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Introduction
[bookmark: OLE_LINK21]In last meeting, related agreements for Tx switching between two uplink carriers in RAN4 #93 was agreed in RAN4. There are still some remaining issues for switch delay and interruption.
Switch delay:
Length of UL switching period for defining UE RF requirements:
· Non-zero value
· Option A: {35us, 140 us, 250us} or {1, 4, and 7} OFDM symbols for 30kHz SCS
· Option B: {35us, 140 us} or {1, 4} OFDM symbols for 30kHz SCS
· Option C: only 35us
· FFS whether to define 0us switching period
DL reception interruption:
· Option A: Define different capabilities for UEs with and without DL reception interruption 
· If UE does not report this capability, it means there is no DL reception interruption.
· Option B: DL reception interruption is not allowed. 
· [bookmark: OLE_LINK23]Option C:
· No DL reception interruption for the following duplex mode combinations: (carrier 1 + carrier 2)
· SUL+TDD
· FDD+TDD
· TDD+TDD with the same UL-DL pattern
· Other duplex mode combinations: allowed for one or two DL carriers based on UE capability reporting
· Send LS to RAN1 and ask RAN1’s feedback on RAN1 spec impact if there is DL reception interruption in some scenarios.

In this document, we provide our view on RRM requirements for Tx switching between two uplink carriers.

Discussion
In our understanding, interruption due to RF switch ON/OFF is a common case from UE’s perspective. For CA or DC cases, even if the UE has 2 RF train for the serving and target cells, it is still possible to cause interruption on the serving cell if the UE switches RF ON/OFF for the target cell. 
It is the same story for Tx switching between two uplink carriers. And this will inevitable requests additional RAN4 RRM work to define the interruption time. But the status Tx switching with interruption is more realistic implementation for UE supporting CA or DC. It is quite difficult for UE to not allow DL reception interruption for all possible cases for different carriers.
Observation 1: Tx switching with interruption is more realistic implementation for UE. 
In order to avoid DL throughput loss or restriction of DL scheduling, DL reception interruption is not expected during UL switching. However, considering variable requests of band combinations from operators, UE should try it best to fulfill almost all requirements and be implemented with high complexity, e.g., more than five modes and thirteen frequencies for typical LTE mobile phone. 
From UE’s perspective, it is still impossible to not allow DL interruption for UE with all easy and hard band combinations, except that UE can clearly identify the easy or hard band combination and report to network which band combination not support Tx switching. 
Maybe it is not feasible to define per band combination capability for UE due to heavy signaling overhead and variable band combination demand from operators. Hence, we should firstly recognize the high-demand requests of band combination and then study the feasibility if UE could report the capability of Tx switching without DL reception interruption. It depends on UE’s implementation that how long the interruption duration is and how many types of UE to be defined, considering both RF and baseband. As recommended, the following scenarios of two uplink carrier pair should be discussed in a high priority, e.g., SUL+TDD, FDD+TDD, and TDD+TDD with the same UL-DL pattern.
Proposal 1: RAN4 encourages to recognize the high-demand requests of band combination for Tx switching.
Observation 2: Study the feasibility to define per band combination capability for UE to indicate if supporting Tx switching with interruption.
As what we can see from Single Uplink Operation (SUO), it seems quite complex to define per band combination capability for UE to indicate supporting Tx switching with interruption or not. It should have inevitable impact on RAN2 and RAN4’s specification, where RAN4 should be careful.
Therefore, from RRM specification’s perspective, RAN4 should at least consider the worst case for switching delay and interruption requirements. 
On switching delay, the requirements propose to include both RF and baseband retuning time. From RF’s perspective, regarding as least 3 options (A, B, C) are for down selection about length of UL switching period from RF side, and FFS whether to define 0us switching period. It also depends on UE’s implementation, e.g., different types of UE and/or per band combination UE capability may be considered. Thus, the delay requirement should wait the progress from RF session. 
On interruption, we think Option C seems more reasonable. As RAN4 has agreed, for UE supporting UL Tx switching, it is mandated to support 2-layer UL-MIMO transmission and single-layer transmission on carrier 2 following the BS scheduling and rank adaptation (if rank adaptation is applicable). This means, UE needs to dynamic adapt transmission layers, which has impact on both RF and baseband parameters. Currently, RRM requirements including delay and interruption is still under discussion both for MIMO layer adaption (for both DL and UL) in WID power saving and for SRS carrier switching in WID RRM enhancement in Rel-16. We believe their conclusions can provide a good reference for such RRM requirement for Tx switching between two uplink carriers. Furthermore, we can further discuss the possibility of improvement in successive release.
[bookmark: OLE_LINK22]Proposal 2: Consider RRM requirements of interruption and switching delay for MIMO layer adaption and SRS carrier switching in Rel-16 as a reference.

Conclusion
In this contribution, we propose our view as followings:
Observation 1: Tx switching with interruption is more realistic implementation for UE. 
Proposal 1: RAN4 encourages to recognize the high-demand requests of band combination for Tx switching.
Observation 2: Study the feasibility to define per band combination capability for UE to indicate if supporting Tx switching with interruption.
Proposal 2: Consider RRM requirements of interruption and switching delay for MIMO layer adaption and SRS carrier switching as reference.
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