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1. Introduction
In this paper, we share our views on the interaction between ue-PowerClassPerBandPerBC-r17 (R4 16-8) and other existing different power class parameters, which has been argued for over one year.
2. Discussion
2.1 Background
For RAN2 LS R2-2211023, RAN4 had replied by LS R4-2303630, then I was made aware by our RAN2 colleague who is the moderator in RAN2 for this topic that RAN2 feel there may be some ambiguity on the terminology “supersede”. While RAN2 did not sent an official replied LS with aforementioned question but instead they asked me to share the RAN2’s question offline with companies, meanwhile RAN2 decided to postpone the CR on ue-PowerClassPerBandPerBC-r17, until receiving a new RAN4 LS (So far, we did not sent a new LS yet).
Another relevant issue RAN4 discussed extensively is that what is the default behavior (power class and relevant requirements) if ue-PowerClassPerBandPerBC-r17 is absent, and whether the default power class is necessary to be clarified in RAN2 spec as well (besides some clarification in RAN4, our consensus on from which release to modify the RAN4 spec is from Rel-17).
- 6 cases under discussion are: 
	
	Scenario

	#1
	Intra-band ULCA

	#2
	Inter-band 2CC ULCA

	#3
	Inter+intra 3CC ULCA

	#4
	Intra-band DLCA only

	#5
	Inter-band DLCA only

	#6
	Inter+intra DLCA only



2.2 Comprehensive consideration
In RAN4#108, the maintenance correction CRs for Clause 5[2] [3] were agreed, on one hand addressing companies’ concern on the “hard wording” (i.e, replacing “allowed” with “applicable”), on the other hand the “Note approach” is kept to address companies’ concern on “skipping basket working procedure for defining new combos” (i.e, HPUE combos shall be introduced with the MSD analyzed/specified). The notes in 38.101-1 and 38.101-3 in the end were modified as below:
(38.101-1)
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(38.101-3)
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It appears we all agree that the applicable power for a band within a BC should be capped by PowerClass of this BC, at least for inter-band 2CC ULCA, intra-band ULCA and inter+intra band ULCA. Note DLCA only case is discussed in later content separately. 
 It is observed there are two possible approaches to reflect above common understanding:
Alt 1) Text description, refer to [4][5] from Huawei and Qualcomm
Alt 2) Insert an equation suggested by Ericsson, which is similar as EN-DC approach. Additionally insert an equation for MPR requirement. (excerpted as below)[6][7]
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[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Observation 1: There is no doubt that the applicable power for a band within a BC should be capped by the value indicated by IE PowerClass for this band combination, in terms of intra-band ULCA, inter-band ULCA(2CC), and inter+intra ULCA(3CC).   

The controversial discussion is mainly on the applicable power class (default power class) for a band within a BC, if ue-PowerClassPerBandPerBC-r17 is absent. Two alternatives provided by companies.
 -Alt 1) ue-PowerClass by default
 -Alt 2) Min (ue-PowerClass, PowerClass)
Considering  1) Usually only the parent BC would be explicitly reported while child BC are allowed to be reported additionally when the capability is different with their parent BC(existing RAN2 mechanism). However the parent BC is always the last one to be endowed with HPUE
           2) UE power class change calls for RRC reconfiguration.
3) Sooner or later PC1.5 would be ready for most combos, especially for the parent BC.
 So generally we feel both solutions are workable with pros and cons. And it seems also difficult to judge which is more signaling overhead saving.

	The applicable Power Class for a band within a BC
	Pros?
	Cons ?

	ue-PowerClass
	Easy for the long run
	UE shall use ue-PowerClassPerBandPerBC-r17 when the applicable power class is different with ue-PowerClass.  

