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1. Introduction
In RAN#82, a new WI [1] has introduced CBRS Band 48 for NR operation. In this contribution, measurements are provided to evaluate required power back-off to meet out of band emissions and notably the -40dBm/MHz requirement 20MHz away from the band edges. This covers contiguous allocations only and almost contiguous allocations need further study.
2. Discussion
2.1. Band n48 Definition and OOB Emissions
In [1], the channel bandwidth support for NR operation in Band 48 is provided; channel bandwidths are up to 40MHz in UL and in single carrier operation, however in carrier aggregation DL bandwidth up to 100MHz are supported as shown in Table 1.
Table 1: Channel definition for Band n48

	NR Band
	SCS

kHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	n48
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes1
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes1
	Yes1
	Yes1
	Yes1
	Yes1

	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes1
	Yes1
	Yes1
	Yes1
	Yes1

	Note 1: This UE channel bandwidth is applicable only to DL

Note 2: Only symmetric UL/DL bandwidths are defined for non-CA operation


Specific emissions (NS27) are defined out of band for Band 48, notably an emissions level of -40dBm/MHz has to be met at a 20MHz offset of the band edges. Different regions for channel positions can be defined depending upon the channel bandwidth and whether IMD3 or IMD5 products are generated from intermodulation of the carrier and its image.

The most critical cases for NS27 out of band emissions are for 20MHz and 40MHz channels:
· For 20 MHz channels:

· Edge channel: 3560 MHz ≤ Fc < 3570 MHz or 3680 MHz < Fc ≤ 3690 MHz, IMD3 may fall in -25dBm/MHz and IMD5 may fall -40dBm/MHz 
· Center Channel: 3570 MHz ≤ Fc < 3680 MHz, IMD3 may fall in -13dBm/MHz and IMD5 may fall in -40dBm/MHz

· For 40 MHz channels:

· Edge channel: 3570 MHz ≤ Fc < 3600 MHz or 3650 MHz < FC ≤ 3680 MHz, IMD3 may fall in -40dBm/MHz
· Center channel: 3600 MHz ≤ Fc < 3650 MHz, IMD5 may fall in -40dBm/MHz, IMD3 may fall in -13dBm/MHz and IMD5 may fall in -40dBm/MHz
2.2. Assumptions on Band n48 Support in UE

In this contribution, we have assumed that band n48 support in the UE is done by reusing the band n78 or n77 paths. It is essential that hardware reuse is enabled to make 3.5GHz band a true worldwide 5G band. As such no help can be anticipated from the filtering that will have to cover 3.3-3.8GHz or 3.3-4.2GHz. This is implications on assumed PA losses, out of band emissions attenuation and blocking.

On the other end this creates a strong ecosystem that benefits band n48:

· 4x4 DL MIMO is de-facto supported as it is mandatory for n78/77

· If 2x2 coherent UL MIMO is supported for n78 or n77 it is also available for operation in band n48.

Proposal 1: Band n48 specification requires a separate band definition than n78/77 due to NS27 requirement but its specification must account for UE implementation reusing band n78 or n77 TX/RX paths.
2.3. Simulated and Measured Results
Figure 1 provides a set of simulation results from [2] for the most critical 15kHz SCS 20MHz and for 40MHz (Figure 2) channels using AM/AM AM/PM PA model. It covers:

· Edge and center channel positions
· DFT-s-OFDM QPSK and PI/2 BPSK (non-shaped) waveforms for all contiguous allocations

· CP-OFDM QPSK waveforms for all contiguous allocations

Same cases are covered in measurements for a carefully chosen set of contiguous allocations and can be found in Table 2 and 3 for 20MHz and 40MHz channels, respectively.
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Figure 1: Simulation results for 20MHz edge and center channel locations for DFT-s-OFDM QPSK and PI/2 BPSK and CP-OFDM QPSK
20MHz simulation results: when result is N/A it means that MPR back-off is sufficient
Note that simulation is based on channel positions at the low end of the band, the symmetrical allocations would also have same back-off requirement for a channel at the top end. This has been verified in measurements by looking at both sides.
Center Channel:

· Apart from 100RB and 96RB DFT-s-OFDM QPSK that need 1dB extra back-off compared to the 1dB MPR all other allocations and waveforms do not require extra back-off compared to MPR.
· AMPR option: 

· 2dB AMPR for #RB > 90 for DFT-s-OFDM QPSK

· 0dB AMPR for all other cases

Edge channel:

