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Channel models 
Summary of contributions and proposals
	TDoc
	Title
	Source
	For
	AI
	Status

	
	TDoc on Channel models

	R4-1906827
	Channel model parameters for UMi and UMa CDL-A and C for FR1
	Keysight Technologies UK Ltd
	Approval
	10.2.4
	available

	R4-1906828
	Channel model parameters for UMi and InO CDL-A and C for FR2
	Keysight Technologies UK Ltd
	Approval
	10.2.4
	available

	R4-1907109
	CDL modification proposal
	Spirent Communications
	Approval
	10.2.4
	available

	R4-1907169
	Channel Model Scaling in FR1 and FR2
	Qualcomm UK Ltd
	Approval
	10.2.4
	available

	Company
	Views on channel models 

	Keysight Technologies UK Ltd
R4-1906827
	Proposal 1: Use channel model parameters of Table 1 for the FR1 UMi CDL-A scenario.
Proposal 2: Use channel model parameters of Table 2 for the FR1 UMi CDL-C scenario.
Proposal 3: Use channel model parameters of Table 3 for the FR1 UMa CDL-A scenario.
Proposal 4: Use channel model parameters of Table 4 for the FR1 UMa CDL-C scenario.

	Keysight Technologies UK Ltd
R4-1906828
	Proposal 1: Use channel model parameters of Table 1 for the FR2 UMi CDL-A scenario.
Proposal 2: Use channel model parameters of Table 2 for the FR2 UMi CDL-C scenario.
Proposal 3: Use channel model parameters of Table 3 for the FR2 InO CDL-A scenario.
Proposal 4: Use channel model parameters of Table 4 for the FR2 InO CDL-C scenario.

	Spirent Communications
R4-1907109
	Proposal 1: Treat the problematic clusters as midpaths (as intended when the CDLs where drawn from statistical distributions).
For the purpose of using CDLs A-E in various simulations and modelling activities, we propose using this technique on all CDLs in 38.901.

	Qualcomm UK Ltd
R4-1907169
	Observation 1: Equations (1)-(3) calculate mean angle and angular spread by using the values of the actual angle . Equation (4)-(5) calculate mean angle and angular spread by placing the angles on the unit circle, i.e., by using .
Observation 2: Equation (1)-(3) and (4)-(5) may lead to different mean angle results.
Observation 3: Equation (1)-(3) will lead to undesirably higher angular spread values than equation (4)-(5) in some scenarios. 
Observation 4: In order to eradicate the issue of observation 3, annex A of 25.996 proposes to shift the cluster angles by a value that would minimize the angular spread result. But finding the exact linear shift value to minimize the angular spread calculation of 25.996 may require a lot of searches.
Proposal 1: RAN4 uses equation (4)-(5), i.e. equation (A-1)-(A-2) of 38.901, to calculate angular spread and mean angle of CDL tables.
Proposal 2: Adopt table 1-3 as reference CDL models for FR1 without gNB filtering.
· Find gNB filtered CDL models based on table 1-3.
Observation 5: RAN4 needs to agree on the specific scenarios (urban micro or indoor NLOS) that are applicable for CDL-A and CDL-C channels in FR2 for MIMO OTA testing. An earlier contribution from RAN1 [8] suggests that CDL-A and CDL-C models were generated to emulate indoor NLOS and urban macro NLOS scenarios respectively.



Open issues
Topic #1: Channel model tables 
Issue 1：Channel model parameters for FR1 
Option 1: Use channel model parameters of Table 1, 2, 3, 4 in R4-1906827 for FR1; 
	Option 2: Use channel model parameters of Table 2, 3 in R4-1907169 for FR1; 

Discussion:

Agreements: Use channel model parameters of Table 1, 2, 3, 4 in R4-1906827 for FR1. The scaling procedure in R4-1906827 shall be updated.

