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1 Introduction
In last RAN4 meeting, 2Tx UE for NR was discussed in [1][2]. During the discussion, it was agreed that to specify UE with 2Tx for 3.5GHz and specify uplink 256QAM for 3.5GHz in Rel-15 NR WI, but if this feature is optional or mandatory FFS. 
This contribution provides further consideration on 2Tx UE RF requirements for NR below 6GHz. 

2 Discussion

The purpose of UE supporting 2Tx is to improve the uplink coverage at cell edge and enhance the system performance via Tx diversity or UL MIMO. In Rel-10 LTE-A, UE RF requirements for UL MIMO had already been defined, where Single Antenna Port Mode (SAPM) was supported as well. It is noted that the UL MIMO requirements for SAPM are the same as those for 1Tx UE. So far, it is not clear for NR whether SPAM needs to be supported. The requirements discussed in this contribution are focused on Multiple Antenna Ports Mode (MAPM), but SPAM is not excluded. 
Both spatial multiplexing and transmit diversity modes are included in MAPM. The basic architecture for Tx diversity or UL MIMO transmission assumes individual PA is used for each antenna port. For 3.5G NR band, it was also agreed that both power class 3 (PC3) and power class 2 (PC2) shall be supported. Obviously, PC2 UE can fall back to PC3 in some application scenarios. Here we consider the PA configurations for PC2 2Tx UE. 
During the study of LTE-A, RAN4 already had a conclusion of PA configuration for PC3 UE with 2Tx antennas and an LS was sent to RAN1 in [3]. The conclusion is cited as below:

RAN4 has concluded that UE performance requirements and support for the following configurations should be included for LTE - A: 

1.
20dBm + 20dBm

2.
23dBm + 23dBm

3.
23dBm + x, where x < 23dBm
For NR, the configurations can be extended to PC2 UE, which means the following configurations should be included for NR UE support 2Tx:
1.
23dBm + 23dBm

2.
26dBm + 26dBm

3.
26dBm + x, where x < 26dBm
The UE RF requirements shall be defined in a PA configuration agnostic way, just like that for UL MIMO in LTE-A. The requirements defined for PC3 UE for UL MIMO can be referred to define corresponding requirements for NR PC2 UE supporting 2Tx. Table 1 outlines the related requirements to be defined for 2Tx UE. 
Table 1 Overview of 2Tx UE RF requirements
	Requirements
	Consideration on requirement

	Transmit power
	UE maximum output power
	The maximum output power is measured as the sum of the maximum output power at each UE antenna connector. 
PC2 requirements shall be defined compared to those for UL MIMO for LTE. 

	
	Configured transmitted power
	The transmitted power is configured per each UE.
PC2 requirements shall be defined compared to those for UL MIMO for LTE, e.g. PCMAX,c tolerance.

	Output power dynamics
	Minimum output power
	Sum of the power in the channel bandwidth for all transmit bandwidth configurations (resource blocks) at each transmit antenna connector. 
Same as UL MIMO for LTE.

	
	Transmit OFF power
	Transmit OFF power is defined as the mean power at each transmit antenna connector. 
Same as UL MIMO for LTE.

	
	ON/OFF time mask
	The requirement is applied at each transmit antenna connector.
Same as UL MIMO for LTE.

	
	Power control
	The power control tolerance applies to the sum of output power at each transmit antenna connector.
Same as UL MIMO for LTE.

	Transmit signal quality
	Frequency error
	Same requirement is applied at each transmit antenna connector s.
Same as UL MIMO for LTE.

	
	EVM
	The requirement is specified at each transmit antenna connector.
Same as UL MIMO for LTE.

	
	Carrier leakage
	Similar as above.

	
	In-band emissions
	Similar as above.

	
	EVM equalizer spectrum flatness
	Similar as above.

	Output RF spectrum emissions
	Occupied bandwidth
	The requirement is specified at each transmit antenna connector.
Same as UL MIMO for LTE.

	
	Out of band emission
	Similar as above.

	
	Spurious emissions
	Similar as above.

	Transmit Intermodulation
	The transmit intermodulation requirements are specified at each transmit antenna connector and the wanted signal is defined as the sum of output power at each transmit antenna connector.
Same as UL MIMO for LTE.

	Time alignment error
	TAE is defined as the average frame timing difference between any two transmissions on different transmit antenna connectors.
Same as UL MIMO for LTE.

	Reference sensitivity level
	UL-MIMO configurations may be updated based on RAN1 PHY design.

	Maximum input level
	Similar as above.

	ACS
	Similar as above.

	Blocking
	Similar as above.

	Spurious response
	Similar as above.

	Receiver intermodulation
	Similar as above.

	Spurious emissions
	N/A

	Receiver image
	N/A


It is noted that some requirements apply at each transmit antenna connector, where UL MIMO requirements for LTE can be reused as much as possible, the MIMO configuration may need to be updated based on RAN1 PHY design. Also, the UL MIMO requirements are defined additionally based on other requirements, e.g. UL MIMO has a specific requirement for reference sensitivity level, however, REFSENS value for 3.5GHz band shall be defined separately. 
3 Conclusion

Considerations of PA configuration for PC2 UE supporting transmit diversity/UL MIMO and corresponding requirements are discussed in this contribution. 
Table 1 gives the initial consideration on 2Tx UE RF requirements, which will be further studied in the following RAN4 meetings.
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