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1. Introduction
In RAN4#83 meeting NR ACLR for sub-6GHz UE was agreed to be 30dBc [2], this agreement is an important step to understand the power class definition and MPR for different NR waveforms which were discussed in [3] but does not constitute a complete set of requirements in order to have aligned results from different companies. This contribution provides a complete set of criteria that enables companies to share aligned MPR results. Although these criteria do not constitute a specification agreement it is believed that they should be close enough to the final specification to provide significant progress for a common understanding of power amplifier back-off needed across different NR waveforms.
2. Discussion
In this contribution a complete set of performance criteria including ACLR, EVM, SEM and IBE is provided for alignment of MPR results across companies hopefully leading to significant progress on a common understanding of power class definition and PA back-off requirements across NR waveforms.
For ease of reading please find the abbreviations used in this document:

· MBW: Measurement Bandwidth (for ACLR measurements)

· CHBW: Channel Bandwidth

· TXBW: Transmission Bandwidth of fully allocated RB in UL

· maxCHBW: Maximum Channel Bandwidth (of a given band)

· IBE: In-band Emissions, SEM: Spectral Emission Mask
2.1. PA Linearity Assumptions, 0dB MPR Waveform
With NR targeting higher downlink data rates and small cell deployment it is essential to guarantee a minimum UL data rate at cell edge especially at those frequencies above 2.3GHz that offer larger channel bandwidths but may be UL limited. In order to enable up to 100Mbps downlink data rates at cell edge a minimum of around 5Mbps must be supported in UL. This requires a minimum of 25RB with 15kHz SCS thus a Transmission Bandwidth >4.5MHz for QPSK SC-FDMA in LTE and, consequently is in excess of the 18RB for a 20MHz channel that already requires 1dB MPR. 
Furthermore minimizing the MPR is essential from user throughput and coverage point of view. For these reasons we propose the 0dB MPR waveform to be a fully allocated 20MHz QPSK DFT-s-OFDM waveform which only requires roughly 0.6dB higher PA linearity compared to LTE when considering the agreed 30dBc NR ACLR in [2]. Fully allocated 20 MHz channel means 100RB in the middle of the channel, despite the fact that spectrum utilization requirement may be higher, due to the fact that it is not possible to have DFT-s-OFDM UL allocation of for example 106RBs. It is to be noted that 1dB higher linearity was agreed between 3G and 4G definitions to take into account evolved component performance. 

Proposal 1: Use 100 RB QPSK DFT-s-OFDM (15KHz SCS) signal as the 0dB MPR waveform for sub-6 GHz NR UE

2.2. Transmitter Chain Assumptions

As already mentioned above, it is essential that UL NR in sub-6GHz band has as little as possible MPR and A-MPR especially for partial allocations, whatever their position. In LTE, it is often the case that partial allocation at channel edge is limited by poor TRX impairment assumptions, in particular the PA intermodulation products linked to TRX image at 25dBc. As shown in Table 1 extracted from [1], the TRX impairments have been significantly improved for LTE UL 256QAM and can be the basis for improved NR performance. This may be further needed in case of mixed numerology between two UE being allocated with partial RBs within the same channel as illustrated in [4].
Table 1: NR transmitter impairment assumptions for sub-6GHz MPR simulations

	Tx EVM contributor
	EVM
	SNR (dB)

	PA
	1.85%
	34.7

	Transmitter
	1.19%
	38.5

	Phase noise
	1.78%
	35 

	IQ imbalance
	2.06%
	33.7 

	Total
	3.5%
	29.1


In case of LTE+NR NSA operation the LTE performance would be based on current LTE specifications hence the tighter UE Tx assumptions would be applied only for NR bands.

Proposal 2: Use LTE UL 256QAM transmitter assumptions for sub-6GHz NR UE MPR evaluation, as in Table 1

Furthermore in addition to proposal 1 and 2, it is also proposed to enhance the carrier leakage requirement compared to LTE in order to minimize the necessary MPR/A-MPR for NR signals. Current LTE carrier leakage requirement is 28 dBc for bands below 1 GHz and 25 dBc above 1 GHz. We are proposing to use 28 dBc carrier leakage assumption for all NR bands below 6 GHz.

