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Introduction
In a previous submission, [1], we identified the FR2 OBW requirement as a determining factor for PA linearity, much like SEM, ACLR, EVM and IBE, have been in previous technologies. In [2], PC3 MPRs were revised to accommodate the OBW requirement. 
In this contribution, we propose similar modifications to the MPR section for PC1, so the network can better exploit the power potential of PC1 devices. 
Discussion
In RAN4#83, the PC3 MPR table was revised to identify a restricted class of allocations that could support 0dB MPR. The primary enabling strategy was to ensure that these allocations were not subject to SEM, ACLR or OBW requirements. i.e the 0dB waveforms in PC3 are purely EVM and IBE limited. 
The precedent set by PC3 can be extended to PC1. 


PC1
The PC1 MPR table in TS38.101-2 v15.4 is reproduced in Table 2.2-1 below. We propose that the MPR table be modified and split as shown below, in tables 2.1-2 and 2.1-3:
	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 2.1-1: MPR table for PC1 FR2 UEs

	Modulation
	MPRWT (dB)

	
	Outer RB allocations, ≤ 200 M
	Inner RB allocations, ≤ 200 M

	
	
	RBstart ≥ Ceil(1/3 NRB)  
AND
RBend ≤ Ceil(2/3 NRB)
	RBstart  <  Ceil(1/3 NRB)
 OR 
RBend  >  Ceil(2/3 NRB)

	DFT-s-OFDM PI/2 BPSK
	≤ [5.5]
	0.0
	≤ [2.5]

	DFT-s-OFDM QPSK
	≤ [6.5]
	0.0
	≤ [3.0]

	DFT-s-OFDM 16 QAM
	≤ [6.5]
	≤ [4.0]

	:
	
	:

	CP-OFDM 64 QAM
	≤ [7.5]
	≤ [7.5]


Table 2.1-2: Proposed changes to MPR table for PC1 FR2 UEs, for 50, 100 and 200M waveforms

	Modulation
	MPRWT (dB)

	
	Outer RB allocations, 400 M
	Inner RB allocations, 400 M

	
	
	RBstart ≥ Ceil(1/4 NRB)  
AND 
RBend ≤ Ceil(3/4 NRB) AND 
LCRB≤Ceil(1/4 NRB)
	RBstart  <  Ceil(1/4 NRB) OR
RBend  >  Ceil(3/4 NRB) OR 
LCRB>Ceil(1/4 NRB)

	DFT-s-OFDM PI/2 BPSK
	≤ [5.5]
	0.0
	≤ 3.0

	DFT-s-OFDM QPSK
	≤ [6.5]
	0.0
	≤ 3.5

	DFT-s-OFDM 16 QAM
	≤ [6.5]
	≤ 4.5

	:
	
	:

