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1 Background
In RAN4#99-e, the applicability and requirement framework of FR2 UEs that support inter-band UL CA with IBM has been further discussed, where the following agreements have been reached [1]:

· per band with max EIRP limit of each band set to 43 dBm (PC3/PC4) and 55 dBm (PC1). 

· Specify minimum peak EIRP requirements per band with relaxed requirement compared to single-CC, i.e., n257=22.4-X dBm, n259=18.7-Y dBm

· Specify EIRP spherical coverage requirements per band with relaxed requirement compared to single-CC. 

· At least following terms shall be quantified to obtain the individual n257 and n259 EIRP relaxations:

· MBR

· Degradation for multi-band to PA-PA interaction

· EIRP Common coverage relaxation 

· Further study other relaxation terms:

· Power consumption consideration Total UE power concept

In this contribution, we provide our views on the above open issues. 
2 The Min Peak EIRP and Spherical coverage requirements
A UE that supports inter-band CA operation must be a multi-band UE, hence, the multi-band relaxation (MBR) needs to be taken into account. The MBR comes from the fact that antenna performance would be degraded due to less freedom on optimization. Therefore, such a performance degradation would always exist regardless of whether the UE operates in CA mode or single CC mode. During the discussion of EIS spherical coverage for inter band CA operation, about 1 dB margin was adopted to accommodate the MBR relaxation, a similar value can be used for UL requirement since this is mainly determined by antenna performance.
Further relaxation is needed for the bands to meet the common spherical coverage requirement since the misalignment in terms of spherical coverage between the two bands is mainly contributed by the antenna radiation pattern. Therefore, similar relaxation factor as in DL EIS requirement can be adopted, which is around 1.5 dB. 
In addition, when multiple PA operate simultaneously, further performance degradation is expected due to the PA-PA interaction (cross talk, IM, etc.) as discussed in [2], especially when the PAs are integrated on the same chip. For example, in the existing single band requirements (both SISO and MIMO mode), the polarization gain is assumed in the range of 2.5 dB on average which is 0.5 dB below theorical 3 dB value when the PAs from the two polarizations operate concurrently. Moreover, additional RF components, e.g., power combiners, may also be needed in this case depends on the array implementation. In overall, we estimate around 1 dB extra degradation due to the PA-PA interaction. 
Proposal 1: Specify min peak EIRP and spherical coverage per band with relaxed requirement compared to single-CC with consideration of MBR, beam peak misalignment and PA-PA interaction.

The concept of total UE power constrain was also raised in the last RAN4 meeting, which is motivated by the fact that the total power under CA operation should not exceed UE power class for meeting SAR/MPE and regulatory requirements. We note that the power capability as specified by the power class is typically much smaller than that of the regulatory EIRP limit per band. The TRP in-band requirement was specified to ensure sufficient directivity of the wanted signal, a slightly ‘obsolete’ requirement in itself for the power-class requirement (EIRP) is now of the same order. Nevertheless, the total UE power is constrained by

· UL power control that may not be independent in the bands due to hardware limitations
· UE heat management with simultaneous transmissions in several UL bands
· Possibly MPE, the total exposure in the bands of the band combination. However, devices may also P-MPR to fulfil the MPE limitation.
Meanwhile, FR2 network is extremally uplink limited. Therefore, too large relaxation on the UL performance may cause the UL CA to be unrealistic to be used in real life. Therefore, it is suggested that the relaxation value for Uplink CA needs to be carefully considered and constrained.  
One more observation is that for the DL, the relaxation values are set to be the same for band combination n257_n259 ([4] dB for spherical coverage and 4dB for peak EIS for CA_n257-n259) [3]. Therefore, to provide a better alignment between UL and DL, it is recommended to have the same relaxation values for each CC, e.g., X = Y. 

Based on the discussion of DL relaxation, it is estimated that the total relaxation for peak EIRP and spherical coverage for CA_n257-n259 should be in the range of 3.5 dB
Proposal 2: Specify min peak EIRP and spherical coverage as per band with relaxed requirement compared to single-CC, i.e., n257=22.4-X dBm, n259=18.7-Y dBm, where X = Y = 3.5 dB. 
3 Power Prioritization and power control for UL inter-band CA

Inter-band UL CA is also subject to the power prioritization rules in 38.213 that apply when the PCMAX of the total signal is exceeded. The latter is specified in a different (implementation specific) plane of reference than the power class (EIRP) that is directional. This is arguably less of an issue for intra-band combinations with antenna collocation when the beam direction is the “same” for all serving cells. In many FR2 implementations, the PCMAX is more related to the conducted power, which is not directional, and hence the TRP. The PCMAX  is the maximum configured power of all serving cells c each governed by the PCMAX,f,c specified in the same plane of reference as the RSRP for serving cell c that is typically after the antenna arrangement. For general inter-band UL CA it may therefore be more relevant to add the TRP of the total signal for governing the power prioritization of an inter-band combination, this regardless of the BM capability of the inter-band configuration. 

Observation 1: The PCMAX is defined at different reference plane than EIRP, which may create issues especially when the beams point towards different directions for UL inter band CA operation. For general inter-band UL CA the TRP could be used for governing the power prioritization of an inter-band combination and the total UE power. 

Regarding power control for inter-band CA with IBM, there would be upper limits as dictated by power capability that require prioritization between the CGs and also limits due to permissible exposure as discussed above. Adding the EIRP for two bands is not very practical since directional (can point in different directions with IBM) but the TRP could be one option. This is related to the total PCMAX but there is no defined plane of reference as mentioned above. 

One way of prioritizing UL cell power is to use relative limits, i.e. all cells in one of the cell groups are “attenuated” by a signaled value to leave power for other serving cells when the UE is power limited (the attenuation would also be visible in a lower EIRP when measured in the peak direction), all subject to that the EIRP in each band combined should not be exceeded. A similar solution is proposed in [4] for intra-band UL CA within a CG when SCells are dropped, the PCell power is “attenuated” the PCell to reserve power for SCells. 

4 Proposal
In this contribution, we make the following observations and conclusions for the requirement and framework of inter-band UL CA in FR2: 
Proposal 1: Specify min peak EIRP and spherical coverage per band with relaxed requirement compared to single-CC with consideration of MBR, beam peak misalignment and PA-PA interaction.

Proposal 2: Specify min peak EIRP and spherical coverage as per band with relaxed requirement compared to single-CC, i.e., n257=22.4-X dBm, n259=18.7-Y dBm, where X = Y = 3.5 dB. 

Observation 1: The PCMAX is defined at different reference plane than EIRP, which may create issues especially when the beams point towards different directions for UL inter band CA operation. For general inter-band UL CA the TRP could be used for governing the power prioritization of an inter-band combination and the total UE power. 
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