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Introduction
In a previous contribution [1], we proposed using the MPR framework rather than a flat reduction in min. pk. EIRP requirement to enable FR2 inter-band ULCA operation. In this contribution we elaborate further on the benefits of the MPR approach.
Discussion
The WF [2] identifies the relationship of MPR, X and Y as key to determining the FR2 ULCA requirements framework.
MPR for inter-band operation, X and Y
We studied inter-ULCA behavior on a typical antenna module intended for a UE with a hand-held form factor [1]. The primary difference in inter-ULCA operation relative to single-band UL is the creation of out-of-band mixing products. These products are generated when the output of the PAs in one band are exposed to the output of the PAs in the other band (IM3L=2fL-fH and IM3H=2fH-fL). These out-of-band (OOB) emissions must comply with the general spurious emission limit of -13 dBm/MHz at a minimum. Our measurements show that if each band transmits at the single-band PC2/3/4/5 TRP limit (23 dBm), the OOB emissions exceed the general spurious requirement by a significant margin. Data presented in table 2.1-1 is based on measurements, but it incorporates the afore-mentioned extrapolation to TRP limit as well as correction for PVT corners and corrections for future foreseen technologies and trends. The measurements were performed with CW signals and is equivalent to a 1RB+1RB configuration.
	MAX(IM3L, IM3H) (dBm)
	TRP of n260 (1RB, dBm)

	
	23
	20
	17

	TRP of n261 (1RB, dBm)
	23
	1
	-5
	-11

	
	20
	-2
	-8
	-14

	
	17
	-5
	-11
	-17


Table 2.1-1 OOB emission levels for CW+CW Tx
Observation 1: For FR2 inter-ULCA operation, PAs in one or both bands require power back-off relative to single CC TRP limit to ensure OOB products comply with the general spurious emission requirements.
Fortunately, framework for power back-off is already available to PAs in the form of single CC MPRs. Recall that in the single CC UL case, power back-off is necessary to ensure Tx signal quality or to meet emission limits outside the configured CC. This back-off will also allow reduction in OOB emissions in the inter-band UL CA case.
Observation 2: Any power back-off taken to meet single band requirements (via existing single CC MPR framework) will help with reduction of unwanted OOB emissions in the inter-band ULCA case also. 
In some cases, the back-off allowed by single-band MPR may not suffice to suppress OOB emissions in the inter-band ULCA case. For these cases, additional back-off can be programmed into the standard by defining an alternative minimum MPR motivated by PA-PA interaction in the inter-band ULCA case ‘MPRPA-PA’:
MPRinter-band = max(MPRsingleCC , MPRPA-PA) 
Note that MPRinter-band is formulated to use the same MPR0 reference power level as single-CC MPR, which is the TRP limit. Consequently, the implication is X=Y=0. 
What would happen if X (or Y) were not zero instead? i.e. the effective applicable MPR referenced to the single CC MOP expectation would be of the form:
MPRinter-band_2nd = MPRsingleCC + X 
With this second formulation, the max. EIRP expectation for all modulation types would be depressed by X (or Y). This formulation ignores the dual benefit of backoff as captured in obs. 2, and therefore double-counts the back-off needed for spec. compliance. See figure 2.1-1 for impact to EIRP range by modulation type.
Observation 3: Defining MOP reductions (X and Y) relative to single CC EIRP requirement results in double counting the back-off necessary for inter-ULCA operation.
Use ‘alternative minimum MPR’ framework to determine per band max. EIRP for inter-ULCA case 
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Fig 2.1-1: EIRP range is impacted less if the inter-ULCA MPR framework is employed
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A summary of benefits of using the inter-ULCA MPR formulation over the non-zero X and Y formulation are below: 
1. It is derived based on physical processes and behaviour. On the other hand, non-zero X, Y [2] are motivated by UE implementation choice to limit max per-band UL power relative to the single-band values.  These values are relatively arbitrary, and therefore convergence may be challenging.
2. It prevents double-counting of the required back-off. Power back-off for compliance with single CC requirements should count towards the back off required for inter-ULCA operation, but non-zero X,Y do not account for this overlap. 
Proposal 1: For FR2 inter-ULCA, X and Y = 0 and MPRinter-band = max(MPRsingleCC, MPRPA-PA), where MPRPA-PA is a minimum MPR allowed for inter-ULCA and X,Y are defined in R4-2114961 [2].
This type of reasoning supporting use of the MPR approach has been suggested also in [3] as:
“Observation 2: PA-PA interaction, power consumption and thermal issues are handled in MPR mechanisms and should not be considered as CA relaxation.”  
The proposed framework with the alternative minimum MPR is identical to how AMPR applies to the budget for total allowed back-off in FR2, and therefore has precedent in the standard.
How to define MPRPA-PA  
The physical phenomenon that is the creation of OOB emissions is a function of band combination (IMD product generation because of PA-PA interaction). Depending on the relative strengths of IM3L and IM3H, there is an optimal combination of per-band power back-offs for emissions compliance, where optimality is defined in the sense of minimized cumulative back-off across both bands. For example, one UE may want to take 1dB + 8 dB of back-off, while another may want to take 8 dB + 1 dB back-off as their respective optimal configurations that maximizes UL power. Defining the MPRPA-PA as a budget for the UE to distribute optimally among its bands is however impractical as a requirement, and difficult to manage for the network. We therefore believe MPRPA-PA should be per band, per band combination. A further simplification is to fix MPRPA-PA so it applies equally to both UL bands, rather than in some complicated (if optimal) way that could vary from UE to UE. 
Proposal 2: RAN4 to define MPRPA-PA per band combination. MPRPA-PA applies equally to both bands in the ULCA band combination.
AMPR applicability  
Additional emissions requirements like those defined to protect the lower EESS band (23.6 to 24.0 GHz) remain in place for UEs that are configured for inter-band ULCA. Unlike the single band case, there may be situations where the 2 UL carriers could be well removed from the protected band, but one of the OOB inter-band ULCA products falls in the protected band. 
Observation 4: AMPR may be applicable per band combination.
Other types of additional emissions requirements like those associated with NS_202 would apply to any band pair deployed in the EU and need to be considered prior to completing the feature definition.
Conclusion
Observation 1: For FR2 inter-ULCA operation, PAs in one or both bands require power back-off relative to the single CC TRP limit (23 dBm) to ensure OOB products comply with the general spurious emission requirements.
Observation 2: Any power back-off taken to meet single band requirements (via existing single CC MPR framework) will help with reduction of unwanted OOB emissions in the inter-band ULCA case also. 
Observation 3: Defining MOP reductions (X and Y) relative to single CC EIRP requirement results in double counting the back off necessary for inter-ULCA operation.
Proposal 1: For FR2 inter-ULCA, X and Y = 0 and MPRinter_band = max(MPRsingleCC, MPRPA-PA), where MPRPA-PA is a minimum MPR allowed for inter-ULCA and X,Y are defined in R4-2114961 [2].
Proposal 2: RAN4 to define MPRPA-PA per band combination. MPRPA-PA applies equally to both bands in the ULCA band combination.
Observation 4: AMPR may be applicable per band combination
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