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1. Introduction
In RAN2#119-e meeting, Rel-18 UL Tx switching was discussed and made the following conclusions:
	· As a baseline, RAN2 reuse Rel-16/17 UL Tx switching band combination list (i.e. BandCombinationList-UplinkTxSwitch-r16) for Rel-18 UL Tx switching capability reporting.
· As a baseline, uplink bands for Rel-18 UL Tx switching are configured as in legacy way, i.e. by UplinkConfig.
· RAN2 waits for RAN1/4 input and then addresses the potential issues according to RAN1/4 indication, e.g.:
– whether the switching period is configured per band pair or per band combination on UE capability reporting.
– whether the switching option (i.e. switchedUL or dualUL) is configured per band pair or per band combination on UE capability reporting.
– how RRC configures a period location for each band pair within three or four bands on RRC configuration.
– how to configure a state of Tx chains after the UL Tx switching is not unique in Rel-18 framework on RRC configuration.


In RAN2#120 meeting, agreements were agreed as below:
	· R2 assumes For UE capability to report applicability of DL interruption for Rel-18 UL Tx switching, RAN2 reuses uplinkTxSwitching-DL-Interruption-r16 (no spec impact).
· R2 assumes to reuse the per band per BC capability, uplinkTxSwitching2T2T-PUSCH-TransCoherence-r17, on UL-MIMO coherence for the 2Tx-capable UL band(s) for Rel-18 UL Tx switching (fallback description FFS).


In RAN2#121 meeting, further agreements were agreed as below:
	· For UE capability of switching options, introduce a per-band-pair UE capability to report supported switching options for Rel-18 UL Tx switching. 
· configure {switchedUL, dualUL} for combination(s) of serving cells (i.e., for each band pair in the band combination)
· For RRC configuration to clarify ambiguous Tx state, RAN2 should introduce an RRC configuration that associates a band to another band which the unused Tx chain is switched to when the switch is from concurrent transmission on two bands to 1 Tx transmission on another band.
· For UE capability of 2-port UL transmission, RAN2 reuse the per-FS UL-MIMO UE capability (no spec change).


And there is also a post email discussion [1] to discuss the leftover issues after RAN2#121 meeting. In this contribution, we discuss based on the summary of the post email discussion and the additional issues for Rel-18 UL Tx switching across 3 or 4 bands.
2. Discussion
2.1   On summary of post email discussion
2.1.1 Capability report for Feature Set Combinations
Per summary of email discussion [1] on UE capabilities for FSC, P1 proposes to wait for RAN4’s conclusion for the Q1-3 in the email discussion since RAN4 is under discussion on the issue about fallback of Rel-18 Tx switching to Rel-16/17 switching (following Issue 1-1-3). 
	Issue 1-1-3: Fallback of Rel-18 Tx switching to Rel-16/17 Tx switching
Candidate options:
· 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.
· Other options are not precluded


Question 1: 
Regarding FS reporting for a BC supporting both of Rel-18 UL Tx switching and Rel-16/17 UL Tx switching, which approach do you prefer?
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;
Question 2: 
If Approach 1 is preferred, do you agree 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?
Question 3: 
If Approach 1 is preferred, do you agree the UE needs to report FSC row for Rel-16/Rel-17 UL Tx switching explicitly if the Rel-16/Rel-17 switching period is reported for that band pair?
P1 further suggests that RAN2 continues the discussion on the two approaches of FSC reporting for Rel-18 Tx switching in the email discussion if the UE supports both Rel-18 and Rel-16/17 UL Tx switching for the same band combination:
We agree RAN2 should wait for RAN4’s progress to further decide Q1 which is related to the above fallback issue under RAN4 discussion. We think only Approach 2 is closely related to the fallback issue, because RAN4 is discussing whether the Rel-16/17 UL Tx switching combinations can always cover the Rel-18 UL Tx switching. If Rel-18 UL Tx switching is supported while Rel-16/17 is not supported for a band pair, for Approach 2, UE needs to report the FSC row(s) each with 2 feature sets for 2 UL bands where the corresponding Rel-16/17 switching is not actually supported by UE. But Approach 1 is not impacted by the fallback issue. 
Observation 1: For Approach 2, UE may need to report the FSC row(s) each for 2 UL bands where the Rel-16/17 switching is not supported by the UE, which may not be valid from RAN2 perspective. 
As defined in TS 38.331, FeatureSetCombination is reported for each BandCombination. FeatureSetCombination contains a list of feature sets per band defined as FeatureSetsPerBand and each FeatureSetsPerBand contains a list of feature sets applicable to the carrier(s) of one band entry of the associated band combination. FeatureSetUplink applicable to the carrier(s) of one band entry is included in a feature set. UE shall support the combination of feature sets at the same row in the FeatureSetsPerBand.
	BandCombination ::=                 SEQUENCE {
    bandList                            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters,
    featureSetCombination               FeatureSetCombinationId,
    ca-ParametersEUTRA                  CA-ParametersEUTRA                          OPTIONAL,
    ca-ParametersNR                     CA-ParametersNR                             OPTIONAL,
    mrdc-Parameters                     MRDC-Parameters                             OPTIONAL,
    supportedBandwidthCombinationSet    BIT STRING (SIZE (1..32))                   OPTIONAL,
    powerClass-v1530                    ENUMERATED {pc2}                            OPTIONAL
}



