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Introduction
This paper mainly focuses on addressing to identify an achievable highest power for Intra band contiguous UL CA part within UL inter-band CA. This is needed to apply higherPowerLimit-r17 to UL inter-band CA including intra band contiguous UL CA, which has been discussed under NR_cov_enh2 (Rel-18).
Discussion
Overview
Issues are roughly divided into five cases as shown in Figure 1. This contribution addresses only Case 4 and Case 5. It’s noted that cases with ue-PowerClassPerBandPerBC-r17 is addressed in [1].
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Figure 1: Rough categorization of the power class related issues that RAN4 has addressed

UL inter band CA without UL intra band contiguous CA
According to TS 38.306, powerClass is defined as follows.
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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, we assume that a UE supports UL inter band CA of CA_n1A-n78A 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
	Achievable highest power in UL CA state

	CA_n1A-n78A
	powerClass
	PC2
	26 dBm (Total power from n1 and n78 is not allowed to exceed 26 dBm)

	n1
	ue-PowerClass
	PC3
	23 dBm (Green applies. powerClass > ue-PowerClass à the latter determines)

	n78
	ue-PowerClass
	PC2
	26 dBm (Green doesn’t apply)


The definition itself is clear enough meaning that the text in green applies to n1 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, then, the achievable highest power per band is derived by taking min {ue-PowerClass for a band, powerClass for the said UL inter 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_n3A-n78A with Case a (23 dBm + 23 dBm) in Table 1 on top of CA_n1A-n78A with Case b(23 dBm + 26 dBm), it is not possible to do so without ue-PowerClassPerBandPerBC. This situation may occur since the requirements for CA_n3A-n78A with Case b may not be completed while those for CA_n1A-n78A with Case b may be completed
· if a UE indicates ue-PowerClass = PC3 for n78 to support CA_3A-n78A with Case a, it is not possible to support CA_n1A-n78A with Case b. 
· if a UE indicates ue-PowerClass = PC2 for n78 to support CA_1A-n78A with Case b, it wouldn’t be possible to support CA_n3A-n78A with Case a without ue-PowerClassPerBandPerBC-r17. There may be a way that the UE additionally indicates DL CA_n3A-n78A with n78A UL as PC3. Technically, it seems that n78A part in CA_n3A-n78A cannot achieve PC2, but rather achieve up to PC3, but still as far as we follow TS38.306, the achievable highest power for n78A part is PC2. 
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 referenced power class capability for the band within UL inter band CA means that all the supported PC2 (or higher PC) UL inter band CA including the band by a UE shall be able to achieve PC2 for the band during the UL. 
Observation 3: 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 power class capability gNB should refer to to identify the achievable highest power per UL intra band contiguous CA within an UL inter band CA, e.g., with CA_n1A-n78C as an example.
From section 2.2, it is clear that gNB needs to refer to ue-PowerClass for n1A part according to TS38.306. Then, a question is whether gNB should refer to ue-PowerClass for n78 in order to identify the power class for UL intra band CA_n78C part or not. 
Suppose that a UE supports following child CA configurations (BC#2 – BC#8) and associated bands with respective power classes.
Table 3: An example of BC list with relevant power class parameters
	Index
	CA BC/Band
	Power Class
	PC per band/intra CA within CA BC
(n1/n78 or n78C)

