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1.  Introduction
In the RAN Plenary meeting #95-e, a new WID for shared spectrum bands was introduced [1]. 
One of the objectives is to introduce support for the PC3, +23dBm, power class for LPI and SP (Low Power indoor and Standard Power) for band n96/n102 and band n46 [1], and should be based on the WF [2]. Today Power Class 5 is already introduced for shared spectrum in TS 38.101-1, in clause 6.5F Transmitter power for shared spectrum channel access [4]. 
Table 6.2F.1-1: UE Power Class
	NR
band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 5 (dBm)
	Tolerance (dB)

	n46
	
	
	
	
	
	
	20
	+2/-3

	n96
	
	
	
	
	
	
	20
	+2/-3

	n102
	
	
	
	
	
	
	20
	+2/-3

	NOTE 1:	PPowerClass is the maximum UE power specified without taking into account the tolerance
NOTE 2:	Power class 5 is default power class unless otherwise stated.



In the latest version of TR 37.890, in clause 4.5, there is a table with the regional maximum mean EIRP in-band emission and for most also the maximum mean EIRP density, as well as countries with out-of-band emission requirements [3]. These regulatory parameters are mapped to a number of Network signaling tables showed in Table 6.2F.1-2 in TS38.101-1. A summary of used NS values to specific country is shown in TR 38.849, table 6.1.1-1 [5].  

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)

	n46
	NS_28
	20, 40, 60, 80
	5150 – 5350
	10

	
	
	
	5470 – 5725
	

	
	NS_29
	20
	5170 – 5330
	10

	
	
	
	5490 – 5730
	

	
	
	40
	5170 – 5330
	7

	
	
	
	5490 – 5730
	

	
	
	60, 80
	5170 – 5330
	4

	
	
	
	5490 – 5730
	

	
	NS_30
	20, 40, 60, 80
	5150 – 5350
	11

	
	
	
	5470 – 5725
	

	
	NS_31
	20
	5150 - 5230
	10

	
	
	
	5250 – 5350
	

	
	
	
	5470 – 5725
	

	
	
	
	5725 - 5850
	

	
	
	
	5230 – 5250
	4

	
	
	40
	5150 - 5230
	7

	
	
	
	5250 – 5350
	

	
	
	
	5470 – 5725
	

	
	
	
	5725 - 5850
	

	
	
	
	5230 – 5250
	4

	
	
	60, 80
	5150 - 5230
	4

	
	
	
	5250 – 5350
	

	
	
	
	5470 – 5725
	

	
	
	
	5725 - 5850
	

	
	
	
	5230 – 5250
	

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

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

	
	
	
	6525 – 6875
	

	
	NS_59
	20, 40, 60, 80
	5925 – 7125
	5

	
	NS_60
	20, 40, 60, 80
	5925 – 7125
	2

	
	NS_61
	20, 40, 60, 80
	5925 - 6425
	1

	n102
	NS_58
	20, 40, 60, 80
	5945 – 6425
	10



Table 6.1.1-1: Summary of NS values.
	Country
	Mode

	
	SP
	LPI
	VLP

	Region 1

	EU/CEPT
	N/A
	NS_58
	TBD

	Region 2

	US
	NS_54
	NS_53
	N/A

	Canada
	NS_54
	NS_59
	TBD

	Brazil
	N/A
	NS_53
	TBD

	Peru
	N/A
	NS_53
	N/A

	Chile
	N/A
	NS_53
	N/A

	Costa Rica
	N/A
	NS_01
	TBD

	Colombia
	N/A
	NS_53
	N/A

	Region 3

	South Korea
	N/A
	NS_60
	[NS_61]