Issue 2：Channel model parameters for FR2
Option 1: Use channel model parameters of Table 1,2,3,4 in R4-1906828 for FR2; 
	
Agreements: Use channel model parameters of Table 1,2,3,4 in R4-1906828 for FR2. The scaling procedure in R4-1906827 shall be updated.

Topic #2: scaling procedure 
Issue 1：How to handle the mid-paths with exactly same angular parameters (AoD, AoA, ZoD, and ZoA)  
Option 1: Treat the problematic clusters as midpaths (as intended when the CDLs where drawn from statistical distributions); 
	Option 2: Use the dithering approach with x degrees angles of these clusters; define the value of X;

Discussion:

Agreements: Treat the problematic clusters as mid-paths (as intended when the CDLs where drawn from statistical distributions);


Issue 2：How to calculate angular spread and mean angle of CDL tables
Option 1: RAN4 uses equation (4)-(5), i.e. equation (A-1)-(A-2) of 38.901, to calculate angular spread and mean angle of CDL tables, in R4-1907169; 
	Option 2: Use the clarified scaling procedures in R4-1906827; 

Agreements:  Use the clarified scaling procedures in R4-1906827, the procedure shall be updated.

Test methods 
Summary of contributions and proposals
	TDoc
	Title
	Source
	For
	AI
	Status

	
	TDoc on Test methods

	R4-1905505
	On NR MIMO OTA Measurement Distance
	vivo
	Approval
	10.2.3
	available

	R4-1905695
	Discussion on probe placement for FR1 MPAC
	DOCOMO Communications Lab.
	　
	10.2.3.1
	available

	R4-1906826
	Minimum Measurement Distance Proposal for FR1 NR MIMO Systems
	Keysight Technologies UK Ltd
	Approval
	10.2.3.1
	available

	R4-1906829
	On 2D NR FR1 MPAC Implementations
	Keysight Technologies UK Ltd
	Approval
	10.2.3.1
	available

	R4-1906830
	DUT test zone size evaluation for UMi and InO at FR 2
	Keysight Technologies UK Ltd
	Approval
	10.2.3.2
	available

	R4-1906839
	Considerations on FR2 MIMO OTA
	Qualcomm Incorporated
	Approval
	10.2.3.2
	available

	R4-1906940
	On the probe layout on FR2 MPAC systems
	Spirent Communications
	Approval
	10.2.3.2
	available

	R4-1907143
	Verification of emulated DL signal quality for FR1 MIMO OTA
	Apple Inc.
	Discussion
	10.2.3.1
	available

	R4-1907144
	Views on FR1 MIMO OTA testing conditions
	Apple Inc.
	Discussion
	10.2.3.1
	available

	R4-1907179
	Views on FR2 test methodologies
	Intel Corporation
	Discussion
	10.2.3.2
	available

	Company
	Views on Test methods 

	vivo
R4-1905505
	Proposal 1: For NR FR1 MIMO OTA, proposed to study the feasibility of relaxing measurement distance for MPAC method with circular probes layout, in order to maximize reusing of legacy facilities and reduce the cost of building new chamber. 
Proposal 2: It is preferred if a “fall back” minimum distance can be defined which may be used in case chamber’s test range can’t exactly meet the far-field criteria. For FR1 the minimum distance of 1.2m can be a value to start with. Relevant impact of inadequate measurement distance to MIMO channel implementation and eventually measurement uncertainty can be studied under this condition for agreed channel models.
Proposal 3: The necessity of similar study for FR2 is FFS.

	DOCOMO Communications Lab 
R4-1905695
	Proposal 1: The number of antenna and placement of antenna in FR1 MPAC should be aligned with LTE MPAC.

