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1
Introduction

One remaining issue for FR2 channels modelling methodology is the use of correlated / uncorrelated fading for the CA scenarios and the following options were identified in [1]: 

	Channel models emulation for NR FR2 intra-band CA case

· Option 1: For NR FR2 uncorrelated fading is applied to each carrier individually and the same path delay grid as agreed for single carrier operation is applied to each CC

· Option 2: NR FR2 correlated fading is applied for different carriers in case of intra-band CA (contiguous and non-contiguous CA). The maximum aggregated BW for the emulation of correlated fading for intra-band CA is [TBD]. 

· TE vendors are requested to provide the information the max aggregated BW for correlated fading emulation


For FR2 environment due to spatial filtering and small delay spread, the channel coherence bandwidth can be quite large. Therefore, the propagation conditions in the adjacent carriers can be potentially correlated. In order not to preclude various possible UE implementations it would be desirable to have possibility to emulate the respective effects in the FR2 measurement systems. In our understanding, at least correlated fading modelling can be considered for intra-band contiguous CA scenarios with the aggregated channel bandwidth not exceeding [200] MHz (i.e. aligned with max CBW for single carrier multi-path fading modelling). For other scenarios, further analysis from the TE vendors on the feasible max aggregated BW is needed.

Proposal #1:
FR2 measurement system shall support modelling of correlated multi-path fading for different carriers for intra-band contiguous CA scenarios with ≤ [200] MHz aggregated BW.

In accordance to the previous discussion the FR2 channel modelling will be supported for the single carriers with CBW up to 200 MHz and respective agreements shall be captured in the TR. Meantime, we also note that the maximum CBW for FR2 operation is equal to 400MHz and further inputs from the TE vendors on the feasibility of the multi-path modelling for 400MHz CBW are needed.

Finally, we noticed that Option 1/2 models feasibility agreements are not fully captured in the TR and propose to capture the recent status of the agreements.
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3
Text Proposal

The following changes are proposed.
========================== Start of change #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.


Both Option 1 and Option 2 methodologies were concluded as feasible from test equipment perspective. 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.
FR2 measurement system is expected to support modelling of multi-path fading for single carrier scenarios with channel bandwidth of at least [200] MHz. FR2 measurement system is expected to support modelling of correlated multi-path fading for different carriers for intra-band contiguous CA scenarios with at least [200] MHz aggregated bandwidth.
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].

The method to generate fading coefficients (Jakes fading model) satisfying the target parameters is not specified in [10]. Traditionally, there has 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. 

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, the following step by step procedure modified from [10] should be used to generate channel coefficients using the CDL models: 

Step 1: Generate cluster delays 
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 (from section 7.7.3 in [10])
The RMS delay spread values of CDL models are normalized and they must be scaled in delay so that a desired RMS delay spread can be achieved. The scaled delays can be obtained according to the following equation: 
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in which

· 
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is the normalized delay value of the nth cluster in a CDL in Tables 7.7.1.1 – 7.7.1.5 of [10]


· 
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is the new delay value (in [ns]) of the nth cluster

· 
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is the wanted delay spread (in [ns]) and it must be specified as a channel model parameter 

Step 1.1: In the case of LOS models (D and E) scale cluster the powers as specified in Section 7.7.6 of [10]. The target Ricean K-factor values Kdesired must be specified.  
Step 2: Generate departure and arrival angles (based on section 7.7.1 step 1 in [10] combining 7.7-5 and part of step 7 in section 7.5 in [10] adding some clarifications to the parameters considered)

Generate arrival angles of azimuth using the following equation
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where 

· n,AOA and cASA are the cluster AOA and the cluster-wise rms azimuth spread of arrival angles (cluster ASA), respectively, in Tables 7.7.1.1 – 7.7.1.5 of [10]

· m denotes the ray offset angles within a cluster given by Table 7.5-3 of [10],
· 
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 is the mean angle of the original channel model table in NLOS case (equation is specified in Annex A.2 of [10]) and the LOS angle 
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· 
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 are the angular spreads. derived1) from the original CDL Tables 7.7.1.1 – 7.7.1.5 of [10], they are listed in Table 8.2.1.2-1

· 
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 is the wanted angular spread. It must be specified. 
The angular scaling according to eq. (2) is applied to the ray angles and no further scaling is performed. The generation of AOD (
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) follows a procedure similar to AOA as described above. 

Note: The azimuth angles may need to be wrapped around to be within [0, 360] degrees, while the zenith angles may need to be clipped to be within [0, 180] degrees. 