2.  Discussion
In this paper, we propose to use the same NS values for PC3 as were previously used for PC5 in SP and LPI mode for all regions. These NS values already take into account the maximum mean EIRP density. Additionally, both SP and LPI allow higher maximum mean EIRP total power than what PC3 does, meaning the stringent factor will be the density power in-band emissions, out-of-band emissions as well as spurious emissions for a region.
Proposal 1: Reuse the NS values for PC3 for SP and LPI mode in all regions.
In the shared spectrum of 5GHz and 6GHz, previous simulation scenarios, for PC5, were full allocation or partial allocation where the resource blocks are interlaced. We propose to reuse the signal setup for the regions from the PC3 simulation, and with regions with spurious emission to simulate the edge channel and edge channels excluded and collect two set of results, also as previously done in PC5.
Proposal 2: Reuse the signal setup from the PC5 A-MPR simulations.
ACLR requirement for PC3 is not written in specification TS 38.101-1 for shared spectrum channel access. However, we propose to set it to the same as in clause 6.5.2.4, where the ACLR requirement is 30dB for PC3.
Proposal 3: Add ACLR requirement to Power class 3 for shared spectrum channel access and set it to 30dB.
In table 6.5F.2.2-1 from TS 38.101-1, shows the general spectrum emission mask for operation with shared spectrum channel access. For all regulatory countries with no out-of-band emssion requirements, then this mask will apply. Below follow the regional additional requirements.
Table 6.5F.2.2-1: Spectrum emission mask for 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 / 2)
	– 20 – (8 / A) |ΔfOOB – 1| where A = (BWChannel / 2) – 1
	1 MHz

	± (BWChannel / 2)-BWChannel
	– 16 – (6 / BWChannel) |ΔfOOB|
	

	< - BWChannel or > BWChannel
	-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.



Europe
For band n46, additional requirements for the spurious emission limit are set by NS_28, where the specification TS 38.101-1 says; “When "NS_28" is indicated in the cell, the power of any UE emission for channels assigned within 5150-5350 and 5470-5725 MHz shall not exceed the levels specified in Table 6.5F.3.3.1-1.” It is also not allowed to exceed the density limit of 10dBm/MHz of in-band emissions, as seen in Table 6.2F.1-2 above.
Table 6.5F.3.3.1-1: Additional requirements
	Frequency band
(MHz)
	Channel bandwidth /
Spectrum emission limit
(dBm)
	Measurement bandwidth

	
	20, 40, 60, 80, [100] MHz
	

	47 ≤ f ≤ 74
	-54
	100 kHz

	87.5 ≤ f ≤ 118
	-54
	100 kHz

	174 ≤ f ≤ 230
	-54
	100 kHz

	470 ≤ f ≤ 862
	-54
	100 kHz

	1000 ≤ f ≤ 5150
	-30
	1 MHz

	5350 ≤ f ≤ 5470
	-30
	1 MHz

	5725 ≤ f ≤ 26000
	-30
	1 MHz



For band n102, there are additional requirements for the spurious emission limit for LPI operations using the NS_58. “When "NS_58" is indicated in the cell, the power of any UE emission for channels assigned within 5945-6425 MHz shall not exceed the levels specified in Table 6.5F.3.3.6-1.” It is also not allowed to exceed the density limit of 10dBm/MHz of in-band emissions, as seen in Table 6.2F.1-2 above.
Table 6.5F.3.3.6-1: Additional requirements
	Frequency band
(MHz)
	Channel bandwidth /
Spectrum emission limit
(dBm)
	Measurement bandwidth

	87.5 ≤ f ≤ 118
	-54
	100 kHz

	174 ≤ f ≤ 230
	-54
	100 kHz

	470 ≤ f ≤ 694
	-54
	100 kHz

	f ≤ 5935
	-22
	1 MHz




US
For band n46, additional requirements for the spurious emission limit are set by NS_30, where the specification TS 38.101-1 says; “When "NS_30" is indicated in the cell, the power of any UE emission for channels assigned within 5150-5350 MHz, 5470-5725 MHz and 5725-5850 MHz shall not exceed the levels specified in Table 6.5F.3.3.3-1-1, Table 6.5F.3.3.3-1-2 and Table 6.5F.3.3.3-1-3, respectively.” 
It is also not allowed to exceed the density limit of 11dBm/MHz of in-band emissions, as seen in Table 6.2F.1-2 above.
Table 6.5F.3.3.3-1: Additional requirements for shared access channels assigned within 5150-5350 MHz
	Protected range
(MHz)
	Channel bandwidth /
Spectrum emission limit
(dBm)
	Measurement bandwidth

