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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 MPR for this feature. 
Previously we had determined that small modifications were necessary in the MPR framework to accommodate NC UL CA [1], considering a parallel Rel-16 enhancement to a UE’s NC DL CA capability. In [2], we shared some preliminary back-off estimates for a PC3 UE operating with NC UL CA, while identifying items in the standard that also needed to be addressed for completion of the feature.
2. 	Discussion 
All references to CA in this contribution refer to intra-band type. It is assumed that the entire UL CA configuration is processed through the same path(s) and utilize common beam management. Note that emissions requirements are applicable in a TRP sense, so radiative degradation mechanisms like beam-squint are not applicable for this study. 
The waveform space, i.e. the set of UL allocation possibilities is untenably large for FR2 for any intra-band CA scenario, especially for NC CA. Consequently, streamlining the simulation effort by careful choice of family of waveforms has considerable value.
We broadly categorize NC CA waveforms into two, corresponding to low- and high- allocation ratios. 
Low allocation ratios stress the UE’s ability to suppress the PSD of IMD products considering the SEM and general spurious limits. Both, the emissions requirements and the spectra of low allocation ratio waveforms for NC CA are no different compared to contiguous CA. It is hence possible and natural to extend the low allocation ratio MPR rules for contiguous CA MPR to NC CA also. We study this aspect more in this paper.
Observation 1: For NC UL CA, the MPR modification as a function of allocation ratio could be carried over from contiguous CA.
For high allocation ratios, the new constraint unique to NC CA is the OBW requirement. In [2], we showed the OBW constraint as the dominating factor for several types of waveforms. In contrast, the OBW requirement for contiguous CA represented a much less critical requirement, because most of the power in IMD products found shelter inside the configured channels themselves. Recall that CA MPR for high allocation ratios are found in the MPR tables in section 6.2A.2 of TS38.101-2 
Observation 2: For NC UL CA, the contents of the MPR tables for contiguous CA needs to be re-evaluated for the additional constraint that is the OBW requirement.
Both, back-off requirement for OBW compliance [2] and the existing CA MPR table do not differentiate between CP-OFDM and DFT-s modulation types. We use this characteristic as guidance to limit the large allocation-ratio study for NC CA to any one sub-category. 
2.1 Identifying the test waveform family
The main aspect to determine for OBW compliance with NC CA waveforms is the spacing between the sub-blocks. We investigated various 3 CC cases, comprising equal width carriers and whose relative location are separated by gaps that are integer multiples of the carrier size. Now, the most stressful scenario from an OBW perspective is one where the IMD product terms are least sheltered by the active channels themselves. A search algorithm identified this scenario while using a minimum number of CC slots as [1,0,1,N*0,1] (N=4), where 1 indicates an active carrier and 0 a gap. 
Observation 3: NC UL CA back off studies for emissions can be adequately represented by a three CC QPSK waveform with spacing given by [1 0 1 0 0 0 0 1], where 1 indicates an active carrier and 0 a gap.
2.2 	Simulation Results
We used the NC CA configuration identified in observation 3 with our PA model, which was calibrated with the reference waveform in the standard for 0dB back-off. Each CC and each gap were chosen to be 50MHz wide, for 400MHz UL frequency separation. Back-off requirements for PC1 is in figure 2.2-1, and PC2/3/4 in figure 2.2-2
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Figure 2.2-1: PC1 back off requirements for compliance with general emissions requirement
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Figure 2.2-2: PC2/3/4 back off requirements for compliance with general emissions requirement
The first aspect we observe is the back-off trend for compliance with SEM and general spurious requirements. SEM and spurious considerations dominate for low allocation ratios, where UEs need large back-off. This characteristic is consistent with the standards’ allowance for contiguous CA, and further confirms observation 1. At full allocation however, OBW consideration dominates for QPSK, where a UE needs about 4.5dB of back-off. Further, there is roughly a 4dB difference in back-off requirements for SEM and spurious between PC1 and PC2/3/4. This observation is consistent with the TRP difference between the two classes (12dB), and dominance of 3rd order products in determining compliance to general emissions and SEM. OBW and ACLR compliance are relative measures and are expected to be identical across the two TRP groups, and confirmed by the figures above. 
2.3 	Analysis for PC1
2.3.1	High allocation ratios
The MPR table for fully allocated CA waveforms for PC1 is reproduced below in table 2.3.1-1. Now, the OBW requirement is also toughest to meet with fully allocated waveforms, so this table is a natural home to capture OBW considerations.
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Table 2.3.1-1: MPR table for PC1 for CA operation, as reproduced from the standard
For PC1, we see that back-off requirement for the OBW criterion for a fully allocation case (RBon=1) is about 4.5 dB (see figure 2.2-1). Our measurements confirm that OBW related back-off requirements are ~4.5 dB for UL frequency separation of 400 MHz, as shown in table 2.3.1-2. This value increases to ~5.0 dB for 600 MHz UL FS. We estimate required back off for OBW compliance to be 5.5dB for 800 MHz UL FS and 7.0 dB for 1400 MHz. 
	[bookmark: _Hlk34825212]NC configuration (1= configured CC, 0 = configured gap)
	DFT-s-QPSK
	CP-OFDM QPSK
	UL CA BW (MHz)

