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1. Introduction
In FR2, the ACLR requirement is 17dB (16dB for n260). This requirement was derived from co-existence studies captured in [1]. Separately, the OBW requirement for FR2 was carried over from TS36.101, which is consistent with language often used by regulators, such as the FCC definition for OBW [2].
The 3GPP OBW requirement mandates that each adjacent channel has no more than (approx..) -23dB of leakage. It is easy to see that the OBW requirement is a far more stringent requirement than what was deemed enough from coexistence studies (17dB ACLR). 
In this contribution, we investigate the basis of the 3GPP OBW requirement and evaluate possible solutions. 
2. Discussion

The RF requirements in rel 15 for FR2 UEs have developed in a trajectory that has exposed the Occupied bandwidth (OBW) requirement as a linearity driver for the PA. This contrasts with FR1 and LTE, where compliance with ACLR requirement automatically guaranteed compliance with OBW requirements. 

We first compare the ACLR requirement for an FR2 UE with its OBW requirement. We then weigh potential solutions.
A Comparison between ACLR and OBW requirements in 3GPP
We studied the spectrum of a typical FR2 module operating close to the ACLR limit (17dB) to determine its 99% power bandwidth. The test waveform was a fully allocated 100M QPSK waveform. Fig 2.1-1 shows the PA’s output spectrum. 
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Figure 2.1-1: Spectrum of FR2 PA operating close to ACLR limit of 17dB
The 99% occupied bandwidth of this 100MHz waveform is 179MHz, as shown in figure 2.1-2. The inflated OBW can be traced back to significant contribution to transmitted power from IMD products. This operating condition does not comply with the OBW requirement in TS38101-2, which mandates that OBW be less than channel BW (179 vs 100MHz).
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Figure 2.1-2: 99% OBW of FR2 PA operating close to ACLR limit of 17dB

Observation 1: FR2 UE ACLR requirements are relaxed beyond current OBW requirement allowance.

This mismatch is not a problem with the standard by itself, but the OBW requirement does constrain the PA’s ability to transmit at higher powers while ensuring it operates within regulatory requirements. Specifically, we expect OBW to reduce as the ACLR levels improve (increases).
Observation 2: FR2 OBW requirement constrains the PA’s ability to transmit at higher powers while ensuring it operates within regulatory requirements.

We believe it is beneficial to revisit the 3GPP OBW requirement and investigate how it ties into any underlying regulatory requirement. The end goal is to minimize suppressing the UE’s transmit power levels in the name of OBW compliance.
Relation between occupied power BW and ACLR

We studied OBW using 95% and 99% occupied power definitions on our test PA with varying levels of compression. Figure 2.2-1 summarizes our result.
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Figure 2.2-1: OBW as a function of PA drive level

The trends in figure 2.2-1 show that with a 95% occupied power definition of OBW, the OBW remains under 100MHz for 100MHz channel. i.e the existing ACLR requirement would guarantee compliance with OBW, provide it was defined as a 95% power occupied BW. An option for 3GPP is to redefine OBW more conveniently:

Option1: For FR2, Occupied bandwidth is defined as the bandwidth containing 99 95 % of the total integrated mean power of the transmitted spectrum on the assigned channel.
We now investigate how such a course of action could be accommodated by regulators.
Regulator Example: FCC’s OBW Definition

Many regulators define OBW requirements.  As an example of one of the few regulators that has 5G NR rules defined, as of Feb 2019, the FCC’s baseline definition of Occupied Bandwidth is captured in [2], reproduced below.
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47 CFR§2.1049  is the FCC requirement specifying that OBW must be measured and has more detailed OBW definitions for different types of signals but again references 99% as the baseline requirement.
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This OBW definition and the measurement mandate remain is in effect unless the applicable part of FCC regulations has an over-ruling definition. For FR2 rules defined in 47CFR Part 30, there is no such over-ruling clause.

Observation 3: FCC part 30 definition of OBW defaults to 99% power BW

Note that the 47CFR Part 2.202 OBW is merely a definition per FCC and not a pass/fail requirement, but the implications to FCC compliance remain unclear if the measured 99% OBW exceeds the licensee’s frequency block. 
We recognize at this point that there is significant uncertainty in outcome of any effort to reconcile a changed 3GPP OBW definition with FCC and other regulatory bodies. Even if sound technical arguments can be made by 3GPP, the associated time duration may be unacceptable. Overall, we believe option 1 is not attractive.

An Alternative Avenue – Power Back Off
Recall our observation 2, that the OBW requirement constrains the PA’s ability to transmit at higher powers. Note that this constraint applies mainly to waveforms with large allocation. A narrow allocation waveform, by virtue of their compact transmission bandwidth, are less likely to possess a 99% power BW that exceeds the channel BW.

Observation 4: The UE is stressed by the OBW requirement only for wide allocation waveforms.

Further, we note that other emissions requirements like SEM compliance, EVM, IBE, etc are much stronger drivers of PA linearity than the FR2 ACLR requirement. As a consequence, device vendors typically enjoy comfortable margins against ACLR requirements even at MPR 0 power level. This margin in ACLR allows wide allocation waveforms to become 99% OBW compliant with only modest back-off. We can combine observations 2 and 4 as:
Observation 5: FR2 PAs will be 99% OBW compliant with some back off for all wide allocation waveforms.

In our estimation, for example, this additional back off is ~1.5dB for both, PC1 and PC2/3/4 devices. 
PC2/3/4 UEs

The PC2/3/4 MPR table in TS38.101-2 v15.4 is reproduced in Table 2.4.1-1 below. Note that the MPR for all waveform classes is at least 1.5dB, which coincides with the estimated additional back off required for OBW compliance. It follows that all waveforms (including wide allocations) treated by the table allow the UE to be 99% OBW compliant.
	
