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1. Introduction
The contribution proposes MIMO OTA performance conformance test. 
2. Discussion

2.1 MIMO OTA performance conformance test is very important for the 5G NR devices
The uplink and downlink throughputs are the key performance parameters for the users’ experiences. Take the LTE DL MIMO throughput comparison between 2x2 and 4x4 for example, DL 4x4 MIMO could provide much higher DL throughput than DL 2x2 MIMO (See Figure 1[1]). Similarly, the use of MIMO in 5G NR UE could also provide large gains in uplink and downlink throughput for 5G NR users. And we need to know the real user experiences in throughputs, which is also very important and helpful to the 5G NR network deployment.
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Figure 1 The DL MIMO throughput comparison between 2x2 and 4x4
Observation 1: UL/DL throughputs are the key performance for the 5G NR users’ experiences, which could be measured by MIMO OTA performance conformance test.
2.2 Situation with MIMO OTA performance conformance test in 3GPP
2.2.1 FR1 MIMO OTA performance conformance test

3GPP has already defined requirements and test cases of RF, RRM and demodulation for FR1 in TS 38.101-1 and TS 38.521-1. And the underlying assumptions are the same as LTE in 36.101:

· The UE antenna response is assumed to be omnidirectional with 0 dBi gain

· The connection between the test equipment and the UE is achieved using cables (conducted methodology)

As shown above, all these requirements are tested by conducted methodology at the antenna ports. Meanwhile, the demodulation performance requirements and test cases for FR1 and FR2 could verify the baseband feature functionality. However, we still could not know the entire UE’s actual performance with the antenna included. And it is clear that the ability to obtain more gains by MIMO in the field is highly dependent on the performance of the antenna system.

Basing on the reasons above, 3GPP RAN4 has defined MIMO OTA methodology and associated requirements for LTE in TR 37.977[2] and TS 37.144[3], and 3GPP RAN5 has also defined 2G/3G/4G UE OTA performance conformance testing in TS 34.114[4] and TS 37.544[5]. With the similar frequency bands and more antennas, we believe that these MIMO OTA requirements and test cases are also needed for NR FR1 UEs.
Observation 2: The 5G NR’s FR1 MIMO OTA methodology, associated requirements and OTA performance conformance testing are still blank spaces in 3GPP.
2.2.2 FR2 MIMO OTA performance conformance test

Conducted methodology has already been precluded in FR2, and radiated methodology has been assumed for all RF, RRM and demodulation requirements for FR2 in TS 38.101-2 and TS 38.521-2. Similar to FR1, demodulation performance requirements and test cases for FR2 also could only verify the baseband feature functionality, but not the entire FR2 UE’s actual performance with the antenna included. What’s more, due to the larger gap between the LTE frequency range and FR2 frequency range, the FR2 UE’s antenna system performance is much more different from LTE’s. Apparently, MIMO OTA performance conformance test is also needed for FR2.
Observation 3: The 5G NR’s FR2 MIMO OTA methodology, associated requirements and OTA performance conformance testing are still blank spaces in 3GPP.
Proposal 1: RAN5 kindly requests RAN4 to start the definition of 5G NR’s MIMO OTA methodology and associated requirements no later than RAN4#88 (August 2018), including FR1 and FR2. And RAN5 will start the definition of 5G NR’s FR1 and FR2 MIMO OTA performance conformance testing at the earliest possible.

2.2.3 DL and UL MIMO OTA performance conformance test

For LTE, 3GPP RAN4 has already defined the UE OTA performance requirements for “Receiver total radiated multi-antenna sensitivity” in TS 37.144[3], and RAN5 has also defined the UE OTA performance conformance testing for “Radiated Performance of Multiple-antenna Receivers in the UE” in TS 37.544[5]. And we could define the DL MIMO OTA performance conformance test basing on what we have already got from LTE DL MIMO OTA, especially for FR1. However, for UL MIMO, 3GPP has not defined any UE OTA performance requirements or conformance testing cases. It seems that we need to start the definition of the UL MIMO OTA performance from scratch.
For most LTE UEs, there is only 1 uplink Tx path. Meanwhile, for many 5G NR UEs, there will be 2 or more Tx paths, which means besides the antenna efficiency of each Tx antenna, we also need to consider the gain imbalance and the isolation between the 2 or more Tx antennas. And the gain imbalance and the isolation between the Tx antennas will have impact on the UL MIMO OTA performance.
Observation 4: 3GPP has some experiences in DL MIMO OTA performance, but the 5G NR’s UL MIMO OTA methodology, associated requirements and OTA performance conformance testing are still blank spaces in 3GPP.
RAN4 has begun to consider setting up a study item on radiated test methodology for the verification of multi-antenna reception performance of 5G NR UEs [6], but has not been decided yet and UL MIMO OTA has not been involved.

