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1	Introduction
In the previous meeting the UE RF requirement list were reflected in [1] giving an overview of the SI agreements and outcome of the SI phase. During the WI phase the open problems for the Tx and Rx for the ranges of below 6 GHz and above 6 GHz must be addressed. 
2	Discussion
This contribution will discuss the Tx requirements for above 6 GHz – for 24 GHz up to 40 GHz [1] - taking into account the parameters, which will be further studied during the WI phase. For high frequency is not a realistic assumption for many of the Tx requirements to consider LTE specification. The wide bandwidth increase the RF impairments and the nonlinearities in the Tx chain which introduce more challenges compared to the requirements for below 6 GHz. Therefore, the implications of wider bandwidth signals must be considered for the definition of the Tx requirements for above 6 GHz.

2.1 Transmitter Requirements

The Tx requirements have been divided in the following categories:

· Transmit Power
· Output Power Dynamics
· Transmit Signal Quality
· Output RF Spectral Emissions

2.1.1 Transmit Power

· Tx maximum Output Power

EIRP is used as a metric. The Tx maximum output power should be first study for one power class as priority and after defining the requirements for one power class, the other power classes can be added. Therefore, in order to define the maximum output power for a given transmission bandwidth within the channel bandwidth it is important to study the UE Power classes based on the NR bands. 

· MPR and A-MPR

At least EIRP metric is needed. MPR values for both contiguous and non-contiguous resource allocation should be studied. The definition of MPR and A-MPR will depend on the used modulation and the defined MOP. 


· PcMAX

EIRP is used as a metric. The calculation mechanism of PcMAX is for further study.

2.1.2 Output Power Dynamics

· Minimum Output Power

EIRP is used as a metric. The parameters used to calculate the minimum output power are NF, MCL and degradation level of noise floor. It must be considered that at high frequencies the path loss is considerable higher compared to below 6 GHz. Therefore, the same limit used in LTE cannot be reused for above 6 GHz where a higher output power is needed to overcome this constraint. At high frequency the nonlinearity problematic is very dominant, the risk of keeping – 40 dBm is the poor linearity as well as the repercussion in the EVM performance. Another advantage of increasing the minimum output power is the reduction of calibration effort.

· Tx OFF power

The transmitter is considered to be OFF when the UE is not allowed to transmit or during periods when the UE is not transmitting a sub-frame. The Tx OFF power will be a TRP metric. The Tx OFF will depend on the NF, MCL between aggressive and victim UE and degradation level of noise floor, thus the TX OFF power will vary compared to the assumptions made in LTE spec. The same TX OFF power cannot be used as for sub-6 GHz.

· Tx ON/OFF Mask

The OFF power measurement period is defined in a duration of at least one sub-frame excluding any transient periods. The ON power is defined as the mean power over one sub-frame excluding any transient period.  This requirement has also as major limitation the PA settling time, if the ramp-up is too rapid it will produce transient EVM distortion. The decision of the Tx ON/OFF mask value will depend on the subcarrier spacing and the transient period should be adjusted accordingly.

· Power Control

At least beam peak is used as a metric. The power control requirements will be based on RAN1 agreement.

Proposal 1: The minimum output power cannot reuse the same limit as LTE. The value should be much higher than -40 dBm.

Observation 1: The same TX OFF power cannot be used as for sub-6 GHz.
Observation 2: Tx ON/OFF mask value will depend on the subcarrier spacing and the transient period should be adjusted accordingly.



2.1.3 Transmit Signal Quality

· EVM

Linearity is harder to maintain over a broader bandwidth.  Also couple this with higher PAPR of an OFDMA signal compared to SC-FDMA, which means that emissions and EVM are harder to maintain due to non-linear distortion. The minimum requirement for EVM for the different modulations schemes should be further study following the parameters of Table 1.

Table 1: Parameters for Error Vector Magnitude
	
Parameter
	Unit
	Level

	UE Output Power
	dBm
	 -30

	Operating conditions
	
	Normal conditions




2.1.4 Output RF Spectral Emissions

· Occupied Bandwidth

TRP is used as a metric. Channel bandwidth values should be 100 MHz (min), 200 MHz and 400 MHz (max)  
The occupied bandwidth for all transmission bandwidth configurations (Resources Blocks) shall be less than the channel bandwidth.

· Spectrum Emission Mask

The spectrum emission mask of the UE applies to frequencies (ΔfOOB) starting from the  edge of the assigned E-UTRA channel bandwidth.  The spectrum emission mask will depend in modulation/numerology and MPR. The SEM will depend as well on the overall system trade-off between ACLR and highest output power. The results in the WP 5D response [2] can be used as a baseline for the SEM for above 6 GHz as shown in Table 2, where an emission level of -5 dBm/MHz is required for the first 10 percent of the channel bandwidth from the edge of the licensed block and beyond the first 10 percent of the channel bandwidth, an emission level of -13 dBm/MHz is required.

Table 2: UE spectrum mask
	Frequency offset from “edge of transmission” Δf
	Emission limit
	Measurement bandwidth

	0  f < 20 MHz
	-5 dBm
	1 MHz

	20 MHz  f < 400 MHz
	-13 dBm
	1 MHz

	f > 400 MHz
	Spurious domain limits
	1 MHz




· ACLR

Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency at nominal channel spacing.  TRP is used as a metric. The results in the WP 5D response [2] can be used as a baseline for the ACLR

· Spurious Emissions

Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emissions, intermodulation products and frequency conversion products, but exclude out of band emissions unless otherwise stated. At higher frequency the efficiency and output power decreases. This means that for transmitting a certain amount of signal power, more power is required by the PA compared to the systems operating at carrier frequency under 6 GHz. The nonlinearity problem of the PA becomes evident as requirement of larger bandwidth and higher order modulation schemes are needed to achieve high data rate. When the PA works closer to the P1dB compression point, the nonlinearity problem becomes higher. The nonlinearity of the PA complicates achieving lower values than -13 dBm/MHz at high frequencies. Therefore, the spurious emissions limits of -13 dBm/MHz should be considered as in the WP 5D response [2],

· UE-to-UE coexistence

TRP is used as a metric. Actual required level in mmWave should also be investigated from system point of view. 

Proposal 2: The minimum requirement for EVM for the different modulations schemes should be further studied following the parameters of Table 1.
Proposal 3: The spurious emissions limits of -13 dBm/MHz should be considered as in the WP 5D response [2].

Observation 3: The results in the WP 5D response [2] can be used as a baseline for the SEM for above 6 GHz as shown in Table 3
3	Conclusions
This contribution proposes the following for Tx-requirements for NR above 6 GHz:

Proposal 1: The minimum output power cannot reuse the same limit as LTE. The value should be much higher than -40 dBm.
Proposal 2: The minimum requirement for EVM for the different modulations schemes should be further studied following the parameters of Table 1.
Proposal 3: The spurious emissions limits of -13 dBm/MHz should be considered as in the WP 5D response [2].
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Observation 1: The same TX OFF power cannot be used as for sub-6 GHz.
Observation 2: Tx ON/OFF mask value will depend on the subcarrier spacing and the transient period should be adjusted accordingly.
Observation 3: The results in the WP 5D response [2] can be used as a baseline for the SEM for above 6 GHz as shown in Table 3
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