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Introduction
In the RAN#103 meeting, new WID on Enhancements for Air-to-ground network for NR has been approved and it’s expected to start the normative work from this April meeting. In last RAN4#110bis meeting, there were some initial discussions on ATG UE supporting UL MIMO, however there are lots of remaining issues. In this contribution, we would like to share further views on ATG UE supporting UL MIMO.
	Issue 3-4-1: clarification of UL-MIMO
Agreement:
· Introduce UL MIMO requirements with 2Tx
Issue 3-4-2: max layer number for UL-MIMO
Agreement:
· 2 layers
Issue 3-4-3: ULFPTx mode for UL-MIMO
Agreement: 
· FFS on whether ULFPx mode is supported for ATG UL-MIMO
Issue 3-4-4: the operation band for UL MIMO
Agreement: 
· UL MIMO apply to all existing ATG operation bands
Issue 3-4-5: maximum output power
Agreement: 
Use following as starting point.
· For UE maximum output power, reuse the rated maximum output power declared by the ATG UE capability maxOutputPowerATG-r18, and consider the existing NR UL-MIMO requirement as starting point with the capability antennaArrayType-r18
Issue 3-4-6: configured transmitted power
· Proposals
· Option 1: For configured transmitted power, reuse the existing ATG UE requirement with PCMAX,c tolerance of Table 2.1. (LGE)
Table 2.1: ATG PCMAX,c tolerance in closed-loop spatial multiplexing scheme
	PCMAX,c
(dBm)
	Tolerance
TLOW(PCMAX_L,c) (dB)
	Tolerance
THIGH(PCMAX_H,c) (dB)

	23 ≤ PCMAX,c ≤ 40
	3.0
	2.0

	22 ≤ PCMAX,c < 23
	5.0
	2.0

	21 ≤ PCMAX,c < 22
	5.0
	3.0

	20 ≤ PCMAX,c < 21
	5.0
	4.0

	16 ≤ PCMAX,c < 20
	5.0

	11 ≤ PCMAX,c < 16
	6.0

	-40 ≤ PCMAX,c < 11
	7.0



· Option 2: tolerance of configured power for ATG UE with UL MIMO needs to be specified. (CMCC)
· Option 3: Configured transmitted power for UL MIMO is per each UE (ZTE)
Agreement: 
· FFS on the configured transmitted power requirements
Issue 3-4-7: MPR/AMPR
Agreement: 
· Do not define MPR/A-MPR requirements

Issue 3-4-8: output power dynamic
Agreement: 
· Reusing the existing NR UL-MIMO requirement as starting point.
· Further discuss how to modify the requirements with capability antennaArrayType-r18
· Further discuss whether preclude the single antenna port related requirement
Issue 3-4-9: transmit signal quality
Agreement:
· Reusing the existing NR UL-MIMO requirement as starting point.
· Further discuss 
· how to update the requirements with capability antennaArrayType-r18
· whether to preclude the single antenna port related requirement
· whether to apply the coherent UL MIMO requirement for ATG UE
· how to update with ATG UE transmit signal requirement which is different from normal UE due to some timing and frequency compensation assumption
Issue 3-4-10: Output RF spectrum emissions
Agreement:
· Reusing the existing NR UL-MIMO requirement as starting point.
· Further discuss 
· how to update the requirements with capability antennaArrayType-r18
· whether to preclude the single antenna port related requirement
· how to update with ATG UE SEM requirement which is different from normal UE SEM requirement due to higher transmission power
Issue 3-4-11: Rx requirements for supporting UL-MIMO
Agreement:
· FFS on the Rx requirements for supporting UL-MIMO
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2.1. RF requirements for UL MIMO 
As shown in the approved objective, FR1 ATG UE is supposed to support the UL MIMO with single carrier operation in Rel-19, therefore in the following table 1, we provide some initial analysis on the overall requirement for ATG UE supporting UL MIMO and also provided the summary of proposals for it. 
Table 1. Analysis and summary of proposals for ATG UE supporting UL MIMO
	The existing RF requirement for UL MIMO
	ATG UE supporting UL MIMO	

