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1	Introduction
This contribution presents A-MPR simulation results for CA_48C and proposes a TP to capture the study into the TR.
2	Discussion
2.1	FCC Requirements 
FCC has released new CBRS UE requirements as follows.
(ii) Except as otherwise specified in paragraph (e)(2) of this section, for channel and frequency assignments made by a CBSD to End User Devices, the conducted power of any End User Device emission outside the fundamental emission (whether in or outside of the authorized band) shall not exceed -13 dBm/MHz within 0 to B megahertz (where B is the bandwidth in megahertz of the assigned channel or multiple contiguous channels of the End User Device) above the upper CBSD-assigned channel edge and within 0 to B megahertz below the lower CBSD-assigned channel edge. At all frequencies greater than B megahertz above the upper CBSD assigned channel edge and less than B megahertz below the lower CBSD-assigned channel edge, the conducted power of any End User Device emission shall not exceed -25 dBm/MHz. Notwithstanding the emission limits in this paragraph, the Adjacent Channel Leakage Ratio for End User Devices shall be at least 30 dB. 
(2) Additional protection levels. Notwithstanding paragraph (e)(1) of this section, for CBSDs and End User Devices, the conducted power of emissions below 3540 MHz or above 3710 MHz shall not exceed -25 dBm/MHz, and the conducted power of emissions below 3530 MHz or above 3720 MHz shall not exceed −40dBm/MHz.

(3) Measurement procedure. (i) Compliance with this provision is based on the use of measurement instrumentation employing a resolution bandwidth of 1 megahertz or greater. However, in the 1 megahertz bands immediately outside and adjacent to the licensee’s authorized frequency channel, a resolution bandwidth of no less than one percent of the fundamental emission bandwidth may be employed. A narrower resolution bandwidth is permitted in all cases to improve measurement accuracy provided the measured power is integrated over the full reference bandwidth (i.e., 1 MHz or 1 percent of emission bandwidth, as specified). The fundamental emission bandwidth is defined as the width of the signal between two points, one below the carrier center frequency and one above the carrier center frequency, outside of which all emissions are attenuated at least 26 dB below the transmitter power.
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Figure 1: CBRS UE requirements
2.2	CA_48C
3GPP is defining requirements for LTE uplink CA for band 48 i.e. CA_48C [1]. Applicable CC combinations are presented below [2]
Table 5.X.1-1: Bandwidth combinations for Intra band contiguous CA configurations
	E-UTRA CA Configuration
	Uplink CA configurations 
	E-UTRA Bands
	CBW
[MHz]
	CBW
[MHz]
	CBW
[MHz]
	CBW
[MHz]
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_48C
	CA_48C
	48
	5, 10, 15, 20
	20
	
	
	40
	0

	
	
	
	20
	5, 10, 15
	
	
	
	



FCC rules can be presented as follows:
Band 48 3550 MHz – 3700 MHz 3550 MHz – 3700 MHz TDD
[bookmark: _Hlk515649337]Table 3: SEM 
	
	Spectrum emission limit (dBm) / measurement bandwidth 
for each channel bandwidth

	ΔfOOB 
MHz
	25+100RB (24.95MHz)
	50+100RB 
(29.9 MHz)
	75+100RB (34.85 MHz)
	100+100RB (39.8 MHz)
	Measurement
bandwidth

	± 0 - 1
	-13
	1 % channel bandwidth

	± 1 - X
	-13
	1 MHz

	< – X or > X when
3540 MHz < ΔfOOB < 3710 MHz
	-25
	

	NOTE:	X is aggregated channel bandwidth as defined in clause 5.6A



Table 4: Additional Spurious emissions
	Frequency range
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	5, 10, 15, 20, 40 MHz
	

