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1 Introduction

The MU and TT for FR1 UL-MIMO test cases are not decided yet. This document discusses the principle of deciding the MU and TT for Tx/Rx UL-MIMO test cases.
2 Discussion
For NR FR1 testing based on conducted testing method, LTE can be a good reference. Below table shows the MU and TT of MIMO test cases in LTE.
Table 2-1 MU and TT of MIMO test cases in LTE
	Test case in TS 36.521-1
	MU in LTE
	TT in LTE

	6.2.2 UE Maximum Output Power
	±0.7 dB, f ≤ 3.0GHz

±1.0 dB, 3.0GHz < f ≤ 4.2GHz

±1.3 dB, 4.2GHz < f ≤ 6GHz
	0.7dB, f ≤ 3.0GHz
1.0dB, 3.0GHz < f ≤ 4.2GHz
1.3dB, 4.2GHz < f ≤ 6GHz

	6.2.2B UE Maximum Output Power for UL-MIMO
	Same as 6.2.2 for each antenna
	Same as 6.2.2

	6.2.3 Maximum Power Reduction
	±0.7 dB, f ≤ 3.0GHz

±1.0 dB, 3.0GHz < f ≤ 4.2GHz

±1.3 dB, 4.2GHz < f ≤ 6GHz
	0.7dB, f ≤ 3.0GHz
1.0dB, 3.0GHz < f ≤ 4.2GHz
1.3dB, 4.2GHz < f ≤ 6GHz

	6.2.3B Maximum Power Reduction (MPR) for UL-MIMO
	Same as 6.2.3 for each antenna
	Same as 6.2.3

	6.2.4 UE Maximum Output Power with additional requirements
	±0.7 dB, f ≤ 3.0GHz

±1.0 dB, 3.0GHz < f ≤ 4.2GHz
	0.7dB

	6.2.4B Additional Maximum Power Reduction (A-MPR) for UL-MIMO
	Same as 6.2.4 for each antenna
	Same as 6.2.4

	6.2.5 Configured UE transmitted Output Power
	±0.7 dB, f ≤ 3.0GHz

±1.0 dB, 3.0GHz < f ≤ 4.2GHz
	f ≤ 3.0GHz: 0.7dB
3.0GHz < f ≤ 4.2GHz: 1.0dB

	6.2.5B Configured UE transmitted output power for UL-MIMO
	Same as 6.2.5 for each antenna
	Same as 6.2.5

	6.3.2 Minimum Output Power
	±1.0 dB, f ≤ 3.0GHz

±1.3 dB, 3.0GHz < f ≤ 4.2GHz
±1.5 dB, 4.2GHz < f ≤ 6GHz
	f ≤ 3.0GHz: 1.0dB
3.0GHz < f ≤ 4.2GHz: 1.3dB
4.2GHz < f ≤ 6GHz: 1.5dB

	6.3.2B Minimum Output Power for UL-MIMO
	Same as 6.3.2 for each antenna
	Same as 6.3.2

	6.3.3 Transmission ON/OFF Power
	Transmission OFF Power: ±1.5 dB, f ≤ 3.0GHz

±1.8 dB, 3.0GHz < f ≤ 4.2GHz
±2.0 dB, 4.2GHz < f ≤ 6GHz
	f ≤ 3.0GHz: 1.5dB
3.0GHz < f ≤ 4.2GHz: 1.8dB
4.2GHz < f ≤ 6GHz: 2.0dB

	6.3.3B UE Transmit OFF power for UL-MIMO
	Same as 6.3.3 for each antenna
	Same as 6.3.3

	6.3.4.1 General ON/OFF time mask
	Transmission ON/OFF Power: ±1.5 dB, f ≤ 3.0GHz

±1.8 dB, 3.0GHz < f ≤ 4.2GHz
	f ≤ 3.0GHz: 1.5dB
3.0GHz < f ≤ 4.2GHz: 1.8dB

	6.3.4B.1 General ON/OFF time mask for UL-MIMO
	Same as 6.3.4.1 for each antenna
	Same as 6.3.4.1

	6.3.5.1 Power Control Absolute power tolerance
	±1.0 dB, f ≤ 3.0GHz

±1.4 dB, 3.0GHz < f ≤ 4.2GHz
±2.0 dB, 4.2GHz < f ≤ 6GHz
	f ≤ 3.0GHz: 1.0dB
3.0GHz < f ≤ 4.2GHz: 1.4dB
4.2GHz < f ≤ 6.0GHz: 2.0dB

