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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#106bis-e a Way Forward was provided with simulation requirements [2]. 
2.  Discussion
PC5 CA MPR
Simulations were done for unlicensed spectrum with PC5. The simulations were calibrated with the following PA calibration point and impairments with the list provided below:
Simulation calibrations 
PC5 UL CA (A-)MPR:
· Power Class: PC5
· Calibration Point: 1dB MPR for QPSK DFT-s-OFDM 20MHz 100RB3 waveform at 27dB ACLR
· Post PA losses 4dB
· ACLR: 27 dB
· SEM: NR-U
· IQ image: -28dB
· Carrier leakage: -28dBc
General spectrum emission mask for intra-band contiguous CA operation with shared spectrum channel access can be seen below in Table 6.5F.2A.1.2-1, with the modification of the spectrum emission mask highlighted with yellow. We have submitted [4] and [5] to make these changes to Rel-17 and Rel-18 specifications of 38.101-1.
	Table 6.5F.2A.1.2-1: Spectrum emission mask for intra-band contiguous CA operation with shared spectrum channel access
	Spectrum emission limit (dBr) / Channel bandwidth

	ΔfOOB
(MHz)
	10, 20, 40, 60, 80, 100 MHz
	Measurement bandwidth
(MBW)

	± 0-1
	
	[100kHz]3

	± 1-(BWChannel_CA / 2)
	– 20 – (8 / A) |ΔfOOB – 1| where A = (BWChannel_CA / 2) – 1
	1 MHz

	± (BWChannel_CA / 2)-BWChannel_CA
	– 16 – (24 / BWChannel_CA) |ΔfOOB|
	

	< - BWChannel_CA or > BWChannel_CA
	-40
	

	NOTE 1:	Void
NOTE 2:	Void
NOTE 3:	The measured value shall be scaled by a factor equal to the ratio of the reference bandwidth (1 MHz) to the measurement bandwidth before the emission limit (dBr) is applied.
NOTE 4:	The carrier leakage exceptions from Table 6.4F.2.3-1 apply and carrier leakage contribution shall be removed prior to setting the 0dBr level of the mask, the reported carrier frequency location in txDirectCurrentLocation field of the UplinkTxDirectCurrentBWP can be used to cancel the carrier leakage contribution. If txDirectCurrentLocation is not available or is reported with value 3300 or 3301, a carrier frequency location at the center of the channel shall be assumed.






Table 1: Setups for simulations.
	Test Number
	Modulation
	Allocation
	Precoder
	Sub-Band

	1
	Pi/2-BPSK
	Full
	DFT-S-OFDM
	All

	2
	Pi/2-BPSK
	Wideband Full
	DFT-S-OFDM
	e.g. 0-1, 0-010, 0-100, 0-011, 1-100, 1-1100, 0-0111

	3
	Pi/2-BPSK
	Interlace
	DFT-S-OFDM
	All

	4
	Pi/2-BPSK
	Wideband interlace
	DFT-S-OFDM
	e.g. 0-1, 0-010, 0-100, 0-011, 1-100, 1-1100, 0-0111

	5
	QPSK
	Full
	DFT-S-OFDM
	All

	6
	QPSK
	Full
	CP-OFDM
	All

	7
	QPSK
	Wideband Full
	DFT-S-OFDM
	e.g. 0-1, 0-010, 0-100, 0-011, 1-100, 1-1100, 0-0111

	8
	QPSK
	Wideband Full
	CP-OFDM
	e.g. 0-1, 0-010, 0-100, 0-011, 1-100, 1-1100, 0-0111

	9
	QPSK
	Interlace
	DFT-S-OFDM
	All

	10
	QPSK
	Interlace
	CP-OFDM
	All

	11
	QPSK
	Wideband interlace
	DFT-S-OFDM
	e.g. 0-1, 0-010, 0-100, 0-011, 1-100, 1-1100, 0-0111

	12
	QPSK
	Wideband interlace
	CP-OFDM
	e.g. 0-1, 0-010, 0-100, 0-011, 1-100, 1-1100, 0-0111

	13
	16QAM
	Full
	DFT-S-OFDM
	All

	14
	16QAM
	Full
	CP-OFDM
	All

	15
	16QAM
	Wideband Full
	DFT-S-OFDM
	e.g. 0-1, 0-010, 0-100, 0-011, 1-100, 1-1100, 0-0111

	16
	16QAM
	Wideband Full
	CP-OFDM
	e.g. 0-1, 0-010, 0-100, 0-011, 1-100, 1-1100, 0-0111

