawei
	N/A
	28, 72, 73

	
	Intel/HHI
	N/A
	10, 60

	
	CMCC
	6
	6

	
	ETRI (Samsung)
	N/A
	28, 38



Observation 3:  The TR38.900 path loss models are derived mainly from measurement results for frequencies above 6 GHz.
Due to the different pathloss and penetration loss models in 3D and the new high frequency channel models, it can be seen in Figure 1 that the radio links will experience different coupling loss even at the same carrier frequency (in this example, 6 GHz).
[image: ]
Figure 1. Coupling loss comparison between 3D (TR36.873) and HF (TR38.900) models at 6 GHz for UMi and UMa.

Observation 4: There is a different coupling loss at the same carrier frequency with models from 3D channel model and the new high frequency channel model.
2.2. Additional Features
The model in TR38.800 includes some additional features designed to more accurately model the bands above 6 GHz.  The applicability of these additional features, including spatial consistency and large array support may be important for bands below 6 GHz as well, but these have not (yet) been verified in the current version of the models.
Table 4. Importance analysis of additional features for below and above 6GHz.
	Additional feature
	Below 6 GHz
	Above 6 GHz

	Oxygen absorption
	Not important.
	Important at 60 GHz

	Large antenna array
	Maybe less important as bandwidth below 6 GHz is limited.
	Important

	Spatial consistency
	Important. MU-MIMO and beam tracking are necessary features in lower frequencies as well.
	Important

	Blockage
	Maybe less important for below 6 GHz.
	Important



Observation 5: Additional features of the TR38.900 models are important for bands above 6 GHz, but they have not yet been verified for bands below 6 GHz.  

2.3. Other comments
The consistency of channel modelling for bands below 6 GHz and above 6 GHz is important as some (new) aspects of the NR may be used in both bands. However, the many differences between the current model for bands below 6 GHz and the possible extension of the new model to bands below 6 GHz, have not yet been verified completely.  It is a high risk just to replace the current model with a new one without careful analysis of the possible impact. This analysis has not yet been done in 3GPP. The focus in the channel model study item has been focused on the new bands above 6 GHz. With further study and measurements, the high frequency models outlined in TR38.900 may later be extended and verified for use in bands between 0.5 and 6 GHz (i.e. to span the range 0.5 – 100 GHz).
Additionally, many simulations have already been done for bands below 6 GHz (for example using the models of TR36.873).  Some verification of the alignment of simulations will be required to develop confidence in the new tools. This might potentially cause some delay in the RAN1 channel model and NR studies.

Observation 6: The impact of channel model extension from 6 – 100 GHz to 0.5 – 100 GHz has not been studied thoroughly.
Observation 7: Many simulations have already been done for below 6 GHz. If the model is replaced by a new one, some studies will be required to verify the alignment and calibrate the new tools with the previous model results.

3. Proposal
Based on the above observations, it is proposed that: 
Proposal: For performance evaluation of NR, TR38.900 is applicable to 6 - 100 GHz only, and TR 36.873/ITU-R M.2135 is applicable to 0.5-6 GHz.
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