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Introduction
MIMO for ATG have been discussed in the last RAN4 meeting and the agreements were captured in the WF [1]. The following open issues are for further study.
Issue 3-4-3: ULFPTx mode for UL-MIMO
Issue 3-4-5: maximum output power
Issue 3-4-6: configured transmitted power
Issue 3-4-8: output power dynamic
Issue 3-4-9: transmit signal quality
Issue 3-4-10: Output RF spectrum emission
Issue 3-4-11: Rx requirements for supporting UL-MIMO
This contribution will give further analysis on these open issues and presents our proposals. 

Discussion
Issue 3-4-5: maximum output power
The following was agreed for further study.

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

For TN UL MIMO, the maximum output power is defined as the sum of the maximum output power from all UE antenna connectors. For ATG UE, the rated maximum output power declared by the ATG UE capability maxOutputPowerATG-r18 can be reused for ATG UL-MIMO. It is the sum of the rated maximum output power from all antenna connectors or all TAB connectors. 
From our understanding, similar requirement as specified in 6.3 D for TN UL MIMO can be reused for ATG UE with some adaption, e.g. replacing UE power class with rated output power declared by maxOutputPowerATG-r18. What specific is that both antenna connector for omni-directional antenna and TAB antenna connector for antenna array should be taken into account. Further we see no reason to remove ULFPTX mode for ATG UE if we want to use the same RAN1 design on power control and there could also be different PA implementation for the 2 Tx chains for ATG UE.
Proposal 1: Reuse the rated output power declared by the ATG UE capability maxOutputPowerATG-r18, and consider the existing NR UL-MIMO requirement with some adaption in requirement description specific to ATG UE.

Issue 3-4-6: configured transmitted power
The following options were agreed for further study. 
· Option 1: For configured transmitted power, reuse the existing ATG UE requirement with PCMAX,c tolerance of Table 2.1. 
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. 
· Option 3: Configured transmitted power for UL MIMO is per each UE 

In our view, all these 3 options are not contradicted with each other. Following the current Pcmax requirement for TN UL MIMO, it is natural to require the configured transmitted power on per-UE basis for ATG UE. The range of the Pcmax, c tolerance needs to be extended to cover the maximum output power of 40dBm for ATG UE. Hence, we propose,
Proposal 2:  Configured transmitted power for ATG UL MIMO is defined on per UE basis. 
	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



Issue 3-4-8: output power dynamic
The following options were agreed for further study.
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




For minimum output power
The existing requirements in subclause 6.3D.1/6.3D.2/6.3D.3/6.3D.4 could be reused directly for ATG UE with omni-directional antenna. 
For ATG UE with antenna array indicated by capability antennaArrayType-r18, similar requirement could be defined but with antenna connector replaced with TAB antenna connector.
· For minimum output power and power control, the power should be the sum of the mean power from all TAB connectors for ATG UE indicating capability antennaArrayType-r18;
· For transmit OFF power, transmit ON/OFF time mask, the requirement should be applicable at each TAB connector for ATG UE indicating capability antennaArrayType-r18
And there seems no reason to preclude single antenna port related requirement for ATG UE. 
Proposal 3: UL Output power dynamic requirements for MIMO as specified in 6.3D.1/6.3D.2/6.3D.3/6.3D.4 could be reused for ATG UE with omni-directional antenna and adapted for ATG UE with antenna array as following, 
· For minimum output power and power control, the power should be the sum of the mean power from all TAB connectors for ATG UE indicating capability antennaArrayType-r18;
· For transmit OFF power, transmit ON/OFF time mask, the requirement should be applicable at each TAB connector for ATG UE indicating capability antennaArrayType-r18

Issue 3-4-9: transmit signal qualityAgreement:
· 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


The requirements defined in subclause 6.4D.0/1/2/3 can be reused directly for ATG UE with omni-directional antenna. For coherent MIMO, there is a proposal to remove this feature for ATG UE due to the complexity issue. We don’t have strong view whether to support coherent MIMO or not for ATG.
For ATG UE with antenna array indicated by capability antennaArrayType-r18, similar requirement could also be considered with some adaption. 
· For Frequency error and transmit modulation quality requirements, the measurement is done at each antenna connector and requirement is applied per layer. It can be reused for ATG UE with antenna array indicating capability antennaArrayType-r18 with replacement of antenna connector with TAB connector in the description.
· For transmit alignment error, the requirement is by comparing the frame timing differences between transmissions on multiple transmit antenna connectors. For ATG UE, the comparison happens between TAB connector. 

Proposal 4: transmit signal quality requirement for UL MIMO as defined in  6.4D.0/1/2/3 could be reused for ATG UE with omni-directional antenna and adapted for ATG UE with antenna array indicating capability antennaArrayType-r18. 
· For Frequency error and transmit modulation quality requirements, the measurement is done at each antenna connector and requirement is applied per layer. It can be reused for ATG UE with antenna array indicating capability antennaArrayType-r18 with replacement of antenna connector with TAB connector in the description.
· For transmit alignment error, the requirement is by comparing the frame timing differences between transmissions on multiple transmit antenna connectors. For ATG UE, the comparison happens between TAB connectors. 

