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1	Introduction
The power class indication issue [1] has been discussed since RAN4#106. And a number of contributions were submitted to the last meeting [2-7]. After intensive discussions, the debate seemed to narrow down to two solutions: one led by Huawei [2][3] (similar approach by Qualcomm in [6][7]) and the other by Ericsson [4][5]. In this paper, we further discuss the two alternatives and refine our solution based on received comments. A companion CR is provided in [8].
2	Discussion
2.1 Power class indication from specification perspective
It is the common understanding in RAN4 that in order to enable a given power class on a band or band combination, both the transmitter requirements in Clause 6 and the receiver requirements in Clause 7 of TS38.101-1 have to be completed. The power class dependent transmitter requirements include: maximum output power, maximum output power reduction (MPR), additional maximum output power reduction (A-MPR), configured output power and etc. The receiver requirements affected by the power class are mainly reference sensitivity (REFSENS) and its exceptions (MSD).
Observation 1: It is the common understanding in RAN4 that in order to enable a given power class on a band or band combination, both the transmitter requirements (mainly related to maximum output power and its reduction) in Clause 6 and the receiver requirements (mainly REFSENS and RSD/MSD) in Clause 7 of TS38.101-1 have to be completed.
The main objectives of the past and ongoing HPUE basket WIs are to define such requirements for a given band or band combination. And it is necessary to record the progress of the WIs in the spec with proper power class indication. Based on the discussions in RAN4#106 and #107, the majority view is that the current approach of using footnotes in the CA configuration tables in Clause 5 is feasible with some tweaks that might be needed.
To address the concern why the power class indication appears in Clause 5.5A Configurations for CA, we propose to add some text in the sub-clause 5.5A.0 General to clarify the purpose of those footnotes. An example text is shown below:
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<< unchanged part omitted>>
By default, power class 3 is applicable for the CA configurations listed in the following clauses. The applicability of higher power class(es) is explicitly indicated in the CA configuration tables in clauses 5.5A.1, 5.5A.2 and 5.5A.3. A UE supporting a given power class for a CA configuration shall meet the corresponding transmitter and receiver requirements in Clause 6 and Clause 7, respectively.
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Proposal 1: Reuse the current approach of indicating supported power classes for a band combination in Clause 5.5A based on the completeness of the performance requirements in both Clause 6 and 7. And add some text to Clause 5.5A.0 General to clarify the purpose of those power class indication footnotes.
2.2 Power class report from UE perspective
A number of power class related capabilities have been defined for a UE to signal to the network the potential maximum output power. For example, ue-PowerClass for single-carrier operations on a band, and powerClass for a band combination.
[bookmark: _GoBack]If signalled, the power class for the individual bands within a band combination is solely decided by the UE capability ue-PowerClassPerBandPerBC-r17. However, it’s not entirely clear in the specifications what is the applicable power class if this R17 per-band per-BC IE is absent, in particular for the case when the power class indicated by ue-PowerClass is higher than that by powerClass.
As discussed previously, most companies seem to accept the following as the default value, i.e., min{power class for the BC, ue-PowerClass for the band}. PC2 band combinations are only specified from Rel-17, and the Rel-16 specification explicitly states that PC2 are not applicable for component bands [3]. Therefore, the applicable power class determined in this way will also be compatible with legacy UEs.
For the special case of downlink CA with a single uplink carrier, the same rule should apply. More detailed discussions can be found in our previous contribution [3]. It was argued by some companies that the ue-PowerClass signalled for non-CA operations should be maintained. However, there’re significant drawbacks of this solution, such as:
1. Since there’re multiple bands in the DL, the PC2/PC1.5 MSD requirements (due to e.g., cross-band isolation, harmonic/harmonic mixing interference) might not be defined yet;
2. It would not differentiate CA and non-CA operations if the same power class should be maintained, leaving no flexibility for UE implementations to address the extra challenges caused by DL CA;
3. It could violate the convention of determining the capabilities for fallbacks, which are generally assumed to have the same or lower capabilities as the parent combos.
Regarding the last point, an example was shown in our previous contribution [3], which is duplicated below.
 DL CA with single uplink carrier may be viewed as the fallback of the same DL CA with UL CA. For example, DL_CA_n1A-n78A_UL_n1 and DL_CA_n1-n78_UL_n78 are the fallbacks of DL_CA_n1A-n78A_UL_n1A-n78A. 
A UE doesn’t need to explicitly report the fallback combinations, which implies that the same or lower power class may be supported. Otherwise, the UE needs to report the fallback combinations supporting higher power classes explicitly in a separate band combination entry.
For example, assuming the UE has reported the following information to the network:
Band n1: PC3, Band n78: PC1.5, DL_CA_n1A-n78A_UL_CA_n1A-n78A: PC2.
This implies that the power class for the fallbacks are:
	DL_CA_n1A-n78A_UL_n1: min{PC3, PC2}=PC3,
	DL_CA_n1A-n78A_UL_n78: min{PC1.5, PC2)=PC2.
If the UE intends to support PC1.5 for DL_CA_n1A-n78A_UL_n78, it needs to report it via a separate band combination entry with the field of powerClass set to PC1.5.


