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Introduction
This paper addresses a remaining issue on ue-PowerClassPerBandPerBC-r17 associated with an LS of [1] handled under NR_RF_FR1_enh (Rel-17) as well as an issue on how to identify power class in UL intra band contiguous CA within an UL inter band CA configuration including intra band UL CA with higherPowerLimit-r17 handled under NR_cov_enh2 (Rel-18).
Discussion
Target
This paper aims at clarifying which field parameter(s) gNB should refer to to correctly understand individual band(s) or UL intra band contiguous CA(s) power class within an UL inter band CA, e.g., UL CA_n3A-n41C. 
UL inter band CA without UL intra band contiguous CA
According to TS 38.306, powerClass is defined as follows.
[image: ]
Meaning of the text in green can be used to interpret power class in each carrier in a following Table 1 captured in [2].
Table 1: Power configurations listed in Rel-17 WI of NR_SAR_PC2_interB_SUL_2BUL
	
	UE power class
	NR Carrier x power class
	NR Carrier y power class

	Case a
	26dBm
	23dBm
	23dBm

	Case b
	26dBm
	23dBm
	26dBm

	Case c
	26dBm
	26dBm
	23dBm

	Case d
	26dBm
	26dBm
	26dBm


As a more specific example of Case b or c, we assume that a UE supports UL inter band CA of CA_n3A-n41A with following conditions shown in Table 2.
Table 2: An example of relation between UL CA configuration/band and powerClass/ue-PowerClass parameters
	CA/Band
	Power Class
	Achievale highest power in UL CA state

	CA_n3A-n41A
	powerClass
	PC2
	26 dBm (Total power from n3 and n41 is not allowed to exceed 26 dBm)

	n3
	ue-PowerClass
	PC3
	23 dBm (Green applies. powerClass > ue-PowerClass à the latter determines)

	n41
	ue-PowerClass
	PC2
	26 dBm (Green doesn’t apply)


The definition itself is clear enough meaning that the text in green applies to n3 in UL CA state. An important aspect here is that TS 38.306 refers to ue-PowerClass in BandNR to identify power class per band in UL inter band CA state.
Observation 1: Thus far, TS 38.306 refers to ue-PowerClass in BandNR to identify power class per band in UL inter band CA state, while it is not clear if it considers UL inter band CA including UL intra band CA.
That definition, however, may impose constraints on UE development. For instance, if a UE vendors want to implement another PC2 UL inter band CA, e.g., CA_nXA-n41A with Case a in Table 1 on top of CA_n3A-n41A (Case b or c).
In order to supports CA_n3A-n41A with Case b or c as shown in Table 2, the UE needs to report ue-PowerClass = PC2 for n41 in BandNR. It means that if the UE prioritizes to implement PC2 UL CA_nXA-n41A with Case a, where ue-PowerClass = PC3 for n41 in BandNR shall be set, the UE needs to give up reporting ue-PowerClass = PC2 for n41 in BandNR, or if the UE prioritizes to implement PC2 UL CA_n3A-n41A with Case b or c, where ue-PowerClass = PC2 for n41 in BandNR shall be set, the UE gives up reporting PC2 UL CA_nXA-n41A with Case a and needs to implement any PC2 UL inter band CA including n41 with Case b or c, where where ue-PowerClass = PC2 for n41 in BandNR shall be set. This is because ue-PowerClass for a band in BandNR is not listed in each BandCombination in TS 38.331 (it is outside BandCombination), referring to ue-PowerClass = e.g., PC2 for a band as the achievable highest power (power class) per band within UL inter band CA means that all the supported PC2 (or higher PC) UL inter band CA including the band(s) by a UE shall be able to achieve PC2 for the band(s) in all the supported UL inter band CA including the band(s) by the UE. 
Observation 2: Since ue-PowerClass for a band in BandNR is not listed in each BandCombination in TS 38.331, referring to ue-PowerClass = e.g., PC2 for a band as the achievable highest power (power class) per band within UL inter band CA means that all the supported PC2 (or higher PC) UL inter band CA including the band(s) by a UE shall be able to achieve PC2 for the band(s) in all the supported UL inter band CA including the band(s) by the UE. 
Observation 3: From Observation 2, although a way to refer to ue-PowerClass may impose constraints on UE development, 3GPP has lived with these constraints thus far.
UL inter band CA including UL intra band contiguous CA
Here we discuss which field parameter gNB should refer to to understand achievable highest power (power class) per UL intra band contiguous CA within an UL inter band CA, e.g., with CA_n3A-n41C as an example.
From section 2.2.1, it is clear that gNB needs to refer to ue-PowerClass for n3 according to TS38.306. Then, a question is whether gNB should refer to ue-PowerClass for n41 in order to understand power class for UL intra band CA_n41C or not in CA_n3A-n41C state. Suppose that a UE supports following fallback CA configurations and associated bands with respective power classes.
	Index
	CA BC/Band
	Power Class
	PC per band/intra CA within CA BC
(n3/n41 or n41C)

