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1 Introduction
In RAN#88-e plenary meeting, new Work Item on MIMO OTA performance requirements for NR UEs was approved [1]. The objective of WI is to specify MIMO OTA performance requirements for NR FR1 and FR2 UEs. Based on the outcome of precedent study item [2] and the experience of LTE MIMO OTA, this document discusses the work organization in the coming NR MIMO OTA WI, and provide our views on some open issues which were left from the Study Item.
2	Discussion
2.1 Working procedure towards specifying MIMO OTA requirements 
In 2017, RAN4 successfully defined the MIMO OTA requirements for LTE UE and captured them in TS 37.144. The sophisticated design of the working plan had played an important role [4] [5]. For the success of current NR WI, the obvious choice is to follow the similar procedure which had applied to LTE study.  
The work in LTE MIMO OTA WI [3] can be divided into 3 phases as in below figure, until the definition of performance requirements. 



The methodology to define MIMO OTA requirements is based on measurement data from certified labs, therefore, the initial phase “lab alignment” is the foundation of the whole work. It was further organized as 3 steps [4] [5] 
· 1.1 Channel model validation data
· 1.2 The chamber range calibration: Calibration with a specific set of reference dipoles and loops
· 1.3 Performance alignment measurements: use the same reference devices and report results for specific bands
For NR MIMO OTA, the study item [6] was successfully completed in RAN#88-e plenary meeting, metrics and test methodology were captured in the TR [2]. In current TR 38.827 V16.0.0., there are some open issues left as “FFS”. These open issues are related to the above procedure and need to be solved with high priority. In below table 1, we try to list the major open issues as we move forward with each step of the work item. 
 
Table 1: Major open issues to move forward in NR MIMO OTA WI
	Phases
	Steps
	Open issues

	1. Lab alignment
	1.1 Channel model validation data
	1) Down-selecting of the bandwidth of FR1 TDD RMC, i.e. “40, [20]”
2) Down-selecting of the FR2 channel models, i.e. FR2 InO CDL-A or FR2 UMi CDL-C
3) The Pass/Fail Criteria of channel model validation for FR1 and FR2, which is FFS in TR38.827

	
	1.2 the chamber range calibration
	

	
	1.3 Performance alignment measurements
	1) Selecting of throughput outage for FR1 testing, i.e. [70% and 95%]
2) Down-selecting of the RMC for FR2 i.e. 16QAM or 64QAM.
3) How to process the measurement data for FR2, i.e. averaging of the measured sensitivity points, or define sensitivity value based on the CCDF
4) The number of samples for sequence length at each testing point for FR1 and FR2, which is FSS in TR38.827

	2. Measurement data collection
	
	

	3. Performance requirements definition
	
	1) Measurement Uncertainty (MU) aspects, including values and their applicability on the limit etc.



Proposal 1: NR MIMO OTA WI should follow the same procedure as previous LTE WI, stepwise open issues in table1 need to be solved with high priority.

2.2 views on some open issues
1) Down-selecting of the bandwidth of FR1 TDD RMC, i.e. “40, [20]”
Reference Measurement Channels (RMC) for NR FR1 MIMO OTA were discussed in RAN4 #92bis meeting Oct 2019. The only open issue is the TDD bandwidth, i.e. 40MHz or 20MHz. In RAN4 TR 38.101-4, both of these two bandwidths are used in the conducted test of TDD Rank 2 PDSCH demodulation requirements with 2Rx and 4Rx, named as “R.PDSCH.2-3.1 TDD” and “R.PDSCH.2-9.1 TDD”  
(from Table 5.2.2.2.1-4: Minimum performance for Rank 2 of TR38.101-4)
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	2-1
	R.PDSCH.2-3.1 TDD
	40 / 30
	64QAM, 0.50
	FR1.30-1
	TDLA30-10
	2x2, ULA Low
	70
	19.8

