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1. Introduction
In the scope of NR specification development for both sub-6GHz and >24GHz, UL channel bandwidths of up to 400MHz are considered which is significantly larger than the current LTE 20MHz UL bandwidth and maximum of 3CC in UL. In [1] we provided input on PA output power capability both in terms of types of waveforms and channel bandwidths. In this contribution, we come back to the later with two different approaches to the ACLR specification for wide bandwidths signals and propose to adopt a new approach resulting in lower MPR versus bandwidth without impacting the system behavior. Although this proposal is supported by sub-6GHz measurements it is also valid for above 24GHz application.
2. Discussion
2.1. ACLR Specification for Multiple CC
For contiguous UL 2 and 3 carriers CA, the CA-EUTRA ACLR is defined with a bandwidth that scales with total transmitted bandwidth. Although this matches the fact that ACLR bandwidth is scaled with the channel bandwidth it does not necessarily makes sense from a system point of view; It is unlikely that the adjacent channel to a multiple CC is also a multiple CC signal. 
In this case, verifying that maximum channel bandwidth ACLR is met should be sufficient to guarantee proper coexistence in the system, to take into account the wider bandwidth of the IMDs resulting from multiple CCs an ACLR2 corresponding to the second adjacent channel can be introduced similar to the UTRA1 and UTRA2 definition.
Observation 1: Verifying maximum channel bandwidth ACLR1 and ACLR2 is sufficient to guarantee that a multiple CC signal coexists with single CC adjacent channels.
In order to differentiate the two approaches, they will be designated by their respective measurement bandwidths in the following way:

· ACLR BW=TX BW: similar to CA-EUTRA approach. In case of NR, TX bandwidth for sub-6GHz is >100MHz
· ACLR1/2 BW=max channel BW: similar to UTRA1/UTRA2 approach. In case of NR, maximum channel bandwidth is 100MHz and 400MHz for sub-6GHz and above 24GHz frequency ranges respectively.
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Figure 1: 200MHz NR aggregated signal with the two alternative ACLR measurements
The difference in measurement is illustrated in Figure 1 above using a 200MHz NR CP-OFDM QPSK signal in the sub-6GHz area using a Band 41 power amplifier and the two ACLR approaches. In all cases the ACLR target is -30dB like for LTE E-UTRA ACLR.
Observation 2: For 200MHz transmitted bandwidth:
· 100MHz BW ACLR1 has 1.2 dB margin while 200MHz ACLR has 0.3dB margin

· 100MHz BW ACLR2 is 5dB lower than 100MHz ACLR1
2.2. Resulting MPR for Two ACLR Approaches
2.2.1. Reference LTE Waveform Measurement
In order to set the 0dB MPR position 18RB and 100RB QPSK SC-FDMA waveforms have been measured. The two measurements are shown in Figure 2.
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Figure 2: 18RB and 100RB reference LTE measurements

Observation 3: 18RB max Pout is 27dBm limited by UTRA1 ACLR and 100RB mas Pout is 26.7dBm limited by EUTRA ACLR, 1dB MPR Pout is 27dBm once corrected for 0.3dB evaluation board losses.
2.2.2. NR 20MHz and 100MHz Maximum Channel Bandwidth Measurement

Figure 3 shows measured QPSK CP-OFDM Pout capability for 20MHZ 100MHz waveforms when using a -30dBc criteria for ACLR value using a bandwidth equal to the transmitted bandwidth. The signal uses 105RB with 15kHz SCS for 20MHz signal and 263RB with 30kHz SCS for 100MHz signal.
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Figure 3: 20MHz (left) and 100MHz (right) NR signals MPR measurement
In both case only ACLR=TX BW measurements are valid but it is to be noted that:

· For 20MHz signal 100MHz BW ACLR1 is also equal to 30dBc and ACLR2 is more than 20dB lower than ACLR1

