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1	Introduction
[bookmark: _Ref178064866]Rel-19 UE RF enhancement WI was agreed in RANP#103[1]. The scope of the WI covers enhancements both on FR1 and FR2. We provide some views in the contribution.
2	Discussion
There are three major objectives on the Rel-19 UE RF enhancements phase 4,
· [bookmark: OLE_LINK33]High power UE (HPUE) for CA in terrestrial network (TN)
· Power boosting and/or MPR reduction
· 6Rx for handheld and FWA UE
The scope of each objectives are quite large that it is foresee to have more RAN4 work load than traditional work items. Here we provide some overview on these objectives.
2.1 High power UE (HPUE) for CA in terrestrial network (TN)
2.1.1 Power class 1.5 (PC1.5) UE for NR TDD intra-band UL contiguous and non-contiguous CA with 2Tx
The work item contains two major different configurations of CA scenarios. The first part is TDD bands PC1.5 single band contiguous and non-contiguous CA which is an extension of existing PC2 configurations. For the contiguous CA, with or without UL MIMO are expected to be capable for a Rel-19 UE as WI stated. RAN4 had practiced specifying the PC2 requirements for these operation scenarios and got good results thus it is expected existing PC2 framework can be re-used for Rel-19 enhancements. As for the SAR solution study, considering SAR is only relevant to uplink power class and antenna emission efficiency, it is expected those has been studied and concluded for PC1.5 non-CA SAR solutions can be re-used also.
[bookmark: OLE_LINK79][bookmark: OLE_LINK37]Observation 1: For single band PC1.5 NR TDD intra-band UL CCA with or without UL-MIMO and intra-band UL non-contiguous CA without UL-MIMO, the existing PC2 framework is also applicable
Proposal 1: The SAR solution for existing PC1.5 non-CA single TDD band can be considered as starting point of PC1.5 NR TDD intra-band UL CCA with or without UL-MIMO and intra-band UL non-contiguous CA without UL-MIMO 
2.1.2 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
[bookmark: OLE_LINK68]It has been introduced 3Tx configuration in Rel-18 WI for both non-spectrum WI and spectrum WI [2][3]. In the existing WI, requirements were only specified for FWA device supporting 3Tx. In the Rel-19 this can be further enhanced to both handheld and FWA devices. In the Rel-18 WI, it was also limited the 3Tx work item only for FDD 1Tx+TDD 2Tx(MIMO & TxD). As Rel-18 also introduced PC2 HPUE for single FDD bands, the RSD and AMPR for both 1Tx and 2Tx were also added separately. So, the FDD bands have been added as MIMO bands for PC3 and/or PC2. As for the PC2 FDD 2Tx + TDD 1Tx, there may be some differences as this was not initially covered by the 3TX WI, since the single FDD band with UL MIMO & TxD are widely supported in existing specs, it would be feasible for UE to support such configuration, but one thing that the MSD with 1TX and 2TX on the FDD band. The RSD has been characterized in Rel-18 and is not expected to be different for the band when it operates under CA combos. On the other hand, we also see strong market demand from operators requiring UEs to support PC2 with UL MIMO in one of the bands including FDD 2Tx + TDD 1Tx configuration. With these understanding, no matter from technical viewpoint or market demand, it is nature for a UE to support such configuration. Thanks to Rel-18 3Tx WI, the framework and Tx requirements have been specified to some degree. We do not see technical issue to re-use the existing framework for the Rel-19 WI. The existing clauses for Tx requirements, i.e., inter-band UL CA/EN-DC with UL MIMO, and inter-band UL CA/EN-DC with TxD would still be applicable in our view. Signalling indication for a UE to report whether it supports TxD in inter-band UL CA and EN-DC, the Rel-18 per feature set TxD capability is also applicable in this WI.
[bookmark: OLE_LINK80][bookmark: OLE_LINK34][bookmark: OLE_LINK73]Observation 2: In Rel-19, a 3Tx capable UE would be possible to support UL CA with UL MIMO in any one of the bands
Proposal 2: The framework of Rel-18 3Tx can be further extended for Rel-19 UE RF enhancement for UE supporting UL CA with UL MIMO in any one of the bands with necessary modification. Tx requirements are also applicable for Rel-19 UE RF enhancement with proper modification, i.e., the clauses in the specification suffix H and L in 38.101-1/3 can be updated in more generic way to accommodate Rel-19 UE RF enhancements.
