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Summary of contributions and proposals
	TDoc
	Title
	Source
	For
	AI
	Status

	
	TDoc on Channel models

	R4-1900500
	Scaling of the 38.901 channel models for FR1 scenarios
	Keysight Technologies UK Ltd
	Approval
	10.2.4
	available

	R4-1900501
	Scaling of the 38.901 Channel Models for FR2 Scenarios
	Keysight Technologies UK Ltd
	Approval
	10.2.4
	available

	R4-1900754
	Channel model for FR2 MIMO OTA
	Qualcomm Incorporated
	Approval
	10.2.4
	available

	R4-1901379
	On channel model scaling for FR1
	ROHDE & SCHWARZ
	Approval
	10.2.4
	available

	R4-1901681
	On Output Phase Calibration for MPAC Methodology
	Keysight Technologies UK Ltd
	Approval
	10.2.4
	reserved

	R4-1901886
	On channel model and test method
	CAICT, SAICT
	Discussion
	10.2.4
	available

	R4-1901892
	CDL modification proposal
	Spirent Communications
	Approval
	10.2.4
	available

	Company
	Views on channel models 

	Keysight Technologies UK Ltd
R4-1900500
	Proposal: Take the scaling results presented in this contribution into account for the definition of FR1 NR MIMO OTA test systems

	Keysight Technologies UK Ltd
R4-1900501
	Observation 1: Beamforming reduces the width of the elevation window and the width of the azimuth window.
Observation 2: The width of the elevation window w/o beamforming is significantly wider in InO scenario than in UMi scenario.
Observation 3: The width of the azimuth window w/o beamforming is significantly wider in UMi scenario than in InO scenario.
Proposal:  Width of elevation and azimuth window should be taken into account in the evaluation of probe placement in the MPAC system.

	Qualcomm Incorporated
R4-1900754
	Proposal 1: Use gNB antenna element pattern defined in Table 1 and Table 2 for Urban Micro street canyon and Indoor respectively generating channel model.
Proposal 2: UE direction should be chosen as   for generating channel model, where vector   is defined in equation (1).
Proposal 3: Use the random number generator defined in TS 38.211 Section 5.2.1 with fixed cinit to generate the initial phases  for generating the channel model.
Proposal 4: Use the fixed pairing between angles of arrival and angles of departure as defined in CDL channel tables in TR 38.901.
Proposal 5: Use 30ns delay spread for indoor office and 50ns for Urban Micro street canyon while defining FR2 channel modelling.
Proposal 6: Scaling of angles should be considered in FR2 static channel modelling, and the translated and scaled ray angles can be obtained according to equation (2). The scaling values are FFS.
Proposal 7: The evaluation of impact on OTA performance due to different antenna orientations should be further studied in SI.
Proposal 8: For dynamic channel model, need to generate the dynamically varying channel including the birth and death of beams and take account of the angle changing based on the UE direction.

	ROHDE & SCHWARZ
R4-1901379
	Observation 1: Angular spread (both azimuth and elevation) can be over 200° and 60° respectively for certain scenarios.
Observation 2: Angular spread (both azimuth and elevation) are scenario dependent.
Observation 3: Angular spread (both azimuth and elevation) becomes even larger if BS beam configurations other than the strongest beam are considered.
Observation 4:  the usable power range at the UE receiver for different clusters is a key parameter to further define the angular spread.
Observation 5: Reducing the angular spread is a further diversion of the emulated channel model from the baseline channel models in [2].
Observation 6: Scaling will introduce additional complexity in the channel model and the UE performance testing.
Observation 7: The minimum required probe spacing for a single CDL-B cluster at a carrier frequency of 4GHz and a test volume diameter of 15cm is 15° in both azimuth and elevation.
Observation 8: The minimum required probe resolution is lower than 15° for frequencies higher than 4GHz.
Observation 9:  The RTS test methodology imposes no restriction on the channel dynamic power range and the angular scaling.
Observation 10: the adjustment of the channel model is mainly required due to the restricted number of probes in a MPAC setup, while it has very limited impact on the calculation power required for RTS.
Proposal: UE chipset vendors to provide estimations of the usable power dynamic range.