	
	20, 40, 60, 80 MHz
	

	4500 ≤ f ≤ 5150
	-41
	1 MHz

	5350 ≤ f ≤ 5460
	-41
	



Table 6.5F.3.3.3-2: Additional requirements for shared access channels assigned within 5470-5725 MHz
	Protected range
(MHz)
	Channel bandwidth /
Spectrum emission limit
(dBm)
	Measurement bandwidth

	
	20, 40, 60, 80 MHz
	

	4500 ≤ f ≤ 5150
	-41
	1 MHz

	5350 ≤ f ≤ 5460
	-41
	

	5460 < f ≤ 5470
	-27
	

	5725 ≤ f 
	-27
	



Table 6.5F.3.3.3-3: Additional requirements for shared access channels assigned within 5725-5850 MHz
	Protected range
(MHz)
	Channel bandwidth /
Spectrum emission limit
(dBm)
	Measurement bandwidth

	
	20, 40, 60, 80, [100] MHz
	

	f < 5650
	-27
	1 MHz

	5650 ≤ f < 5700
	-27 to 10
	

	5700 ≤ f < 5720
	10 to 15.6
	

	5720 < f ≤ 5725
	15.6 to 27
	

	5850 ≤ f ≤ 5855
	27 to 15.6
	

	5855 < f ≤ 5875
	15.6 to 10
	

	5875 < f ≤ 5925
	10 to -27
	

	5925 < f 
	-27
	

	NOTE: The minimum requirement when specified as a range denotes the emission requirement at the end points of the protected range.  The requirement within the protected range is obtained by linear interpolation between the requirements at the end points.



For band n96, there are additional requirements for the spurious emission limit for SP and LPI operations using the NS_54 and NS_53 respectively and the TS 38.101-1 says; “When "NS_53" or "NS_54" or "NS_60" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.5F.3.3.5-1.” 
They are also not allowed to exceed the density limits of 17dBm/MHz and -1dBm/MHz of in-band emissions for NS_54 and NS_53 respectively, as seen in Table 6.2F.1-2 above.
Table 6.5F.3.3.5-1: Additional requirements
	Frequency band
(MHz)
	Spectrum emission limit
(dBm)
	Measurement bandwidth

	f ≤ 5925
	-27
	1 MHz

	f ≥ 7125
	-27
	



Canada
Canada will signal the NS values NS_54 and NS_59 for SP and LPI operations respectively to determine their density limits, 17dBm/MHz and 5dBm/MHz, but there are no additional spurious emissions limits. See TR 38.890 and TR 38.849 for more information.
Brazil/Colombia
Brazil and Colombia support LPI mode in n96, but not SP. They have the same requirements as in US for LPI mode, hence they also signal NS_53.
Peru/Chile
Peru and Chile also support LPI, but not SP. They got the same power density requirements as US, Brazil, and Colombia, but with no additional spurious emission limits. For PC5, the A-MPR results were almost identical to the A-MPR results defined by NS_53 and were an agreement to re-use NS_53 for Peru and Chile. It will most probably be the same case for PC3, but it should be verified by simulations again.
Costa Rica
Costa Rica has defined maximum in-band emission but not the power density nor any maximum additional spurious emissions for the LPI mode. Hence, they will signal NS_01 and follow the MPR values for backoff for shared spectrum channel access. 
South Korea
In South Korea, simulations for PC3 will be simulated in band n46 and for n96 for LPI. 
For band n46, additional requirements for the spurious emission limit are set by NS_31, where the specification TS 38.101-1 says; “When "NS_31" is indicated in the cell, the power of any UE emission for channels assigned within 5150-5250 MHz, 5250-5350 MHz, 5470-5725 MHz and 5725-5850 MHz shall not exceed the levels specified in Table 6.5F.3.3.4-1, Table 6.5F.3.3.4-2, Table 6.5F.3.3.4-3 and Table 6.5F.3.3.4-4, respectively.” 
It is also not allowed to exceed the density limit of 10dBm/MHz, 7dBm/MHz, and 4dBm/MHz of in-band emissions depending of frequency range. For more details, see Table 6.2F.1-2 above.

