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1	Introduction 
[bookmark: OLE_LINK1]In RAN4 # 106 meeting, several topics on Release 18 UE UL multi-carrier enhancements were discussed and the approved WF can be found in [1]. One of the issues in that WF is the time mask definition for UEs capable of supporting dualUL-related switching scenarios. In this contribution paper, we present our view on switching period and time mask for dualUL switching between two band pairs.
2	Discussions 
2.1   Issue 1-4-3: Time mask for dualUL related switching scenarios
[bookmark: OLE_LINK2]For discussions on time dualUL time mask, the following WF was adopted in the previous RAN4 meeting: 
	· Further discuss whether and how to cover the following scenario based on the RAN1/2 further agreement.


2.2	Switching period for dualUL dynamic switching
Release 18 UL Tx switching feature is defined for UEs capable of up to two TX simultaneous transmissions. With this feature, the UE can be configured for dualUL Tx switching mode which will allow the UE to concurrently switch its two transmit chains between two band pairs, for example, between the (A, B) band combination and (C, D) band combination.
When the UE is triggered to switch from band pair (A, B) to band pair (C, D), several RF events will be performed by the UE for the switching operation to be performed. Figure 2.2.1 below highlights the main RF events needed for dualUL switching function. These RF events are the ones that have major on the switching time. We are assuming an RF front-end architecture that is comprised of two phase-locked loops (PLLs) to cover the four bands A, B, C, and D, power amplifiers (PAs) and other RF front-end components. 
· PLL1 settling time: PLL1 programming and settling time.
· PLL2 settling time: PLL2 programming and settling time.
· OFF Time of PA and RF for Band A: Required time for the band A PA to be ramped down and band A RF to be turned OFF.
· OFF Time of PA and RF for Band C: Required time for the band C PA to be ramped up and band A RF to be turned ON.
· OFF Time of PA and RF for Band B: Required time for the band B PA to be ramped down and band B RF to be turned OFF.
· OFF Time of PA and RF for Band D: Required time for the band D PA to be ramped up and band D RF to be turned ON.


[image: ]
Figure 2.2.1: RF events required for dynamic dualUL switching from band pair (A, B) to band pair (C, D)
Depending on the UE RF front-end implementation, these RF events can either be performed sequentially (one even at a time), or concurrently (all at the same time). I the events are performed concurrently, the RF events duration time will be shorter and therefore the switching time will be shorter. In case the events are carried out sequentially, the switching time to perform the dualUL switching will be longer.
Observation # 1: If the RF events required for dualUL switching can be performed sequentially, the switching time will be longer whereas if the events are performed simultaneously, the switching time will be shorter. This all depends on the UE RF architecture and implementation.
Another factor that would affect the switching period for dualUL Tx switching scenarios is the location of where the two switching events are triggered within the frame. Figures 2.2.2 and 2.2.3 show two possible scenarios where the trigger points could be located. In Figure 2.2.2, both switching events are triggered at the same time.  In that switching scenario, the reported UE switching period would be X = max (XAC, XBD) where, 
· XAC is the switching period for (AC) switching.
· XBD is the switching period for (BD) switching.
Figure 2.2.3 shows a dualUL switching scenario with the two switching events triggered at different locations withing the frame. In that case we can estimate the reported value of the UE switching period to be 
X = XAC + XBD. In this scenario, it is possible that the reported UE switching period can be higher than 210us. 
Observation # 2: If the two Tx switching events required for dualUL (AC) and (BD) are not triggered concurrently, the reported UE switching period would be X = XAC + XBD, which could be higher than 210us. 

[image: ]
Figure 2.2.2: dualUL switching for (AC) and (BD) with switching events triggered simultaneously

[image: ]
Figure 2.2.3: dualUL switching for (AC) and (BD) with switching events triggered at different times

Proposal: For dualUL mode switching between across four bands, and based on the observations described above, we propose the introduction of option which allows the UE to report a switching period higher than the current specified value (35us, 140us, 210us). 

2.3	Time mask for dualUL dynamic switching
Based on the observations and proposal in the previous section, the time masks for the dualUL switching between the two band pairs (A, B) and (B, D) could be defined as follow:
· Time mask for dualUL when the two switching events are triggered to occur at the same time:
The switching period X is defined as X = max (XAC, XBD) where,
· XAC is the switching period for switching between band A and band C.
· XBD is the switching period for switching between band A and band C.
[image: ]
Figure 2.3.1: Time mask for dualUL switching when the two seething events are triggered concurrently
· Time mask for dualUL when the two switching events are triggered at different times:
When the switching events are not triggered at the same time, the switching period X is defined as 
X = XAC+XBD where,
· XAC is the switching period for switching between band A and band C.
· XBD is the switching period for switching between band A and band C.
[image: ]
Figure 2.3.2: Time mask for dualUL switching when the switching events are not triggered at the same time






3	Conclusions
Observation #1: If the RF events required for dualUL switching can be performed sequentially, the switching time will be longer whereas if the events are performed simultaneously, the switching time will be shorter. This all depends on the UE RF architecture and implementation.
Observation #2: If the two Tx switching events required for dualUL (AC) and (BD) are not triggered concurrently, the reported UE switching period would be X = XAC + XBD, which could be higher than 210us.
Proposal: For dualUL mode switching between across four bands, and based on the observations described above, we propose the introduction of an advanced optional UE that could report a switching period higher than the current specified value (35us, 140us, 210us), in addition to the baseline UE assumption. 
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