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1.	Introduction
RAN4 has discussed about the simultaneous switching in previous RAN4 meetings and an LS [27] was sent to RAN1 asking if this situation is possible. In this paper we explain that there maybe terminology issues and there is no doubt that the situation in question is possible. We explain technically what is needed to support UE implementation and propose specification text to cover this case.  
2. 	Discussion
2.1	Simultaneous switching definition
One aspect in the discussion in RAN4#106 was about how simultaneous switching is defined and if this is even possible and an LS with the question to RAN1 was sent [27]. In RAN1#111 (Nov 2022)  following agreements were made:
AI 9.9.2 
Agreement
For dual UL, if UE supports concurrent transmission on all band pairs and supports up to 2 ports UL transmission on all the bands in the band combination, all possible switching cases with 1T-1T and 2T are assumed
· In case of 3 bands, 6 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}, {1T, 1T, 0T}, {1T, 0T, 1T}, {0T, 1T, 1T}) are assumed 
· [bookmark: OLE_LINK1]In case of 4 bands, 10 switching cases ({2T,0T,0T,0T}, {0T,2T,0T,0T}, {0T,0T,2T,0T}, {0T,0T,0T,2T}, {1T,1T,0T,0T}, {1T,0T,1T,0T}, {1T,0T,0T,1T}, {0T,1T,1T,0T}, {0T,1T,0T,1T}, {0T,0T,1T,1T}) are assumed

Agreement
Following new conditions are applicable to dual UL only (i.e., not applicable to switched UL)
· When the UE is to transmit a 1-port or 2-port transmission on one uplink carrier on one band (1st band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (2nd and 3rd band) 
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 2T on a carrier on another band (3rd band) 
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on one of the bands and another different band (1st or 2nd band, and 3rd band)
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (3rd and 4th band)

From highlighted sections above, it is obvious that the scenario described in [25] in RAN4#104-bis and further discussed in [23] in RAN4#105 and some aspects were agreed in [17] among others. The confusion among some companies in RAN4 may have come from language, the switch from {1T,1T,0T,0T} to {0T,0T,1T,1T} is considered a single switch in RAN1 language. However, RAN4 scope is the UE implementation and UE has to perform two independent switches.  
Observation 1: Case switch {1T,1T,0T,0T} to {0T,0T,1T,1T} is considered single switch from RAN1 perspective but two simultaneous switches from RAN4 perspective.
Proposal 1: RAN4 does not need to discuss or wait RAN1 LS response about if the simultaneous switching is possible or not and RAN4 can assume case switch {1T,1T,0T,0T} to {0T,0T,1T,1T} is possible 
RAN1 is further discussing what conditions apply when this case switch happens especially when time between UL grants is more than the switching periods. RAN4 requirements are defined for the case when UE is congested with UL grants as discussed in [31]. If the switch between cases occurs in UL grant congested situation, it will cause two switching periods to overlap.
2.2	Simultaneous switching cases
2.2.1	Two TX chains are switched
The first order simultaneous switching case is when both TX’s need to change the RF chain at the same instance. In this case, the UE would report the switching time when one TX chain is switched between two bands assuming that is the only action that it needs to perform but since some actions can not be executed in parallel, UE may not be ready to transmit in a switch-to band in the declared switching period time since it has to wait for the other TX chain to settle its state. 
First we consider switching between cases {1T, 1T, 0T} and {0T,0T,2T} and the block diagram and timing diagram are shown in Figure 1. Note that the timing diagram is not in scale, some functions such as the PLL retuning take longer than RF switch and depending on the details in the implementation, some actions can continue being executed in parallel with other but the initialization happens in serial mode. 
 
