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1
Introduction

In RAN4#8AH1807, channel modelling for FR2 was discussed under NR Testability study item. According to agreements in chairman notes for Tdoc R4-1809236 [2], a text proposal should be provided in order to align channel modelling names with the agreements achieved on the options under discussion for FR2 channel modelling.

This Tdoc provides such Text Proposal to [1] renaming channel modelling options as agreed (Single probe channel model options) .
2

Text Proposal 
The following Text proposal is the one provided to rename 
--- START of text proposal ---

6.2
Measurement setup

6.2.1
Baseline setup

6.2.1.1
Description

The baseline measurement setup of UE RRM characteristics for frequency bands above 6GHz is capable of establishing an OTA link between the DUT and a number of emulated gNB sources and is shown in Figure 6.2.1.1-1 below.
[image: image1.emf]
Figure 6.2.1.1-1: Baseline measurement setup of RRM characteristics
The UE RRM baseline measurement setup shall fulfil the following capabilities:

-
TRxPs and Cells:

-
Up to 2 NR transmission reception points TRxPs are emulated.

-
For non-standalone (NSA) NR devices, the test setup shall emulate in addition 1 LTE cell. The emulated LTE cell provides a stable LTE signal without precise propagation modelling or path loss control between it and the DUT.

-
Antennas, polarization, simultaneously active AoAs:

-
N dual-polarized antennas transmitting the signals from the emulated gNB sources to the DUT.

-
The antennas transmit into the test zone in such a way that signal polarization does not prevent the DUT receiving a consistent, predictable power level.

-
N ≥ NMAX_AoAs, where NMAX_AoAs is the maximum number of simultaneously active (emulating signal) angles of arrival AoAs.

-
For the scope of Rel-15 testing NMAX_AoAs = 2.

-
Angular Relationship:

-
A positioning system such that an angular relationship with two axes of freedom is provided between the DUT and the test system antennas (or the setup should provide equivalent functionality).

-
For NMAX_AoAs = 2 the setup shall enable following relative angular relationships between the NMAX_AoAs simultaneously active AoAs: 30°, 60°, 90°, 120°, 150° and 180°. 
-
Multiple DL transmission antenna ports: 

-
In case of multiple DL transmission antenna ports are required for RRM testing, the transmission scheme is polarization diversity.
-
Propagation Conditions
-
Test method shall allow modelling of the following propagation conditions between the DUT and the emulated gNB sources
-    Multi-path fading propagation conditions

-    Multi-path fading propagation conditions between the DUT and the emulated gNB sources are modelled as Single probe channel models as described in section 8.2.
-
The Single probe channel models for RRM testing adopts the same framework of Demodulation. Detailed channel parameterization should be defined in the NR WI performance part.

-    Static propagation conditions

-
Measurement Uncertainty: 

-
It is likely that the measurement uncertainty budget for the RRM setup may contain additional measurement uncertainty elements relative to the setup defined in 5.2.1.

-
Applicability Criteria:

-
For UE RRM baseline measurement setup based on DFF, the applicability criteria defined for the DFF UE RF test method described in Section 5.2.1 can be applied.
Note: Using UE Demodulation baseline setup in Section 7.2 to perform selected RRM metrics testing is not precluded. Feasibility and applicability of this condition should be investigated in the NR WI performance part.

6.2.1.2
Far-field criteria and Quiet Zone
For RRM baseline measurement setup based on DFF:

· The Far-field criteria defined for the DFF UE RF test method described in Section 5.2.1 can be applied.
· A DFF measurement setup has the centre of the QZ zone located at the centre of the rotational axes (of DUT and measurement antenna). For the RRM measurement baseline setup based on DFF, the vertices of the N probes have to be aligned to the resulting centre of the QZ. The centre of the QZ is taken as the reference for MU definition for each probe. The same QZ size as for DFF UE RF test method described in Section 5.2.1 applies.

Note: Using Near Field to perform selected RRM metrics testing is not precluded. Feasibility and applicability of this condition is FFS.

6.2.1.3
Testing and calibration aspects

The calibration method defined for the DFF UE RF test method described in Section 5.2.1 can be applied for UE RRM testing based on DFF [for each probe/AoA].