	CAICT, SAICT
R4-1901886
	Proposal 1: the number of probes in the MPAC system and their positions should be provided as a package with the channel models. 
Proposal 2: Joint selection of the channel model, MPAC chamber design and the corresponding test zone size needs to be considered.
Proposal 3: Further optimize the probes position to achieve efficient and economical design.   

	Spirent Communications
R4-1901892
	Proposal 1: Use angle scaling (see section 7.7.5.1 of [1]) to move the angles of the problematic clusters in the CDLs RAN4 intends to use for UE MIMO OTA. The angle values for the 4 problematic clusters are TBD.
Proposal 2: An alternative to proposal 1 is to consolidate the problematic clusters into one. This will automatically reduce the cluster number by 4 in all CDLs.
Proposal 3: rms DS targets should follow those picked for R15, namely, 30ns, 100ns, and 300ns for FR1, and 30ns and 60ns for FR2 as in [2].
Proposal 4: For FR1, the elevation angle spread should be set to 0 degrees and all ZoDs set to 90 degrees.
Proposal 5: For FR2, the composite angle spread needs to be constrained. The implication is that the values of ZoA must be within ±X° to make it more suitable for practical implementations. The value of X should be chosen with input from chamber vendors.
Proposal 6: UE speed for FR1 should be 30km/hr.
Proposal 7: UE speed for FR2 should be 3km/hr.
Proposal 8: UE direction of travel must be picked in a way that does not align with any of the cluster AoAs, to insure statistical convergence of the fading models.
Proposal 9: If LOS CDLs are to be used, the K factors must be selected. The AoA and ZoA of the LOS component must align with one of the probes.
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	TDoc on Test methods

	R4-1900271
	NR MIMO OTA Tests at FR2
	Sony, MVG
	Discussion
	10.2.3.2
	available

	R4-1900498
	3D MPAC System Proposal for FR1 NR MIMO OTA Testing
	Keysight Technologies UK Ltd
	Approval
	10.2.3.1
	available

	R4-1900499
	3D MPAC System Proposal for FR2 NR MIMO OTA Testing
	Keysight Technologies UK Ltd
	Approval
	10.2.3.2
	available

	R4-1900502
	RTS system setup for 4x4 MIMO OTA testing
	Keysight Technologies UK Ltd, General Test Systems
	Discussion
	10.2.3.1
	available

	R4-1901767
	Setup considerations for FR2
	ROHDE & SCHWARZ
	Approval
	10.2.3.2
	available

	Company
	Views on test methods

	Sony, MVG
 R4-1900271
	Observation 1: It is sufficient to test the static MIMO OTA in a 3D MPAC with a reduced number of clusters and which are within limited AoAs in CDL-A, CDL-B and CDL-C models. The channel model of each measurement can be simplified based on the beamwidth of the main lobe of the BS antenna panels.
Observation 2: Multiple measurements will be needed for each UE position to test the performance with beamforming from the BS. The weak clusters cannot be removed from the measurement since the spherical coverage of UE is unknown.
Observation 3: The LoS test scenario shall be considered at the FR2 MIMO OTA test.
Observation 4: In order to better reflect a real user scenario, a body phantom should be included at FR2 MIMO OTA tests.

	Keysight Technologies UK Ltd 
R4-1900498
	Observation 1: The theoretical, non-optimized number of probes increases with frequency and max. antenna separation
Observation 2: The theoretical, non-optimized number of probes increases with the number of BS beams considered
Observation 3: The theoretical, non-optimized number of probes is larger with no beamforming considered by the BS compared to the 1-beam, 2-beam, 4-beam cases
Observation 4: The number of probes can be reduced significantly on a case-by-case basis. The actual method of implementing probe selection if FFS
Proposal 1: In order to limit the number of probes and to support for 4×4 MIMO, focus only on the scenario where the BS is considering at least two beams ("2-beam")
Proposal 2: In order to reduce test system complexity, limit the number of CDL channel models, e.g., to CDL-A and CDL-C
Proposal 3: If number of probes for the selected models according to proposals 1 and 2 with a regular probe grid is too high, optimize the probe placement for the selected models.

