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1. Introduction
Before RAN2#121bis-e, companies discussed the open issues via email discussion [Post121][045], the report is in [1], during RAN2#121bis-e, several proposals from [1] have been discussed and 2 LSs were sent to RAN1 and RAN4 for further checking, but the below proposal is postponed:
	Proposal 1.	RAN2 wait for RAN4 conclusion on fallback of Rel-18 Tx switching to Rel-16/17 Tx switching. In parallel, RAN2 continue following discussion:
· If it is possible that UE supports both Rel-18 and Rel-16/17 UL Tx switching for the same band combination,
· Approach 1: the 3/4 FeatureSetUplink are reported in one row in FSC for the 3/4 UL bands involved in Rel-18 UL Tx switching;
· Note: If Approach 1 is down-selected, the UE needs to guarantee the FeatureSetUplinks reported for Rel-18 UL Tx switching are applicable to Rel-16/Rel-17 Tx switching if the Rel-16/Rel-17 switching period is reported for that band pair and the same switching option of the band pair is supported for Rel-16/Rel-17 switching.
· Note: If Approach 1 is down-selected, discuss if UEs are allowed to report feature sets for Rel-16/17 UL Tx switching apart from that for Rel-18 UL Tx switching.
· Approach 2: the FeatureSets reported for Rel-16/17 Tx switching between 2 bands can be combined to indicate UL capabilities on the 3/4 UL bands for Rel-18 UL Tx switching;


In addition, we provided below proposal in [2] in RAN2#121, but it was postponed because companies thought it relates to the discussion on FeatureSetUplink reporting. 
	Proposal 1 	To clarify which understanding is correct regarding Rel-18 UE capability reporting.
· Understanding 1: For Rel-18 UL Tx switching across 3 or 4 bands, the UE shall indicate the support for ALL possible band pairs.  
· Understanding 2: For Rel-18 UL Tx switching across 3 or 4 bands, the UE is not required to indicate the support for all possible band pairs, it is up to the network to ensure the triggered switching is supported by the UE (based on UE’s reported band pairs). 
· Understanding 3: Neither Understanding 1 nor 2 is correct, in addition to per-band pair capability, UE needs to further indicate which 3 or 4 bands can form a band group for Rel-18 UL Tx switching. 


In RAN2#122, we receive a new LS [3] from RAN4 which contains their new agreement related to above proposals, in this contribution, we mainly discuss above two proposals and share our views. 
2. Discussion
2.1. Issue 1: Reporting of featureSets
On how to report the featureSets capability for Rel-18 UL Tx switching across 3/4 bands, companies discussed the issue in RAN2 and two approaches were on the table:
· Approach 1: the 3/4 FeatureSetUplink are reported in one row in FSC for the 3/4 UL bands involved in Rel-18 UL Tx switching;
· Approach 2: the FeatureSets reported for Rel-16/17 Tx switching between 2 bands can be combined to indicate UL capabilities on the 3/4 UL bands for Rel-18 UL Tx switching;
Based on LS [2] from RAN4, RAN4 achieves the following conclusions:
	RAN4 has also discussed the fallback of Rel-18 Tx switching to Rel-16/17 Tx switching, and reached the following agreement and understanding:
· The indication of supported switching band combinations of the UE capability can also imply the capabilities of the fallbacks in accordance with the current 38.331 fallback framework.
· Rel-18 Tx switching capability will include all sufficient capabilities for two-band switching. In addition, UE may also declare two-band Tx switching capabilities with Rel-16 and/or Rel-17 capabilities. If UE is configured for two-band Tx switching only and UE declares those Rel-16/17 capabilities, then Rel-16/17 capabilities apply for this two band Tx switching. 