Issue 3-4-10: Output RF spectrum emissionAgreement:
· 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


For occupied bandwidth for UL MIMO as specified in 6.5D.1, the total integrated mean power of the transmitter spectrum on the assigned channel should be measured at each transmit antenna connector.
For out of band emission, spurious emission and transmit intermodulation as specified in 6.5D.2/3/4 respectively, the emission power is defined as as the sum of the emissions from all UE transmit antenna connectors.
For ATG UE with omni-directional antenna connector, occupied channel bandwidth and spurious emission requirement can be reused directly from 6.5D.1. Similar requirement as 6.5D.2/3can be reused with replacement of ATG UE single carrier requirement for out of band emission.
For ATG UE with antenna array, besides those adaptions for ATG UE with omni-directional antenna, the reference point should be changed to TAB connector.
Proposal 5: UL MIMO requirement for ATG UE can be defined as following, 
· For ATG UE with omni-directional antenna connector, occupied channel bandwidth and spurious emission requirement can be reused directly from 6.5D.1. Similar requirement as 6.5D.2/3can be reused with replacement of ATG UE single carrier requirement for out of band emission.
· For ATG UE with antenna array, besides those adaptions for ATG UE with omni-directional antenna, the reference point should be changed to TAB connector.

Issue 3-4-11: Rx requirements for supporting UL-MIMO
For TN, UL MIMO requirement is specified in 7.3D (reference sensitivity), 7.4D (maximum input level), 7.5D (ACS), 7.6D (blocking), 7.7D (spurious response) and 7.8D (receiver intermodulation), all of which is actually a clarification that For UE with two or four transmitter antenna connectors in closed-loop spatial multiplexing scheme, the minimum requirements specified in clause 7.x shall be met with the UL MIMO configurations described in clause 6.2D.1 and clause 6.2F.1D for shared spectrum access operation, and the reference measurement channels as specified in Annex A.2.2 for CP-OFDM waveforms shall apply. For UL MIMO, the parameter PUMAX is the total transmitter power over all transmit antenna connectors.


For ATG UE with omni-directional antenna and ATG UE with antenna array indicating capability antennaArrayType-r18, a similar clarification should be enough for the above-mentioned requirements. The reference minimum requirement section should be changed to ATG subclause 7.x.J and 6.2J.x 
Proposal 6: for ATG Rx MIMO requirements, t is enough to add the following clarification for reference sensitivity, maximum input level, ACS, blocking, spurious response and receiver intermodulation requirements.
· For ATG UE with omni-directional antenna (or antenna array indicating capability antennaArrayType-r18) in closed-loop spatial multiplexing scheme, the minimum requirements specified in clause 7.xJ shall be met with the UL MIMO configurations described in clause 6.2J.y and clause 6.2J.z for shared spectrum access operation, and the reference measurement channels as specified in Annex A.2.2 for CP-OFDM waveforms shall apply. For UL MIMO, the parameter PUMAX is the total transmitter power over all transmit antenna connectors (or TAB connectors).
Summary
This contribution presented our consideration on the open issues for ATG UE supporting MIMO. The following proposals are concluded.
Proposal 1: Reuse the rated output power declared by the ATG UE capability maxOutputPowerATG-r18, and consider the existing NR UL-MIMO requirement with some adaption in requirement description specific to ATG UE.
Proposal 2:  Configured transmitted power for ATG UL MIMO is defined on per UE basis. 
	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


Proposal 3: UL Output power dynamic requirements for MIMO as specified in 6.3D.1/6.3D.2/6.3D.3/6.3D.4 could be reused for ATG UE with omni-directional antenna and adapted for ATG UE with antenna array as following, 
· For minimum output power and power control, the power should be the sum of the mean power from all TAB connectors for ATG UE indicating capability antennaArrayType-r18;
· For transmit OFF power, transmit ON/OFF time mask, the requirement should be applicable at each TAB connector for ATG UE indicating capability antennaArrayType-r18
Proposal 4: transmit signal quality requirement for UL MIMO as defined in  6.4D.0/1/2/3 could be reused for ATG UE with omni-directional antenna and adapted for ATG UE with antenna array indicating capability antennaArrayType-r18. 
· For Frequency error and transmit modulation quality requirements, the measurement is done at each antenna connector and requirement is applied per layer. It can be reused for ATG UE with antenna array indicating capability antennaArrayType-r18 with replacement of antenna connector with TAB connector in the description.
· For transmit alignment error, the requirement is by comparing the frame timing differences between transmissions on multiple transmit antenna connectors. For ATG UE, the comparison happens between TAB connectors. 
Proposal 5: UL MIMO requirement for ATG UE can be defined as following, 
· For ATG UE with omni-directional antenna connector, occupied channel bandwidth and spurious emission requirement can be reused directly from 6.5D.1. Similar requirement as 6.5D.2/3can be reused with replacement of ATG UE single carrier requirement for out of band emission.
· For ATG UE with antenna array, besides those adaptions for ATG UE with omni-directional antenna, the reference point should be changed to TAB connector.
Proposal 6: for ATG Rx MIMO requirements, t is enough to add the following clarification for reference sensitivity, maximum input level, ACS, blocking, spurious response and receiver intermodulation requirements.
· For ATG UE with omni-directional antenna (or antenna array indicating capability antennaArrayType-r18) in closed-loop spatial multiplexing scheme, the minimum requirements specified in clause 7.xJ shall be met with the UL MIMO configurations described in clause 6.2J.y and clause 6.2J.z for shared spectrum access operation, and the reference measurement channels as specified in Annex A.2.2 for CP-OFDM waveforms shall apply. For UL MIMO, the parameter PUMAX is the total transmitter power over all transmit antenna connectors (or TAB connectors).
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