	BC #1
	UL CA_n1A-n78C
	powerClass
	PC2
	PC3
	PC3

	BC #2
	UL CA_n1A-n78A
	powerClass
	PC2
	PC3
	PC2

	BC #3
	DL CA_n1A-n78C_UL_CA_n78C
	N/A
	PC3
	N/A
	PC3

	BC #4
	DL_CA_n1A-n78A_UL_n78
	powerClass
	PC2
	N/A
	PC2

	BC #5
	DL_CA_n1A-n78C_UL_n1
	N/A
	PC3
	PC3
	N/A

	BC #6
	DL_CA_n1A-n78A_UL_n1
	N/A
	PC3
	PC3
	N/A

	BC #7
	UL CA_n78C
	N/A
	PC3
	N/A
	N/A

	BC #8
	DL_CA_n78C_UL_n78
	powerClass
	PC2
	PC3
	N/A

	B #1
	n1
	ue-PowerClass
	PC3
	N/A
	N/A

	B #2
	n78
	ue-PowerClass
	PC2
	N/A
	N/A


Approach 1: PC of the parent BC shall be inherited to fallback BCs
We had an offline discussion about this in RAN4#108bis and one company shared their view that configurations called “fallback” shall inherit the power class of the parent CA configuration.
Observation 4: One approach was shared by a company that configurations called “fallback” shall inherit the power class of the parent CA configuration and child CA configurations without the same power class of the parent CA configuration should be reported together with associated power class. Hereafter, we call this Approach 1.
Suppose a UE wants to support listed configurations in Table 3 with Approach 1. In our view, Approach 1 requires more clarification.
One interpretation of Approach 1 is that BC#1 is a parent configuration for configurations whose PC2 is 2. Then, child BCs of #3, 5, 6 and 7 shall not be considered as fallback BCs of BC#1 since their PC is 3. In this case, the UE needs to at least additionally report BC#3 and BC#5, where BC#6 and BC#7 may not be necessarily reported since they are fallback BCs of BC#5 and BC#3, respectively. This approach, however, is not clear due to following reasons. For example, BC#6 is a child configuration of BC#2 as well, but it cannot be a fallback BC of BC#2 because their power classes are different. Then, it is questionable whether BC#6 explicitly should be reported or not. Yet another another example is that BC#8 is a child configuration of BC#3 and 7 as well, but it cannot be a fallback of BC#3 and 7, then, should BC#8 explicitly be reported. As such, how do we handle the situation where a BC is a child BC of multiple parent BCs and each of those parent BCs have different power class capabilities is unclear.Observation 5: Approach 1 needs more clear definition on how do we handle the situation where a BC is a child BC of multiple parent BCs and each of those parent BCs have different power class capabilities. 
The above examples are simplbe, but in practice, the UE may support two bands UL CA with more than two bands DL CA. In addition, some of the BC#s can be fallback of the different parent CA configurations, e.g., DL CA_n1A-n3A-n5A-n78C_UL CA_n1A-n78C and DL CA_n1A-n3A-8A n78C_UL CA_n1A-n78C etc. 
In addition, Approach 1 is not quite aligned with the current TS38.306 approach for UL inter band CA without intra band contiguous UL CA. Since if the Approach 1 was adopted, a CA like CA_1A-n78A must be handled in the same way for consistency, but the current TS38.306 doesn’t handle the CA with Approach 1 at all.
Observation 5: Approach 1 is not aligned with current TS38.306 approach for UL inter band CA not including intra band contiguous UL CA.
Approach 2: Follow the current TS38.306 approach
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. This approach simply follows current TS38.306 meanng that a power class capability to be referred to to indentify the achievable highest power for Intra band UL CA part within UL inter band is ue-PowerClass for that band of the intra band CA. Hence, this approach has the same constraint observed in TS38.306 approach for UL inter band CA not including intra band UL CA as Observation 3..
Observation 6: Referring to ue-PowerClass for a band, e.g., n78, to identify the power class capability for UL intra band contiguous CA part, e.g., CA_n78C within an UL inter band CA, e.g., CA_n1A-n78C, may impose constraints due to a lead time of specification developments, while similar constraints mentioned in Observation 3 do also exist for the current TS38.306 approach for UL inter band UL CA with single CC each.
With Approach 2 with ue-PowerClassPerBandBC-r17, the power class identification for n78C part is even simpler than Approach 1. Since we know that ue-PowerClass for n78 is always higher or equal to the power class for n78C part, if the UE can maintain the same power class of the ue-PowerClass to intra band contiguous UL CA part, the UE does not indicate additional information via ue-PowerClassPerBandBC-r17. Only when the UE cannot maintain the same power class, the UE can  indicate the achievable highest power over the carrier(s) via ue-PowerClassPerBandBC-r17. Furthermore, in case, the the UE cannot maintain the power class of ue-PowerClass for n78 to n78C part for CA_n1A-n78C, but the UE can maintain the power class to n78A part for CA_n1A-n78A, then the UE can explicitly and additionally indicate CA_n1A-n78A without via ue-PowerClassPerBandBC-r17. 
Summary is as follows, where “A” and “C” correspond to those in Case 4 and 5 in Figure 1.	
· Achievable the highest power of P for n78C/n78A part