	6.2D Transmitter power for UL MIMO

as the sum of the maximum output power from all UE antenna connectors.
	During last RAN4 meeting, we have some initial discussion on ULFPTx mode, as shown in the following diagrams extracted from TR 38.837, Rel-16 ULFPTx mode 1 is targeted for single layer transmission with two antenna ports instead of two layers transmission. 
ULFPTx Mode 2 Mechanism-1 is targeted for SRS port virtualization and ULFPTx Mode 2 Mechanism-2 is targeted for single layer transmission with single antenna port. 
ULFPTx Mode 0 is targeted for single layer transmission with single antenna port. 
From our understanding, ATG UE with UL MIMO is targeted for two layer transmission instead of single layer transmission to enhance the uplink capacity instead of uplink coverage improvement.
[image: ]
Fig. 5.3.3.1-1. Illustration of Rel-16 ULFPTx Mode 1
ULFPTx Mode 2 Mechanism-1 (SRS port virtualization):
[image: ]
Fig. 5.3.3.2-1. Illustration of Rel-16 ULFPTx Mode 2 (Mechanism-1, SRS port virtualization)

ULFPTx Mode 2 Mechanism-2 (TPMI indication): 
[image: ]
Fig. 5.3.3.2-2. Illustration of Rel-16 ULFPTx Mode 2 (Mechanism-2, TPMI indication)

[image: ]
Fig. 5.3.3.3-1. Illustration of Rel-16 ULFPTx Mode 0
Proposal 1: ULFPTx Mode is not relevant to this feature.
For ATG UE supporting UL MIMO, the transmitted power is configured per each UE. Regarding the MPR requirement for ATG UE supporting UL MIMO and additional MPR requirement for ATG UE, similar as Rel-18 ATG UE MPR discussions, there is no necessity to define this requirements and ATG UE could report its maxOutputPowerATG-r18 under the UL MIMO mode. 
Proposal 2 : Configured transmitted power for UL MIMO is per carrier, and it is not needed to define MPR/A-MPR requirements for ATG UE supporting UL MIMO[since there will be power tolerance requirement defined.] 

	6.3D	Output power dynamics for UL MIMO
	For minimum output power (is defined as the sum of the mean power from all transmit connectors in one sub-frame (1 ms).)
The existing requirements in clause 6.3D.1 for two antenna connectors could be applied and single antenna port related requirement is not applicable. 
Proposal 3: for the minimum output power, reuse the existing requirement in clause 6.3D.1 for two antenna ports for ATG UE with UL MIMO and preclude the single antenna port related requirement.
For transmit OFF power (is defined as the mean power at each transmit antenna connector in a duration of at least one sub-frame (1 ms) excluding any transient periods.)
The existing requirements in clause 6.3D.2 for two antenna connectors could be applied.
Proposal 4: for transmit OFF power, to reuse the existing requirements in clause 6.3D.2 for two antenna connectors.
For Transmit ON/OFF time mask for UL MIMO (the general ON/OFF time mask requirements specified in clause 6.3.3.1 apply to each transmit antenna connector)
The existing requirements in clause 6.3D.3 for two antenna connectors could be applied and don’t apply the single antenna port related requirement. 
Proposal 5: for transmit ON/OFF time mask for UL MIMO, to reuse the existing requirements in clause 6.3D.3 for two antenna connectors and preclude the single antenna port related requirement. 
the power control tolerance applies to the sum of output powers from all transmit antenna connectors.

