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1.	Introduction
In this contribution, we build on previous work on the Rel-16 NC UL CA feature based on further emission simulation studies to propose A-MPR for this feature. 
2. 	Discussion 
The v15.8 standard lists two sets of additional emissions requirements, identified by their NS values. The standard also incorporates A-MPR allowances for contiguous ULCA. In the sub-sections below, we investigate back-off requirements for Rel-16 UEs with NC UL CA capability against the additional emissions requirements.
The test waveform family choice is described in [3].
2.1	CA_NS_201
This flag corresponds to protection in the EU of the lower EESS band (23.6 to 24.0 GHz), by limiting emissions to -8 dBm/200 MHz, with no other conditions. Several recent changes in EU regulations have rendered this NS flag without immediate purpose:
1. Adoption of the -10 dBm/100 MHz requirement outside the SEM (ERC74-01)
2. Anticipated change of protection level of the lower EESS band from -8 dBm/200 MHz to +1 dBm/200 MHz (European Commission, Radio Spectrum Committee, RSCOM20-05rev3)
Despite obsolescence however, we include analysis for CA_NS_201for completeness.
2.1.1	PC1 simulation and analysis
Estimated back-off requirements for compliance with CA_NS_201 due to PA related IMD (high-order) products are shown in figures 2.1.1-2. Note that back off to meet general requirements are also shown for reference, but the scatter relevant to this exercise is ‘x NS Spur Backoff’. To explain these figures, we use the concept of offset frequency as defined in table 6.2A.3.2.2 of TS38.101-2 v15.8. 
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Figure 2.1.1-1: Offset frequency definition from table 6.2A.3.2.2 of TS38.101-2 v15.8
For high order products, figure (a) shows the PC1 UE needs about 9dB of back off when offset = 0. Figure (b) shows the PC1 UE needs about 3dB of back off when offset >= 1x UL frequency separation, where ‘UL frequency separation’ is defined as the frequency span between lower edge of lowest component carrier and upper edge of highest component carrier in UL CA configuration. It can be argued that the back off requirements due to PA related IMD products reduces to 0 when offset >= 2x UL frequency separation, because the protected band is outside the range of products generated by both, 3rd order non-linearities and 5th order non-linearities.
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(a)                                            (b)
Figures 2.1.1-2: PC1 back off requirements as a function of offset frequency of UL CA configuration

Recent analysis [1] demonstrated that a PC1 UE needs 9 dB of back off because of spurious products produced before the PA and merely amplified by it (‘first order spurs’). These spurious products remain a threat to the protected band even at high frequency offset. 
The total back off must now be constructed assuming co-location of first order products and high order products in the same measurement BW. The back off requirements can be summarized in table 5.1-1
	PC1 back off requirements (dB) for:
	First Order
	Higher Order, In-band
	A-MPR proposal

	CA_NS_201 
	9.0
	9.0
reducing to:
3.0 (offset ≥ 1x UL Freq sep)
reducing to:
0.0 (offset ≥ 2x UL Freq sep)
	11.0
reducing to:
9.0 (offset ≥ 1x UL Freq sep)
No change for higher offsets:
9.0 (offset ≥ 2x UL Freq sep)