	6.3.5.2 Power Control Relative power tolerance
	±0.7 dB
	0.7dB

	6.3.5.3 Aggregate power control tolerance
	±0.7 dB
	0.7dB

	6.3.5B.1 Power Control Absolute Power Tolerance for UL- MIMO
	Same as 6.3.5.1 for each antenna
	Same as 6.3.5.1

	6.3.5B.2 Power Control Relative power tolerance for UL-MIMO
	Same as 6.3.5.2 for each antenna
	Same as 6.3.5.2

	6.3.5B.3 Aggregate power control tolerance for UL-MIMO
	Same as 6.3.5.3 for each antenna
	Same as 6.3.5.3

	6.5.1 Frequency Error
	±15 Hz
DL Signal level: ±0.7 dB, f ≤ 3.0GHz

DL Signal level: ±1.0 dB, 3.0GHz < f ≤ 4.2GHz
	15Hz

f ≤ 3.0GHz: 0.7dB
3.0GHz < f ≤ 4.2GHz: 1.0dB

	6.5.1B Frequency Error for UL-MIMO
	Same as 6.5.1 for each antenna

DL signal level same as 6.5.1
	Same as 6.5.1

	6.5.2.1 Error Vector Magnitude
	PUSCH: ± 2.5%

PUCCH: ± 2.5%

PRACH: ± 2.5%
	0%

	6.5.2.2 Carrier leakage
	±0.8dB
	0.8dB

	6.5.2.3 In-band emissions for non allocated RB
	±0.8dB
	0.8dB

	6.5.2.4 EVM equalizer Spectrum flatness
	±1.4dB
	1.4dB

	6.5.2B.1 Error Vector Magnitude (EVM) for UL- MIMO
	Same as 6.5.2.1 for each antenna
	Same as 6.5.2.1

	6.5.2B.2 Carrier leakage for UL-MIMO
	Same as 6.5.2.2 for each antenna
	Same as 6.5.2.2

	6.5.2B.3 In-band emissions for non allocated RB for UL-MIMO
	Same as 6.5.2.3 for each antenna
	Same as 6.5.2.3

	6.5.2B.4 EVM equalizer spectrum flatness for UL-MIMO
	Same as 6.5.2.4 for each antenna
	Same as 6.5.2.4

	6.6.1 Occupied bandwidth
	1.4MHz, 3MHz:   30kHz

5MHz, 10MHz:    100kHz

15MHz, 20MHz:  300kHz
	0kHz

	6.6.1B Occupied bandwidth for UL-MIMO
	Same as 6.6.1 for each antenna
	Same as 6.6.1

	6.6.2.1 Spectrum Emission Mask
	±1.5 dB, f ≤ 3.0GHz

±1.8 dB, 3.0GHz < f ≤ 4.2GHz
	f ≤ 3.0GHz: 1.5dB
3.0GHz < f ≤ 4.2GHz: 1.8dB

	6.6.2.1B Spectrum Emission Mask for UL-MIMO
	Same as 6.6.2.1 for each antenna
	Same as 6.6.2.1

	6.6.2.2 Additional Spectrum Emission Mask
	±1.5 dB, f ≤ 3.0GHz

±1.8 dB, 3.0GHz < f ≤ 4.2GHz
±2.0 dB, 4.2GHz < f ≤ 6.0GHz
	f ≤ 3.0GHz: 1.5dB
3.0GHz < f ≤ 4.2GHz: 1.8dB
4.2GHz < f ≤ 6.0GHz: 2.0dB

	6.6.2.2B Additional Spectrum Emission Mask for UL-MIMO
	
	Same as 6.6.2.2

	6.6.2.3 Adjacent Channel Leakage power Ratio
	±0.8 dB
	0.8dB

	6.6.2.3B Adjacent Channel Leakage power Ratio for UL-MIMO
	Same as 6.6.2.3 for each antenna
	Same as 6.6.2.3

	6.6.3.1 Transmitter Spurious emissions
	9kHz < f ≤ 4 GHz: ± 2.0 dB

4 GHz < f ≤ 19 GHz: ± 4.0 dB
	0dB

	6.6.3B.1Transmitter Spurious emissions for UL-MIMO
	Same as 6.6.3.1, at each antenna used for transmission
	Same as 6.6.3.1