	Keysight Technologies UK Ltd
 R4-1900499
	Observation 1: The CDL-A Channel Model is represented the best by a 3D MPAC system.
Observation 2: The CDL-B channel model is represented well with a minimum of 8 probes.
Observation 3: The CDL-C channel model is represented well with a minimum of 8 probes and little improvement is seen by increasing the number of probes.
Proposal 1: Limit the number of probes of the 3D MPAC system to eight.
Observation 4: Further reduction in the number of 3D MPAC probes based on probe location optimizations could be made if specific channel model and scenario combinations are selected.

	Keysight Technologies UK Ltd 
R4-1900502
	LTE 4x4 MIMO OTA test results by RTS method. 

	Rohde & Schwarz 
R4-1901767
	Observation 1: The maximum feasible SNR for beam-peak AoA is 18.5 dB. 
Proposal 1: further investigate the feasible SNR range for a multiple antenna test system. 
Proposal 2: further define UE assumptions in order to narrow down the metrics to be used for channel model implementation evaluation.



Open issues
Topic #1: Channel models parameters 
Issue 1：gNB Antenna Element Pattern
FR1:
	Option 1: use example pattern in TR38.901 Table 7.3-1, e.g. 3dB = 65,  SLAv = 30dB, GE,max =8 dBi; 
	Option 2: use approved pattern in TR38.810 (from R4-1711826), G_Emax = 4dBi, 3dB = 90, 3dB = 90, SLAv = 30dB; 
FR2:
Option 1: use example pattern in TR38.901 Table 7.3-1, e.g. 3dB = 65,  SLAv = 30dB, GE,max =8 dBi; 
Option 2: use approved pattern in TR38.810 (from R4-1711826), e.g. G_Emax = 4dBi, 3dB = 90, 3dB = 90, SLAv = 30dB; 
Option 3: different pattern for UMi (3dB = 65, SLAv = 25dB, GE,max =8 dBi ) and Indoor (3dB = 90,  SLAv = 30dB, GE,max =5 dBi), selected from TR38.803 
Discussion: 
R&S: We would like to know the reason why not follow the parameters in 38.901; 
KS: 90 degrees allow 120 degrees BS direction coverage; negligible effect on final BS beamwidth by using 65 or  90. The channel model results would be nearly the same with both element parameters. 

Agreements:
FR1&FR2：Use example pattern in TR38.901 Table 7.3-1, e.g. 3dB = 65,  SLAv = 30dB, GE,max =8 dBi; 
 
Issue 2：Beam steering assumption of BS pattern
FR1:
Proposal: A code book of 60 fixed beams is constructed to a grid of five elevation angles from –20 to +20 with 10 steps and 12 azimuth angles from –80 to +80 with ~15 steps.
FR2:
Proposal: A code book of 128 fixed beams is constructed to a grid of eight elevation angles from –25 to +25 with ~7.1 step size and 16 azimuth angles from –60 to +60 with 8 step size

Chair: would like to know the source of these proposals.
R&S: also interested in the paper of the paramters.
KS: the source of the proposal is from the feedback of BS vendors.

Agreements:
FR1:
Proposal: A code book of 60 fixed beams is constructed to a grid of five elevation angles from –20 to +20 with 10 steps and 12 azimuth angles from –80 to +80 with ~15 steps.
FR2:
Proposal: A code book of 128 fixed beams is constructed to a grid of eight elevation angles from –25 to +25 with ~7.1 step size and 16 azimuth angles from –60 to +60 with 8 step size

Issue 3：How many beams from BS side (FR1 and FR2)
	Option 1: 1 strongest beam (only support 2x2)
	Option 2: 2 strongest beams (support both 2x2 and 4x4, minimum number for 4x4)
	Option 3: 4 strongest beams
	Prior agreements: UMi with 4x4; UMa with 2x2: 
Discussion: 
Companies share different views on the beams selection and definition from BS side

Potential Agreements:
FR1: 2 strongest beams is the baseline assumption, other cases are not precluded;  
FR2: 1 strongest beam is the starting point for channel model simulation;

--》Next step:
Further discuss the beamforming from BS side.