6.2.1.4
Test parameters and metrics

The following test parameters and metrics need to be supported for UE RRM testing.
Test parameters for RRM testing to be controlled:
-
SNR of DL signal at reference point.

-
DL power level at reference point (e.g. EPRE) (from AoA).
-
Relative DL power level of 2 signals at reference point


-
From intra-frequency or inter-frequency cells


-
From the same AoA or different AoAs

-
Relative DL timing of 2 signals at reference point

-
Faded DL channel for each signal

-
AoA for signals arriving at reference point
Metrics for RRM testing:
-
UL PRACH level transmitted by the UE 
-
Relative UL PRACH level transmitted by the UE
-
Timing of UE UL transmission relative to DL signal
-
Relative timing change of UE UL transmission relative to DL signal
-
Timing measurement of UL events caused by events on the DL
6.3
Summary of initial uncertainty assessment

<Editor’s note: clause captures the outcome of the UE RRM test methodology development per SID objectives; detailed measurement uncertainty budgets are listed in Annex B>

Identify key elements contributing to the MU of RRM baseline setup. 

The detailed analysis of MU factors affecting DL SNR and power level accuracy/range is provided in Annex B.2. 

7
UE demodulation and CSI testing methodology

7.1
General

Testability aspects of the UE have been considered. Unless otherwise indicated below, device under test (DUT) refers to UE nodes. The exact list of demodulation and CSI tests for the UE can only be determined once the core requirements are settled.
For frequency bands above 6GHz (e.g. mm-wave), conducted antenna connectors are assumed not to be available at DUT and the OTA testing is considered as the baseline approach for NR UE demodulation and CSI test methodology.

The possibility of performing conducted tests using an intermediate frequency (IF) were evaluated. It was decided that this approach would be challenging to standardise for various reasons since IF is an internal interface in the DUT and using a standardised IF (signal level, number of IF ports, IF frequency etc.) would preclude many different DUT implementations including direct conversion receivers. In addition, IF testing excludes all components which operate at the radio frequency such as RF filters, duplexers, transmit receive switch, low noise amplifier (LNA), power amplifier (PA), analogue beamforming phase shifting elements etc., and the algorithms which control such components from the test.
7.2
Measurement setup

7.2.1
Baseline setup

7.2.1.1
Description

The baseline measurement setup of NR UE demodulation and CSI characteristics for frequency bands above 6GHz is capable of establishing an OTA link between the DUT and a number of emulated gNB sources with one angle of arrival (AoA) to the UE, and is shown in Figure 7.2.1.1-1 below.
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Figure 7.2.1.1-1: Baseline measurement setup of UE demodulation and CSI characteristics
The key aspects of the baseline setup are:

-
Test is conducted in an anechoic chamber

-
The test shall be performed in the radiative near field or in the far field
-
The minimum measurement distance is described in 7.2.1.2
-
One TRxP with a dual-polarized measurement antenna directed at the DUT
-
Propagation Conditions
-
Test method shall allow modelling of the following propagation conditions between the DUT and the emulated gNB sources
-    Multi-path fading propagation conditions

-    Multi-path fading propagation conditions between the DUT and the emulated gNB sources are modelled as Single probe channel models as described in section 8.2.
-    Static propagation conditions

-
A positioning system such that the angle between the dual-polarized measurement antenna and the DUT has at least two axes of freedom
-
Together with the DUT, a capability to achieve a specific isolation between two nominally orthogonal paths from the dual-polarised TRxP to the UE, enabling Rank 2 transmission.
-
The capability may use per-port power reporting from the UE 
-
Once established, the setup is expected to be fixed and to be used with UE beamlock to allow testing of DUT baseband features under a “virtually cabled” scenario

-
Capability to select the best UE beam during initial call setup 
-
For setups intended for measurements of UE demodulation and CSI characteristics in non-standalone (NSA) mode with 1UL configuration, an LTE link antenna is used to provide the LTE link to the DUT

-
The LTE link antenna provides a stable LTE signal without precise path loss or polarization control
Applicability Criteria:

-
The system applies at least to DUTs with a radiating aperture of D ≤ 15cm

-
[A manufacturer declaration on the following elements is needed:

- 
Manufacturer declares antenna arrays size.

