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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 below 6 GHz – range 1 [1] - taking into account the parameters, which will be further studied during the WI phase. For below 6 GHz is an acceptable assumption using LTE specification as a baseline for starting the study of the requirements.  However, the implications of wider bandwidth signals must be considered for the changes and potential relaxations relative to LTE specification, which will have consequences in the performance of different parameters and will be highlighted in the following subsections. 

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

The test will be conductive. The Tx maximum output power should be 23 dBm and the tolerance definition will depend on the transmit band. 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. In the case of CA, the maximum output power is measured as the sum of the maximum output power at each UE antenna connector. The period of measurement shall be at least one sub frame.

· MPR and A-MPR

At least conductive test 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. It will be important to take into consideration that the peak output power is not higher than in LTE (SC - OFDMA) in order to avoid that the linearity requirements get more stringent from today’s LTE spec.

· PcMAX

At least conductive test is needed. It will be beneficial to follow the same mechanism as LTE for the Pcmax calculation. The UE is allowed to set its configured maximum output power PCMAX,c for serving cell c. The configured maximum output power PCMAX,c is set within the following bounds:

PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c with

PCMAX_L,c = MIN {PEMAX,c – TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc, P-MPRc)}
	PCMAX_H,c = MIN {PEMAX,c,  PPowerClass}

Where the values for PEMAX,c (the value given by IE P-Max for serving cell c), PPowerClass (the maximum UE power) , MPRc and A-MPRc for serving cell c , P-MPRc (the allowed maximum output power reduction) should be further studied.


Proposal 1:  The Tx maximum output power should be 23 dBm and the tolerance definition will depend on the transmit band.
Proposal 2:  Follow the same mechanism as LTE for the Pcmax calculation

Observation 1:  The definition of MPR and A-MPR will depend on the used modulation and the defined MOP and take into consideration that the peak output power is not higher than in LTE.

2.1.2 Output Power Dynamics

· Minimum Output Power

At least conductive test is needed. The minimum output power shall not exceed -30 dBm for sub-6 GHz.  The minimum controlled output power of the UE is defined as the broadband transmit power of the UE, i.e. the power in the channel bandwidth for all transmit bandwidth configurations (resource blocks), when the power is set to a minimum value. The minimum output power is defined as the mean power in one sub-frame.

NR will deploy for wider bandwidth compared to LTE creating further challenges in the linearity. Furthermore, the risk on going for lower values than -30 dBm is that the linearity will be extremely affected, which will create severe repercussion in the EVM performance.

The increment of the Minimum Output Power to -30 dBm will improve the ratio SNR and with it the EVM. Another advantage of increasing the minimum output power is the reduction of calibration effort as well as the transceiver design complexity.

· Tx OFF power

Transmit OFF power is defined as the mean power when the transmitter is OFF. 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. It is defined as the mean power in a duration of at least one sub-frame excluding any transient periods.  The Tx OFF power will be at least conductive test. The Tx OFF power should be -50dBm/MHz in sub-6GHz, which is a reasonable value in terms of coexistence with LTE. 

· Tx ON/OFF Mask

The General ON/OFF time mask defines the observation period between Transmit OFF and ON power and between Transmit ON and OFF power. ON/OFF scenarios include; the beginning or end of DTX, measurement gap, contiguous, and non-contiguous transmission.

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. 
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Figure 1:  General ON/OFF time mask
At least conductive test is needed. The decision of the ON/OFF mask value will depend on the subcarrier spacing. This requirement has a limitation in the PA settling time, if the ramp-up is too rapid it will produce transient EVM distortion. Therefore due to increased SCS there is the need to adjust the transit period to 5us [2].

· Power Control

At least conductive test is needed. The power control requirements will be based on RAN1 agreement.

Proposal 3: The minimum output power shall not exceed -30 dBm for sub-6 GHz
Proposal 4: The Tx OFF power should be -50dBm/MHz in sub-6GHz
Proposal 5: Adjust the transit period to 5us due to the increased subcarrier spacing.

2.1.3 Transmit Signal Quality

· Frequency Error

At least conductive test is needed. Frequency should be 0.1ppm in sub-6GHz 

· 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 RMS average of the basic EVM measurements for 10 subframes excluding any transient period for the average EVM case, and 60 subframes excluding any transient period for the reference signal EVM case, for the different modulations schemes shall not exceed the values specified in Table 1 for the parameters defined in 2.

Table 1: Minimum requirements for Error Vector Magnitude
	
Parameter
	Unit
	Average EVM Level
	Reference Signal EVM Level

	QPSK or BPSK
	%
	17.5
	17.5

	16QAM 
	%
	12.5
	12.5

	64QAM 
	%
	8
	8



Table 2: Parameters for Error Vector Magnitude
	
Parameter
	Unit
	Level

	UE Output Power
	dBm
	 -30

	Operating conditions
	
	Normal conditions



· Carrier Leakage 

Carrier leakage is an additive sinusoid waveform that has the same frequency as a modulated waveform carrier frequency. The measurement interval is subframe in the time domain.
The relative carrier leakage power is a power ratio of the additive sinusoid waveform and the modulated waveform. The relative carrier leakage power shall not exceed the values specified in Table 3.

