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1. Introduction
In RAN4#104e meeting, a lot of progress has been made to support Rel-18 uplink Tx switching enhancements with single TAG [1][2]. Some mechanism of Rel-17/Rel-16 Tx switching can be reused. In the contribution, other issues left by the last meeting will be further discussed.
	Issue 2-1-3: Exact value of Tx switching period
· Further discuss the two options in the next meeting:
· Option 1: Reuse the same switching period for each band pair as UE reported in Rel-16/17, i.e., UE does not need to report new or larger switching period per band pair for Rel-18 Tx switching.
· Option 2: Although the set of switching periods is the same as in Rel-16/17, a different value can be reported for each band pair in Rel-18 Tx switching with 3/4 bands configured.
Issue 2-2-2: Impact on the band with the number of Tx chain unchanged due to switching
GTW Agreement:
· As baseline UE assumption, neither of Tx chains is expected to be used for transmission on band C during the switching period.
· RAN4 will further discuss optional advanced features to allow the other Tx chain can be expected to be used for transmission on band C during the switching period as advanced/optional UE assumption.


2. Discussion
In this contribution, we would like to discuss the exact value of Tx switching period and potential RAN4 impact on the band with the number of Tx chain unchanged due to switching.
2.1. Discussion on the exact value of Tx switching period
In Rel-16 and Rel-17, the mechanism and RAN4 requirements were specified for Tx switching of 1Tx-2Tx and 2Tx-2Tx between two bands, which are also supported in Rel-18. We should discuss switching period in some new scenarios for Tx switching among 3/4 bands, as illustrated in Figure 1, in which cases, the main difference from Rel-16 and Rel-17 lies in 
a) 2Tx chains could be switched to other band(s) completely different from where they were, e.g., case 1, 2 for three bands and case 4 for four bands, or 
b) One Tx chain could be switched, without impact on the number of Tx chain(s) on the band where the other Tx chain are, e.g., case 3 for three bands. 
In the previous releases, we identified already that the switching period highly depends on the UE architecture. Thus it is necessary to have a clear understanding about the typical UE architecture when we consider to introduce 3/4 bands Tx switching. In Figure 2 and Figure 3, we provide examples of UE implementation with 3 and 4 bands architecture separately serving as reference assumptions, which are the case 3 and case 4 in Figure 1. 
[bookmark: _Ref110622659][image: ]
[bookmark: _Ref115185672]Figure 1 New scenarios for Tx switching among3/4 bands
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[bookmark: _Ref110623292]Figure 2 Reference UE architecture with 2Tx for UL Tx switching among 3 bands
Switching period is related to PLL operation, for example, PLL retuning and initializing TX chains with parameters loading when frequency is changed, and PLL branches without frequency changing. PLL retuning and parameter loading cost 140us, and PLL branching without frequency changing costs 35us. In the Figure 2, PLL1 is switched from 1.9G to 2.3G, and PLL 2 remains unchanged in 2.6G. For the Tx switching within the band pair of 1.9G+2.3G in Rel-18, the switching period would be the same as that of 1Tx-2Tx in Rel-16 or, 2Tx-2Tx in Rel-17. 
In the Figure 3, PLL1 is switched from 1.9G to 2.6G, and PLL 2 is switched from 2.3G to 4.9G. The switching period includes PLL retuning and parameter loading. For the Tx switching within the band pair of 1.9G+2.6G in Rel-18, the switching period would be the same as that of 1Tx-2Tx in Rel-16 or, 2Tx-2Tx in Rel-17. The case is similar to the band pair of 2.3G+4.9G. It is noted that the block diagram is just for illustration, and the categorization of PA module frequency ranges may not be exactly mapped to some UE implementation, but it will not have impact to the analysis to the switching period.