	9 kHz – 3530 MHz
	-40
	1 MHz

	3530 MHz – 3540 MHz
	-25
	

	3710 MHz – 3720 MHz
	-25
	

	3720 MHz – 12.75 GHz
	-40
	



Table 5: General requirements for CA E-UTRAACLR
	
	CA bandwidth class / CA E-UTRAACLR / Measurement bandwidth

	
	CA bandwidth class B, C and D

	CA E-UTRAACLR
	30 dB

	CA E-UTRA channel Measurement bandwidth
	BWChannel_CA - 2* BWGB

	Adjacent channel centre frequency offset (in MHz)
	+ BWChannel_CA
/
- BWChannel_CA



No UTRA ACLR is assumed.
2.2	A-MPR concept
As can be seen from Figure 1 the emission requirements are tighter outside of the band compared to inside the band with an exception that first 10 MHz on high side of that band has same -13 dBm requirement as within the band. Therefore, it would be beneficial to define two different A-MPRs firstly the band edge A-MPR which has higher -25 dBm...-40 dBm emission requirement on IMD3 region and secondly an inner-band A-MPR which would have lower A-MPR as -13 dBm requirement would apply on IMD3 region. This concept is presented in Figure 2.



Figure 2: Two different A-MPRs per CC combination
2.3	Simulation assumptions
Simulation assumptions were as follows
IQ-Image and LO leakage = 28 dBc
CIM3 = 60 dBc
PA calibration point was 20 MHz, 15 kHz, QPSK, DFT-S-OFMA, 100 RB at lower channel edge with 0.5 dB MPR
SEM, ACLR, spurious emission and additional CBRS emission limits are calculated for A-MPR.
The simulated A-MPR is assumed applied as max(A-MPR, MPR), where MPR is the 1CC MPR.
2.4	Results for Contiguous CA Resource Allocations
The A-MPR regions illustrated in Figure 2 are defined in Table 6.
Table 6: A-MPR regions for CA_48C
	Channel Bandwidth, MHz
	Carrier Centre Frequency, Fc, MHz
	A-MPR

	20+5 / 5 + 20
	FL + BWCA/2 ≤ FC ≤ FH + BWCA/2
	Table 7

	
	FL + 3*BWCA/2 - 10 MHz ≤ FC ≤ FH - 3*BWCA/2 - 10 MHz
	Table 8

	20+10 / 10 + 20
	FL + BWCA/2 ≤ FC ≤ FH + BWCA/2
	Table 7

	
	FL + 3*BWCA/2 - 10 MHz ≤
FC ≤ FH - 3*BWCA/2 - 10 MHz
	Table 8

	20+15 / 15 + 20
	FL + BWCA/2 ≤ FC ≤ FH + BWCA/2
	Table 7

	
	FL + 3*BWCA/2 - 10 MHz ≤
FC ≤ FH - 3*BWCA/2 - 10 MHz
	Table 8

	20+20
	FL + BWCA/2 ≤ FC ≤ FH + BWCA/2
	Table 7

	
	FL + 3*BWCA/2 - 10 MHz ≤
FC ≤ FH - 3*BWCA/2 - 10 MHz
	Table 8

	NOTE: FL = 3550 MHz, FH = 3700 MHz and BWCA is the combined bandwidth of the contiguous CCs in the CA combination indicated.





A-MPR at the band edge positions defined in Table 6 is given in Table 7. For the lower A-MPR region, the results are given in Table 8.
Herein, applied A-MPR should be considered as max(A-MRP, MPR), where A-MPR is given in Table 7 and Table 8 and MPR for single CC scenario in Table 6.2.3-1 of LTE specification 36.101.
Table 7: A-MPR regions for CA_48C at the band edge
	BWs [MHz]
	RB_start
	L_CRB
	A-MPR [dB]

	
	
	
	max(mods)

	20+5 / 5 + 20
	0 - 4 and 120 - 124
	
	10,5

	
	5 - 25
	<85
	5,5

	
	
	>85
	6,5

	
	26 - 120
	
	5

	20+10 / 10 + 20
	0 - 13 and 135 - 149
	
	11

	
	14 - 33
	<85
	5

	
	
	>85
	7

	
	34 - 134
	
	6

	20+15 / 15 + 20
	0 - 22 and 152 -174
	
	11

	
	23 - 42
	<95
	5,5

	
	