· For 100MHz signal ACLR2 is more than 10dB lower than ACLR1
2.2.3. ACLR BW=TX BW Measurements
Figure 4 shows measured QPSK CP-OFDM Pout capability for 200MHz and 400MHz waveforms when using a -30dBc criteria for ACLR value using a bandwidth equal to the transmitted bandwidth. The signal uses 263RB with 60kHz and 120kHz SCS respectively.
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Figure 4: 200MHz (left) and 400MHz (right) NR signals ACLR measurements for ACLR BW=TX BW
2.2.4. ACLR1/2 BW=100MHz Measurements
Figure 5 shows measured QPSK CP-OFDM Pout capability for 200MHz and 400MHz waveforms when using a -30dBc criteria for ACLR1 value using a bandwidth equal to 100MHz. The signal uses 263RB with 60kHz and 120kHz SCS respectively. ACLR 2 is also measured
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Figure 5: 200MHz (left) and 400MHz (right) NR signals ACLR measurements for ACLR1/2 BW=100MHz
2.3. MPR for Two ACLR Approaches

Table 4 summarizes the MPR related to the two ACLR criteria. It is clear that using fixed 100MHz bandwidth ACLR1 -30dBc criteria for transmitted bandwidth >100MHz has benefits as it reduces MPR but also has an almost constant MPR versus bandwidth. This can be an essential aspect of enabling higher UL data rates within a large area of the cell.

It is to be noted that the trade-off  is a slightly higher leakage in the second adjacent channel, but it is only 1dB higher for 200MHz and less than 3dB higher for 400MHz aggregated bandwidth. Once the PA is optimized for larger bandwidth (less asymmetry) this difference will be further reduced.

Observation 4: Using a 100MHz bandwidth ACLR -30dBc criteria for transmit bandwidth >100MHz enables a lower and almost constant MPR vs bandwidth at negligible system performance cost

Proposal 1: Use a 100MHz bandwidth -30dBc ACLR1 criteria for transmit bandwidths >100MHz to minimize MPR.

Proposal 2: Set 100MHz bandwidth ACLR2 specification for transmit bandwidths >100MHz to -35dBc and -31dBc for 200MHz and 400MHz NR UL signal respectively.

Proposal 3: Applicability of a similar approach for >24GHz NR is FFS
Table 4: comparison of output power capability and associated MPR
	Waveform parameters
	BW 
	20MHz
	20MHz
	100MHz
	200MHz
	400MHz

	
	System
	LTE
	NR

	
	Waveform
	SC-FDMA
	CP-OFDM

	
	modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	
	RB/SCS [kHz]
	100/15
	105/15
	263/30
	263/60
	263/120

	30dBc ACLR in TX BW
	ACLR in TX BW [dBc]
	-30.3
	-30.2
	-30.1
	-30.3
	-30.1

	
	ACLR1 in 100MHz [dBc]
	na
	-29.9
	-30.1
	-31.2
	-34.3

	
	ACLR2 in 100MHz [dBc]
	na
	-50.4
	-43.5
	-36.2
	-34.6

	
	Pout [dBm]
	27
	24.3
	24.2
	23.8
	22.3

	
	MPR [dB]
	1
	3.7
	3.8
	4.2
	5.7

	30dBc ACLR1 in 100MHz
	ACLR in TX BW [dBc]
	-30.3
	-30.2
	-30.1
	-29.2
	-26.5

	
	ACLR1 in 100MHz [dBc]
	na
	-29.9
	-30.1
	-30.1
	-30.2

	
	ACLR2 in 100MHz [dBc]
	na
	-50.4
	-43.5
	-35.5
	-31.3

	
	Pout [dBm]
	27
	24.3
	24.2
	24.2
	24

	
	MPR [dB]
	1
	3.7
	3.8
	3.8
	4

	Delta MPR [dB]
	0
	0
	0
	0.4
	1.7


3. Conclusion
This contribution discusses the benefit of using different ACLR criteria for UL aggregated bandwidths above the maximum channel bandwidth of 100MHz for sub-6GHz NR. It demonstrates that a new ACLR1 and ACLR2 -30dBc criteria with bandwidth equal to max channel bandwidth instead of transmitted bandwidth improves MPR to an almost constant MPR versus bandwidth at negligible system cost. Same conclusions should apply to NR >24GHz but may need some further measurements. The following proposals are made based on a number of observations above:
Proposal 1: Use a 100MHz bandwidth -30dBc ACLR1 criteria for transmit bandwidths >100MHz to minimize MPR.

Proposal 2: Set 100MHz bandwidth ACLR2 specification for transmit bandwidths >100MHz to -35dBc and -31dBc for 200MHz and 400MHz NR UL signal respectively.

Proposal 3: Applicability of a similar approach for >24GHz NR is FFS
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