Table 6.5F.3.3.4-1: Additional requirements for NR-U channels assigned within 5150-5250 MHz
	Frequency band
(MHz)
	Channel bandwidth /
Spectrum emission limit
(dBm)
	Measurement bandwidth

	
	20, 40, 60, 80 MHz
	

	f ≤ 5150
	-27
	1 MHz

	f ≥ 5250
	-27
	



Table 6.5F.3.3.4-2: Additional requirements for NR-U channels assigned within 5250-5350 MHz
	Frequency band
(MHz)
	Channel bandwidth /
Spectrum emission limit
(dBm)
	Measurement bandwidth

	
	20, 40, 60, 80 MHz
	

	f ≤ 5250
	-27
	1 MHz

	f ≥ 5350
	-27
	



Table 6.5F.3.3.4-3: Additional requirements for NR-U channels assigned within 5470-5725 MHz
	Frequency band
(MHz)
	Channel bandwidth /
Spectrum emission limit
(dBm)
	Measurement bandwidth

	
	20, 40, 60, 80 MHz
	

	f ≤ 5470
	-27
	1 MHz

	f ≥ 5725
	-27
	



Table 6.5F.3.3.4-4: Additional requirements for NR-U channels assigned within 5725-5850 MHz
	Frequency band
(MHz)
	Channel bandwidth /
Spectrum emission limit
(dBm)
	Measurement bandwidth

	
	20, 40, 60, 80 MHz
	

	f ≤ 5725
	-27
	1 MHz

	f ≥ 5850
	-27
	

	
	
	



For band n96, there are additional requirements for the spurious emission limit for LPI operations in Korea using the NS_60 and the TS 38.101-1 says; “When "NS_53" or "NS_54" or "NS_60" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.5F.3.3.5-1.” 
They are also not allowed to exceed the density limits of 2dBm/MHz of in-band emissions for NS_60. See Table 6.2F.1-2 above.
Table 6.5F.3.3.5-1: Additional requirements
	Frequency band
(MHz)
	Spectrum emission limit
(dBm)
	Measurement bandwidth

	f ≤ 5925
	-27
	1 MHz

	f ≥ 7125
	-27
	



Japan
The last regional additional requirements are Japan. Japan got requirements for band n46 but not for band n96. For band n46, the additional requirements for the spurious emission limit are set by NS_29, where the specification TS 38.101-1 says; “When "NS_29" is indicated in the cell, the power of any UE emission for channels assigned within 5150-5350 and 5470-5730 MHz shall not exceed the levels specified in Table 6.5F.3.3.2-1, Table 6.5F.3.3.2-2, and Table 6.F.3.3.2-3.” 
Table 6.5F.3.3.2-1: Additional requirements for 20 MHz channel bandwidth
	Center
Frequency Fc
[MHz]
	Protected range
[MHz]
	Minimum requirement
[dBm]
	Measurement bandwidth