Table 2.1.1-1: PC1 Back-off Requirement Summary for NC UL CA
An example of A-MPR calculation is provided for the top row of values. 
· First-order products: since the UE only needs 9.0dB of back-off for compliance of its first-order products in isolation, at 11.0dB of back off, the UE enjoys 2.0 dB of margin for first order products.
· Higher-order products: since the protected band is right next to the band, the main culprits that threaten emission non-compliance are IMD products generated from 3rd and 5th order non-linearities. We expect 3rd order products to be more prominent. Since the UE only needs 9.0 dB of back-off for compliance of its high-order products in isolation, at 11.0 dB of back off, the UE enjoys 6.0 dB (= 2.0 dB x 3 ) of margin for its 3rd order products.
· With colocation assumption, we power add a -2 dB contributor to a -6 dB contributor and ensure margin (~ 0.5dB). We hence conclude that 11.0dB is the correct minimum level of back of required.
· When offset is increased only the contribution from IMD products due to odd-order non-linearities reduce, because these tend to stay close to the signal. The contribution from first-order products do not enjoy offset-related reduction because they are not tied to the signal as tightly as IMD products from odd-order non-linearities. The required back off for first-order products hence serves as a lower bound for total back-off even at increased offset.
In v15.8 of the standard, A-MPR is provided for PC1 as follows:
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Proposal 1: AMPRC_CA shall be replaced by an offset-sensitive parameter which equals 11.0 for offset < 1x UL freq separation, and 9.0 otherwise for PC1 UEs to stay compliant against CA_NS_201 while operating in NC CA mode.
2.1.2	PC2/3/4 simulation and analysis
Estimated back-off requirements for compliance with CA_NS_201 due to PA related IMD (high-order) products are shown in figures 5.2-1. Note that back off to meet general requirements are also shown for reference, but the scatter relevant to this exercise is ‘x NS Spur Backoff’. To explain these figures, we use the concept of offset frequency as introduced in subsection 2.1.1. For high order products, figure (a) shows the PC2/3/4 UE needs about 5dB of back off when offset = 0. Figure (b) shows the PC2/3/4 UE needs 0dB of back off when offset >= 1x UL frequency separation.
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(b)                                            (b)
Figures 5.2-1: PC2/3/4 back off requirements as a function of offset frequency of UL CA configuration
Recent analysis [1] demonstrated that a PC2/3/4 UE needs no back off because of spurious products produced before the PA and merely amplified by it (‘first order spurs’). In fact, at 0dB back off linear spurs are 2dB lower than the spec. limit.
The total back off must now be constructed assuming co-location of first order products and high order products in the same measurement BW, using methodology described in the previous sub-section. The back off requirements can be summarized in table 5.2-1
	PC2/3/4 back off requirements (dB) for:
	First Order
	Higher Order, In-band
	A-MPR proposal

	CA_NS_201 
	-2.0
	5.0
reducing to:
0.0 (offset ≥ 1x UL Freq sep)
	6.0
reducing to:
1.0 (offset ≥ 1x UL Freq sep)


Table 5.2-1: PC2/3/4 Back-off Requirement Summary for NC UL CA
 In v15.8 of the standard, A-MPR is provided for PC2/3/4 as follows:
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Proposal 2: AMPRC_CA shall be replaced by an offset-sensitive parameter which equals 6.0 for offset < 1x UL freq separation, and 1.0 otherwise for PC2/3/4 UEs to stay compliant against CA_NS_201 while operating in NC CA mode.
2.2	CA_NS_202
This flag corresponds to the EU mandate to limit emissions outside the SEM to -10 dBm/100 MHz. Comparison with the now defunct NS_201 and analysis in [2] shows that A-MPR for NS_202 automatically ensures protection of the lower EESS band (23.6 to 24.0 GHz) by limiting emissions there to -8 dBm/200 MHz.
2.2.1	PC1 simulation and analysis
Estimated back-off requirements for compliance with CA_NS_202 due to PA related IMD (high-order) products are shown in figure 2.2.1-1. Note that back off to meet general requirements are also shown for reference, but the scatter relevant to this exercise is ‘x NS Spur Backoff’. Back off requirement for CA_NS_202 compliance by high order products is estimated at 9.5 dB.

[image: ]
Figures 2.2.1-1: PC1 back off requirements for CA_NS_202
Recent analysis [2] demonstrated that a PC2/3/4 UE needs 11.0 dB of back off because of spurious products produced before the PA and merely amplified by it (‘first order spurs’). 
The total back off must now be constructed assuming co-location of first order products and high order products in the same measurement BW. The back off requirements can be summarized in table 2.2.1-1. The A-MPR proposal is the back-off necessary so all types of products when summed together stay under the required limit.
	PC1 back off requirements (dB) for:
	First Order
	Higher Order, In-band
	Higher Order, Out-of-band, from 2nd harmonic [6]
	A-MPR proposal