	6.4D	Transmit signal quality for UL MIMO
	General
The general principle as described in 6.4D.1 could be reused for ATG UE supporting the UL MIMO. 
Proposal 6: for transmit signal quality, the general principle as described in 6.4D.1 could be reused for ATG UE supporting the UL MIMO. 
Frequency error for UL MIMO (The mean value of basic measurements of UE modulated carrier frequency per layer)
Proposal 7:
For ATG UE(s) supporting UL MIMO, the basic measurement interval of modulated carrier frequency is 1 UL slot.  The mean value of basic measurements of UE modulated carrier frequency per layer shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals observed over a period of 1 ms of cumulated measurement intervals compared to ideally pre-compensated reference uplink carrier frequency. 
NOTE 1:	the ideally pre-compensated reference uplink carrier frequency consists of the UL carrier frequency signalled to the UE by ATG BS and UL precompensated doppler frequency shift.
NOTE 2:	UE shall rely on the ATG BS location broadcasted by the [ATG specific SIB] in 38.331. 
Transmit modulation quality for UL MIMO (For UE supporting UL MIMO, the transmit modulation quality requirements are specified based on measurements made at each transmit antenna connector.)
the Error Vector Magnitude requirements specified in clause 6.4.2.1 apply per layer
the Relative Carrier Leakage Power requirements specified in Table 6.4.2.2-1 which is defined in clause 6.4.2.2 apply per layer.
the EVM Equalizer Spectrum Flatness requirements specified in clause 6.4.2.4 apply per layer.
The existing requirements in clause 6.4D.2 for two antenna connectors could be applied and don’t apply the single antenna port related requirement. 
Proposal 8: for transmit modulation quality for UL MIMO, reuse the existing requirements in clause 6.4D.2 for two antenna connectors and preclude the single antenna port related requirement. 
Time alignment error for UL MIMO (this requirement applies to frame timing differences between transmissions on multiple transmit antenna connectors in the closed-loop spatial multiplexing scheme.)
The existing requirements in clause 6.4D.3 for two antenna connectors could be applied.
Proposal 9: for TAE requirement for UL MIMO, reuse the existing requirement in clause 6.4D.3.
Requirements for coherent UL MIMO
From our understanding, the coherent UL MIMO might be not necessary to ATG UE with UL MIMO due to its implementation complexity for internal phase calibration. In addition, the coherent UL MIMO is not commercialized in the smartphone yet due to its implementation complexity.
Proposal 10: don’t apply the coherent UL MIMO requirement for ATG UE.

	6.5D	 Output RF spectrum emissions for UL MIMO
	[bookmark: _Toc83580754][bookmark: _Toc68230981][bookmark: _Toc37251472][bookmark: _Toc76718416][bookmark: _Toc45888951][bookmark: _Toc45888352][bookmark: _Toc76509426][bookmark: _Toc61373032][bookmark: _Toc75467404][bookmark: _Toc84405263][bookmark: _Toc29801907][bookmark: _Toc21344420][bookmark: _Toc29802956][bookmark: _Toc36107698][bookmark: _Toc61367649][bookmark: _Toc29802331][bookmark: _Toc69084394][bookmark: _Toc84413872]Occupied bandwidth for UL MIMO (For UE supporting UL MIMO, the requirements for occupied bandwidth apply to the sum of the powers from all UE transmit antenna connectors. The occupied bandwidth is defined as the bandwidth containing 99 % of the total integrated mean power of the transmitted spectrum on the assigned channel at each transmit antenna connector.)
The existing requirements in clause 6.5D.1 for two antenna connectors could be applied and don’t apply the single antenna port related requirement. 
Proposal 11: for OBW, reuse the existing requirement for two antenna ports in clause 6.5D.1 for ATG UE.
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For ATG UE supporting UL MIMO for UL MIMO, the requirements for Out of band emissions resulting from the modulation process and non-linearity in the transmitters is defined as the sum of the emissions from all UE transmit antenna connectors.
For ATG UEs with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the requirements in subclause 6.5J.2 apply. The requirements shall be met with UL MIMO configurations described in clause 6.2D.1.
Proposal 12: for out of band emission, to reuse the existing requirement in 6.5D.2 with the emission requirement referring to subclause 6.5J.2. 
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The existing requirement in 6.5D.3 for two antenna connectors could be reused and don’t apply the single antenna port related requirements.
Proposal 13: for transmitter spurious emission, to reuse the existing requirement in 6.5D.3 for two antenna connectors and preclude the single port related requirements.
Transmit intermodulation for UL MIMO (For UE supporting UL MIMO, the transmit intermodulation requirements are specified at each transmit antenna connector and the wanted signal is defined as the sum of output powers from all UE transmit antenna connectors.)
The existing requirement in 6.5D.4 for two antenna connectors could be reused and don’t apply the single antenna port related requirements.
Proposal 14: for transmitter intermodulation requirements, to reuse the existing requirement in 6.5D.4 for two antenna connectors and preclude the single port related requirements.