As for receiver requirements, existing MSD framework for different aggressor mechanisms are applicable for Rel-19 UE RF enhancements thus no new framework would be required.
[bookmark: OLE_LINK35]Proposal 3: Existing Rx requirements framework such as MSD specification for different aggressor mechanisms are applicable for Rel-19 UE RF enhancements.
[bookmark: OLE_LINK90][bookmark: OLE_LINK28]Proposal 4: The following configurations are to be considered in Rel-19, details can be further discussed:
For NR UL Inter-band CA:
[bookmark: OLE_LINK71]Power Class 1.5: 
PC2 FDD 1/2Tx + PC2 TDD 1/2Tx, the maximum number of Tx chain is up to three.
	PC2 FDD 1Tx + PC1.5 TDD 2Tx
For EN-DC:
[bookmark: OLE_LINK70][bookmark: OLE_LINK72]	Power Class 2: 
[bookmark: OLE_LINK74][bookmark: OLE_LINK75]PC3 LTE FDD 1Tx + PC2/3 NR FDD/TDD 1/2 Tx
[bookmark: OLE_LINK78][bookmark: OLE_LINK89]PC3/2 LTE TDD 1/2Tx + PC2/3 NR FDD/TDD 1/2 Tx, the maximum number of Tx chain is up to three
[bookmark: OLE_LINK2][bookmark: OLE_LINK22]		PC3 LTE FDD 1Tx + PC2 NR FDD/TDD 1/2Tx
Power Class 1.5: 
[bookmark: OLE_LINK77]		PC3 LTE FDD 1Tx + PC1.5 NR TDD 2 Tx
[bookmark: OLE_LINK3]PC2 LTE TDD 1/2Tx + PC2 NR FDD/TDD 1/2 Tx, the maximum Tx chain is up to three
PC2 LTE TDD 1/2Tx + PC1.5 NR TDD 1/2 Tx, the maximum Tx chain is up to three
[bookmark: OLE_LINK87]
3	Conclusion
Based on the above discussion, the observations and proposals are:
[bookmark: OLE_LINK31]For PC1.5 NR TDD intra-band UL CCA/NCCA:
Observation 1: For single band PC1.5 NR TDD intra-band UL CCA with or without UL-MIMO and intra-band UL non-contiguous CA without UL-MIMO, the existing PC2 framework is also applicable
Proposal 1: The SAR solution for existing PC1.5 non-CA single TDD band can be considered as starting point of PC1.5 NR TDD intra-band UL CCA with or without UL-MIMO and intra-band UL non-contiguous CA without UL-MIMO 

[bookmark: OLE_LINK32]For PC1.5 2-band NR inter-band UL CA with 2Tx and/or 3Tx and 2-band EN-DC with 2Tx and/or 3Tx:
Observation 2: In Rel-19, a 3Tx capable UE would be possible to support UL CA with UL MIMO in any one of the bands
Proposal 2: The framework of Rel-18 3Tx can be further extended for Rel-19 UE RF enhancement for UE supporting UL CA with UL MIMO in any one of the bands with necessary modification. Tx requirements are also applicable for Rel-19 UE RF enhancement with proper modification, i.e., the clauses in the specification suffix H and L in 38.101-1/3 can be updated in more generic way to accommodate Rel-19 UE RF enhancements.
Proposal 3: Existing Rx requirements framework such as MSD specification for different aggressor mechanisms are applicable for Rel-19 UE RF enhancements.
Proposal 4: The following configurations are to be considered in Rel-19, details can be further discussed:
For NR UL Inter-band CA:
Power Class 1.5: 
PC2 FDD 1/2Tx + PC2 TDD 1/2Tx, the maximum number of Tx chain is up to three.
	PC2 FDD 1Tx + PC1.5 TDD 2Tx
For EN-DC:
	Power Class 2: 
PC3 LTE FDD 1Tx + PC2/3 NR FDD/TDD 1/2 Tx
PC3/2 LTE TDD 1/2Tx + PC2/3 NR FDD/TDD 1/2 Tx, the maximum number of Tx chain is up to three
		PC3 LTE FDD 1Tx + PC2 NR FDD/TDD 1/2Tx
Power Class 1.5: 
		PC3 LTE FDD 1Tx + PC1.5 NR TDD 2 Tx
PC2 LTE TDD 1/2Tx + PC2 NR FDD/TDD 1/2 Tx, the maximum Tx chain is up to three
PC2 LTE TDD 1/2Tx + PC1.5 NR TDD 1/2 Tx, the maximum Tx chain is up to three
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