In summary, we propose that the power class applicable for a band within a band combination is determined as follows.
Proposal 2: The power class of a component band within a CA combination shall not exceed the power class of the band combination itself. If signalled, the power class for the individual bands within a band combination is solely decided by the UE capability ue-PowerClassPerBandPerBC-r17. Otherwise, the power class for the individual bands within a band combination is determined as min{ue-PowerClass, Power Class for the BC}.
An alternative solution was proposed [4] to address potential errors in PHR reporting for individual cells when CA is configured. The key changes are to add extra formulas for individual cells in addition to the existing formulas for the configured output power for CA, which are duplicated below:
For a UE configured with uplink inter-band CA, tThe configured maximum output power PCMAX,c  for each transmission occasion on serving cell c shall be set as specified in clause 6.2.4 modified by PEMAX,CA, PPowerClass,CA and ΔPPowerClass,CA as follows, 
PCMAX_L,f,c = MIN {MIN(PEMAX,c, PEMAX,CA) – ∆TC,c,  MIN(PPowerClass – ΔPPowerClass, PPowerClass,CA – ΔPPowerClass,CA) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c, PPowerClass – ΔPPowerClass, PEMAX,CA, PPowerClass,CA – ΔPPowerClass,CA}


In our view, the proposed changes would only solve the problem partially. Although the term PPowerClass,CA is added to further limit the max output power PCMAX,f,c per cell, the corresponding power class for the term PPowerClass, MPRc, or A-MPRc in the above formula is still unclear or might be wrongly interpreted.
On the other hand, the solution in our Proposal 2 can solve the problem completely, leaving no ambiguity in calculating the correct PHR for the individual cells. Once the applicable power class for a component band is determined, both the maximum output power (PPowerClass) and the related power reduction (MPRc and A-MPRc) will be decided by the power class.
Observation 2: The alternative solution in [4] cannot solve the PHR reporting issue completely due to lack of correct power class information.
Hence, we propose to add the power class determination logic to the specification.
Proposal 3: Add the power class determination logic as a general sub-clause to Clause 6.2A.1 UE maximum output power for CA, which applies to the subsequent clauses on maximum output power as well as configured transmitted power calculation. 
An example wording is shown below [8].
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6.2A.1.0	General
The UE Power Classes for CA are defined in the sub-clauses below. The UE indicates the Power Class for a CA band combination using the capability field of powerClass or powerClass-v1610. If both fields are absent, the default power class applies to the band combination.
When a UE is configured with a CA band combination, the applicable power class of a component band within the CA band combination shall not exceed the power class of the band combination itself. For uplink inter-band CA, the UE may use the capability field of ue-PowerClassPerBandPerBC-r17 to indicate the power class of each band in a band combination. Otherwise, the applicable power class of each band in the band combination is the lower of the following two values: the power class of the band combination and the power class of the individual band for single-carrier operations. The latter value is indicated by the capability field of ue-PowerClass, ue-PowerClass-v1610 or ue-PowerClass-v1700.
For downlink CA with a single uplink carrier, the applicable power class for the UL is the lower of the following two values: the power class of the band combination and the power class of the band for single-carrier operations.


3	Conclusion
In this paper, we further discussed the applicable power classes for UL inter-band CA as well as DL CA with single uplink carrier. The following observations and proposals are made:
Observation 1: It is the common understanding in RAN4 that in order to enable a given power class on a band or band combination, both the transmitter requirements (mainly related to maximum output power and its reduction) in Clause 6 and the receiver requirements (mainly REFSENS and RSD/MSD) in Clause 7 of TS38.101-1 have to be completed.
Proposal 1: Reuse the current approach of indicating supported power classes for a band combination in Clause 5.5A based on the completeness of the performance requirements in both Clause 6 and 7. And add some text to Clause 5.5A.0 General to clarify the purpose of those power class indication footnotes.
Proposal 2: The power class of a component band within a CA combination shall not exceed the power class of the band combination itself. If signalled, the power class for the individual bands within a band combination is solely decided by the UE capability ue-PowerClassPerBandPerBC-r17. Otherwise, the power class for the individual bands within a band combination is determined as min{ue-PowerClass, Power Class for the BC}.
Observation 2: The alternative solution in [4] cannot solve the PHR reporting issue completely due to lack of correct power class information.
Proposal 3: Add the power class determination logic as a general sub-clause to Clause 6.2A.1 UE maximum output power for CA, which applies to the subsequent clauses on maximum output power as well as configured transmitted power calculation. 
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