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1
Introduction

Following discussion of the proposed WF [1] the following was concluded in the RAN4 AH-1807 meeting minutes:
· Channel Model Option 1:

· Supported by Intel, Huawei, HiSilicon, Oppo, AT&T, Ericsson

· Channel Model Option 2:

· Supported by Qualcomm, Verizon 

Working assumption: Channel Model Option 1 will be used for FR2.

· Companies will provide the simulation results based on working assumption

· Companies are requested to provide more input to confirm the working assumption in August meeting. And final comfirmation of working assumption will be based on majority companies’ view.

This paper further discusses the trade-offs between Option 1 and Option 2 with a proposal to adopt Option 2.

2 Background 

The selection of TDL channel models for Rel-15 NR demod requirements was based on the initial target of specifying the UE receiver’s RF and demodulation performance using a “single probe” OTA connection which discounts the spatial properties of the UE antenna. This is also known as the wireless cable principle. The open issues relate to how the TDL should be specified, with option 1 using a simplified approach based on the omnidirectional Jakes spectrum model defined in [2] while option 2 takes the CDL models in [2] for transmission through a single probe assuming an omnidirectional Rx antenna.
One of the significant learnings from the LTE era was that the channel model chosen for spatial MIMO OTA, being SCME UMi, had no relationship to the ITU-R models used for the conducted demodulation requirements. This was an inevitable situation since the work to define MIMO OTA did not start until after LTE Rel-8 was finished, and LTE re-used assumptions from the earlier UMTS era. The consequence of choosing SCME after the fact means that there is no traceability between the conducted requirements using ITU-R models and the spatial requirements used for MIMO OTA. This means there is no way to evaluate the extent to which the antenna is contributing to the overall performance.
NR is only just at the start of what will likely be at least a ten-year life and so it is critical that early decisions on how requirements are defined will remain usefulthrough the life of NR. LTE in Rel-8 was unable to look forwards to the spatial requirements of MIMO OTA but NR need not follow that path. The NR demod requirements in Rel-15 have been deliberately scaled back to RF/baseband for reasons of limiting scope, but it is fully understood that spatial requirements will quickly follow in Rel-16, confirmed with the new SI on radiated test metrics in [4]. It is therefore possible for NR to define a set of traceable channel models that scale from the spatial channels needed for MIMO OTA down to the simpler models sufficient for single probe “wireless cable” requirements. The issue of traceability is the primary difference between option 1 and option 2.

For option 1, [3] elaborated ways in which the TDLs based on Jakes spectrum defined in [2] could be simplified for FR1 and FR2. The proposed simplifications aim to maintain a statistical link to what might be achieved by using option 2, but to date there has not been any detailed study on how a UE might perceive the resulting channels. It is of significance that [2] defines the applicability of TDL models as follows:
	7.7.2
Tapped Delay Line (TDL) models

The TDL models for simplified evaluations, e.g., for non-MIMO evaluations, are defined for the full frequency range from 0.5 GHz to 100 GHz with a maximum bandwidth of 2 GHz. 


The Jakes assumption is known to be valid in rich scattered environments where the receiver has an omnidirectional antenna and the received signal is equally distributed in azimuth and with the same delay from Tx to Rx for each path. This assumption holds for narrowband, low frequency systems but does not correctly describe the environment seen by the UE in channel bandwidths ≥ 100 MHz at the higher bands in FR1 and beyond into FR2. Before using the Jakes assumption for NR, clarification from RAN1 should be sought and an LS in [5] is proposed.
In [1] a set of parameters for option 2 was proposed which cover a variety of real use cases. These are directly applicable to the need for spatial channel models for the work in Rel-16, however, by taking these same models and applying an omnidirectional UE Rx antenna assumption, TDLs can be generated which are directly traceable to the spatial channel models that will be used in Rel-16, without any need to study the impact of the simplification assumptions that are needed to validate the impact of option 1. The process of defining spatial channels is already familiar from LTE using SCME UMi, and the principles do not change in the move to the NR channel models in [2].
3
Comparison of CDL and TDL parameterizations 
Both option 1 and option 2 are based on the parameter tables in Section 7.7 of [2]. The parameter tables of TDL models are derived from the corresponding CDL tables by removing the angular and XPR parameters. The fading distribution type of each tap is specified for the TDL models. The mentioned CDL/TDL model parameter tables were determined with the random parameter generation method of the system level model defined in the steps of Section 7.5 in [2].
In both alternatives the original delays are normalized to provide unity [ns] delay spread, thus the delays are meant to be scaled to a target value. In both CDL and TDL cases the target value must be specified. Moreover, in both alternatives the antenna (power) patterns can be specified to modify tap/cluster powers. In the TDL case this affects only the power delay profile (PDP), while in the CDL case also the Doppler power spectrum (DPS) and the power angular spectrum (PAS) and consequently the MIMO correlations are jointly affected. UE velocity is also a common parameter to be specified for both model alternatives. It determines similarly the maximum Doppler frequency in both cases.
Technical report [2] specifies methods to further scale angular parameters of CDL models, similarly as it is done for the delay values. This is not applicable for the TDL models as the spatial/angular/antenna information is excluded from the model. In CDL/TDL model tables (A…E) of [2] the scenario or the propagation environment information was intentionally left out.