	2-2
	R.PDSCH.2-9.1 TDD
	20 / 30
	64QAM, 0.50
	FR1.30-4
	TDLA30-10
	2x2, ULA Low
	70
	19.8



While 20MHz is aligned with the LTE channel bandwidth, 40MHz can better demonstrate the performance of NR technology. 40MHz is also more widely used in other test scenarios of TDD PDSCH demodulation requirements, e.g. Rank1 of 2Rx, Rank1, 3, 4 of 4Rx.
Despite 40MHz may impose higher demand in terms of channel emulator, PA of chamber etc., compared with 20MHz, we still believe 40MHz is the better choice for NR TDD in MIMO OTA, taking in account even probe layout has been upgraded from 8 to 16 in order to make a better measurement.
Thus,
Proposal 2: propose to adopt 40MHz as the only channel bandwidth for NR FR1 MIMO OTA TDD RMC.
2) Selecting of throughput outage for FR1 testing, i.e. [70% and 95%]
The throughput outage of 70% and 95% have been used in LTE MIMO OTA [9]. In RAN4#93 meeting Nov 2019, there was a very good contribution from CAICT and SAICT [10]. In this contribution, extensive testing results were provided for the UE noise-limited condition (also called as TRMS) which were adopted for NR MIMO OTA as well as LTE in 3GPP. 
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Figure 1. LTE MIMO OTA measurement results from R4-1914995 [10]
According to the testing results, different throughput outages of TP@95%, TP@90% and TP@70% show nearly the same performance difference with TRMS approach. It means one outage points is enough to fulfil the purpose of measurement, i.e. telling “good” or “bad” UE. 
The proposal given in R4-1914995 is: (from R4-1914995 [10])
“Proposal 1: If TRMS is adopted for NR FR1 MIMO OTA, selecting only one outage point of TP@ 70% is sufficient to identify the UE performance. TP@95% should also be considered as another criteria for checking whether the UE can pass 11 of total 12 rotations.” 


Additionally, the criteria in TS 37.144 [12] allows 2 exceptional points of total 12 rotations, as(from TS 37.144 [12])
“If 2 azimuth positions do not result in a defined measured sensitivity at 95% throughput, SMODE,95 is calculated using the 10 measured sensitivities and PRS-EPRE-MAX for the two missing results.” 


Therefore, the above proposal1 from R4-1914995 is slightly modified as below. 
Proposal 3: for NR FR1 MIMO OTA, selecting only one outage point of TP@ 70% to identify the UE performance. TP@95% should also be considered as another criteria for checking whether the UE can pass 10 of total 12 rotations.
This method can also partially relief the potential concern of higher demand on chamber PA for 40MHz bandwidth than 20MHz, as discussed in previous section.
3) How to process the measurement data for FR2, i.e. averaging of the measured sensitivity points, or define sensitivity value based on the CCDF
Two options was left from the discussion in RAN4 #94-e Meeting, February 2020, i.e. 
· Option 1: define FR2 MIMO OTA performance metric as the averaging of the measured sensitivity at the test points within “MIMO OTA spherical coverage”, where the “MIMO OTA spherical coverage” means the spherical coverage in terms of MIMO OTA sensitivity rather than EIS. [13]
· Option 2: The sensitivity value at the [80th] percentile of the CCDF of the all the recorded data measured over the full sphere around UE is defined as the FR2 MIMO OTA requirement. [14]
We think the option 1 is better. It simply follows the same principle as “spherical coverage” of FR2 in 38.101-2, while option2 needs further justification on the selection of [80th] percentile or other values. 
Option2 may also have the problem of uncertainty due to low density of 36 testing points compared to “at least 200 grid points” requested in TS 38.521-2 for FR2 EIS testing. In below results from TR 38.810, it can be seen that the standard deviation of the EIS50%CDF increases with lower density. Similar problem is expect for FR2 MIMO OTA.
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Therefore, 
Proposal 4: regarding “How to process the measurement data for FR2”, propose to adopt the proposal in [13], i.e. above option 1. The CDF %-tiles for Spherical coverage defined in TR38.101-2 (as below table) are reused.
	UE Power class
	UE type
	%-tile CDF for spherical coverage

	1
	Fixed wireless access (FWA) UE
	85%

	2
	Vehicular UE
	60%

	3
	Handheld UE
	50%

	4
	High power non-handheld UE
	20%



4) Measurement Uncertainty (MU) aspects
In the WID of NR MIMO OTA work item [1], Measurement Uncertainty (MU) aspects were described as out of scope of the WI, and left to further work in RAN5. “The Measurement Uncertainty (MU) aspects, including potentially test tolerances, and test procedures will be handled in RAN WG5.” 
As we know, OTA requirements are derived by collection of measurement data instead of theoretical analyses in conducted testing. Therefore, measurement Uncertainty (MU) is an embedded part for the definition of OTA requirements, and traditionally there were studied together. MU values and their applicability on the limit have direct impact on the meaning of established requirements. Current version of TR 38.827 already planned a section “Annex B” for the study of Measurement uncertainty.   
Proposal 5: The Measurement Uncertainty (MU) aspects, including potentially test tolerances etc. and their applicability should be studied together in the RAN4 WI. The WID [1] should be revised in next plenary meeting.

3	Conclusions
In this contribution, we discuss the working procedure for the new NR MIMO OTA WI and share our views on some open issues which were left from the Study Item.
Proposal 1: NR MIMO OTA WI should follow the same procedure as previous LTE WI, stepwise open issues in table1 need to be solved with high priority.
Proposal 2: propose to adopt 40MHz as the only channel bandwidth for NR FR1 MIMO OTA TDD RMC.
Proposal 3: for NR FR1 MIMO OTA, selecting only one outage point of TP@ 70% to identify the UE performance. TP@95% should also be considered as another criteria for checking whether the UE can pass 10 of total 12 rotations.
Proposal 4: regarding “How to process the measurement data for FR2”, propose to adopt the proposal in [13], i.e. above option 1. The CDF %-tiles for Spherical coverage defined in TR38.101-2 are reused.
Proposal 5: The Measurement Uncertainty (MU) aspects, including potentially test tolerances etc. and their applicability should be studied together in the RAN4 WI. The WID [1] should be revised in next plenary meeting.

