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1 Introduction
[bookmark: OLE_LINK17][bookmark: OLE_LINK25]In RAN #103 meeting, the new WID of UE RF enhancements for NR FR1/FR2 and EN-DC, Phase 4 was approved in [1], wherein the objectives related to TN high power UE for CA are listed as below:
	High power UE (HPUE) for CA in terrestrial network (TN)
· Specify the generic requirements of high power UE (HPUE) for NR uplink (UL) CA in FR1 and EN-DC with NR FR1 bands
· Power class 1.5 (PC1.5) UE for NR TDD intra-band UL contiguous and non-contiguous CA with 2Tx
· Specify the requirements for intra-band UL contiguous CA with or without UL-MIMO
· [bookmark: OLE_LINK5]Example band combinations: 
· [bookmark: OLE_LINK22]CA_n41C, CA_n78C, CA_n77C, CA_n79C for intra-band uplink contiguous CA configurations
· Focus on the maximum output power (MOP), MPR/A-MPR requirements, SAR solution
· Specify the requirements for intra-band UL non-contiguous CA without UL-MIMO
· [bookmark: OLE_LINK7]Example band combinations: 
· CA_n78(2A), CA_n77(2A) for intra-band uplink non-contiguous CA configurations
· Focus on the maximum output power (MOP), MPR/A-MPR requirements, SAR solution
· NOTE: leave the other band combination specific requirements to the corresponding Rel-19 basket WIs
· PC1.5 UE for two band NR inter-band uplink CA with 2Tx and/or 3Tx for handheld and FWA, and PC1.5 and PC2 for two band EN-DC with 2Tx and/or 3Tx for handheld and FWA
· Focus on the SAR solution
· Enable power class 2 (PC2) and PC1.5 of two band inter-band uplink CA and EN-DC with 3Tx for handheld UE
· [bookmark: OLE_LINK1]Identify and update the requirements if necessary
· Only PC3 is considered for LTE FDD in EN-DC 
· NOTE: leave the band combination specific requirements, e.g., MSD to the corresponding Rel-19 basket WIs
· Investigate and if feasible, support increasing UE transmission power limit up to the sum of maximum output power per band for NR inter-band uplink CA and EN-DC HPUE with the different existing power classes which have already been specified
· Introduce the signaling to support the above objectives, if needed.
· [bookmark: OLE_LINK13]Consider release independency, if needed


It can be seen that there are three following topics:
1. PC1.5 for NR TDD intra-band UL CA (2Tx)
2. Handheld and/or FWA UE related HPUE band combination
3: Increasing UE transmission power limit
[bookmark: OLE_LINK15][bookmark: OLE_LINK37]In last meeting, some agreements/open issues are included in the WF[2]. In this contribution, we give some further discussions on 2Tx/3Tx PC2/1.5 Inter-band NR CA/ENDC. 
2	Discussion
[bookmark: OLE_LINK11][bookmark: OLE_LINK28][bookmark: OLE_LINK23][bookmark: OLE_LINK66]The agreements related to 2Tx/3Tx PC2 inter-band UL NR-CA/EN-DC in the WF[2] are extracted in the following for convenience.
	General aspect
1.1 New proposed BC configurations for intra-band CA which are not included in the WI objectives 
Agreement based online and further clarification in AH meeting:
· For the lower order power class cases (PC2 and PC3) of same PC1.5 band combination
· Have the Rel-19 basket WIs to cover the necessary requirements
· FFS on whether to have independent basket WIs to cover the requirements in RAN plenary
· For the new UL intra-band CA configurations for PC1.5 
· Have the Rel-19 basket WIs to cover the necessary requirements
· FFS on whether to have independent basket WIs to cover the requirements in RAN plenary
· Discuss the requirements for those new UL intra-band CA configurations for PC1.5 after the general requirements are finalized in this WI

1.2 SAR solution
Way forward: 
FFS on following options SAR solution with consideration the P-MPR is applicable.