Proposal 3: Use 28 dBc carrier leakage assumption for sub-6 GHz NR UE MPR evaluation
2.3. Applicable ACLR Targets
2.3.1. NRsub6GHz ACLR for Single carrier

Measurement Bandwidth for NR ACLR

As the number of maximum allocated RB is higher than LTE and may not be fixed for NR the TXBW cannot be strictly defined for NR and the ACLR MBW should be redefined for NR. It is also clear that even if the minimum number of RB per Channel BW could be used, this number is not constant versus SCS and corresponds to a different BW. Furthermore it is not precluded that spectrum utilization is higher in future releases. To alleviate these issues, it is proposed to use a constant ACLR MBW for NR which is equal to the CHBW.

Observation 1: Fixed MBW=TXBW for NR ACLR is not feasible

An ACLR of 30dBc was agreed in [1] for 20MHz channels PC3 UE, as explained above the measurement BW was not specified at the time, nor was the value for higher power class or channel BW. We make the following proposals for NR ACLR:

Proposal 4:
· ACLR measurement Bandwidth for NR is equal to NR channel Bandwidth for all single carrier NR Channel bandwidths

· ACLR is 30dBc for all single carrier NR Channel bandwidths up to 23dBm +2/-2dB output power

· ACLR is 31dBc for all single carrier NR Channel bandwidths from 23dBm to 26dBm +2/-2dB output power

· ACLR for all single carrier NR Channel bandwidths above 26dBm +2/-2dB output power is FFS
2.3.2. EUTRA ACLR

EUTRA ACLR applicability

Same as for UTRA ACLR which has been agreed in [1] we propose that EUTRA ACLR is only required for those bands which supports EUTRA and that EUTRA ACLR1=30dB is used for NR UE up to 23dBm (+2/-2dB) output power.

For cases where EUTRA Channel = NR Channel BW (up to EUTRA maxCHBW for each EUTRA band) only NR ACLR is measured since it is a more stringent requirement due to larger measurement BW.

For the case where NR CHBW > EUTRA maxCHBW, EUTRA ACLR measurement BW = TXBW associated with EUTRA maxCHBW in any given band and an ACLR1 of 30dB and ACLR2 of 33dB should be used for NR UE up to 23dBm (+2/-2dB) output power.
For NR UE transmitting above 23dBm and bellow 26dBm and extra 1dB EUTRA ACLR is required.

Proposal 5: For output power up to 23dBm +2/-2dB:

· If EUTRA CHBW = NR CHBW only NR ACLR of 30dB shall be measured

· If NR CHBW > EUTRA maxCHBW, EUTRA MBW=TXBW of EUTRA maxCHBW and ACLR1=30dB, ACLR2=33dB

· If extra MPR is required to meet cases where EUTRA ACLR applies it shall be managed as A-MPR

· For UE transmitting between 23dBm and 26dBm +2/-2dB, an extra 1dB of EUTRA ACLRs shall be required
2.3.3. UTRA ACLR

As already agreed in [1], for bands defined also for UTRA, we adopt UTRA ACLR1=33dB and UTRA ACLR2=36dB for power class 3. This is managed as an additional requirement and may result in A-MPR. For NR UE transmitting above 23dBm and bellow 26dBm, and extra 1dB UTRA ACLR is required.

Proposal 6:

· If extra MPR is required to meet cases where UTRA ACLR applies it shall be managed as A-MPR

· For UE transmitting up to 23dBm +2/-2dB UTRA ACLR1=33dB and UTRA ACLR2=36dB

· For UE transmitting between 23dBm and 26dBm +2/-2dB, an extra 1dB of UTRAs ACLR shall be required
2.3.4. NRsub6GHz ACLR for Multiple CC

As this has been discussed in [3] using measured results, using an ACLR MBW=transmit BW for multi CC UL transmission results in increased MPR without true system justification as the probability that adjacent channels are occupied by a multi CC signal is very low. Alternatively using a measurement BW = NR maxCHBW in any given band can result in negligible MPR for high transmission bandwidths, we thus propose the following

Proposal 7: For multi CC UE UL operation:

· NR ACLR MBW = NR maxCHBW

· ACLR1=30dB, ACLR2=33dB for output power up to 23dBm +2/-2dB

· For UE transmitting between 23dBm and 26dBm +2/-2dB, an extra 1dB of NR ACLR1&2 shall be required

2.4. Applicable SEM Targets

How to define spectrum emission mask for NR sub-6GHz bands has been discussed for example in [1][2] however there is no agreement yet. 