Issue 4：Simplification of the channel model 
	Option 1: Select 90% of total power (Choose strongest paths that contribute to 90% of total power) 
	Option 2: By limiting the power range (10, 20 or 30dB) 
	Option 3: Angular ranges containing 90% of power (i.e. Width of elevation and azimuth window with 90%-tile)
	Option 4: By limiting the number of clusters (align with Rel-15)

Spirent: keep the time domain; scale the angular domain to simplify the model;
ETS: should not remove taps based on power; 
KS: we need to know if the weak clusters provide benefits for UE; 

Need offline discussion on how to simplify the channel model;  

Issue 5：Desired Delay Spread 
FR1: UMi and Uma
	Option 1: UMi with 103.1ns, Uma with 364.1 ns; 
	Option 2: Align with 30ns, 100ns, and 300ns for Rel-15 
				Option 3: UMi with 100ns, Uma with 300ns;

FR2: UMi and Indoor Office
	Option 1: UMi with 65.9ns, InO with 26.2 ns; 
	Option 2: Align with 30ns and 60ns for Rel-15 FR2 demodulation 
	Option 3: UMi with 50ns, InO with 30 ns; 

Agreements:
FR1: UMi with 100ns, Uma with 365ns;
FR2: UMi with 60ns, InO with 30 ns;

Issue 6：Desired Angular Spread (AoA	ZoA	AoD	ZoD)
FR1: UMi and UMa
· Desired Angular Spread before BS pattern filtering: from KS	
	
	AoA
	ZoA
	AoD
	ZoD
	

	UMa
	85.7
	21.7
	27.4
	4.7
	KS

	UMi
	57.2
	7.8
	24.0
	0.8
	

	scaling values 
	30, 45, 60
	5, 10, 15
	5, 10, 15, 25
	1, 3, 5
	Example  in 38.901



· For FR1, the elevation angle spread should be set to 0 degrees and all ZoDs set to 90 degrees.(Spirent)
Discussion: 
Spirent: we need comparable test system with LTE;
KS: need technical justification of the 0 degree elevation spread proposal;
Apple: suggest keep 0 degree elevation as one option for discussion; we need to consider FR1 re-farming bands testing;
ETS: need to know the benefits from elevation angles, compared to 2D configuration; 
DCM: agree with Spirent; 
QC: agree with KS; 

Next steps: 
Option 1: Set 0 degree for elevation angle; (Spirent, Apple, ETS, DCM, PCTEST, MVG)
Option 2：The RMS elevation spread is up to 20 degrees for UMa and up to 7 degrees for UMi; (KS)
Option 3：Separate FR1 discussion to 2 ranges, consider the extension of 7GHz of FR1: (QC)
[bookmark: _GoBack]
FR2: UMi and Indoor Office
· Desired Angular Spread before BS pattern filtering: from KS	
	
	AoA
	ZoA
	AoD
	ZoD
	

	UMi
	49.3
	7.3
	15.6
	0.8
	KS

	InO
	50.4
	14.7
	41.7
	12.0
	

	scaling values 
	30, 45, 60
	5, 10, 15
	5, 10, 15, 25
	1, 3, 5
	Example  in 38.901



Issue 7：UE speed	
	Proposal: 30km/h for FR1; 3 km/h for FR2;
Discussion: 
KS: we need to check this proposal.	