-	Option 1: Duty-cycle solution is not considered for any HPUE scenarios in this WI
-  Option 2：Duty-cycle solution is considered for all HPUE scenarios in this WI
-  Option 3：Duty-cycle solution is considered for all HPUE scenarios in this WI except for “increasing UE transmission power limit”
[bookmark: OLE_LINK41]-	Option 4: Duty-cycle solution is considered for limited scenarios, further study which scenarios to consider

 2-band Inter-band UL NR-CA/EN-DC with 2Tx and/or 3Tx
Note 1: Only PC3 is considered for LTE FDD in EN-DC, per the WID
Note 2: Only PC1.5 is considered for inter-band NR-CA, per the WID
3.1 Applicability of 3Tx requirements for FWA and handheld UE
Agreement online: 
· [bookmark: OLE_LINK4]3Tx NR-CA configurations and corresponding requirements defined in Rel-18 are applied to handheld UE in Rel-19.
· 3Tx EN-DC configurations and corresponding requirements defined in Rel-18 are applied to handheld UE in Rel-19
3.2 MOP tolerance
Agreement: For 2Tx PC1.5 MOP tolerance, reuse the 3Tx PC1.5 MOP tolerance, i.e., +2/-3dB
3.3 PCMAX tolerance
Agreement: No new requirement required. When 3Tx PC1.5 was introduced in Rel-18, the configured transmitted power clause referred to 2Tx configured transmitted power clause. 
3.4 Configuration for 2Tx inter-band NR-CA/EN-DC
Way forward: 
· For 2Tx inter-band NR-CA, strive to define general requirements in a band-combination configuration agnostic way
· For 2Tx inter-band EN-DC, strive to define general requirements in a band-combination configuration agnostic way, further check whether there is demand on FDD-FDD (PC2 in total)
Note: General requirements here do not include band-combination specific requirements like MSD. 
3.5 Configuration for 3Tx inter-band NR-CA/EN-DC
Way forward: 
· No restriction on the power/MIMO configurations of each band in the band combination. 
· Only PC3 is considered for LTE FDD in EN-DC, per the WID
· Both PC2 and PC1.5 are considered for inter-band NR-CA for 3Tx
· In the following basket WI, have the following limitation,
· If the power class is not specified for the single band, this band within a BC cannot have this power class capability
· If UL MIMO is not specified for the single band, this band within a BC cannot have UL MIMO capability
3.6 MSD framework for IMD
Way forward: 
· For 2 Tx PC1.5 inter-band NR-CA, assuming both of the transmitters shall be set min(+26 dBm, PCMAX_L,f,c) as defined in clause 6.2A.4
· For 2 Tx PC1.5 inter-band EN-DC, assuming both of the transmitters shall be set min(+26 dBm, PCMAX_L,f,c) as defined in clause 6.2A.4
· For 3 Tx PC1.5 inter-band NR-CA, strive to reuse existing 2Tx/3Tx IMD framework/requirements and Rel-19 new 2Tx IMD framework/requirements, for new configurations if any
·  For 3Tx PC2/PC1.5 inter-band EN-DC, follow same approach/methodology as for 3Tx PC2/PC1.5 inter-band NR-CA


In Rel-19, in our understanding, the purposes are not only for the general framework for the possible new 2Tx/3Tx HPUE band combinations for 2Tx/3Tx, but also apply 3Tx band combination for handheld UE. According to the objectives, it seems the band combination belongs to the following cases would be considered in Rel-19 scope. 
1. 2Tx PC2 inter-band ENDC (LTE FDD band is PC3)
2. 2Tx PC1.5 inter-band UL CA
3. 3Tx PC2/PC1.5 inter-band CA/ENDC for handheld UE (LTE FDD band is PC3)
The main work for this topic in R19 is focus on the SAR solution and update for general requirements if necessary. 
As stated in [3], we can observe that:
· For 2Tx PC2 NR inter-band UL CA band combination, only PC3 on FDD band is considered in Rel-18.
· [bookmark: OLE_LINK29]For 3Tx PC2/PC1.5 band combination, only 1CC in each band for UL and DL are included in the band combination in R18 basket WID for FWA UE only.
