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1. Introduction
The requirement for inter-band UL CA have been discussed for several meetings, and although we agreed the relaxation should be per band, the values proposed by companied are varied. 
In this contribution, we discuss the framework of requirement and how to deal with the PA-PA interaction and “total UE power”.
2. Discussion
2.1 PA-PA interaction
The PA-PA interaction was proposed in the previous meeting and it was also agreed that its impact on the requirements needed to be considered. The PA-PA interaction degradation occurs when the signal of one band is leaked to another band and the IMD may become more serious due to the limited isolation. In our understanding, the PA-PA interaction is related to the non-linearity of the device, isolation, signal characteristic, etc., and the main impact would be on meeting the emission requirement, which is to some extend similar to the MPR.

Observation 1: The PA-PA interaction is related to non-linearity of device, isolation, signal characteristic, etc., and the main impact would be on meeting the emission requirement.

Similar to inter-band DL CA, we agree to specify X/Y dB relaxation for each band as minimum requirement, however, unlike the MBR or misalignment of beam peak, the impact of PA-PA interaction does not always exist and may be various. For example, the PA-PA interaction degradation only occurs when both bands are activated and if we incorporated the PA-PA interaction into X/Y dB relaxation, it may cause unnecessary performance degradation. In addition, the degradation may also be related to the PAPR of signal which depend on the waveform and modulation order.

Observation 2: The impact of PA-PA interaction only exists when both bands are activated and may vary with the PAPR of transmitted signal. 

Proposal 1: The impact of PA-PA interaction is more appropriate to be incorporated in MPR to avoid unnecessary relaxation.

2.2 Total UE power
The total UE power was proposed for power consumption and heating issue, which require more relaxation in CA case. In FR1, the power has an upper limit and the CCs have to share the power with each other which is for meeting the SAR requirement and the power consumption also can be limited, but for FR2, we specify the min peak EIRP and spherical coverage based on EIRP which are only have lower limit, and it is hard to describe the sharing of conductive power. In the last meeting, it is agreed that no new requirement will be defined for total UE power concept.
One option is to use max TRP or max EIRP as metric for total power, but in RAN4#98e, we have agreed the WF [1] as follows:

· Max TRP (subject to revisit pending the final agreement on Max EIRP)
· PC1: Specify max TRP as per band, with max TRP of each band set to 35 dBm
· PC3/4: Specify max TRP as per band, with max TRP of each band set to 23 dBm


As for the max EIRP, we also have the agreement in [2]:

Agreement:
Option 2: per band with max EIRP limit of each band set to 43 dBm (PC3/PC4) and 55 dBm (PC1). 
 
For the alignment between max EIRP and max TRP, in our understanding, the max TRP also should be specified as per band. If we apply the total UE power concept to TRP, it may conflict with the per band max TRP because the max TRP is already an upper power limit for UE. Similarly, the conflict also exists with max EIRP.

Proposal 2: The max TRP should be specified as per band to align with the max EIRP.

Observation 3: If apply the total UE power concept to TRP or EIRP, it may conflict with the per band max TRP or max EIRP.

Another option is the min peak EIRP or spherical coverage which only have lower bound can avoid the potential conflict. For spherical coverage, in our understanding, it is used to represent the antenna characteristic and the coverage of signal transmission which have little relation with the power consumption, so it is not suitable for addressing the total UE power concept.

Observation 4: The spherical coverage is mainly to reflect the antenna characteristic and the transmission coverage but not directly the power consumption issue, therefore it is not suitable for addressing total UE power. 

So, it seems that the min peak EIRP is the only choice left and here are two options can be used to address the total UE power:

Proposal 3: The total UE power concept can apply to min peak EIRP and be addressed by:
Option 1: Define a lower limit for total UE power as the sum of the min peak EIRP of both bands, e.g., for n260-n261, the sum of peak EIRP should be greater than 20.6 dBm.
Option 2: Incorporate the total power issue into the per band relaxation (X/Y dB) of min peak EIRP, e.g., 3 dB.