	6 CC slots: [1 0 1 0 0 1]
	4.6
	4.6
	300

	10 CC slots: [1,0,1,6*0,1]
	4.6
	4.6
	500

	12 CC slots: [1,0,1,8*0,1]
	4.9
	5.0
	600


Table 2.3.1-2: Measured back-off requirement for OBW compliance (dB)
It is easy to verify that the MPR values in the table are high enough to allow the UE to meet the OBW requirement during NC UL CA operation. i.e. For PC1, the OBW requirement does not drive the need for more MPR that what is already provided for contiguous UL CA in TS38.101-2 v15.8. We can hence conclude that the existing MPR table for PC1 for contiguous CA operation can be extended to NC UL CA also.
Observation 5: For PC1, MPR values in table 6.2A.2.2-1 in TS38.101-2 v15.8 can continue to be used for NC UL CA.
2.3.2	Cross-check for low allocation ratios
We had observed that for NC UL CA, the MPR modification as a function of allocation ratio can be carried over from contiguous CA. The v15.9 standard provides special handling for low allocation ratio waveforms for contiguous CA for PC1, reproduced below in figure 2.3.2-1:
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Figure 2.3.2-1: Special handling of CA MPR for low allocation ratios in TS38.101-2 v15.8
We now verify if this argument indeed holds. Recall that the simulations suggested 9 dB of back off was required for low allocation ratios for a 400 MHz NC CA waveform (see figure 2.2-1). We also made some measurements using 1RB per configured CC as the most demanding case.
	NC configuration (1= configured CC, 0 = configured gap)
	DFT-s-QPSK
	CP-OFDM QPSK

	6 CC slots: [1 0 1 0 0 1]
	9.6
	9.1

	10 CC slots: [1,0,1,6*0,1]
	10.8
	10.6

	12 CC slots: [1,0,1,8*0,1]
	10.3
	10.5


Table 2.3.2-1: Measured back-off requirement for SEM and general spurious compliance (dB), PC1
The standard however already provides for 14.4 dB of MPR for low allocation ratios for PC1 UEs (see figure 2.3.2-1), so we think no further changes are required, and observation 1 holds.
2.4	Analysis for PC2/3/4
2.4.1	High allocation ratios
The MPR table for contiguous allocations for PC2/3/4 is reproduced below in table 2.4.1-1:
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Table 2.4.1-1: MPR table for PC2/3/4 for CA operation, as reproduced from the standard
For PC2/3/4, we see that back-off requirement for the OBW criterion for a fully allocation case (RBon=1) is about 4.5 dB (see figure 2.2-2), like for PC1. Our measurements confirm that OBW related back-off requirements are ~4.5 dB for UL frequency separation of 400 MHz, as shown in table 2.3.1-2. This value increases to ~5.0 dB for 600 MHz UL FS. We estimate required back off for OBW compliance to be 5.5dB for 800 MHz UL FS and 7.0 dB for 1400 MHz. 
	NC configuration (1= configured CC, 0 = configured gap)
	DFT-s-QPSK
	CP-OFDM QPSK
	UL CA BW (MHz)