· Noted that the R18 3Tx HPUE band combination is only for FWA UE in a release independent way starting from Rel-17. 
· The duty cycle based SAR solution for 3Tx PC2/PC1.5 band combination were already introduced in the spec.
[bookmark: OLE_LINK52]In terms of the discussions in last meeting, it seems companies would not like to preclude any possible band combinations in R19. But if we consider all the combinations of the power classes of the constitute band, it seems there are many possible band combinations. But in this Rel-19 WID, RAN4 only focus on SAR solution and leave the MSD issue in the R19 basket WID. So it seems there is no need to discuss the specific band combination in this WID, instead the band combinations will be requested by proponent and included in R19 basket WID following the basket procedure.
[bookmark: OLE_LINK53][bookmark: OLE_LINK24][bookmark: OLE_LINK19][bookmark: OLE_LINK54][bookmark: OLE_LINK56]When we look at the HPUE_FR1_TDD_NR_CADC_SUL_R18 basket WID, it can be found that the 2Tx PC1.5 inter-band UL CA band combination are not in the scope of HPUE_FR1_TDD_NR_CADC_SUL_R18 basket WID. 
[bookmark: OLE_LINK57]Thus it is proposed to extent the scope of HPUE_FR1_TDD_NR_CADC_SUL_R18 to include the 2Tx PC1.5 inter-band UL CA band combination in Rel-19. Of course, the basket WID work shall be after the general requirements (including SAR) concluded.
[bookmark: OLE_LINK61]Proposal 1. To extend the scope of HPUE_FR1_TDD_NR_CADC_SUL_R18 basket WID in Rel-19 to include 2Tx PC1.5 NR inter-band UL CA.
[bookmark: OLE_LINK26]In Rel-19 basket WID, for 2Tx PC1.5 NR inter-band UL CA, at least the following types of band combination could be considered/included (here we only consider PC2/PC3 single band):
· PC2(TDD) + PC2(TDD) 
· PC2(FDD) + PC2(TDD) 
· PC2(FDD) + PC2(FDD)
Similar with 2Tx, although there are some configurations included in the R18 basket WID R18_3Tx_NR_CA_ENDC, there would be possible to include some new types of 3Tx PC2/1.5 NR inter-band UL CA/ENDC band combination in Rel-19, which relies on operator’s demands. 
In Rel-19 basket WID, for 3Tx PC2/1.5 NR inter-band UL CA, at least the same types of band combination in Rel-18 (i.e. 1CC in each band for UL and DL) shall be considered/included in R19, it would be possible to include other types like intra-band UL CA with 2CC in one of band, which depends on the R19 basket WID discussion.
[bookmark: OLE_LINK16]Proposal 2. The specific types of 3Tx PC2/1.5 NR inter-band UL CA/ENDC should be discussed in R19 basket WID.
[bookmark: OLE_LINK68][bookmark: OLE_LINK3][bookmark: OLE_LINK64]For the duty cycle based SAR solution, we think it should be based on the scenarios. it would be foreseen that the duty cycle scheme is different for the band combination between PC2 FDD+PC2/1.5 TDD and PC2 TDD+PC2/1.5 TDD, since there is no duty cycle scheme introduced for PC2 FDD single band, instead P-MPR scheme is used to meet the SAR requirements. Therefore, we think there is no need to define duty cycle scheme for the 2Tx PC1.5 NR inter-band UL CA including PC2 FDD band since it would not proper to assume the 100% duty cycle for PC2 FDD band, unlike PC3 FDD band. In the other words, duty-cycle solution should be considered for limited scenarios.
[bookmark: OLE_LINK20]Proposal 3. duty-cycle solution should be considered for limited scenarios of PC2/PC1.5 NR inter-band UL CA.
· [bookmark: OLE_LINK27][bookmark: OLE_LINK36][bookmark: OLE_LINK8]Only consider P-MPR scheme for the band combination including PC2 FDD band, 
· Except P-MPR, additional consider duty cycle scheme for the band combination including pure TDD bands.
