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Introduction
In past RAN4 meetings [1,2,3] there has been much discussion on how to define specifications for FR2 ULCA band combinations across bands from different frequency groups. This paper further discusses these issues and makes recommendations for ULCA operation.
 
Discussion
In RAN4#99-e a WF identified various factors that contribute to EIRP and spherical coverage degradation compared to single band UL [4]. One of the more important factors that influence ULCA specifications is PA to PA coupling. Simultaneous transmission on 2 bands leads to the cross coupling of the 2 RF signals and generation of harmonic products. Any emissions must be compliant with the 3GPP spurious emissions limit of -13 dBm/MHz 
Experiments were conducted by simultaneously transmitting RF signals from band n257 (29.4 GHz) and n260 (37.0 GHz) on an antenna module intended for handheld operation. While the example bands do not match the target band combination, it suffices to illustrate some aspects of the problem, and identify conceptual solutions in the requirement framework. Our measurements revealed that IM3L=2fL-fH and IM3H=2fH-fL are the largest non-linearity terms that impact performance, as expected.  The TRP of the RF signals in each band was swept up to its respective maximum, and then normalized to the TRP limit of 23dBm to account for a ‘worst case’ from an emissions perspective. 
Results indicated that power back-off from the TRP limit of 23 dBm was required to keep the IM3 powers below the 3GPP general spurious limit. The TX power back-off could be taken completely from one band or partially taken from both bands. The necessary back-off is determined principally by PA-PA interaction. Recall that back-off is also necessary for Tx signal quality reasons or to meet emission limits outside the configured CCs in the intra-band ULCA case. This back-off is allowed by the existing MPR framework. That same allowed back-off would also help with out of band emissions in the inter-band UL CA case. 
Observation 1: Any back-off taken for meeting single band CA requirements (via existing MPR framework) also helps with reduction of unwanted emissions in the inter-band ULCA case. 
It is however possible that in some cases, the back-off allowed by single-band MPR may not suffice to suppress out of band emissions in the inter-band ULCA case. Additional back-off for the inter-ULCA case can be accommodated by defining a ‘minimum MPR’ for inter-band operation. 
In [5] the MPR for single CC is:
MPR = max(MPRWT, MPRnarrow)
In the MPR framework for FR2 ULCA the MPR can be modified as follows for each band to account for the PA-PA interaction present in ULCA operation:
MPRinter_band = max(MPRWT, MPRnarrow, MPRPA-PA) 
MPRPA-PA is the back-off of to account for PA to PA interactions.
With this formulation of MPR, there is no need to define X and Y as fixed reductions in output power for each band.
Proposal 1: For FR2 ULCA modify the MPR equation to account for PA-PA interactions as follows: MPRinter_band = max(MPRWT, MPRnarrow, MPRPA-PA)
The next discussion is whether MPRPA-PA should be per band, or per band combination. The physical phenomenon is per band combination which suggests a cumulative allowance for a band combination. Defining the MPRPA-PA as a cumulative term over both bands allows the UE to back-off each PA in a manner optimal to its use case. On the other hand specifying a fixed allowable back-off for each band would be simpler but will ultimately result in either having excessive back-offs, or being less inclusive of all UE implementations.
Proposal 2: RAN4 to discuss if MPRPA-PA should be specified per band or per band combination.

Other impairments for thermal and power  consumption issues do not need to be considered as they only make the per band TX power smaller and the PA-PA interaction weaker thereby making the back-offs smaller compared to what was considered in this analysis. This analysis represents the worst-case scenario where maximum power is transmitted on each band. 
[bookmark: _Hlk79002284]The revised MPR framework suffices for min. peak EIRP requiement specification, but spherical coverage needs further considerations. Recall that ΔRIB,S,n comprised multi-band relaxations, common coverage relaxataions and a desensitization term for inter-band operation. Similarly the spherical coverage for each band must be relaxed (ΔTIB,S,n) compared to single CC operation to account for the following factors:
· Multi-band relaxation (MBR)
· Common coverage relaxation
· back-off, allowance which is captured by MPRPA-PA
IF MPRPA-PA is indeed better to specify per band combination, RAN4 would also need to discuss how to distribute the cumulative amount to each band. On possibility is to split the cumulative MPR equally in the 2 bands.
Proposal 3: RAN4 to discuss how to incorporate MPRPA-PA into ΔTIB,S,n

Conclusion
In this paper the PA-PA interaction was measured, and the TX power back-off requirements were analyzed. Also, a new formulation for FR2 ULCA MPR is given considering the PA-PA interaction and ways of incorporating PA-PA back-off for spherical coverage relaxation (ΔTIB,S,n) for ULCA was discussed . The following proposals are made:
Proposal 1: For FR2 ULCA modify the MPR equation to account for PA-PA interactions as follows: MPRinter_band = max(MPRWT, MPRnarrow, MPRPA-PA)
Proposal 2: RAN4 to discuss if MPRPA-PA should be specified per band or per band combination.
Proposal 3: RAN4 to discuss how to incorporate MPRPA-PA into ΔTIB,S,n
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