	Min (ue-PowerClass, PowerClass)
	UE behavior is clear, i.e., the MPR and other requirements should be accordingly; power class for parent BC for the short run is min()
	For example, if at the beginning one single band A (None CA) is configured and activated with PC2, and later another UL band is configured and activated, the powerClass for this BC is PC3, it maybe difficult to say whether UE would really want to change the power class for band A (from PC2 to PC3, which may call for RRC reconfig)


 
In addition, take a simple example, PC=PC3 for parent BC DL_n1A-n41A_UL_ n1A-n41A, PC=PC2 for single band n41, PC=PC2 for child BC DL_n1A-n41A_UL_ n41A.
→If go with Alt2), by default power class for child BC DL_n1A-n41A_UL_ n41A would be PC3(consistent with its parent BC), and it requires additionally explicitly reporting for this child BC to support PC2. → The current procedure of RAN2
→ If go with Alt1), with the equation suggested by Ericsson, for the parent BC, it is clear the power for n41 within UL_n1-n41 is capped by 23dBm, but the power class for n41 within this BC is PC2, it maybe wield the power class for a band within a BC is higher than the power class for a BC, such concern can be alleviated by indicating ue-PowerClassPerBandPerBC-r17 for n41. While for child BC DL_n1A-n41A_UL_ n41A to achieve PC2 for this BC, seems it does not require additionally explicitly reporting this child BC with PC2 anymore.
 
Observation 2: Regarding the applicable power class for a band within a BC, both alternatives (Alt 1 is ue-PowerClass; Alt2 is Min (ue-PowerClass, PowerClass)) are workable with pros and cons for each.
Observation 3: It appears the group have concern on changing the power class for the constituent band within the BC.
In RAN4#108 meeting, it was already agreed for intra-band ULCA, PowerClass as default power class applicable for the band.
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In last meeting, in terms of inter+intra band 3CC ULCA, ue-PowerClass is captured in CR [8] to be the default power class for each constituent band within the band combination if ue-PowerClassPerBandPerBC-r17 is absent. Though it was also agreed this CR can be revisited/modified according to the agreements made in future meetings, it is still preferred to adopt ue-PowerClass as default for sake of unified solution among cases.
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Observation 4: For DLCA only(either inter- or intra- or inter+intra), inter-band ULCA(2CC), inter+intra ULCA(3CC), it is suggested to adopt ue-PowerClass as default applicable power class, if PowerClassPerBandPerBC-r17 is absent .
Observation 5: For intra-band ULCA, maintain the agreement of RAN4#108 to adopt PowerClass as default applicable power class for this band.
Furthermore, one good proposal was raised in [9] to extend the applicability of PowerClassPerBandPerBC-r17 to DLCA only case as well as intra-band ULCA case. To our understanding, the intention probably is to ease the companies’ concern to adopt ue-PowerClass as default, take DL_n1-n77_UL_n77 which is usually a child BC as example, generally it inherits the power class of its parent BC, while if it supports different power class than its parent BC it is allowed to be additionally explicitly reported to NW(the existing RAN2 mechanism), but if companies still feel unsafe, one alternative is to use PowerClassPerBandPerBC-r17 to report the applicable power class. The intention is understood by companies while the majority prefer not to extend the applicability of the new IE otherwise there would be too many power class relevant IE, just use the existing RAN2 mechanism should be enough.
Observation 6: Do not extend the applicability of PowerClassPerBandPerBC-r17 to DLCA only case nor intra-band ULCA case.
With above consideration, the following comprehensive proposal is made:
Proposal 1:
	
	Scenario
	Whether ue-PowerClassPerBandPerBC-r17 is applicable for this scenario
	The default applicable power class for the constituent band within the BC if ue-PowerClassPerBandPerBC-r17 is absent or not applicable

	#1
	Intra-band ULCA
	No
	PowerClass

	#2
	Inter-band 2CC ULCA
	Yes
	ue-PowerClass

	#3
	Inter+intra 3CC ULCA
	Yes
	ue-PowerClass

	#4
	Intra-band DLCA only
	No
	ue-PowerClass

	#5
	Inter-band DLCA only
	No
	ue-PowerClass

	#6
	Inter+intra DLCA only
	No
	ue-PowerClass

	Note: In scenario #4/#5/#6, UL is single CC.