If we look LTE general SEM or LTE CA general SEM the emission requirement for the first MHz outside the channel edge is scaled proportionately to the channel bandwidth. Logic behind this is that as transmission bandwidth gets larger the PSD of fully populated channel gets lower and UE can meet the tighter requirement. It is noted than from co-existence perspective this is not needed as smaller channel bandwidths are anyways allowed to emit more and system must work also with those channels.

In our opinion, scaling cannot continue forever due to the fact that some small allocations (1RB) inside the channel are mixing with LO and image and create IMD3 that lands on the first MHz outside the channel. Our simulations show that with 25 dBc IQ-Image performance IMD3 created by 1 RB transmission is in the order of -22 dBm/30 kHz. This would violate then SEM for larger channel bandwidth if scaling is continued to all channel bandwidths.

Thus we are proposing similarly as in [1][2] that scaling is not used anymore for channel bandwidths > 40 MHz for NR general SEM for sub-6 GHz bands. For those regions that have regulatory requirements for emissions to first MHz outside the channel region specific SEMs can be defined similarly as for LTE.

Proposal for NR Sub-6 GHz general emission mask is presented in Table 2. Channel bandwidths presented in Table 2 are based on discussion for spectrum utilization and are subject to change.
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Proposal 8: NR Sub-6 GHz general emission mask is defined as in Table 2. Applicable channel bandwidths are decided later.

2.5. Applicable EVM Targets
One aspect that is not yet agreed and may influence the achievable output power is the EVM target per modulation. Although limitation for CP-OFDM may mostly be ACLR due to the higher PAPR, EVM may still be marginal for 64QAM in the case of partial RB allocations and would dominate for UL256QAM. It also would affect MPR for DFT-s-OFDM waveforms with higher order modulations than QPSK. It is proposed here that LTE legacy EVM targets are reused for both CP-OFDM and DFT-s-OFDM waveforms as shown in Table 1. Table 1 also points at the fact that there is no baseline number for PI/2 BPSK, it is also recognized that this EVM number may depend on the amount of spectral shaping applied to reduce PAPR, we encourage companies to provide their view on the use of PI/2 BPSK for sub-6GHz NR and expected PAPR and EVM targets. 
Table 3: EVM target per modulation for NR MPR simulations

	Modulation
	EVM

	Pi/2 BPSK
	FFS%

	QPSK
	17.5%

	16QAM
	12.5%

	64QAM
	8%

	256QAM
	3.5%


Proposal 9: 

· Use Table 3 EVM targets for both CP-OFDM and DFT-s-OFDM waveforms

· Companies are encouraged to provide their view on the use of Pi/2 BPSK for sub-6GHz NR and expected PAPR and EVM targets

RAN has agreed following for NR UE EVM [13]

· Define both average UE Tx EVM requirements measured over all the allocated PRBs and a few edge PRBs

· Study further to decide if 1 PRB EVM measurement could be assumed as narrow bandwidth UE Tx EVM measurement

Furthermore RAN4 has agreed for NR BS EVM [13]
For both single and mixed numerology case
· define both average BS Tx EVM requirements over all the PRBs and over 1 PRB for the edge PRBs
We propose to align UE EVM requirement with BS EVM requirement meaning that the edge EVM applies to 1 PRB at the edge.

Proposal 10: Define both average UE Tx EVM requirements measured over all the allocated PRBs and over 1 PRB at the edge
2.6. Applicable IBE Targets
As a starting point for NR in-band emission requirement the general structure of LTE in-band assumptions can be assumed. More precisely dividing the requirement into: General, IQ-Image and Carrier leakage parts. For LTE the actual requirement 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. The combined limit is evaluated in each non-allocated RB and the minimum requirement is calculated as the higher of PRB - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply.
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 is the transmitted power per 180 kHz in allocated RBs, measured in dBm.
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For Frame Structure Type 3 and 20 MHz channel bandwidth:

[image: image3.png]—10 —6(]Ags| — 1), }
""“{—57 dBm/180 kHz — P,




	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-28
	Image frequencies when carrier center frequency < 1 GHz and Output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-25
	Image frequencies when carrier center frequency < 1 GHz and Output power ≤ 10 dBm
	

	
	
	-25
	Image frequencies when carrier center frequency ≥ 1 GHz
	

	Carrier leakage
	dBc
	-28
	Output power > 10 dBm and carrier center frequency < 1 GHz
	Carrier frequency (NOTES 4, 5)

	
	
	-25
	Output power > 10 dBm and carrier center frequency ≥ 1 GHz
	

	
	
	-25
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10
	-40 dBm ( Output power < -30 dBm
	


So the general principles of LTE in-band emission requirement can be reused but further discussion is needed for example on format of how the general limit is defined as current way is very complicated. Also what needs further discussion are the actual requirement for general, IQ-Image and carrier-leakage. These discussions should take into account what is feasible from UE point of view and what is necessary from system performance point of view. 