	CP-OFDM 64 QAM
	≤ 9.0
	≤ 9.0


Table 2.1-3: Proposed changes to MPR table for PC1 FR2 UEs, for 400M waveforms
We discuss justification below for our choices. We refer to the entire Tx chain notionally as the PA. The motivation to re-evaluate MPR for FR2 UEs has been the OBW requirement. Now, OBW is a relative requirement, which means it needs no special consideration due to PC1’s higher output powers. This observation allows us to use PC3 MPRs as a guide for minimum back off required by the PA to stay OBW compliant. 
Creating 0MPR regions for PC1
Creation of 0dB waveform regions follow the precedent set by PC3. This step also follows the agreement in RAN4#90 during on line discussion of [1]. Our studies and others [4] have confirmed the existence of 0dB regions in DFT-s-QPSK waveform simulation space for all single CC BW sizes for rel. 15, even with OBW constraint. 
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Fig2.1.1-1: PC1 MPR, 100M channels. Note 0dB area (grey pixels)
[image: ][image: ]
Fig2.1.1-2: PC1 MPR, 50M an 400M channels. Note 0dB area (grey pixels)
We also note that the MPRs shown in figure 2.1.1-2 are highest for 50M edge allocations. There is hence some network benefit to be had simply by separating out 50M channels from the 100 and 200M channels.
Observation1: MPR for 100M and 200M channels can be reduced merely by ungrouping them from 50M channels in the MPR table.
[bookmark: _GoBack]We are open to further discussion in RAN4 to develop this avenue, to allow PC1 devices to further optimize their power potential.
Pre-existing error unrelated to OBW
It is a convenient opportunity to address another obvious error in the table, where the MPR for inner 400M 64QAM  OFDM waveforms is higher than the MPR for outer 400M 64QAM  OFDM waveforms. While the MPR for the inner variants seems excessive in our opinion, we respect the agreement and instead propose that the outer MPR be increased to 9dB for consistency.
Unchanged MPR for other parts of the PC1 MPR table
So, how much MPR would a PC1 device need to become OBW compliant also? Here too it is useful to draw on PC3 MPRs for back off a PA needs to be OBW compliant. A significant data point is the MPR allowed for CP-OFDM QPSK. Now CP-OFDM QPSK has higher PAPR than any DFT-s waveform. We also know that CP-OFDM meets OBW requirements. ACLR, as we expect, is not only a function of average power, but also PAPR of the waveform. It follows from these arguments that any DFt-s waveform will have lower IMD leakage outside the channel than CP-OFDM QPSK. This argument also implies that the MPR required for OBW compliance for a DFT-s waveform must be upper-bounded by the MPR provided for CP-OFDM QPSK. Per agreement in PC3, CP-OFDM QPSK has MPRs of 4.0 and 5.0dB, for <=200M and 400M respectively.
Observation2: Highest MPR needed for OBW compliance for any DFT-s waveform in <=200M channels is 4.0dB
Observation3: Highest MPR needed for OBW compliance for any DFT-s waveform in 400M channels is 5.0dB
We compare these values to the MPRs of existing PC1 waveforms. We find that all outer waveform MPRs and even existing inner waveform MPRs for PC1 are larger than what has been deemed necessary for the PC3 case (* except for one outlier). This brings us to a very important conclusion that the PC1 table does not require any change outside the introduction of the 0dB regions, owing to generous MPRs already in place.
Observation4: The OBW requirement can be accommodated by UEs that are compliant with the existing PC1 MPR table 
(* the outlier is 16QAM MPR for inner waveforms – these are not at risk, because they are edge allocations, and only one half of IMD leakage power can spill over outside the channel).
Conclusion
For PC1, we draw on PC3 MPR agreements made in RAN#83. OBW is a relative requirement, which means it needs no special consideration due to PC1’s higher output powers. This observation allows us to use PC3 MPRs as a guide for minimum back off required by the PA to stay OBW compliant. 
We propose splitting the MPR table to create 0dB MPR regions like those in PC3. We also evaluate if existing PC1 MPRs are enough to ensure OBW compliance, and find that they are indeed so, by virtue of being larger than PC3 MPRs.
Proposal: Split PC1 MPR table per PC3 precedent to insert 0dB regions and make highlighted changes:
	Modulation
	MPRWT (dB)

	
	Outer RB allocations, ≤ 200 M
	Inner RB allocations, ≤ 200 M

	
	
	RBstart ≥ Ceil(1/3 NRB)  
AND
RBend ≤ Ceil(2/3 NRB)
	RBstart  <  Ceil(1/3 NRB)
 OR 
RBend  >  Ceil(2/3 NRB)

	DFT-s-OFDM PI/2 BPSK
	≤ [5.5]
	0.0
	≤ [2.5]

	DFT-s-OFDM QPSK
	≤ [6.5]
	0.0
	≤ [3.0]

	DFT-s-OFDM 16 QAM
	≤ [6.5]
	≤ [4.0]

	:
	
	:

	CP-OFDM 64 QAM
	≤ [7.5]
	≤ [7.5]



	Modulation
	MPRWT (dB)

	
	Outer RB allocations, 400 M
	Inner RB allocations, 400 M

	
	
	RBstart ≥ Ceil(1/4 NRB)  
AND 
RBend ≤ Ceil(3/4 NRB) AND 
LCRB≤Ceil(1/4 NRB)
	RBstart  <  Ceil(1/4 NRB) OR
RBend  >  Ceil(3/4 NRB) OR 
LCRB>Ceil(1/4 NRB)

	DFT-s-OFDM PI/2 BPSK
	≤ [5.5]
	0.0
	≤ 3.0

	DFT-s-OFDM QPSK
	≤ [6.5]
	0.0
	≤ 3.5

	DFT-s-OFDM 16 QAM
	≤ [6.5]
	≤ 4.5

	:
	
	:

	CP-OFDM 64 QAM
	≤ 9.0
	≤ 9.0



We capture out proposal in an accompanying draft CR [5]
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DFT-s-QPSK, 400M, 120k SCS.
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60

50

wbuagy

60

50

40

EY

20

10

RBStart




