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1 Introduction
[bookmark: OLE_LINK25]In the RAN#95-e meeting, the WI on further NR coverage enhancements was approved [1] and was updated in RAN#96 meeting as [2]. The detailed objective about power domain enhancements is showed as below: 
	· [bookmark: OLE_LINK42] Study and if necessary specify following power domain enhancements
· [bookmark: OLE_LINK4][bookmark: OLE_LINK3]Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)


[bookmark: OLE_LINK37]In this contribution, we give some initial discussions on the enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”. 
2	Discussion
[bookmark: OLE_LINK28][bookmark: OLE_LINK23][bookmark: OLE_LINK66]In Rel-17, RAN4 has already discussed the issues related to the power high limits for CA and DC, where the intention from RAN4 side is to improve the power high limit by lifting the artificial restriction from the Power Class for UL inter band CA or DC. For example, allowing a PC2 PA to work at its really transmit output power@antenna connector, i.e. 26dBm rather than 23dBm, for a PC2 UL inter-band CA or DC band combination with the power configuration of 23+26dBm.
[bookmark: OLE_LINK11][bookmark: OLE_LINK7]Due to the lack of time in Rel-17, only the minimum scope of the power configuration i.e. 23dBm (TDD or FDD band) + 26dBm (TDD band) was incorporated. For the other power configurations cases, although there were some discussions in Rel-17, no consensus were achieved.
For convenience, we summarize some consensuses as follow:
a. Scope: 23dBm (TDD or FDD band) + 26dBm (TDD band), i.e. 
[bookmark: OLE_LINK27][bookmark: OLE_LINK18][bookmark: OLE_LINK14][bookmark: OLE_LINK20][bookmark: OLE_LINK6][bookmark: OLE_LINK8]NOTE 7:	The UE that supports PC3 within an NR TDD or FDD band and supports PC2 within a second NR TDD 	band may signal a [HigherPowerLimitCADC] capability whereby the maximum output power indicated in the 	table may be exceeded in accordance with sub-clause 6.2A.4.1.3. The power classes referenced are according to 	the reported [powerClassPerBand] if indicated or ue-PowerClass otherwise.
b. [bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK1][bookmark: OLE_LINK19]Both Pcmax,L and Pcmax,H are increased: i.e. If the UE indicates [HigherPowerLimitCADC] for an eligible CA configuration as specified in Table 6.2A.1.3-1 and ΔPPowerClass, CA = 0, PPowerClass,CA is replaced by 10 log10 ∑ pPowerClass,c.
c. New signalling related to [HigherPowerLimitCADC] was introduced
d. New signalling related to powerClassPerBand was triggered and introduced in another threads.
e. No new power class(es) was(were) introduced.
[bookmark: OLE_LINK17][bookmark: OLE_LINK36]Observation 1. Only the eligible CA configuration with power configuration of 23dBm (TDD or FDD band) + 26dBm (TDD band) was supported after Rel-17 discussion.
[bookmark: OLE_LINK13][bookmark: OLE_LINK12][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK24][bookmark: OLE_LINK29][bookmark: OLE_LINK26][bookmark: OLE_LINK45]It shall be noted that pPowerClass,c is the linear value of the maximum UE power for serving cell c according to [powerClassPerBand] if indicated or ue-PowerClass otherwise. Considering the different powerclass for the band which relays on the capabilities of [powerClassPerBand] and ue-PowerClass, although for 23+26dBm power configurations, some cases are still not in the scope in our understanding. For example, considering the two bands where single band PC3 nX(23dBm@1Tx) and single band PC2 nY(26dBm@2Tx), then for PC2 nX+nY UE, PC3 is supported for nY in CA operation as indicated by [powerClassPerBand] capability. In this case, the total maximum output power is 26dBm, no power increasing is foreseen since the sum power (i.e. 10 log10∑pPowerClass,c) will not exceed the UE power class for UL CA. But of course, if single band nY is PC2(26dBm@1Tx), then the total maximum output power is 27.8dBm, power increasing is foreseen.
[bookmark: OLE_LINK50][bookmark: OLE_LINK46][bookmark: OLE_LINK21]Observation 2. The 10 log10∑pPowerClass,c should exceed UE power class for uplink inter-band CA. 
[bookmark: OLE_LINK5]In Rel-18, as stated in the objectives, the enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on“Increasing UE power high limit for CA and DC”, which means the current consensus of Rel-17 RAN4 work on“Increasing UE power high limit for CA and DC”can be reused.
[bookmark: OLE_LINK41][bookmark: OLE_LINK30][bookmark: OLE_LINK32]For the enhancements purposes, a straightforward way is to enhance the scopes to include more power configurations cases. In theory, any eligible CA configurations with sum power (i.e. 10 log10∑pPowerClass,c) exceeding the UE power class for UL CA by reporting the [HigherPowerLimitCADC] capability could be included.
[bookmark: OLE_LINK52][bookmark: OLE_LINK51][bookmark: OLE_LINK49][bookmark: OLE_LINK44]Proposa1 1. To include more power configurations cases in Rel-18 power domain enhancements.
In terms of R18 HPUE inter-band CA/SUL basket WID [3], the power configurations for each band can be seen in table 1.
Table 1. Power class cases for uplink in PC2 NR inter-band CA/DC
	#
	Band combination list
	Power class cases for uplink