The first bullet implies that Approach 1 is adopted by RAN4, for the reported FSC row that contains 3/4 FeatureSetUplink, the network knows which 3 or 4 bands from a BC can be configured with Rel-18 UL Tx switching. In addition, the fallback capabilities (with 2 band entries) are also applicable to Rel-16/Rel-17 UL Tx switching, if the UE already indicates the support of Rel-16/Rel-17 UL Tx switching for corresponding band pair(s).
The second bullet implies that the UE is also allowed to report separate FSC rows that are only applicable for Rel-16/Rel-17 UL Tx switching, and those FSC rows are only applicable when the UE is configured with Rel-16/Rel-17 UL Tx switching. Therefore, from RAN2 perspective, we can confirm the adoption of Approach 1 in UE capability reporting.
Proposal 1	Based on RAN4 LS, RAN2 confirms that for UL Tx switching across 3/4 bands, the 3/4 FeatureSetUplink are reported in one row in FSC;
· The fallbacks of FeatureSetUplinks for Rel-18 UL Tx switching are applicable to Rel-16/Rel-17 Tx switching if UE indicates the support of Rel-16/Rel-17 switching for the same band pair with the same switching option.
· UEs are allowed to report separate FSC row(s) for Rel-16/17 UL Tx switching apart from that for Rel-18 UL Tx switching. In this case, the reported FSC rows are only applied when the UE is configured with Rel-16/Rel-17 UL Tx switching. 
2.2. Issue 2: UE capability reporting restriction
With proposal 1, for a BC that contains more than 3/4 bands, the network can know which 3/4 bands can be configured with UL Tx switching based on the reported FSC rows. However, whether the UE is mandated to support UL Tx switching for every possible band pairs is still unclear, based on the online/offline discussion with companies, it seems companies hold different understandings. 
So far, there are following possible understandings (note: compared with original proposal in [2], understanding 3 is removed because it is not valid anymore):
· Understanding 1: For Rel-18 UL Tx switching across 3 or 4 bands, the UE shall indicate the support of UL Tx switching (e.g. at least switchedUL) for ALL possible band pairs. 
· Understanding 2: For Rel-18 UL Tx switching across 3 or 4 bands, the UE is not required to indicate the support for all possible band pairs, it is up to the network to ensure the triggered switching is supported by the UE (based on UE’s reported band pairs).
We provide some examples to show the difference between the two understandings, before going to the details, we notice RAN1 has made the following agreements on UL MIMO capability:
	RAN1#111 Agreement
There is no restriction on number of bands supporting up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands.
· It is up to UE capability to support 2 ports UL transmission on none/some/all of the 3 or 4 bands
· Note: UE with only 1 Tx chain is not expected to perform UL Tx switching (no spec impact)


Observation 1	Based on RAN1 agreements, we understand for Rel-18 UL Tx switching, the UE is allowed to support 2-layers UL MIMO capability for part of bands.
In this paper, we firstly analysis understanding 2 and then understanding 1. 
For understanding 2, the UE can indicate it supports UL Tx switching for partial band pairs, let’s assume the UE only reports band pairs {A, B}, {B, C}, the possible reported UE capability cases could be:
(Note: only switchedUL is shown in the example, for dualUL, RAN1 already agreed the UE may support dualUL for none/some band pairs, and the operation of dualUL does not impact this discussion)


Figure 1 Example of reported UE capabilities----Understanding 2.
For case 2-1, if network wants to switch a UE from 2ports transmission on band A to 2ports transmission on band C (i.e. 2T+0T+0T => 0T+0T+2T), the network needs to send 2 DCIs consecutively: 1) one DCI to switch the UE to transmit 2 ports on band B; 2) one DCI to switch the UE from band B to band C (i.e. 2T+0T+0T => 0T+2T+0T =>0T+0T+2T).
For case 2-2, it seems problematic, because when the UE is operating on band A (or band A+B), it is impossible for network to switch the UE to band C due to not supporting 2T on band B, and 2T+0T+0T => 0T+0T+2T can never be achieved. However, we found RAN1 has made the following assumption:
	Agreement
For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, only switching cases (Tx chain states) with 2T are assumed
· Conclusion: In case of 3 bands, 3 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}) are assumed
· Conclusion: In case of 4 bands, 4 switching cases ({2T,0T,0T,0T}, {0T,2T,0T,0T}, {0T,0T,2T,0T}, {0T,0T,0T,2T}) are assumed
· Based on the assumption, the switching gap is required for every UL transmission with changing transmitting band from preceding transmission in this scenario

Agreement
For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands in the band combination, only switching cases (Tx chain states) with 2T are assumed
· Based on the assumption, the switching gap is required for every UL transmission with changing transmitting band from preceding transmission in this scenario


Therefore, when the UE is switched from band A to band C, the UE always switches its 2T to band C. With this assumption, the network is able to schedule the UE from band A to band C, but still 2 DCIs are needed, i.e. 2T+0T+0T => 0T+2T+0T => 0T+0T+2T.
case 2-3 is similar to case 2-1, when network wants to schedule the UE from band A to band C, the network needs to send 2 DCIs consecutively, i.e. 2T(1p)+0T+0T => 0T+2T+0T => 0T+0T+2T(1p). (note: there is no 1T+1T+0T or 0T+1T+1T because RAN1 assumes the UE always switches its 2Tx in switched UL) 
case 2-4 is the same as case 2-3. 
In summary, for understanding 2, it is possible to schedule the UE from any band to another, but in some cases, 2 DCIs are needed, 1 step switching is only possible for switching between specific bands.
Observation 2	With understanding 2, in some cases, the network needs to send 2 DCIs in order to switch the UL transmission from one band to another band.
For understanding 1, the UE is required to report all band pairs, different from understanding 1, the UE reports band pairs {A, B}, {B, C} and {A, C}, the possible reported UE capability cases could be: 


