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1 Introduction
[bookmark: OLE_LINK25]The detailed objectives about power domain enhancements in the latest WID [1] are showed as below: 
	· [bookmark: OLE_LINK42] Study and if necessary specify following power domain enhancements
· [bookmark: OLE_LINK4][bookmark: OLE_LINK61][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_LINK84]For the first bullet, there were some discussions on whether to introduce new scenarios in R18 in RAN4 #104-bis-e meeting, but the views among companies are diverse, even some companies proposed/supported to remove this objective.
[bookmark: OLE_LINK55]Meanwhile, a WF [2] was approved, where the agreements are briefly summarized below:
· FFS on the other issues and check whether if the discussion for this objective in RAN4 level could be stopped based on companies’ view in the next meeting.
· [bookmark: OLE_LINK73]‘PC2: 26dBm (TDD) + 26dBm (TDD) without UL-MIMO’ does not need to be considered in this WID.
· [bookmark: OLE_LINK18]Postpone the discussions for PC3 inter-band BC with PC3 for band 1 and PC5 for band 2 until receiving the demand from operators
· [bookmark: OLE_LINK74]The case‘PC1.5 band combination with PC1.5 band 1 and any PC band 2’ does not need to be considered in this WID.
· The case‘PC2 FDD band without TxD + PC3 TDD/FDD band’ does not need to be considered in this WID.
· [bookmark: OLE_LINK56][bookmark: OLE_LINK68]Further study on the case ‘intra-band contiguous/non-contiguous UL CA with PC2 on CC1 and PC3 on CC2.
· Further study on the case ‘PC 2 single band UL-MIMO with PC3 PA + PC2 PA’.
· 3Tx architecture should not be considered in this WID.
[bookmark: OLE_LINK15][bookmark: OLE_LINK37]In this contribution, we give some further 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_LINK11][bookmark: OLE_LINK28][bookmark: OLE_LINK66][bookmark: OLE_LINK23]1. R17 approaches/agreements
In [3], we have already given some brief summaries for the power high limits for CA and DC discussion in Rel-17, which are shown below:
a. Scope: 23dBm (TDD or FDD band) + 26dBm (TDD band), i.e. 
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. 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.
The intention from RAN4 side was to improve the power high limit by lifting the artificial restriction from the Power Class for UL inter band CA or DC.
2. R18 enhancement
[bookmark: OLE_LINK53]As pointed in [5], there are some temporary proposals during the discussion on the WID during RAN#96 plenary meeting, which were listed below:
· [Generalize Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC” to the following other cases (RAN4) : 
· [bookmark: OLE_LINK72]Power class 2, 23dBm + 23dBm : FDD+FDD, Non-MIMO
· Power class 1.5, 26dBm + 26dBms：FDD+FDD, Non-MIMO
· Intra-band non-contiguous CA]
· Enhancements that achieve better utilization of UL power (RAN1, RAN4)
When the above temporary proposals were proposed during the RAN#96 meeting, there were some online/offline discussions on whether or not these proposals are feasible, but it seems there were no consensus. 
In last meeting, these temporary proposals were discussed again. The majority views were the first two proposals are not feasible due to the reasons like: 
· The first one can be incorporated in PC2 basket WID
· [bookmark: OLE_LINK54]There are some general RF requirements issues for the second one which should be discussed/solved in a separated WID. 
· For the third one, there are separated discussions which should be further discussed. The major concerns were that this scenario cannot reuse the existing R17 approaches, and some other works for the RF requirements like MPR are foreseen.
Consequently, the proponent company suggested to remove this objectives, and some arguments happened in the last meeting. Due to this WID is RAN1-led WID, so it may not proper to make the decision in RAN4 only.
Meanwhile, some additional scenarios were proposals by companies such as ‘PC2:26dBm(TDD)+ 26dBm(TDD) without UL-MIMO’ in [3], and some scenarios in [4]. Although some of them were not agreed to be considered in this WID, there are still some scenarios are needed to be further discussed. 
Of course, there may other scenarios proposed in this meeting. Regarding the scenarios proposed/listed so far, we can observed: 
[bookmark: OLE_LINK76][bookmark: OLE_LINK16][bookmark: OLE_LINK75][bookmark: OLE_LINK80]Observation 1. The following scenarios do not need to be considered in this WID.
· Power class 2, 23dBm + 23dBm : FDD+FDD, Non-MIMO
· Power class 1.5, 26dBm + 26dBms：FDD+FDD, Non-MIMO
· PC2: 26dBm (TDD) + 26dBm (TDD) without UL-MIMO 
· PC1.5 band combination with PC1.5 band 1 and any PC band 2 
· PC2 FDD band without TxD + PC3 TDD/FDD band
· 3Tx architecture should not be considered in this WID.
And the following scenarios should be further studied.
· [bookmark: OLE_LINK7][bookmark: OLE_LINK79]intra-band contiguous/non-contiguous UL CA with PC2 on CC1 and PC3 on CC2.
· PC2 single band UL-MIMO with PC3 PA + PC2 PA.
· [bookmark: OLE_LINK78]Postpone the discussions for PC3 inter-band BC with PC3 for band 1 and PC5 for band 2 until receiving the demand from operators
[bookmark: OLE_LINK5]However, in terms of the discussions in last meeting, it seems companies think there exist ambiguity for the first objectives. Therefore, it may need to clarify the first objective first.