	17
	16QAM
	Interlace
	DFT-S-OFDM
	All

	18
	16QAM
	Interlace
	CP-OFDM
	All

	19
	16QAM
	Wideband interlace
	DFT-S-OFDM
	e.g. 0-1, 0-010, 0-100, 0-011, 1-100, 1-1100, 0-0111

	20
	16QAM
	Wideband interlace
	CP-OFDM
	e.g. 0-1, 0-010, 0-100, 0-011, 1-100, 1-1100, 0-0111

	21
	64QAM
	Full
	DFT-S-OFDM
	All

	22
	64QAM
	Full
	CP-OFDM
	All

	23
	64QAM
	Wideband Full
	DFT-S-OFDM
	e.g. 0-1, 0-010, 0-100, 0-011, 1-100, 1-1100, 0-0111

	24
	64QAM
	Wideband Full
	CP-OFDM
	e.g. 0-1, 0-010, 0-100, 0-011, 1-100, 1-1100, 0-0111

	25
	64QAM
	Interlace
	DFT-S-OFDM
	All

	26
	64QAM
	Interlace
	CP-OFDM
	All

	27
	64QAM
	Wideband interlace
	DFT-S-OFDM
	e.g. 0-1, 0-010, 0-100, 0-011, 1-100, 1-1100, 0-0111

	28
	64QAM
	Wideband interlace
	CP-OFDM
	e.g. 0-1, 0-010, 0-100, 0-011, 1-100, 1-1100, 0-0111

	29
	256QAM
	Full
	DFT-S-OFDM
	All

	30
	256QAM
	Full
	CP-OFDM
	All

	31
	256QAM
	Wideband Full
	DFT-S-OFDM
	e.g. 0-1, 0-010, 0-100, 0-011, 1-100, 1-1100, 0-0111

	32
	256QAM
	Wideband Full
	CP-OFDM
	e.g. 0-1, 0-010, 0-100, 0-011, 1-100, 1-1100, 0-0111

	33
	256QAM
	Interlace
	DFT-S-OFDM
	All

	34
	256QAM
	Interlace
	CP-OFDM
	All

	35
	256QAM
	Wideband interlace
	DFT-S-OFDM
	e.g. 0-1, 0-010, 0-100, 0-011, 1-100, 1-1100, 0-0111

	36
	256QAM
	Wideband interlace
	CP-OFDM
	e.g. 0-1, 0-010, 0-100, 0-011, 1-100, 1-1100, 0-0111



For sub-band, all means there is no LBT failure/occupancy in any of the 20MHz channels. Full allocation follows the Table 5.3.3-2 in TS 38.101-1 for how many resource blocks are used in each 20MHz channel [3] and all available resource blocks are utilized in the simulations.
PC5 CA A-MPR
The networking signaling value NS_54 is used when operating in band n96. Agreement that to add Carrier aggregation (CA) with Power class 5 will be introduced. 
In-Band emissions
There are additional requirements for the transmit power density as seen in Table 6.2F.1-2 in TS 38.101-1 [3] for all unlicensed bands. A small part of Table 6.2F.1-2 is shared below.
Approximately, for a full allocation in a 20MHz channel bandwidth, with maximum Power for PC5 (20dBm), the maximum mean power density (dBm/MHz) will be around 7, this means the in-band emission requirements for NS_53, will be a dominant requirement for the simulation results of smaller bandwidth, while for NS_54 it will probably not be the restrictive/stringent requirement at all. The wider bandwidth is simulated, the more the power density is spread out in the channel bandwidth, and as a result, less restrictive is the maximum mean power density.
Table 6.2F.1-2: Additional requirements for transmit power density.
	NR Band
	NS value
	Channel bandwidth (MHz)
	Frequency range (MHz)
	Maximum mean power density (dBm/MHz)

	n96
	NS_53
	20, 40, 60, 80
	5925 – 7125
	-1

	
	NS_54
	20, 40, 60, 80
	5925 – 6425
	17

	
	
	
	6525 – 6875
	



Center Frequency at the lower edge of Band n96
Based on the defined NR-ARFCN number for band n96 (Table 5.4.2.3-3 in TS 38.101-1 [3]) , the lowest number for each bandwidth using the formula 
FREF = FREF-Offs + ΔFGlobal (NREF – NREF-Offs)
Table 5.4.2.1-1: NR-ARFCN parameters for the global frequency raster.
	Frequency range (MHz)
	ΔFGlobal (kHz)
	FREF-Offs (MHz)
	NREF-Offs
	Range of NREF

