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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
TxD WI was approved as a new WI in RAN#92e, and one of the objective is to discuss and specify the necessary changes to enable TxD UE to support ULFPTx. This paper discuss on this aspect.
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2 Discussion
2.1 The relation between TxD and ULFPTx
ULFPTx was introduced in Rel-16 to achieve full power transmission when UE is configured with one layer two ports where in Rel-15 max power is limited to half power. RAN1 defined three modes for ULFPTx, i.e. mode 0 (26+26 case), mode 1 (23+23 case), and mode 2 (26+23 case). It can be seen that UE with mode 1 is implemented with two half power class PA, and this kind of implementation is quite similar to the feature of TxD. This caused the confusion of relation between ULFPTx and TxD when UE is 23+23 PAs.

In ULFPTx WI, it was agreed that “The applicability of Transparent TxD is NOT related to UE supporting or not supporting Rel-16 ULFPTx” as below table. This means TxD and ULFPTx can be supported by UE and no restriction on each other in implementation.

	· Transparent TxD’s applicability for UEs supporting or not supporting ULFPTx in Rel-16
· [Reconfirm previous agreement] “The applicability of Transparent TxD is NOT related to UE supporting or not supporting Rel-16 ULFPTx”
· [Newly added] In Rel-16, RAN4 ULFPTx requirement needs to allow UE to use transparent TxD to achieve the required transmission power in following cases: 
· Mode-1 UE use transparent TxD for single SRS port (either with DCI_0_0 or single SRS port with DCI_0_1)
· FFS transparent TxD can be used for UE configured with two SRS ports



Observation 1:    TxD and ULFPTx are two separate features in applicablility.

RAN4 also sent LS [2] to RAN1 to clarify the transparent TxD and ULPFTx in single SRS port and two SRS ports implementations as below. And RAN1 confirms these implementations are feasible [3].

	· First case: Transparent TxD for UE configured with single SRS port (either with DCI_0_0 or single SRS port with DCI_0_1);
· Second case: Transparent TxD for UE configured with 2 SRS ports (FFS whether TxD is feasible in this case).
For the second case, two possible methods to transmit a multi-port SRS resource (i.e. 2Tx ports) with two PAs (PA1 and PA2) were considered, i.e. 
· Method-1: SRS port-1 maps to PA1, SRS port-2 maps to PA2
· Method-2: SRS port-1 maps to PA1+PA2, SRS port-2 maps to PA1+PA2



So it is allowed for UE to support TxD and ULFPTx simultaneously.

Observation 2:    UE is allowed to support TxD and ULFPTx simultaneously when configured with single SRS antenna port or multi SRS antenna ports.

2.2 Requirements for TxD and ULFPTx
Requirements for ULFPTx has been introduced in spec and the requirements for TxD is under discussion, with separate UE capability introduced, it is feasible to test UE with TxD and ULFPTx requirements correspondingly.

Observation 3:    TxD and ULFPTx can be tested with corresponding requirements therefore function can be guaranteed.

And in last meeting, there are some questions on UE behavior and tests if support both TxD and ULFPTx, typical questions are as below:
· if a UE supports both transparent TxD and full power MIMO, it should be clear how will UE behave when the UE is configured for full power MIMO. 
· if the requirements and/or tests differ between full power UL MIMO and transparent TxD, then the behavior of the UE can be different. 
· Since transparent TxD is not configurable, then the network would not know whether to expect the behavior from transparent TxD or from full power MIMO.  

In general, the implementation of transparent TxD is up to UE and there is no fixed mapping between ULFPTx to TxD. For example, in full power MIMO, UE with two 23PAs can also achieve the ULFPTx modes 0/1/2 in theory, as below figure 1 even mode 0 and mode 2 in this case are not typical implementations.



Figure 1 Implementations of two 23PAs to achieve ULFPTx

Observation 4:    Mapping of TxD and ULFPTx is up to UE implementation as long as requirements are met.

Regarding the UE behavior and requirements, it is true that requirements might be different, however, ULFPTx and TxD are capabilities that UE report to NW, when NW configure ULFPTx to UE, UE shall follow ULFPTx scheduling. From NW side, what it can see is UE achieves ULFPTx no matter with or without TxD, no difference in this case and there is no need for NW to exactly know whether the 26dBm is achieved by one 26PA or two 23PAs. 

Observation 5:    It is not necessary for NW to exactly know how the ULFPTx is achieved, e.g. with or without TxD.


Proposal 1:         It is proposed to confirm that there is no dependency between TxD and ULFPTx and no ULFPTx spec need to be changed due to the introduction of TxD.
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- Phase 2:

o Specify, if necessary, changes to enable Transmit Diversity (TxD) capable UE to support SRS
antenna switching and Uplink full power transmission (ULFPTx). [RAN4, RAN2]
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