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Introduction
The SI on channel modeling for > 6 GHz has made very good progress in defining channel models for NR evaluations at higher frequency bands. However, there are some unsolved issues. This contribution discusses these and proposes a way forward regarding the completion of the SI. 
Status of the channel model SI
The channel model SI has developed channel models for the following four scenarios, as captured in the TR 38.900 [1]:
· Urban macro
· Urban micro
· Indoor Hotspot (open and mixed office)
· Rural macro (up to 7 GHz supported)
These models have been based on the 3D SCM model in TR 36.873 [3] and also on the IMT-Advanced model in ITU-R M.2135 [2]. Extensions to higher frequency bands have been developed along with enhancements to support mobility simulations, more realistic behavior for MU-MIMO simulations, 3D modeling for Rural and Indoor, support for large bandwidths and large arrays, new and more capable link level channel models, multi-band simulations, etc. The extensions have been based on measurements in the range 0.6-86 GHz with the majority in the > 6 GHz range. 
Observation 1: The new model contains enhancements that would be valuable also for < 6 GHz simulations, such as 3D support in the Indoor and Rural scenarios, mobility extensions, more realistic modeling for MU-MIMO simulations, better link level models, and multi-band simulation support
As a consequence of new modeling components such as the frequency-dependence of the path loss, the behavior of the model in certain scenarios with respect to e.g. path loss and delay spread has changed compared to 3D SCM or IMT-Adv. One example is highlighted in [4] where the UMi path loss in the new model is about 7 dB more optimistic than in 3D SCM [3]. Discrepancies like this may have profound consequences when trying to compare performance evaluated by different models. It should be noted that the consistency with the legacy models differ between different scenarios, e.g. for the Rural Macro it is very good since the path loss model and 2D parameters were reused from IMT-Advanced.
Observation 2: The new channel model in TR 38.900 is not fully compatible with legacy models such as 3D SCM or IMT-Adv. Simulations performed with different models may not be comparable.
Considering the changes in behavior compared to the legacy models and also that the main focus has been on the development of model components for > 6 GHz, some companies feel very reluctant to use the model for simulations below 6 GHz. Other companies are more concerned about the ability to compare simulations at different frequency bands or that NR evaluations can be done with the most capable models. The current situation in RAN1 is that there is no consensus on whether the new channel model is applicable to < 6 GHz or not, as captured in the TR 38.900 section 7: “Two alternatives were discussed on the applicability frequency range either 0.5-100 GHz or 6-100 GHz but consensus was not reached.” 
Observation 3: In RAN1 there is no consensus on whether the new channel model can be used below 6 GHz
Gap analysis with respect to the deployment scenarios for NR evaluation 
Deployment scenarios including representative frequency bands for NR evaluation are defined in [5], and summarized in the following table along with a brief assessment of how each scenario is supported by the new or legacy channel models.
	
	Frequency bands
	Supported by TR 38.900
	Support by other model

	Indoor Hotspot
	Around 30 GHz or Around 70 GHz or Around 4 GHz
	4 GHz: no consensus 
30,70 GHz: Yes
	4 GHz: IMT-Adv (only 2D)
30, 70 GHz: No

	Dense Urban
	Around 4GHz + Around 30GHz (two layers)
	Partial: 30 GHz ok but combination of 4 GHz and 30 GHz is disputed
	Partial: 4 GHz supported by 3D SCM (TR 36.873) but combination of 4 GHz and 30 GHz is not

	Rural
	Around 700MHz or  Around 4GHz (for ISD 1)
Around 700 MHz and Around 2 GHz combined (for ISD 2)
	No consensus
	IMT-Adv (only 2D)

	Urban Macro
	Around 2 GHz or Around 4 GHz or Around 30 GHz
	30 GHz: Yes
2, 4 GHz: No consensus
	2, 4 GHz: 3D SCM (TR 36.873)
30 GHz: No

	High Speed
	Macro NOTE2 only: Around 4GHz (Tbc)
Macro NOTE2+ relay nodes: 
1) For BS to relay: Around 4 GHz
For relay to UE: Around 30 GHz or Around 70 GH or Around 4 GHz
2) For BS to relay: Around 30 GHz
For relay to UE: Around 30 GHz or Around 70 GHz or Around 4 GHz
	Scenario not addressed
	TBD

	Extreme Rural
	Below 3 GHz
With a priority on bands below 1GHz
Around 700 MHz
	Scenario not addressed
	TBD

	Urban coverage for massive connection
	700MHz, 2100 MHz as an option
	No consensus
	Supported by 3D SCM (TR 36.873)

	Highway scenario
	Macro only: Below 6 GHz (around 6 GHz)
Macro + RSUs NOTE2: 
1) For BS to RSU: Below 6 GHz (around 6 GHz) NOTE3
2) RSU to vehicles or among vehicles: below 6 GHz
	Scenario not addressed
	TBD

	Urban grid for connected car
	Macro only: Below 6 GHz (around 6 GHz)
Macro + RSUs NOTE2: 
1) For BS to RSU: Below 6 GHz (around 6 GHz) NOTE3
2) RSU to vehicles or among vehicles/pedestrians: below 6 GHz
	Scenario not addressed
	TBD



