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1	Introduction 
In RAN4#96-e the discussion about TxD [1] had some progress but still many important aspects have to be solved and agreed on in order to complete the topic. This paper aims to contribute to the discussion and offer potential solutions.
2	Discussion
Due to the nature of TxD UE behaviour diverges in some aspects from typical UE. In order to keep impact on network low it has to have the right assumptions about the UE capabilities. Otherwise the network performance might degrade. TxD requires separate handling and specific requirements in the spec to achieve their full potential and to comply with emission requirements. Several open issues are still under discussion and important ones are:
· Finalizing requirements for TxD 
· Deciding on UE capability signalling  
· Defining additional relaxations where required
· CDD requirements  
Approaches for TxD signalling
A necessary step is to find an adequate solution for TxD handling and signalling being agreeable to all sides. In the last conference three possible solutions were identified:
· Use ModifiedMPRbehavior bits to signal additional relaxations.
· Introducing a new (capability) signalling for TxD
· Introducing a new power class (e.g. PC2.5) for TxD
Signalling the need for more MPR via modifiedMPRbehavior bits is an easy solution. It requires no fundamental changes in the specification as it uses the given framework. The downside is that it only covers (A-)MPR and every band would need at least one bit reserved for alternative MPR/A-MPR. Further modifications in UE behaviour have to be covered by other means and it is not applicable for older releases. Hence, this solution would require additional introduction of new signalling capabilities to inform the network about the actual UE capabilities. Furthermore, 
The introduction of a new signalling option to indicate the use of TxD would allow to define special requirements and behaviours as the BS is aware of the UE capabilities. It can be tailored to the special needs of TxD. For example, an additional capability signalling in EN-DC could help the PC ambiguity by distinguishing full and half rated UE Tx or by directly declaring the UE capabilities in certain scenarios. The signalling has to be discussed with RAN2 and it is too late to pursue this kind of changes. Another downside of this approach is that it would not be release independent and could not be applied to Rel-15 as some companies requested.
The introduction of a new power class has the charm that all requirements related to TxD could be defined independently. It would provide a clear indication of the UE capability. Furthermore, it would be release independent and could potentially be used by Rel-15 UEs.
Observation 1: Currently three options are available to solve the challenges with TxD (modifiedMPRbehavior bits, new capability signalling, new power class). Due to the drawbacks of the first two solutions only a new power class seems to be a promising candidate which also could lead to a release independent solution.
Proposal 1: Further discuss the introduction of a new power class. 
Additional relaxations for TxD and testing
TxD generates additional emissions due to transmit intermodulation and different saturation levels. As the antennas have a finite isolation the outbound signals from the individual Tx chains are distorted by the coupled signal portions from the other Tx chains. Hence, additional power reduction is needed to comply to regulatory requirements. Defining relaxations for UEs with Tx diversity requires a measurement campaign to cover reverse intermodulation. Therefore, using simulations might not be enough. Those additional relaxations should not be applied in general to PC2. All relaxations defined in the context of TxD have to be gated behind a certain (capability) signalling, so that the already agreed PC2 relaxations are not changed. 
Introducing relaxations for increased emissions caused by transmission over two antennas reveals another challenge for TxD. All emission requirements have to updated to not only consider the transmission over one antenna port but on UE level. For decreased complexity it might be sufficient to define emission requirements for two port transmission. If no changes are made. The UE might violate spectral emission requirements which come from regulatory requirements.
RAN5 needs to adapt the testing procedure to account for UEs applying Tx diversity and solve the challenges about how to properly handle/combine the signals from multiple antenna ports with transmit intermodulation. The testing procedure will definitely be more complex and time consuming compared to single antenna conducted measurements. Therefore, the testing should only be required for UEs applying transparent Tx diversity.
Proposal 2: Relaxations for TxD should be defined by measurements. Corresponding test requirements should be adjusted so that TxD is properly handled with all the given impairments. Those additional relaxations should not change already agreed PC2 MPR but should be gated behind a certain signalling. 
LS response
In RAN4#95-e a LS [4] was send to RAN1 to clarify on the feasibility of ULFPTx and TxD for certain UE imp-lementations. They responded that in principal both methods (where either each ports maps to a different PA or both ports map to both PAs) can be supported with maximum output power. But RAN4 has to take into account that method-2 can be supported for mode-2 and full power mode and not necessarily for mode-1.
3	Conclusions
This paper contributes to the Tx diversity and signalling discussion and makes the following observations and proposals:
Observation 1: Currently three options are available to solve the challenges with TxD (modifiedMPRbehavior bits, new capability signalling, new power class). Due to the drawbacks of the first two solutions only a new power class seems to be a promising candidate which also could lead to a release independent solution.
Proposal 1: Further discuss the introduction of a new power class.
Proposal 2: Relaxations for TxD should be defined by measurements. Corresponding test requirements should be adjusted so that TxD is properly handled with all the given impairments. Those additional relaxations should not change already agreed PC2 MPR but should be gated behind a certain signalling. 
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