	>95
	7

	
	43 - 151
	
	6

	20+20
	0 - 31 and 165 - 199
	
	11

	
	31 - 51
	<100
	5,5

	
	
	>100
	7

	
	52 - 164
	<100
	4,5

	
	
	>100
	6



Table 8: A-MPR regions for CA_48C at the band center (“range for lower A-MPR”)
	BWs [MHz]
	RB_start
	L_CRB
	A-MPR [dB]

	
	
	
	max(mods)

	20+5 / 5 + 20
	0 - 4 and 120 - 124
	
	4

	
	5 - 25
	<85
	2

	
	
	>85
	2,5

	
	26 - 120
	
	2

	20+10 / 10 + 20
	0 - 13 and 135 - 149
	
	4,5

	
	14 - 33
	<85
	1,5

	
	
	>85
	2,5

	
	34 - 134
	
	1,5

	20+15 / 15 + 20
	0 - 22 and 152 -174
	
	4,5

	
	23 - 42
	<95
	1

	
	
	>95
	2,5

	
	43 - 151
	
	1

	20+20
	0 - 31 and 165 - 199
	
	4,5

	
	31 - 51
	<100
	1

	
	
	>100
	1,5

	
	52 - 164
	<100
	1

	
	
	>100
	1



Furthermore, an example A-MPR scenario of 20+20 MHz CA combination with QPSK modulation is shown in Figure 3 with contiguous CA allocations, considering both the band edge scenario (“0 Hz offset”) and the lower A-MPR region (“29.8 MHz offset”).
A complete set of A-MPR triangles with contiguous CA resource allocations is included in the Appendix.
[image: ][image: ]
Figure 3: The A-AMPR triangles for contiguous resource allocations of 20+20 MHz CA combination at the lower band edge (left) and at the lower edge of the range for lower A-MPR (right). EVM and IBE are not consider for A-MPR.

2.5	Results for Non-contiguous CA Resource Allocations
As illustrated, with an example scenario of 20+20 MHz CA combination, in Figure 4, with non-contiguous CA allocations higher A-MPR is needed. In here, non-contiguous channel edge allocations are simulated as a worst-case-scenario.
For the channel edge positions indicated in Figure 2 and Table 6 (“0 Hz offset” scenario in Figure 4), 18 dB A-MPR is needed for the smallest allocation ratio resource allocations, i.e. the narrowest non-contiguous edge allocations.
For the lower A-MPR range indicated in Figure 2 and Table 6 (“29.8 MHz offset” scenario in Figure 4), 12 dB A-MPR is needed for the smallest allocation ratio resource allocations, i.e. the narrowest non-contiguous edge allocations.
[image: ][image: ]
Figure 4: The A-AMPR for non-contiguous edge allocations of 20+20 MHz CA combination at the lower band edge (left) and at the lower edge of the range for lower A-MPR (right). EVM and IBE are not consider for A-MPR.
Complete set of A-MPR results with non-contiguous CA resource allocations is included in the Appendix. Considering the maximum A-MPR needed in the case of small allocation ratio, the results for other BW combinations are quite consistent with 20+20 MHz scenario presented in Figure 3.
Based on these results, the following formulation for A-MPR is proposed for the edge scenario:
A-MPR = CEIL {MA, 0.5}
where MA is defined as follows 
MA =      18.00 - 10.00 A; 			0 ≤ A < 0.05
18.50 - 20.00 A;			0.05 ≤ A < 0.2
15.50  - 5.00 A;			0.2 ≤ A < 1
where A = NRB_alloc / NRB_agg.
Furthermore, the following formulation for A-MPR is proposed for the center scenario:
A-MPR = CEIL {MA, 0.5}
where MA is defined as follows 
MA =      11.50 - 10.00 A; 			0 ≤ A < 0.15
10.88 -  5.88*A;			0.15 ≤ A < 1
where A = NRB_alloc / NRB_agg.