Topic #2: Procedure of Scaling channel models 
Issue 1：Channel scaling procedure for MIMO OTA
For information: Channel scaling for Rel-15 TDL channel models (R4-1816714)
Step 1: Use the original TDL model from TR38.901.
Step 2: Re-order the taps in ascending delays
Step 3: Perform delay scaling according to the procedure described in section 7.7.3 in TR38.901.
Step 4: Apply the quantization to the delay resolution 5 ns. This is done simply by rounding the tap delays to the nearest multiple of the delay resolution. 
Step 5: If multiple taps are rounded to the same delay bin, merge them by calculating their linear power sum.
Step 6: If there are more than 12 taps in the quantized model, merge the taps as follows
· Keep first tap as such, and the last tap delay as such.
· Merge two parallel taps with different delays (average delay, sum power) starting from the weakest ones. If the average delay is not in the sampling grid, round up/down it towards the direction of the higher power original tap (e.g. 10 ns & 20 ns  15 ns, 10 ns & 25 ns  20 ns, if 25 ns had higher or equal power; 15 ns, if 10 ns had higher power)
· Continue as long as the final number of taps is 12.
Step 7: Round the amplitudes of taps to one decimal (e.g. -8.78 dB  -8.8 dB) 
Step 8: If the delay spread has slightly changed due to the tap merge, adjust the final delay spread by increasing or decreasing the power of the last tap so that the delay spread is corrected.
Step 9: Re-normalize tap powers such that the strongest tap is at 0dB
Table B.2.1.1-1: Delay profiles for NR channel models
	Model
	Number of 
channel taps
	Delay spread
(r.m.s.)
	Maximum excess tap delay (span)
	Delay resolution

	TDLA30
	12
	30 ns
	290 ns
	5 ns

	TDLB100
	12
	100 ns
	480 ns
	5 ns

	TDLC300
	12
	300 ns
	2595 ns
	5 ns



How to quantize delay?
	Proposal: align with Rel-15 delay resolution with 5ns;
Discussion: 
Spirent: we need to be careful on this proposal.	

How to scale Multi-taps with same delay and angle information (after 5ns quantization)
· Option 1: If multiple taps are rounded to the same delay bin, merge them by calculating their linear power sum (Rel-15 scaling procedure)
· Option 2: Use angle scaling (see section 7.7.5.1 of 38.901) to move the angles of the problematic clusters 
	Table 1: CDL-A with Probably Quantized  delay
	Cluster #
	Normalized delay
	Probably Quantized  delay (ns)
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0.0000
	0
	-13.4
	-178.1
	51.3
	50.2
	125.4

	2
	0.3819
	10ns
	0
	-4.2
	-152.7
	93.2
	91.3

	3
	0.4025
	10ns
	-2.2
	-4.2
	-152.7
	93.2
	91.3

	4
	0.5868
	20ns
	-4
	-4.2
	-152.7
	93.2
	91.3

	5
	0.4610
	15ns
	-6
	90.2
	76.6
	122
	94

	6
	0.5375
	15ns
	-8.2
	90.2
	76.6
	122
	94

	7
	0.6708
	20ns
	-9.9
	90.2
	76.6
	122
	94

	8
	0.5750
	15ns
	-10.5
	121.5
	-1.8
	150.2
	47.1




UE direction 
Proposal 1: UE direction should be chosen as  for generating channel model, where vector  is defined in equation (1).
Proposal 2: UE direction of travel must be picked in a way that does not align with any of the cluster AoAs, to insure statistical convergence of the fading models.


Topic #3: Test methods for FR1 MIMO 
Issue 1：FR1 Angular spread with BS antenna 
	Table 1: RMS azimuth and delay spreads with different CDL model and BS antenna combinations (KS R4-1900500)
	BS antenna type
	Channel model
	rms azimuth spread [deg] 
	rms elevation spread [deg]
	rms azimuth spread [deg]
	rms elevation spread [deg]

	
	