Another controversial discussion point is as [6][9] proposed that allow UE to exceed PowerClass for DLCA only case when ue-PowerClass is higher than PowerClass, which is optional but not mandatory. Strictly speaking, it is against band combination working procedure, i.e., the power class is applicable after it has been specified in either MOP table or Configuration Table with MSD analyzed and specified. However, for sake of both UE’s and NW’s benefit on coverage, we are ok to compromise with the understanding if this higher power class for the BC is not specified in spec yet but UE supports it for DLCA only case, it means there is no MSD relaxation until this higher power class has been specified.
For example, for DL_n1-n77_UL_n77, Power class for single band n77 is PC1.5 which is indicated via ue-PowerClass, while PowerClass for this band combination is PC2 while PC1.5 has not been specified for this combo yet, UE is allowed to supports PC1.5 for DL_n1-n77_UL_n77 with the assumption there is no MSD allowed.
Proposal 2: In terms of DLCA only case, it is ok to allow UE to exceed PowerClass when ue-PowerClass is higher than PowerClass, with the assumption there is no MSD allowed(i.e., MSD=0) until this higher power class (the same value as indicated by ue-PowerClass) for this DLCA combo is introduced in spec.
[bookmark: OLE_LINK1]Lastly, a LS with further clarification to RAN2 is re-submitted as [10] in this meeting which is the last version of RAN4#110 and the great wisdom of many companies. It is strongly recommended to send this LS to RAN2 and finalise all discussion in this meeting, then we can proceed to Rel-19 with a delightful mode.
Proposal 3: It is strongly recommended to send the clarified LS [10] to RAN2 in this meeting.

3. Conclusion
Observation 1: There is no doubt that the applicable power for a band within a BC should be capped by the value indicated by IE PowerClass for this band combination, in terms of intra-band ULCA, inter-band ULCA(2CC), and inter+intra ULCA(3CC).   
Observation 2: Regarding the applicable power class for a band within a BC, both alternatives (Alt 1 is ue-PowerClass; Alt2 is Min (ue-PowerClass, PowerClass)) are workable with pros and cons for each.
Observation 3: It appears the group have concern on changing the power class for the constituent band within the BC.
Observation 4: For DLCA only(either inter- or intra- or inter+intra), inter-band ULCA(2CC), inter+intra ULCA(3CC), it is suggested to adopt ue-PowerClass as default applicable power class, if PowerClassPerBandPerBC-r17 is absent .
Observation 5: For intra-band ULCA, maintain the agreement of RAN4#108 to adopt PowerClass as default applicable power class for this band.
Observation 6: Do not extend the applicability of PowerClassPerBandPerBC-r17 to DLCA only case nor intra-band ULCA case.
Proposal 1:
	
	Scenario
	Whether ue-PowerClassPerBandPerBC-r17 is applicable for this scenario
	The default applicable power class for the constituent band within the BC if ue-PowerClassPerBandPerBC-r17 is absent or not applicable

	#1
	Intra-band ULCA
	No
	PowerClass

	#2
	Inter-band 2CC ULCA
	Yes
	ue-PowerClass

	#3
	Inter+intra 3CC ULCA
	Yes
	ue-PowerClass

	#4
	Intra-band DLCA only
	No
	ue-PowerClass

	#5
	Inter-band DLCA only
	No
	ue-PowerClass

	#6
	Inter+intra DLCA only
	No
	ue-PowerClass

	Note: In scenario #4/#5/#6, UL is single CC.