	Keysight Technologies UK Ltd
R4-1906826
	Observation 1: While the 3 term dominates the minimum measurement distance requirement at low frequencies, the 2D2/ term dominates the minimum measurement distance at frequencies beyond ~2.2GHz
Observation 2: At low frequencies, it is important to consider the largest dimension of the DUT as the dimension of the radiating aperture D
Observation 3: An MU term for inadequate measurement distance will have to be considered when measurement distances below the 3 limit are chosen for low-bands
Observation 4: When an effective dimension of the radiating aperture, De, is considered in the 2De2/ min. measurement distance term, the measurement distance at higher frequencies is no longer dominated by the Fraunhofer distance.
Proposal 1: OEMs to provide feedback on effective radiating aperture dimensions for FR1 antennas integrated in smartphone UEs with maximum dimension of 20cm
Proposal 2: Consider the options in Table 2 for min. measurement distance for FR1 NR MIMO systems with 20cm test zone size.

	Keysight Technologies UK Ltd
R4-1906829
	Observation 1: The spatial correlation validation procedure, specifically the sampling assumptions, need to be agreed as the current definition is ambiguous
Observation 2: The total width of the modeled MPAC sector depends on the width of the azimuth total power range of the PAS considered. No decision on that power range has been made yet.
Proposal 1: Consider the 90% azimuth total power range of the PAS plus an additional 5o on either side the sector width of the MPAC system with sector configuration
Observation 3: Acceptable rms or weighted rms spatial correlation errors need to be agreed
Proposal 2: Consider the weighted rms correlation error as metric to define the FR1 test zone size and number of probes
Observation 4: Smaller spatial correlation error is achievable with smaller number of probes by using the sectored probe configuration, e.g., in the sectored probe configuration, 10 probes are sufficient if 10% rms spatial correlation error is accepted, while in the ring configuration 38 probes are sufficient if 10% rms spatial correlation error is accepted.
Observation 5: Sectored probe configurations outperform ring configurations with regards to spatial correlation error

	Keysight Technologies UK Ltd
R4-1906830
	Observation 1: When the offset is changed, the main reason for the PSP degradation is the change of direction of the strongest path.
Observation 2: For UMi CDL-A model, PSP with respect to FF decreases more than 10% with 10cm DUT antenna offset (test zone size 20cm) for practical measurement distances.
Observation 3: For UMi CDL-C model, PSP with respect to FF decreases more than 5% with 10cm DUT antenna offset (test zone size 20cm) for practical measurement distances.
Observation 4: For InO CDL-A model, PSP with respect to FF decreases more than 9% with 10cm DUT offset (test zone size 20cm).
Observation 5: For InO CDL-C model, PSP with respect to FF decreases more than 3% with 10cm DUT offset (test zone size 20cm).
Observation 6: The ability to achieve a 20cm test zone size of the MPAC system is sensitive to the range length
Proposal 1: Decisions on the minimum acceptable PSP and/or the minimum PSP error when compared to far-field conditions are needed. Feedback from industry is requested.

	Qualcomm Incorporated
R4-1906839
	Proposal 1: Capture the equations of deriving UE velocity direction above in TR38.827.
Proposal 2: Use the random number generator defined in TS 38.211 Section 5.2.1 with fixed cinit to generate the initial phases for sub-path.
Observation 1: With proposal 1, the repeatability issue for UE travel direction can also be solved.
Proposal 3: Rotating DUT during the testing shall be adopted for FR2 NR MIMO OTA.
Proposal 4: In FR2 NR MIMO OTA testing, test shall be performed in the directions which are covered by Nth percentile EIS spherical coverage. Here value of N is according to FR2 UE power class, as defined in TS 38.101-2 clause 7.3.4.
Proposal 5: Encourage TE vendors to provide feedback on whether the MIMO OTA chamber can verify the DUT EIS spherical coverage performance.

	Spirent Communications
R4-1906940
	Proposal 1: The wall structure shall have spatial diversity enough to support multiple simultaneous beams to enable multiple beams tested in UE using CDL-A and CDL-C with both scalings.
Proposal 2: The probe layout shall support also large UE arrays.
Proposal 3: Use simple power weighting and code book locations to define the probe locations.