· Small allocations < 12RB at channel edges cause issues such as IMD5 of wanted and image which fall into the region where -40dBm/MHz applies: consequently, they require up to 4dB back-off for CP-OFDM QPSK
· Large allocations > 60RB at channel edges require extra back-off compared to MPR as their ACLR2 region falls into -40dBm/MHz corner. Consequently, CP-OFDM QPSK requires up to 6dB back-off.
· AMPR option: 

· 4dB AMPR for #RB > 60 for DFT-s-OFDM QPSK and PI/2BPSK

· 6dB AMPR for #RB > 60 for CP-OFDM QPSK

· 2dB AMPR for #RB < 15 and RBstart<20 or RBstart>106-20-RB# for DFT-s-OFDM QPSK and PI/2BPSK

· 4dB AMPR for #RB < 15 and RBstart<20 or RBstart>106-20-RB# for CP-OFDM QPSK
· 0dB AMPR for all other cases
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Figure 2: Simulation results for 40MHz edge and center channel locations for DFT-s-OFDM QPSK and PI/2 BPSK and CP-OFDM QPSK
40MHz simulation results: when result is N/A it means that MPR back-off is sufficient

Note that simulation is based on channel positions at the low end of the band, the symmetrical allocations would also have same back-off requirement for a channel at the top end. This has been verified in measurements by looking at both sides.
Center Channel:

· Apart from #RB > 150RB for DFT-s-OFDM that need 1dB extra back-off compared to MPR, all other allocations and waveforms do not require extra back-off compared to MPR.

· AMPR option: 

· 2dB for #RB > 150 for DFT-s-OFDM QPSK and PI/2 BPSK
· 0dB for all other cases

Edge channel:

· Small allocations < 75RB at channel edges causes issues such as IMD3 of wanted and image which fall into the region where -40dBm/MHz applies: Consequently, they require up to 9dB back-off for CP-OFDM QPSK

· Large allocations > 75RB require extra back-off compared to MPR as their ACLR1/2 region falls into -40dBm/MHz corner. Consequently, CP-OFDM QPSK requires up to 8.5dB back-off.

· AMPR option: 

· 9dB for #RB > 75 and for #RB < 75 and RBstart < 50 or RB start > 216-#RB-50 for DFT-s-OFDM QPSK and PI/2BPSK and CP-OFDM QPSK

· 0dB for all other cases

Observations from simulations:
· Center channels require higher back-off than MPR only for large allocations DFT-s-OFDM waveforms.

· Edge channels do not require higher back-off than MPR only for centered allocations with:

· #RB=0 to 60 for 20MHz channel

· #RB=0 to 75 for 40MHz channel

The measurement results focus on allocation at the edge of the two main regions of large allocations on one end and small edge allocations on the other end. The tables provide a summary of the detailed IMD3&5 and spectral limit regions tests. Allocation type in first columns then total back-off requirement and its limitation are reported for edge and center channels in columns for DFT-s-OFDM QPSK, then DFT-s-OFDM PI/2 BPSK (no shaping) and finally CP-OFDM QPSK. 
Table 2: Measurement results for 20MHz cases

	20MHz channel
	DFT-s-OFDM QPSK
	DFT-s-OFDM PI/2BPSK
	CP-OFDM QPSK

	allocation
DFT-s-OFDM/
CP-OFDM
	Edge
	Center
	EDGE
	Center
	Edge
	Center

	
	BO
	limit
	BO
	limit
	BO
	limit
	BO
	limit
	BO
	limit
	BO
	limit

	
	[dB]
	[dBm/
MHz]
	[dB]
	[dBm/
MHz]
	[dB]
	[dBm/
MHz]
	[dB]
	[dBm/
MHz]
	[dB]
	[dBm/
MHz]
	[dB]
	[dBm/
MHz]

	1RB0
	2.4
	-25
	0
	na
	1.6
	-25
	0
	na
	3.8
	-25
	0
	na

	1RB105
	1.8
	-25
	0
	na
	1.1
	-25
	0
	na
	3.2
	-25
	0
	na

	1RB10
	2.2
	-25
	0
	na
	1.3
	-25
	0
	na
	3.7
	-25
	0
	na

	1RB96
	1.8
	-25
	0
	na
	1.1
	-25
	0
	na
	3.2
	-25
	0
	na

	1RB20
	0
	-13
	0
	na
	0
	-13
	0
	na
	0
	-13
	0
	na

	1RB86
	0
	-13
	0
	na
	0
	-13
	0
	na
	0
	-13
	0
	na

	1RB53
	0
	-13
	0
	na
	0
	-13
	0
	na
	0
	-13
	0
	na

	10RB0
	1.1
	-25
	0
	na
	0.3
	-25
	0
	na
	3.7
	-25
	0
	na

	10RB96
	0.8
	-25
	0
	na
	0
	na
	0
	na
	3.2
	-25
	0
	na

	60RB0/70RB0
	1.4
	-40
	0
	na
	0
	na
	0
	na
	3
	-40
	0.3
	-40

	60RB46/70RB36
	2
	-40
	0
	na
	0
	na
	0
	na
	3.8
	-40
	1.5
	-40

	90RB0
	3.2
	-40
	0
	-40
	2
	-40
	0
	-40
	 
	 
	 
