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1. Introduction
Rel-18 Tx switching was firstly discussed in RF session at RAN4 #104e, with the reply LS to RAN1 approved in [1] and RAN4 WFs approved in [2] [3].
This contribution discusses the DL interruption time for Tx switching across 3/4 bands with single TAG and the UL outage time for Tx switching with 2 TAGs.
2. DL interruption for Tx switching across 3/4 bands with single TAG
Similar to Rel-16/17 discussion, for Rel-18 Tx switching across 3/4 bands with single TAG, the applicability of DL interruption can be discussed in RF session, and the length and starting symbol of DL interruption can be discussed in RRM session.
In our companion paper in [4], the following proposals were given regarding the applicability of DL interruption:
Proposals on the applicability of DL interruption in [4]: 
Reuse the applicability of DL interruption agreed in Rel-16/17:
· For combinations of SUL+TDD and TDD+TDD CA with the same UL-DL pattern, DL interruption is not required.
· For the other duplex mode combinations, define different capabilities for UEs with and without DL interruption.
· UE capability is defined as per band per band combination for each band pair supporting UL Tx switching.
· For SUL+TDD+FDD combinations, for Tx switching between SUL and TDD bands, DL interruption on the SUL and TDD bands is not required.
For Tx switching across 4 bands, when the status of Tx chain on the 4 bands before and after switching is {1, 1, 0, 0} and {0, 0, 1, 1} respectively, there is ambiguity on the switched band pair of each Tx chain. In RAN4 understanding, RAN1 will discuss and resolve this ambiguity.



In RAN4 #104e, the following agreements were reached in RF session regarding the length of switching period [1]:
On the length of switching period:
· For UL switching period with Tx switching across 3 or 4 bands, RAN4 agreed to reuse the same set of values as in Rel-16/17, i.e., {35 us, 140 us, 210 us} for UL CA and SUL.
· The length of switching period is applied per band pair for each band combination. 
· For each band pair, the switching period can be the same or different for 1Tx-2Tx switching and 2Tx-2Tx switching based on UE reporting, which is similar as in Rel-17.
· Note: For UE reporting different periods for 1Tx-2Tx switching and 2Tx-2Tx switching for a band pair, similar to Rel-17, it is RAN4 understanding that the 2Tx-2Tx switching period is applied when 2Tx-2Tx switching mode is configured.
· For the same band pair, RAN4 has not concluded on whether the same or a different value can be reported for the specific band pair supporting Tx switching across 3 or 4 bands in Rel-18 compared to Tx switching across 2 bands specified in Rel-16/17.



The Rel-16 DL interruption length was derived based on the UL switching period and additional interruption uncertainty, as seen in [5] and copied below. The Rel-16 method on deriving the DL interruption length was then reused in Rel-17.
· DL Interruption length is
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Note 1:	Uplink Tx switching period depends on UE capability
· The above table considers the interruption uncertainty due to MRTD and TA adjustment accuracy, where MRTD=3us.
· Interruption length in the above table is expressed by:
ceil((switching period+2*TA adjustment uncertainty+6us-CP length)/symbol duration)+1



For Rel-18 Tx switching across 3 or 4 bands with single TAG, since the candidate values for the length of UL Tx switching period are the same as these in Rel-16/17 (i.e., 35us, 140us or 210 us), we think the Rel-16/17 agreements on the length of DL interruption can also be reused.
Proposal 1: For Rel-18 Tx switching across 3/4 bands with single TAG, reuse the Rel-16/17 values for the length of DL interruption as specified in TS 38.133.

Considering the starting symbol of DL interruption, the Rel-16/17 agreement can also be reused, i.e., the DL interruption starts from the first OFDM symbol which fully or partially overlaps with the UL switching period.
Proposal 2: For Rel-18 Tx switching across 3/4 bands with single TAG, reuse the Rel-16/17 agreement on the starting symbol of DL interruption, i.e., the DL interruption starts from the first OFDM symbol which fully or partially overlaps with the UL switching period.
3. UL outage time for Tx switching with 2 TAGs
In RAN4 #104e, the following agreements were reached in the RF session:
Factors for UL outage time discussed in RF session, to be further checked in RRM session
· UL switching time (UE capability)
· The difference between the TA on the two TAGs, up to MTTD
· Timing and measurement error

In our companion paper [4] submitted to the RF session, the following proposals were given regarding the UL outage time for Tx switching with 2 TAGs. If needed, we can also discuss these proposals in RRM session.
Proposals related to UL outage time for Tx switching with 2 TAGs in [4]:
· For deriving the UL outage time, use half of the difference between the actual TAs on the two TAGs.
· For the timing and measurement error, 3 aspects need to be considered, including: a) BS synchronization accuracy, b) UE transmit timing error, c) TA quantization error.
· For BS synchronization accuracy for synchronized network, the BS synchronization accuracy requirement of 3us defined in clause 7.4.2 of TS 38.133 can be used.
· For UE transmit timing error, the requirement defined in clause 7.1 of TS 38.133 can be seen an upper bound, and the sum of maximum UE transmit timing error is 1.56 us for the carriers with 2 TAGs.
· For TA quantization error, as defined in TS 38.213, it can be up to 5.2 us for 15kHz SCS.

Proposal 3: For UL outage time for Tx switching with 2 TAGs, if needed, the following proposals submitted to RF session in [4] can also be discussed in RRM session:
· For deriving the UL outage time, use half of the difference between the actual TAs on the two TAGs.
· For the timing and measurement error, 3 aspects need to be considered, including: a) BS synchronization accuracy, b) UE transmit timing error, c) TA quantization error.
· For BS synchronization accuracy for synchronized network, the BS synchronization accuracy requirement of 3us defined in clause 7.4.2 of TS 38.133 can be used.
· For UE transmit timing error, the requirement defined in clause 7.1 of TS 38.133 can be seen an upper bound, and the sum of maximum UE transmit timing error is 1.56 us for the carriers with 2 TAGs.
· For TA quantization error, as defined in TS 38.213, it can be up to 5.2 us for 15 kHz SCS.
4. Conclusion
In this contribution, we had the following proposals on DL interruption for Tx switching across 3/4 bands with single TAG:
Proposal 1: For Rel-18 Tx switching across 3/4 bands with single TAG, reuse the Rel-16/17 values for the length of DL interruption as specified in TS 38.133.
Proposal 2: For Rel-18 Tx switching across 3/4 bands with single TAG, reuse the Rel-16/17 agreement on the starting symbol of DL interruption, i.e., the DL interruption starts from the first OFDM symbol which fully or partially overlaps with the UL switching period.
We had the following proposals on UL outage time for Tx switching with 2 TAGs:
Proposal 3: For UL outage time for Tx switching with 2 TAGs, if needed, the following proposals submitted to RF session in [4] can also be discussed in RRM session:
· For deriving the UL outage time, use half of the difference between the actual TAs on the two TAGs.
· For the timing and measurement error, 3 aspects need to be considered, including: a) BS synchronization accuracy, b) UE transmit timing error, c) TA quantization error.
· For BS synchronization accuracy for synchronized network, the BS synchronization accuracy requirement of 3us defined in clause 7.4.2 of TS 38.133 can be used.
· For UE transmit timing error, the requirement defined in clause 7.1 of TS 38.133 can be seen an upper bound, and the sum of maximum UE transmit timing error is 1.56 us for the carriers with 2 TAGs.
· For TA quantization error, as defined in TS 38.213, it can be up to 5.2 us for 15 kHz SCS.
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