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Introduction

During the RAN4#100-e meeting, an WF[1] on FR2 UL CA requirements agreed following:

	WF – PA-PA interaction

how to incorporate PA-PA interaction

GTW Agreement: Down-select to Option 1 and Option 2.

Option 1: Included in CA MPR

Option 2: Included in relaxations X and Y

Option 3: No need to include.

further check if FR1 approach can apply to FR2, i.e. Option 1 (or why FR2 approach can not apply to FR2, i.e. Option 2)
FFS PA-PA interaction aspect

Option 1: Only inter panel interaction is considered

Option 2: Depends on activation status

Option 3: Others (both or none, etc)

if MPRPA-PA is defined, FFS how to modify MPR equation and how to apply MPRPA-PA (per band or per band combination)
WF – X and Y for CA_n257A_n259A

X and Y for min peak EIRP.

Options

Option 1: X=Y=3.5 dB

Option 2: X=3.7 dB and Y=3.5 dB

Option 3: 1UL ΔTIB,P,n = MBP,n  and 2UL ΔTIB,P,n = X2/Y2+MBP,n
Option 4: ΔTIB,P,n shall be ΔRIB,P,n -1 dB

Option 5: X=Y=9 dB

Option 6: X and Y is not needed but UL CA relaxation included in CA MPR 

Agreement

Before deciding X and Y values, agreement on how to incorporate PA-PA interaction is needed. And further study on relaxation framework is encouraged.

X and Y for spherical coverage.

Options

Option 1: X=Y=3.5 dB

Option 2: X=3.7 dB and Y=3.5 dB

Option 3: ΔTIB,S,n= X2/Y2+2.7 dB.

Option 4: ΔTIB,S,n shall be ΔRIB,s,n -1 dB.

Option 5: X=Y=9 dB

Option 6: X and Y should incorporate MPRPA-PA 

Agreement

Before deciding X and Y values, agreement on how to incorporate PA-PA interaction is needed. And further study on relaxation framework is encouraged.

Note: X is the relaxation value for n257 compared with its single cc requirement; Y is the relaxation value of n259 compared with its single cc requirement.


In this contribution, we want to share some analysis about this issue.
Discussion 

2.1. How to incorporate PA-PA interaction
During the last meeting, the issue of how to incorporate PA-PA interaction was discussed. Considering the definition of MPR, the MPR will be mainly used to reduce the non-linearity in the system to meet the emission requirement. In addition, Considering the description of PA-PA interaction:

	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. 


Obviously, the introduction of these additional third-order intermodulation products(IM3) is related to the simultaneous activation of the PA in the two bands. The impact of non-linearity caused by PA on ACLR is still the main factor. We believe that the non-linearity caused by PA should be solved in the existing framework, and the introduction of MPR is to solve this issue.
Proposal 1: The issue of PA-PA interaction should be included in CA MPR requirements, so option 1.
2.2. PA-PA interaction aspect
Generally speaking, each panel will deploy a set of independent RF devices, including independent PA or LNA etc. Considering the definition of PA-PA interaction, this phenomenon will only occur when both bands are activated at the same time. However, for the UE, limited by its size, the possibility of connecting multiple PAs in the same panel is very small. On the contrary, different PAs are always connected to different panels. Therefore, it is not difficult to predict that PA-PA interaction phenomenon will only appear when multiple panels are activated, that is, this phenomenon always occurs inter panels.
Proposal 2: Only inter panel interaction should be considered. So option 1.

2.3. X and Y for min peak EIRP
Considering the definition of X and Y, the min peak EIRP of CA will be relaxed compared with single CC. For UL CA, the antenna needs to support multi-band to operate at the same time, and its performance will be affected compared with single CC. Therefore, this requirement mainly considers the relevant capabilities of the antenna.We believe that the non-linearity caused by PA should be solved in the existing framework i.e. MPR framework. In addition, for FR2, thanks to the mature application of beam-forming, the problems caused by unwanted emission are not as serious as FR1. Therefore, we believe that the PA-PA interaction issue should not have an additional impact on the discussion of min peak EIRP.

Proposal 3: The PA-PA interaction issue should not have an additional impact on the discussion of min peak EIRP.
2.4. X and Y for spherical coverage
Similar to EIRP, spherical coverage is also a requirement related to antenna coverage. For UL CA, when the frequency separation of two bans is large, the coverage and beam direction might be various. When the antenna emits the beams with different coverage and beam direction simultaneously, the coverage capability might be affected. However, we have not seen the impact of PA's non-linear issue on spherical coverage, hence the PA-PA interaction issue should not have an additional impact on the discussion of spherical coverage.
Proposal 4: The PA-PA interaction issue should not have an additional impact on the discussion of spherical coverage.
Conclusions
In this contribution, we shared some considerations on FR2 inter-band UL CA requirements, the following proposals are made:

Proposal 1: The issue of PA-PA interaction should be included in CA MPR requirements, so option 1.
Proposal 2: Only inter panel interaction should be considered. So option 1.

Proposal 3: The PA-PA interaction issue should not have an additional impact on the discussion of min peak EIRP.

Proposal 4: The PA-PA interaction issue should not have an additional impact on the discussion of spherical coverage.
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