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1. Introduction
In Ran4#84 meeting, a significant progress has been made in aligning evaluation assumptions for MPR assessment [1, 2]. With agreed spectrum utilization, transceiver impairment, allocation alignment rules and ACLR measurement bandwidth, a more complete MPR evaluation campaign can be conducted and hopefully agreement on 0dB MPR waveform can be reached.
2. Discussion
2.1. Measured Maximum Output Power
The following MPR evaluation has been conducted with settings agreed in way forward [1, 2]:

· SU, RB allocation and numbering

· 28 dBc Image and 28 dBc carrier rejections

· Agreed single ACLR measurement bandwidth (max TXBW+1 SCS)

· Agreed EVM, IBE and SEM

Measurements were conducted on a power class 3 power amplifier which can deliver up to 27.7dBm for a fully allocated LTE SC-FDMA waveform. It is designed for up to 4dB post PA loss with good linearity margins.

Table 1provides the maximum achievable output power for different cases:

· Different channel bandwidths: 5 MHz, 20 MHz and 100 MHz

· Different sub-carrier spacing: 15 kHz, 30 kHz and 60 kHz
· Different allocations: full, 1RB at edge, small number of RBs at edge or shifted from edge by the amount of allocated RBs
· The two types of waveforms and their set of modulations:

· DFT-s-OFDM with PI/2 BPSK (without spectral shaping), QPSK, 16QAM and 64QAM modulations

· CP-OFDM with QPSK, 16QAM and 64QAM modulations

· For reference LTE SC-FDMA QPSK waveform was also measured for 5 MHz and 20 MHz channel bandwidths
In a first step, output power at ACLR limit was measured; given the number of measurements the overall BW, SCS, allocation, modulation space was not explored but their key impact were measured:
· For 20MHz BW key allocations and all modulations are measured for 15 kHz and60kHz SCS

· For both DFT-s-OFDM and CP-OFDM, QPSK modulation, all channel BW and SCS are measured for full allocation and some partial allocations.

For the cases where SEM, EVM or in band emission is the limiting factor, simulation was used and the number is given with the related limiting criteria.
Table 1: Measured maximum output power versus waveform, modulation, BW, SCS and allocation
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The achieved output power is very consistent across channel bandwidths and SCS for the allocations cases (full, 1RB at edge, small number of RBs at edge or shifted from edge by the amount of allocated RBs). 

There is only a few exceptions where the achieved power is higher when the number of RB is low (10RB for 5MHz BW 30kHz SCS, 4RB for 20 MHz BW 60 kHz SCS). This is due to the fact that the guard band is proportionally higher than for the other cases).
For CP-OFDM full allocation, output power is independent of modulation for ACLR limited cases
due to the rather constant and large PAPR. A constant offset of 2.4dB versus DFT-s-OFDM QPSK full allocation is found for all modulations.
For DFT-s-OFDM 16QAM and 64QAM the difference in output power capability is small and only 0.6dB lower than for QPSK.

The most consistent behavior is obtained for full allocation waveforms that are ACLR limited, which is desirable for a reference PA calibration waveform.

Where large allocations are ACLR limited, many partial allocations can achieve significantly higher power than their full allocation counterpart. These partial allocations are in majority limited by:

· SEM for 1RB0 DFT-s-OFDM and SC-FDMA and EVM for 1RB0 CP-OFDM. EVM limitation on edge PRB is a consequence of filtering/windowing
· ACLR or SEM for small edge partial allocations

· In band emissions for small allocations away from the edge

Using the 20MHz BW, 15KHz SCS, DFT-s-OFDM 100RB0wavefor as the reference output power capability; the following output power offset observations are made:

Observations:
· For full allocations:

·  0dB offset for 5 MHz and 20 MHz LTE full allocation
·  0dB offset for all DFT-s-OFDM QPSK full allocation

·  +1dB offset for all DFT-s-OFDM PI/2BPSK full allocation, with added spectral shaping the positive offset can be bigger and up to +3 dB.

·  -0.5 dB and -0.6 dB offset for DFT-s-OFDM 16QAM and 64QAM full allocation respectively

·  -2.4 dB offset for all CP-OFDM QPSK, 16QAM and 64QAM full allocations.