Due to a fact that NR in-band emission requirement needs extra attention compared to LTE because RB size will vary with SCS we anticipate that discussions might take time hence we are proposing that in NR Sub-6 GHz MPR studies the LTE in-band emissions limits are used in-order not to delay that work until NR in-band emissions are agreed. If in the end LTE and NR in-band emissions are defined differently it might have some impact to NR MPR and MPR definition may need to be fine-tuned if it has been agreed.

Proposal 11: Apply LTE in-band emission requirement for NR Sub-6 GHz MPR studies as defined in TS 36.101 clause 6.5.2.3 until NR Sub-6 GHz in-band emission requirement is agreed.

3. Conclusion
This contribution summarizes the complete set of evaluation criteria for NR sub-6GHz UE MPR assessment for the different NR waveforms, channel bandwidths and power classes.
Proposal 1: Use 100RB QPSK DFT-s-OFDM (15KHz SCS) signal as the 0dB MPR waveform for sub-6GHz NR UE
Proposal 2: Use LTE UL 256QAM transmitter assumptions for sub-6GHz NR UE MPR evaluation, as in Table 1
Proposal 3: Use 28 dBc carrier leakage assumption for sub-6 GHz NR UE MPR evaluation

Proposal 4:
· ACLR measurement Bandwidth for NR is equal to NR channel Bandwidth for all single carrier NR Channel bandwidths

· ACLR is 30dBc for all single carrier NR Channel bandwidths up to 23dBm +2/-2dB output power

· ACLR is 31dBc for all single carrier NR Channel bandwidths from 23dBm to 26dBm +2/-2dB output power

· ACLR for all single carrier NR Channel bandwidths above 26dBm +2/-2dB output power is FFS
Proposal 5: For output power up to 23dBm +2/-2dB:

· If EUTRA CHBW = NR CHBW only NR ACLR of 30dB shall be measured

· If NR CHBW > EUTRA maxCHBW, EUTRA MBW=TXBW of EUTRA maxCHBW and ACLR1=30dB, ACLR2=33dB

· If extra MPR is required to meet cases where EUTRA ACLR applies it shall be managed as A-MPR

· For UE transmitting between 23dBm and 26dBm +2/-2dB, an extra 1dB of EUTRA ACLRs shall be required
Proposal 6:

· If extra MPR is required to meet cases where UTRA ACLR applies it shall be managed as A-MPR

· For UE transmitting up to 23dBm +2/-2dB UTRA ACLR1=33dB and UTRA ACLR2=36dB

· For UE transmitting between 23dBm and 26dBm +2/-2dB, an extra 1dB of UTRAs ACLR shall be required
Proposal 7: For multi CC UE UL operation:

· NR ACLR MBW = NR maxCHBW

· ACLR1=30dB, ACLR2=33dB for output power up to 23dBm +2/-2dB

· For UE transmitting between 23dBm and 26dBm +2/-2dB, an extra 1dB of NR ACLR1&2 shall be required

Proposal 8: NR Sub-6 GHz general emission mask is defined as in Table 2. Applicable channel bandwidths are decided later.

Proposal 9: 

· Use Table 3 EVM targets for both CP-OFDM and DFT-s-OFDM waveforms

· Companies are encouraged to provide their view on the use of Pi/2 BPSK for sub-6GHz NR and expected PAPR and EVM targets
Proposal 10: Define both average UE Tx EVM requirements measured over all the allocated PRBs and over 1 PRB at the edge
Proposal 11: Apply LTE in-band emission requirement for NR Sub-6 GHz MPR studies as defined in TS 36.101 clause 6.5.2.3 until NR Sub-6 GHz in-band emission requirement is agreed.

Beyond being proposed for MPR evaluation alignment some of the above proposals are also made in [8, 9, 10, 11, 12]
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