	Apple Inc
R4-1907143
	Observation 1: It is our understanding that the output of the gNB emulator is verified by the manufacturer to achieve EVM levels that are aligned with demodulation requirement assumptions in [4].
Observation 2: The RF interface between the gNB emulator and the fading emulator imposes scaling requirements on the gNB Tx output and may lead to the degradation of the emulated signal quality.
Observation 3: The expansion of the dynamic range of the faded and modulated gNB Tx waveform imposes further scaling requirements on the gNB Tx output.
Observation 4: Due to a trade-off between scaling the faded Tx waveform at the input to the switched PA bank to avoid saturation and maximizing the SNR in test zone, the switched PA bank can contribute to DL signal EVM degradation.
Proposal 1: In order to ensure that the quality of the emulated signal in the test zone is aligned with the demodulation requirement assumptions, a radiated verification of the DL signal EVM is needed.
Proposal 2: Because the EVM of a faded signal cannot be defined or measured, a pass-through mode in the fader is needed to verify the EVM under the same waveform scaling conditions that are used when fading emulation is enabled.

	Apple Inc
R4-1907144
	Proposal 1: Based on the technical analysis of the merits of an SNR controlled test environment in LTE MIMO OTA, practical experience with MIMO performance evaluation, and a strong desire to harmonize the conformance certification ecosystem for FR1 MIMO OTA, it is proposed to adopt the SNR control method as the testing condition applicable to the FR1 MIMO OTA test setup.

	Intel Corporation
R4-1907179
	Observation 1: Though additional discussions are needed, a preference for noise-limited environment condition has been expressed for both FR1 and FR2.
Proposal 1: Prioritize noise-limited environment as the baseline test condition for FR2 NR MIMO OTA testing. Further discuss whether an interference-limited environment will be considered, along with potential details of the interference-limited setup (directive or spatially white noise transmission).
Proposal 2: Further study how to choose potential test directions while considering the number of test points, the spherical coverage map availability, channel model, and impact on SNR range.
Proposal 3: Further study feasible SNR ranges for FR2 MIMO OTA testing and how the ranges are impacted by noise or interference-limited conditions, set of tested directions, and test system characteristics.
Observation 2: To be fair to the UE, we should consider its actual antenna pattern and discuss if it is feasible to use more than one transmitting beam from the BS.



Open issues
Topic #1: Channel model implementation 
Issue 1：Channel model implementation for FR1 
Option 1: Consider the 90% azimuth total power range of the PAS plus an additional 5o on either side the sector width of the MPAC system with sector configuration; 

Discussion:
ETS: need to know the impacts of reducing the power range to 90%，need to check the spatial correlation curve. 
	
Issue 2：Spatial correlation errors for FR1
Proposal 1: Acceptable rms or weighted rms spatial correlation errors need to be agreed; 
	
Discussion:

The next steps for these two open issues should be discussed and captured in the WF.

Issue 3：UE velocity Direction 
Proposal 1: Capture the equations of deriving UE velocity direction above in TR38.827; (QC R4-1906839)


Topic #2: test methods 
Issue 1：Measurement distance for FR1 
Proposal 1: It is preferred if a “fall back” minimum distance can be defined which may be used in case chamber’s test range can’t exactly meet the far-field criteria. For FR1 the minimum distance of 1.2m can be a value to start with. Relevant impact of inadequate measurement distance to MIMO channel implementation and eventually measurement uncertainty can be studied under this condition for agreed channel models; 
[bookmark: _Ref7739149]Proposal 2: OEMs to provide feedback on effective radiating aperture dimensions for FR1 antennas integrated in smartphone UEs with maximum dimension of 20cm; (for high frequency >4GHz)
Proposal 3: Consider the options in Table 2 for min. measurement distance for FR1 NR MIMO systems with 20cm test zone size.