2.3 Relaxation for single polarization
In the discussion of min peak EIRP for single carrier, 3 dB polarization gain was incorporated in the analysis of link budget. However, the UE can perform CA by single polarization per band, which means further 3 dB relaxation is needed.

Observation 5: Comparing to the single carrier, the UE performing CA by single polarization per band requires 3 dB relaxation.

A straight forward way is to incorporate the 3 dB into the per band relaxation X/Y, but the same issue was discussed in inter-band DL CA, and the degradation of single polarization was not be considered in the requirement. To align between UL and DL, the 3 dB polarization degradation should not be incorporated in X/Y, but how to enable such single polarization scheme should be discussed.

Proposal 4: The 3 dB degradation for the UE with single polarization per band should not be incorporated in X/Y, but RAN4 should discuss how to enable such implementation in the spec.
2.4 Requirement framework
Comparing to the discussion of inter-band DL CA, the main difference between UL and DL is that there is no need to take the impact of PSD imbalance into account, which means the 1dB relaxation due to PSD imbalance should be removed from ΔRIB,P,n and ∆RIB,S,n. The remaining relaxation contains the MBR, insertion loss, etc. Based on the analysis above, we propose:

Proposal 5: The requirement of inter-band UL CA can be construct as:

Table 1 The requirement framework of inter-band UL CA
	
	X/Y relaxation
	

	PA-PA interaction
	0 dB
	Incorporated in MPR.

	Total UE power
	[3 dB]
	Or it can be reflected by the limitation on sum of EIRP.

	MBR, insertion loss, 
common spherical coverage, etc.
	ΔRIB,P,n – 1 dB
∆RIB,S,n – 1 dB
	Preclude the relaxation for PSD difference.

	Polarization degradation
	0 dB
	RAN4 should discuss how to enable such implementation.



3. Conclusion
In this contribution, we discussed the requirement for FR2 inter-band UL CA. Our proposals are as follows:
Observation 1: The PA-PA interaction is related to non-linearity of device, isolation, signal characteristic, etc., and the main impact would be on meeting the emission requirement.

Observation 2: The impact of PA-PA interaction only exists when both bands are activated and may vary with the PAPR of transmitted signal. 

Observation 3: If apply the total UE power concept to TRP or EIRP, it may conflict with the per band max TRP or max EIRP.

Observation 4: The spherical coverage is mainly to reflect the antenna characteristic and the transmission coverage but not directly the power consumption issue, therefore it is not suitable for addressing total UE power. 

Observation 5: Comparing to the single carrier, the UE performing CA by single polarization per band requires 3 dB relaxation.

Proposal 1: The impact of PA-PA interaction is more appropriate to be incorporated in MPR to avoid unnecessary relaxation.

Proposal 2: The max TRP should be specified as per band to align with the max EIRP.

Proposal 3: The total UE power concept can apply to min peak EIRP and be addressed by:
Option 1: Define a lower limit for total UE power as the sum of the min peak EIRP of both bands, e.g., for n260-n261, the sum of peak EIRP should be greater than 20.6 dBm.
Option 2: Incorporate the total power issue into the per band relaxation (X/Y dB) of min peak EIRP, e.g., 3 dB.

Proposal 4: The 3 dB degradation for the UE with single polarization per band should not be incorporated in X/Y, but RAN4 should discuss how to enable such implementation in the spec.

Proposal 5: The requirement of inter-band UL CA can be construct as:

Table 1 The requirement framework of inter-band UL CA
	
	X/Y relaxation
	

	PA-PA interaction
	0 dB
	Incorporated in MPR.

	Total UE power
	[3 dB]
	Or it can be reflected by the limitation on sum of EIRP.

	MBR, insertion loss, 
common spherical coverage, etc.
	ΔRIB,P,n – 1 dB
∆RIB,S,n – 1 dB
	Preclude the relaxation for PSD difference.

	Polarization degradation
	0 dB
	RAN4 should discuss how to enable such implementation.
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