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Introduction
The R18 WI on Multi-carrier enhancements is to be discussed in the upcoming meeting. The objectives are duplicated as below [1]. This contribution provides preliminary analysis on potential RRM impact on Multi-carrier enhancements. 
	1. Specify a solution for multi-cell PUSCH/PDSCH scheduling (one PDSCH/PUSCH per cell) with a single DCI [RAN1]
· Identify the maximum number of cells that can be scheduled simultaneously
· Consider both intra-band and inter-band CA operation
· Consider both FR1 and FR2
· The single DCI shall be optimized for 3 or more cells for the multi-cell PUSCH/PDSCH scheduling
2. Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Note: Extension of TX switching for 2 bands to multiple TAG configurations is included in the scope. The work is limited to RAN4.
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed
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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, the switching period is FFS and is still under discussion in RF. In our understanding, the UL switching time is the same for single TAG and 2 TAGs [3].
	Agreement:
· RAN4 further discuss if the UL switching time is the same for single TAG and 2 TAGs
· UL switching time should not include timing difference up to MTTD between two TAGs.




UL outage time in 2TAGs
In RF session’s WF [3], one open issue on UL outage time in 2 TAGs scenario is left to RRM (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 our understanding, MTTD is derived from MRTD, TA resolution error, UE Timing advance adjustment and Te. Therefore MTTD has already considered “timing and measurement error” listed above.
Observation 1: “timing and measurement error” is included in MTTD.
In the following, detailed analysis are provided on which UL impacted OFDM symbols will be impacted. Figure.1provides 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 MTTD (34.6us). To provide concrete digital analysis, we assume the TX switching period for 2TAG is the same as that for single TAG, that’s 140 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.
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Figure 1. Impacted UL symbols @30kHz SCS (UL TX switches from band #2 to band #1)
There are two options to calculate the impacted uplink OFDM symbols on band#1:
· Option 1: Impacted UL OFDM symbols= Ceiling (switching period/symbol length) +1 OS
The rational of option1 is to calculate the interrupted symbols which are partial and fully overlapping with the switching period.
· Option 2: Impacted UL OFDM symbols= Ceiling ((switching period+ MTTD)/symbol length)
In this example@ SCS 30KHz, the impacted UL OFDM symbols by using option 1 and option 2 are the same. Table 1 provides impacted UL OS numbers for various switching period.
Table 1. Impacted UL OS numbers @30kHz SCS
	Switching period
	35us
	140us
	210us

	Impacted UL switching symbols (for both option 1 and option 2)
	2
	5
	7



However when the SCS is larger, the corresponding OFDM symbol length is smaller, then the difference between option 1 and option 2 arise. Figure 2 provided another example where SCS is 60KHz. According to the figure 2, total 9 OS on band#1 are impacted and symbol#3 will not be impacted. The same conclusion can be achieved by using option 1. However additional one impacted OS is achieved by using option 2. Table 2 provides impacted UL OS numbers for various switching period. It can be clearly observed the difference between option 1 and option 2 for various switching period.
[image: ]
Figure 2. Impacted UL symbols @60kHz SCS (UL TX switches from band #2 to band #1)
Table 2. Impacted UL OS numbers @60kHz SCS
	Switching period
	35us
	140us
	210us

	Impacted UL switching symbols by option 1 
	3
	9
	13

	Impacted UL switching symbols by option 2
	4
	10
	14



Observation 2: The impacted UL OFDM symbols of Option 1 and option 2 @ 15kHz and 30kHz SCS of victim cell are the same, however they are different @60kHz SCS.
· Option 1: Impacted UL OFDM symbols= Ceiling (switching period/symbol length) +1 OS
· Option 2: Impacted UL OFDM symbols= Ceiling ((switching period+ MTTD)/symbol length)

Therefore we think the UL interrupted OFDM symbols shall consider the impact of MTTD, as the UL timing on two bands in different TAG are different. However it seems directly use MTTD value to derive impacted UL OFDM symbols are not always correct. Option 1 is more accurate for calculating the impacted UL OFDM symbols in 2 TAGs scenario.
Observation 3: The UL timing difference on two bands in different TAG shall be considered, however Option 1 is more accurate for calculating the impacted UL OFDM symbols in 2 TAGs scenario.
It shall be noted that either option 1 or option 2 aims to evaluate the actually impacted UL symbol numbers. We’d like to know the concept of “UL outage”. The UL outage refers to the actual interruptions or the possible range of interrupted OSs (like a potential interruption window)? For the latter one, the interruption range shall cover the case where the switching-to-band is advanced, and the case where the switching-to-band is lagging. Therefore the interruption window would be larger than actually impacted UL symbol numbers.
Observation 4: The concept of “UL outage” shall be clarified. It refers to the actual interruptions or the possible range of interrupted OSs (like a potential interruption window)?
DL interruption
The DL interruption has no relationship with single TAG or 2 TAGs. The DL interruption requirements in R17 UE Tx switching between two bands can be reused regardless of single TAG and 2TAGs.
Observation 5: DL interruption requirements in R17 UE Tx switching between two bands can be reused regardless of single TAG and 2TAGs.
Conclusions
This contribution provides the consideration on Multi-carrier enhancements. The following proposals are provided:
Observation 1: “timing and measurement error” is included in MTTD.
Observation 2: The impacted UL OFDM symbols of Option 1 and option 2 @ 15kHz and 30kHz SCS of victim cell are the same, however they are different @60kHz SCS.
· Option 1: Impacted UL OFDM symbols= Ceiling (switching period/symbol length) +1 OS
· Option 2: Impacted UL OFDM symbols= Ceiling ((switching period+ MTTD)/symbol length)
Observation 3: The UL timing difference on two bands in different TAG shall be considered, however Option 1 is more accurate for calculating the impacted UL OFDM symbols in 2 TAGs scenario.
Observation 4: The concept of “UL outage” shall be clarified. It refers to the actual interruptions or the possible range of interrupted OSs (like a potential interruption window)?
Observation 5: DL interruption requirements in R17 UE Tx switching between two bands can be reused regardless of single TAG and 2TAGs.
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