As can be seen in the table, no single model currently fully supports any of the evaluation scenarios with the exception of the Urban coverage for massive connection scenario where the 3D SCM model may be appropriate. The use of separate models for different frequency bands within the same scenario may be very troublesome considering Observation 2 above. This would also prevent NR evaluation at lower bands from benefiting from the model improvements according to Observation 1. 
Observation 4: The new channel model addresses some but not all of the NR evaluation scenarios. For the addressed scenarios, the evaluation needs can be met by extending the new model to support < 6 GHz or by extending the legacy channel model for <6GHz to support higher frequencies 
A possible improvement of the current situation would be to extend the validity of the new model in specific scenarios where the changes compared to the legacy models are minor. E.g. the Rural Macro model could be agreed to be applicable down to 0.5 GHz. 
For other scenarios, making the model consistent with the legacy models and thus applicable for < 6 GHz may require more technical work. 
Observation 5: Extending the validity range of the model to < 6 GHz may be uncontroversial in some scenarios, while for other scenarios this would require further technical work
IMT-2020 evaluations

ITU-R WP5D will be developing requirements and evaluation methodologies for IMT-2020 technologies to be ready by June 2017. This work will include specifying channel models to be used for the evaluations of candidate technologies including 3GPP technologies such as NR. Thus it is foreseen that 3GPP will need to implement these models, similar to what was done historically for the IMT-Advanced submissions. From the perspective of 3GPP, it would be preferable if the IMT-2020 evaluation assumptions and channel models are as similar as possible to those used in the 3GPP-internal NR evaluations to avoid duplication of the work and minimize the risk of diverging conclusions. It is therefore important to inform ITU-R WP5D of the modeling work done to date in the channel model SI and propose that this work is considered when developing the evaluation assumptions. It is proposed that an LS is sent from 3GPP RAN to ITU WP5D along these lines. 

The work in ITU-R WP5D on evaluation assumptions for IMT-2020 will be ongoing until June 2017 and will be considering input from many sources. Further measurements are expected to be performed and submitted by interested parties. This may pose a risk of divergence from what is used in 3GPP, but also provides an opportunity for improving the channel model and addressing some of the limitations such as the issues with consistency < 6 GHz. 

Observation 6: 3GPP will need to adopt the evaluation methodology including channel models developed by ITU-R WP5D. It will be highly desirable if the ITU-R recommended models are similar to the new channel model developed in the channel model SI, but with selected improvements based on additional measurements and with support for < 6 GHz use
Discussion
This contribution argues for the need to extend the new channel model to < 6 GHz. For the Rural Macro model it is our opinion that this can be considered already based on the existing work within the SI. For the other scenarios, the required technical work may be carried out either in a continuation of the present SI, or in a different forum such as ITU-R as discussed in the previous section. We have a preference for closing the SI conditioned on clarifying the capabilities and limitations of the model in order to avoid misuse and erroneous conclusions. Model improvements would then be expected to occur in WP5D rather than in 3GPP, based on e.g. new measurement results and modeling work. 

The possible future timeline for channel model work could then look like this:
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In this hypothetical timeline, the new channel model in TR 38.900 becomes an interim model to be used for the first year of NR standardization, while 3GPP later adopts the (hopefully improved) model from WP5D when this becomes available.

Observation 7: Proceeding with NR work based on the new channel model for above 6 GHz (0.5-7 GHz for the Rural macro model) in its current form while later adopting an improved channel model developed by ITU-R WP5D is a good compromise solution
Summary
The following observations are made in this contribution:
Observation 1: The new model contains enhancements that would be valuable also for < 6 GHz simulations, such as 3D support in the Indoor and Rural scenarios, mobility extensions, more realistic modeling for MU-MIMO simulations, better link level models, and multi-band simulation support
Observation 2: The new channel model in TR 38.900 is not fully compatible with legacy models such as 3D SCM or IMT-Adv. Simulations performed with different models may not be comparable.
Observation 3: In RAN1 there is no consensus on whether the new channel model can be used below 6 GHz
Observation 4: The new channel model addresses some but not all of the NR evaluation scenarios. For the addressed scenarios, the evaluation needs can be met by extending the new model to support < 6 GHz or by extending the legacy channel model for <6GHz to support higher frequencies
Observation 5: Extending the validity range of the model to < 6 GHz may be uncontroversial in some scenarios, while for other scenarios this would require further technical work
Observation 6: 3GPP will need to adopt the evaluation methodology including channel models developed by ITU-R WP5D. It will be highly desirable if the ITU-R recommended models are similar to the new channel model developed in the channel model SI, but with selected improvements based on additional measurements and with support for < 6 GHz use

Observation 7: Proceeding with NR work based on the new channel model for above 6 GHz (0.5-7 GHz for the Rural macro model) in its current form while later adopting an improved channel model developed by ITU-R WP5D is a good compromise solution


Based on these observations, the following way forward is proposed:
Proposal 1: The channel model SI is closed and the TR 38.900 is approved with the following additions:
· The Rural Macro model is specified to be valid for 0.5-7 GHz simulations
· The following text is added: “The new channel model is not 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 or dual-band evaluations (e.g. co-sited low band and high-band) using different models are discouraged.”
Proposal 2: Send a LS to ITU-R WP5D informing of the model work in TR 38.900 and also outlining the limitations of the model when it comes to supporting < 6 GHz
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