	FeatureSetCombination ::=       SEQUENCE (SIZE (1..maxSimultaneousBands)) OF FeatureSetsPerBand

FeatureSetsPerBand ::=          SEQUENCE (SIZE (1..maxFeatureSetsPerBand)) OF FeatureSet

FeatureSet ::=                  CHOICE {
    eutra                           SEQUENCE {
        downlinkSetEUTRA                FeatureSetEUTRA-DownlinkId,
        uplinkSetEUTRA                  FeatureSetEUTRA-UplinkId
    },
    nr                              SEQUENCE {
        downlinkSetNR                   FeatureSetDownlinkId,
        uplinkSetNR                     FeatureSetUplinkId
    }
}


It is observed that FSC, FS per band as well as FS are defined not only for a specific Release, thus, they can be utilized to report 3 or 4 feature sets in one row corresponding to 3 or 4 bands respectively for Rel-18 Tx switching and the legacy network can derive the information form 3/4 FSs in a row as well. As a consequence, no enhancement is needed on reporting 3/4 feature sets in one row of FSC for 3/4 bands in Rel-18 Tx switching. 
Observation 2: For Approach 1 (to report 3/4 FeatureSetUplink in one row of FSC for the 3/4 UL bands of Rel-18 Tx switching), no enhancement to the FeatureSetCombination is observed.
For Approach 2, however, several rows of feature sets with each row only corresponding to two UL bands switching for Rel-16/17 are combined, so as to report 3/4 UL bands switching for Rel-18. That will lead to the spec impact for indicating the rows being combined together.
In the email discussion, Q2 and Q3 are based on Approach 1. In other words, Q2 and Q3 are discussing the relationship between Rel-16/17 Tx switching reporting and Rel-18 switching reporting when 3/4 feature sets in one row are reported for 3/4 UL bands of Rel-18 switching. Q3 may depend on the fallback issue while Q2 does not, but Q2 may depend on Q3. 
Q3 is talking about whether FSC rows for Rel-16/17 Tx switching are explicitly report. In the summary of email discussion, P1 suggests to continue discussing this issue. Actually, this question is asking whether FSC rows for Rel-16/17 should be reported if the information can be derived from the FSC rows of 3/4 UL bands for Rel-18 switching. From above analysis for the FS IEs, it is feasible for the network to derive information for Rel-16/17 from the FSC rows for Rel-18 switching. Note that, it is possible even if the Rel-16/17 switching and Rel-18 switching are not supported on the same band pair or have different switching options. In that case, the corresponding FSC rows for Rel-16/17 can be omitted. In that sense, Approach 1 is more efficient than Approach 2 on signaling. 
Observation 3: It is possible the information for Rel-16/17 switching can be derived from the FSC rows of 3/4 bands for Rel-18 switching.
However, if the band pair of Rel-16/17 switching is not supported by Rel-18 switching, or the Rel-16/17 Tx switching information cannot be derived from the FSC rows of 3/4 bands for Rel-18 switching due to the different switching option of Rel-16/17 switching with that of Rel-18 switching on the same band pair, UE should need to report other FSC rows for Rel-16/17 switching explicitly. 
Observation 4: It is also possible the information for Rel-16/17 switching cannot be derived from FSC rows for Rel-18 switching.
Proposal 1: If Approach 1 is adopted, if information of Rel-16/17 switching can be derived from the FSC rows for 3/4 UL bands of Rel-18 switching, reporting of FSC rows for Rel-16/17 can be omitted; otherwise, the FSC rows for Rel-16/17 should be reported explicitly. 
Based on Q3, we think Q2 is asking whether UE needs to guarantee supporting all the fallback combinations for Rel-16/17 switching if the rows of 3/4 FSs for Rel-18 switching are used for deriving information of the Rel-16/17 switching. In our view, there is no dependence. That is because the network just derives the feature set information for Rel-16/17 from the rows for 3/4 bands, whether the Rel-16/17 switching is supported depends on the switching period reporting for the band pair, thus UE does not need to support the Rel-16/17 switching involved in the rows of 3/4 bands if it is not indicated by switching period for the band pair. On the other hand, if the Rel-16/17 switching period is indicated for a band pair and the switching is involved in the 3/4 bands FSC row, UE should of course support the Rel-16/17 switching. Thus, we think Q2 and 1st note in P1 does not make sense for Approach 1, hence it should not be the issue for Approach 1.
Observation 5: For Approach 1, UE does not need to support all the possible Rel-16/17 switching involved in the FSC row(s) of 3/4 bands for reporting Rel-18 switching if it is not indicated by the Rel-16/17 band pair/switching period.
