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1	Introduction 
3GPP Rel-16 NR-U WI [1] specified how the NR technology can be used on the unlicensed spectrum thus offering more resources in frequency bands, such as 5GHz and 6GHz. Since not all the countries and regions were addressed during the corresponding Rel-16 and Rel-17 WI, RAN#96 meeting approved a new WI [2] with the main motivation of introducing PC3 and enabling LPI and VLP in countries not covered by previous efforts 
In this paper we present the simulation results for PC3 MPR for 27dB ACLR and A-MPR proposals are made for various existing NS flags.
2	Discussion
Simulations were done for unlicensed access in band n96 for PC3. The PA was calibrated with the agreed QPSK DFT-s-OFDM waveform. The detailed list of the setup is provided in the following:
· Power Class: PC3
· Calibration: 1dB MPR for QPSK DFT-s-OFDM 20MHz 100RB0 waveform at 30dB ACLR (according to [3])
· ACLR: 27dB (As agreed in [4] this requirement is used for MPR evaluation)
· SEM: NR-U
· Image rejection: -28dBc
· Carrier leakage rejection: -28dBc
· MPR and A-MPR results include EVM and IBE requirements
The PA was simulated with the listed impairments and the results evaluated with the given spectral requirements. The 0dB reference was obtained by finding the maximum inband power with 1MHz aggregation bandwidth. The mask was applied accordingly. Before identifying the reference level, the carrier leakage was removed to avoid an offset in the     NR-U SEM mask. Simulations were conducted for full carrier and interlace operation. 
2.1 PC3 MPR
Table1: Signal Setup for MPR
	ID
	Modulation
	Waveform
	Allocation

	1
	Pi/2 BPSK
	DFT-s-OFDM
	Full

	2
	Pi/2 BPSK
	DFT-s-OFDM
	Interlaced

	3
	QPSK
	DFT-s-OFDM
	Full

	4
	QPSK
	CP-OFDM
	Full

	5
	QPSK
	DFT-s-OFDM
	Interlaced

	6
	QPSK
	CP-OFDM
	Interlaced

	7
	16QAM
	DFT-s-OFDM
	Full

	8
	16QAM
	CP-OFDM
	Full

	9
	16QAM
	DFT-s-OFDM
	Interlaced

	10
	16QAM
	CP-OFDM
	Interlaced

	11
	64QAM
	DFT-s-OFDM
	Full

	12
	64QAM
	CP-OFDM
	Full

	13
	64QAM
	DFT-s-OFDM
	Interlaced

	14
	64QAM
	CP-OFDM
	Interlaced

	15
	256QAM
	DFT-s-OFDM
	Full

	16
	256QAM
	CP-OFDM
	Full

	17
	256QAM
	DFT-s-OFDM
	Interlaced

	18
	256QAM
	CP-OFDM
	Interlaced
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Figure 1: Required power backoff for PC3 with 27dB ACLR
Table 2: Maximum power reduction (MPR) for shared spectrum access UE power class 3
	Pre-coding
	Modulation
	RB Allocation

	
	
	Full2 (dB)
	Partial3 (dB)

