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1. Introduction
In RAN4#105 meeting, Rel-18 uplink Tx switching enhancements with single TAG was discussed and way forward was approved in [1]. In the contribution, we further discuss the left open issues.
2. Discussion
2.1. Discussion on the exact value of Tx switching period
In RAN4 #105, the following WF was reached on the exact value of Tx switching period in [1].
	Way forward:
For the exact value of Tx switching period for each band pair, select one of the two options in RAN4 #106:
· Option 1: For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching is same with the switching period for Rel-16/17 2-band switching operations.
· Note: With the understanding that the switching period in Rel-18 could be different for different band pairs, according to the granularity of per band pair per BC agreed in RAN4 #104e.
· Option 2: For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching can be the same or different from the switching period for Rel-16/17 2-band switching operations. 
· Note: the set of candidate values is still the same, i.e., {35 us, 140 us, 210 us}, according to the agreement in RAN4 #104e.


In the discussion in Rel-17, there was a concluded that for UE supporting 2Tx-2Tx switching, it means that the UE supports 1Tx-2Tx as well in [2]. For Rel-18 Tx switching among 3/4 bands, the band pair that supports Rel-18 switching among 3/4 bands, it should support 2Tx-2Tx and 1Tx-2Tx switching as well.
Observation 1: The band pair that supports Rel-18 switching among 3/4 bands should support 2Tx-2Tx and 1Tx-2Tx switching as well.
Proposal 1: For a band pair within the band combination that support Rel-18 Tx switching among 3/4 bands, the band pair should also support Rel-16/17 switching.
For option 2 in the WF, supporters think that there are novel switching patterns in Rel-18 Tx switching among 3/4 bands in addition to 1Tx-2Tx switching in Rel-16 and 2Tx-2Tx switching in Rel-17. In the Tx switching among 3 bands, one of the Tx chain switches from band A to band B, and the other Tx chain remains unchanged on band C, as illustrated in Figure 2. And the two Tx chains both switch to band C from band A and band B separately, or, the two Tx chains both switch from band A to band B and band C separately, as illustrated in Figure 4. In the Tx switching among 4 bands, one of the Tx chain switches from band A to band C, and the other one switches from band B to band D. However, in such cases above, for each one of the band pair including the bands that the Tx chain switched from and switched to, the switching pattern could be called 1Tx-1Tx switching considering only one Tx chain is involved. 1Tx-1Tx switching is quite similar as 1Tx-2Tx switching in that both the switching patterns involves one Tx chain.
In Rel-16/17, 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. 
The value of 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.
Figure 1 and Figure 2 illustrates the Tx switching in 3 bands, band A: n39, 1.9GHz, band B: n40 2.3GHz and band C: n41 2.6GHz. PLL1 is switched from band A to band B, and PLL 2 remains unchanged in band C. 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.
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[bookmark: _Ref118138815]Figure 1 Reference UE architecture with 2Tx for UL Tx switching among 3 bands-1
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[bookmark: _Ref118141783]Figure 2 Illustration of 2Tx for UL Tx switching among 3 bands-1
Figure 3(a) and Figure 4 illustrates the Tx switching in 3 bands, band A: n39, 1.9GHz, band B: n40 2.3GHz and band C: n41 2.6GHz. PLL1 is branched with frequency changing from the state of 1T on band A to 2T on band C. 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.
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[bookmark: _Ref118128126]Figure 3 Reference UE architecture with 2Tx for UL Tx switching among 3 bands-2
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(a)                                    (b)
[bookmark: _Ref118141754]Figure 4 Illustration of 2Tx for UL Tx switching among 3 bands-2
Observation 2: For Tx switching among 3 bands, the same switching period for each band pair as UE reported in Rel-16/17 can be reused considering the UE architectures.
Figure 5 and Figure 6 illustrates the Tx switching in 4 bands, band A: n39, 1.9GHz, band B: n40 2.3GHz, band C: n41 2.6GHz and band D: n79 4.9GHz. PLL1 is switched from band A to band C, and PLL 2 is switched from band B to band D. 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. 
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[bookmark: _Ref118140733]Figure 5 Reference UE architecture with 2Tx for UL Tx switching among 4 bands
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[bookmark: _Ref118141725]Figure 6 Illustration of 2Tx for UL Tx switching among 4 bands
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.
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.
Observation 3: For each band pair, Tx switching mechanism could be covered by the switching period defined for 1Tx-2Tx and 2Tx-2Tx between the two bands.
For the switching case in Figure 5 and Figure 6 that the switching of two band pairs is involved, it is possible that the switching period of band pair A+C is different from that of band pair B+D. In RAN4#104e, it is agreed that the length of switching period is applied per band pair for each band combination. Thus, the two switching periods corresponding to the two band pairs can be reported separately reusing the same value as Rel-16/17. And it is up to network implementation to schedule uplink transmission when the switching periods reported in the Rel-18 Tx switching are different for the two related band pairs. One simple solution is that the longer switching period is reserved.
ULTxSwitchingBandPair-r16 ::=       SEQUENCE {
    bandIndexUL1-r16                    INTEGER(1..maxSimultaneousBands),
    bandIndexUL2-r16                    INTEGER(1..maxSimultaneousBands),
    uplinkTxSwitchingPeriod-r16         ENUMERATED {n35us, n140us, n210us},
    uplinkTxSwitching-DL-Interruption-r16 BIT STRING (SIZE(1..maxSimultaneousBands)) OPTIONAL
}

