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1.  Introduction
In RAN4#106 meeting, a WF for introducing Carrier aggregation to Power class 5 (PC5) in NR-unlicensed spectrum for was approved [1]. 
“In Release 17 the CA_n96B/C UL CA and configurations are specified. Even so, it was clarified in RAN that although NR-U ULCA requirements were completed, NR-U ULCA could not be deployed since the A-MPR for n96B/C UL was not specified, especially for the U.S. NS_53 and NS_54.” [1]
Then in RAN4#108, two papers were submitted with simulation results [4] and [5]. 
	From Charter’s paper [4], we got the following proposed tables:
Table 1: A-MPR for NS_53 power class 5 shared spectrum access intra-band contiguous CA for bandwidth class B
	Pre-coding
	Modulation
	Channel bandwidth (Sub-band allocation) / RB Allocation

	
	
	40 MHz
	60 MHz
	80 MHz
	100MHz

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

	DFT-s-OFDM
	PI/2 BPSK2
	≤ [6.5]
	≤ [9.0]
	≤ [4.5]
	≤ [7.0]
	≤ [4.5]
	≤ [5.5]
	≤ [3.0]
	≤ [5.5]

	
	QPSK
	≤ [6.5]
	≤ [9.0]
	≤ [4.5]
	≤ [7.0]
	≤ [4.5]
	≤ [5.5]
	≤ [3.0]
	≤ [5.5]

	
	16 QAM
	≤ [6.5]
	≤ [9.0]
	≤ [4.5]
	≤ [7.0]
	≤ [4.5]
	≤ [5.5]
	≤ [4.0]
	≤ [5.5]

	
	64 QAM
	≤ [6.5]
	≤ [9.0]
	≤ [4.5]
	≤ [7.0]
	≤ [5.5]
	≤ [6.0]
	≤ [5.0]
	≤ [5.5]

	
	256 QAM
	≤ [6.5]
	≤ [9.0]
	≤ [5.5]
	≤ [7.0]
	≤ [5.5]
	≤ [6.0]
	≤ [5.5]
	≤ [7.0]

	CP-OFDM
	QPSK
	≤ [6.5]
	≤ [9.0]
	≤ [4.5]
	≤ [7.0]
	≤ [4.5]
	≤ [5.5]
	≤ [5.0]
	≤ [5.5]

	
	16 QAM
	≤ [6.5]
	≤ [9.0]
	≤ [4.5]
	≤ [7.0]
	≤ [5.0]
	≤ [5.5]
	≤ [5.0]
	≤ [5.5]

	
	64 QAM
	≤ [6.5]
	≤ [9.0]
	≤ [5.5]
	≤ [7.0]
	≤ [6.0]
	≤ [6.0]
	≤ [5.5]
	≤ [6.0]

	
	256 QAM
	≤ [7.0]
	≤ [9.0]
	≤ [7.0]
	≤ [7.0]
	≤ [7.0]
	≤ [7.0]
	≤ [7.0]
	≤ [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 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.





Table 2: A-MPR for NS_54 power class 5 shared spectrum access intra-band contiguous CA for bandwidth class B
	Pre-coding
	Modulation
	RB Allocation (Note 2)
	RB Allocation (Note 3)

	
	
	Full/Partial
	Full (dB)
	Partial (dB)

	DFT-s-OFDM
	PI/2 BPSK4
	See Table 6.2F.2A.2-1
	≤ [4.5]
	≤ [5.0]

	
	QPSK
	
	≤ [4.5]
	≤ [5.5]

	
	16 QAM
	
	≤ [5.0]
	≤ [5.5]

	
	64 QAM
	
	≤ [5.0]
	≤ [5.5]

	
	256 QAM
	
	≤ [6.0]
	≤ [6.0]

	CP-OFDM
	QPSK
	
	≤ [5.5]
	≤ [6.0]

	
	16 QAM
	
	≤ [5.5]
	≤ [6.0]

	
	64 QAM
	
	≤ [6.0]
	≤ [6.5]

	
	256 QAM
	
	≤ [7.0]
	≤ [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], 80 MHz channels centered at the nearest NR-ARFCN corresponding to [5985 MHz], and 100 MHz channels centered at the nearest NR-ARFCN corresponding to [5995 MHz].
NOTE 4:	Applicable to Pi/2-BPSK modulation when IE powerBoostPi2BPSK is set to 0.



