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1. Introduction

 We present our MPR results for sub-6GHz NR with assumptions described in R4-1706980 [1].  
2. Discussion on Sub-6GHz MPR
In this contribution, the following scenarios defined in WF R4-1706980 [1] are evaluated. 
The agreement for sub-6GHz MPR evaluation assumptions is captured here for reference.

· CBW, SCS, SU [R4-1706942]
· Sub6 
· The below minimum set of evaluated waveform for calibration, which does not preclude evaluation of a bigger set.
	Waveform type
	Modulation order
	Channel BW
	SCS 
	RB allocation
	remark

	DFT-s-OFDM
	QPSK, 16QAM
	20MHz
	15kHz
	100RB3
	Maximum DFT-s-OFDM allocation

	DFT-s-OFDM
	QPSK, 16QAM
	20MHz
	15kHz
	18RB0
	Channel edge (LTE 0dB MPR for QPSK)

	DFT-s-OFDM
	QPSK, 16QAM
	20MHz
	15kHz
	18RB18
	Inside channel

	DFT-s-OFDM
	QPSK, 16QAM
	100MHz
	30kHz
	270RB1
	Maximum channel BW

	CP-OFDM
	QPSK, 16&64QAM
	20MHz
	15kHz
	106RB0
	Allocation for spectrum utilisation

	CP-OFDM
	QPSK, 16&64QAM
	20MHz
	15kHz
	18RB0
	Channel Edge

	CP-OFDM
	QPSK, 16&64QAM
	20MHz
	15kHz
	18RB18
	Inside Channel

	CP-OFDM
	QPSK, 16&64QAM
	100MHz
	30kHz
	273RB0
	Allocation for spectrum utilisation & max CH BW

	Companies are encouraged to report reduced MPR and negative MPR cases
Companies are encouraged to report which criteria is limiting and when applicable which transmitter impairments drives the limitation
Companies are encouraged to provide their view of Pi/2 BPSK use at sub-6GHz


· Results are similarly reported as positive or negative compared to agreed reference waveform maximum power in R4-1706944
· For transmitter impairment agreed values in R4-1706944 are used
· Reporting absolute output power is also acceptable. 
In our simulations, PC3 PA was used. The output power was measured at antenna port. MPR values were derived with reference to waveform of DFT-S-OFDM, BW = 20MHz, SCS = 15KHz, 100RB3, QPSK, which has MPR= 1dB. PA was calibrated using this reference waveform to make sure the OOB ACLR, SEM and in-band EVM meet requirements under other impairments which are listed below. Other waveforms were simulated by adjusting PA output power to meet the same requirements to derive the required MPR values. 
In the simulations, additional waveform Pi/2 BPSK was also simulated with correction to clause 5.1.1 in 38.211[2].  Instead of rotation described in clause 5.1.1 along OFDM symbol index in the subframe, the BPSK symbols were rotated along successive symbols before DFT precoding.
In the simulations, the following assumptions were made.
· IQ imbalance = -33.7dbc

· Carrier leakage = -28dBc

· Other impairments (not including PA): 2.14% (-33.4dBc) 

· 3% RRC windowing

The following table shows required MPR values. The highlighted row is 1dB MPR reference waveform. 
Table 2‑1 MPR for sub6 waveforms
	
	Waveform
	BW
	SCS
	RB
	Mod
	MPR (dB)

	1
	CP-OFDM
	20MHz
	15kHz
	18RB0
	QPSK
	3

	2
	CP-OFDM
	20MHz
	15kHz
	18RB0
	16QAM
	3

	3
	CP-OFDM
	20MHz
	15kHz
	18RB0
	64QAM
	3

	4
	CP-OFDM
	20MHz
	15kHz
	18RB18
	QPSK
	-1

	5
	CP-OFDM
	20MHz
	15kHz
	18RB18
	16QAM
	0

	6
	CP-OFDM
	20MHz
	15kHz
	18RB18
	64QAM
	2

	7
	CP-OFDM
	20MHz
	15kHz
	106RB0
	QPSK
	3

	8
	CP-OFDM
	20MHz
	15kHz
	106RB0
	16QAM
	3

	9
	CP-OFDM
	20MHz
	15kHz
	106RB0
	64QAM
	3

	10
	CP-OFDM
	100MHz
	30kHz
	273RB0
	QPSK
	2

	11
	CP-OFDM
	100MHz
	30kHz
	273RB0
	16QAM
	2

	12
	CP-OFDM
	100MHz
	30kHz
	273RB0
	64QAM
	4

	13
	DFT-S-OFDM
	20MHz
	15kHz
	18RB0
	QPSK
	1

	14
	DFT-S-OFDM
	20MHz
	15kHz
	18RB0
	16QAM
	1

	15
	DFT-S-OFDM
	20MHz
	15kHz
	18RB18
	QPSK
	-2

	16
	DFT-S-OFDM
	20MHz
	15kHz
	18RB18
	16QAM
	-2

	17
	DFT-S-OFDM
	20MHz
	15kHz
	100RB3
	QPSK
	1

	18
	DFT-S-OFDM
	20MHz
	15kHz
	100RB3
	16QAM
	1

	19
	DFT-S-OFDM
	100MHz
	30kHz
	270RB1
	QPSK
	1

	20
	DFT-S-OFDM
	100MHz
	30kHz
	270RB1
	16QAM
	1

	21
	DFT-S-OFDM
	20MHz
	15kHz
	100RB3
	Pi/2 BPSK
	0


From the table, we have the following observations.
Observation 1: DFT-S-OFDM waveforms need smaller MPR values comparing with CP-OFDM under similar settings. This matches the existing analysis in the literature.
Observation 2: Partial RB allocations at band edge need larger MPR values than the same amount of RB located away from band edge.  
During the evaluations, we changed the IQ imbalance level and carrier leakage level within a wide range of values, we have the following observations.

Observation 3: ACLR and SEM performance are not sensitive to IQ imbalance. 
Observation 4: ACLR and SEM performance are not sensitive to carrier leakage.
Furthermore, due to high spectrum utilization greater than 95%, ACLR and SEM may dominate MPR, not EVM. This can be seen from the first three rows, where total 106 RBs are assigned, but only 18RB are populated at the band edge. The high PSD power will bring the side lobes higher to make ACLR and SEM hard to meet comparing with row 4-6 where 18 RBs are shifted away from edge. In row 4-6, the EVM becomes dominate factor in MPR and different modulations show different MPR values, higher modulations need larger MPR. In all DFT-S-OFDM cases row 13-20, ACLR and SEM dominate MPR. So MPR values are not sensitive to modulation level in these cases.

Observation 5: Due to high spectrum utilization, ACLR and SEM may dominate MPR, not EVM.
Since all MPR values derived here are without margin, in determination of final MPR values, some margin should be provided. The exact margin is FFS.

3. Conclusion
The sub-6GHz MPR evaluations were performed according to WF [1].  We have following observations based on derived MPR values. 
Observation 1: DFT-S-OFDM waveforms need smaller MPR values comparing with CP-OFDM under similar settings. This matches the existing analysis in the literature.

Observation 2: Partial RB allocations at band edge need larger MPR values than the same amount of RB located away from band edge.  
Observation 3: ACLR and SEM performance are not sensitive to IQ imbalance. 
Observation 4: ACLR and SEM performance are not sensitive to carrier leakage.

Observation 5: Due to high spectrum utilization, ACLR and SEM may dominate MPR, not EVM.
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