	 

	90RB16
	4
	-40
	0.1
	-40
	2.9
	-40
	0.2
	-40
	 
	 
	 
	 

	100RB0/106RB0
	4.5
	-40
	2
	-40
	2.3
	-40
	0.1
	-40
	5.5
	-40
	3.2
	-40

	100RB6
	4.3
	-40
	2.6
	-40
	2.7
	-40
	0.7
	-40
	 
	 
	 
	 

	50RB28/53RB26
	0
	na
	0
	na
	0
	na
	0
	na
	0.8
	-40
	0
	na


20MHz measurement results:

Center Channel:

· Compared to simulation, measurements show that slightly more back-off than MPR is required for large allocations including CP-OFDM.
· AMPR option:

· For RB#> 90 3dB, 1dB and 4dB AMPR for DFT-s-OFDM QPSK, DFT-s-OFDM PI/2 BPSK and CP-OFDM QPSK respectively

· 0dB AMPR for all other cases
Edge channel:

· Behavior is similar to simulation in terms of allocation regions and close in terms of back-off value.

· Small allocations < 12RB at channel edges causes issues as IMD3 of wanted and image fall into -25dBm/MHz region: they require up to 4dB back-off for CP-OFDM QPSK, 
· Large allocations > 50RB at channel edges require extra back-off compared to MPR as their ACLR2 region falls into -40dBm/MHz corner. CP-OFDM QPSK requires up to 6dB back-off. 
· AMPR option:
· 5dB and 3dB for #RB > 50 for DFT-s-OFDM QPSK and PI/2BPSK respectively
· 6dB for #RB > 50 for CP-OFDM QPSK

· 3dB for #RB < 15 and RBstart< 20 or RBstart > 106-20-RB# for DFT-s-OFDM QPSK and PI/2BPSK

· 4dB for #RB < 15 and RBstart < 20 or RBstart > 106-20-RB# for CP-OFDM QPSK
· 0dB for all other cases

Table 3: Measurement results for 40MHz cases

	40MHz channel
	DFT-s-OFDM QPSK
	DFT-s-OFDM PI/2BPSK
	CP-OFDM QPSK

	allocation
DFT-s-OFDM/
CP-OFDM
	Edge
	Center
	EDGE
	Center
	Edge
	Center

	
	BO
	limit
	BO
	limit
	BO
	limit
	BO
	limit
	BO
	limit
	BO
	limit

	
	[dB]
	[dBm/
MHz]
	[dB]
	[dBm/
MHz]
	[dB]
	[dBm/
MHz]
	[dB]
	[dBm/
MHz]
	[dB]
	[dBm/
MHz]
	[dB]
	[dBm/
MHz]

	1RB0
	8
	-40
	0
	na
	7.1
	-40
	0
	na
	9.5
	-40
	0
	na

	1RB215
	7.7
	-40
	0
	na
	7.5
	-40
	0
	na
	8
	-40
	0
	na

	1RB20
	5
	-40
	0
	na
	5
	-40
	0
	na
	7.3
	-40
	0
	na

	1RB196
	5.4
	-40
	0
	na
	4.5
	-40
	0
	na
	7
	-40
	0
	na

	1RB50
	0.4
	-25
	0
	na
	0
	na
	0
	na
	2.2
	-40
	0
	na

	1RB166
	0
	na
	0
	na
	0
	na
	0
	na
	1.2
	-25
	0
	na

	1RB108
	0
	na
	0
	na
	0
	na
	0
	na
	0
	na
	0
	na

	75RB0
	1.5
	-40
	0
	na
	0.2
	-40
	0
	na
	3.2
	-40
	0
	na

	75RB141
	1.8
	-40
	0
	na
	1.7
	-40
	0
	na
	3.2
	-40
	0
	na

	75RB50
	0
	na
	0
	na
	0
	na
	0
	na
	0
	na
	0
	na

	75RB91
	0
	na
	0
	na
	0
	na
	0
	na
	0
	na
	0
	na

	/108RB54
	 
	 
	 
	 
	 
	 
	 
	 
	1.5
	-40
	0
	-40

	160RB0
	5.6
	-40
	0.5
	-40
	5
	-40
	0
	-40
	5.8
	-40
	1.6
	-40

	160RB56
	5.1
	-40
	0.3
	-40
	4.1
	-40
	0
	-40
	5.4
	-40
	1.6
	-40

	216RB0
	6
	-40
	3
	-40
	5.1
	-40
	2.6
	-40
	6.5
	-40
	4.0
	-40


40MHz measurement results:

Center Channel:

· Compared to simulation, measurements show that slightly more back-off than MPR is required for large allocations for all waveforms.