· For 1RB edge allocations: All 1RB allocations have an offset of at least +1dB

· For small edge allocations

·  +0.6 dB for DFT-s-OFDM QPSK
·  -1.2 dB for CP-OFDM QPSK (1.2dB higher compared to full allocation case)

· For small allocations inside the channel

·  +2 dB for DFT-s-OFDM QPSK

·  +0.9 dB for DFT-s-OFDM 16QAM
·  +0.6 dB for DFT-s-OFDM 64QAM

·  +0.4 dB for CP-OFDM QPSK (2.8dB higher than full allocation)
·  -0.5 dB for CP-OFDM 16QAM (2 dB higher than full allocation)

·  -2 dB for CP-OFDM 64QAM (0.5 dB higher than full allocation)

· This behavior is independent from channel bandwidth and SCS
Some of the observations are in italic as they correspond to a low number of measurements but have been verified in simulation.

Observation 1:
· A single MPR number can be used across BW and SCS.
· Negative MPR are observed for DFT-s-OFDM PI/2 BPSK for all allocations, QPSK for small allocations and 16QAM for small inner allocations. This is also the case for CP-OFDM QPSK small inner allocations.
· Reduced MPR are observed for CP-OFDM QPSK for small allocations and 16QAM for small inner allocations.
Proposal 1:
· The following Table 2 MPR template is used (current numbers are output power offset vs DFT-s-OFDM QPSK full allocation instead of MPR)
· Allocations will be defined in terms of RBstart and ratio of full allocations in the form of numbers or equations. Values are FFS

Table 2: proposed MPR table format for contiguous allocations 

	Waveform
	Modulation
	MPR [dB] for all channel bandwidths and SCS

	
	
	large allocations
	Edge small partial allocation
	In channel partial allocation

	DFT-s-OFDM
	Pi/2 BPSK*
	1 (Poffset)
	TBD
	TBD

	DFT-s-OFDM
	QPSK
	0 (Poffset)
	<0.5 (Poffset)
	2 (Poffset)

	DFT-s-OFDM
	16QAM
	-0.5 (Poffset)
	TBD
	0.9 (Poffset)

	DFT-s-OFDM
	64QAM
	-0.6 (Poffset)
	TBD
	0.6 (Poffset)

	CP-OFDM
	QPSK
	-2.4 (Poffset)
	-1.2
	0.4 (Poffset)

	CP-OFDM
	16QAM
	
	TBD
	-0.5 (Poffset)

	CP-OFDM
	64QAM
	
	TBD
	-2 (Poffset)

	CP-OFDM
	256QAM
	TBD
	TBD
	TBD


2.2. From Output Power Capability to MPR Proposal
In order to derive concrete MPR proposals from the observations in previous chapter there is two open issues:

· Definition of 0dB MPR reference

· Definition of large, small edge and small inner allocations

In this chapter we provide our view on both aspects.

2.2.1. MPR Reference

In LTE there is no explicit “0dB MPR” waveform, there is only the consideration that some QPSK partial allocation do not require MPR, thus the usual PA calibration point uses a “1dB MPR” waveform case which is QPSK full allocation. 

As an example for 20MHz channel bandwidths:
· All partial allocations bellow 18RB are not allowed any MPR

· Allocations above 18RB are allowed 1dB MPR

In reality the difference between the worst case <18RB waveform and the worst case >18RB waveform for E-UTRA ACLR is only 0.6dB. 

Also, the 1dB MPR case is most the time related to UTRA ACLR limited cases (5MHz full allocation, partial allocation on the edge that are close to 5MHz TXBW for higher channel bandwidths) which is not relevant for NR as it is agreed that UTRA ACLR should result in A-MPR and not MPR.

For all these reason the LTE like 1dB calibration point introduces a 0.4dB margin, on top of which further margin is discussed, which results in stacking margins on top of each other and accounts for UTRA which is no longer a NR MPR case.
This approach is not acceptable to assess NR MPR between DFT-s-OFDM and CP-OFDM as it handicaps the later by an extra 0.4 dB, also due to the higher SU in NR the small partial allocations for DFT-s-OFDM QPSK are no longer always better than the larger or full allocations as can be seen from Figure 1 below.
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Figure 1: MPR versus full allocation for all NR 20MHz 15kHz SCS QPSK DFT-s-OFDM allocations and their related limiting criteria.
Observation 2: legacy LTE MPR approach is no longer valid for NR
· There is no partial allocation below which MPR is always better than full allocation, which is the LTE assumption.