	6 CC slots: [1 0 1 0 0 1]
	4.5
	4.5
	300

	10 CC slots: [1,0,1,6*0,1]
	4.5
	4.6
	500

	12 CC slots: [1,0,1,8*0,1]
	4.5
	4.8
	600


Table 2.3.1-2: Measured back-off requirement for OBW compliance (dB)
Like we determined for PC1, the OBW requirement does not drive the need for more MPR that what is already provided for contiguous UL CA in TS38.101-2 v15. We can hence conclude that the existing MPR table for PC2/3/4 for contiguous CA operation and be extended to NC UL CA also.
Observation 6: For PC1, MPR values in table 6.2A.2.2-1 in TS38.101-2 v15.8 can continue to be used for NC UL CA.
2.4.2	Cross-check for low allocation ratios
We had earlier observed that for NC UL CA, the MPR modification as a function of allocation ratio can be carried over from contiguous CA. The v15.9 standard provides special handling for low allocation ratio waveforms for contiguous CA for PC2/3/4, reproduced below in figure 2.4.2-1:
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Figure 2.4.2-1: Special handling of CA MPR for low allocation ratios in TS38.101-2 v15.8
Our measurements on a PC3 device, using 1RB per configured CC as the most demanding case, results are in table 2.4.2-1
	NC configuration (1= configured CC, 0 = configured gap)
	DFT-s-QPSK
	CP-OFDM QPSK

	6 CC slots: [1 0 1 0 0 1]
	7.0
	7.1

	10 CC slots: [1,0,1,6*0,1]
	5.9
	6.1

	12 CC slots: [1,0,1,8*0,1]
	6.6
	6.7


Table 2.4.2-1: Measured back-off requirement for SEM and general spurious compliance (dB), PC3
The standard already provides for 7.0 dB of MPR for low allocation ratios for PC1 UEs (see figure 2.4.2-1), which confirms observation 1, albeit marginally. We however would like to propose a slightly more accommodating rule for partially allocated NC CA for PC2/3/4:
MPR = max(MPRtable, -10A+10.0)
2.5 MPR proposal for NC UL CA 
Observations made earlier can be combined to form the basis of the following proposal:
Proposal 1: MPR table values for contiguous CA operation can be extended to cover NC UL CA operation also. 
The result is not surprising however because the Rel-15 MPR framework already accommodates non-contiguous RBs in contiguous CCs, which shares its PSD shape of the UL spectrum with that of NC UL CA. 
Based on empirical data for low allocation ratios, we propose that for NC CA MPR for PC2/3/4 be modified by allocation ratio as shown below:
Proposal 2: MPR rule for partially allocated NC CA for PC2/3/4 shall be: MPR = max(MPRtable, -10A+10.0). MPR rule for partially allocated NC CA for PC1 can be adopted from contiguous CA case
We still need to address extension of the tables to cover 2400MHz of DL separation and 1400MHz of UL separation.             
2.6	Impact from DL CA BW enhancement feature for Rel-16
We previously identified a problem with the Rel-15 framework of CA MPR, in context of DL CA BW enhancement, a Rel-16 feature, as highlighted in [4]. 
Proposal 2: MPR and A-MPR tables shall be changed to depend on ‘DL frequency separation’, instead of ‘Cumulative Aggregated BW’
The NC CA MPR table would hence look something like this (shown for PC3):
	
	DL frequency separation

	
	≤ 400 MHz
	> 400 MHz and < 800 MHz
	≥ 800 MHz and ≤ 1400 MHz
	> 1400 MHz and ≤ 2400 MHz

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 5.01
	≤ 7.71
	≤ [8.2]
	≤ [8.2]

	
	QPSK
	≤ 5.01
	≤ 7.71
	≤ [8.2]
	≤ [8.2]

	
	16 QAM
	≤ 6.5
	≤ 8.7
	≤ [9.3]
	≤ [9.3]

	
	64 QAM
	≤ 9.0
	≤ 10.7
	≤ [11.2]
	≤ [11.2]

	CP-OFDM
	QPSK
	≤ 5.0
	≤ 7.5
	≤ [8.0]
	≤ [8.0]

	
	16 QAM
	≤ 6.5
	≤ 8.7
	≤ [9.2]
	≤ [9.2]

	
	64 QAM
	≤ 9.0
	≤ 10.7
	≤ [11.2]
	≤ [11.2]

	NOTE 1:	(Void).