Figure 1. Switching between cases {1T, 1T, 0T} to {0T,0T,2T} block diagram and timing diagram.
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. The 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. The serial bus has access to the memory that coefficient for channel compensation and pre-distorters are read from the same memory via same serial controller bus.    
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 implementation.
Same diagram with changing different PAs would apply to any case switch where two TX chains are switched. The case list for 3-band is shown in Table 1 and for 4-band in Table 2.
Table 1: Case list where UE has to perform two switches for 3-bands
	
	{2T,0T,0T}
	{0T,2T,0T}
	{0T,0T,2T}
	{1T, 1T, 0T}
	{1T, 0T, 1T}
	{0T, 1T, 1T}

	{2T,0T,0T}
	 
	Yes
	Yes
	
	
	Yes

	{0T,2T,0T}
	Yes
	 
	Yes
	
	Yes
	

	{0T,0T,2T}
	Yes
	Yes
	 
	Yes
	
	

	{1T, 1T, 0T}
	
	
	Yes
	 
	
	

	{1T, 0T, 1T}
	
	Yes
	
	
	 
	

	{0T, 1T, 1T}
	Yes
	
	
	
	
	 



Table 2: Case list where UE has to perform two switches for 4-bands
	
	{2T,0T,0T,0T}
	{0T,2T,0T,0T}
	{0T,0T,2T,0T}
	{0T,0T,0T,2T}
	{1T,1T,0T,0T}
	{1T,0T,1T,0T}
	{1T,0T,0T,1T}
	{0T,1T,1T,0T}
	{0T,1T,0T,1T}
	{0T,0T,1T,1T}

	{2T,0T,0T,0T}
	 
	Yes
	Yes
	Yes
	
	
	
	Yes
	Yes
	Yes

	{0T,2T,0T,0T}
	Yes
	 
	Yes
	Yes
	
	Yes
	Yes
	
	
	Yes

	{0T,0T,2T,0T}
	Yes
	Yes
	 
	Yes
	Yes
	
	Yes
	
	Yes
	

	{0T,0T,0T,2T}
	Yes
	Yes
	Yes
	 
	Yes
	Yes
	
	Yes
	
	

	{1T,1T,0T,0T}
	
	
	Yes
	Yes
	 
	
	
	
	
	Yes

	{1T,0T,1T,0T}
	
	Yes
	
	Yes
	
	 
	
	
	Yes
	

	{1T,0T,0T,1T}
	
	Yes
	Yes
	
	
	
	 
	Yes
	
	

	{0T,1T,1T,0T}
	Yes
	
	
	Yes
	
	
	Yes
	 
	
	

	{0T,1T,0T,1T}
	Yes
	
	Yes
	
	
	Yes
	
	
	 
	

	{0T,0T,1T,1T}
	Yes
	Yes
	
	
	Yes
	
	
	
	
	 



Proposal 2: When both TX chain are switched, the switching time is the sum of the two applicable switching periods.
It should be noted that the ambiguity discussed earlier and agreed not to be further addressed in WF [19] Issue 1-2-3 means in some cases like {1T,1T,0T,0T} to {0T,0T,1T,1T} becomes the sum of maximum switching times since the exact switching time cannot be determined explicitly. 
2.2.2	The unaffected band case
Second order of issue is the case when UE has to perform simultaneous switching but from the outside it looks like that only one switch is performed. This would happen with any of the case pairs in tables 1 and 2 but only when there is an ongoing transmission on an other band.

