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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In Rel-18, Tx switching is extended to 3 or 4 candidate bands but keep 2 simultaneous transmission chain numbers. RAN1 send LS [1] to RAN4 ask questions about the switching period, complexity and also Tx interruption between chains. Then in RAN4#104bis meeting, reply LS [2] was sent with answers for some of the questions. This paper will discuss the left issues.

2 Discussion
2.1 Tx switching period value
For single TAG, whether to use same or different switching period values for each band pair among different releases is unsettled. In WF [3], the three options are given for further discussion.
	For the exact value of Tx switching period for each band pair, further discuss the following options:
· 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.
· 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 the last meeting.
· 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 band combination with 3/4 bands. 
· Option 3: Option 1 for switchedUL, and option 2 for dualUL



Comparing with Rel-16/17 Tx switching the Rel-18 Tx switching will choose the switching carriers from several candidate band groups. For the same band pair, if everything like the applied PLL and PAs are same then the switching time could be same. However, once they are not same then the Tx switching time could be different. 

Observation 1:   For the same band pair, if hardware setting is same between Rel-16/17 and Rel-18 then same switching period will be expected, otherwise, different switch period is possible.

In Rel-17, similar issue has been discussed, i.e. for a band pair whether switching period for 2T-2T should be same or different from Rel-16 1T-2T. And RAN4 gives the answer as below green highlighted in LS [4]. This means it has been agreed that for same band pair, Rel-17 switch period can be different from Rel-16.

	1 Overall description

RAN4 thanks RAN1 for the question on Rel-17 uplink Tx switching. RAN4 would like to provide the following answer to the question.
RAN1 Question: For UL Tx switching in a band pair of a band combination, whether or not the switching time reported by a UE for 2Tx-2Tx switching can be different from that reported by the UE for 1Tx-2Tx switching.
RAN4 answer:  
For UL Tx switching in a band pair of a band combination, the set of candidate switching time for 2Tx-2Tx switching is the same as that for 1Tx-2Tx switching, i.e., the same set of {35us, 140us, 210us}. 
The exact reported value of switching time for a band pair of a band combination can be different for 2Tx-2Tx switching and 1Tx-2Tx switching.
Meanwhile, for UE supporting 2Tx-2Tx switching, it means that the UE supports 1Tx-2Tx as well. In the case that UE only reports the capability for 2Tx-2Tx switching, the same switching time can also be applied to 1Tx-2Tx switching.



Observation 2:   It has been agreed that for same band pair, the Rel-17 switch period can be different from Rel-16.

Then come back to Rel-18 case, below example has been provided in previous contribution, as shown in figure 1 where LO1 and LO2 are for Band A and Band B respectively in Rel-16/17, when the additional candidate Band C comes in Rel-18, there is possibility that Band C will reserve a separate LO which makes Band A/B are to be used in the same LO due to for example large frequency distance from Band C. In this case the switching time for band pair band A/C or for band pair band B/C is small but for band pair band A/B will be longer in Rel-18 than Rel-16/17.

If this situation is considered, then different values between Rel-16/17 and Rel-18 Tx switching probably is more helpful in UE design. And in real UE implementation if this is not considered then UE can still report the value same with Rel-16/17. There is no harm to keep this flexibility.



Figure 1 Tx switching of Band A and B comparison between R16/17 and 18
Observation 3:   When band C is far from the other two candidate bands A and B, there is possibility that band C will be allocated with a dedicated PLL to reduce the PLL settling time from A/B to C, which makes the other two bands share same PLL. This is different from Rel-16/17 where bands A and B will be allocated with separate PLLs.

Observation 4:   Whether same or different values that UE will report can left to UE implementation, there is no harm to keep the flexibility. If mandatory same value, UE may lose the possible enhancements in the final design.

For the Option 3, in our view, there is no much difference between switchedUL and dualUL what impact the Tx switch time is the PLL settling time, PA loading, etc. For a band pair, once the Tx chain is set the time is same between switchedUL and dualUL. This can be justified that RAN4 switched period is per band pair based reported rather than per swithUL/dualUL reporting.
Observation 5:   The switch time capability is per band pair reported, there is no switch time difference between switchedUL and dualUL.

Proposal 1:         Propose to allow UE report different switching period for the same band pair in Rel-18 comparing to Rel-16/17 within the set of switching periods already defined, i.e. {35us, 140us, 210us}.

2.2 Advanced optional UE ability
The advanced UE capability has been discussed in past meetings, and WF is as below for further discussion. However, there is still some ambiguity on the intended optional feature itself.

	Issue 1-2: Impact on the band with the number of Tx chain unchanged due to switching (Case 2)
· For the impact on the band with the number of Tx chain unchanged due to switching, in addition to the baseline UE assumption agreed in RAN4 #104e, further discuss the two options in the next meeting:
· Option 1: 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.
· Potential proposals on the granularity of the optional UE capability can also be discussed.
· Option 2: Do not define other optional features to allow the other Tx chain to be used for transmission on the band with the number of Tx chain unchanged during the switching period.