Figure 1 Example of reported UE capabilities----Understanding 1.
Compared with Understanding 2 (Case 2-x), Case 1-x provides more flexibility to network scheduling, considering the UE supports switching between any two bands, it is easy for the network to use a signal DCI to switch from any one/two band(s) to other one/two band(s).
Observation 3	With understanding 1, the network is able use 1 DCI to switch the UL transmission from any one/two band(s) to other one/two band(s).
However, we found case 1-3 may need more discussion, we would like to support the direct switching from band A to band C, but since only band B supports 2-layers UL MIMO, band A and band C do not support 2-layers MIMO, only 1T-1T switching can be supported for band pair A+C, although RAN1 assumes the UE always switches its 2T, the decision is made from UE implementation point of view. Based on RAN2 specification, for Rel-16/Rel-17 UL Tx switching, at least one band of the band pair should support 2-layers MIMO. 
Therefore, for case 1-3, we suggest to break the rule and allow the UE to report switching periods for the band pair in which two bands do not support 2-layers UL MIMO, as agreed by RAN4, the switching period for 1T-1T is the same as the switching period for 1T-2T. If supports switching between A and C, then the network can use one DCI to switch from band A to band C, e.g. 2T(1p)+0T+0T => 0T+0T+2T(1p); the network can also use one DCI to trigger 1T+1T+0T => 0T+1T+1T when dualUL is supported for band pairs {A, B} and {B, C}.
Observation 4	For understanding 1, it is beneficial to allow the UE to report switching periods for the band pair in which two bands do not support 2-layers UL MIMO.
Based on above analysis, it is clear understanding 1 brings higher flexibility and higher performance. Based on the internal discussion with RAN1, we think the common understanding in RAN1 is aligned with Understanding 1, that UE is expected to support at least switchedUL for all possible bands. if it can be confirmed, we need to capture it in specification. And as we pointed above, for understanding 1, some modification is also needed. 
To align company understandings, we suggest to discuss and clarify this issue in RAN2, if needed, we can also consult other WGs.
[bookmark: _Hlk134649450]Proposal 2	To discuss for Rel-18 UL Tx switching across 3 or 4 bands, whether the UE shall indicate the support of UL Tx switching (e.g. at least switchedUL) for ALL possible band pairs.
Proposal 3	To allow the UE to report switching period for a band pair in which the two bands do not support 2-layers UL MIMO. 
3. Conclusion
In this contribution, proposals and observations are:
Observation 1	Based on RAN1 agreements, we understand for Rel-18 UL Tx switching, the UE is allowed to support 2-layers UL MIMO capability for part of bands.
Observation 2	With understanding 2, in some cases, the network needs to send 2 DCIs in order to switch the UL transmission from one band to another band.
Observation 3	With understanding 1, the network is able use 1 DCI to switch the UL transmission from any one/two band(s) to other one/two band(s).
Observation 4	For understanding 1, it is beneficial to allow the UE to report switching periods for the band pair in which two bands do not support 2-layers UL MIMO.
Proposal 1	Based on RAN4 LS, RAN2 confirms that for UL Tx switching across 3/4 bands, the 3/4 FeatureSetUplink are reported in one row in FSC;
· The fallbacks of FeatureSetUplinks for Rel-18 UL Tx switching are applicable to Rel-16/Rel-17 Tx switching if UE indicates the support of Rel-16/Rel-17 switching for the same band pair with the same switching option.
· UEs are allowed to report separate FSC row(s) for Rel-16/17 UL Tx switching apart from that for Rel-18 UL Tx switching. In this case, the reported FSC rows are only applied when the UE is configured with Rel-16/Rel-17 UL Tx switching. 
Proposal 2	To discuss for Rel-18 UL Tx switching across 3 or 4 bands, whether the UE shall indicate the support of UL Tx switching (e.g. at least switchedUL) for ALL possible band pairs.
Proposal 3	To allow the UE to report switching period for a band pair in which the two bands do not support 2-layers UL MIMO. 
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