	7.3D 	Reference sensitivity for UL MIMO
	Reference sensitivity for UL MIMO
For UE with two transmitter antenna connectors in closed-loop spatial multiplexing scheme, the minimum requirements specified in clause 7.3J shall be met with the UL MIMO configurations described in clause 6.2D.1 and the reference measurement channels as specified in Annexes A.2.2 and A.2.3 for CP-OFDM waveforms shall apply. For UL MIMO, the parameter PUMAX is the total transmitter power over the two transmits power over the two transmit antenna connectors.
Proposal 15: for REFSENS requirements, reuse the same REFSENS requirement as specified 7.3J.

	7.4D 	Maximum input level for UL MIMO
	Maximum input level for UL MIMO
For UE with two transmitter antenna connectors in closed-loop spatial multiplexing, the minimum requirements specified in clause 7.4J shall be met with the UL MIMO configurations described in clause 6.2D.1. For UL MIMO, the parameter PCMAX_L is defined as the total transmitter power over the two transmit antenna connectors.
Proposal 16: for maximum input power, reuse the same maximum input power requirement as specified 7.4J.

	7.5D	 Adjacent channel selectivity for UL MIMO
	Adjacent channel selectivity for UL MIMO
For UE(s) with two transmitter antenna connectors in closed-loop spatial multiplexing scheme, the minimum requirements specified in clause 7.5J shall be met with the UL MIMO configurations described in clause 6.2D.1. For UL MIMO, the parameter PCMAX_L is defined as the total transmitter power over the two transmit antenna connectors.
Proposal 17: for ACS requirement, reuse the same ACS requirement as specified 7.5J.

	7.6D	Blocking characteristics for UL MIMO
	Blocking characteristics for UL MIMO
For UE with two transmitter antenna connectors in closed-loop spatial multiplexing scheme, the minimum requirements specified in clause 7.6J shall be met with the UL MIMO configurations described in clause 6.2D.1. For UL MIMO, the parameter PCMAX_L is defined as the total transmitter power over all transmit antenna connectors.
Proposal 18: for blocking requirement, reuse the same blocking requirement as specified 7.6J.

	7.7D	Spurious response for UL MIMO
	Spurious response for UL MIMO
For UE with two transmitter antenna connectors in closed-loop spatial multiplexing scheme, the minimum requirements specified in clause 7.7J shall be met with the UL MIMO configurations described in clause 6.2D.1. For UL MIMO, the parameter PCMAX_L is defined as the total transmitter power over all transmit antenna connectors.
Proposal 19:for receiver spurious response requirement,  reuse the same spurious response requirement as specified 7.7J.

	7.8D	Intermodulation characteristics for UL MIMO
	Intermodulation characteristics for UL MIMO
For UE(s) with two transmitter antenna connectors in closed-loop spatial multiplexing scheme, the minimum requirements in clause 7.8J shall be met with the UL MIMO configurations described in clause 6.2D.1. For UL MIMO, the parameter PCMAX_L is defined as the total transmitter power over all transmit antenna connectors.
Proposal 20: for receiver intermodulation requirement, reuse the same Intermodulation characteristics requirement as specified 7.8J.