From Apple’s paper [5], we got the following proposed tables:
Table 3: A-MPR for NS_53 power class 5
	Pre-coding
	Number of active 20MHz sub-bands
	Modulation / RB Allocation

	
	
	PI/2 BPSK2
	QPSK
	16 QAM
	64 QAM
	256 QAM

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

	DFT-s-OFDM
	1
	≤ 9.0
	≤ 12.0
	≤ 9.0
	≤ 12.0
	≤ 9.0
	≤ 12.0
	≤ 9.0
	≤ 12.0
	≤ 9.0
	≤ 12.0

	
	2
	≤ 6.5
	≤ 8.5
	≤ 6.5
	≤ 8.5
	≤ 6.5
	≤ 8.5
	≤ 6.5
	≤ 8.5
	≤ 6.5
	≤ 8.5

	
	3
	≤ 4.5
	≤ 6.5
	≤ 4.5
	≤ 6.5
	≤ 4.5
	≤ 6.5
	≤ 4.5
	≤ 6.5
	≤ 6.0
	≤ 6.5

	
	4
	≤ 4.0
	≤ 5.5
	≤ 4.0
	≤ 5.5
	≤ 4.5
	≤ 5.5
	≤ 5.0
	≤ 5.5
	≤ 6.0
	≤ 6.0

	
	5
	≤ 4.0
	≤ 4.5
	≤ 4.0
	≤ 4.5
	≤ 4.5
	≤ 4.5
	≤ 5.0
	≤ 5.0
	≤ 6.0
	≤ 6.0

	
	6
	≤ 4.0
	≤ 4.0
	≤ 4.0
	≤ 4.0
	≤ 4.5
	≤ 4.5
	≤ 5.0
	≤ 5.0
	≤ 6.0
	≤ 6.0

	
	7
	≤ 4.0
	≤ 4.0
	≤ 4.0
	≤ 4.0
	≤ 4.5
	≤ 4.5
	≤ 5.0
	≤ 5.0
	≤ 6.0
	≤ 6.0

	
	8
	≤ 4.0
	≤ 4.0
	≤ 4.0
	≤ 4.0
	≤ 4.5
	≤ 4.5
	≤ 5.0
	≤ 5.0
	≤ 6.0
	≤ 6.0

	CP-OFDM
	1
	N/A
	N/A
	≤ 9.0
	≤ 12.0
	≤ 9.0
	≤ 12.0
	≤ 9.0
	≤ 12.0
	≤ 9.0
	≤ 12.0

	
	2
	N/A
	N/A
	≤ 6.5
	≤ 8.5
	≤ 6.5
	≤ 8.5
	≤ 6.5
	≤ 8.5
	≤ 7.0
	≤ 8.5

	
	3
	N/A
	N/A
	≤ 5.5
	≤ 6.5
	≤ 6.0
	≤ 6.5
	≤ 6.5
	≤ 6.5
	≤ 7.0
	≤ 7.0

	
	4
	N/A
	N/A
	≤ 5.5
	≤ 6.5
	≤ 6.0
	≤ 6.5
	≤ 6.5
	≤ 6.5
	≤ 7.0
	≤ 7.0

	
	5
	N/A
	N/A
	≤ 5.5
	≤ 6.5
	≤ 6.0
	≤ 6.5
	≤ 6.5
	≤ 6.5
	≤ 7.0
	≤ 7.0

	
	6
	N/A
	N/A
	≤ 5.5
	≤ 6.5
	≤ 6.0
	≤ 6.5
	≤ 6.5
	≤ 6.5
	≤ 7.0
	≤ 7.0

	
	7
	N/A
	N/A
	≤ 5.5
	≤ 6.5
	≤ 6.0
	≤ 6.5
	≤ 6.5
	≤ 6.5
	≤ 7.0
	≤ 7.0

	
	8
	N/A
	N/A
	≤ 5.5
	≤ 6.5
	≤ 6.0
	≤ 6.5
	≤ 6.5
	≤ 6.5
	≤ 7.0
	≤ 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 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.



Table 4: A-MPR for NS_54 power class 5
	Pre-coding
	Modulation
	RB Allocation (Note 2)
	RB Allocation (Note 3)

	
	
	Full/Partial
	Full (dB)
	Partial (dB)

	DFT-s-OFDM
	PI/2 BPSK4
	See Table 6.2F.2-1
	≤ 3.5
	≤ 5.0

	
	QPSK
	
	≤ 3.5
	≤ 5.0

	
	16 QAM
	
	≤ 3.5
	≤ 5.0

	
	64 QAM
	
	≤ 4.5
	≤ 5.0

	
	256 QAM
	
	≤ 6.0
	≤ 6.0

	CP-OFDM
	QPSK
	
	≤ 4.5
	≤ 6.0

	
	16 QAM
	
	≤ 4.5
	≤ 6.0

	
	64 QAM
	
	≤ 6.0
	≤ 6.5

	
	256 QAM
	
	≤ 7.0
	≤ 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.







