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Introduction
The Rel18 WI Multi-carrier enhancements for NR was discussed during RRM sessions on RAN4#106. The WF was decided during the meeting [1]. In this paper, we are discussing the issue of minimum separation time requirements between consecutive UL Tx switching.  
Discussion
UL Tx switching has been discussed in Rel16 and Rel17, where the DL interruptions at switching between two uplink carriers are defined in TS 38.133 in RAN4. In brief, the interruption depends on the switching period and UE capability indication on whether a particular band in a band combination is impacted. 
During RAN4#106, it was decided to encourage companies to check and identify whether there are impacts on RAN4 RRM specifications coming from the RAN1 agreement in RAN1#111 meeting regarding the minimum separation time between consecutive UL transmission switching.
At RAN1#112 meeting, following agreement/working assumption was concluded:

Agreement
Confirm the working assumption with following updates
(working assumption) If two uplink switching are triggered and UL transmissions involved in the two uplink switching are on more than 2 bands within any two consecutive reference slots, then the time duration between the start of all transmission(s) after the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a maximum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}


Issue 1-1: Minimum Separation Time between two consecutive UL Tx Switching for Single-TAG case

As shown in Figure. 1, and as per RAN1 agreement, there would be a minimum separation time between two consecutive UL Tx switching. That is, the two consecutive UL Tx switching shall be separated by at least a minimum separation time which is based on the UE capability indication. 





Figure1. Depiction of minimum separation time between two consecutive UL Tx switching

Since, UE can send its capabilities regarding UL Tx switching restrictions to the network. We need to discuss impacts on RAN4 coming from this agreement.
From RAN4 point of view, the UE shall not perform UL Tx switching if it has performed an UL Tx switching within MinSeparationTime before receiving the command/ DCI scheduling to change the carriers across multiple bands. As the UL Tx switching is restricted by the minimum separation time, the UE behaviour needs to be clarified in RAN4 specification. 
Proposal 1: The UE shall not perform UL Tx switching if it has performed an UL Tx switching within MinSeparationTime.

Issue 1-2: Minimum Separation Time between two consecutive UL Tx Switching for Multi-TAGs case

Furthermore, in this WI the UE may perform UL Tx switching across multiple carriers belonging to different TAGs. We need to discuss further the need of different capabilities for single-TAG and multi-TAGs scenarios. The UL Tx switching in multi-TAGs case may need additional efforts and brings severer negative impact to the system performance than in single-TAG case. It would be helpful for the UE to indicate the minimum separation time differentiating between single-TAG and multi-TAGs cases. We propose to define a different requirement for multi-TAGs case.
[bookmark: _Hlk127350826]From RAN4 aspect, the UE shall not perform UL Tx switching if it has performed an UL Tx switching within MinSeparationTimeforMultiTAGs before receiving the command/ DCI scheduling to change the carriers across multiple TAGs.
Proposal 2: The UE is allowed to indicate the X values differentiating between single-TAG and multi-TAGs cases.
Proposal 3: If the UE indicates a minimum separation time dedicated for multi-TAGs case, the UE shall not perform UL Tx switching if it has performed an UL Tx switching within MinSeparationTimeforMultiTAGs in multi-TAGs case.

Conclusion
This contribution discusses the RRM requirements for UL Tx switching across 3 or 4 bands for single and multi-TAGs. The observations and proposals are summarized as below:  
Proposal 1: The UE shall not perform UL Tx switching if it has performed an UL Tx switching within MinSeparationTime.
Proposal 2: The UE is allowed to indicate the X values differentiating between single-TAG and multi-TAGs cases.

Proposal 3: The UE shall not perform UL Tx switching if it has performed an UL Tx switching within MinSeparationTimeforMultiTAGs in multi-TAGs scenario.

[bookmark: _Hlk111024595]References
[1] R4-2303188 WF on R18 multi-carrier enhancements (RRM), Huawei, HiSilicon
image1.emf
slot

1

st

 switching 2

nd

 switching

> min separation time (= X + switching period)


Microsoft_Visio_Drawing.vsdx
slot
1st switching
2nd switching
> min separation time (= X + switching period)