	6.6.3.2 Spurious emission band UE co-existence
	± 2.0 dB  for results > -60 dBm, f ≤ 3.0GHz

±2.5 dB, 3.0GHz < f ≤ 4.2GHz
± 3.0 dB  for results ≤ -60 dBm, f ≤ 3.0GHz

±3.6 dB, 3.0GHz < f ≤ 4.2GHz
	0dB

	6.6.3B.2 Spurious emission band UE co-existence for UL-MIMO
	Same as 6.6.3.2 at each antenna used for transmission
	Same as 6.6.3.2

	6.6.3.3 Additional spurious emissions
	9kHz < f ≤ 4 GHz: ± 2.0 dB

NS-07

769 ≤ f ≤ 775 MHz: ± 1.5 dB
	0dB
NS-07

769 ≤ f ≤ 775 MHz: 1.5 dB

	6.6.3B.3 Additional spurious emissions for UL-MIMO
	Same as 6.6.3.3, at each antenna used for transmission
	Same as 6.6.3.3

	6.7 Transmit intermodulation
	± 2.6 dB, f ≤ 3.0GHz

±3.6 dB, 3.0GHz < f ≤ 4.2GHz
	0dB

	6.7B Transmit intermodulation for UL-MIMO
	
	Same as 6.7

	6.8B Time alignment error for UL-MIMO
	±25 ns
	25 ns

	7.3 Reference sensitivity power level
	Downlink power ±0.7 dB, f ≤ 3.0GHz

±1.0 dB, 3.0GHz < f ≤ 4.2GHz
	f ≤ 3.0GHz: 0.7dB
3.0GHz < f ≤ 4.2GHz: 1.0 dB

	7.3B Reference Sensitivity Level for UL-MIMO
	Same as 7.3
	Same as 7.3

	7.4 Maximum input level
	Downlink power ±0.7 dB, f ≤ 3.0GHz

±1.0 dB, 3.0GHz < f ≤ 4.2GHz

Uplink power measurement ±0.7 dB, f ≤ 3.0GHz

±1.0 dB, 3.0GHz < f ≤ 4.2GHz
	Downlink power:

f ≤ 3.0GHz: 0.7 dB

3.0GHz < f ≤ 4.2GHz: 1.0 dB

Uplink power:

f ≤ 3.0GHz: 0dB, -3.4dB

3.0GHz < f ≤ 4.2GHz: 0dB, -4.0dB

	7.4B Maximum Input Level for UL-MIMO
	Downlink power same as 7.4
Uplink power measurement same as 7.4, at each antenna connector used for transmission
	Same as 7.4

	7.5 Adjacent Channel Selectivity (ACS)
	ACS value ±1.1 dB, f ≤ 3.0GHz

±1.5 dB, 3.0GHz < f ≤ 4.2GHz

Uplink power measurement ±0.7 dB, f ≤ 3.0GHz

±1.0 dB, 3.0GHz < f ≤ 4.2GHz
	0dB
Uplink power:

f ≤ 3.0GHz: 0dB, -3.4dB

3.0GHz < f ≤ 4.2GHz: 0dB, -4.0dB

	7.5B Adjacent Channel Selectivity (ACS) for UL-MIMO
	ACS value same as 7.5
Uplink power measurement same as 7.5, at each antenna connector used for transmission
	Same as 7.5

	7.6.1 In-band blocking
	Blocking ±1.4 dB, f ≤ 3.0GHz

±1.8 dB, 3.0GHz < f ≤ 4.2GHz
Uplink power measurement ±0.7 dB, f ≤ 3.0GHz

±1.0 dB, 3.0GHz < f ≤ 4.2GHz
	0dB
Uplink power:

f ≤ 3.0GHz: 0dB, -3.4dB

3.0GHz < f ≤ 4.2GHz: 0dB, -4.0dB

	7.6.1B In-band blocking for UL-MIMO
	Blocking same as 7.6.1

Uplink power measurement same as 7.6.1, at each antenna connector used for transmission 
	Same as 7.6.1