In [2] a scenario, like e.g. UMi NLOS or Indoor LOS, is coupled to each of the five CDL models A…E. Furthermore, in [2] it is proposed target delay and angle spread values for the five CDL model scenarios. As explained in [2] the target values are expectations of the corresponding scenarios in the system level model of [2]. The system level model parameterization is based on numerous cumulative radio channel measurements at various frequency bands. Thus, the resulting CDL model parameters are strictly based on the vast channel modelling effort collected to the system level model of [2]. The selected scenarios are Urban micro-cellular (UMi) LOS, NLOS and outdoor-to-indoor, as well as Indoor LOS and NLOS. These five scenarios are expected to cover majority of predicted use cases.
Finally [2] specifies the fixed coupling of ray angles and the method to determine non-random initial phases of rays for the CDL model. These two operations have only minor impact on the resulting fast fading coefficients. However, they are defined to remove ambiguity of different model realizations.
Summarizing how channel modelling parameters relate between channel model option 1 and 2, it can be concluded that:
· Common definitions:
· Delay scaling

· Mobile speed

· Ricean K-factor

· Similar definitions:

· Tap/cluster power scaling by the antenna (power) pattern

· Specific to CDL:

· Default antenna specification

· Angular scaling & XPR definition

· Unambiguousness by fixing the coupling of rays & fixing the initial phases

3.1 Proposed scenarios

As mentioned above, the following propagation scenarios of [2] were mapped to CDL models A…E in [2]: Urban micro-cellular (UMi) LOS, NLOS and outdoor-to-indoor (O2I), as well as Indoor LOS and NLOS.
In [2], UMi covers urban environments, like city centres etc., with high rise buildings and potentially high traffic. In UMi the base station, e.g., gNB is deployed well below the average building height. The user (UE) is either walking or driving along the streets with visible line-of-sight in UMi LOS, or behind a corner or several corners in UMi NLOS. The user can be also located inside a building, which is covered by the UMi outdoor-to-indoor scenario.

In indoor scenarios of [2] both the base station and the UE are located inside a building. Typically, also in the measurements that provided parameters to the models of [2], the base station is placed on a wall. The user may be either walking within the building in the same space with the base station in LOS or in another space in NLOS scenario. The user can be considered also static, and the Doppler may be caused by the moving environment.
The mentioned environments, deployments and use cases are approximately considered by the parameterization of the proposed CDL scenarios proposed in [1], e.g.:
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Explicit assumptions of considered environments are not necessarily done with TDL models discussed in RAN4. However, when assuming certain delay spreads for delay scaling, which must be done also with TDL models, some assumptions on the environment are done.
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In the model implementation point of view, the target delay and angular spreads are just numbers. It does not make any difference to the implementation, whether the mentioned parameters are based on 1) expectations of probability distributions that are based on numerous channel measurements or 2) arbitrary committee decisions in a RAN4 meeting. However, it may have some impact on the realism and coverage of the model and the corresponding testing with the model.
In TDL model, many assumptions are not explicitly stated. For example:

· The so-called Jakes Doppler spectrum results from 1) uniform two-dimensional scattering of power in the propagation channel and 2) omni-directional antennas in the moving link-end. If either of these conditions does not hold, some other Doppler spectrum follows.
· How TDL model could capture Tx and RX antenna pattern to spatially filter the signal if TDL model is not derived from CDL
4
Conclusions

This document compares channel emulation Options 1 and 2 concluding that:

· Channel emulation option 1 is only appropriate for non-MIMO evaluations
· Channel emulation option 2:

· will provide a set of traceable channel models that scale from the spatial channels needed for MIMO OTA in Rel-16 down to the simpler single probe “wireless cable” requirements in Rel-15. 

· parameters proposed in [1] provide a reasonable coverage for all use cases scenarios to be considered under Rel-15 NR without need for approximating the statistics as in [3] using the TDL approach.

· represents a much more realistic model compared to channel model option 1

Hence, the following proposal is made:

Proposal 1: Use channel model option 2 for FR1 and FR2

If Proposal 1 is not agreed at this time:

Proposal 2: Send the LS in [5] to RAN WG1 asking for clarification on the advice in TR 38.901 that TDL models using Jakes spectrum are not appropriate for MIMO scenarios 

Proposal 3: Study the difference from a UE perspective between the modified TDLs proposed in [3] with the channels generated using the CDL approach as received through a single probe. 
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