	DFT-s-ODFM
	Pi/2 BPSK4
	≤ 0.5
	≤ 2.0

	
	QPSK
	≤ 1.0
	≤ 2.0

	
	16 QAM
	≤ 1.5
	≤ 2.5

	
	64 QAM
	≤ 2.5
	≤ 3.5

	
	256 QAM
	≤ 4.5
	≤ 5.5

	CP-OFDM
	QPSK
	≤ 2.5
	≤ 3.5

	
	16 QAM
	≤ 3.0
	≤ 3.5

	
	64 QAM
	≤ 4.5
	≤ 5.0

	
	256 QAM
	≤ 6.5
	≤ 7.0

	NOTE 1:	The MPR shall apply to all SCS in all active 20 MHz sub-bands contiguously allocated in the channel.  The MPR applies to interlaced allocations with uplink resource allocation type 2 as specified in TS 38.214 [10].
NOTE 2:	Full RB allocation MPR applies when all RB’s in a 20 MHz channel or all RB’s in all sub-bands for wideband operation are fully allocated and sub-bands are transmitted according to configuration A in Table 6.2F.2-2.
NOTE 3:	Partial RB allocation MPR applies when one or more RB’s in one or more sub-bands are not allocated or when the transmitted sub-bands for wideband operation are transmitted according to configuration B in Table 6.2F.2-2.
NOTE 4:	Applicable to Pi/2-BPSK modulation when IE powerBoostPi2BPSK is set to 0.




Proposal 1: Consider table 2 when specifying PC3 MPR for NR-U.
2.2 PC3 A-MPR 
The signal setup for A-MPR simulations is provided in the table below. Full and interlaced allocations are simulated for all modulations and the channel bandwidth sizes 20MHz. 40MHz, 60MHz, 80MHz and 100MHz. Wideband operation covers the case where the lowest 20MHz sub-band is fully allocated while the other sub-bands are empty e.i. the sub-band configurations are 10, 100, 1000 and 10000.


Table 3: Signal Setup
	ID
	Modulation
	Waveform
	Allocation

	1
	Pi/2 BPSK
	DFT-s-OFDM
	Full

	2
	Pi/2 BPSK
	DFT-s-OFDM
	Interlaced

	3
	Pi/2 BPSK
	DFT-s-OFDM
	Wideband

	4
	Pi/2 BPSK
	DFT-s-OFDM
	Wideband Interlaced

	5
	QPSK
	DFT-s-OFDM
	Full

	6
	QPSK
	CP-OFDM
	Full

	7
	QPSK
	DFT-s-OFDM
	Interlaced

	8
	QPSK
	CP-OFDM
	Interlaced

	9
	QPSK
	DFT-s-OFDM
	Wideband

	10
	QPSK
	CP-OFDM
	Wideband

	11
	QPSK
	DFT-s-OFDM
	Wideband Interlaced

	12
	QPSK
	CP-OFDM
	Wideband Interlaced

	13
	16QAM
	DFT-s-OFDM
	Full

	14
	16QAM
	CP-OFDM
	Full

	15
	16QAM
	DFT-s-OFDM
	Interlaced

	16
	16QAM
	CP-OFDM
	Interlaced

	17
	16QAM
	DFT-s-OFDM
	Wideband

	18
	16QAM
	CP-OFDM
	Wideband

	19
	16QAM
	DFT-s-OFDM
	Wideband Interlaced

	20
	16QAM
	CP-OFDM
	Wideband Interlaced

	21
	64QAM
	DFT-s-OFDM
	Full

	22
	64QAM
	CP-OFDM
	Full

	23
	64QAM
	DFT-s-OFDM
	Interlaced

	24
	64QAM
	CP-OFDM
	Interlaced

	25
	64QAM
	DFT-s-OFDM
	Wideband

	26
	64QAM
	CP-OFDM
	Wideband

	27
	64QAM
	DFT-s-OFDM
	Wideband Interlaced

	28
	64QAM
	CP-OFDM
	Wideband Interlaced

	29
	256QAM
	DFT-s-OFDM
	Full

	30
	256QAM
	CP-OFDM
	Full

	31
	256QAM
	DFT-s-OFDM
	Interlaced

	32
	256QAM
	CP-OFDM
	Interlaced

	33
	256QAM
	DFT-s-OFDM
	Wideband

	34
	256QAM
	CP-OFDM
	Wideband

	35
	256QAM
	DFT-s-OFDM
	Wideband Interlaced

	36
	256QAM
	CP-OFDM
	Wideband Interlaced




2.2.1 PC3 A-MPR for EU LPI (NS_58)
Below the simulation results for EU LPI are shown. The maximum in-band PSD is -10dBm/MHz. This requirement is not limiting for most scenarios. However, for interlaced setup with 20MHz CBW the minimum required power backoff is expected to be at least 3dB. The simulations showed that the out-of-band emission limits were more limiting which lead to the proposal in Table 4.
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Figure 3: EU LPI simulation results for edge channels