[bookmark: _Ref7738792][bookmark: _Ref7738786]Table 2: Proposed Options for Minimum Measurement Distances for FR1 NR MIMO Systems with 20cm test zone size 
	Min. Frequency [GHz]
	Option 1
	Option 2

	
	Min. Measurement Distance [m]
	MU for inadequate measurement distance [dB]
	Min. Measurement Distance [m]
	MU for inadequate measurement distance [dB]

	0.41
	2.19
	0
	1.5
	FFS

	0.6
	1.50
	0
	1.28
	FFS

	0.7
	1.28
	0
	1.28
	0



Discussion:

Agreement: the measurement distance for FR1 NR MIMO OTA is at least 2 from the edge of the test zone. 


Issue 2：Measurement distance vs Test zone size for FR2
Proposal 1: Decisions on the minimum acceptable PSP and/or the minimum PSP error when compared to far-field conditions are needed. Feedback from industry is requested; 

Discussion:
MVG: when we define the measurement distance for FR2, we need to consider SNR dynamic range of the system. 
QC: we need to check the results at different angels. 


Issue 3：DL signal EVM validation in the test zone
Proposal 1: In order to ensure that the quality of the emulated signal in the test zone is aligned with the demodulation requirement assumptions, a radiated verification of the DL signal EVM is needed.
Proposal 2: Because the EVM of a faded signal cannot be defined or measured, a pass-through mode in the fader is needed to verify the EVM under the same waveform scaling conditions that are used when fading emulation is enabled.

Discussion:
Spirent: P2 is already supported in the CE. 
KS: optimize the validation procedure to ensure the quality of the radiated signal in the test zone is needed. But EVM validation is not the right direction. 

Agreements: Validation procedure of DL signal quality (e.g. EVM) per-port is required as starting point for FR1.  

Issue 4：Orientations for FR1
Proposal 1: Reuse the Free Space Data Mode Portrait (FS DMP), Free Space Fata Mode Landscape (FSDML), and Free Space Data Mode Screen Up flat (FS DMSU) for NR FR1 MIMO OTA testing, the DUT azimuthal rotation shall be performed over 360 degrees per orientation in 30 degree steps (12 total positions).

Discussion: 

Agreement:
Reuse the Free Space Data Mode Portrait (FS DMP), Free Space Fata Mode Landscape (FSDML), and Free Space Data Mode Screen Up flat (FS DMSU) for NR FR1 MIMO OTA testing, the DUT azimuthal rotation shall be performed over 360 degrees per orientation in 30 degree steps (12 total positions). Fine angular steps at high frequency for rotation is FFS.


 Below is not treated in the ad-hoc

Issue 5：Orientations for FR2
Proposal 1: Rotating DUT during the testing shall be adopted for FR2 NR MIMO OTA
Proposal 2: In FR2 NR MIMO OTA testing, test shall be performed in the directions which are covered by Nth percentile EIS spherical coverage. Here value of N is according to FR2 UE power class, as defined in TS 38.101-2 clause 7.3.4.

Issue 6：System layout for FR1
Option 1: The number of antenna and placement of antenna in FR1 MPAC should be aligned with LTE MPAC; 
Option 2: Within the upper limit of spatial correlation error, using the sectored probe configuration to reduce the number of probes;

Issue 7：System layout for FR2
Proposal 1: The wall structure shall have spatial diversity enough to support multiple simultaneous beams to enable multiple beams tested in UE using CDL-A and CDL-C with both scalings

Issue 8：Environmental conditions for FR1 
Proposal 1: Based on the technical analysis of the merits of an SNR controlled test environment in LTE MIMO OTA, practical experience with MIMO performance evaluation, and a strong desire to harmonize the conformance certification ecosystem for FR1 MIMO OTA, it is proposed to adopt the SNR control method as the testing condition applicable to the FR1 MIMO OTA test setup.


Topic #3: Next steps 
Action item 1：Ripple procedure for FR1 and FR2 with 20cm and 30cm
Action item 2：UE Orientation diagram in Annex A.3
Action item 3：Channel model tables and scaling procedur
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