Figure 2. Transmission on unaffected band causes longer switching time
Observation 3: If bands are transmitting than the ones involved in switching, the UE internal events may need more time for switching. 
This case has two sub cases:
Case A: 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 X 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 and so forth.
Case B: When the band X does not need to change the PA, this additional switching time is needed when just because the ongoing transmission on band X needs to be ramped down on the RF TX chain for the duration of the switching between Z and Y. 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.   
The switching time between two bands therefore has to have two parameters, when another band is transmitting during the switching and when it is not. 
Proposal 3: When another band unaffected by the switching is transmitting while switching between two other band occur, the switching period is double the value declared by the UE for these bands.    
2.3	Proposed text for requirements	
The specification proposals in this section are proposed so that every UE is treated equally and the longer switching time based on switching periods is allowed for every UE. This is our preference, but we are open for defining a capability for UE to declare if it needs longer switching time for the two cases described in proposals 2 and 3 as follows:
UE declares with a capability if it needs the switching time between cases where two switching periods overlap to be longer than the individual band pair switching time. In case the switching time is longer, UE declares if it assumes that the longer time is a sum of the two switching times or alternatively declares a new value. Value can be one of {35, 70, 140, 175, 210} usec. 
It makes sense also to add more values to the basic capabilities since this feature is more complicated than the previous release. 
Proposal 4: Add values 70 and 175 usec to the possible switching time capabilities. 
Without the new capabilities, issues presented in this paper according to proposal 2 and 3 can be specified in the TS with a notion that the switching time depends on the above-mentioned issues as follows. 
Proposed text for the TS 38101-1:
To cover simultaneous switching:
“When UE is scheduled to switch two TX chains in such way that switching periods may overlap, the switching period is extended for both band pairs and total switching time is the sum of possible switching periods for the band pairs involved.“
The text for the highlighted part need to be aligned with the text which covers the ambiguity and it can be covered with the following text:
“When UE is scheduled for transmissions so that the switching is from two bands with one TX each to another two bands one TX each, denoted for example A+B to C+D, and it cannot be determined if UE switches TX chains from A to C or D or from B to C or D, the switching time is sum of max{Tswitch_A-C, Tswitch_A-D,} and max{Tswitch_B-C, Tswitch_B-D}.”
When UE is scheduled for transmissions on any band and possibly needs internal switching for the unaffected band, the text to cover this part is proposed to be:
“When UE is scheduled for UL transmissions on any band other than the bands involved in switching, the switching time is the sum of switching periods indicated for the band pair involved in switching and the band pair including the unaffected band and the switch-to band”  
To clarify, the Figure 3 is proposed to be added to the TS:


Figure 3. Switching time when two Tx chains are switched simultaneously. Switching time X is Max(T_Switch_X-Y, T_Switch_X-Z) + Max(T_Switch_W-Z, T_Switch_W-Y)
“Where T_Switch_X-Y is the switching period indicated by the UE between bands X and Y. “
We provide a draft CR to include the aspects according to our proposals [34]
Conclusion
We made three observations:
Observation 1: Case switch {1T,1T,0T,0T} to {0T,0T,1T,1T} is considered single switch from RAN1 perspective but two simultaneous switches from RAN4 perspective.
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 implementation.
Observation 3: If bands are transmitting than the ones involved in switching, the UE internal events may need more time for switching. 
And four proposals
Proposal 1: RAN4 does not need to discuss or wait RAN1 LS response about if the simultaneous switching is possible or not and RAN4 can assume case switch {1T,1T,0T,0T} to {0T,0T,1T,1T} is possible 
Proposal 2: When both TX chain are switched, the switching time is the sum of the two applicable switching periods.
Proposal 3: When another band unaffected by the switching is transmitting while switching between two other band occur, the switching period is double the value declared by the UE for these bands.
Proposal 4: Add values 70 and 175 usec to the possible switching time capabilities. 
We also proposed specification text as follows:
Proposed text for the TS 38101-1:
To cover simultaneous switching:
“When UE is scheduled to switch two TX chains in such way that switching periods may overlap, the switching period is extended for both band pairs and total switching time is the sum of possible switching periods for the band pairs involved. “
The text for the highlighted part need to be aligned with the text which covers the ambiguity and it can be covered with the following text:
“When UE is scheduled for transmissions so that the switching is from two bands with one TX each to another two bands one TX each, denoted for example A+B to C+D, and it cannot be determined if UE switches TX chains from A to C or D or from B to C or D, the switching time is sum of max{Tswitch_A-C, Tswitch_A-D,} and max{Tswitch_B-C, Tswitch_B-D}.”
When UE is scheduled for transmissions on any band and possibly needs internal switching for the unaffected band, the text to cover this part is proposed to be:
“When UE is scheduled for UL transmissions on any band other than the bands involved in switching, the switching time is the sum of switching periods indicated for the band pair involved in switching and the band pair including the unaffected band and the switch-to band”  
To clarify, the Figure 3 is proposed to be added to the TS:


Figure 3. Switching time when two Tx chains are switched simultaneously. Switching time X is Max(T_Switch_X-Y, T_Switch_X-Z) + Max(T_Switch_W-Z, T_Switch_W-Y)
“Where T_Switch_X-Y is the switching period indicated by the UE between bands X and Y. “
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