· Ex1: If UE can maintain ue-PowerClass for n78 to n78C part during UL CA_n1A-n78C operation, C = ue-PowerClass for n78
· P = min {A = powerClass for CA_n1A-n78C, C= ue-PowerClass for n78} = PC2
· Ex2: If UE cannot maintain ue-PowerClass for n78 to both n78A/n78C part during UL CA_n1A-n78A/C, C = ue-PowerClassPerBandPerBC-r17 = PC3
· P = min {A = powerClass for CA_n1A-n78A/C, C = ue-PowerClassPerBandPerBC-r17 = PC3} = PC3
· Ex3: If UE cannot maintain ue-PowerClass for n78 to n78C part during UL CA_n1A-n78C, but maintain it to n78A during CA_n1A-n78A, 
· The UE indicates two CA configurations of CA_n1A-n78A and CA_n1A-n78C, respectively.
· For CA_n1A-n78C, as is the Ex2, ue-PowerClassPerBandPerBC-r17 = PC3 is reported, and P = PC3.
· For CA_n1A-n78A, as is the Ex1, ue-PowerClassPerBandPerBC-r17 is NOT reported and ue-PowerClass for n78 is referred to, and P = PC2.
· It is noted that in case higherPowerLimit-r17 is indicated, A is just ignored and take C in the respective examples, and the total power becomes A + C.
Observation 7: Following Approach 2, i.e., existing TS38.306 rule is much simpler than Approach 1.
Summary
After observing the two approaches, it seems that Approach 2 is even simpler than Approach 1 and in principle can follow the existing approach for UL inter band CA with single CC each band described in TS38.306. Hence, we propose to adopt a following Approach 2 as resolution from Rel-17 onwards.
Proposal: 
· From Rel-17 and onwards, ue-PowerClass is the referenced power class capability for a band or an UL intra band contiguous CA part within UL inter band CA  like CA_nXA-nYC where an achievable highest power for each part is determined by taking min {ue-PowerClass for nX or nY, powerClass for CA_nXA-nYC}. 
· In case a UE indicates power class capability(ies) over the carriers for the corresponding band(nX) and/or the band (nY) of the intra band UL CA via ue-PowerClassPerBandPerBC-r17, an achievable highest power for each part is determined by taking min {ue-PowerClassPerBandPerBC for nX or nY, powerClass for CA_nXA-nYC}. 
· Further, in case a UE cannot maintain ue-PowerClass for nYC part in CA_nXA-nYC, while a child CA configuration(s), e.g., CA_nXA-nYA, can maintain ue-PowerClass for nYA part, then, the UE indicates explicitly CA_nXA-nYA without ue-PowerClassPerBandPerBC-r17 on top of CA_nXA-nYC with ue-PowerClassPerBandPerBC-r17.
Conclusion
This contribution obtained following observations and proposal. Companion CRs to introduce higherPowerLimit-r17 for UL inter-band CA including intra band contiguous UL CA in [3].
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, then, the achievable highest power per band is derived by taking min {ue-PowerClass for a band, powerClass for the said UL inter 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 referenced power class capability for the band within UL inter band CA means that all the supported PC2 (or higher PC) UL inter band CA including the band by a UE shall be able to achieve PC2 for the band during the UL. 
Observation 3: Although a way to refer to ue-PowerClass may impose constraints on UE development, 3GPP has lived with these constraints thus far.
Observation 4: One approach was shared by a company that configurations called “fallback” shall inherit the power class of the parent CA configuration and child CA configurations without the same power class of the parent CA configuration should be reported together with associated power class. Hereafter, we call this Approach 1.
Observation 5: Approach 1 is not aligned with current TS38.306 approach for UL inter band CA not including intra band contiguous UL CA.
Observation 6: Approach 2, i.e., referring to ue-PowerClass for a band, e.g., n78, to identify the power class capability for UL intra band contiguous CA part, e.g., CA_n78C within an UL inter band CA, e.g., CA_n1A-n78C, may impose constraints due to a lead time of specification developments, while similar constraints mentioned in Observation 3 do also exist for the current TS38.306 approach for UL inter band UL CA with single CC each.
Observation 7: Following Approach 2, i.e., existing TS38.306 rule is much simpler than Approach 1.
Proposal: 
· From Rel-17 and onwards, ue-PowerClass is the referenced power class capability for a band or an UL intra band contiguous CA part within UL inter band CA  like CA_nXA-nYC where an achievable highest power for each part is determined by taking min {ue-PowerClass for nX or nY, powerClass for CA_nXA-nYC}. 
· In case a UE indicates power class capability(ies) over the carriers for the corresponding band(nX) and/or the band (nY) of the intra band UL CA via ue-PowerClassPerBandPerBC-r17, an achievable highest power for each part is determined by taking min {ue-PowerClassPerBandPerBC for nX or nY, powerClass for CA_nXA-nYC}. 
· Further, in case a UE cannot maintain ue-PowerClass for nYC part in CA_nXA-nYC, while a child CA configuration(s), e.g., CA_nXA-nYA, can maintain ue-PowerClass for nYA part, then, the UE indicates explicitly CA_nXA-nYA without ue-PowerClassPerBandPerBC-r17 on top of CA_nXA-nYC with ue-PowerClassPerBandPerBC-r17.
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