· 18RB is only the best ACLR limited case

· Some 5RB allocations are as bad as large allocations. Due to the larger SU some small partial allocation at the edge are SEM limited. 
· As such there is no obvious 0dB MPR waveform, and at best it would only have 0.5 dB higher power than the full allocation and not 1 dB.
· A significant number of allocations have >1dB higher power capability than the worst case 18RB allocation

Proposal 2:

· DFT-s-OFDM QPSK full allocation at RB0 is used as “0dB” MPR waveform
· In any case it is 0.6dB MPR maximum.
2.2.2. RB Allocation Definition for MPR Table
Figure 2 is the same representation than figure 1 for CP-OFDM QPSK waveforms, again it shows that small allocation at the edge have similar MPR than most of the larger allocations due to large SU and are SEM limited and has a very similar behavior than DFT-s-OFDM case. 

Observation3:  There are a significant number of QPSK CP-OFDM allocations that exhibit reduced MPR (ACLR or SEM limited cases) or even no MPR (IBE limited cases).
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Figure 2: MPR versus DFT-s-OFDM QPSK full allocation for all NR 20MHz 15kHz SCS CP-OFDM allocations and their related limiting criteria.

The 3 different classes of allocations in the MPR table must capture these opportunities for reduced MPR for CP-OFDM and enable power boost option in the future for DFT-s-OFDM waveforms.

Proposal 3:

· The 3 MPR RB allocation range definition enables to define at least 0 dB MPR cases for CP-OFDM QPSK case and >1dB power boost options for DFT-s-OFDM QPSK and PI/2 BPSK.

· Whether the definition is the same for CP-OFDM and DFT-s-OFDM is FFS
· Whether these definitions enable reduced MPR or power boost options for 16QAM case is FFS

· Single MPR number for 64QAM and 256QAM whatever the allocation is FFS

3. Conclusion
This contribution provides measured data for sub-6GHz NR UE MPR evaluation across a matrix of channel bandwidths, SCS, RB allocation, waveform types and modulations, it is complemented with simulated results when necessary. Further discussion on MPR table structure, RB allocation and MPR reference allowed to make the following proposals:
Proposal 1:

· The following Table 2 MPR template is used (current numbers are output power offset vs DFT-s-OFDM QPSK full allocation instead of MPR)

· Allocations will be defined in terms of RBstart and ratio of full allocations in the form of numbers or equations. Values are FFS

Table 2: proposed MPR table format for contiguous allocations 

	Waveform
	Modulation
	MPR [dB] for all channel bandwidths and SCS

	
	
	large allocations
	Edge small partial allocation
	In channel partial allocation

	DFT-s-OFDM
	Pi/2 BPSK*
	1 (Poffset)
	TBD
	TBD

	DFT-s-OFDM
	QPSK
	0 (Poffset)
	<0.5 (Poffset)
	2 (Poffset)

	DFT-s-OFDM
	16QAM
	-0.5 (Poffset)
	TBD
	0.9 (Poffset)

	DFT-s-OFDM
	64QAM
	-0.6 (Poffset)
	TBD
	0.6 (Poffset)

	CP-OFDM
	QPSK
	-2.4 (Poffset)
	-1.2
	0.4 (Poffset)

	CP-OFDM
	16QAM
	
	TBD
	-0.5 (Poffset)

	CP-OFDM
	64QAM
	
	TBD
	-2 (Poffset)

	CP-OFDM
	256QAM
	TBD
	TBD
	TBD


Proposal 2:

· DFT-s-OFDM QPSK full allocation at RB0 is used as “0dB” MPR waveform

· In any case it is 0.6dB MPR maximum.
Proposal 3:

· The 3 MPR RB allocation range definition enables to define at least 0 dB MPR cases for CP-OFDM QPSK case and >1dB power boost options for DFT-s-OFDM QPSK and PI/2 BPSK.

· Whether the definition is the same for CP-OFDM and DFT-s-OFDM is FFS

· Whether these definitions enable reduced MPR or power boost options for 16QAM case is FFS

· Single MPR number for 64QAM and 256QAM whatever the allocation is FFS
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