ULTxSwitchingBandPair-v1700 ::=     SEQUENCE {
uplinkTxSwitchingPeriod2T2T-r17     ENUMERATED {n35us, n140us, n210us}     OPTIONAL
}
Observation 4: For Rel-18 Tx switching with two band pairs involved, the two switching periods corresponding to the two band pairs can be reported separately reusing the same value as Rel-16/17.
Proposal 2: Reuse the same switching period for each band pair as UE reported in Rel-16/17.
Proposal 3: It is up to network implementation when the switching periods reported in the Rel-18 Tx switching are different for the two related band pairs.
2.2. Impact on the band with the number of Tx chain unchanged due to switching 
In RAN4 #105, the following WF was reached on the Impact on the band with the number of Tx chain unchanged due to switching in [1].
	Way forward:
· For the band with the number of Tx chain unchanged due to switching, in addition to the baseline UE assumption agreed in RAN4 #104e, introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged (i.e., one Tx chain is maintained on the band) during UL switching.
· Down-select and decide the granularity of the optional UE capability in RAN4 #106:
· Option 1a: per band pair per BC
· Option 1b: per band per band pair per BC
· Other options are not precluded
· Note: this optional advanced UE ability is not considered for the following case, as per the RAN4 #104e agreement
· The switching is between band A and B, one of Tx chain is switched between band A and B, the other Tx chain keep unchanged with band B.


For the issue 1-2-1, one of the Tx chain switches from band A to band B, and the other one is unchanged on band C, as illustrated in Figure 2. In our view, the granularity of the optional UE capability to allow UL transmission on band C should be per band per band pair per band combination. The band pair reported is band A&B, and band C which is the most related to the capability is not included in the band pair. In addition, if the there are band A/B/C/D in the band combination, without reporting band C, the network is not able to tell which one of the bands could support the capability, band C or band D. For the granularity of per band per band pair per BC, the band is neither of the bands in the band pair, but the bands in the band pair are included in the BC.
Proposal 4: For the band with the number of Tx chain unchanged due to switching, the optional UE capability to allow UL transmission uninterrupted during the period of the other Tx chain switching on other bands is per band per band pair per BC.
· The band is neither of the bands in the band pair, but is included in the BC
· The band pair is included in the BC
2.3. Applicability of DL interruption
	Issue 1-4-2: Issues of different band pairs having different capabilities of DL interruption
Way forward:
· Further discuss in the next meeting that:
· RAN4 clarify applicability of DL interruption when different band pairs have different capability of DL interruption and Tx switching is performed for both band pairs simultaneously.
Issue 1-4-3: On previous agreements for combinations of SUL+TDD and TDD+TDD CA band combinations
Way forward:
· For synchronized CA between SUL configuration (with a SUL band and a TDD band) and TDD band(s) with the same UL-DL pattern across all TDD bands:
· Option 1: DL interruption is not required
· Option 2: whether to mandate no DL interruption can be discussed in a case by case (i.e., per band combination basis) manner.
· For synchronized CA among 3 or 4 TDD band(s) [‘with the same UL-DL pattern’ or ‘without mandatory simultaneous Rx/Tx requirement’] across all TDD bands, DL interruption is not required.


In our view, Issue 1-4-2 and Issue 1-4-3 should be discussed case by case considering simultaneous Rx/Tx. If we recognize the band combinations of TDD+TDD or TDD+SUL that needs to be analysis on DL interruption, it can be discussed in the basket of simultaneous Rx/Tx.
3. Conclusions
This contribution presents the following observations and proposals:
Observation 1: The band pair that supports Rel-18 switching among 3/4 bands should support 2Tx-2Tx and 1Tx-2Tx switching as well.
Observation 2: For Tx switching among 3 bands, the same switching period for each band pair as UE reported in Rel-16/17 can be reused considering the UE architectures.
Observation 3: For each band pair, Tx switching mechanism could be covered by the switching period defined for 1Tx-2Tx and 2Tx-2Tx between the two bands.
Observation 4: For Rel-18 Tx switching with two band pairs involved, the two switching periods corresponding to the two band pairs can be reported separately reusing the same value as Rel-16/17.
Proposal 1: For a band pair within the band combination that support Rel-18 Tx switching among 3/4 bands, the band pair should also support Rel-16/17 switching.
Proposal 2: Reuse the same switching period for each band pair as UE reported in Rel-16/17.
Proposal 3: It is up to network implementation when the switching periods reported in the Rel-18 Tx switching are different for the two related band pairs.
Proposal 4: For the band with the number of Tx chain unchanged due to switching, the optional UE capability to allow UL transmission uninterrupted during the period of the other Tx chain switching on other bands is per band per band pair per BC.
· The band is neither of the bands in the band pair, but is included in the BC
· The band pair is included in the BC
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