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1	Introduction 
To further enhance UL performance with multi-carrier operation, UL Tx switching schemes across up to 3 or 4 bands have been introduced in Release 18 as one of the features in multi-carrier enhancements WID. The proposed UL Tx switching is constrained to 2 Tx simultaneous transmissions. Since 3GPP has not yet specified any FR1 UL CA for more than two bands, it is important to outline in the specifications the 3 and 4 band configurations for the UL Tx switching as well as the fallbacks from Release 18 to Releases 16 and 17.    
2	Discussions 
2.1     Band configurations for Tx switching across 3 and 4 bands 
UL Tx switching was first introduced in 3GPP Rel-16 as a new feature to enhance inter-band EN-DC, inter-band UL CA, and SUL operations, with the switching between 1Tx + 1Tx and 0Tx+2Tx. In Rel-17 the feature was extended to cover the switching among 1Tx+1Tx, 0Tx+2Tx, 2Tx+0Tx. Releases 16 and 17 both specify UL Tx switching across only two bands. Release 18 extended the switching to 3 and 4 bands. Two UL Tx switching modes are defined in the current specifications: switchedUL mode in which only one band with the band pair can be switched, and dualUL mode where two bands can be concurrently switched. Table 2.1-1 highlights the switching cases for the switchedUL, and Table 2.1-2 is for dualUL cases.
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Table 2.1-1: Switching states switchedlUL switching across 3 bands and 4 bands
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Table 2.1-2: Switching states dualUL switching across 3 bands and 4 bands
Because the proposed UL Tx switching schemes are restricted to up to only two Tx simultaneous transmissions (the current specifications do not have 3-UL or 4-UL CA combinations), the 3-band and 4-band CA combinations need to be configured to highlight the band combinations that can support the UL Tx switching feature as well as which switching mode (switchedUL or dualUL) is supported by the combination. In the current Release 18 specifications, Tables 5.5A.3.2-1 and 5.5A.3.3-1 outline the configurations for the UL 2-band CA combinations within the 3-DL and 4-DL CA combinations respectively. As can be seen in those tables, not all the band pairs within the 3-band or 4-band combinations are configured for UL CA. For example, for CA_n1A-n7A-n77A case in Table 5.5A.3,2-1, there is no UL 2-band combo configured and only single-bands are configured for UL. Similarly, in Table 5.5A.3.3-1, CA_1A-3A-8A-77A and CA_1A-3A-8A-78A have no 2-band UL CA configuration. Therefore, UL Tx witching cannot be supported by CA_1A-3A-8A-78A band combination.
Observation #1: In the current specifications (see Table 5.5A.3.2-1 and Table 5.5A.3.3-1) there are 3-band and 4-band CA combinations where there are no band pairs configured for UL CA. Therefore, UL Tx switching cannot be configured for those band combinations.
Additionally, some 3-DL and 4-DL CA combinations have 2-UL CA configured for only a limited number of band pairs. As an example, in Table 5.5A.3.2-1, for CA_2A-48A-67A case, only CA_n2A-n48A and CA_2A-77A are configured for UL CA and not CA_48A-77A.
Observation #2: Not all the band pairs within a 3-band or 4-band CA combination can be configured for UL Tx switching because in the current specifications there are 3-band and 4-band CA combinations where only some band pairs are configured for UL CA. (see Table 5.5A.3.2-1 and Table 5.5A.3.3-1).
Table 2.1-1 and Table 2.1-2 above show the switching states for Tx switching across 3 and 4 bands for the two switching modes, namely switchedUL and dualUL switching modes. As can be seen from those two tables, there are switching states with UL MIMO (0Tx+2Tx and 2Tx + 0Tx cases). This means that the specific bands within those switching states must be capable of UL MIMO support to be configured switchedUL. However, in the current specifications, UL MIMO is only defined and configured for a limited number of NR bands. Table 5.2D-1 lists only 28 FR1 bands with UL MIMO support. Therefore, when a band pair within the 3-band or 4-band DL CA combination is configured for UL Tx switching, the switching mode (0Tx+2Tx, 2Tx+0Tx, 1Tx+1Tx) should specified, based on which band can support UL MIMO: 
· If a band pair (A, B) within a 3-band or 4-band CA combination is configured to support switchedUL mode, at least one of the bands (band A or band B) within the pair should be capable of supporting UL MIMO, and the specifications should capture the band (s) in question.  
· If a band pair (A, B) within a 3-band or 4-band CA combination is configured to support dualdUL mode, according to Tables 2.1-1 and Table 2.1-2, it could either support (0Tx + 2Tx), (2Tx+0Tx), or (1Tx+1Tx). The specifications should highlight which of these configurations is applicable for the band pair in question.