3	Conclusion
In this contribution we have proposed a way to define A-MPR for CA_48C and presented our simulation results.
4	Reference
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A-MPR triangles for contiguous CA resource allocations



A-MPR vs allocation ratio for noncontiguous CA resource allocations at the outer channel edges
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5.x.5	Vendor B, A-MPR for uplink CA bandwidth class C
2.X.5.1	A-MPR concept
As can be seen from Figure 1 the emission requirements are tighter outside of the band compared to inside the band with an exception that first 10 MHz on high side of that band has same -13 dBm requirement as within the band. Therefore, it would be beneficial to define two different A-MPRs firstly the band edge A-MPR which has higher -25 dBm...-40 dBm emission requirement on IMD3 region and secondly an inner-band A-MPR which would have lower A-MPR as -13 dBm requirement would apply on IMD3 region. This concept is presented in Figure 2.X.5.1-1.


Figure2.X.5.1-1 : Two different A-MPRs per CC combination
2.X.5.2	Simulation assumptions
Simulation assumptions were as follows
IQ-Image and LO leakage = 28 dBc
CIM3 = 60 dBc
PA calibration point was 20 MHz, 15 kHz, QPSK, DFT-S-OFMA, 100 RB at lower channel edge with 0.5 dB MPR
SEM, ACLR, spurious emission and additional CBRS emission limits are calculated for A-MPR.
The simulated A-MPR is assumed applied as max(A-MPR, MPR), where MPR is the 1CC MPR.
2.X.5.3	Results for Contiguous CA Resource Allocations
The A-MPR regions illustrated in Figure 2 are defined in Table 2.X.5.3-1.
Table 2.X.5.3-1: A-MPR regions for CA_48C
	Channel Bandwidth, MHz
	Carrier Centre Frequency, Fc, MHz
	A-MPR

	20+5 / 5 + 20
	FL + BWCA/2 ≤ FC ≤ FH + BWCA/2
	A

	
	FL + 3*BWCA/2 - 10 MHz ≤ FC ≤ FH - 3*BWCA/2 - 10 MHz
	B

	20+10 / 10 + 20
	FL + BWCA/2 ≤ FC ≤ FH + BWCA/2
	A

	
	FL + 3*BWCA/2 - 10 MHz ≤
FC ≤ FH - 3*BWCA/2 - 10 MHz
	B

	20+15 / 15 + 20
	FL + BWCA/2 ≤ FC ≤ FH + BWCA/2
	A

	
	FL + 3*BWCA/2 - 10 MHz ≤
FC ≤ FH - 3*BWCA/2 - 10 MHz
	B

	20+20
	FL + BWCA/2 ≤ FC ≤ FH + BWCA/2
	A

	
	FL + 3*BWCA/2 - 10 MHz ≤
FC ≤ FH - 3*BWCA/2 - 10 MHz
	B

	NOTE: FL = 3550 MHz, FH = 3700 MHz and BWCA is the combined bandwidth of the contiguous CCs in the CA combination indicated.





A-MPR at the band edge positions defined in Table 2.X.5.3-1 is given in Table 2.X.5.3-2 this is the A-case. For the lower A-MPR region, the results are given in Table 2.X.5.3-3 this is the B-case.
Herein, applied A-MPR should be considered as max(A-MRP, MPR), where A-MPR is given in Table 2.X.5.3-2 and Table 2.X.5.3-3 and MPR for single CC scenario in Table 6.2.3-1 of LTE specification 36.101.
Table 2.X.5.3-2: A-MPR regions for CA_48C at the band edge, (A)
	BWs [MHz]
	RB_start
	L_CRB
	A-MPR [dB]

	
	
	
	max(mods)

	20+5 / 5 + 20
	0 - 4 and 120 - 124
	
	10,5

	
	5 - 25
	<85
	5,5

	
	
	>85
	6,5

	
	26 - 120
	
	5

	20+10 / 10 + 20
	0 - 13 and 135 - 149
	
	11

	
	14 - 33
	<85
	5

	
	
	>85
	7

	
	34 - 134
	
	6

	20+15 / 15 + 20
	0 - 22 and 152 -174
	
	11

	
	23 - 42
	<95
	5,5

	
	