Proposal 2: RAN5 kindly requests RAN4 to start the definition of 5G NR’s MIMO OTA methodology and associated requirements no later than RAN4#88 (August 2018), including Downlink and Uplink. And RAN5 will start the definition of 5G NR’s DL and UL MIMO OTA performance conformance testing at the earliest possible.

2.2.4 New channel model will be needed
SCME UMi (Urban Micro) and UMa (Urban Macro) models have been used for LTE 2x2 MIMO OTA test. And for massive MIMO, RAN4 has already defined the new channel model for frequency from 0.5 to 100GHz in TR 38.901 (Rel 14) [7], which could be used for massive MIMO OTA performance conformance test, including both FR1 and FR2.
Observation 5: New channel models, other than SCME UMi (Urban Micro) and UMa (Urban Macro) models, will be used for massive MIMO OTA performance conformance test.

2.2.5 MIMO OTA test for vertical devices
There will be more new type devices emerging for verticals, for example, drones, T-boxes for cars, ACPC (always connected PC), etc. They will bring new requirements to the 5G NR MIMO OTA performance conformance testing. 

· They will have many new different shapes, different spaces for antennas and different types of antennas, which may have new impacts on the MIMO OTA performance.
· They will have new OTA test scenarios. For the traditional smartphones, there are FS (Free Space), LH (Left Hand), RH (Right Hand), HL (Head phantom for Left hand), HR (Head phantom for Right hand), etc. However, these will not apply to the drones, T-boxes for cars and other vertical devices which will not be used near to head or hands. 
We need to research and consider the new impacts when we define the MIMO OTA methodology, associated requirements and the performance conformance testing.
Observation 6: New type vertical devices may bring new requirements and new OTA test scenarios to the 5G NR MIMO OTA performance conformance testing.
Proposal 3: RAN5 kindly requests RAN4 to study and consider the new type vertical devices when defining the 5G NR’s MIMO OTA methodology and associated requirements.
Conclusions

Observation 1: UL/DL throughputs are the key performance for the 5G NR users’ experiences, which could be measured by MIMO OTA performance conformance test.
Observation 2: The 5G NR’s FR1 MIMO OTA methodology, associated requirements and OTA performance conformance testing are still blank spaces in 3GPP.
Observation 3: The 5G NR’s FR2 MIMO OTA methodology, associated requirements and OTA performance conformance testing are still blank spaces in 3GPP.
Proposal 1: RAN5 kindly requests RAN4 to start the definition of 5G NR’s MIMO OTA methodology and associated requirements no later than RAN4#88 (August 2018), including FR1 and FR2. And RAN5 could start the definition of 5G NR’s FR1 and FR2 MIMO OTA performance conformance testing at the earliest possible.

Observation 4: 3GPP has some experiences in DL MIMO OTA performance, but the 5G NR’s UL MIMO OTA methodology, associated requirements and OTA performance conformance testing are still blank spaces in 3GPP.

Proposal 2: RAN5 kindly requests RAN4 to start the definition of 5G NR’s MIMO OTA methodology and associated requirements no later than RAN4#88 (August 2018), including Downlink and Uplink. And RAN5 could start the definition of 5G NR’s DL and UL MIMO OTA performance conformance testing at the earliest possible.

Observation 5: New channel models, other than SCME UMi (Urban Micro) and UMa (Urban Macro) models, will be used for massive MIMO OTA performance conformance test.

Observation 6: New type vertical devices may bring new requirements and new OTA test scenarios to the 5G NR MIMO OTA performance conformance testing.
Proposal 3: RAN5 kindly requests RAN4 to study and consider the new type vertical devices when defining the 5G NR’s MIMO OTA methodology and associated requirements.

References
[1] MOSG180503 “The feasibility of using SCME UMi in the measurements of 4x4 MIMO, at both TDD and FDD)”; CTIA, 1 May. 2018, Chi Zhang, Tuyuan Cheng, Yujuan Ma and Andy Zhang (HWA-TECH)
[2] TR37.977, “Verification of radiated multi-antenna reception performance of User Equipment (UE)”

[3] TS37.144, “User Equipment (UE) and Mobile Station (MS) GSM, UTRA and E-UTRA over the air performance requirements”

[4] TS 34.114, “User Equipment (UE)  Mobile Station (MS) Over The Air (OTA) antenna performance Conformance testing”
[5] TS 37.544, “Universal Terrestrial Radio Access (UTRA) and Evolved UTRA (E-UTRA) User Equipment (UE) Over the Air (OTA) performance Conformance testing”
[6] R4-1804471 Motivation for SI: Study on radiated test methodology for the verification of multi-antenna reception performance of NR UEs, GPP TSG-RAN WG4 Meeting #87, Melbourne, AU, 16th – 20th April, 2018, CATR，OPPO
[7] TR 38.901 “Technical Specification Group Radio Access Network Study on channel model for frequencies from 0.5 to 100 GHz (Release 14)”
1
1

