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1
Introduction
The study item on NR test methods [1] includes scope for defining how to model the propagation conditions between the DUT and the emulated gNB sources for the RRM and demodulation test scenarios. An appropriate clause for agreements on this topic has been set aside in TR38.810 [2]. According to the NR test methods SI work plan [3], preliminary and agreement on preliminary parameters of propagation models for RRM scenarios is targeted for this meeting.
This contribution provides input on the propagation model parameters for RRM and demodulation.
2
Discussion
RAN1 concluded two studies of propagation models for frequencies above 6 GHz in TR38.900 [4] and TR38.901 [5]. In this paper we refer to 38.901. The TR defines distributions of large scale and small scale fading parameters for propagation models covering frequencies above 6 GHz. Selecting 39 GHz as an example, Table 1 below provides a summary of some of the parameters.
Table 1: Selected parameters of fading scenarios from 38.901 [5] for fc=39 GHz
	Parameter
	Units
	UMi
LOS
	UMi
NLOS
	UMi
O2I
	UMa
LOS
	UMa
NLOS
	UMa
O2I
	IO
LOS
	IO
NLOS

	Applicability to mmWave
	
	
	
	
	
	
	
	
	

	BS antenna height
	m
	10
	10
	10
	25
	25
	25
	3
	3

	DUT speed
	km/h
	3
	3
	3
	3
	3
	3
	3
	3

	Min. BS-DUT distance
	m
	10
	10
	10
	35
	35
	35
	0
	0

	Delay scaling parameter r
	
	3
	2.1
	2.2
	2.5
	2.3
	2.2
	3.6
	3

	Cluster shadowing zeta
	dB
	3
	3
	4
	3
	3
	4
	3
	3

	Cluster mean DS  (norm)
	
	0.1076
	0.1156
	0.2178
	0.1594
	0.1432
	0.2178
	0.166
	0.0969

	Cluster mean AoA spread
	deg
	1.2254
	1.2482
	1.4997
	1.4997
	0.8357
	1.4997
	1.4191
	1.4191


Observation 1: Line of sight and non-line of sight models are applicable to mmWave propagation scenarios

Observation 2: There is not a large variability in mean cluster delay spread across the different scenarios applicable to mmWave

Observation 3: The mean cluster angle of arrival spread is very narrow (less than 2 degrees in all scenarios)

The small-scale fading coefficient generation procedure, described in Clause 7.5 of TR38.901 [5], defines an exponential decay slope for the cluster power, as shown in Figure 1 below.
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Figure 1: Mean power delay profiles of fading scenarios from 38.901 [5]
For each cluster, the power is the product of the exponential decay term (which is a function of cluster delay) and a shadowing term, which is Gaussian distributed with standard deviation ranging from 3 to 4 dB.
Although these statistics of the small-scale model parameters are not utilized in a link level model drop, where we define a single drop of the model with these parameters fixed, some observations are useful for the derivation of initial input on practical propagation modelling in RAN4.

Observation 4: Due to a rather sharp decay profile of the mean cluster powers, clusters appearing at larger delays tend to have significantly less power.

It is useful to briefly visualize how RAN4 may utilize the channel model definitions in NR mmWave work:
· For RF requirement definition no propagation modelling is necessary, since all test cases target the AWGN environment

· For RRM core requirement definition a set of fixed drops of propagation scenarios are necessary for link level simulations of UE RRM performance; these include measurement accuracy, measurement periods, radio link monitoring evaluation periods, etc. Although no test cases are developed during the RRM core phase, a number of simulations are needed to evaluate and agree on the relevant requirement parameters.
· For RRM performance requirement definition a set of fixed drops of propagation scenarios are necessary for simulations and measurement of UE RRM performance. These fixed drops should be “testable” in the sense that test equipment, within margins of OTA uncertainty, should emulate the conditions and verify the emulated statistics.
· For demodulation performance requirement definition a set of fixed drops of propagation scenarios are necessary for simulations and measurement of UE demodulation performance. These fixed drops should be “testable” in the sense that test equipment, within margins of OTA uncertainty, should emulate the conditions and verify the emulated statistics.

Proposal 1: Channel model drops used for RRM core and RRM performance work should not be completely different. Although “testable” model drops may be simplified or optimized, they should be derived from the same CDL/TDL set.
One approach to define “testable” model drops is to apply a lowest power threshold. Drawing upon the example of MIMO OTA, where the number of clusters and cluster power is a simplified subset of the definition in TR25.996, we can utilize the same approach for NR mmWave.