	>95
	7

	
	43 - 151
	
	6

	20+20
	0 - 31 and 165 - 199
	
	11

	
	31 - 51
	<100
	5,5

	
	
	>100
	7

	
	52 - 164
	<100
	4,5

	
	
	>100
	6



Table 2.X.5.3-3: A-MPR regions for CA_48C at the band center (“range for lower A-MPR”) (B)
	BWs [MHz]
	RB_start
	L_CRB
	A-MPR [dB]

	
	
	
	max(mods)

	20+5 / 5 + 20
	0 - 4 and 120 - 124
	
	4

	
	5 - 25
	<85
	2

	
	
	>85
	2,5

	
	26 - 120
	
	2

	20+10 / 10 + 20
	0 - 13 and 135 - 149
	
	4,5

	
	14 - 33
	<85
	1,5

	
	
	>85
	2,5

	
	34 - 134
	
	1,5

	20+15 / 15 + 20
	0 - 22 and 152 -174
	
	4,5

	
	23 - 42
	<95
	1

	
	
	>95
	2,5

	
	43 - 151
	
	1

	20+20
	0 - 31 and 165 - 199
	
	4,5

	
	31 - 51
	<100
	1

	
	
	>100
	1,5

	
	52 - 164
	<100
	1

	
	
	>100
	1



Furthermore, an example A-MPR scenario of 20+20 MHz CA combination with QPSK modulation is shown in Figure 3 with contiguous CA allocations, considering both the band edge scenario (“0 Hz offset”) and the lower A-MPR region (“29.8 MHz offset”).
A complete set of A-MPR triangles with contiguous CA resource allocations is included in the Appendix.
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Figure 2.X.5.3-1: The A-AMPR triangles for contiguous resource allocations of 20+20 MHz CA combination at the lower band edge (left) and at the lower edge of the range for lower A-MPR (right). EVM and IBE are not consider for A-MPR.
2.X.5.4	Results for Non-contiguous CA Resource Allocations
As illustrated, with an example scenario of 20+20 MHz CA combination, in Figure 4, with non-contiguous CA allocations higher A-MPR is needed. In here, non-contiguous channel edge allocations are simulated as a worst-case-scenario.
For the channel edge positions indicated in Figure 2 and Table 6 (“0 Hz offset” scenario in Figure 2.X.5.4-1), 18 dB A-MPR is needed for the smallest allocation ratio resource allocations, i.e. the narrowest non-contiguous edge allocations.
For the lower A-MPR range indicated in Figure 2 and Table 6 (“29.8 MHz offset” scenario in Figure 2.X.5.4-1), 12 dB A-MPR is needed for the smallest allocation ratio resource allocations, i.e. the narrowest non-contiguous edge allocations.
[image: ][image: ]

Figure 2.X.5.4-1: The A-AMPR for non-contiguous edge allocations of 20+20 MHz CA combination at the lower band edge (left) and at the lower edge of the range for lower A-MPR (right). EVM and IBE are not consider for A-MPR.
Complete set of A-MPR results with non-contiguous CA resource allocations is included in the Appendix. Considering the maximum A-MPR needed in the case of small allocation ratio, the results for other BW combinations are quite consistent with 20+20 MHz scenario presented in Figure 2.X.5.3-1.
Based on these results, the following formulation for A-MPR is proposed for the edge scenario:
A-MPR = CEIL {MA, 0.5}
where MA is defined as follows 
MA =      18.00 - 10.00 A; 			0 ≤ A < 0.05
18.50 - 20.00 A;			0.05 ≤ A < 0.2
15.50  - 5.00 A;			0.2 ≤ A < 1
where A = NRB_alloc / NRB_agg.
Furthermore, the following formulation for A-MPR is proposed for the center scenario:
A-MPR = CEIL {MA, 0.5}
where MA is defined as follows 
MA =      11.50 - 10.00 A; 			0 ≤ A < 0.15
10.88 -  5.88*A;			0.15 ≤ A < 1
where A = NRB_alloc / NRB_agg.
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