14

[bookmark: historyclause]3GPP RAN WG4 Meeting #110		R4-2400233
Athens, Greece, February 26th – March 1st, 2024

Agenda item:	14
Source:	Apple
Title:	Motivation for UL Tx switching for FR1 intra-band non-contiguous UL CA in Rel-19   
WI/SI:	
Release:	Rel-19
Document for:	Information

1	Introduction 

UL Tx switching was first introduced in 3GPP Rel-16 as a new feature to enhance inter-band EN-DC, inter-band UL CA, and SUL operations, where the switching is either between (1Tx + 1Tx) and (0Tx + 2Tx) or (1Tx + 0Tx) and (0Tx + 2Tx) for two UL carriers in two corresponding bands [1]. The feature provides the benefits of coverage improvement, UL throughput enhancement, and latency reduction. Considering that the same feature can very well be applied to FR1 intra-band non-contiguous UL CA where UE is also limited with two Tx paths for simultaneous transmission, in this contribution, we provide the motivation on introducing the UL Tx switching feature for FR1 intra-band non-contiguous UL CA as part of the Rel-19 RAN4 objectives.                                       
2 Discussion
2.1	Motivation for UL Tx switching for FR1 intra-band NC UL CA 

Similar to UL Tx switching for inter-band UL CA, the UL Tx switching for intra-band non-contiguous UL CA allows UE to dynamically switch between the two non-contiguous UL carriers without the RRC reconfiguration process. The switching can be based on the channel conditions of the two carriers where one carrier may have better propagation condition than the other due to frequency selective fading.           

Observation 1: UL Tx switching for intra-band non-contiguous UL CA allows UE to dynamically switch between the two non-contiguous UL carriers without the RRC reconfiguration process.

On the other hand, the UL Tx switching avoids the potential high MPR/A-MPR for simultaneous non-contiguous UL CA transmission due to clustered out-of-band emissions caused by 2UL inter-modulations. As a result, the UL coverage can be improved yet without compromising UL throughput performance as compared to the non-switched UL CA which will be further elaborated below.     

Observation 2: The UL Tx switching avoids the potential high MPR/A-MPR for simultaneous non-contiguous UL CA transmission due to clustered out-of-band emissions caused by 2UL inter-modulations. 

For simultaneous intra-band non-contiguous UL CA transmission, due to the UE limitation on number of Tx path at two, only non-MIMO operation can be supported for each carrier. However, with UL Tx switching, each UL carrier can leverage the two Tx paths to support UL MIMO. As a result, the UL throughput performance for UL Tx switching is not compromised as compared to non-switched UL CA.

Observation 3: UL Tx switching does not compromise UL throughput performance as compared to UL CA as each switched carrier can support UL MIMO while UL CA can only support non-MIMO operation for each carrier due to the limitation of UL Tx path for simultaneous transmission.
  
2.2	Rel-19 RAN4 objectives for Intra-CA UL Tx switching

The following Rel-19 RAN4 objectives for UL Tx switching for FR1 intra-band non-contiguous UL CA are proposed for consideration:

· Introduce UL Tx switching feature for FR1 intra-band non-contiguous UL CA.
· Specify the requirement of switching period.
· Introduce new feature/capability signaling if necessary.
3	Conclusion

In this contribution, we provide the motivation on introducing the UL Tx switching feature for FR1 intra-band non-contiguous UL CA as part of the Rel-19 RAN4 objectives for consideration. 

Observation 1: UL Tx switching for intra-band non-contiguous UL CA allows UE to dynamically switch between the two non-contiguous UL carriers without the RRC reconfiguration process.

Observation 2: The UL Tx switching avoids the potential high MPR/A-MPR for simultaneous non-contiguous UL CA transmission due to clustered out-of-band emissions caused by 2UL inter-modulations. 

Observation 3: UL Tx switching does not compromise UL throughput performance as compared to UL CA as each switched carrier can support UL MIMO while UL CA can only support non-MIMO operation for each carrier due to the limitation of UL Tx path for simultaneous transmission.

The following Rel-19 RAN4 objectives for UL Tx switching for FR1 intra-band non-contiguous UL CA are proposed for consideration:

· Introduce UL Tx switching feature for FR1 intra-band non-contiguous UL CA.
· Specify the requirement of switching period.
· Introduce new feature/capability signaling if necessary.
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