1) The angular spread in this case is the rms angular spread without finding the minimum value over angular rotations.

Table 8.2.1.2-1. Original (non-circular) angle spreads of CDL models.

	Model
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	ASD
	ASA
	ZSD
	ZSA

	CDL-A
	73.7
	85.3
	28.6
	21.1

	CDL-B
	41.6
	59.3
	6.0
	10.4

	CDL-C
	39.1
	71.1
	4.1
	10.4

	CDL-D
	19.0
	21.1
	3.0
	1.9

	CDL-E
	13.2
	37.6
	1.5
	2.5


Table 8.2.1.2-1 contains the angle spread values of the original CDL models of 38.901 ([2]) before any angular scaling. The values are calculated for the angles AOD, AOA, ZOD, and ZOA angles after removing the mean angle [image: image16.png]Bn — Ko model



 following the definition of rms angular spread in TR25.997, without finding the minimum over circular shifts.

Step 3: Coupling of rays within a cluster for both azimuth and elevation (based on step 2 in 7.7.1 in [10] assuming fix coupling instead of random)

Couple AOD angles 
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 within a cluster n. Couple ZOD angles 
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 with ZOA angles 
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using the same procedure. Couple AOD angles 
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within a cluster n. Instead of random procedure, the coupling is performed using the fixed coupling pattern. It must be specified.

 Step 4: Generate the cross-polarization power ratios (from section 7.7.1 step 3 in [10])

Calculate the linear cross polarization power ratios (XPR) for each ray m of each cluster n as
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where X is the per-cluster XPR in dB and must be specified. 

Step 5: Specify gNB beam pattern (based on section 7.3 of [10] plus assumptions for gNB antenna)

With definitions and symbols of Section 7.3 of [10] (except substitute N:=Ne, M:=Me to avoid ambiguity), specify parameters (Mg, Ng, Me, Ne, P) and (dH, dV).

Antenna element radiation patterns, including orientation of the element main polarization components as well as orientation of the antenna array should be specified.

It is assumed the co-polarized elements of the array are combined to a single RF port, i.e. they compose an antenna array that can form beams by setting certain weights per element.Weight vector for the first polarization  and for the second polarization is
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where 
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 is the location vector of transmit antenna element [image: image28.png]
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Step 6: Specify initial phases

Instead of drawing initial phases [image: image31.wmf]{
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 randomly for each ray m of each cluster n and for four different polarisation combinations (θθ, θϕ, ϕθ, ϕϕ), initial phases must be specified.

Step 7: Coefficient generation (based on step 4 in [10])

Follow the same procedure as in Steps 10 and 11 in Subclause 7.5 in [10], with the exception that all clusters are treated as “weaker cluster”, i.e. no further sub-clusters in delay should be generated2). Additional clusters representing delay spread of the stronger clusters are already provided in Tables 7.7.1.1 – 7.7.1.5 in [10]. Once weight vector in equation 4 is combined with eq. (7.5-22) and eq. (7.5-29) in [10], the following equations apply respectively:
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where s goes from 1 to S, being S the number of gNB RF ports

2) Note: This may need to be changed such that the three rows of CDL tables containing equal angular parameters are treated as a single cluster with three mid-paths as in Step 11 of Subclause 7.5 in [10].

As shown above, this model is using following parameters 

· 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 [image: image34.wmf]{
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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]. 

8.2.1.2.1
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.

It is noted that the MIMO correlation can be controlled by introducing Ricean K-factor to all model scenarios and setting the K-factor properly. Alternatively, the MIMO correlation can be controlled by modifying the XPR parameter. However, this depends on the selected antenna model.

 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

The test methods shall allow emulation of the following static propagation conditions for the UE with 2RX antenna port as follows.

For 1 port transmission the emulated channel matrix is defined in the frequency domain by
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For 2 port transmission the emulated channel matrix is defined in the frequency domain by
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Note: Channel matrices above for static propagation conditions are the channel matrices generated by the channel emulator.

========================== End of change #1 ==========================
_1595056441.unknown

_1595056445.unknown

_1595056449.unknown

_1595056453.unknown

_1595056455.unknown

_1595056456.unknown

_1595056457.unknown

_1595056454.unknown

_1595056451.unknown

_1595056452.unknown

_1595056450.unknown

_1595056447.unknown

_1595056448.unknown

_1595056446.unknown

_1595056443.unknown

_1595056444.unknown

_1595056442.unknown

_1595056437.unknown

_1595056439.unknown

_1595056440.unknown

_1595056438.unknown

_1595056435.unknown

_1595056436.unknown

_1595056434.unknown

