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1	Introduction
As shown in our previous paper [1], a number of power class related UE capabilities have been introduced into 3GPP specifications in different releases, which potentially leads to some ambiguity in the applicable power class for the individual band of a NR CA band combination. In this paper, we further discuss the open issues as listed in the WF [2], and propose solutions to clarify the applicable requirements related to UE power classes. A companion CR is provided in [3].
2	Discussion
2.1 Applicable power classes for UL inter-band CA
Based on the UE requirements specified in Clause 6.2A.4.1.3 Configured transmitted power for inter-band CA, it’s clear that the maximum output power on individual bands/cells PCMAX,c can never exceed the maximum total output power PCMAX given by the power class of the band combination. As a logical conclusion, the following observation is obtained:
Observation 1: The power class of a component band within an uplink inter-band CA combination shall not exceed the power class of the band combination itself.
According to the reply LS to RAN2 [4], there is consensus that the UE capability ue-PowerClassPerBandPerBC-r17 is dedicated to indicate the power class for the individual bands within a band combination without the need to check other RRC parameters. 
Observation 2: If signalled, the power class for the individual bands within a band combination is solely decided by the UE capability ue-PowerClassPerBandPerBC-r17. It’s UE’s responsibility to ensure that the principle in observation 1 is followed when reporting.
Since the UE capability ue-PowerClassPerBandPerBC-r17 is optional, it may not always be reported. As discussed before, the default power class could be set to min{ue-PowerClass, Power Class for BC} for individual bands, which might save some signalling overhead when there is no ambiguity. 
Observation 3: If the UE capability ue-PowerClassPerBandPerBC-r17 is absent, the power class for the individual bands within a band combination can be determined as min{ue-PowerClass, Power Class for the BC}. It’s UE’s responsibility to ensure that no power class ambiguity exists.
2.2 Applicable power classes for DL inter-band CA with single uplink carrier
The DL CA with single-carrier UL is a special form of band combinations. In previous discussions, it was proposed by some companies that the same power class indicated by ue-PowerClass for the UL band is reused when the band combination is configured. However, this may not be feasible since carrier aggregations have many complications compared with single-carrier operations.
Firstly, the MSD requirement for this band combination may not be completed yet, which is the task of the corresponding HPUE basket work items. The more bands in the DL CA, the more likely the MSD issue would happen.
Observation 4: Depending on the progress of the corresponding HPUE basket WI, it may not be feasible to apply the single-band power class (ue-PowerClass) for the single-carrier UL with DL CA, since the MSD requirements might be incomplete.
Furthermore, in Rel-16 TS 38.101-1 [6], it’s explicitly specified that PC2 is not applicable for band n41, n77, n78 and n79 when DL CA is configured. The corresponding requirements are duplicated below.
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6.2A.1.3
UE maximum output power for Inter-band CA
For inter-band downlink carrier aggregation with one uplink carrier assigned to one NR band, the transmitter power requirements in clause 6.2 apply.
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For inter-band uplink carrier aggregation with uplink assigned to two NR bands, UE maximum output power shall be measured over all component carriers from different bands. If each band has separate antenna connectors, maximum output power is defined as the sum of maximum output power from each UE antenna connector. The period of measurement shall be at least one sub frame (1 
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). The maximum output power is specified in Table 6.2A.1.3-1.
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Observation 5: In Rel-16, power class 2 may be indicated (via ue-PowerClass or its extensions) for band n41, n77, n78 and n79, but it’s not applicable when DL CA is configured. Instead, the powerClass field in BandCombination IE could be used to indicate the valid power class.
Furthermore, in practical UE implementations of RF transceivers, the RF path may differ between single-carrier operations and CA aggregations. As a result, the insertion loss, filter attenuation and etc. could vary. With the increase of number of DL bands in the CA, the power consumption and heat dissipation would become more challenging, and the UE may not wish to maintain the same power class as indicated in ue-PowerClass, especially PC1.5 for handheld UEs.
Observation 6: For practical implementation issues, it’s necessary to allow the UE to report a different power class for DL CA with single uplink carrier than the power class for single-carrier operations without CA (as indicated in ue-PowerClass).
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.
Proposal 1: For downlink CA with a single uplink carrier, the power class for the UL shall be 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 without CA.
2.3 Applicable power classes for DL intra-band CA with single uplink carrier
For DL intra-band CA with single uplink carrier, there’re no pending MSD requirements if the necessary requirements for non-CA/DC operations have been completed. This is because:
1) No MSD issue for TDD bands;
2) For FDD bands, MSD could happen. But the REFSENS requirements for intra-band CA is defined on the condition that the DL PCC is configured closer to the UL band than any of the DL SCCs when there is only one uplink carrier. The potential MSD on PCC or SCC would not be worse than the REFSENS degradation that has been allowed for HPUE single-carrier operations.
