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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. 
In the last RAN4 WG meeting, another WF on the topic is approved in [4] capturing the remaining works for handling of DL interruptions as copied below.

	WF on applicability of DL interruption
· For the following duplex mode combinations, no DL reception interruption (carrier 1 + carrier 2):

· SUL+TDD

· TDD+TDD CA with the same UL-DL pattern

· TDD+TDD EN-DC with the same UL-DL pattern

· For other duplex mode combinations, define different capabilities for UEs with and without DL interruption depending on the RAN1 feedback.

· UE capability, if defined, is reported per band pair in each band combination

· UE reports for each band within the pair of bands in each band combination.

· If UE does not report this capability, it means there is no DL interruption.

· For the band pairs listed in slide #7, encourage chipset/UE vendors to check before RAN4 #94bis if DL interruption can be avoided. 

· Send LS to RAN1 and ask RAN1’s feedback on RAN1 spec impact if there is DL reception interruption in some scenarios


In the sent LS to RAN1 and RAN2 in [5], it is captured that

	From RAN4 perspective, the following duplex mode combinations (carrier 1 + carrier 2) do not require DL reception interruption:

· SUL+TDD

· TDD+TDD CA with the same UL-DL pattern

· TDD+TDD EN-DC with the same UL-DL pattern

For other duplex mode combinations, depending on the RAN1 feedback different capabilities could be defined for UEs with and without DL interruption. UE capability, if defined, is reported per band pair in each band combination. UE reports for each band within the pair of bands in each band combination.

If DL interruptions are allowed, the length of DL interruption will be in a range from one OFDM symbol to one slot. RAN4 would like to request RAN1 feedback on potential RAN1 specification impact if there is DL reception interruption in some scenarios.




This contribution presents discussions on some technical insights upon the issue. For FDD+TDD inter-band EN-DC and UL CA, we suggest not allowing DL interruptions during UE switching between 1Tx carrier and 2Tx carrier. In summary we propose not to allow DL interruptions during UE switching between 1Tx carrier and 2Tx carrier. 
2. Discussion
2.1. DL interruptions

From RAN4 perspective, the following duplex mode combinations (carrier 1 + carrier 2) do not require DL reception interruption:

–
SUL+TDD

–
TDD+TDD CA with the same UL-DL pattern

–
TDD+TDD EN-DC with the same UL-DL pattern
For other band combinations 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. 
FDD+TDD Inter-band EN-DC case
For inter-band EN-DC, Figure 2 shows the concept for potential downlink interruption.
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Figure 1: 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.
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.
Thus, either 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, or to clarify that a UE not being capable of no DL interruption declares not supporting the switch. 
To note that if the UE is allowed to cause interruptions under FDD+TDD EN-DC cases, the capability it reports to the network should be for every DL band in the combination, per band pair of the UL bands and per band combination. Apparently it is probable that the UE causes interruption only on one of the DL bands in the band combination. If the UE capability reporting is only allowed for the bands within the band pair, it is to say that the UE is not allowed to cause interruptions on other DL bands than the two.

UL CA case
It is the same between UL CA case and EN-DC case on the issue of having DL interruptions. It is desirable to avoid having any DL interruption due to the possible frequent switching. But allowing different UE implementations is also fair in this case.
Anyway, we need to inform RAN2 on the RAN4 agreement if introducing UE capability reporting for DL interruptions is consensus among companies. Thus we propose

Proposal 1: send an LS to RAN2 to inform the agreement in RAN4 on DL interruptions.

3. Conclusion
This contribution presents discussions on some technical insights upon DL interruptions caused by switching between 1Tx carrier and 2Tx carrier. For FDD+TDD inter-band EN-DC and UL CA, allowing UE to cause DL interruptions means allowing different UE implementations. We propose to send an LS to RAN2 on the RAN4 agreements.

 Proposal 1: send an LS to RAN2 to inform the agreement in RAN4 on DL interruptions.
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