1 References
[1] RP-201302, New WID on Multiple Input Multiple Output (MIMO) Over-the-Air (OTA) performance requirements for NR UEs, CAICT, OPPO, 3GPP RAN#88-e, June 2020
[2] TR 38.827 V16.0.0 Study on radiated metrics and test methodology for the verification of multi-antenna reception performance of NR User Equipment (UE)
[3] RP-160603 New WID: Radiated performance requirements for the verification of multi-antenna reception of UEs, Intel, TSG-RAN Meeting #71, March 2016
[4] R4-163009 Guidelines for Laboratories and Test Solutions Utilized for MIMO OTA Performance and Harmonization Work, Spirent Communications, AT&T, Motorola Mobility, TSG RAN WG4 Meeting #78bis, April 2016
[5] R4-1610786 Lab alignment test plan, Intel, 3GPP RAN4 #81, November, 2016
[6] RP-181402 New SID on Study on radiated test methodology for the verification of multi-antenna reception performance of NR Ues, CATR, OPPO, Samsung, TSG-RAN Meeting #80, June 2018
[7] R4-1911410, “RMC for NR MIMO OTA”, Samsung, CAICT, 3GPP RAN4 #92bis meeting, Oct, 2019.
[8] R4-1912098, “Reference Measurement Channels for NR FR1 MIMO OTA”, Keysight Technologies UK Ltd, 3GPP RAN4 #92bis meeting, Oct, 2019.
[bookmark: specType1][bookmark: specNumber][bookmark: specVersion][9] 3GPP TS 38.101-4 V16.1.0
[10] R4-1914995 Analysis on TRMS vs MARSS based on measurement results, CAICT, SAICT, TSG-RAN WG4 Meeting #93, Nov, 2019
[11] 3GPP TR 37.977 V15.0.0
[12] 3GPP TS 37.144 V16.0.0
[13] R4-2000272 Proposal on MIMO OTA performance metrics for FR2, Samsung, TSG-RAN WG4 Meeting #94-e, February 2020
[14] R4-2000895 TP to TR 38.827 v1.1.0 on FR2 MIMO OTA performance metrics, CAICT, TSG-RAN WG4 Meeting #94-e, February 2020
[15] 3GPP TS 38.101-2 V16.4.0
[16] 3GPP TR 38.810 v16.5.0



1. Lab alignment


2. Measurement data collection


3. Performance requirements definition





6

image1.png
Power (dBm/15 KHz)

3GPP MIMO OTA (TRMS), B5, UMi

HDeivce 1 MDeivce2 MDeivce3 MDeivce4 M Deivce5

HDeivce 6 MDeivce 7 MDeivce 8 MDeivce 9 M Deivce 10
variation between device performance approx. 5dB

W ‘ same variation with TP@95%

TP 95% TP 90% TP 70%




image2.png
Power (dBm/15 KHz)

3GPP MIMO OTA(TRMS), BS, UMa

M Deivce 4 MDeivce5 MDeivce6 MDeivce7 MDeivce8 MDeivce9 M Deivce 10

_ga Variation between device performance approx. 5dB

-85 same variation with TP@95%
-86
-87
-88
-89
-90
91
-92
-93
-94

TP 95% TP 90% TP 70%




image3.png
CDF

Constant step size grid with step size of 10

Peak on Grid: yes

1CDF with sin(0) scaling of PDF

chF without sin(0) scaling of PDF

Simulations with 10° Simulations with 10°
Reference Reference
0.8F R |=esssssn 50%-tile target 0.8 | [s=nznznn 50%-tile target
0.6 0.6
0.4 0.4
0.2 0.2
0 0
-95 -90 -85 -80 -75 -95 -90 -85
EIS [dBm] EIS [dBm]




image4.png
CDF

Constant step size grid with step size of 20”

Peak on Grid: yes

1CDF with sin(0) scaling of PDF

0.8

0.6

0.4

Simulations with 20°
Reference
........ 50%-tile target

EIS [dBm]

Cle without sin(0) scaling of PDF

Simulations with 20"
Reference
50%tile target

EIS [dBm]




image5.png
CDF

Constant step size grid with step size of 30

Peak on Grid: yes

1CDF with sin(0) scaling of PDF

C1DF without sin(0) scaling of PDF

0.8

0.6

0.4

Simulations with 30°
Reference
........ 50%-tile target

EIS [dBm]

Simulations with 30°
Reference
50%tile target

EIS [dBm]




