3GPP TSG-RAN WG4 Meeting #AH1807

R4-1809215
Montreal, Canada, 2– 6 July 2018
Agenda item:
5.4.1.6
Source:
Keysight Technologies, Spirent Communications
Title:
Down-selection of multipath channel emulation methodologies in FR2
Document for:
Approval
1
Introduction

According to [1] and section 8.2.1 in [2], two different methodologies have been concluded as feasible for multipath channel emulation section as part of NR testability study item:

· TDL modelling methodology Option 1: Based on TDL channel models defined in 38.901 with Jakes Doppler spectrum

· TDL modelling methodology Option 2: Based on TDL channel models derived from CDL models defined in 38.901 with non-Jakes Doppler spectrum

As described in section 8.2.1 in [2]:

In case multiple TDL Channel Model definition methodologies are identified as feasible, the further down-selection between the methodologies and the selection of specific parameters (e.g. PDP) are to be done in the scope of Rel. 15 NR UE performance requirements work.
This paper provides rationale on why TDL models based on CDL (option 2 in section 8.2.1 in [2]) should be selected in FR2 for channel emulation purposes.

2
What is a TDL model
TDL (tapped delay line) models are specified in Section 7.7.2-4 and 7.7.5.2 of [3]. A high-level summary on what is specified in [3] is as follows:
1. Model parameters are given in five tables A…E. The parameters are not usable as such, but require scaling, at minimum scaling of delay values.

2. The Doppler spectrum is characterized by a classical (Jakes) spectrum shape and the maximum Doppler shift is specified by the carrier centre frequency and the UE velocity.

3. The NLOS taps are Rayleigh distributed.

4. In LOS cases the first tap follows a Ricean amplitude distribution and the LOS path has Doppler shift of 0.7fD (fD is the maximum shift).
5. A user specified Ricean K-factor can be specified in TDL-D and E models, and the parameter scaled accordingly.
6. Delay parameters must be scaled to achieve a target delay spread.

7. The impact of antenna/beam patterns can be included to the tap powers by multiplying the original (linear) power with the power gains of Tx and Rx antennas to the corresponding path directions (specified by the CDL model tables) while keeping Jakes Doppler spectrum. CDL model angles may be scaled to a target mean angle and target angular spread.

8. For “MIMO simulations” MIMO correlation matrices can be introduced. The correlation matrices may be determined from a) scaled CDL model parameters with antenna array assumptions, b) system level model with antenna array assumptions, or c) by selecting extreme cases (specific artificial correlation matrices).
What is not specified in [3]: The method to implement the model, i.e. the method to produce time series of channel impulse response matrices (in MIMO case) for simulation or emulation purposes. So, [3] specifies the target model parameters, but not the method to generate fading coefficients satisfying the target parameters.
As already introduced in [4], traditionally there have been two methods to implement this type of tapped delay line models:

· The first alternative is to use the noise filtering, where the Doppler power spectrum is realized by Doppler spectrum shaping filtering of iid complex Gaussian noise sample sequences. This step is followed by generating the MIMO correlations between sequences by multiplying them with factored target MIMO correlation matrix. The matrix has dimensions US x US, where U and S denote the number of Rx and Tx antennas, respectively. 
· The second alternative is the sum-of-sinusoids method, where the temporal characteristics (Doppler power spectrum) are generated by summing a number of sinusoids with specific phase, amplitude and frequency characteristics. This step is followed by generating the MIMO correlations between sequences by multiplying them with factored target MIMO correlation matrix. The matrix has dimensions US x US, where U and S denote the number of Rx and Tx antennas, respectively. 

Observation 1: Option 1 is not fully defined. At least the method to implement the model should be fully defined.
3
Suitability of Jakes Doppler power spectrum
In [5], it is described why the Jakes Doppler power spectrum is not suitable or feasible at FR2.  Instead, a geometry based, i.e. physical, Doppler power spectrum is recommended. Doppler power spectra as well as correlation matrices can be derived from the CDL models as mentioned in [5]. 
Observation 2: Option1 is not suitable because Jakes Doppler spectrum is not applicable to FR2. 
Proposal 1: Derive TDL channel model implementation from the CDL models as per option 2 in section 8.2.1 following the detailed process in [6] and [7].
4
Conclusions
This paper provides rationale on why TDL models based on CDL (option 2 in section 8.2.1 in [2]) should be selected in FR2 for channel emulation purposes. The following observations and proposal are made:

Observation 1: Option 1 is not fully defined. At least the method to implement the model should be fully defined.

Observation 2: Option1 is not suitable because Jakes Doppler spectrum is not applicable to FR2. 

Proposal 1: Derive TDL channel model implementation from the CDL models as per option 2 in section 8.2.1 following the detailed process in [6] and [7].
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