	0 – 3000
	5
	0
	0
	0 – 599999

	3000 – 24250
	15
	3000
	600000
	600000 – 2016666



This gives center frequencies for each edge channel depending on bandwidth of the lower edge of band n96 for bandwidth class B:
· 40MHz total aggregated Channel Bandwidth: 5965.02MHz
· 60MHz total aggregated Channel Bandwidth: 5974.98MHz
· 80MHz total aggregated Channel Bandwidth: 5985MHz
· 100MHz total aggregated Channel Bandwidth: 5995.02MHz
For band n96, the additional requirements are offset from the channel bandwidth edge by 20MHz. All other channels will follow the general CA MPR requirements limits defined in Table 6.5F.2A.1.2-1 or maximum mean power density in Table 6.2F.1-2, both in TS 38.101-1 [3]. Below there are some of previously defined MPR and A-MPR tables already specified in the TS 38.101-1 [3] for Power Class 5 in shared spectrum access.
Table 6.2F.2-1 Maximum power reduction (MPR) for shared spectrum access UE power class 5
	Pre-coding
	Modulation
	RB Allocation

	
	
	Full2 (dB)
	Partial3 (dB)
	Exception for 100MHz Full5 (dB)

	DFT-s-ODFM
	Pi/2 BPSK4
	≤ 1.5
	≤ 2.5
	

	
	QPSK
	≤ 1.5
	≤ 2.5
	

	
	16 QAM
	≤ 2.0
	≤ 3.0
	

	
	64 QAM
	≤ 3.5
	≤ 4.5
	

	
	256 QAM
	≤ 5.0
	≤ 5.5
	

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 3.5
	≤ 4.5

	
	16 QAM
	≤ 4.0
	≤ 4.0
	≤ 4.5

	
	64 QAM
	≤ 5.5
	≤ 5.5
	

	
	256 QAM
	≤ 7.0
	≤ 7.0
	

	NOTE 1:	The MPR shall apply to all SCS in all active 20 MHz sub-bands contiguously allocated in the channel.
NOTE 2: The MPR for Full RB allocation applies to all RB’s in all transmitted 20 MHz or larger channels that are fully allocated or all RB’s in all transmitted sub-bands for wideband operation that are fully allocated excluding the wideband configurations of Table 6.2F.2-2.
NOTE 3: The MPR for Partial RB allocation applies to interlaced allocations with uplink resource allocation type 2 as specified in TS 38.214 [10] or transmitted sub-bands for wideband operation are transmitted according to the wideband configurations of Table 6.2F.2-2. 
NOTE 4:	Applicable to Pi/2-BPSK modulation when IE powerBoostPi2BPSK is set to 0.
NOTE 5:	Exception for 100MHz Full RB allocation MPR applies when all RB’s in all sub-bands for 100MHz wideband operation are fully allocated and sub-bands are transmitted according to the wideband configurations of Table 6.2F.2-2.


Table 6.2F.2A.2-1 Maximum power reduction (MPR) for power class 5 shared spectrum access intra-band contiguous CA for bandwidth class B and class C.
	Pre-coding
	Modulation
	RB Allocation

	
	
	Full2 (dB)
	Partial3
(dB)
	Exception for Full5 (dB)

	DFT-s-ODFM
	Pi/2 BPSK4
	≤ [3.0]
	≤ [4.0]

	
	QPSK
	≤ [3.0]
	≤ [4.0]

	
	16 QAM
	≤ [3.5]
	≤ [4.5]

	
	64 QAM
	≤ [4.5]
	≤ [5.0]

	
	256 QAM
	≤ [6.0]
	≤ [6.0] 

	CP-OFDM
	QPSK
	≤ [4.0]
	≤ [5.5]

	
	16 QAM
	≤ [4.5]
	≤ [6.0]

	
	64 QAM
	≤ [6.0] 
	≤ [6.5]

	
	256 QAM
	≤ [7.0]
	≤ [7.0]

	NOTE 1:	The MPR shall apply to all SCS in all active 20 MHz sub-bands contiguously allocated in the channel.
NOTE 2:	The MPR for Full RB allocation applies to all RB’s in all transmitted 20 MHz or larger channels that are fully allocated or all RB’s in all contiguously transmitted sub-bands for wideband operation that are fully allocated excluding the wideband configurations of Table 6.2F.2A.2-2..
NOTE 3:	The MPR for Partial RB allocation applies to interlaced allocations with uplink resource allocation type 2 as specified in TS 38.214 [10] excluding the wideband configurations of Table 6.2F.2A.2-2.
NOTE 4:	Applicable to Pi/2-BPSK modulation when IE powerBoostPi2BPSK is set to 0.
NOTE 5:  Exception for 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 the wideband configurations of Table 6.2F.2A.2-2.