	5179.98 ≤ Fc ≤ 5239.98
	5135 ≤ f ≤ 5142
	-26
	1 MHz

	
	5142 < f ≤ 5150
	-18
	

	
	5250 ≤ f < 5250.2
	3 to -2
	

	
	5250.2 ≤ f < 5251
	-2 to -10
	

	
	5251 ≤ f < 5260
	-10 to -18
	

	
	5260 ≤ f < 5266.7
	-18 to -26
	

	
	5266.7 ≤ f ≤ 5365
	-26
	

	5260.02 ≤ Fc ≤ 5320.02
	5135 ≤ f ≤ 5233.3
	-26
	

	
	5233.3 < f ≤ 5240
	-26 to -18
	

	
	5240 < f ≤ 5249
	-18 to -10
	

	
	5249 < f ≤ 5249.8
	-10 to -2
	

	
	5249.8 < f ≤ 5250
	-2 to 3
	

	
	5350 ≤ f ≤ 5365
	-26
	

	5500.02 ≤ Fc ≤ 5719.98
	5420 ≤ f ≤ 5460
	-26
	

	
	5460 < f ≤ 5470
	-19
	

	
	5745 ≤ f < 5765
	-19
	

	
	5765 ≤ f ≤ 5800
	-26
	

	NOTE:	The minimum requirement when specified as a range denotes the emission requirement at the end points of the protected range.  The requirement within the protected range is obtained by linear interpolation between the requirements at the end points.



Table 6.5F.3.3.2-2: Additional requirements for 40 MHz channel bandwidth
	Center
Frequency Fc
[MHz]
	Protected range
[MHz]
	Minimum requirement
[dBm]
	Measurement bandwidth

	5190 ≤ Fc ≤ 5230.02
	5100 ≤ f ≤ 5141.6
	-26
	1 MHz

	
	5141.6 < f ≤ 5150
	-18
	

	
	5250 ≤ f < 5251
	-3 to -13
	

	
	5251 ≤ f < 5270
	-13 to -21
	

	
	5270 ≤ f < 5278.4
	-21 to -26
	

	
	5278.4 ≤ f ≤ 5400
	-26
	

	5269.98 ≤ Fc ≤ 5310
	5210 < f ≤ 5221.6
	-26
	

	
	5221.6 < f ≤ 5230
	-26 to -21
	

	
	5230 < f ≤ 5249
	-21 to -13
	

	
	5249 ≤ f ≤ 5250
	-13 to -3
	

	
	5350 ≤ f ≤ 5358.4
	-18
	

	
	5358.4 < f ≤ 5400
	-26
	

	5509.98 ≤ Fc ≤ 5670
	5420 ≤ f ≤ 5460
	-19
	

	
	5460 < f ≤ 5470
	-13
	

	
	5770 ≤ f ≤ 5800
	-19
	

	NOTE:	The minimum requirement when specified as a range denotes the emission requirement at the end points of the protected range.  The requirement within the protected range is obtained by linear interpolation between the requirements at the end points. 



Table 6.5F.3.3.2-3: Additional requirements for 60 and 80 MHz channel bandwidth
	Center
Frequency Fc
[MHz]
	Protected range
[MHz]
	Minimum requirement
[dBm]
	Measurement bandwidth

	5200.02 ≤ Fc ≤ 5220
	5020 ≤ f ≤ 5123.2
	-26
	1 MHz

	
	5123.2 < f ≤ 5150
	-18
	

	
	5250 ≤ f < 5251
	-6 to -16
	

	
	5251 ≤ f < 5290
	-16 to -24
	

	
	5290 ≤ f < 5296.7
	-24 to -26
	

	
	5296.7 ≤ f ≤ 5480
	-26
	

	5280 ≤ Fc ≤ 5299.98
	5020 ≤ f ≤ 5203.3
	-26
	

	
	5203.3 < f ≤ 5210
	-26 to -24
	

	
	5210 < f ≤ 5249
	-24 to -16
	

	
	5249 < f ≤ 5250
	-16 to -6
	

	
	5350 ≤ f < 5376.8
	-18
	

	
	5376.8 ≤ f ≤ 5480
	-26
	

	5520 ≤ Fc ≤ 5689.98
	5340 ≤ f ≤ 5460
	-19
	

	
	5460 < f ≤ 5469.5
	-13
	

	
	5469.5 < f ≤ 5470
	-13
	

	
	5770 ≤ f ≤ 5800
	-19
	

	NOTE: The minimum requirement when specified as a range denotes the emission requirement at the end points of the protected range.  The requirement within the protected range is obtained by linear interpolation between the requirements at the end points. 