-
If multiple antenna panels that are phase coherent are defined as a single array, the criterion on DUT radiating aperture applies to this single array.]
7.2.1.2
Measurement distance

The test shall be performed in the radiative near field (limit of the Fresnel region) or in the far field. The minimum measurement distance R is defined according to the following formula:

[image: image3.png]b2
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where D is the DUT radiating aperture, and λ is the wavelength.

7.2.1.3
Testing and calibration aspects

<Editor’s note: clause content is FFS>

7.2.1.4
Test metrics and parameters

<Editor’s note: clause content is FFS>
7.3
Summary of initial uncertainty assessment

The detailed analysis of MU factors affecting DL SNR accuracy/range measurement uncertainty is provided in Annex B.3.1.

8
Propagation conditions

<Editor’s note: procedures to verify emulated propagation conditions are FFS>
8.1
General

Test methods shall allow modelling of the following propagation conditions between the DUT and the emulated gNB sources:

-
Multi-path fading propagation conditions 

-    Fading propagation conditions between the DUT and the emulated gNB sources are modelled as Single probe channel models as described in Section 8.2

-    Applicable to the UE RRM testing methodology and UE Demodulation and CSI testing methodology

-    Static propagation conditions 

-    Model is described in Section 8.3

-    Applicable to the UE RRM testing methodology and UE Demodulation and CSI testing methodology

8.2
Multi-path fading propagation conditions
Multi-path fading propagation conditions between the DUT and the emulated gNB sources are modelled as Single probe channel models. 


8.2.1
Single probe channel  modelling methodology

Two options for Single probe channel modelling methodology were identified as described in Section 8.2.1.1 and 8.2.1.2, including details on generating each single probe channel option.
In case multiple Single Probe 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.
Option 1 methodology is concluded as feasible from test equipment perspective.
8.2.1.1
Channel model Option 1
Channel model option 1 is based on the TDL methodology in the TR 38.901 [10]:
· 
· The multi-path propagation conditions model consists of several parts:

· A power delay profile in the form of a "tapped delay-line" (TDL), characterized by a number of taps with certain power at fixed positions on a sampling grid. 
· The channel model parameters include the Delay spread scaling factor and the maximum Doppler frequency. The test system shall allow flexible control of the respective parameters.

· Each tap is modeled based on the Jakes fading model.
· Generation of TDL channel models and power delay profiles from CDL channel models by including spatial filters to capture Tx and Rx antenna patterns is not precluded and based on the procedure described in the TR 38.901 [10].

8.2.1.2
Channel model Option 2
This subclause considers channel model methodology with non-Jakes spectrum. Multi-path fading propagation conditions between the gNB emulator and test chamber probe is modelled based on Clustered Delay Line (CDL) methodology in TR 38.901 [10]. Doppler Spread and MIMO correlation related to such methodology is defined in Subclauses 8.2.1.2.1 and 8.2.1.2.2 respectively.
To generate the multi-path fading propagation conditions, follow the Steps 1-3 described in [10, Subclause 7.7.1]. Step 4 will be as follows:

· Use initial phases 
[image: image4.wmf]{
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 for each ray m of each cluster n and for four different polarisation combinations (θθ, θϕ, ϕθ, ϕϕ) within (-).
· Follow Step 11 in [10, Subclause 7.5] for coefficient generation with the exception that all clusters are treated as "weaker cluster", i.e. no further sub-clusters in delay should be generated.

This model needs following parameters to be defined [Note 1]: 
· Base CDL model from CDL models defined in [10, Subclause 7.7.1] characterized by normalized delay, power, AOA, AOD, ZOA and ZOD for each cluster; delay spread, angular spread and mean angle for AOA, AOD, ZOA and ZOD. Further simplification of CDL models in [10, Subclause 7.7.1] can be defined in UE demodulation performance discussion.
· Emulated gNB related parameters: gNB antenna field pattern, gNB antenna orientation and polarization 

· Emulated UE related parameters: UE antenna field pattern, UE antenna orientation and polarization, UE speed and direction

· Initial phases 
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 for each ray m of each cluster n for NLOS paths and distance d3D (explained in [10, Figure 7.4.1-1] to model LOS path loss) for LOS path.