Table 6.2F.3.6-1: A-MPR for NS_53 power class 5
	Pre-coding
	Modulation
	Channel bandwidth (Sub-band allocation) / RB Allocation

	
	
	20 MHz
	40 MHz
	60 MHz
	80 MHz
	100MHz

	
	
	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
	≤ 8.5
	≤ 4.5
	≤ 6.5
	≤ 3.0
	≤ 5.5
	≤ [1.5]
	≤ [2.5]

	
	QPSK
	≤ 9.0
	≤ 12.0
	≤ 6.5
	≤ 8.5
	≤ 4.5
	≤ 6.5
	≤ 3.0
	≤ 5.5
	≤ [1.5]
	≤ [2.5]

	
	16 QAM
	≤ 9.0
	≤ 12.0
	≤ 6.5
	≤ 8.5
	≤ 4.5
	≤ 6.5
	≤ 3.0
	≤ 5.5
	≤ [1.5]
	≤ [2.5]

	
	64 QAM
	≤ 9.0
	≤ 12.0
	≤ 6.5
	≤ 8.5
	≤ 4.5
	≤ 6.5
	≤ 4.0
	≤ 5.5
	≤ [2.0]
	≤ [3.0]

	
	256 QAM
	≤ 9.0
	≤ 12.0
	≤ 6.5
	≤ 8.5
	≤ 5.0
	≤ 7.0
	≤ 5.0
	≤ 5.5
	≤ [3.5]
	≤ [4.5]

	CP-OFDM
	QPSK
	≤ 9.0
	≤ 12.0
	≤ 6.5
	≤ 8.5
	≤ 4.5
	≤ 6.5
	≤ 4.0
	≤ 5.5
	≤ [3.5]
	≤ [4.5]

	
	16 QAM
	≤ 9.0
	≤ 12.0
	≤ 6.5
	≤ 8.5
	≤ 4.5
	≤ 6.5
	≤ 4.0
	≤ 5.5
	≤ [4.0]
	≤ [4.5]

	
	64 QAM
	≤ 9.0
	≤ 12.0
	≤ 6.5
	≤ 8.5
	≤ 5.5
	≤ 6.5
	≤ 5.5
	≤ 5.5
	≤ [5.5]
	≤ [5.5]

	
	256 QAM
	≤ 9.0
	≤ 12.0
	≤ 7.0
	≤ 8.5
	≤ 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.



A-MPR Simulation Results
[bookmark: OLE_LINK1]Charter’s simulation results for NS_53 and NS_54 with Power Class 5, see Figure 1, Figure 2, Table 2, and Table 3. This is simulated for shared spectrum access intra-band contiguous CA for bandwidth class B. CA bandwidth class B are aggregated bandwidths up and including aggregated channel bandwidth of 100MHz.
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Figure 1: CA A-MPR Simulation results for NS_53
Simulation results in Figure 1 generates Table 2 output and suggestion of A-MPR table.
Proposal 1: Take the suggested Table 2 into consideration for defining A-MPR table for intra-band contiguous CA for bandwidth class B for NS_53 with Power Class 5 in shared spectrum access.
Table 2: 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.




[image: ]
Figure 2: CA A-MPR simulation results for NS_54
With the results seen in Figure 2, the proposed A-MPR table is seen in Table 3.
Proposal 2: Take the suggested Table 3 into consideration for defining A-MPR table for intra-band contiguous CA for bandwidth class B for NS_54 with Power Class 5 in shared spectrum access.

Table 3: 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.




3. Conclusion
In this paper, we at Charter are proposing following new A-MPR tables for shared spectrum access;
Proposal 1: Take the suggested Table 2 into consideration for defining A-MPR table for intra-band contiguous CA for bandwidth class B for NS_53 with Power Class 5 in shared spectrum access.
Proposal 2: Take the suggested Table 3 into consideration for defining A-MPR table for intra-band contiguous CA for bandwidth class B for NS_54 with Power Class 5 in shared spectrum access.
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