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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this paper, we provide our views on ATG UE RF requirements for UL-MIMO based on the approved WID[1]. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
Based on the revised WID[1], we would like to discuss the ATG UE RF requirements for UL-MIMO.

[Objective in the WID]
	The core part of the work item includes:
· Specify the RF and RRM core requirements for intra-band co-located and inter-band co-located DL CA [RAN4]:
· FR1 intra-band contiguous CA
· Example band combination: n79
· FR1+FR1 inter-band CA
· Example band combination: n3+n39
· Specify the RF requirements for support of UL MIMO with 2TX for single CC for UE. [RAN4]
· Specify signaling and UE capabilities if necessary [RAN2].




General parameters
The existing ATG operating band can be reused for ATG UL-MIMO with 2TX.

Proposal 1: For operating band, reuse the existing ATG operating band.

UE Tx RF requirement
The view for ATG UL-MIMO with 2Tx is as follows.
UE maximum output power for ATG UL-MIMO with 2Tx
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. 
For 2-layer UL MIMO operation, the rated maximum output power shall be met using 2-layer UL MIMO codebook-based transmission with precoding matrix of W=[image: ] . DCI Format for UE configured in PUSCH transmission mode for uplink single-user MIMO shall be used.

For single layer UL MIMO operation and two antenna-ports,
·  the rated maximum output power shall be met to a UE that supports ULFPTx feature and is configured in its declared full power mode.

For single layer UL MIMO operation and single antenna-port(W=1) without indicating txDiversity, 
· the requirements in clause 6.2J apply for at least one antenna connector for the ATG UE not indicating the capability antennaArrayType-r18. 
· the requirements in clause 6.2J apply for at least one TAB connector for the ATG UE indicating the capability antennaArrayType-r18.

For single layer UL MIMO operation and single antenna-port(W=1) with indicating txDiversity, 
· the rated maximum output power applies for sum of two antenna connectors for the ATG UE not indicating the capability antennaArrayType-r18. 
· the rated maximum output power applies for sum of two TAB connectors for the ATG UE indicating the capability antennaArrayType-r18. 

For single layer UL MIMO operation and single antenna-port(W=1) with indicating txDiversity and the feature ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16,
· the requirements in clause 6.2J apply for at least one antenna connector for the ATG UE not indicating the capability antennaArrayType-r18. 
· the requirements in clause 6.2J apply for at least one TAB connector for the ATG UE indicating the capability antennaArrayType-r18. 

Above things are similar to the existing NR UL-MIMO MOP requirements except for the rated maximum output power and the capability antennaArrayType-r18.

Proposal 2: 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.

Configured transmitted power for ATG UL-MIMO with 2Tx
The existing ATG UE configured transmitted power can be reused with Table 2.1 tolerance. 
For PCMAX,c tolerance, Table 2.1 can be proposed with max PCMAX,C of 40 dBm. 
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



Proposal 3: For configured transmitted power, reuse the existing ATG UE requirement with PCMAX,c tolerance of Table 2.1.

Output power dynamics for ATG UL-MIMO with 2Tx
Minimum output power for ATG UL MIMO
Generally, NR UL-MIMO can be reused.

For single layer UL MIMO operation and single antenna-port(W=1) without indicating txDiversity, 
· the requirements in clause 6.3J.1 apply. 

For single layer UL MIMO operation and single antenna-port(W=1) with indicating txDiversity, 
· the requirements in clause 6.3J.1 apply as the sum of the mean power at each transmit antenna connector for the ATG UE not indicating the capability antennaArrayType-r18. 
· the requirements in clause 6.3J.1 apply as the sum of the mean power at each transmit TAB connector for the ATG UE indicating the capability antennaArrayType-r18. 

Transmit OFF power for ATG UL MIMO
Generally, NR UL-MIMO can be reused.

Transmit ON/OFF time mask for ATG UL MIMO
Generally, NR UL-MIMO can be reused.

For single layer UL MIMO operation and single antenna-port(W=1) without indicating txDiversity, 
· the requirements in clause 6.3J.3 apply. 

For single layer UL MIMO operation and single antenna-port(W=1) with indicating txDiversity, 
· the requirements in clause 6.3J.3 apply at each transmit antenna connector for the ATG UE not indicating the capability antennaArrayType-r18. 
· the requirements in clause 6.3J.3 apply at each transmit TAB connector for the ATG UE indicating the capability antennaArrayType-r18.  

Power control for ATG UL MIMO
Generally, NR UL-MIMO can be reused.

