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Introduction
In last meeting, R18 WI on Multi-carrier enhancements was discussed from RRM perspective. The agreements and progress are captured in WF [1]. This contribution further provides analysis on UL outage for Tx switching across 3/4 bands. 
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In Rel-16 and Rel-17, the mechanism and RAN4 requirements were specified for UE Tx switching between two bands. In Rel-18, Tx switching among 3 bands or 4 bands are to be supported. In last RAN4 meeting, the UL switching period across 3 or 4 bands in single TAG was agreed which is the same as R16/R17 [2].
	Agreement:
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.

On the UE complexity:
RAN4 has not identified any technical difficulty for UE to prevent realizing Tx switching across 3 or 4 bands.
RAN4 would like to recommend the UE memory sharing issue to be further discussed in RAN1 if necessary. 




Regarding multiple TAG, in last RF session it is further agreed that UL switching time with 2 TAG is the same for single TAG [3].
	Issue 2-1-1: UL switching time
WF UL switching time (Oct 12 GTW agreement):
the UL switching time is the same for single TAG and dual-TAG cases




UL outage time in single TAG
In single TAG scenario, uplink transmission on all bands is aligned as for all band in the same TA group the reference DL timing is PCell and TA command is the same. Then the so called UL outage time is the same as TX switching time which is specified in RF specification. Therefore it is no need to define UL outage time for Tx switching across 3/4 bands with single TAG.
Proposal 1: There is no need to define UL outage time for Tx switching across 3/4 bands with single TAG.
UL outage time in 2 TAGs
In RF session’s WF [3], one open issue on UL outage time in 2 TAGs scenario is request to check in RRM session. The corresponding content is duplicated as below.
	Issue 3-1-2: UL outage time
WF
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 last meeting, there are several options of the factors for UL outage time in 2 TAGs.
	Issue 2-2: Factors for UL outage time
· Option 1(China Telecom): UL outage time for Tx switching with 2 TAGs includes:
· UL switching time (UE capability)
· Half of the difference between the actual TAs on the two TAGs (i.e., not directly use the MTTD defined in TS 38.133)
· Timing and measurement error, including:
a) BS synchronization accuracy: 3us defined in clause 7.4.2 of TS 38.133 can be used;
b) 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
c) TA quantization error: as defined in TS 38.213, it can be up to 0.52 us or 0.26us for 15 kHz SCS.
· Option 2 (Huawei, Ericsson): 
· UL interrupted OFDM symbols shall consider the impact of MTTD, however directly using MTTD value to derive impacted UL OFDM symbols are not always correct
· The third factor “Timing and measurement error” is already included in MTTD
Proposed: Impacted UL OFDM symbols= Ceiling (UL switching period/symbol length) +1 OS
· Option 3 (Samsung): Confirm the three factors should be considered in RF session for UL outage time: 
· (1) UL switching time (UE capability), 
· (2) the difference between the TA on the two TAGs, up to MTTD,
· (3) timing and measurement error: typical value is 27ns 
                Note: other options are not precluded.




We understand the motivation of option 1, however the actual TA will be updated when TA command is transmitted, then the impacted UL scheduling length will be changed accordingly, this would complicate network scheduling. As we know UL TX switching across 3/4 band is typically applicable for urban scenario where the inter-site distance is not larger than 900m. Considering 3us TAE for inter-band CA and inter-site distance (about 900m), the receive time difference at UE is about 6us. For uplink transmit difference considering UL margin (i.e., TA resolution error, UE Timing advance adjustment and Te), the transmit time difference (TTD) can be 7.6us.
In the following, detailed analysis are provided on which UL impacted OFDM symbols will be impacted. Figure.1 provides one example where UL TX switching from band#2 to band#1(Band#3 and Band 4 are omitted in the figure), SCS of both cells on band#1 and band#2 are 30KHz, the uplink time difference equals 7.6us. Herein the TX switching period for 2TAG is assumed as140 us. UE UL TX switches from band #2 to band #1, and UL TX switching is triggered at the boundary of OFDM symbol#3 on band #2. Then the interrupted UL symbols are these which are partial and fully overlapped with the switching period. Therefore a straight forward way to derive interrupted UL symbols = Ceiling (UL switching period/symbol length) +1 OS.
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Figure 1. Impacted UL symbols @30kHz SCS (UL TX switches from band #2 to band #1)
After calculating, it is observed that the impacted uplink OFDM symbols on band#1 for option 2 and above “revised option 1” where TDD is 7.6us are the same.
Proposal 1: It is no need to define UL outage time for Tx switching across 3/4 bands with single TAG.
Proposal 2: Revised Option 1 and option 2 are the same:
· Revised Option 1: factors for UL outage time for Tx switching with 2 TAGs includes:
· UL switching time (UE capability)
· Transmit time difference on the two TAGs: 7.6us which includes received time difference and Timing and measurement error (i.e., TA resolution error, UE Timing advance adjustment error and Te)
· Option 2: Interrupted UL symbols are these which are partial and fully overlapped with the switching period.
It shall be noted that whether and how to specify UL outage is supposed to be decided in RF session. RRM session only need to provide some information to RF.
Proposal 3: UL outage time is not specified in RRM specification. Whether and how to specify UL outage is supposed to be decided in RF session.
Conclusions
This contribution provides analysis on UL outage for Tx switching across 3/4 bands Multi-carrier enhancements. The following proposals are provided:
Proposal 1: There is no need to define UL outage time for Tx switching across 3/4 bands with single TAG.
Proposal 2: Revised Option 1 and option 2 are the same:
· Revised Option 1: factors for UL outage time for Tx switching with 2 TAGs includes:
· UL switching time (UE capability)
· Transmit time difference on the two TAGs: 7.6us which includes received time difference and Timing and measurement error (i.e., TA resolution error, UE Timing advance adjustment error and Te)
· Option 2: Interrupted UL symbols are these which are partial and fully overlapped with the switching period.
Proposal 3: UL outage time is not specified in RRM specification. Whether and how to specify UL outage is supposed to be decided in RF session.
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