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1 Introduction

RAN1 has discussed the concept of full Tx power UL transmission and sent and LS to RAN4 [1]. The main purpose is asking RAN4 the status of UE PA configurations for NR PC2. And the opinion of defining UE capabilities for different PA configurations. LS content is reproduced below.
	1. Overall Description:

RAN1 made the following agreement on new UE capabilities for the UE to support full Tx power in UL transmission for power class 3 UEs. However, applicability of the new UE capabilities for power class 2 UEs was not concluded in RAN1.
Agreement

Full TX power UL transmission with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs. The support of this feature is indicated by the UE as part of UE capability signalling. For power class 3:

· UE capability 1: for the UE to support full Tx power in UL transmission, full rated PAs on each Tx chain is supported with a new UE capability. 

· FFS: detailed power scaling description 

· Note: Full Tx power means UE delivers total power of 23dBm for PC3

· UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power with the new UE capability 

· FFS: detailed design
· UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported with a new UE capability.

FFS: Whether all three capabilities will be specified or a subset will be specified

FFS: UE capability signalling/reporting details

Note: Two or more of the above capabilities could be merged depending on the further details

It should be noted that how to reflect the assumed PA power per Tx chain in UE capability detail is to be further discussed, and so the UE capabilities above may not directly indicate maximum PA power on each of the UE’s Tx chains.

2. Actions:

To RAN4: RAN1 respectfully asks RAN4 to take the agreements into account and to provide their views on

· applicability of the new UE capabilities for power class 2 UEs

· any differences in their applicability between 2 and 4 port UL MIMO capable UEs.


This paper discusses the UE PA configuration status in RAN4 and propose feedback to RAN1.
2 Discussion
From the LS it can be seen that RAN1 is discussing the PA power level configurations for UL MIMO PC3 UEs. The three UE capabilities examples for PC3 2x2 UL MIMO UE are:
· UE capability 1: PA1=23dBm, PA2=23dBm

· UE capability 2: PA1=20dBm, PA2=20dBm

· UE capability 3: PA1=23dBm, PA2=20dBm

And RAN1 is asking whether these capabilities can be used to PC2 which is closely related to how RAN4 defines the PC2 2x2 UL MIMO UE PA configurations.
Observation 1: RAN1 PA power level capabilities are closely related to how RAN4 defines the PC2 2x2 UL MIMO UE PA configurations.
2.1 PC2 UE PA configurations
RAN4 usually define UE RF requirements based on typical RF structures and do not constraint UE implementations. Real UE implementation structure can be different from reference UE structure. But in some cases when UE structure have large impact to requirements, the structure would also be defined like the capability signalling defined in #88bis meeting for intra-band EN-DC and NR CA which reflects UE with 1PA or 2PA configurations and apply different requirements.
When it comes to PC2 UE, RAN4 spec currently only define the total power level and the 2PA power configurations are not explicitly limited. However, in #86 meeting, the agreed WF [2] clearly have some restrictions on UE PA configurations in Rel-15, i.e. “Only PA configurations of 23+23dBm for UL MIMO and 26dBm for 1Tx are supported by specification for NR TDD bands for PC2 UE in Rel-15”.
	Agreements:
5G NR PC2 HPUE definition for SA scenario:
· UL MIMO (2Tx 23+23dBm) with total output power of 26dBm is supported by specification for NR Bands n77,n78,n79

· 1Tx +26dBm HPUE is also supported by specification for NR Bands n77,n78,n79

Only PA configurations of 23+23dBm for UL MIMO and 26dBm for 1Tx are supported by specification for NR TDD bands for PC2 UE in Rel-15


Observation 2: RAN4 have the agreement that in Rel-15 PC2 UL MIMO UE only support 23+23 PA configurations.
Based on the agreements, for PC2 2x2 UL MIMO UE, the PA configuration only include 23+23dBm scenario. Therefore, the UE capabilities for PC2 UL MIMO UE is not applicable.
Observation 3: The UE capabilities RAN1 discussed for PC3 are not applicable to PC2 UL MIMO UE.
Proposal 1: Reply RAN1 that the new UE capabilities are not applicable to PC2 UL MIMO UE.
2.2 2 and 4 port UL MIMO UEs
Up to now RAN4 only discussed UE UL MIMO with 2 ports and have not discussed the 4 port case. Therefore, we got proposal 2.
Proposal 2: Reply RAN1 that RAN4 only discussed UL MIMO with 2 ports up to now and there is no UE with 4 ports defined in RAN4 spec in Rel-15.
2.3 FR2 cases
Above we only discuss the FR1 case, here we further discuss the cases for FR2.

In FR2, the UL MIMO is achieved either by dual polarizations or by multiple antenna panels which corresponding to two antenna ports. The typical PA implementation is full rated small PAs which are used before antenna elements. So the total power level is decided by the number of PAs. If the UL MIMO is achieved by dual polarization, then each polarization PAs are mapped to one antenna port, and the power level for one polarization is half of the UE total power. Let’s take total TRP=23dBm as an example, each polarization will be 20dBm no other cases.
Therefore, we got the conclusion that the PA capabilities RAN1 discussing for FR1 PC3 is not applicable for FR2 UEs.

Proposal 3: Reply RAN1 that the new UE capabilities are not applicable to FR2 UEs.
3 Conclusion
Observation 1: RAN1 PA power level capabilities are closely related to how RAN4 defines the PC2 2x2 UL MIMO UE PA configurations.
Observation 2: RAN4 have the agreement that in Rel-15 PC2 UL MIMO UE only support 23+23 PA configurations.
Observation 3: The UE capabilities RAN1 discussed for PC3 are not applicable to PC2 UL MIMO UE.
Proposal 1: Reply RAN1 that the new UE capabilities are not applicable to PC2 UL MIMO UE.

Proposal 2: Reply RAN1 that RAN4 only discussed UL MIMO with 2 ports up to now and there is no UE with 4 ports defined in RAN4 spec in Rel-15.
Proposal 3: Reply RAN1 that the new UE capabilities are not applicable to FR2 UEs.
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