Table 4.  Proposed A-MPR for PC3 
	Pre-coding
	Modulation
	RB Allocation

	
	
	Full2 (dB)
	Partial3 (dB)

	DFT-s-ODFM
	Pi/2 BPSK4
	≤ 1.5
	≤ 4.5

	
	QPSK
	≤ 2.0
	≤ 4.5

	
	16 QAM
	≤ 2.5
	≤ 4.5

	
	64 QAM
	≤ 3.0
	≤ 4.5

	
	256 QAM
	≤ 4.5
	≤ 5.5

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 5.0

	
	16 QAM
	≤ 4.0
	≤ 5.0

	
	64 QAM
	≤ 4.5
	≤ 5.5

	
	256 QAM
	≤ 6.5
	≤ 7.0

	NOTE 1:	The A-MPR shall apply to all SCS in all active 20 MHz sub-bands contiguously allocated in the channel.  The MPR applies to interlaced allocations with uplink resource allocation type 2 as specified in TS 38.214 [10].
NOTE 2:	Full RB allocation A-MPR applies when all RB’s in a 20 MHz channel or all RB’s in all sub-bands for wideband operation are fully allocated and sub-bands are transmitted according to configuration A in Table 6.2F.2-2.
NOTE 3:	Partial RB allocation A-MPR applies when one or more RB’s in one or more sub-bands are not allocated or when the transmitted sub-bands for wideband operation are transmitted according to configuration B in Table 6.2F.2-2.
NOTE 4:	Applicable to Pi/2-BPSK modulation when IE powerBoostPi2BPSK is set to 0.
NOTE 5:	The A-MPR applies instead of MPR for 20 MHz channel centered at the nearest NR-ARFCN corresponding to 5955 MHz, 40 MHz channel at the nearest NR-ARFCN corresponding to 5965 MHz, 60 MHz channel at the nearest NR-ARFCN corresponding to 5975 MHz, 80 MHz channel at the nearest NR-ARFCN corresponding to 5985 MHz. For all other channels, A-MPR is zero and MPR as specified in Table 6.2F.2-1 applies.




Proposal 2: Consider table 4 when specifying PC3 A-MPR NS_58.

2.2.2 PC3 A-MPR for US LPI 1Tx (NS_53)
The WF [4] captures the Table 5 as tentative agreement. During last discussion it seemed that the table was agreeable to most companies, but final decision was delayed to wait for further input. In case there are no further proposals we would like to suggest to agree on the tentative A-MPR. 
Table 5: Proposed 1Tx PC3 A-MPR for NS_53
	Pre-coding
	Modulation
	Channel bandwidth (Sub-band allocation) / RB Allocation

	
	
	20 MHz
	40 MHz
	60 MHz
	80 MHz
	100 MHz

	
	
	Full (dB)
	Partial (dB)
	Full (dB)
	Partial (dB)
	Full (dB)
	Partial (dB)
	Full (dB)
	Partial (dB)
	Full (dB)
	Partial (dB)

	DFT-s-ODFM
	PI/2 BPSK2
	≤ [12.0]
	≤ [14.5]
	≤ [9.0]
	≤ [11.5]
	≤ [7.0]
	≤ [10.0]
	≤ [5.5]
	≤ [8.5]
	≤ [4.5]
	≤ [7.5]

	
	QPSK
	≤ [12.0]
	≤ [14.5]
	≤ [9.0]
	≤ [11.5]
	≤ [7.0]
	≤ [10.0]
	≤ [5.5]
	≤ [8.5]
	≤ [4.5]
	≤ [7.5]