Regarding the following wording in the first objectives:
· [bookmark: OLE_LINK85][bookmark: OLE_LINK14][bookmark: OLE_LINK63]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)
Before we discussing which additional scenarios could be considered in this WID, we think some clarifications on the first objectives are needed.
[bookmark: OLE_LINK21]Proposal: Before discussing the additional scenarios, it is proposed to clarify following objectives first: 
· 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)
[bookmark: OLE_LINK62]For the highlighted yellow parts, in our understanding there are two interpretations:
[bookmark: OLE_LINK1][bookmark: OLE_LINK9][bookmark: OLE_LINK19][bookmark: OLE_LINK59][bookmark: OLE_LINK10][bookmark: OLE_LINK17][bookmark: OLE_LINK6]Interpretation 1: Based on the Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, only consider the R17 approaches in R18 enhancements WID.
[bookmark: OLE_LINK8][bookmark: OLE_LINK65][bookmark: OLE_LINK20]Interpretation 2: Based on the Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, other than the existing R17 approaches, the other approaches should be considered in R18 enhancements WID.
[bookmark: OLE_LINK27][bookmark: OLE_LINK36][bookmark: OLE_LINK70]For interpretation 1, only the R17 approach is considered, i.e. power from each bands are summed and no other RF requirements like MPR/A-MPR/MSD etc. are impacted. If interpretation 1 is adopted, then we think the following case is feasible:
- PC3 inter-band BC with PC3 for band 1 and PC5 for band 2 until receiving the demand from operators
[bookmark: OLE_LINK13][bookmark: OLE_LINK71]First, we are not sure why such combinations should be requested from operators considering there were several PC3 inter-band NR CA band combinations for band 1 and PC5 for band 2 already included in the specification, for example CA_n7/n25/n28-n46 and n46-n48/n66/n78, where PC5 is for band n46, and PC3 is for another band. Second, PC3 with PC3+PC5 band combination is similar with PC2 with PC3+PC2 band combination (i.e. R17 scenario), where sum power can be up to 24.8dBm by lifting the artificial restriction from the Power Class for UL inter band CA, which means the existing R17 approaches can be directly applied. The only changes seems to be the updates for the NOTE 7 in Table 6.2A.1.3-1.
[bookmark: OLE_LINK77]For other scenarios like ‘intra-band contiguous/non-contiguous UL CA with PC2 on CC1 and PC3 on CC2’, the power from each carrier are summed, and other RF requirements like MPR should be studied, which are different with the  existing R17 approaches. So this scenario does not need to be considered in this WID.
[bookmark: OLE_LINK69]For interpretation 2, it is somehow include interpretation 1. The main difference is that it allows to consider other approaches, like power from each carrier are summed are impacted. In this case, we think it is feasible to consider the scenario of intra-band contiguous/non-contiguous UL CA with PC2 on CC1 and PC3 on CC2 although there are additional works foreseen.
[bookmark: OLE_LINK81]Observation 2. If it is for interpretation 1, then 
[bookmark: OLE_LINK82]- ‘PC3 inter-band BC with PC3 for band 1 and PC5 for band 2’ could be considered in this WID
- ‘Intra-band UL CA with PC2 on CC1 and PC3 on CC2’  does not need to be considered in this WID.
If it is for interpretation 2, then 
[bookmark: OLE_LINK60]- Both ‘PC3 inter-band BC with PC3 for band 1 and PC5 for band 2’ and Intra-band UL CA with PC2 on CC1 and PC3 on CC2’ could be considered in this WID.
3 Conclusion
In this contribution, we give some further 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”. 
The proposals and conclusions are:
Observation 1. The following scenarios do not need to be considered in this WID.
· Power class 2, 23dBm + 23dBm : FDD+FDD, Non-MIMO
· Power class 1.5, 26dBm + 26dBms：FDD+FDD, Non-MIMO
· PC2: 26dBm (TDD) + 26dBm (TDD) without UL-MIMO 
· PC1.5 band combination with PC1.5 band 1 and any PC band 2 
· PC2 FDD band without TxD + PC3 TDD/FDD band
· 3Tx architecture should not be considered in this WID.
And the following scenarios should be further studied.
· intra-band contiguous/non-contiguous UL CA with PC2 on CC1 and PC3 on CC2.
· PC2 single band UL-MIMO with PC3 PA + PC2 PA.
· Postpone the discussions for PC3 inter-band BC with PC3 for band 1 and PC5 for band 2 until receiving the demand from operators
Proposal: Before discussing the additional scenarios, it is proposed to clarify following objectives first: 
· 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)
Observation 2: If it is for interpretation 1, then 
- ‘PC3 inter-band BC with PC3 for band 1 and PC5 for band 2’ could be considered in this WID
- ‘Intra-band UL CA with PC2 on CC1 and PC3 on CC2’  does not need to be considered in this WID.
If it is for interpretation 2, then 
- Both ‘PC3 inter-band BC with PC3 for band 1 and PC5 for band 2’ and Intra-band UL CA with PC2 on CC1 and PC3 on CC2’ could be considered in this WID
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