There might be two cases:
· Case 1: As shown in figure 2 that one of band B Tx chain is unchanged, and the other Tx chain is changed from band A to band B.
· Case 2: The other case is as shown in figure 3 where the Tx switching is among band A+B to band C+B and band B Tx chain is unchanged.


Figure 2 Tx switching between band A/B, and band B has one Tx chain unchanged



Figure 3 Tx switching from band A+B to band C+B, and band B Tx chain unchanged

Observation 6:   It is unclear whether the optional feature includes the case of switching between two bands or only for the case of switching between three bands with one band the Tx chain is unchanged.

Proposal 2:         Propose to clarify which of the following two cases is intended for the optional feature to allow the other Tx chain to be used for transmission
· Case 1: 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. The optional feature is for band B can still transmit with 1Tx chain during switch.
· Case 2: The switching is between band A+B and band C+B, one of Tx chain is switched between band A and C, the other Tx chain keep unchanged with band B. The optional feature is for band B can still transmit with 1Tx chain during switch.

[bookmark: _Hlk118214490]In our understanding the case1 can be covered by legacy Rel-16/17 and connect band B LO to the Tx chain 1 will have impact to the PLL stability which makes Tx chain cannot keep transmitting. This case has been precluded from Rel-16/17 and should not be considered in Rel-18.

Observation 7:   Case 1 is covered by Rel-16/17, and connecting LO to one Tx chain will have impact to the other Tx chain though LO frequency is unchanged.

Proposal 3:         Propose to preclude Case 1, i.e. in Rel-18 the Optional Tx chain keep transmitting feature is not considered for two band case.

For case 2, this is new for Rel-18, where Tx chain of band B is kept unchanged during the Tx switching of the other Tx chain. If understand correctly, this is the case that RAN4 is trying to introduce the new advanced UE capability. From implementation perspective, there is chance for some band combination to achieve that but definitely not all band combinations. Which band combination can achieve the UL transmission is depending on UE capability reporting. Therefore, from capability granularity perspective, this can be per band per band pair per band combination reporting. Whether there is further switch to and switch from restriction is pending further discussion.

Observation 8:   There is chance for some band combinations to achieve continue transmission on band B during the switch from band A to band C on the other Tx chain. And it is up to UE implementation which band combinations can achieve that.

Proposal 4:         If introduce case 2, i.e. band B Tx chain keep transmitting during the other Tx chain is switching from band A to band C, the capability should be per band per band pair per band combination at least. And it is up to UE implementation which band combination can support this optional feature.

3 Conclusion
In this paper, we discussed the Tx switching time for single TAG. And got the following observations and proposals.

Observation 1:   For the same band pair, if hardware setting is same between Rel-16/17 and Rel-18 then same switching period will be expected, otherwise, different switch period is possible.

Observation 2:   It has been agreed that for same band pair, the Rel-17 switch period can be different from Rel-16.

Observation 3:   When band C is far from the other two candidate bands A and B, there is possibility that band C will be allocated with a dedicated PLL to reduce the PLL settling time from A/B to C, which makes the other two bands share same PLL. This is different from Rel-16/17 where bands A and B will be allocated with separate PLLs.

Observation 4:   Whether same or different values that UE will report can left to UE implementation, there is no harm to keep the flexibility. If mandatory same value, UE may lose the possible enhancements in the final design.

Observation 5:   The switch time capability is per band pair reported, there is no switch time difference between switchedUL and dualUL.

Proposal 1:         Propose to allow UE report different switching period for the same band pair in Rel-18 comparing to Rel-16/17 within the set of switching periods already defined, i.e. {35us, 140us, 210us}.

Observation 6:   It is unclear whether the optional feature includes the case of switching between two bands or only for the case of switching between three bands with one band the Tx chain is unchanged.

Proposal 2:         Propose to clarify which of the following two cases is intended for the optional feature to allow the other Tx chain to be used for transmission
· Case 1: 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. The optional feature is for band B can still transmit with 1Tx chain during switch.
· Case 2: The switching is between band A+B and band C+B, one of Tx chain is switched between band A and C, the other Tx chain keep unchanged with band B. The optional feature is for band B can still transmit with 1Tx chain during switch.

Observation 7:   Case 1 is covered by Rel-16/17, and connecting LO to one Tx chain will have impact to the other Tx chain though LO frequency is unchanged.

Proposal 3:         Propose to preclude Case 1, i.e. in Rel-18 the Optional Tx chain keep transmitting feature is not considered for two band case.

Observation 8:   There is chance for some band combinations to achieve continue transmission on band B during the switch from band A to band C on the other Tx chain. And it is up to UE implementation which band combinations can achieve that.

Proposal 4:         If introduce case 2, i.e. band B Tx chain keep transmitting during the other Tx chain is switching from band A to band C, the capability should be per band per band pair per band combination at least. And it is up to UE implementation which band combination can support this optional feature.
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