	UMi scenario
	UMa scenario

	Directive BS w/o beam
	CDL-A
	50.1
	6.4
	71.5
	16.5

	
	CDL-B
	50.6
	7.6
	71.5
	20.7

	
	CDL-C
	48.4
	7.0
	67.1
	18.9

	
	CDL-D
	16.5
	1.8
	19.4
	3.7

	
	CDL-E
	21.5
	1.3
	20.7
	2.5

	8x8 URA, 1 strongest beam
	CDL-A
	14.1
	1.8
	18.5
	4.0

	
	CDL-B
	25.5
	5.4
	33.9
	14.9

	
	CDL-C
	14.2
	5.3
	19.8
	14.6

	
	CDL-D
	6.4
	0.5
	17.9
	2.9

	
	CDL-E
	9.8
	1.1
	14.4
	2.3

	8x8 URA, 2 strongest beams
	CDL-A
	13.9
	1.8
	16.4
	4.1

	
	CDL-B
	29.6
	6.6
	41.6
	18.7

	
	CDL-C
	27.9
	5.5
	38.5
	15.1

	
	CDL-D
	9.0
	1.0
	12.3
	1.8

	
	CDL-E
	7.1
	0.7
	10.1
	1.4

	8x8 URA, 4 strongest beams
	CDL-A
	26.6
	2.1
	39.3
	5.3

	
	CDL-B
	30.0
	6.7
	41.8
	18.6

	
	CDL-C
	48.4
	7.3
	50.0
	16.5

	
	CDL-D
	8.9
	0.9
	11.5
	1.7

	
	CDL-E
	7.0
	0.7
	10.4
	1.5



Table 2: Channel model angular spread for Uma and Umi NLOS scenario with an 8x8 BS ULA (R&S R4-1901379)
	Scenario
	Channel Model
	Power Dynamic Range [dB]
	Azimuth spread [º]
	Elevation spread [º]

	Uma
	CDL-A
	10
	40.61
	11.27

	
	
	20
	40.61
	11.27

	
	
	30
	243.68
	40.29

	
	CDL-B
	10
	121.39
	72.85

	
	
	20
	198.02
	72.85

	
	
	30
	324.63
	80.38

	
	CDL-C
	10
	67.05
	52.72

	
	
	20
	109.43
	58.31

	
	
	30
	154.06
	61.81

	Umi
	CDL-A
	10
	31.11
	4.76

	
	
	20
	31.11
	4.76

	
	
	30
	196.58
	18.06

	
	CDL-B
	10
	119.37
	30.79

	
	
	20
	138.46
	30.79

	
	
	30
	235.44
	33.90

	
	CDL-C
	10
	51.35
	22.28

	
	
	20
	66.24
	22.28

	
	
	30
	146.62
	28.64



Table 3: Ranges of azimuth and elevation angles containing 90% of power (KS)
	Model
	Dimension
	Range 
with 1-beam 
	Range 
with 2-beam
	Range 
with 4-beam
	Range w/o beam

	CDL-A (UMi)
	Elevation
	4.1 (88.92%)
	4.1 (88.91%)
	4.1 (88.37%)
	21.65 (90.17%)

	
	Azimuth
	29.4 (88.43%)
	29.4 (88.47%)
	100.9 (90.19%)
	185.19 (89.89%)

	CDL-B (UMi)
	Elevation
	22.12 (90.04%)
	21.67 (91.74%)
	22.12 (88.58%)
	24.74 (89.85%)

	
	Azimuth
	91.49 (91.49%)
	101.38 (90.51%)
	101.38 (90.22%)
	171.03 (90%)

	CDL-C (UMi)
	Elevation
	22.52 (89.89)
	20.11 (89.49%)
	23.83 (89.87%)
	23.23 (89.18%)

	
	Azimuth
	50.0 (88.9%)
	80.45 (89.65%)
	163.58 (89.93%)
	166.7 (90%)

	CDL-A (UMa)
	Elevation
	11.33 (89.49%)
	11.33 (89.5%)
	11.33 (88.94%)
	45.33 (89.77%)

	
	Azimuth
	44.03 (89.01%)
	44.03 (89.25%)
	150.03 (89.85%)
	267.12 (90.28%)

	CDL-B (UMa)
	Elevation
	62.79 (89.86%)
	62.52 (88.11%)
	62.52 (88.22%)
	68.02 (89.97%)

	
	Azimuth
	136.94 (89.15%)
	130.45 (89.35%)
	130.45 (89.2%)
	249.07 (90.04%)

	CDL-C (UMa)
	Elevation
	62.32 (89.94%)
	55.66 (89.71%)
	62.32 (89.68%)
	63.06 (89.31%)

	
	Azimuth
	74.85 (89.4%)
	120.23 (90.64%)
	171.49 (90.59%)
	238.6 (89.91%)



Discussion: 

Issue 2：Estimating the number of probes for FR1 channel model
	Option 1: Approximation method based on 2D-ring formula; (KS R4-1900498)
	Option 2: developing other accurate estimation method?