2.1 Impairment assumptions for A-MPR simulations in Band n46 and n96/n102:

The standard impairments assumption should be used.

· CIM3: 60dBc
· CIM5: 70dBc
· IQ image: 28 dB
· Carrier leakage: 28dBc
2.2 Power Amplifier Calibration Point
For licenses bands, the standard PA calibration point, for Power Class 3, is set based on ACLR at 0.5 or 1 MPR backoff when having a 1Tx PA. 
· PA calibration point at 20 MHz, 15 kHz, QPSK, DFT-S-OFDM, 100 RB at lower channel edge with 0.5 dB MPR, with ACLR at 30dB
· PA calibration point at 20 MHz, 15 kHz, QPSK, DFT-S-OFDM, 100 RB at lower channel edge with 1 dB MPR, with ACLR at 30dB
However, for the license bands, the general spectrum emission mask is a step-wise mask, while the shared spectrum mask is a slopped mask, and therefore a calibration point based on the spectrum emission mask for operation with shared spectrum channel access may be another option. 
· PA calibration point at 20 MHz, 15 kHz, QPSK, DFT-S-OFDM, 100 RB at lower channel edge with 1 dB MPR, where the emission levels exactly meet the allowed emission limit of the mask. 
Proposal 4: Capture an agreement in a WF on calibration point for A-MPR simulation for PC3 in shared spectrum.
· PA calibration point at 20 MHz, 15 kHz, QPSK, DFT-S-OFDM, 100 RB at lower channel edge with 0.5 dB MPR, with ACLR at 30dB
· PA calibration point at 20 MHz, 15 kHz, QPSK, DFT-S-OFDM, 100 RB at lower channel edge with 1 dB MPR, with ACLR at 30dB
· PA calibration point at 20 MHz, 15 kHz, QPSK, DFT-S-OFDM, 100 RB at lower channel edge with 1 dB MPR, where the emission levels exactly meet the allowed emission limit of the mask.
The case of dual Tx, we believe it should be calibrated as PC5 was previously. Our view is that this would run as 2xPC5 PAs, and therefore what is already in the specification may be reused. ACLR is set to 27dBc. However, dual Tx may probably need verification by measurements to reveal any elevated intermodulation distortion. 
Proposal 5: Reuse the PA calibration point. Verify with measurement to detect any elevated intermodulation distortion. 
3. Conclusion
In this paper, we have elaborated on the requirements and assumptions to make UE RF simulation for SP and LPI in shared spectrum with Power class 3. The following is our proposals:
Proposal 1: Reuse the NS values for PC3 for SP and LPI mode in all regions.
Proposal 2: Reuse the signal setup from the PC5 A-MPR simulations.
Proposal 3: Add ACLR requirement to Power class 3 for shared spectrum channel access and set it to 30dB.
Proposal 4: Capture an agreement in a WF on calibration point for A-MPR simulation for PC3 in shared spectrum.
· PA calibration point at 20 MHz, 15 kHz, QPSK, DFT-S-OFDM, 100 RB at lower channel edge with 0.5 dB MPR, with ACLR at 30dB
· PA calibration point at 20 MHz, 15 kHz, QPSK, DFT-S-OFDM, 100 RB at lower channel edge with 1 dB MPR, with ACLR at 30dB
· PA calibration point at 20 MHz, 15 kHz, QPSK, DFT-S-OFDM, 100 RB at lower channel edge with 1 dB MPR, where the emission levels exactly meet the allowed emission limit of the mask.
Proposal 5: Reuse the PA calibration point. Verify with measurement to detect any elevated intermodulation distortion. 
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