Observation #3: For every band pair configured for UL Tx switching within the 3-band or 4-band CA combination, the switching mode (0Tx+2Tx, 2Tx+0Tx, 1Tx+1Tx) should be defined, based on the UL MIMO capability on each band.
Proposal # 1: Based on the three observations made above, and for the ease of implementation, we propose that band configurations for UL Tx switching across 3 and 4 bands should be included in the specifications.






2.2     Fallbacks of Release 18 Tx switching across 3 and 4 bands  
For the fallback of Rel-18 TX switching to Rel-16/17 TX switching, the following WF was approved in the last meeting [1]:
	Option 1: UE will report the 3/4 band combination with Tx switching capability. It is expected that this gives the network sufficient information on UE capability for Tx switching across all fallback combinations.
· Option 2: 
For a band pair supported Rel-18 1T-2T switching, Rel-16 1T-2T switching is supported as well.
For a band pair supported Rel-18 2T-2T switching, Rel-17 2T-2T switching is supported as well.

· Option 3: Other options are not precluded.



Release 18 UE UL Tx switching should be backward compatible with the previous releases. This means that a UE that can support Release 18 UL Tx switching should also support Releases 16 and 17 UL TX switching. Release 18 fallbacks to Release 16 and 17 can be configured as seen in the Figure 2.2-1 with the switching modes and states as defined in Tables 2.1-1 and 2.1-2 above. For every UL CA band pair within the 3-band or 4-band CA combination, the specifications should capture the corresponding switching mode(s), state(s), and Release fallback based on the fallback tree shown in Figure 2.2-1. Furthermore, the same RF requirements (switching period and time mask) should be applied to the Release 18 band pairs and its corresponding fall back.

[image: ]
Figure 2.2-1: Fallback tree for Release 18 UL Tx switching across 3 or 4 bands

Proposal # 2: Release 18 specifications for UL Tx switching across 3 or 4 bands should provide paths for Releases 16 and 17 backward compatibilities by specifying the fall backs for every 2-band UL CA pair within the 3-band and 4-band CA combination.

  
3	Conclusions
 Observation #1: In the current specifications (see Table 5.5A.3.2-1 and Table 5.5A.3.3-1) there are 3-band and 4-band CA combinations where there are no band pairs configured for UL CA. Therefore, UL Tx switching cannot be configured for those band combinations.

Observation #2: Not all the band pairs within a 3-band or 4-band CA combination can be configured for UL Tx switching because in the current specifications there are 3-band and 4-band CA combinations where only some band pairs are configured for UL CA. (see Table 5.5A.3.2-1 and Table 5.5A.3.3-1).

Observation #3: For every band pair configured for UL Tx switching within the 3-band or 4-band CA combination, the switching mode (0Tx+2Tx, 2Tx+0Tx, 1Tx+1Tx) should be defined in the specifications, based on the UL MIMO capability on each band.
Proposal # 1: Based on the three observations made above, and for the ease of implementation, we propose that band configurations for UL Tx switching across 3 and 4 bands shall be included in the specifications.

Proposal # 2: Release 18 specifications for UL Tx switching across 3 or 4 bands should provide paths for Releases 16 and 17 backward compatibilities by specifying the fall backs for every 2-band UL CA pair within the 3-band and 4-band CA combination. 
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