Proposal 2: In terms of DLCA only case, it is ok to allow UE to exceed PowerClass when ue-PowerClass is higher than PowerClass, with the assumption there is no MSD allowed(i.e., MSD=0) until this higher power class (the same value as indicated by ue-PowerClass) for this DLCA combo is introduced in spec.
Proposal 3: It is strongly recommended to send the clarified LS [10] to RAN2 in this meeting.
4. Reference
[1] R4-2303630, Reply LS on clarification for ue-PowerClassPerBandPerBC-r17, RAN4#106, Samsung
[2] R4-2314915, CR(F) for TS38101-1 Clarifying applicable power classes for NR CA, RAN4#108, Huawei
[3] R4-2312940, Rel17 Cat F CR for 38.101-3 Correct the note for HPUE indication in configuration table, RAN4#108, Samsung
[4] R4-2320666, CR for TS38101-1 Clarifying applicable power classes for NR CA, RAN4#109, Huawei
[5] R4-2313549 CR to 38101-1 Rel-17 Cat F powerclass corrections, RAN4#108, Qualcomm
[6] R4-2319427, Corrections to configured maximum power and MPR for serving cells of UL CA, RAN4#109, Ericsson
[7] R4-2319429, Correction to UE power classes for CA configurations for HPUE, RAN4#109, Ericsson
[8] R4-2318030，Introduction of higherPowerLimit-r17 into NR CA of PC3+PC5 including UL Intra band CA， RAN4#109, Nokia
[9] R4-2320647, Powerclasses and maximum output power, RAN4#110, Qualcomm
[10] R4-2400201, LS on further clarification for ue-PowerClassPerBandPerBC-r17 (R4 16-8), RAN4#110, Samsung

image3.png
Povax e = MIN {MIN(Pevax.c. Pemax.ca) = ATc.c. MIN(PpowerClass — APpowerClasss ProwerClass.ca — APpowerClass.ca) =
MAX(MAX(MPRAAMPR,, A-MPR )+ ATg . + ATc o+ ATgrxsrs, P-MPR,) }o

BCMAX Hfc ™= MIN {PEM.AX C: PPowerClass - APPowerClasss PEMAX CA. PPowerClass CA — APinuClass CA,},‘J

where.




image4.png
The MPR, allowed for serving cell ¢ of a configured band combination is determined according to the power class with
nominal maximum output power.
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and the number of transmitter antenna connectors used, with Ppowerciass the maximum UE power for serving cell ¢
specified in Table 6.2.1-1 without taking into account the tolerance and indicated by ue-PowerClassPerBandPerBC-
r17, if present, ue-PowerClass otherwise, while Ppowerclassca, 15 the maximum UE power specified in Table 6.2A.1.3-1
for the band combination without taking into account the tolerance and indicated by powerClass if present, the default

power class otherwise..
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For the case when the UE indicates higherPowerLimit-r17, Ppogeciassca. 18 replaced by 10 logio (DpowerClassa +

DeowarClass CAR).-
Where.

- DpowerClasca i the linear value of the maximum UE power for serving cell ¢ on the operating band A specified in

Table 6.2.1-1 according to ieSPoweRCIasSPerBandPerBCTI7itindicated or uiesPowerClass otherise

without taking into account the tolerance;.
- Drawaglasca is the linear value of the maximum UE power for serving cell(s) on the operating band B including

intra-band carrier aggregation specified in Table 6.2F.1A.2-1 Becording (o ue=PowerClass PerBandPerBCr17
iFindicated or we-PowerClass] otherwise without taking into account the tolerance..
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NOTE 3: Minimum requirements for Power Class 2 areis applicablealtowed for this uplink combination or single uplink carrier in
this downlink/uplink combination.

NOTE 4: Minimum requirements for Power Class 1.5 areis applicablealiowed for this uplink combination or single uplink carrier in
this downlink/uplink combination.




image2.png
NOTE 21:

reqwrements for PCZ are appllcable for this uplink EN-DC conflqurat|on in thls downllnk/upllnk EN DC .

conflguratlon.L




