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1 Introduction
RAN#94 approved Rel-18 Multi-carrier enhancements WI [1]. As one of the objectives in the WI, UL Tx switching across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs is included. RAN4#104-e-bis approved a related WF [2]. This paper provides our views on advanced UE feature described in issue 1-2 and 1-2A in [2]. In addition, we would like to have a clarification on DL interruption applicability in a specific scenario.
	From WF [2]
Issue 1-2: Impact on the band with the number of Tx chain unchanged due to switching (Case 2)
Way forward:
· 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.

	From WF [2]
Issue 1-2A: Issue of two Tx chains switched between two different band pairs
Way forward:
· When two Tx chains are switched between two different band pairs with different lengths of switching periods, as baseline UE assumption, neither of the two Tx chains is expected to be used for transmission during the larger one of the two switching periods.

· Whether advanced optional UE ability will be considered is related to the discussion in Issue 1-2. 


2 Discussion

2.1 New switching pattern in Rel-18 compared to Rel-17/16
To make better understanding on Rel-18 Tx switching scenarios, this section summarises our understanding of new switching pattern in Rel-18 which is not seen in Rel-17. In our understanding, we can categorize 7 patterns as shown in Figure 2.1-1 and Figure 2.1-2. Figure 2.1-1 shows Tx switching patterns between Tx cases which are seen in existing Rel-17 Tx switching. In case of CA option 1 (switchedUL), there is only Pattern 3 irrespective of the number of bands. Figure 2.2-2 shows new Tx switching patterns seen in case of 3 or 4 bands in Rel-18 at least with CA option 2 (dualUL). Pattern 7 is only for 4 bands case.
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Figure 2.1-1: Existing Tx switching patterns in Rel-17 UL Tx switching


[image: image2]
Figure 2.1-2: New Tx switching patterns seen in case of 3 or 4 band
2.2 Advanced UE feature
Regarding advanced UE feature, we think such scenario occurs in new switching pattern in Rel-18. More specifically, issue 1-2 is associated with pattern 4, and issue 1-2A is associated with pattern 5/6/7. 
For Pattern 4 with issue 1-2, there is one band associated with Tx chain which is not involved with Tx switching, and the switching at another Tx chain is performed between different bands from the band. Figure 2.2-1 shows an example to compare advanced UE behaviour with baseline UE behaviour. Here, we take an example of Tx switching from bands A+B to A+C where band B is switched to band C, and band A is kept to be used. A switching period for B to C is assumed to set to band C. For baseline UE, UE is not allowed to transmit in band A even if band A is not involved Tx with switching. On the other hand, advanced UE can transmit in band A during switching from B to C.
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Figure 2.2-1: Example of Tx switching for pattern 4 with issue 1-2
For Pattern 5/6 with issue 1-2A, two different bands are associated with different Tx chains, and the two bands are switched to another different band, and vice versa. Figure 2.2-2 shows an advanced UE behaviour for pattern 5/6. We take an example of Tx switching from A+A to B+C where band A is switched to band B and another band A is switched to band C. Switching periods for A to B is assumed to set to band B and for A to C is assumed to set to band C. The switching period of A to B is smaller than that of A to C. Therefore, switching from A to B will be completed in advance to that from A to C. For baseline UE, UE is not allowed to transmit in band B until switching from A to C is completed. For advanced UE, UE can transmit in band B once switching A to B is completed.  Furthermore, as shown in Figure 2.2-3, for pattern 5/6, if switching periods for A to B is assumed to set to band A and for A to C is assumed to set to band C, baseline UE cannot transmit in any bands during the whole duration of switching period.
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Figure 2.2-2: Example 1 of Tx switching for pattern 5/6 with issue 1-2A
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Figure 2.2-3: Example 2 of Tx switching for pattern 5/6 with issue 1-2A
For Pattern 7 with issue 1-2A, two different bands are associated with different Tx chains, and the two bands are switched to other two different bands. Figure 2.2-4 shows an example for pattern 7. We take an example of Tx switching from A+C to B+D where band A is switched to band B and band C is switched to band D. Switching periods for A to B is assumed to set to band B and for C to D is assumed to set to band D. The switching period of A to B is smaller than that of C to D. Therefore, switching from A to B will be completed in advance to that from C to D. For baseline UE, UE is not allowed to transmit in band B until switching from C to D is completed. For advanced UE, UE can transmit in band B once switching A to B is completed.  Furthermore, similar to Figure 2.2-3, for pattern 7, as shown in Figure 2.2-4 if switching periods for A to B is assumed to set to band A and for C to D is assumed to set to band D, baseline UE cannot transmit in any bands during the whole duration of switching period.
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Figure 2.2-4: Example 1 of Tx switching for pattern 7 with issue 1-2A
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Figure 2.2-5: Example 2 of Tx switching for pattern 7 with issue 1-2A
As discussed above, we can see several use cases where advanced UE feature can reduce non-transmitted time duration during switching period. In our understanding, Tx switching is a technology to choose proper UL carriers among several carriers based on UL quality of each carrier at that time, but as non-transmitted time duration become longer, the feature may decrease its efficiency. Therefore, we would like to introduce an optional capability to support advanced UE feature.
With regard to signalling, we think one of the options is to combine issue 1-2 and 1-2A. Based on the companies’ input, our understanding of the reason we agreed the baseline assumption is, in typical UE implantation, when one Tx chain is performing Tx switching, the band associated with another Tx chain cannot be transmited regardless of whether the Tx chain is performing Tx switching or not. So, the root cause of issue 1-2 and issue 1-2A would be the same. This means that if UE has a capability to transmit in one Tx chain even when another Tx chain is performing Tx switching, the UE can support advanced feature for all scenarios, i.e., both issue 1-2/1-2A in pattern 4/5/6/7. Therefore, we propose to introduced one advanced solution combining issue 1-2 and 1-2A.
Proposal 1: Introduce optional capability to support advanced UE feature:
· 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.
· To allow UL transmission on the band with smaller switching period once Tx switching involving the band is completed when two Tx chains are switched between two different band pairs with different lengths of switching periods.
Furthermore, since the root cause is whether a part of RFFE is shared between different Tx chains or not, we think supportiveness of advanced UE feature is different per band pair. Therefore, we propose to introduce advanced UE capability as per band pair per band combination capability.
Proposal 2: Optional capability for advanced UE feature should be per band pair per band combination. 
2.3 Clarification on DL interruption applicability

For DL interruption, we would like to clarify applicability rule when different band pairs have different capability of DL interruption and Tx switching is performed for both band pairs simultaneously. For example, assuming Tx switching from A+A to B+C where one Tx chain is switched from band A to B while another Tx chain is switched from band A to C. DL interruption capability is defined as per band pair capability according to the current specification. Then, if band pair of (A, B) requires DL interruption but band pair of (A, C) does not, what is the expected interpretation of NW? One interpretation is that DL interruption would occur if any one band pair has DL interruption capability, but we would like to clarify this aspect.
Proposal 3: RAN4 clarify applicability of DL interruption when different band pairs have different capability of DL interruption and Tx switching is performed for both band pairs simultaneously.
3 Conclusion

Here we summarize our proposals: 
Proposal 1: Introduce optional capability to support advanced UE feature:
· 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.

· To allow UL transmission on the band with smaller switching period once Tx switching involving the band is completed when two Tx chains are switched between two different band pairs with different lengths of switching periods.
Proposal 2: Optional capability for advanced UE feature should be per band pair per band combination. 
Proposal 3: RAN4 clarify applicability of DL interruption when different band pairs have different capability of DL interruption and Tx switching is performed for both band pairs simultaneously.
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