	
	Channel Bandwidth / MPRWT

	
	
	50 / 100 / 200 MHz
	400 MHz

	DFT-s-OFDM
	Pi/2 BPSK
	1.5
	3.0

	
	QPSK
	1.5
	3.0

	
	16QAM
	3
	4.5

	
	64QAM
	5
	6.5

	CP-OFDM
	QPSK
	3.5
	5.0

	
	16QAM
	5
	6.5

	
	64QAM
	7.5
	9.0


Table 2.4.1-1: MPR table for PC2/3/4 FR2 UEs
There are however a couple of wide allocation waveforms that are assigned 0dB MPR outside the table. These are the reference waveform, and its BPSK version: 128RB0, 60k SCS, 100M, DFT-s-QPSK and -BPSK. These waveforms are full-power, full-allocation waveforms, and they cause the UE to fail the 99% OBW requirement. The 99% OBW requirement can be met for PC3 if the special MPR requirement for these waveforms are removed. Without special MPR requirement, these waveforms gain 1.5dB MPR relief, and are no longer cause OBW non-compliance. 
Observation 5: PC2/3/4 UEs become 99% OBW compliant if the current definition of the 0dB MPR reference waveforms is removed. This change must also apply to any other 0dB waveforms  

This move however leaves no waveforms with 0dB MPR. To redress the situation, we have devised a carefully chosen subset of inner waveforms that qualify for 0dB MPR in PC2/3/4, as we propose in [4]. The reference waveform for these devices may be chosen amongst this subset.
Proposal 1: For PC2/3/4, the current definition of special 0dB MPR waveforms shall be removed. Instead some subset of inner waveforms shall be assigned 0dB MPR
PC1 UEs

The PC1 MPR table in TS38.101-2 v15.4 is reproduced in Table 2.4.2-1 below. Note that the minimum MPR of all outer waveform classes is 5.5dB. By extension of argument used for PC2/3/4 UEs, all wide allocation waveforms addressed by the table (‘outer’) below will allow the UE to be 99% OBW compliant
	Modulation
	MPRWT (dB)

	
	Outer RB allocations, 50 M, 100 M, 200 M, 400 M
	Inner RB allocations, ≤ 200 M
	Inner RB allocations, 400 M

	DFT-s-OFDM PI/2 BPSK
	≤ [5.5]
	≤ [2.5]
	≤ 3.0

	DFT-s-OFDM QPSK
	≤ [6.5]
	≤ [3.0]
	≤ 3.5

	DFT-s-OFDM 16 QAM
	≤ [6.5]
	≤ [4.0]
	≤ 4.5

	DFT-s-OFDM 64 QAM
	≤ [6.5]
	≤ [4.5]
	≤ 6.5

	CP-OFDM QPSK
	≤ [6.5]
	≤ [4.5]
	≤ 5.0

	CP-OFDM 16 QAM
	≤ [6.5]
	≤ [5.5]
	≤ 6.5

	CP-OFDM 64 QAM
	≤ [7.5]
	≤ [7.5]
	≤ 9 


Table 2.4.2-1: MPR table for PC1 FR2 UEs

Like in PC2/3/4, there are the same couple of waveforms that are given special 0dB MPR status for PC1: 128RB0, 60k SCS, 100M, DFT-s-QPSK and -BPSK. Here too, returning these waveforms to the table by taking away their special 0dB MPR status allows PC1 UEs to also be 99% OBW compliant. In [5], we propose re-introducing a category of 0dB MPR waveforms for PC1 comprising a subset of inner waveforms to compensate for the loss of the current 0dB waveforms.
Proposal 2: For PC1, the current definition of special 0dB MPR waveforms shall be removed. Instead some subset of inner waveforms shall be assigned 0dB MPR
3. Conclusion
We compared the ACLR and OBW requirement in 38.101-2, and made the following observations:
Observation 1: FR2 UE ACLR requirements are relaxed beyond current OBW requirement allowance.

Observation 2: FR2 OBW requirement constrains the PA’s ability to transmit at higher powers while ensuring it operates within regulatory requirements.

We then examined an example regulator’s definition (FCC OBW) and determined that changing the OBW requirement in 3GPP would not be an acceptable solution.
We then turned our attention to an MPR-based solution and found that just changing the reference waveform definition (and attendant 0dB MPR BPSK companion waveform) for FR2 UEs would allow compliance with the 99% OBW requirement
Proposal 1: For PC2/3/4, the current definition of special 0dB MPR waveforms shall be removed. Instead some subset of inner waveforms shall be assigned 0dB MPR
Proposal 2: For PC1, the current definition of special 0dB MPR waveforms shall be removed. Instead some subset of inner waveforms shall be assigned 0dB MPR
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§2.202   Bandwidths.


(a) Occupied bandwidth. The frequency bandwidth such that, below its lower and above its upper frequency limits, the mean powers radiated are each equal to 0.5 percent of the total mean power radiated by a given emission. In some cases, for example multichannel frequency-division systems, the percentage of 0.5 percent may lead to certain difficulties in the practical application of the definitions of occupied and necessary bandwidth; in such cases a different percentage may prove useful.








§2.1049   Measurements required: Occupied bandwidth.


The occupied bandwidth, that is the frequency bandwidth such that, below its lower and above its upper frequency limits, the mean powers radiated are each equal to 0.5 percent of the total mean power radiated by a given emission shall be measured under the following conditions as applicable:





1
2

[image: image1.png]16508c

Video BW 22000 kHz'