	
	16 QAM
	≤ [12.0]
	≤ [14.5]
	≤ [9.0]
	≤ [11.5]
	≤ [7.0]
	≤ [10.0]
	≤ [5.5]
	≤ [8.5]
	≤ [4.5]
	≤ [7.5]

	
	64 QAM
	≤ [12.0]
	≤ [14.5]
	≤ [9.0]
	≤ [11.5]
	≤ [7.0]
	≤ [10.0]
	≤ [5.5]
	≤ [8.5]
	≤ [4.5]
	≤ [7.5]

	
	256 QAM
	≤ [12.0]
	≤ [14.5]
	≤ [9.0]
	≤ [11.5]
	≤ [7.0]
	≤ [10.0]
	≤ [5.5]
	≤ [8.5]
	≤ [4.5]
	≤ [7.5]

	CP-OFDM
	QPSK
	≤ [12.0]
	≤ [14.5]
	≤ [9.0]
	≤ [11.5]
	≤ [7.0]
	≤ [10.0]
	≤ [5.5]
	≤ [8.5]
	≤ [4.5]
	≤ [7.5]

	
	16 QAM
	≤ [12.0]
	≤ [14.5]
	≤ [9.0]
	≤ [11.5]
	≤ [7.0]
	≤ [10.0]
	≤ [5.5]
	≤ [8.5]
	≤ [4.5]
	≤ [7.5]

	
	64 QAM
	≤ [12.0]
	≤ [14.5]
	≤ [9.0]
	≤ [11.5]
	≤ [7.0]
	≤ [10.0]
	≤ [5.5]
	≤ [8.5]
	≤ [4.5]
	≤ [7.5]

	
	256 QAM
	≤ [12.0]
	≤ [14.5]
	≤ [9.0]
	≤ [11.5]
	≤ [7.0]
	≤ [10.0]
	≤ [6.5]
	≤ [8.5]
	≤ [6.5]
	≤ [7.5]

	NOTE 1:	Full allocation A-MPR applies when all RB’s in a 20 MHz channel or all RB’s in all sub-bands for wideband operation are fully allocated and all sub-bands are transmitted.  Partial allocation A-MPR applies when one or more RB’s in one or more sub-bands are not allocated but when all sub-bands within the channel are transmitted.  When not all sub-bands within the channel are transmitted, the A-MPR associated with the channel bandwidth according to the bandwidth of the contiguously transmitted sub-bands and according to the allocation type applies.
NOTE 2:	Applicable to Pi/2-BPSK modulation when IE powerBoostPi2BPSK is set to 0.



Proposal 3: Consider table 5 when specifying PC3 A-MPR NS_53 and remove brackets.

2.2.3 PC3 A-MPR for US SP 1Tx (NS_54)
The WF [4] captures an A-MPR table for 1Tx transmission to be used as starting point for NS_54. The table defines A-MPR allowance for channels which are located at lower band edge. Other channels which are located further inwards of band n96 have standard MPR allowance. Last meeting there were two proposals and as proposed during the discussion those could be merged by averaging and rounding upwards to the next higher 0.5dB. The values for Pi/2 BPSK are taken from R4-2215651. In case there are no further proposals we would like to suggest agreeing on the values from Table 6 on Note 3.
The WF [4] recommends to discuss whether backoff is needed for allocations away from the edges. We did simulations for the following channels: 40 MHz channels centered at the nearest NR-ARFCN corresponding to 5985 MHz, 60 MHz channels centered at the nearest NR-ARFCN corresponding to 5995 and 80 MHz channels centered at the nearest NR-ARFCN corresponding to 6005 MHz. It was found that channels of 60MHz and above require slightly more A-MPR for lower order modulations than the current PC3 MPR proposals provide. Depending on outcome of MPR it is proposed to consider adding a Note 5 for those channels. The suggested values consider EVM and IBE requirements which is important for larger modulation orders as those are limited by EVM. The smaller modulation orders are limited by the out-of-band emission limits.
Table 6: Proposed 1Tx PC3 A-MPR for NS_54 (Note 3 is merger of proposals made in RAN4#104-bis-e)
	Pre-coding
	Modulation
	RB Allocation (Note 2)
	RB Allocation (Note 3)
	RB Allocation (Note 5)