	1
	Band combination list for Power class 2 NR Inter-band CA/DC for y bands DL with x bands UL (x=1, 2)
	1UL(TDD): PC2 on TDD band
2UL(FDD+TDD, TDD+FDD, TDD+TDD): PC3 on FDD band, PC2 or PC3 on TDD band


For PC2 UL CA with 2 uplinks, the power class cases for uplink combinations are: 
1. PC3 FDD+PC3 TDD
[bookmark: OLE_LINK22]2. PC3 FDD+ PC2 TDD
3. PC3 TDD+ PC2 TDD
[bookmark: OLE_LINK34]4. PC2 TDD+ PC2 TDD
[bookmark: OLE_LINK33][bookmark: OLE_LINK31][bookmark: OLE_LINK43][bookmark: OLE_LINK35]Without 2Tx implementation in each band, it is simple for bullet 1 since the 10 log10∑pPowerClass,c is same as UE power class for UL CA, and for the bullet 2 and 3, they were already included in the Rel-17. For bullet 4, since the UE power class for UL CA is PC2, when reporting [HigherPowerLimitCADC] capability, then the 10 log10∑pPowerClass,c can up to 29dBm. Therefore, we think PC2 TDD+ PC2 TDD could be incorporated in the enhancement scope.  
[bookmark: OLE_LINK47][bookmark: OLE_LINK40][bookmark: OLE_LINK38]Proposa1 2. ‘PC2:26dBm(TDD)+ 26dBm(TDD) without UL-MIMO’ could be incorporated in the enhancement scope. 
For other possible power configurations, further discussion would be needed. Even intra-band could also be included.
[bookmark: OLE_LINK39]Currently the HPUE UL CA includes the constitute PC2 FDD band was not supported in RAN4, but we think ‘PC2:26dBm(FDD/TDD)+ 26dBm(FDD/TDD) without UL-MIMO’ could also be included after all the issues are solved for HPUE UL CA including the constitute PC2 FDD band. 
[bookmark: OLE_LINK48]If more power configurations are introduced, the little impacts on the RAN4 specification should be foreseen. Actually, in Rel-17, the impacts on the RF requirements such as MPR and MSD requirements were discussed when the sum power exceeds the the UE power class for UL CA. For MPR, The linearity is already tested at the nominal P_PowerClass levels, and the emissions at higher power levels is an implementation issue. For MSD, there is no need to re-evaluate since the same NOTE of ‘Both of the transmitters shall be set min(+23 dBm, PCMAX_L,f,c) as defined in clause 6.2A.4’ as PC2 inter-band UL CA was adopted. Therefore, the only changes seems to be the updates for the NOTE 7 in Table 6.2A.1.3-1.
Observation 3. Little RAN4 specification impacts are expected if more power configurations cases in Rel-18 power domain enhancements are introduced.
3 Conclusion
In this contribution, we give initial discussion on the enhancements to realize increasing UE power high limit for CA and DC in Rel-18. 
The conclusions are summarized below:
Observation 1. Only the eligible CA configuration with power configuration of 23dBm (TDD or FDD band) + 26dBm (TDD band) was supported after Rel-17 discussion.
Observation 2. The 10 log10∑pPowerClass,c should exceed UE power class for uplink inter-band CA 
Proposa1 1. To include more power configurations cases in Rel-18 power domain enhancements.
Proposa1 2. ‘PC2:26dBm(TDD)+ 26dBm(TDD) without UL-MIMO’ could be incorporated in the enhancement scope. 
Observation 3. Little RAN4 specification impacts are expected if more power configurations cases in Rel-18 power domain enhancements are introduced.
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