	7.6.2 Out of-band blocking
	Wanted signal f ≤ 3.0GHz

Blocking, 1MHz < finterferer ≤ 3 GHz: ±1.3 dB

Blocking, 3 GHz < finterferer ≤ 12.75 GHz: ±3.2 dB

Uplink power measurement ±0.7 dB

Wanted signal 3.0GHz < f ≤ 4.2GHz

Blocking, 1MHz < finterferer ≤ 3 GHz: ±1.5 dB

Blocking, 3 GHz < finterferer ≤ 12.75 GHz: ±3.3 dB

Uplink power measurement ±1.0 dB
	0dB
Uplink power:

f ≤ 3.0GHz: 0dB, -3.4dB

3.0GHz < f ≤ 4.2GHz: 0dB, -4.0dB
4.2GHz < f ≤ 6.0GHz: 0dB, -4.3dB

	7.6.2B Out-of-band blocking for UL-MIMO
	Blocking same as 7.6.2
Uplink power measurement same as 7.6.2, at each antenna connector used for transmission
	Same as 7.6.2

	7.6.3 Narrow band blocking
	Blocking ±1. 1 dB, f ≤ 3.0GHz

±1. 5 dB, 3.0GHz < f ≤ 4.2GHz
Uplink power measurement ±0.7 dB, f ≤ 3.0GHz

±1.0 dB, 3.0GHz < f ≤ 4.2GHz
	0dB
Uplink power:

f ≤ 3.0GHz: 0dB, -3.4dB

3.0GHz < f ≤ 4.2GHz: 0dB, -4.0dB

	7.6.3B Narrow band blocking for UL-MIMO
	Blocking same as 7.6.3
Uplink power measurement same as 7.6.3, at each antenna connector used for transmission
	Same as 7.6.3

	7.7 Spurious response
	Same as 7.6.2
	0dB
Uplink power:

f ≤ 3.0GHz: 0dB, -3.4dB

3.0GHz < f ≤ 4.2GHz: 0dB, -4.0dB

	7.7B Spurious response for UL-MIMO
	Same as 7.7
Uplink power measurement same as 7.6.2, at each antenna connector used for transmission
	Same as 7.7

	7.8.1 Wide band intermodulation
	Intermodulation ±1.4 dB, f ≤ 3.0GHz

±2.6 dB, 3.0GHz < f ≤ 4.2GHz

Uplink power measurement ±0.7 dB, f ≤ 3.0GHz

±1.0 dB, 3.0GHz < f ≤ 4.2GHz
	0dB
Uplink power:

f ≤ 3.0GHz: 0dB, -3.4dB

3.0GHz < f ≤ 4.2GHz: 0dB, -4.0dB

	7.8.1B Wide band intermodulation for UL-MIMO
	Intermodulation same as 7.8.1
Uplink power measurement same as 7.8.1, at each antenna connector used for transmission
	Same as 7.8.1


After investigation on the MU&TT of LTE MIMO test cases, some general principles can be summarized as below:
1. For Tx test cases, MU of MIMO test case is the same as that of correspondent single antenna test case for each antenna. TT of MIMO test case is the same as that of correspondent single antenna test case.

2. For Rx test cases, MU and TT of MIMO test case are the same as that of correspondent single antenna test case.

3. For Time alignment error for UL-MIMO, MU and TT are ±25ns.

For NR FR1, it is feasible to adopt the same principles to decide the MU and TT for UL-MIMO Tx and Rx test cases. The only exception is Time alignment error for UL-MIMO, for which the MU and TT can be assumed as [±25ns]. The brackets can be removed after further study.

Proposal 1: For NR FR1 Tx test cases except for Time alignment error for UL-MIMO, MU of MIMO test case is the same as that of correspondent single antenna test case for each antenna. TT of MIMO test case is the same as that of correspondent single antenna test case.
Proposal 2: For NR FR1 Rx test cases, MU and TT of MIMO test case are the same as that of correspondent single antenna test case.
Proposal 3: For NR FR1 Time alignment error for UL-MIMO test case, MU and TT are [±25ns].

Proposal 4: For NR FR1 Requirements for coherent UL MIMO test case, MU and TT are FFS.
3 Conclusion
RAN5 is requested to consider following proposals.

Proposal 1: For NR FR1 Tx test cases except for Time alignment error for UL-MIMO, MU of MIMO test case is the same as that of correspondent single antenna test case for each antenna. TT of MIMO test case is the same as that of correspondent single antenna test case.

Proposal 2: For NR FR1 Rx test cases, MU and TT of MIMO test case are the same as that of correspondent single antenna test case.

Proposal 3: For NR FR1 Time alignment error for UL-MIMO test case, MU and TT are [±25ns].

Proposal 4: For NR FR1 Requirements for coherent UL MIMO test case, MU and TT are FFS.
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