Option 1: In an effort to derive a set of practical and testable channel model drops, one option is to limit the minimum cluster power for the testable RAN4 models to a fixed value of [-9 dB].
Option 2: An alternative approach would be to model the strongest clusters which give X = [90%] of total power. This approach is not coupled with particular cluster power values and may be more transparent in terms of mechanism and criteria to downselect weak clusters.

Proposal 2: In an effort to derive a set of practical and testable channel model drops, an approach to downselect the number of clusters is proposed. Two options for realizing this approach are proposed.

TR38.901 defines five cluster delay line (CDL) model drops: CDL-A, CDL-B, CDL-C represent NLOS model drops, and CDL-E, CDL-F represent LOS model drops. An example of CDL-B is shown in Table 2 below with clusters below the proposed threshold of -9 dB shown in grey.
Table 2: CDL-B parameters [Table 7.7.1-2 in 38.901] with -9 dB threshold applied
	Cluster #
	Normalized delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0.0000
	0
	9.3
	-173.3
	105.8
	78.9

	2
	0.1072
	-2.2
	9.3
	-173.3
	105.8
	78.9

	3
	0.2155
	-4
	9.3
	-173.3
	105.8
	78.9

	4
	0.2095
	-3.2
	-34.1
	125.5
	115.3
	63.3

	5
	0.2870
	-9.8
	-65.4
	-88.0
	119.3
	59.9

	6
	0.2986
	-1.2
	-11.4
	155.1
	103.2
	67.5

	7
	0.3752
	-3.4
	-11.4
	155.1
	103.2
	67.5

	8
	0.5055
	-5.2
	-11.4
	155.1
	103.2
	67.5

	9
	0.3681
	-7.6
	-67.2
	-89.8
	118.2
	82.6

	10
	0.3697
	-3
	52.5
	132.1
	102.0
	66.3

	11
	0.5700
	-8.9
	-72
	-83.6
	100.4
	61.6

	12
	0.5283
	-9
	74.3
	95.3
	98.3
	58.0

	13
	1.1021
	-4.8
	-52.2
	103.7
	103.4
	78.2

	14
	1.2756
	-5.7
	-50.5
	-87.8
	102.5
	82.0

	15
	1.5474
	-7.5
	61.4
	-92.5
	101.4
	62.4

	16
	1.7842
	-1.9
	30.6
	-139.1
	103.0
	78.0

	17
	2.0169
	-7.6
	-72.5
	-90.6
	100.0
	60.9

	18
	2.8294
	-12.2
	-90.6
	58.6
	115.2
	82.9

	19
	3.0219
	-9.8
	-77.6
	-79.0
	100.5
	60.8

	20
	3.6187
	-11.4
	-82.6
	65.8
	119.6
	57.3

	21
	4.1067
	-14.9
	-103.6
	52.7
	118.7
	59.9

	22
	4.2790
	-9.2
	75.6
	88.7
	117.8
	60.1

	23
	4.7834
	-11.3
	-77.6
	-60.4
	115.7
	62.3

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	10
	22
	3
	7
	8


The figures below visualize the time domain and angular domain distributions of the clusters in the five CDLs.
[image: image2.png]Cluster power (dB)

PDP of CDL models, f= 39GHz

® CDL-AN=23
®  CDLBN=23
of ov v  CDL-CN=24H
- ®  CDL-DN=14
eV " A CDLEN=15
g
v
Shym
R
aW =
° v
10 --. .
P e
Y n
g °
* vy
-15 N u v
° ° Y v
| ] * v
A
[ A %
201 A n L
- A
A v
AA m A
]
-25
| ]
230 L
05 1.5 2 2.5 35

Cluster delay




Figure 2: Power delay profiles of fading scenarios and CDL models from 38.901[5]
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Figure 3: Power delay profiles of CDL models above -9 dB threshold;
a) NLOS types, b) LOS types

Observation 5: With thresholding applied, LOS model drops each consist of a single cluster