	CA_NS_202
	11.0
	9.5
	5.0
	12.0



Table 2.2.1-1: PC1 Back-off Requirement Summary for NC UL CA
 In v15.8 of the standard, A-MPR is provided for PC1 as follows:
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i.e. NC CA operation requires 1 more dB of back off compared to MPR allowance in contiguous CA
Proposal 3: A-MPR for PC1 UEs shall be 12.0 dB to stay compliant against CA_NS_202 while operating in NC CA mode.
2.2.2	PC2/3/4 simulation and analysis
Estimated back-off requirements for compliance with CA_NS_202 due to PA related IMD (high-order) products are shown in figure 2.2.2-1. Note that back off to meet general requirements are also shown for reference, but the scatter relevant to this exercise is ‘x NS Spur Backoff’. Back off requirement for CA_NS_202 compliance by high order products is estimated at 5.5 dB. Note that this number is ~4 dB lower than that for PC1. This difference is consistent with the 12dB difference in TRP between the two power class groupings, and a predominantly 3rd order non-linearity.
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Figures 2.2.2-1: PC2/3/4 back off requirements as a function of offset frequency of UL CA configuration
Recent analysis [1] demonstrated that a PC2/3/4 UE needs no back off because of spurious products produced before the PA and merely amplified by it (‘first order spurs’) but also noted that these spurs are marginally passing against spec. limit.
The total back off must now be constructed. Note that it is unlikely to have co-location of first order products and 2nd order products in the same measurement BW. The back off requirements can be summarized in table 2.2.2-1. The methodology is explained in a previous sub-section
	PC2/3/4 back off requirements (dB) for:
	First Order
	Higher Order, In-band
	Higher Order, Out-of-band, from 2nd harmonic [6]
	A-MPR proposal

	CA_NS_202
	0.0
	5.5
	1.0
	6.0



Table 2.2.2-1: PC2/3/4 Back-off Requirement Summary for NC UL CA
 In v15.8 of the standard, A-MPR is provided for PC2/3/4 as follows:
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i.e. NC CA operation requires 4 more dB of back off compared to MPR allowance in contiguous CA
Proposal 4: The A-MPR for PC2/3/4 UEs shall be 6.0 dB to stay compliant against CA_NS_202 while operating in NC CA mode.
3.	Conclusion
We propose the following AMPRs to enable NC UL CA for CA_NS_201:
Proposal 1: AMPRC_CA shall be replaced by an offset-sensitive parameter which equals 11.0 for offset < 1x UL freq separation, and 9.0 otherwise for PC1 UEs to stay compliant against CA_NS_201 while operating in NC CA mode.
Proposal 2: AMPRC_CA shall be replaced by an offset-sensitive parameter which equals 6.0 for offset < 1x UL freq separation, and 1.0 otherwise for PC2/3/4 UEs to stay compliant against CA_NS_201 while operating in NC CA mode.
We propose the following AMPRs to enable NC UL CA for CA_NS_202:
Proposal 3: A-MPR for PC1 UEs shall be 12.0 dB to stay compliant against CA_NS_202 while operating in NC CA mode.
Proposal 4: The A-MPR for PC2/3/4 UEs shall be 6.0 dB to stay compliant against CA_NS_202 while operating in NC CA mode.
We have incorporated this proposal into a companion pseudo-CR for convenient reference to the changes implied in the standard [4].
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5.	Appendix – CA_NS_201 analysis
In the appendix, we present treatment for CA_NS_201, for completeness.
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For power class 1 CA non-contiguous RB allocations, the following rule for AMPR (4B) applies:
AMPR = max(AMPRc c4, -10°A +12.0)

Where AMPR ca is 9.0
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62A323 A-MPR for CA_NS_201 for power class 3
For intra-band contiguous CA, AMPR s specified as follows.

Table 6,2A.3.2:3-1: Contiguous Allocations, AMPR_ca for CA_NS_201 for power class 3

Cumulative Aggregated Bandwidth, MHz
Offset Frequency 400,
<400 2800
0WHz =15 =30
> 700 Wikz, = 300 Mz 0 0
> 300 MHz o [

NGTE 1 The Offsel frequency is defined as the frequency from the lower
band edge to the lower channel edge.

NOTE 2:  The back off applied is the max(MPR, AMPR), where the MPR is
Gefined in Table 6.2A.2.4-1.

NOTE 3 _Any undefined reqion. MPR appiies

For power class 3 CA non-contiguous RB allocations, the following rule for AMPR appies:

AMPR = max(AMPRcca, - 10°A + 5.0), Offset Frequency < 550 MHz
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6.2A331 A-MPR for CA_NS_202 for power class 1

For intra-band contiguous CA, A-MPR for CA_NS_202 shall be 11.0 dB.
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6.2A.333 A-MPR for CA_NS_202 for power class 3

For intra-band contiguous CA, A-MPR for CA_NS_202 khall be 2.0 dB.