Table 2.6-1: NC CA MPR table for PC3, proposed
We have incorporated our proposals into a companion draft CR for convenient reference to the changes implied in the standard [5].
2.7 Release independence of the FR2 NC UL CA feature
We note that no new signalling is required to enable NC UL CA in FR2 UEs. Consequently, we believe this rel-16 feature can be introduced in a release independent fashion.
3.	Conclusion
We built on earlier work [2] to determine back off requirements for the general FR2 intra-band UL NC CA case. We first identified a family of test waveforms to streamline the simulation effort:
Observation 4: NC UL CA back off studies for emissions can be adequately represented by a three CC CP-OFDM QPSK waveform with spacing given by [1 0 1 0 0 1], where 1 indicates an active carrier and 0 a gap.
We then evaluated emissions for both groups of UEs, PC1 and PC2/3/4 (so grouped by their TRP limits), to determine the requirements for both limiting cases, low- and high- allocation ratio cases respectively. We found that Rel-15 CA framework for contiguous CA can mostly be extended to NC CA operation. Specifically, table values for contiguous CA, which correspond to full allocation CA waveforms can be extended to full allocation NC CA also
Proposal 1: MPR table values for contiguous CA operation can be extended to cover NC UL CA operation also. 
For high PSD waveforms (low allocation ratios), we found that the PC1 MPR modification rule for contiguous CA may also carry over for NC CA, but the rule for PC2/3/4 may be somewhat aggressive for NC CA.
Proposal 2: MPR rule for partially allocated NC CA for PC1 can be adopted from contiguous CA case
Proposal 3: MPR rule for partially allocated NC CA for PC2/3/4 shall be: MPR = max(MPRtable, -10A+10.0). 

Finally, we identified the need to change the CA MPR’s dependency to ‘DL frequency separation’ from ‘cumulative aggregated BW’, as explained in a companion contribution [4]. 
We have incorporated our proposals into a companion draft-CR for convenient reference to the changes implied in the standard [5].
A final thought was that the NC UL CA feature as a whole needs no new signalling, and as such can be introduced into the standard as release independent.
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Table 6.2A.2.2-1: Maximum power reduction (MPRwr_c_ca)

for UE power class 1

Waveform Type

Cumulative aggre:

ated channel bandwidth (CABW)

<400 MHz | 2400 MHzand | 2800 MHz and
<800 MHz 1400 MHz

Pi/2 BPSK =55 77 8.2
QPSK <65 5.7 9.2
DFT-s-OFDM 16 QAM <65 8.7 92
64 QAM 9.0 10.7 112
QPSK =65 5.7 9.2
CP-OFDM 16 QAM <65 8.7 9.2
64 QAM 9.0 10.7 11.0

NOTE 1: (Void)
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For non-contiguous RB allocations, the following rule for MPR applies:

MPR = max(MPRe ca, -10*A + 14.4)
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Table 6.2A.2.4-1: Maximum power reduction (MPRc_ca) for UE power class 3

Cumulative aggregated bandwidth configuration

<400 MHz 2400MHzand< | 2800 MHzand S
800 MHz 1400 MHz
P2 BPSK <50 s77 82
QPSK <60 =77 <82
DFT-s-OFDM 16 QAM <65 <67 <92
64 QAM £9.0 =107 <112
QPSK $60 =77 <82
CP-OFDM 16 QAM <65 =87 <92
64 QAM £9.0 =107 <112

NOTE 1: (Void)
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For non-contiguous RB allocations, the following rule for MPR applies:

MPR = max(MPRc_ca, -10*A +7.0)