For single layer UL MIMO operation and single antenna-port(W=1) without indicating txDiversity, 
· the requirements in clause 6.3J.4 apply. 
For single layer UL MIMO operation and single antenna-port(W=1) with indicating txDiversity, 
· the requirements in clause 6.3J.4 apply to the sum of output power at each transmit antenna connector for the ATG UE not indicating the capability antennaArrayType-r18. 
· the requirements in clause 6.3J.4 apply to the sum of output power at each transmit TAB connector for the ATG UE indicating the capability antennaArrayType-r18. 

Proposal 4: For output power dynamics, consider the existing NR UL-MIMO requirement as starting point with the capability antennaArrayType-r18.

Transmit signal quality for ATG UL-MIMO with 2Tx
Frequency error for ATG UL MIMO
For ATG UE(s) supporting UL MIMO, the basic measurement interval of modulated carrier frequency is 1 UL slot.  The ATG UE pre-compensates the uplink modulated carrier frequency by the estimated Doppler shift. 

The mean value of basic measurements of ATG 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 compared to ideally pre-compensated reference uplink carrier frequency. 

Transmit modulation quality for ATG UL MIMO
Generally, NR UL-MIMO can be reused.

For single layer UL MIMO operation and single antenna-port(W=1) without indicating txDiversity, 
· the requirements in clause 6.4J.2 apply. 
For single layer UL MIMO operation and single antenna-port(W=1) with indicating txDiversity, 
· the requirements in clause 6.4J.2 apply at each transmit antenna connector for the ATG UE not indicating the capability antennaArrayType-r18. 
· the requirements in clause 6.4J.2 apply at each transmit TAB connector for the ATG UE indicating the capability antennaArrayType-r18. 

Proposal 5: For transmit signal quality, consider the existing NR UL-MIMO requirement as starting point with the capability antennaArrayType-r18.

Output RF spectrum emissions for ATG UL-MIMO with 2Tx
Occupied bandwidth for ATG UL MIMO
Generally, NR UL-MIMO can be reused.

For single layer UL MIMO operation and single antenna-port(W=1) without indicating txDiversity, 
· the requirements in clause 6.5J.1 apply. 
For single layer UL MIMO operation and single antenna-port(W=1) with indicating txDiversity, 
· the requirements in clause 6.5J.1 apply at each transmit antenna connector for the ATG UE not indicating the capability antennaArrayType-r18. 
· the requirements in clause 6.5J.1 apply at each transmit TAB connector for the ATG UE indicating the capability antennaArrayType-r18. 

Out of band emission for ATG UL MIMO
Generally, NR UL-MIMO can be reused.

For single layer UL MIMO operation and single antenna-port(W=1) without indicating txDiversity, 
· the requirements in clause 6.5J.2 apply. 
For single layer UL MIMO operation and single antenna-port(W=1) with indicating txDiversity, 
· the requirements in clause 6.5J.2 apply to the sum of the emissions from all UE transmit antenna connectors for the ATG UE not indicating the capability antennaArrayType-r18. 
· the requirements in clause 6.5J.2 apply to the sum of the emissions from all UE transmit TAB connectors for the ATG UE indicating the capability antennaArrayType-r18. 

Spurious emissions for ATG UL MIMO
Generally, NR UL-MIMO can be reused.

For single layer UL MIMO operation and single antenna-port(W=1) without indicating txDiversity, 
· the requirements in clause 6.5J.3 apply. 
For single layer UL MIMO operation and single antenna-port(W=1) with indicating txDiversity, 
· the requirements in clause 6.5J.3 apply to the sum of the emissions from all UE transmit antenna connectors for the ATG UE not indicating the capability antennaArrayType-r18. 
· the requirements in clause 6.5J.3 apply to the sum of the emissions from all UE transmit TAB connectors for the ATG UE indicating the capability antennaArrayType-r18. 

Proposal 6: For output RF spectrum emissions, consider the existing NR UL-MIMO requirement as starting point with the capability antennaArrayType-r18.

Conclusion
In this contribution, we provided our view on ATG UE RF requirements for UL-MIMO. Based on those, we propose as follows. 
Proposal 1: For operating band, reuse the existing ATG operating band.
Proposal 2: 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.
Proposal 3: 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



Proposal 4: For output power dynamics, consider the existing NR UL-MIMO requirement as starting point with the capability antennaArrayType-r18.
[bookmark: _GoBack]Proposal 5: For transmit signal quality, consider the existing NR UL-MIMO requirement as starting point with the capability antennaArrayType-r18.
Proposal 6: For output RF spectrum emissions, consider the existing NR UL-MIMO requirement as starting point with the capability antennaArrayType-r18.
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