In addition, regarding how to modify the requirements with capability antennaArrayType-r18, from our understanding, if the legacy requirement for UL MIMO is defined as sum of measurements of all UE transmit antenna connectors, then for ATG UE with capability antennaArrayType-r18, the requirement should be defined as sum of all TAB connector including both polarization. If the legacy requirement for UL MIMO is defined as per antenna port or per layer, then for ATG UE with capability antennaArrayType-r18, the requirement should be defined as sum of all TAB connector per polarization or per layer.
Proposal 21: if the legacy requirement for UL MIMO is defined as sum of measurements of all UE transmit antenna connectors, then for ATG UE with capability antennaArrayType-r18, the requirement should be defined as sum of all TAB connector including both polarization. If the legacy requirement for UL MIMO is defined as per antenna port or per layer, then for ATG UE with capability antennaArrayType-r18, the requirement should be defined as sum of all TAB connector per polarization or per layer.
Conclusions
In this contribution, we shared some initial views on the RF requirements for ATG UE supporting CA and UL MIMO in Rel-19 and proposals are made as following: 
Proposal 1: ULFPTx Mode is not relevant to this feature.
Proposal 2 : Configured transmitted power for UL MIMO is per carrier, and it is not needed to define MPR/A-MPR requirements for ATG UE supporting UL MIMO[since there will be power tolerance requirement defined.] 
Proposal 3: for the minimum output power, reuse the existing requirement in clause 6.3D.1 for two antenna ports for ATG UE with UL MIMO and preclude the single antenna port related requirement.
Proposal 4: for transmit OFF power, to reuse the existing requirements in clause 6.3D.2 for two antenna connectors.
Proposal 5: for transmit ON/OFF time mask for UL MIMO, to reuse the existing requirements in clause 6.3D.3 for two antenna connectors and preclude the single antenna port related requirement. 
Proposal 6: for transmit signal quality, the general principle as described in 6.4D.1 could be reused for ATG UE supporting the UL MIMO. 
Proposal 7:
For ATG UE(s) supporting UL MIMO, the basic measurement interval of modulated carrier frequency is 1 UL slot.  The mean value of basic measurements of UE modulated carrier frequency per layer shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals observed over a period of 1 ms of cumulated measurement intervals compared to ideally pre-compensated reference uplink carrier frequency. 
NOTE 1:	the ideally pre-compensated reference uplink carrier frequency consists of the UL carrier frequency signalled to the UE by ATG BS and UL precompensated doppler frequency shift.
NOTE 2:	UE shall rely on the ATG BS location broadcasted by the [ATG specific SIB] in 38.331. 
Proposal 8: for transmit modulation quality for UL MIMO, reuse the existing requirements in clause 6.4D.2 for two antenna connectors and preclude the single antenna port related requirement. 
Proposal 9: for TAE requirement for UL MIMO, reuse the existing requirement in clause 6.4D.3.
Proposal 10: don’t apply the coherent UL MIMO requirement for ATG UE.
Proposal 11: for OBW, reuse the existing requirement for two antenna ports in clause 6.5D.1 for ATG UE.
Proposal 12: for out of band emission, to reuse the existing requirement in 6.5D.2 with the emission requirement referring to subclause 6.5J.2. 
Proposal 13: for transmitter spurious emission, to reuse the existing requirement in 6.5D.3 for two antenna connectors and preclude the single port related requirements.
Proposal 14: for transmitter intermodulation requirements, to reuse the existing requirement in 6.5D.4 for two antenna connectors and preclude the single port related requirements.
Proposal 15: for REFSENS requirements, reuse the same REFSENS requirement as specified 7.3J.
Proposal 16: for maximum input power, reuse the same maximum input power requirement as specified 7.4J.
Proposal 17: for ACS requirement, reuse the same ACS requirement as specified 7.5J.
Proposal 18: for blocking requirement, reuse the same blocking requirement as specified 7.6J.
Proposal 19:for receiver spurious response requirement,  reuse the same spurious response requirement as specified 7.7J.
Proposal 20: for receiver intermodulation requirement, reuse the same Intermodulation characteristics requirement as specified 7.8J.
Proposal 21: if the legacy requirement for UL MIMO is defined as sum of measurements of all UE transmit antenna connectors, then for ATG UE with capability antennaArrayType-r18, the requirement should be defined as sum of all TAB connector including both polarization. If the legacy requirement for UL MIMO is defined as per antenna port or per layer, then for ATG UE with capability antennaArrayType-r18, the requirement should be defined as sum of all TAB connector per polarization or per layer.
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