· Tx/Rx beam selection procedure between emulated gNB and emulated UE antenna

· Rician K factor for LOS CDL base models

· Carrier Frequency

· Fixed pairing between angles of arrival and angles of departure in Step 2 described in [10, Subclause 7.7.1]. 
Note 1: The specific values for these parameters can be defined in UE demodulation performance discussion.
8.2.1.2.1
Doppler Spread

In the procedure defined in Subclause 8.2.1.2, the fading coefficients are generated using equation 7.5-22 in [10] for NLOS paths as given below:
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and equation 7.5-29 in [10] for LOS path as given below:
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From phase term in the end of the above equation, Doppler shift for ray m in cluster n can be computed as: [image: image9.png]


 where
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and only depends on AOA and ZOA for that cluster, Same argument applies to LOS path. Here, [image: image12.png]


 is UE velocity vector which depends on UE speed and UE direction and [image: image14.png]


 is wavelength of the carrier. So, Doppler spectrum is implicit in the way we generate the fading channel coefficients and does not need to be modelled explicitly.
8.2.1.2.2
MIMO Correlation
From equation 7.5-22 in [10], fading coefficients are generated per Tx per Rx for each cluster. Therefore, MIMO correlation matrix can be computed from those coefficients for each cluster. So, MIMO correlation matrix spectrum is implicit in the way we generate the fading channel coefficients and does not need to be modelled explicitly.
8.2.2
Path Delay grid for channel models
The path delay grid for the channel models is defined as equidistant delay grid n*∆T with n∈N0 and ∆T≤1/BW.

For single carrier scenarios BW is defined as 200 MHz. For intra-band CA scenarios BW requires further studies. The BW used for these scenarios will be discussed and decided as part of the NR work item performance part.

In case multiple taps of the original delay profile end up with the same delay, the powers of the individual taps are added, resulting in a single path with the combined power.
Each tap of the denormalized delay profiled shall be mapped to the closest point of the delay grid defined by n*∆T. In case a tap in the delay profile lies equidistant between two points of the delay grid, it shall be mapped to the larger delay grid point.

An example for mapping the delays in a denormalized profile to the equidistant delay grid is given in clause 8.X.1.
8.2.2.1
Example for determining the resulting delay profile

A power delay profile after denormalization is given as follows in Table 8.2.2.1-1.
Table 8.2.2.1-1: Original power delay profile

	Tap k
	Power  σk2 (linear)
	Delay τk [ns]

	1
	σ12
	0

	2
	σ22
	8

	3
	σ32
	23

	4
	σ42
	26

	5
	σ52
	27

	6
	σ62
	33


With the assumption of ∆T ≤1/(200 MHz) the taps from Table 8.2.2.1-1 can be mapped onto an equidistant delay grid as shown in Table 8.2.2.1-2.

Table 8.2.2.1-2: Power delay profile after mapping to delay grid

	Tap k
	Power  σk2 (linear)
	Delay  τk  [ns]

	1
	σ12
	0

	2
	σ22
	10

	3
	σ32
	25

	4
	σ42
	25

	5
	σ52
	25

	6
	σ62
	35


Since multiple taps share the same delay, those taps need to be combined into a single tap as shown in Table 8.2.2.1-3.

Table 8.2.2.1-3: Resulting delay profile

	Tap k
	Power  σk2 (linear)
	Delay  τk  [ns]

	1
	σ12
	0

	2
	σ22
	10

	3
	σ32+ σ42+ σ52
	25

	4
	σ62
	35


Figure 8.2.2.1-1 shows the original and resulting delay grid.

Figure 8.2.2.1-1: Original and resulting delay profile
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8.3
Static propagation conditions

<Editor’s note: static propagation conditions description is TBA>
--- END of text proposal ---

4
Conclusions

This Tdoc provides a Text Proposal to [1] renaming channel modelling options as agreed during RAN4#AH1807 (i.e. “Single probe channel model options”) .
Proposal 1: Add text proposal to TR 38.810 [1]
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