	BC #1
	UL CA_n3A-n41C
	powerClass
	PC2
	PC3
	PC3

	BC #2
	UL CA_n3A-n41A
	powerClass
	PC2
	PC3
	PC2

	BC #3
	DL CA_n3A-n41_UL_CA_n41C
	powerClass
	PC3
	N/A
	PC3

	BC #4
	DL_CA_n3A-n41_UL_n41
	powerClass
	PC2
	N/A
	PC2

	BC #5
	DL_CA_n3A-n41_UL_n3
	powerClass
	PC3
	PC3
	N/A

	BC #6
	UL CA_n41C
	powerClass
	PC3
	N/A
	N/A

	BC #7
	DL_CA_n41C_UL_n41
	powerClass
	PC2
	PC3
	N/A

	B #1
	n3
	ue-PowerClass
	PC3
	N/A
	N/A

	B #2
	n41
	ue-PowerClass
	PC2
	N/A
	N/A


As RAN4 has discussed over several meetings, there may be a lead time to complete all the PC2 requirements for all the associated CA configurations. For instance, assume that all the requirements for BC #1 – 7 and B #1 – 2 with associated power classes listed in the above table may be ready at a time. It means that PC2 requirements for BC #3 and 6 are not ready at the time. Thus, if gNB needs to refer to ue-PowerClass = PC2 for n41 to identify the power class of UL CA_n41C in UL CA_n3A-41C, strictly speaking, it is not feasible to implement BC #1 as a 3GPP compliant device under the condition of the above table. It is noted that it’s possible for a UE to support all the other CA configurations other than BC #1 in the table since a UE can explicitly indicate the remaining BC #2-7 together with associated power class(es).
Observation 4: Referring to ue-PowerClass for a band, e.g., n41, to understand power class for UL intra band contiguous CA, e.g., CA_n41C within an UL inter band CA, e.g., CA_n3A-n41C, may impose similar constraints mentioned in Observation 3 on UE implementation.
In our understanding, technical or specification structure perspective, power class of BC #3 must be the most suitable BC to be referred to to understand power class for CA_n41C in UL CA_n3A-n41C state given that BC #3 is the highest order fallback configuration with CA_n41C as UL. It is, however, not clear if all the UEs always explicitly report such a key BC like BC #3 in the example. Some UEs may not report BC #3 because it is just one of the fallback band combinations of CA_n3A-n41C. In addition, “key BC” to determine power class of UL intra band contiguous CA within an UL inter band CA hasn’t been defined.
It is noted that a fallback band combination concept would be established in a way that capabilities of the highest band configuration, e.g., UL CA_n3A-n41C in the above example, are inherited to lower order band configurations. When it comes to power class, however, lower order configurations or single bands comprising the highest band configuration, have higher or equal power class than higher order configurations have. For instance, if a UE supports UL CA_n41C with powerClass = PC2, then, the UE must be able to support DL CA_n41C with powerClass =PC2 as well as single band n41 with ue-PowerClass = PC2, but the opposite must not be always maintained, i.e., even if a UE supports ue-PowerClass = PC2 for n41, it doesn’t mean that the UE can support DL CA_n41C as well as UL CA_n41C specifically with powerClass = PC2, though it is very likely that the UE can support DL CA_n41C with PC2
Observation 5: Technically, in order to identify e.g., power class of CA_n41C within UL CA_n3A-n41C, powerClass for DL CA_n3A-n41C_UL CA_n41C should be referred to given that that is the highest order fallback configuration with CA_n41C as UL. UEs, however, may not explicitly report a key fallback combination like DL_CA_n3A-n41C_UL CA_n41C and a “key fallback band combination” to determine constituent UL intra band contiguous CA within an UL inter band CA is not defined in specifications. Also there is no defined rule on how to handle a case if there are multiple key fallbacks.
Observation 6: From Observation 4 and 5, whichever ue-PowerClass for n41 or PowerClass for DL CA_n3A-n41C_UL CA_n41C is referred to, there is an issue.
Overall, resolving all the issues described in some of the Observations with Rel-15 and Rel-16 specifications would be challenging. Rel-17 and onwards, however, has the field ue-PowerClassPerBandPerBC-r17 in FeatureSetUplink so that individual bands’ or UL intra band CAs’ power class can be explicitly indicated. Thus, to proceed with this discussion and finalize it, it would be good to focus on Rel-17 and onwards.
Observation 7: It would be reasonable to discuss this topic based on Rel-17 and onwards specifications.
Proposal 1: Discuss how to identify power class of UL intra band contiguous CA within UL inter band CA based on Rel-17 and onward specification.
Now back to the discussion on which field parameter gNB should refer to to understand achievable highest power per UL intra band CA within an UL inter band CA, we propose to refer to ue-PowerClass with following reasons.
Reason 1: From Rel-17 onwards, in any case, if the power class for a band or UL intra band contiguous CA within the UL inter band CA is different from the referenced field parameter of ue-PowerClass or powerClass, the UE can explicitly indicate the power class via ue-PowerClassPerBandPerBC-r17. It means that the referenced parameter to be used works as a kind of default power class within UL CA.
Reason 2: When it comes to selecting ue-PowerClass or powerClass, reporting BandCombination is optional so that it is not suitable to use powerClass as reference because it may not be always able to be utilized if a UE doesn’t report the key BC. Moreover, as mentioned in Observation 4, we need to define which fallback CA configuration’s powerClass should be referred to, i.e., “key BC”, if powerClass is used as reference. Thus, we cannot always rely on powerClass to achieve the target.
Reason 3: ue-PowerClass for a band, e.g., n41, supported by a UE is, however, mandatorily reported by the UE if it supports the band and the power class is always higher or equal to power class for all the fallback configurations with the band or the UL intra band contiguous CA as UL like DL_CA_n3A-n41_UL_n41 UL or UL CA_n41C supported by the same UE.
Observation 8: ue-PowerClass for a band supported by a UE is mandatorily reported by the UE if it supports.
Observation 9: ue-PowerClass for a band is always higher or equal to power class for all the fallback configurations with the band or the UL intra band contiguous CA as UL like DL_CA_n3A-n41_UL_n41 UL or UL CA_n41C supported by the same UE.
With all the Observations in mind, we propose a following.
Proposal 2: From Rel-17 and onwards, ue-PowerClass for corresponding bands within UL inter band CA is the referenced field parameter to identify power class for each band or each UL intra band contiguous CA within the UL inter band CA like CA_nXA-nYC unless a UE indicates power class for the band(s) or the UL intra contiguous CA(s) via ue-PowerClassPerBandPerBC-r17. 