	
	
	Full/Partial
	Full (dB)
	Partial (dB)
	Full (dB)
	Partial (dB)

	DFT-s-OFDM
	PI/2 BPSK4
	See Table [PC3 MPR]
	≤ [2.0]
	≤ [4.5]
	≤ [1.0]
	≤ [2.5]

	
	QPSK
	
	≤ [3.0]
	≤ [5.0]
	≤ [1.5]
	≤ [3.0]

	
	16 QAM
	
	≤ [3.5]
	≤ [5.0]
	≤ [2.0]
	≤ [3.0]

	
	64 QAM
	
	≤ [3.5]
	≤ [5.0]
	≤ [2.5]
	≤ [3.5]

	
	256 QAM
	
	≤ [5.0]
	≤ [6.0]
	≤ [4.5]
	≤ [5.5]

	CP-OFDM
	QPSK
	
	≤ [4.5]
	≤ [6.0]
	≤ [3.0]
	≤ [4.0]

	
	16 QAM
	
	≤ [5.0]
	≤ [6.0]
	≤ [3.0]
	≤ [4.0]

	
	64 QAM
	
	≤ [5.0]
	≤ [6.0]
	≤ [4.5]
	≤ [5.0]

	
	256 QAM
	
	≤ [6.5]
	≤ [7.0]
	≤ [6.5]
	≤ [7.0]

	NOTE 1:	Full allocation A-MPR applies when all RB’s in a 20 MHz channel or all RB’s in all sub-bands for wideband operation are fully allocated and all sub-bands are transmitted.  Partial allocation A-MPR applies when one or more RB’s in one or more sub-bands are not allocated or when not all transmitted sub-bands for wideband operation are transmitted.
NOTE 2:	Applicable for all valid channels and bandwidths other than those enumerated in NOTE 3.
NOTE 3:	Applicable for 40 MHz channels centered at the nearest NR-ARFCN corresponding to [5965 MHz], 60 MHz channels centered at the nearest NR-ARFCN corresponding to [5975 and 5995 MHz], and 80 MHz channels centered at the nearest NR-ARFCN corresponding to [5985 MHz].
NOTE 4:	Applicable to Pi/2-BPSK modulation when IE powerBoostPi2BPSK is set to 0.
NOTE 5:	Applicable for 60 MHz channels centered at the nearest NR-ARFCN corresponding to [5995 and 6015 MHz], and 80 MHz channels centered at the nearest NR-ARFCN corresponding to [6005 MHz].




Proposal 4: Consider table 6 when specifying PC3 A-MPR NS_54 and remove brackets.

2.2.5 PC3 A-MPR for South Korea LPI 1Tx (NS_60)
The WF [4] captures an A-MPR table for NS_60 and 1Tx transmission. It is a compromise of two proposals where the average value from the two contributions is taken. If the number is not .5 dB or .0 dB, it is round up to the closest of them. In case there are no further proposals we would like to suggest agreeing on the values from Table 7. 
Table 7: Proposed 1Tx PC3 A-MPR for NS_60 (Merger of proposals made in RAN4#104-bis-e)
	Pre-coding
	Modulation
	Channel bandwidth (Sub-band allocation) / RB Allocation

	
	
	20 MHz
	40 MHz
	60 MHz
	80 MHz
	100 MHz

	
	
	Full (dB)
	Partial (dB)
	Full (dB)
	Partial (dB)
	Full (dB)
	Partial (dB)
	Full (dB)
	Partial (dB)
	Full (dB)
	Partial (dB)