	
	
	
	DUT max. antenna
separation = 0.15 m

	DUT max. antenna
separation = 0.30 m

	Model 
	Number of BS beams considered 
	Azimuth/ elevation sector 
	Centre frequency = 2.1 GHz
	Centre frequency = 5.0 GHz
	Centre frequency = 7.25 GHz
	Centre frequency = 2.1 GHz
	Centre frequency = 5.0 GHz
	Centre frequency = 7.25 GHz

	CDL-A (UMi)
	1
	29 / 5
	     6
	     9
	    12
	     9
	    12
	    15

	
	2
	29 / 5
	     6
	     9
	    12
	     9
	    12
	    15

	
	4
	101 / 5
	    12
	    18
	    27
	    18
	    33
	    45

	CDL-B (UMi)
	1
	92 / 22
	    12
	    18
	    24
	    15
	    40
	    56

	
	2
	102 / 22
	    12
	    18
	    27
	    18
	    44
	    60

	
	4
	102 / 22
	    12
	    18
	    27
	    18
	    44
	    60

	CDL-C (UMi)
	1
	50 / 23
	     9
	    12
	    15
	    12
	    24
	    40

	
	2
	81 / 21
	    12
	    15
	    21
	    15
	    27
	    48

	
	4
	164 / 24
	    18
	    27
	    39
	    24
	    68
	   115

	CDL-A (UMa)
	1
	44 / 12
	     9
	    12
	    15
	     9
	    18
	    21

	
	2
	44 / 12
	     9
	    12
	    15
	     9
	    18
	    21

	
	4
	150 / 12
	    15
	    27
	    36
	    24
	    45
	    63

	CDL-B (UMa)
	1
	137 / 63
	    15
	    32
	    66
	    28
	    98
	   190

	
	2
	131 / 63
	    15
	    32
	    66
	    28
	    98
	   190

	
	4
	131 / 63
	    15
	    32
	    66
	    28
	    98
	   190

	CDL-C (UMa)
	1
	75 / 63
	     9
	    20
	    42
	    20
	    56
	   110

	
	2
	121 / 56
	    15
	    28
	    50
	    28
	    91
	   153

	
	4
	172 / 63
	    18
	    40
	    78
	    36
	   119
	   240



Issue 3：Limit the number of channel models 
Keysight: In order to reduce test system complexity, limit the number of CDL channel models, e.g., to CDL-A and CDL-C 
CAICT: Joint selection of the channel model, MPAC chamber design and the corresponding test zone size needs to be considered.
OPPO: UMi should be used as the baseline scenario for 2x2 MIMO and Uma can be further considered in the later stage.
Sony/MVG: The LoS test scenario shall be considered at the FR2 MIMO OTA test.
	
Issue 4：Probes placement in MPAC for FR1 
	Keysight: If number of probes for the selected models according to proposals 1 and 2 with a regular probe grid is too high, optimize the probe placement for the selected models. 
	CAICT: Further optimize the probes position to achieve efficient and economical design.

Topic #4: Test methods for FR2 MIMO 
Issue 1：Channel model KPI for FR2 to guarantee the best channel model implementation   
Keysight: Power angular spectrum (PAS) similarity percentage (PSP) (i.e. Total Variation Distance (TVD) of PAS is used to measure the similarity of the PAS produced by the OTA system and the reference PAS).