Conclusion
Observation 1: Thus far, TS 38.306 refers to ue-PowerClass in BandNR to identify power class per band in UL inter band CA state, while it is not clear if it considers UL inter band CA including UL intra band CA.
Observation 2: Since ue-PowerClass for a band in BandNR is not listed in each BandCombination in TS 38.331, referring to ue-PowerClass = e.g., PC2 for a band as the achievable highest power (power class) per band within UL inter band CA means that all the supported PC2 (or higher PC) UL inter band CA including the band(s) by a UE shall be able to achieve PC2 for the band(s) in all the supported UL inter band CA including the band(s) by the UE. 
Observation 3: From Observation 2, although a way to refer to ue-PowerClass may impose constraints on UE development, 3GPP has lived with these constraints thus far.
Observation 4: Referring to ue-PowerClass for a band, e.g., n41, to understand power class for UL intra band contiguous CA, e.g., CA_n41C within an UL inter band CA, e.g., CA_n3A-n41C, may impose similar constraints mentioned in Observation 3 on UE implementation.
Observation 5: Technically, in order to identify e.g., power class of CA_n41C within UL CA_n3A-n41C, powerClass for DL CA_n3A-n41C_UL CA_n41C should be referred to given that that is the highest order fallback configuration with CA_n41C as UL. UEs, however, may not explicitly report a key fallback combination like DL_CA_n3A-n41C_UL CA_n41C and a “key fallback band combination” to determine constituent UL intra band contiguous CA within an UL inter band CA is not defined in specifications. Also there is no defined rule on how to handle a case if there are multiple key fallbacks.
Observation 6: From Observation 4 and 5, whichever ue-PowerClass for n41 or PowerClass for DL CA_n3A-n41C_UL CA_n41C is referred to, there is an issue.
Observation 7: It would be reasonable to discuss this topic based on Rel-17 and onwards specifications.
Proposal 1: Discuss how to identify power class of UL intra band contiguous CA within UL inter band CA based on Rel-17 and onward specification.
Observation 8: ue-PowerClass for a band supported by a UE is mandatorily reported by the UE if it supports.
Observation 9: ue-PowerClass for a band is always higher or equal to power class for all the fallback configurations with the band or the UL intra band contiguous CA as UL like DL_CA_n3A-n41_UL_n41 UL or UL CA_n41C supported by the same UE.
Proposal 2: From Rel-17 and onwards, ue-PowerClass for corresponding bands within UL inter band CA is the referenced field parameter to identify power class for each band or each UL intra band contiguous CA within the UL inter band CA like CA_nXA-nYC unless a UE indicates power class for the band(s) or the UL intra contiguous CA(s) via ue-PowerClassPerBandPerBC-r17. 
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powerClass, powerClass-v1610
Indicates power class the UE supports when operating according to this band
combination. If the field is absent, the UE supports the default power class. |fthis
power class is higher than the power class that the UE supports on the individual
bands of this band combination (ve-PowerClass in BandNR), the latter determines
maximum X power available'in'each'band. The UE sets the power class
parameter only in band combinations that are applicable as specified in TS 38.101-
1[2] and TS 38.101-3 [4]. This capability is not applicable to IAB-MT.