	DFT-s-ODFM
	PI/2 BPSK2
	≤ [9.5]
	≤ [11.5]
	≤ [6.0]
	≤ [9.0]
	≤ [4.5]
	≤ [7.0]
	≤ [3.0]
	≤ [6.0]
	≤ [2.5]
	≤ [5.0]

	
	QPSK
	≤ [9.5]
	≤ [11.5]
	≤ [6.0]
	≤ [9.0]
	≤ [4.5]
	≤ [7.0]
	≤ [3.0]
	≤ [6.0]
	≤ [2.5]
	≤ [5.0]

	
	16 QAM
	≤ [9.5]
	≤ [11.5]
	≤ [6.0]
	≤ [9.0]
	≤ [4.5]
	≤ [7.0]
	≤ [3.0]
	≤ [6.0]
	≤ [2.5]
	≤ [5.0]

	
	64 QAM
	≤ [9.5]
	≤ [11.5]
	≤ [6.0]
	≤ [9.0]
	≤ [4.5]
	≤ [7.0]
	≤ [3.0]
	≤ [6.0]
	≤ [2.5]
	≤ [5.5]

	
	256 QAM
	≤ [9.5]
	≤ [11.5]
	≤ [6.0]
	≤ [9.0]
	≤ [4.5]
	≤ [7.0]
	≤ [4.5]
	≤ [6.0]
	≤ [4.5]
	≤ [5.5]

	CP-OFDM
	QPSK
	≤ [9.5]
	≤ [11.5]
	≤ [6.0]
	≤ [9.0]
	≤ [4.5]
	≤ [7.0]
	≤ [4.0]
	≤ [6.0]
	≤ [3.5]
	≤ [5.0]

	
	16 QAM
	≤ [9.5]
	≤ [11.5]
	≤ [6.0]
	≤ [9.0]
	≤ [4.5]
	≤ [7.0]
	≤ [4.0]
	≤ [6.0]
	≤ [3.5]
	≤ [5.0]

	
	64 QAM
	≤ [9.5]
	≤ [11.5]
	≤ [6.0]
	≤ [9.0]
	≤ [4.5]
	≤ [7.0]
	≤ [4.0]
	≤ [6.0]
	≤ [4.0]
	≤ [5.0]

	
	256 QAM
	≤ [9.5]
	≤ [11.5]
	≤ [6.0]
	≤ [9.0]
	≤ [4.5]
	≤ [7.0]
	≤ [5.5]
	≤ [6.5]
	≤ [5.5]
	≤ [6.0]

	NOTE 1:	Full allocation A-MPR applies when all RB’s in a 20 MHz channel or all RB’s in all sub-bands for wideband operation are fully allocated and all sub-bands are transmitted.  Partial allocation A-MPR applies when one or more RB’s in one or more sub-bands are not allocated but when all sub-bands within the channel are transmitted.  When not all sub-bands within the channel are transmitted, the A-MPR associated with the channel bandwidth according to the bandwidth of the contiguously transmitted sub-bands and according to the allocation type applies.
NOTE 2:	Applicable to Pi/2-BPSK modulation when IE powerBoostPi2BPSK is set to 0.



Proposal 5: Consider table 7 when specifying PC3 A-MPR NS_60 and remove brackets.


Conclusions
In this contribution we presented det MPR and A-MPR simulated results for PC3. The following proposals are made:
Proposal 1: Consider table 2 when specifying PC3 MPR for NR-U.
Proposal 2: Consider table 4 when specifying PC3 A-MPR NS_58.
Proposal 3: Consider table 5 when specifying PC3 A-MPR NS_53 and remove brackets.
Proposal 4: Consider table 6 when specifying PC3 A-MPR NS_54 and remove brackets.
Proposal 5: Consider table 7 when specifying PC3 A-MPR NS_60 and remove brackets.
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