2.  Discussion
In this paper, we are proposing the following two merged A-MPR tables, where the two companies results have been merged using the mean average and then rounded upward to the closed x.5 or x.0 backoff value.
Table 5: A-MPR for NS_53 power class 5
	Pre-coding
	Modulation
	Aggregated channel bandwidth (Sub-band allocation) / RB Allocation

	
	
	20 MHz
	40 MHz
	60 MHz
	80 MHz
	100MHz
	120MHz, 140MHz, 160MHz

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

	DFT-s-OFDM
	PI/2 BPSK2
	≤ [9.0]
	≤ [12.0]
	≤ [6.5]
	≤ [9.0]
	≤ [4.5]
	≤ [7.0]
	≤ [4.5]
	≤ [5.5]
	≤ [4.0]
	≤ [4.0]
	≤ [4.0]
	≤ [4.0]

	
	QPSK
	≤ [9.0]
	≤ [12.0]
	≤ [6.5]
	≤ [9.0]
	≤ [4.5]
	≤ [7.0]
	≤ [4.5]
	≤ [5.5]
	≤ [4.0]
	≤ [4.5]
	≤ [4.0]
	≤ [4.0]

	
	16 QAM
	≤ [9.0]
	≤ [12.0]
	≤ [6.5]
	≤ [9.0]
	≤ [4.5]
	≤ [7.0]
	≤ [4.5]
	≤ [5.5]
	≤ [4.5]
	≤ [4.5]
	≤ [4.5]
	≤ [4.5]

	
	64 QAM
	≤ [9.0]
	≤ [12.0]
	≤ [6.5]
	≤ [9.0]
	≤ [4.5]
	≤ [7.0]
	≤ [5.5]
	≤ [6.0]
	≤ [5.0]
	≤ [5.0]
	≤ [5.0]
	≤ [5.0]

	
	256 QAM
	≤ [9.0]
	≤ [12.0]
	≤ [6.5]
	≤ [9.0]
	≤ [6.0]
	≤ [7.0]
	≤ [6.0]
	≤ [6.0]
	≤ [6.0]
	≤ [6.0]
	≤ [6.0]
	≤ [6.0]

	CP-OFDM
	QPSK
	≤ [9.0]
	≤ [12.0]
	≤ [6.5]
	≤ [9.0]
	≤ [5.0]
	≤ [7.0]
	≤ [5.0]
	≤ [6.0]
	≤ [5.5]
	≤ [6.5]
	≤ [5.5]
	≤ [6.5]

	
	16 QAM
	≤ [9.0]
	≤ [12.0]
	≤ [6.5]
	≤ [9.0]
	≤ [6.0]
	≤ [7.0]
	≤ [5.5]
	≤ [6.0]
	≤ [6.0]
	≤ [6.5]
	≤ [6.0]
	≤ [6.5]

	
	64 QAM
	≤ [9.0]
	≤ [12.0]
	≤ [6.5]
	≤ [9.0]
	≤ [6.0]
	≤ [7.0]
	≤ [6.5]
	≤ [6.5]
	≤ [6.5]
	≤ [6.5]
	≤ [6.5]
	≤ [6.5]

	
	256 QAM
	≤ [9.0]
	≤ [12.0]
	≤ [7.0]
	≤ [9.0]
	≤ [7.0]
	≤ [7.0]
	≤ [7.0]
	≤ [7.0]
	≤ [7.0]
	≤ [7.0]
	≤ [7.0]
	≤ [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 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 1: Consider Table 5 when specifying ULCA A-MPR for NS_53.
Table 6: A-MPR for NS_54 power class 5
	Pre-coding
	Modulation
	RB Allocation (Note 2)
	RB Allocation (Note 3)

	
	
	Full/Partial
	Full (dB)
	Partial (dB)

	DFT-s-OFDM
	PI/2 BPSK4
	See Table 6.2F.2A.2-1
	≤ [3.5]
	≤ [5.0]

	
	QPSK
	
	≤ [3.5]
	≤ [5.0]

	
	16 QAM
	
	≤ [3.5]
	≤ [5.0]

	
	64 QAM
	
	≤ [4.5]
	≤ [5.0]

	
	256 QAM
	
	≤ [6.0]
	≤ [6.0]

	CP-OFDM
	QPSK
	
	≤ [4.5]
	≤ [6.0]

	
	16 QAM
	
	≤ [4.5]
	≤ [6.0]

	
	64 QAM
	
	≤ [6.0]
	≤ [6.5]

	
	256 QAM
	
	≤ [7.0]
	≤ [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 aggregated channels centered at the nearest NR-ARFCN corresponding to [5965 MHz], 60 MHz aggregated channels centered at the nearest NR-ARFCN corresponding to [5975 and 5995 MHz], and 80 MHz aggregated 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.



Proposal 2: Consider Table 6 when specifying ULCA A-MPR for NS_54.

3. Conclusion
In this paper, we at Charter are proposing following new A-MPR tables for shared spectrum access.
Proposal 1: Consider Table 5 when specifying ULCA A-MPR for NS_53.
Proposal 2: Consider Table 6 when specifying ULCA A-MPR for NS_54.
4. Reference
[1] R4-2303484, WF on NR-U enhancement, Apple
[2] R4-2306481, WF on NR-U contiguous ULCA A-MPR, Charter Communications, Inc., Apple
[3] TS 38.101-1: User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone, V17.8.0 (2022-12)
[4] R4-2313823, Simulation results on UE RF NR-U UL CA A-MPR for PC5, Charter Communications Inc
[5] R4-2311250, On NR-U ULCA A-MPR for NS_53 and NS_54, Apple Inc
1

1
3GPP