Observation 7: For DL intra-band CA with single uplink carrier, there’re no pending MSD requirements if the necessary requirements for non-CA/DC operations have been completed.
Proposal 2: Consider to void the power class/MSD related notes in Clause 5.5A for DL intra-band CA with single uplink carrier.
Regarding the applicable power classes, the same flexibility for UE implementations should be maintained.
2.4 MSD conformance test issue
In RAN4#106, a CR [5] was agreed to modify the Note for EN-DC configurations as shown below:

Similar changes for NR CA were proposed. Our main concern on this approach is that it could cause ambiguity on the MSD requirements for HPUE band combinations. For example:
Question 1: Can a UE report PC2/PC1.5 for a band combination before the MSD test points are specified?
Question 2: If the answer is yes to Q1, how to perform the MSD conformance tests? Reuse PC3 test points (including MSD values) or no test at all?
Proposal 3: Further discuss the MSD conformance test issue before changing the notes for HPUE inter-band combinations in Clause 5 of TS38.101-1.
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: The power class of a component band within an uplink inter-band CA combination shall not exceed the power class of the band combination itself.
Observation 2: If signalled, the power class for the individual bands within a band combination is solely decided by the UE capability ue-PowerClassPerBandPerBC-r17. It’s UE’s responsibility to ensure that the principle in observation 1 is followed when reporting.
Observation 3: If the UE capability ue-PowerClassPerBandPerBC-r17 is absent, the power class for the individual bands within a band combination could be determined as min{ue-PowerClass, Power Class for the BC}. It’s UE’s responsibility to ensure that no power class ambiguity exists.
Observation 4: Depending on the progress of the corresponding HPUE basket WI, it may not be feasible to apply the single-band power class (ue-PowerClass) for the single-carrier UL with DL CA, since the MSD requirements might be incomplete.
Observation 5: In Rel-16, power class 2 may be indicated (via ue-PowerClass or its extensions) for band n41, n77, n78 and n79, but it’s not applicable when DL CA is configured. Instead, the powerClass field in BandCombination IE could be used to indicate the valid power class.
Observation 6: For practical implementation issues, it’s necessary to allow the UE to report a different power class for DL CA with single uplink carrier than the power class for single-carrier operations without CA (as indicated in ue-PowerClass).
Proposal 1: For downlink CA with a single uplink carrier, the power class for the UL shall be 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 without CA.
Observation 7: For DL intra-band CA with single uplink carrier, there’re no pending MSD requirements if the necessary requirements for non-CA/DC operations have been completed.
Proposal 2: Consider to void the power class/MSD related notes in Clause 5.5A for DL intra-band CA with single uplink carrier.
Proposal 3: Further discuss the MSD conformance test issue before changing the notes for HPUE inter-band combinations in Clause 5 of TS38.101-1.
Based on the above analysis, we propose the following changes to TS 38.101-1.
Proposal 4: Add a new “Clause 6.2A.1.0 General” to clarify the applicable power classes for various CA use cases.
Proposal 5: Use the following wording for the new “Clause 6.2A.1.0 General” [3]:
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.
The power class of a component band within a 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 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 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.
Proposal 6: Change the specification from Rel-17.
Proposal 7: Agree the companion CR in [3], which involves modifications to both Clause 5.5A and 6.2A.
Proposal 8: Consider sending a LS to RAN2 to modify the description of UE capability powerClass so that it refers to the clause in RAN4 spec to determine the power class for the individual bands within a band combination.
References
[1] R4-2300714 Reply LS on per-band per-BC power class, Huawei, HiSilicon, RAN4#106
[2] R4-2303705 WF on power class indications in TS 38.101-1 and related signalling, RAN4#106
[3] [bookmark: _GoBack]R4-2307914 CR to TS 38.101-1 Clarifying applicable power classes for NR CA combinations, Huawei, HiSilicon, RAN4#107
[4] R4-2304630 Reply LS on clarification for ue-PowerClassPerBandPerBC-r17 (R4 16-8), RAN4#106
[5] R4-2303671 CR for 38.101-3 to Identify Applicable HPUE EN-DC Combinations, AT&T, Verizon, T-Mobile USA, RAN4#106
image1.png
NOTE 21: For this DC conflquratlon reference sensmvlw exceptlons for Power Class 2, if aIIowed are specified in Clause
7.3B.2.3P . 1f the uplink EN-DC
configuration suDDorted in Table 6.2B.1.3-1is aDDIlcabIe to the same EN DC conflquratlon the note is not shown as

the reference sensitivity exceptions, if any, have been confirmed.





