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1 Introduction
2Tx UE RF requirements for 3.5GHz band was discussed in [1]. And in last RAN4 meeting, there was an agreed WF on HPUE requirements in Rel15 [2]. This contribution provides analysis of UL MIMO requirements for PC2 UE for NR band n78 based on these contributions.
2 Discussion

Table 1 outlines the related requirements to be defined for 2Tx UE, which are related to the above two proposals. 

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


From the table above, it can be seen that three Tx and Rx requirements need to be paid special attention when we consider the UL MIMO requirements for PC 2 UE in Band n78. As agreed in [3], Features such as HPUE, 2Tx to be specified for Band n78 will also be introduced in Band n77 in Rel-15. Thus the UL MIMO requirements will be extended to Band n77. 
UE maximum output power
PC2 is supported for both Band n77 and n78 with tolerance of +2/-4dB. The same tolerance is also used for PC3 for LTE Band 42. 
Table 1: UE Power Class for UL-MIMO in closed loop spatial multiplexing scheme

	NR band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	n78
	
	
	26
	+2/-4
	
	
	
	


Proposal 1: PC2 is supported for both Band n77 and n78 with tolerance of +2/-4dB.
Configured transmitted power

For UE supporting UL-MIMO, the transmitted power is configured per each UE.
For UE with two transmit antenna connectors in closed-loop spatial amultiplexing scheme, the tolerance is specified in Table below. As the maximum output power is increased to 26dBm, the specific tolerance values shall be further studied. 
For LTE, the configured transmitted power shall meet UL-MIMO configurations below:

Table 1 UL-MIMO configuration in closed-loop spatial multiplexing scheme
	Transmission mode
	DCI format
	Codebook Index

	Mode 2
	DCI format 4
	Codebook index 0


For NR, the requirements shall also be met with certain UL-MIMO configurations, which will be further determined with checking RAN1 progress.

Table 2: PCMAX,c tolerance in closed-loop spatial multiplexing scheme
	PCMAX,c
(dBm)
	Tolerance
TLOW(PCMAX_L,c) (dB)
	Tolerance
THIGH(PCMAX_H,c) (dB)

	PCMAX,c =26
	4.0
	2.0

	23 ≤ PCMAX,c < 26
	TBD
	[2.0]

	22 ≤ PCMAX,c < 23
	[5.0]
	[2.0]

	21 ≤ PCMAX,c < 22
	[5.0]
	[3.0]

	20 ≤ PCMAX,c < 21
	[6.0]
	[4.0]

	16 ≤ PCMAX,c < 20
	[5.0]

	11 ≤ PCMAX,c < 16
	[6.0]

	-40 ≤ PCMAX,c < 11
	[7.0]


If UE is configured for transmission on single-antenna port, the requirements below shall apply. As discussed in RAN4, PA configuration of 23dBm+23dBm is considered for UL MIMO for Band n78. 
Table 3: PCMAX tolerance 

	PCMAX,c
(dBm)
	Tolerance T(PCMAX,c)
(dB)

	23 < PCMAX,c ≤ 33
	2.0

	21 ≤ PCMAX,c ≤ 23
	2.0

	20 ≤ PCMAX,c < 21
	2.5

	19 ≤ PCMAX,c < 20
	3.5

	18 ≤ PCMAX,c < 19
	4.0

	13 ≤ PCMAX,c < 18
	5.0

	8 ≤ PCMAX,c < 13
	6.0

	-40 ≤ PCMAX,c < 8
	7.0


Proposal 2: The UL-MIMO configurations shall be specified for NR UE 
Reference sensitivity level
For UE with two transmitter antenna connectors in closed-loop spatial multiplexing scheme, the minimum requirements in shall be met with certain UL-MIMO configurations, which can be discussed further. For UL-MIMO, the parameter PUMAX is the total transmitter power over the two transmits power over the two transmit antenna connectors.

3 Conclusion

UL MIMO requirements for PC2 UE for NR band n78/n77 are discussed in this contribution. We have the following proposals. 

Proposal 1: PC2 is supported for both Band n77 and n78 with tolerance of +2/-4dB.

Proposal 2: The UL-MIMO configuration shall be specified for NR UE
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