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1. Introduction

RAN#85 approved the revised WID for FR1 RF requirements in [1], capturing the proposals for UE requirements to support the switching between 1Tx carrier and 2Tx carrier. According to the approved WF in [2], which serves as the reference of the revised WID for switching between 1Tx carrier and 2Tx carrier, RAN4 will discuss mainly the length of the switching time mask, the location of the switching period and potential RRM requirements. 
Besides, some companies raised the issue that the UE switching between 1Tx carrier and 2Tx carrier can cause DL interruptions. It is not always the case. This contribution presents discussions on some technical insights upon the issue. We propose to not to allow DL interruptions during UE switching between 1Tx carrier and 2Tx carrier. 
2. Discussion
2.1. DL interruptions

Companies raised the concern that the DL interruptions will be caused and thus system performance will be affected during UE’s switching between 1Tx and 2Tx uplink carriers. It is raised that DL interruptions can be caused provided that the UE is required to have simultaneous Rx and Tx. 
SUL case
However for SUL based switching between 1Tx carrier and 2Tx carrier, as shown in Figure1, since the UL transmission on TDD UL carrier is always orthogonal in time with DL reception, the switching point between NR SUL and UL transmissions never overlaps with any DL reception.  Thus there is no DL interruption caused by any means. Additionally, if the UE has the implementation with separate PLLs for uplink and downlink and separate PA for SUL and NR UL, the UE is able to conduct switching between the uplink carriers without any DL interruption. If any event of PA reconfiguration is caused by shared PA or shared PLL for two uplinks, the event can be accommodated by the guard period between TDD DL and TDD UL and cause no DL interruption.
Thus we have the observation that

Observation 1: There is no downlink interruption caused by switching between 1Tx UL carrier and 2Tx UL carrier for SUL case.
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Figure 1: No interruption caused by uplink switching for SUL case
Based on that observation, we propose that
Proposal 1: There is no need to consider DL interruption for SUL case when switching between 1Tx carrier and 2Tx carrier.

Inter-band EN-DC case
For inter-band EN-DC, Figure 2 shows the concept for potential downlink interruption.
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Figure 2: Potential downlink interruption for inter-band EN-DC

For some of the UE implementations under certain band combinations, DL interruptions can be caused during switching between 1Tx carrier and 2Tx carrier. The reason is that the UE is required to have simultaneous Rx and Tx for some of band combinations. In such cases, if the switch takes place during the time period that the UE is supposed to be receiving from network, there can be DL interruptions for some UE RF implementations, e.g., with shared PLL. As discussed in our other paper [3], relocking PLL or rebooting PA can cause not only longer gap period but also DL interruptions.
In our view, for typical inter-band EN-DC case, the downlink interruption could be avoided by using the PLLs and other necessary RF components for uplink and downlink separately.
Because the uplink switching would happen very frequently, it is desirable to avoid the frequency interruption on the downlink, which would impact downlink performance including RRM measurement, and demodulation/scheduling opportunities.
Observation 2: The downlink interruption, which would impact the downlink performance, can be avoided.
Furthermore, it is fair to have a UE capability per band pair per band combination for the UE to inform the network the category of being capable of handling the DL interruptions during switching between 1Tx carrier and 2Tx carrier. The reason for per band pair per band combination is because the UE may report the capability for a band combination with more than 2 bands but the network only configure 2 UL bands to the UE. In this case, per BC or per band per BC is definitely insufficient. Additionally, it caused forward compatibility issues for UE capability reporting when 3 or more configured UL would be introduced in the future releases. To justify, a precedence is txSwitchImpactToRx under SRS-TxSwitch (RAN1 FGI 2-55) whose reporting structure is per band pair per BC.
Proposal 2: For inter-band EN-DC case, define the per band pair per band combination capability to indicate whether there is downlink interruption caused by uplink carrier switching.
3. Conclusion
Some companies raised the issue that the UE switching between 1Tx carrier and 2Tx carrier can cause DL interruptions. It is not always the case. This contribution presents discussions on some technical insights upon the issue. In SUL case, there is no downlink interruption caused by switching between ULs. For inter-band EN-DC, we suggest not allowing DL interruptions during UE switching between 1Tx carrier and 2Tx carrier. 

Below we summarize our observations and proposals:

Observation 1: There is no downlink interruption caused by switching between 1Tx UL carrier and 2Tx UL carrier for SUL case.
Proposal 1: There is no need to consider DL interruption for SUL case when switching between 1Tx carrier and 2Tx carrier.

Observation 2: The downlink interruption, which would impact the downlink performance, can be avoided.

Proposal 2: For inter-band EN-DC case, define the per band pair per band combination capability to indicate whether there is downlink interruption caused by uplink carrier switching.
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