Table 3: Minimum requirements for relative carrier leakage power
	Parameters
	Relative limit (dBc)

	0 dBm ≤ Output power
	-25

	-30 dBm ≤ Output power ≤0 dBm
	-20




· In-band emissions 

The in-band emission is defined as the average across 12 sub-carrier and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. The in-band emission is measured as the ratio of the UE output power in a non–allocated RB to the UE output power in an allocated RB.
The basic in-band emissions measurement interval is defined over one slot in the time domain. When the PUSCH or PUCCH transmission slot is shortened due to multiplexing with SRS, the in-band emissions measurement interval is reduced by one OFDMA symbol, accordingly. The relative in-band emission shall not exceed the values specified in Table 4.





Table 4: Minimum requirements for relative carrier leakage power
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	

	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-30
	Image frequencies (NOTES 2, 3)

	Carrier leakage
	dBc
	-25
	0 dBm ≤ Output power
	Carrier frequency (NOTES 4, 5)

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 39 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs.
NOTE 3:	The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the centre carrier frequency, but excluding any allocated RBs.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.


NOTE 5:	The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if  is odd, or in the two RBs immediately adjacent to the DC frequency if  is even, but excluding any allocated RB. 

NOTE 6:	 is the Transmission Bandwidth  

NOTE 7:	 is the Transmission Bandwidth Configuration  

NOTE 8:	 is the limit specified in Table 1 for the modulation format used in the allocated RBs. 



NOTE 9:	 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g.  or  for the first adjacent RB outside of the allocated bandwidth. 

NOTE 10:	 is the transmitted power per 900 kHz in allocated RBs, measured in dBm.




Proposal 6: The EVM shall not exceed the values in Table 1 for the parameters defined in Table 2.
Proposal 7: The relative carrier leakage power shall not exceed the values specified in Table 3.
Proposal 8: The relative in-band emission shall not exceed the values specified in Table 4.


2.1.4 Output RF Spectral Emissions

· Occupied Bandwidth

Occupied bandwidth is defined as the bandwidth containing 99 % of the total integrated mean power of the transmitted spectrum on the assigned channel. The occupied bandwidth for all transmission bandwidth configurations (Resources Blocks) shall be less than the channel bandwidth similar to Table 5.
Table 5: Occupied channel bandwidth
	
	Occupied channel bandwidth / Channel bandwidth

	
	50 
MHz
	100
MHz

	Channel bandwidth (MHz)
	50
	100




· 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. 

· ACLR

Adjacent Channel Leakage power Ratio 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. 
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Figure 2:  Adjacent Channel Leakage requirements for one 5G carrier

5G Adjacent Channel Leakage power Ratio (5GACLR) 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. The assigned 5G channel power and adjacent 5G channel power are measured with rectangular filters with measurement bandwidths specified in Table 6. If the measured adjacent channel power is greater than –50dBm then the 5GACLR shall be higher than the value specified in Table 6.

Table 6: General requirements for 5GACLR
	
	Channel bandwidth / 5GACLR1 / Measurement bandwidth

	
	50 MHz
	100 MHz

	5GACLR1
	30 dB
	30 dB

	5G channel Measurement bandwidth
	45 MHz
	90 MHz

	Adjacent channel centre frequency offset [MHz]
	+50
/
-50
	+100
/
-100




E-UTRA Adjacent Channel Leakage power Ratio (E-UTRAACLR) is the ratio of the filtered mean power centred on the assigned 5G channel frequency to the filtered mean power centred on an adjacent(s) E-UTRA channel frequency. 

E-UTRA Adjacent Channel Leakage power Ratio is specified for both the first E-UTRA adjacent channel (E-UTRAACLR1) and the 2nd UTRA adjacent channel (E-UTRAACLR2). The assigned E-UTRA channel power is measured with a rectangular filter with measurement bandwidth specified in Table 7. If the measured E-UTRA channel power is greater than –50dBm then the E-UTRAACLR shall be higher than the value specified in Table 7.

Table 7: Requirements for E-UTRAACLR1/2
	
	Channel bandwidth / E-UTRAACLR1/2 / Measurement bandwidth

	
	50
MHz
	100
MHz

	E-UTRAACLR1
	33 dB
	33 dB

	Adjacent channel centre frequency offset [MHz]
	+25+BWEUTRA/2
/
-25-BWEUTRA/2
	+50+BWEUTRA/2
/
-50-BWEUTRA/2

	E-UTRAACLR2
	36dB
	36dB

	Adjacent channel centre frequency offset [MHz]
	+25+3*BWEUTRA/2
/
-25-3*BWEUTRA/2
	+50+3*BWEUTRA/2
/
-50-3*BWEUTRA/2

	5G channel Measurement bandwidth
	45 MHz
	90 MHz

	E-UTRA 20MHz channel Measurement bandwidth 
	18 MHz
	18 MHz




· 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.

To improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.

Unless otherwise stated, the spurious emission limits apply for the frequency ranges that are more than FOOB (MHz) in Table 8 from the edge of the channel bandwidth. The spurious emission limits in Table 9 apply for all transmitter band configurations (NRB) and channel bandwidths. 

NOTE:	For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth defined for the protected band.
Table 8: Boundary between 5G out of band and spurious emission domain
	Channel bandwidth 
	50 MHz
	100 MHz

	OOB boundary FOOB (MHz)
	55
	105



Table 9: Spurious emissions limits 
	Frequency Range
	Maximum Level
	Measurement bandwidth

	9 kHz  f < 150 kHz
	-36 dBm
	1 kHz 

	150 kHz  f < 30 MHz
	-36 dBm
	10 kHz 

	30 MHz  f < 1000 MHz
	-36 dBm
	100 kHz

	1 GHz  f < 12.75 GHz
	-30 dBm
	1 MHz

	12.75 GHz ≤ f < 5th harmonic of the upper frequency edge of the UL operating band in GHz
	-30 dBm
	1 MHz



· UE-to-UE coexistence

At least conductive test is needed. The same limits are reused in legacy victim bands in sub-6GHz.
Actual required level in mmWave should also be investigated from system point of view (sub-6GHz -> mmWave). The 50 MHz and 100 MHz should be considered for the UE-to-UE coexistence


· Tx intermodulation

The transmit intermodulation performance is a measure of the capability of the transmitter to inhibit the generation of signals in its nonlinear elements caused by presence of the wanted signal and an interfering signal reaching the transmitter via the antenna.

User Equipment(s) transmitting in close vicinity of each other can produce intermodulation products, which can fall into the UE, or eNode B receive band as an unwanted interfering signal. The UE intermodulation attenuation is defined by the ratio of the mean power of the wanted signal to the mean power of the intermodulation product when an interfering CW signal is added at a level below the wanted signal at each of the transmitter antenna port with the other antenna port(s) if any is terminated. Both the wanted signal power and the intermodulation product power are measured through 5G rectangular filter with measurement bandwidth shown in Table 10.
Table 10: Transmit Intermodulation
	BW Channel (UL)
	50MHz
	100MHz

	Interference Signal Frequency Offset
	50MHz
	100MHz
	100MHz
	200MHz

	Interference CW Signal Level
	-40dBc

	Intermodulation Product 
	-29dBc
	-35dBc
	-29dBc
	-35dBc

	Measurement bandwidth
	45MHz
	45MHz
	90MHz
	90MHz




Proposal 9: The occupied bandwidth for all transmission bandwidth configurations shall be less than the channel bandwidth similar to Table 5.
Proposal 10: If the measured adjacent channel power is greater than –50dBm then the 5GACLR shall be higher than the value specified in Table 6.
Proposal 11: If the measured E-UTRA channel power is greater than –50dBm then the E-UTRAACLR shall be higher than the value specified in Table 7.
Proposal 12: Define the Table 8 as boundary between 5G out of band and Table 9 as spurious emission limits.
Proposal 13: The requirement of transmitting intermodulation is prescribed as in Table 10.

Observation 2: The spectrum emission mask will depend in modulation/numerology and MPR.
Observation 3: It will be a need of relaxation for wider BWs compared to LTE spec

3	Conclusions
This contribution proposes the following for Tx-requirements for NR below 6 GHz:

Proposal 1:  The Tx maximum output power should be 23 dBm and the tolerance definition will depend on the transmit band.
Proposal 2:  Follow the same mechanism as LTE for the Pcmax calculation.
Proposal 3: The minimum output power shall not exceed -30 dBm for sub-6 GHz.
Proposal 4: The Tx OFF power should be -50dBm/MHz in sub-6GHz
Proposal 5: Adjust the transit period to 5us due to the increased subcarrier spacing.
Proposal 6: The EVM shall not exceed the values in Table 1 for the parameters defined in Table 2.
Proposal 7: The relative carrier leakage power shall not exceed the values specified in Table 3.
Proposal 8: The relative in-band emission shall not exceed the values specified in Table 4.
Proposal 9: The occupied bandwidth for all transmission bandwidth configurations shall be less than the channel bandwidth similar to Table 5.
Proposal 10: If the measured adjacent channel power is greater than –50dBm then the 5GACLR shall be higher than the value specified in Table 6.
Proposal 11: If the measured E-UTRA channel power is greater than –50dBm then the E-UTRAACLR shall be higher than the value specified in Table 7.
Proposal 12: Define the Table 8 as boundary between 5G out of band and Table 9 as spurious emission limits.
Proposal 13: The requirement of transmitting intermodulation is prescribed as in Table 10.

Observation 1:  The definition of MPR and A-MPR will depend on the used modulation and the defined MOP and take into consideration that the peak output power is not higher than in LTE spec.
Observation 2: The spectrum emission mask will depend in modulation/numerology and MPR.
Observation 3: It will be a need of relaxation for wider BWs compared to LTE spec
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