· AMPR option:

· For RB# > 150 3.5dB, 3dB and 4dB AMPR for DFT-s-OFDM QPSK, DFT-s-OFDM PI/2 BPSK and CP-OFDM QPSK respectively

· 0dB AMPR for all other cases

Edge channel:

· Small allocations < 75RB at channel edges causes issues as IMD3 of wanted and image fall into -40dBm/MHz region: they require up to 10dB back-off for CP-OFDM QPSK

· Large allocations > 75RB require extra back-off compared to MPR as their ACLR1/2 region falls into -40dBm/MHz corner. CP-OFDM QPSK requires up to 7dB back-off.

· AMPR option: 

· for #RB > 75 and for #RB < 75 and RBstart < 50 or RB start > 216-#RB-50, 7dB for DFT-s-OFDM QPSK and 6dB for PI/2BPSK and 7dB for CP-OFDM QPSK
· 0dB for all other cases
2.4. Proposals for Band n48 AMPR Definition

As this study demonstrates, the inner and outer allocation definition is not helpful to define AMPR regions in this case.  This is not an issue because back-off is defined as the maximum of MPR and AMPR, thus AMPR regions can be better defined based on channel position and large/small edge allocations definition.
Rather than using allocation definition in terms of number of RB, it is probably better to define it in terms of absolute bandwidth of the allocated resources and absolute frequency offset from channel edge. This has the benefit of beig valid regardless of the sub-carrier spacing.

For center channels it is sufficient to have AMPR > MPR only for allocation above these given bandwidths:
· Above 16MHz for 20MHz channel

· Above 27MHz for 40MHz channel

For edge channels it is sufficient to have AMPR > MPR for allocation:

· Above these given bandwidths:

· Above 9MHz for 20MHz channel

· Above 13.5MHz for 40MHz channel

· At given offset to channel edge for allocation below these given bandwidths:

· At offset from channel < 3MHz and less 2.5MHz allocation bandwidth for 20MHz channel

· At offset from channel < 12MHz and less 13.5MHz allocation bandwidth for 40MHz channel
Since this study is limited to 20MHz and 40MHz channel bandwidths, we cannot propose a complete set of AMPR values and we believe that at least 15MHz channel may also require AMPR > MPR in some cases.

Proposals 2 for NS27 contiguous allocation AMPR:
· AMPR regions should be defined in terms channel position and allocation regions

· Allocation regions should not be defined in terms of inner and outer allocations, but rather in terms of absolute allocation bandwidth and associated frequency offset to channel edge

· For 40MHz edge channels at least 9.5 dB AMPR is needed for worst case (CP-OFDM 1RB edge allocation)

· For 40MHz center channels at least 4 dB AMPR is needed for worst case (CP-OFDM full allocation)

· For 20MHz edge channels at least 5.5 dB AMPR is needed for worst case (CP-OFDM full allocation)

· For 20MHz center channels at least 3.5 dB AMPR is needed for worst case (CP-OFDM full allocation)
3. Conclusions

In this contribution, we have studied required back-off needed to meet stringent US out of band emissions for Band 48 NR operation. This was done by performing selected measurements for 20MHz and 40MHz channels. Although not complete this contribution provides concrete values for assessing more complete simulation results and allows us to make the following proposals for consideration in setting the specification.
Proposal 1: Band n48 specification requires a separate band definition than n78/77 due to NS27 requirement but its specification must account for UE implementation reusing band n78 or n77 TX/RX paths.
Proposals 2 for NS27 contiguous allocation AMPR:
· AMPR regions should be defined in terms channel position and allocation regions

· Allocation regions should not be defined in terms of inner and outer allocations, but rather in terms of absolute allocation bandwidth and associated frequency offset to channel edge

· For 40MHz edge channels at least 9.5 dB AMPR is needed for worst case (CP-OFDM 1RB edge allocation)

· For 40MHz center channels at least 4 dB AMPR is needed for worst case (CP-OFDM full allocation)

· For 20MHz edge channels at least 5.5 dB AMPR is needed for worst case (CP-OFDM full allocation)

· For 20MHz center channels at least 3.5 dB AMPR is needed for worst case (CP-OFDM full allocation)
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