If PSP KPI is agreed, the UE antenna assumption need to be defined:
Keysight: 4×4 rectangular array with half wavelength inter-element spacing is used to observe PAS at the UE and to determine the metrics
R&S: Further define UE assumptions in order to narrow down the metrics to be used for channel model implementation evaluation. (e.g. UE size, Antenna array aperture, Antenna array structure, Antenna array locations)
Discussion:

Issue 2：Probes placement in MPAC for FR2 
Keysight: Limit the number of probes of the 3D MPAC system to eight. 

Issue 3：FR2 Angular spread with BS antenna 
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	Company
	Views 

	Intel Corporation R4-1900125
	Proposal #1:	Introduce SS-RSARP measurement as defined in Table 1.
Proposal #2:	RAN4 to discuss the RSARP accuracy and impact on the MIMO OTA test methods MU/TT.
Proposal #3:	Further discuss the impacts of relative RX branches phase/power variation on RSARP/RSRPB measurements and RTS test method MU.
Proposal #4:	Introduce FR1 SS-RSRB, FR1 SS-RSARP and FR2 SS-RSARP as optional UE features without capabilities signalling. 

	OPPO 
R4-1900267
	Observation 1: The simplification of CDL-A/B/C channel models is to simulate Uma and Umi scenarios which is similar to LTE MIMO OTA.
Observation 2: Noise limited condition with Umi channel model or interference limited condition with Uma channel model both have good differentiation of UE antenna performances.
Observation 3: Noise-limited condition have better differentiation of UE antenna performance especially in case of no NR TRP/TIS requirements are defined in NR.
Observation 4: UE vendor and Operators who join this topic prefer noise-limited condition for NR FR1 MIMO OTA.
Observation 5: Uma with 2x2 MIMO will face channel model validation problems.
Observation 6: Umi with 2x2 MIMO is well aligned with LTE MIMO OTA and also aligned with the agreed backward compatible requirement.
Proposal 1: Use noise-limited condition as the baseline for NR FR1 Umi 4x4 MIMO scenario.
Proposal 2: Umi should be used as the baseline scenario for 2x2 MIMO and Uma can be further considered in the later stage.

	NTT DOCOMO, INC
R4-1900576
	Observation 1: TRMS results have the same tendency with TRS.
Observation 2: Results under interference-limited has different tendency compared with TRS results.
Proposal 1: Noise-limited condition should be kept using as test condition of NR MIMO OTA in FR1.



Topic  #1: NR ATF measurements
Intel:	Introduce SS-RSARP measurement as defined in Table 1.Introduce SS-RSARP measurement as defined in Table 1. 

Table 1. SS-RSARP definition
	Definition
	SS reference signal antenna relative phase (SS-RSARP) is defined as the difference of the average phase of the receive signals on the resource elements that carry secondary synchronization signals (SS) received by the reference individual receiver branch (Rx0) and the average phase of the receive signals on the resource elements that carry secondary synchronization signals (SS) received by one other individual receiver branch (Rx1 .. Rxn). The measurement time resource(s) for SS-RSARP are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration.

SS-RSARP shall be measured only among the reference signals corresponding to SS/PBCH blocks with the same SS/PBCH block index and the same physical-layer cell identity. 

If higher-layers indicate certain SS/PBCH blocks for performing SS-RSARP measurements, then SS-RSARP is measured only from the indicated set of SS/PBCH block(s).

For frequency range 1, the reference point for the SS-RSARP shall be the antenna connector of the UE. For frequency range 2, SS-RSARP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 

	Applicable for
	RRC_CONNECTED intra-frequency



Discussion: 

· ATF accuracy and impact on MU  
· RSARP accuracy and MU 
· Relative RX branches phase/power variation on RSARP/RSRPB and MU
· Introduce FR1 SS-RSRB, FR1 SS-RSARP and FR2 SS-RSARP as optional UE features without capabilities signalling

Discussion: 

Topic  #2: Performance condition for FR1
· Test conditions for FR1 MIMO OTA  
· Noise-limited condition as the baseline for NR FR1 Umi 4x4 MIMO scenario (OPPO)
· Noise-limited condition should be kept using as test condition of NR MIMO OTA in FR1 (DCM)
Discussion:
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