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1.	Introduction
In previous RAN4 meetings (RAN4#105 Toulouse) discussions without an agreements has taken place [19] on the topic whether if UE is allowed to declare different or has to declare same value for switching time between same band pair in Rel-16/17 (max two band bands involved in switching scenario) and new Rel-18 scenario (more than two, up to 4 bands configured for TX switching). Many companies [22] supported the proposal to mandate same switching time despite the counter arguments [25] that this approach will lead to non-optimal UE behaviour because UE has to declare the worst case switching time that then applies to all cases and therefore will lead to lower network efficiency. In this paper we explain implementation aspects and propose an alternative way to reach optimum solution.  
2. 	Discussion
2.1	Technical explanation
In the following sub-sections, we provide two examples why it is sub-optimal to force UE to declare the same switching time as for Rel-16/17 behaviour. Despite them being originated by detailed implementation, both of the cases can be identified by the network. We make a new proposal how UE can be accommodated either by introducing new type of capabilities or then rules that impact switching time by specification. 
2.1.1	Case 1: Simultaneously switching two TX’s
With Rel-16 functionality, UE performs only one switching at a time, meaning one TX chain is disconnected from one RF TX chain and then connected to another RX TX chain. With Rel-17 there can be a case when UE actually performs two switching’s, meaning when UE switches two TX chains from one band to an other band. To allow different switching times for these two cases, two different capabilities have been defined:
· TX switching time between bands for one switching event is declared with uplinkTxSwitchingPeriod-r16
· TX switching time between bands for two simultaneous switching events is declared with uplinkTxSwitchingPeriod2T2T-r17
Observation 1: RAN4 has already identified that two simultaneous TX chain switching events needs a separate capability from baseline Rel-16 behaviour by introducing uplinkTxSwitchingPeriod2T2T-r17
With Rel-18 behaviour, UE maybe scheduled for two different switching events that overlap in addition to the 2Tx-2Tx case. The two switching events can be totally isolated between different bands or then one state can be on same band such we show in Figure 1 one example when A->C and B->C. In this case, some functions can not be executed in parallel, we will provide why not later but before we explain what happens in the UE in this case.   

Figure 1. Simultaneous switching case TX0: A->C; TX1: B->C
In this implementation A->C switching time is optimised and switching time to ramp one PA down and an other PA up and PLL retuning is done in parallel and resulting switching time is 35 usec for Rel-16 functionality. If in parallel B->C needs to be executed, then more time is needed to perform all together four PA events, two ramp downs and two ramp ups and two PLL retunes. PA ramp ups and ramp downs maybe be more complicated than mere power ramps due to DCDC converters and certain TX chain calibration settings that need to be updated when new RF chain is prepared for transmissions. Modern RF Front ends are controlled with serial bus and the bus has limited capacity for time critical actions. Also two PLL’s need to settle instead of one and sometimes retuning two PLL’s simultaneously on same chip may not be possible due to transients that may couple via power lines and would lead to erratic behaviour observed in the antenna connectors. 
Observation 2: Simultaneous events in RF domain due to simultaneous TX switching will cause the TX switching time to be longer than when only one TX switching is performed in UE
2.1.2	Case 2: Externally unaffected band needs UE internal switching
An other case when only one TX switching event between two bands in the presence of a third band may need more time is when there is an ongoing transmission on an unaffected band.  

Figure 2. Transmission on unaffected band causes longer switching time
This case has two sub cases:
Case 2a: The RF TX chain of unaffected band maybe occupying the TX that is only connected to the target band of the switching event, see Figure 2 for the connection diagram. In this case, the unaffected band needs to be switched away to the other TX chain with secondary band B PA. This is shown in Figure 2 and as in Figure 1, there need to be two ramp downs and two ramp ups and two PLL retunes.
Case 2b: When the band B does not need to change the PA, this additional switching time is needed when just because the ongoing transmission on band B needs to be ramped down on the RF TX chain for the duration of the switching between A and C. This is the baseline UE behaviour as agreed. The UE with advanced capability as described in Issue 1 of the LS [21] would not need this additional time.   
Again as in previous section, the Rel-16 case of switching A->C maybe fast and can be re-used for rel-18 but if band B is involved in transmissions, then the simple switch from A to C takes longer time that what it can be without band B involvement. In otherwords, Rel-16 feature would enable UE to switch faster than if third band is involved in rel-18 feature. 
Observation 3: If other bands are transmitting than the ones involved in switching, the UE internal events may need more time for switching. 
2.2	Requirement framework and proposals	
The detection of the case 1 by network and requirement setting is rather easy since anytime there are scheduled switching events that overlap in time, network will know that UE needs more time to perform each switching. This can be generalised to cover 
The detection of the case 2 is little more complicated: whenever UE supports dualUL TX switching or unrestricted UL CA between the band that has ongoing transmission and one of the band involved in the switching event, then UE needs more time to perform the switching.
With the examples given above, UE needs twice the switching time for these cases but since we have agreed that the switching time is one from the existing list, it can be discussed further how to accommodate more time for these cases. For example ran4 can agree alternatively that the switching time for these case is the declared separately and is one the existing capabilities.  Below we list possible ways to proceed:
A) Allow UE to declare different switching time for a band pair for two band switching scheme and in > 2 band switching scheme (Issue 1-1 Option 2 in [19])
B) Define by specification that in the above mentioned cases the switching time is longer by X 
a. X = 2 times the declared switching time
b. X = next larger than the declared from the list {35, 140, 210} usec. In case 1 and unequal switching time, the next larger of the larger value is used 
c. X = other
C) Create a new capability where UE declares the switching time X per band pair for these cases. X can be from existing list or new values for example 2x values {70 usec, 280usec, 420 usec}. This may need to be a function of the band combination in question: if band B is transmitting, then switching time for A->C is new X. Further discussions are needed 
Since so many companies were against the option A in previous meetings, we propose to adopt the method B.b:
Proposal: UE TX switching time when two overlapping TX switching instances are scheduled or if a third band is transmitting while a TX switching is scheduled, the actual switching time is the next larger switching time from list {35, 140, 210} compared to the declared switching for the involved band pairs. 
We are open to discuss other solutions 

Conclusion
We made observations:
Observation 1: RAN4 has already identified that two simultaneous TX chain switching events needs a separate capability from baseline Rel-16 behaviour by introducing uplinkTxSwitchingPeriod2T2T-r17
Observation 2: Simultaneous events in RF domain due to simultaneous TX switching will cause the TX switching time to be longer than when only one TX switching is performed in UE
Observation 3: If other bands are transmitting than the ones involved in switching, the UE internal events may need more time for switching. 
And one proposal
Proposal: UE TX switching time when two overlapping TX switching instances are scheduled or if a third band is transmitting while a TX switching is scheduled, the actual switching time is the next larger switching time from list {35, 140, 210} compared to the declared switching for the involved band pairs. 
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