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1	Introduction and Background 
[bookmark: OLE_LINK1]In RAN4 # 106e meeting, several topics on Release 18 UE multi-carrier enhancements were discussed and the approved WF can be found in [1]. One of the remaining open issues is the definition of the time mask for UL Tx switching with multi-TAG. The WF for that sub-topic (Sub-topic 2-1) is as shown below:
	Sub-topic 2-1: RF specification impact
Further discuss the following options in the next meeting:
· Option 1: time masks are also included also for the dual-TAG case to make clear the following
· Option 2: Do not modify the time mask for Tx switching for multiple TAGs. The impact of Tx switching with multiple TAGs can be considered as scheduling restriction.
· Option 3: The duration for UE omitting uplink transmission is switching period+1 symbol.


[bookmark: OLE_LINK31]In this contribution paper, we share our proposals for time masks for Tx switching with dual-TAG.
2	Discussions 
2.1	Time T0 and switching period locations for UL Tx switching between two carriers 
Figure 2.1-1 shows our proposed time mask for switching from the switched-from carrier to the switched-to carrier, with the switching period located in the switched-to carrier while Figure 2.1-2 shows the time mask for switching from the switched-from carrier o the switched-to carrier, with the switching period located in the switched-from carrier.  The following assumptions are captured in the time mask: 
· The ends of the switching periods are anchored to the start on the UL transmission on the switched-to carriers and the switched-to carriers. This agrees with our preferred location of the switching period as highlighed in [2].
· The gNB provides sufficient time between the end of the UL transmission on the switched-from carrier and the start of the UL transmission on the switched-to carrier to absorb the switching period (for this case the time allocated by the gNB is exactly the switching period).
· In the meeting #106e, an LS draft was generated by RAN4 with the goal to ask RAN1 and RAN2 to provide clarifications on the definition of time T0 (time at which the UL transmission starts) for each carrier. In this contribution, the time masks will be based on our understanding of time T0. As can be seen in Figure 2.1-1, our understanding is that T0 on each carrier always precedes the switching period.
· Single-TAG scenario (TAswitched-from =TAswitched-to)

  [image: ]
Figure 2.1-1 Timing diagram for switching from the switched-from carrier to the switched-to carrier, with the switching period located in the switched-to carrier (switchedUL mode, single TAG, TAswitched-from = TAswitched-to).
      [image: ]
Figure 2.1-2 Timing diagram for switching from the switched-from carrier to the switched-to carrier, with the switching period located in the switched-from carrier (switchedUL mode, single TAG, TAswitched-from = TAswitched-to).

2.2	Time mask for UL switching between 2 carriers for dual-TAG 
Timing advance (TA) is used to control the uplink transmission timing of each individual UE. It helps to ensure that uplink transmissions from the UE are synchronized when received by the base station. For a frame number i, the timing advance TTA is defined as follows (TS 38.211, clause 4.3.1):
TTA = (NTA+NTTA,offset)TC, where is the timing offset defined in TS38.213 
Figure 2.2.1 below illustrates the concept of timing advance
[image: ]
Figure 2.1.1 Concept of UE timing advance

· UEs closer to the base station have shorter propagation delay and hence smaller timing advance
· UEs farther away from the base station have longer propagation delay and hence larger timing advance 
As shown in Figures 6.3A.3.3.2-1a and 6.3A.3.3.2-1b, the UE should not be configured for UL transmissions during the switching period X (S). 
For UL Tx switching with dual-TAG, the UE should the UE should not be configured for UL transmissions during the switching period and any overlap with the timing advance for each carrier (switched-from carrier and switched-to carrier). 
2.2.1 Time mask with TAswitched-from <TAswitched-to
When the switched-to carrier has a larger TA than the switching-from carrier, the interruption gap should be set as the sum of switching periods and TA difference as shown in Figure 2.2.1-1 below, which results in a larger interruption time. 

[image: ]
Figure 2.2.1-1 Longer interruption time due to the TA difference

Our proposed time masks for switching from switched-from carrier to switched-to carrier with dual-TAG are shown in Figures 2.2.1-2 and 2.2.1-3 (switchedUL mode) below for the case where TAswitched-from < TAswitched-to. As can be seen from the Figures, Extra symbols are blanked to prevent any UL transmission when the timing advances overlap with the two switching periods.
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Figure 2.2.1-2 Timing diagram for switching from the switched-from carrier to the switched-to carrier, with the switching period located in the switched-from carrier (dual-TAG, TAswitched-from<TAswitched-to)

[image: ]

Figure 2.2.1-3 Timing diagram for switching from the switched-from carrier to the switched-to carrier, with the switching period located in the switched-to carrier (dual-TAG, TAswitched-from<TAswitched-to)



2.2.2 Time mask with TAswitched-from >TAswitched-to
Our proposed time masks for switching from switched-from carrier to switched-to carrier with dual-TAG are shown in Figures 2.2.2-1 and 2.2.2-2 (switchedUL mode) below for the case where TAswitched-from > TAswitched-to. As can be seen from the Figures, Extra symbols are blanked to prevent any UL transmission when the timing advances overlap with the two switching periods.


[image: ]

Figure 2.2.2-1: Timing diagram for switching from the switched-from carrier to the switched-to carrier, with the switching period located in the switched-from carrier (dual-TAG, TAswitched-from>TAswitched-to)
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Figure 2.2.2-2: Timing diagram for switching from the switched-from carrier to the switched-to carrier, with the switching period located in the switched-from carrier (dual-TAG, TAswitched-from>TAswitched-to)
[bookmark: _Hlk132059120]
Based on the diagrams that we highlithed above for for time masks, we can make the following proposals:
Proposal 1: The switching period end is always anchored to the start of the UL transmissions on the switched-to carrier for both single-TAG and dual-TAG cases. We understand time T0 to be the time at which the UE starts UL transmissions on the switched-to carrier

2.2.3 Time mask with for dualdUL switching across 4 bands
For dualdUL switching, we will consider the 4-band switching scenario (1,1,0,0)  (0,0,1,1) on carriers (carrier#1, carrier#2, carrier#3, carrier#4). Our proposed time masks will be based on the following assumptions:
· The switching period for dualdUL scenario will be based on the baseline assumption which is that it will be the maximum value amount the periods as previously agreed upon [3]: 
Twitch = Max (Tswitch1, Tswitch2), where Tswitch1 = switching period for (carrier#1 carrier#3) and Tswitch2 = switching period for (carrier#2  carrier#4).

· The switching periods for the 2 switches are adjacent 
· Single-TAG only is considered
· The switching on both carriers are simultaneous and precede T0s 
Given the assumption above, our proposed mask for the dualdUL switching case (carrier#1, carrier#2)  (carrier#3, carrier#4) is shown in Figure 2.2.3-1 below:

[image: ]

Figure 2.2.3-1: Timing diagram for dualUL  switching scenario (carrier#1, carrier#2)  (carrier#3, carrier#4) with the baseline switching period Tswitch

3	Conclusions

Proposal 1: The switching period end should always be anchored to the start of the UL transmissions on the switched-to carrier for both single-TAG and dual-TAG cases.
Proposal 2: We understand time T0 to be the time at which the UE starts UL transmissions on the switched-to carrier after the switching period, for both single-TAG and dual-TAG.
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