In the last meeting, 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. And new switching period value was not introduced considering implementation of Tx switching among 3/4 bands. The remaining issue is whether to reuse the same switching period for each band pair as UE reported in Rel-16/17. Regarding band pair, we don’t see any novel Tx switching mechanism that could not be covered by the switching period defined for 1Tx-2Tx and 2Tx-2Tx between the two bands. For a certain band pair, a different switching period value reported for the band pair used in Rel-18 Tx switching is not needed, and the same UE capability of switching period for the band pair with the two bands defined in Rel-16/17 can be reused. For example, if the UE capability of uplinkTxSwitchingPeriod2T2T in Rel-17 is reused in Rel-18 Tx switching among 3 or 4 bands for a band pair, 1Tx-2Tx switching is also supported for the band pair. Switching period is reported per band pair per band combinations, and different switching period values can be reported for different band pairs in Rel-18 Tx switching with 3/4 bands configured.
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[bookmark: _Ref110623516]Figure 3 Reference UE architecture with 2Tx for UL Tx switching among 4 bands
[bookmark: _GoBack]Proposal 1: It is proposed that the UE capability of uplinkTxSwitchingPeriod2T2T in Rel-17 is reused in Rel-18 Tx switching among 3 or 4 bands for a band pair. The agreements for Rel-17 2Tx-2Tx swithcing is also valid for Rel-18 Tx switching.
Proposal 2：For a certain band pair, the switching period(s) specified in Rel-16/17 can be reused in Rel-18 Tx switching among 3/4 bands. Different switching period values can be reported for different band pairs in Rel-18 Tx switching with 3/4 bands configured.
2.2. Impact on the band with the number of Tx chain unchanged due to switching
In the LS reply [2] to RAN1in the last meeting, a baseline assumption was confirmed that
	· Case 2: One of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), and the other Tx chain is maintained on a different band (named “band C”).
For Case 2, RAN4 agreed that, as baseline UE assumption, neither of Tx chains is expected to be used for transmission on band C during the switching period


The remaining issue is whether to support an advanced UE assumption that the Tx chain on band C is used for uplink transmission during the switching period. 
When the first Tx chain is triggered to switch from band A to band B, the local oscillator would be affected due to load change or phase adjustment of additional routing to the second Tx chain. If the frequency of the two PLL are closed, the PLL related to the second Tx chain would be affected due to PLL pulling. If the two PLLs related to the Tx chains are connected to the same power supply, the second Tx chain would also be affected due to PLL pushing. Therefore advanced assumption is not expected to be introduced in Rel-18 considering the factors above. 
Proposal 3：It is not expected to introduce an advanced UE assumption in Rel-18 to allow the other Tx chain be used for transmission on band C during the switching period.
2.3. UL-CA Option 1(Switched UL) vs. Option2 (Dual UL)
For lots of issues in Rel-18 Tx switching are discussed without the separation of Tx switching Option 1 and Option 2, such as switching period, outage time, etc. But when it comes to UE memory sharing and other complexity issues, Option 2 would spend much more standard efforts and lead to more specification impacts than Option 1. Considering the limited TUs, and only 3 meetings left for the topic, Tx switching Option 1 should be prioritized to discuss.
Proposal 4: The requirements for Tx switching Option 1 should be prioritized.
3. Conclusions
This contribution presents the following proposals:
Proposal 1: It is proposed that the UE capability of uplinkTxSwitchingPeriod2T2T in Rel-17 is reused in Rel-18 Tx switching among 3 or 4 bands for a band pair. The agreements for Rel-17 2Tx-2Tx swithcing is also valid for Rel-18 Tx switching.
Proposal 2：For a certain band pair, the switching period(s) specified in Rel-16/17 can be reused in Rel-18 Tx switching among 3/4 bands. Different switching period values can be reported for different band pairs in Rel-18 Tx switching with 3/4 bands configured.
Proposal 3：It is not expected to introduce an advanced UE assumption in Rel-18 to allow the other Tx chain be used for transmission on band C during the switching period.
Proposal 4: The requirements for Tx switching Option 1 should be prioritized.
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