Observation 6: With thresholding applied, the number of clusters in the NLOS model drops ranges from 7 to 16
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Figure 4: Mean cluster AoAs of CDL models
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Figure 5: Mean cluster AoAs of CDL models above -9 dB threshold;
a) NLOS types, b) LOS types
Observation 7: The variability of the cluster mean AoAs for the NLOS model drops is quite low: 3 to 4 distinct AoAs can be observed
Supposing RAN4 adopts some number of CDL model drops for link level simulations, then the procedure to derive a testable set of model drops should include thresholding in power and an optimization of the number of mean angles of arrival. One approach to optimize the AoAs is to quantize them into a small number of distinct angles so that the test equipment and the measurement setup can have a feasible implementation target with respect to the desired propagation scenario.
Proposal 3: For the testable model drop, it is proposed to quantize the cluster AoAs into a small number of distinct angles.
Table 3 below provides a summary of propagation conditions used in the LTE RRM test cases in 36.133.
Table 3: Summary of propagation conditions and number of emulated cells in LTE RRM test cases [36.133]

	Test case
	Propagation condition
	Num emulated cells

	Cell re-selection
	AWGN
	2

	Handover
	AWGN
	2

	RRC re-establishment
	AWGN
	2

	Random access
	AWGN
	1

	Transmit timing
	AWGN
	1

	Timing advance
	AWGN
	1

	RLM
	Fading, AWGN
	1

	DC interruption
	AWGN
	2

	Event triggered measurement reporting
	Fading
	2

	Monitoring of multiple layers
	Fading
	3

	Positioning
	Fading
	3

	CA measurements
	Fading, AWGN
	3, 4, 5

	DC measurements
	Fading
	2, 4


Observation 8: RRM test cases for NR mmWave are expected to utilize a mix of AWGN and fading environments.
Observation 9: The beamforming feature of NR mmWave requires that the emulated environment, even when it is AWGN, should include repeatable modelling of spatial aspects of the emulated signal, such as the angle of arrival at the DUT.

Although it may be possible to define a different set of CDLs for demodulation work, it may make more sense to align the CDLs between RRM and demodulation for link level simulations. In this way in the simulation domain the RRM core work and demodulation requirement definition work (which is simulation-based) can share the same CDLs. Whether a similar approach of reducing the complexity of these models for implementation in the demodulation measurement setup is needed may be too early to determine. Because demodulation test cases may need to cover various MIMO features, interference mitigation techniques, etc., the simplification approach described for RRM may not be appropriate.
Proposal 4: For link level simulations the models drops should be common between RRM and demodulation.

Proposal 5: The model drops for demodulation test scenarios should be further discussed.
3
Conclusion

This paper has provided input on the propagation model parameters for RRM and demodulation and has made the following observations and proposals:

Observation 1: Line of sight and non-line of sight models are applicable to mmWave propagation scenarios

Observation 2: There is not a large variability in mean cluster delay spread across the different scenarios applicable to mmWave

Observation 3: The mean cluster angle of arrival spread is very narrow (less than 2 degrees in all scenarios)

Proposal 1: Channel model drops used for RRM core and RRM performance work should not be completely different. Although “testable” model drops may be simplified or optimized, they should be derived from the same CDL/TDL set.

Option 1: In an effort to derive a set of practical and testable channel model drops, one option is to limit the minimum cluster power for the testable RAN4 models to a fixed value of [-9 dB].

Option 2: An alternative approach would be to model the strongest clusters which give X = [90%] of total power. This approach is not coupled with particular cluster power values and may be more transparent in terms of mechanism and criteria to downselect weak clusters.

Proposal 2: In an effort to derive a set of practical and testable channel model drops, an approach to downselect the number of clusters is proposed. Two options for realizing this approach are proposed.

Observation 5: With thresholding applied, LOS model drops each consist of a single cluster

Observation 6: With thresholding applied, the number of clusters in the NLOS model drops ranges from 7 to 16

Observation 7: The variability of the cluster mean AoAs for the NLOS model drops is quite low: 3 to 4 distinct AoAs can be observed

Proposal 3: For the testable model drop, it is proposed to quantize the cluster AoAs into a small number of distinct angles.

Observation 8: RRM test cases for NR mmWave are expected to utilize a mix of AWGN and fading environments.

Observation 9: The beamforming feature of NR mmWave requires that the emulated environment, even when it is AWGN, should include repeatable modelling of spatial aspects of the emulated signal, such as the angle of arrival at the DUT.

Proposal 4: For link level simulations the models drops should be common between RRM and demodulation.

Proposal 5: The model drops for demodulation test scenarios should be further discussed.
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