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1. Introduction
During the RAN4#105 meeting, the 2TX configuration has been fully discussed and many aspects have been raised with TxD as well as the ULPFTx capabilities and corresponding test methods. With limited time, there is not much conclusion and hence in this meeting we give further discussion on this topic.
2. Discussion
According to the WID [1], the UE with NR 2TX configuration is divided into two cases as listed below:
· Specify necessary enhancement of the anechoic-chamber based test methodology (i.e. reference test methodology) to support (test methodology defined in TR 38.834 is the baseline):
· UE with NR 2Tx configuration
· [bookmark: _Hlk95478656]Case 1: TxD (i.e., TxD capability supported)
· Case 2: single layer UL-MIMO (i.e., codebook-based capability supported)
· Study proper configuration from UE implementation and test system feasibility perspective
· Define test case applicability for case 1 and case 2

During the last meeting, the test configuration has been discussed and it can be observed that the current RAN5 test spec for both ULFPTx as well as TxD has already defined different test procedures in sub-clause 6.2D and 6.2G respectively. Furthermore, during the RF discussion, it can be observed that the TxD and the ULFPTx are different UE features. Furthermore, it has been also agreed in CTIA that different test should be carried out for these two features. However, if we look back to the TxD discussion during Rel-16 and Rel-17 and an corresponding TR 38.837 [2] has captured below for the RF architecture during the MPR discussion in sub-clause 4.4.2 and marked as yellow below that “it was agreed that TxD and UL MIMO should use the same MPR requirement for the same power class and architecture, to have 2Tx MPR requirement that is valid for both TxD and UL MIMO in different modes”.
From this agreement, we see that for UL MIMO and TxD, the same MPR requirements will be used for the same power class and architecture. In other words, the PA capability and configuration should be the same for UL MIMO and TxD with same power class and architecture.
Observation 1: It was agreed that TxD and UL MIMO should use the same MPR requirement for the same power class and architecture, to have 2Tx MPR requirement that is valid for both TxD and UL MIMO in different modes
From the perspective, although the features are defined differently which is quite reasonable since different mechanism of UE and network communication and configuration are used, the RF architecture will be quite similar and hence the same MPR requirement apply. This also can imply that for UE supporting both TxD and single layer UL-MIMO, only one set of TRP/TRS requirement should be defined.
Proposal 1: For UE supporting both TxD and single layer UL-MIMO, one set of TRP/TRS requirement should be defined.
[bookmark: _Toc106111751][bookmark: _Toc106111852]4.4.2	MPR evaluation for TxD
[bookmark: _Toc106111752][bookmark: _Toc106111853]4.4.2.1	Architecture and reverse IMD impact
Transparent transmit diversity was defined in Release 15 but no specific MPR has been evaluated at the time and especially PC2 for band n77/78 and 79 was agreed to be based on 2Tx with two 23dBm capable PAs. 
In Release 16, UL MIMO feature was also defined for PC3 and assumed that two 23dBm PAs were available thus the 1Tx PC3 MPR could be reused. In Release 16 also, PC1.5 power class was defined based on a 2Tx architecture using two PC2 PAs and related MPR was evaluated including reverse IMD impact and specified.
In Release 17, it was agreed that proper evaluation of 2Tx PC2 MPR for TxD was needed as 1TX PC2 MPR could not apply as is due to additional non-linearity related to Reverse IMD but also from a slightly different linearity operating point.
Because of the reverse IMD aspects, similation based on AM/PM modelling of PAs is not properly describing the effect of the PAs cross-coupling and this specific two PAs measurements must be conducted with careful attention on waveform applied at each PA inputs to avoid cancellation/re-construction mechanisms.
As it was agreed that TxD and UL MIMO should use the same MPR requirement for the same power class and architecture, to have 2Tx MPR requirement that is valid for both TxD and UL MIMO in different modes, the evaluation is based on using waveform representative of:
	TxD operation with SD-CDD (Small Delay-Cyclic Deleay Diversity) with properly chosen delay between each transmit path
	Single stream UL MIMO operation with properly chosen quadrature phase offset between each transmit path
Two stream UL MIMO operation with uncorrelated signals in each transmit paths.

Besides, the TR 38.837 has also considered different PA architecture for different power class and different PA architecture which is also captured below:
[bookmark: _Toc106111755][bookmark: _Toc106111856]4.4.2.2.2	2Tx PC2 with TxD
For 2Tx PC2 with TxD, the baseline architecture is based on two PC3 (26dBm) capable PAs, but it can’t reuse the 1TX PC2 MPR since there is additional reverse IMD contribution to emissions and at the linearity calibration point, each PC3 PA is 1dB short in meeting the PC2 31dB ACLR.
In order to allow consistent evaluation of PC2 2Tx MPR across companies, the following assumptions were used:
	PA calibration: each PC3 PAs are calibrated for 30dB ACLR 1dB MPR for 20MHz QPSK DFT-s-OFDM 100RB0 waveform
	Post PA losses of 4dB
	Antenna Isolation of 10dB.
Although not precluded, other implementations must comply with the PC2 2Tx MPR defined for the baseline architecture, and benefit from better linearity. As such, they could benefit from better MPR requirement, but this optimization is postponed to later work in RAN4, for example architectures including one or two PC2 capable PAs:
	Two 26dBm PAs, in this case it was shown that a specific 2Tx MPR could be derived from the PC1.5 MPR as it is the same architecture and ACLR target thus MPR values are just reduced by 3dB (negative values after the 3dB reductions are clamped to 0dB) since the reference power is reduced to 26dBm instead of 29dBm. UL full power can be delivered on both antennas without needed any swapping.
	One 26dBm PA with one 23dBm PA, in this case it was shown that 1Tx PC2 MPR since one of the PA is already capable of the PC2 MPR but benefits from an intrinsic 3dB backoff that is more than enough to compensate for the smaller PA reduced linearity and the additional reverse IMD contribution. Furthermore, UL full power is feasible without TxD.

The marked yellow and red parts in above statement has fully explain how to define the requirement. A baseline architecture is set and a minimum requirement is derived from such baseline architecture which 2 PC3 PAs are used. The one or two PC2 capable PAs optimization is postponed to later work in RAN4.
Observation 2: A baseline of 2 PC3 PAs architecture is used to derive the minimum requirement and further optimization of one or two PC2 capable PAs is postponed.
From this perspective, when defining the TRP requirement, it is also recommended that define the requirement with baseline architecture and the optimization can be postponed until new request or new work done in RF core part.
Proposal 2: It is proposed that when defining the 2TX TRP requirement, define the requirement with baseline architecture and the optimization can be postponed
3	Conclusions
In this paper, we give further discussion on the anechoic chamber test methodology, the observations and proposals are captured as below:
Observation 1: It was agreed that TxD and UL MIMO should use the same MPR requirement for the same power class and architecture, to have 2Tx MPR requirement that is valid for both TxD and UL MIMO in different modes
Proposal 1: For UE supporting both TxD and single layer UL-MIMO, one set of TRP/TRS requirement should be defined.
Observation 2: A baseline of 2 PC3 PAs architecture is used to derive the minimum requirement and further optimization of one or two PC2 capable PAs is postponed.
Proposal 2: It is proposed that when defining the 2TX TRP requirement, define the requirement with baseline architecture and the optimization can be postponed
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