[bookmark: OLE_LINK59]For the Pcmax updates, due to only the descriptions of ΔPPowerClass,CA = 3 are included in the current spec, shown in the follow for inter-band UL CA. 
	For uplink inter-band carrier aggregation with one serving cell c per operating band when same slot symbol pattern is used in all aggregated serving cells,
	PCMAX_L = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  pPowerClass.c/(MAX(mprc·∆mprc, a-mprc)·tC,c ·tIB,c·tRxSRS,c) , pPowerClass,c/pmprc], PEMAX,CA, PPowerClass,CA-ΔPPowerClass, CA}
	PCMAX_H = MIN{10 log10 ∑ pEMAX,c , PEMAX,CA, PPowerClass,CA-ΔPPowerClass, CA}
where
-	pEMAX,c is the linear value of PEMAX, c which is given by IE P-Max for serving cell c in [7];
-	PPowerClass,CA is the maximum UE power specified in Table 6.2A.1.3-1 without taking into account the tolerance specified in the Table 6.2A.1.3-1; If the UE indicates higherPowerLimit-r17 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.
-	pPowerClass,c is the linear value of the maximum UE power for serving cell c specified in Table 6.2.1-1 according to ue-PowerClassPerBandPerBC-r17 if indicated or ue-PowerClass otherwise without taking into account the tolerance;
-	ΔPPowerClass,CA = 3 dB for a power class 2 capable UE when the requirements of default power class are applied as specified in sub-clause 6.2.A.1.3; otherwise ΔPPowerClass, CA = 0 dB;
....


For PC1.5 inter-band UL CA, by using the similar approaches with other PC1.5 band combination, the descriptions of ΔPPowerClass,CA = 6 and ΔPPowerClass,CA = 3 for PC1.5 capable UE should be introduced.
[bookmark: OLE_LINK12][bookmark: OLE_LINK93]Proposal 4: Pcmax requirement updates with ΔPPowerClass =3/6 associated with the descriptions related to duty cycle based SAR solution are needed for PC1.5 2Tx inter-band UL CA.
[bookmark: OLE_LINK85][bookmark: OLE_LINK9]For the requirements for 3Tx band combination for handheld UE in Rel-19, it was already agreed in the WF that the requirements defined in R18 FWA requirements for NR CA/ENDC are applied9.
[bookmark: OLE_LINK10]However, from the release independence information table in TS38.307, R18 3Tx band combination is release independence from Rel-17 and applied to FWA UE. Due to handheld UE is also in the scope of R19 3Tx, so the release independence should be discussed for 3Tx band combination for handheld UE.
[image: ]
[bookmark: OLE_LINK14]It seems it would be impossible for 3Tx band combination handheld UE to be released independence from R16, the earliest release would be R17, which is same as FWA UE. Meanwhile, from R18, even R19 could also be the options. So we have following proposal.
[bookmark: OLE_LINK21][bookmark: OLE_LINK18]Proposal 5: To discuss the release independence 3Tx band combination handheld UE: from Rel-17 or Rel-18 or Rel-19.
3 Conclusion
In this contribution, we give some further discussions on 2Tx/3Tx PC2/1.5 Inter-band NR CA/ENDC. The proposals and conclusions are:
Proposal 1. To extend the scope of HPUE_FR1_TDD_NR_CADC_SUL_R18 basket WID in Rel-19 to include 2Tx PC1.5 NR inter-band UL CA.
Proposal 2. The specific types of 3Tx PC2/1.5 NR inter-band UL CA/ENDC should be discussed in R19 basket WID.
Proposal 3. duty-cycle solution should be considered for limited scenarios of PC2/PC1.5 NR inter-band UL CA.
· Only consider P-MPR scheme for the band combination including PC2 FDD band, 
· Except P-MPR, additional consider duty cycle scheme for the band combination including pure TDD bands.
Proposal 4: Pcmax requirement updates with ΔPPowerClass =3/6 associated with the descriptions related to duty cycle based SAR solution are needed for PC1.5 2Tx inter-band UL CA.
Proposal 5: To discuss the release independence 3Tx band combination handheld UE: from Rel-17 or Rel-18 or Rel-19
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