Observation 6: The first note in P1 is not an issue for Approach 1.
Compared with Approach 2, Approach 1 is irrespective with the fallback issue, more signal efficient and the most important is Approach 1 has less impact to spec. So, Approach 1 is preferred.
Proposal 2: Approach 1 is adopted for the FSC reporting for Rel-18 UL Tx switching if both Rel-18 and Rel-16/17 UL Tx switching are supported for the same band combination.
2.1.2 RRC configuration of Tx states
In the email discussion[1], the rapporteur presents the issue on determining the Tx state under the case when two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C. Per RAN1#111 agreement[2], the uplinkTxSwitching-DualUL-TxState is reused on determining whether 1 or two Tx chains switching to band C is applied. Per RAN1#112 agreement[3], the associated band for a specific band is introduced for determining which band the other Tx chain should switch to when one Tx switching is configured by the uplinkTxSwitching-DualUL-TxState. That is, if one Tx switching is configured, UE just switches one Tx chain to band C, and the other Tx chain is remained on band A or B, or changed to band D, which depends on the associated band of band C. If two Tx switching is configured, UE switches both Tx chains to band C.
However, it’s not clear whether UE should always check uplinkTxSwitching-DualUL-TxState when two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C. As the summary of email discussion, the rapporteur gave following proposal on this issue:
“Proposal 3-1.	Continue discussion if it is agreeable that the network ensures the UE supports dualUL for a band and its associated band.
Proposal 3-2.	Continue discussion to down-select from following options.
· Option 1. When the UE is indicated to switch from two bands to one different band (e.g., A+B=>C), the UE follow uplinkTxSwitching-DualUL-TxState and the associated band regardless of the switching option.
· Option 2. When the UE is indicated to switch from two bands to one different band (e.g., A+B=>C) and uplinkTxSwitching-DualUL-TxState is configured as oneT, the UE first checks switching options configured to band pairs including the target band (i.e., {A, C}, {B, C}, and {C, D} if exists.).
· If all band pairs are configured as switchedUL, the UE switches the remaining Tx chain to the transmitting band.
· Otherwise, the UE switches the remaining Tx chain to the associated band.”
P3-1 proposes to discuss that network ensures the UE supports dualUL for a band and its associated band. We agree with the motivation, but it’s still not clear how the network ensures that. We think the correct behavior for the network is that it only configures the associated band to a specific band when UE support dualUL on the band pair of the band and this associated band. 
Proposal 3: The network does not configure the associated band to a band when dualUL on the band pair of the band and this associated band is not supported by UE.
It is easy to understanding that when the associated band is configured, both one Tx switching and two Tx switching is possible even if the switching options for band pairs (A, C) and (B, C) are swithedUL. So, in that case UE needs to check the uplinkTxSwitching-DualUL-TxState. If the uplinkTxSwitching-DualUL-TxState configures one Tx, UE switches one Tx chain to band C and switches the other Tx chain to the associated band (A, B or D).
On the contract, if the associated band is not configured, as agreed by RAN1#112[3], UE should perform switching to band C on both two Tx chains even if one Tx is configured by uplinkTxSwitching-DualUL-TxState. So, in that case UE does not need to check uplinkTxSwitching-DualUL-TxState. Thus, Option 1 of P3-2 is not correct.
Option 2 of P3-2 is not correct, UE does not need to check all the band pairs, because UE still has to switch the two Tx chains to band C when the associated band is not configured to band C even if one of the band pairs (A,C), (B,C) and (C,D) is dualUL.
Proposal 4: RAN2 to agree on following UE behaviors when it is indicated to switch from two bands to a different band (A+B=>C):
· If the associated band is configured, UE checks the uplinkTxSwitching-DualUL-TxState:
· If one Tx is configured by the uplinkTxSwitching-DualUL-TxState, UE switches one Tx chain to band C and switches the other Tx chain to the associated band (A, B or D);
· If two Tx is configured, UE switches both two Tx chains to band C.
· Otherwise, UE switches both two Tx chains to band C whatever configured by the uplinkTxSwitching-DualUL-TxState.
2.1.3 UE capability for switching period length
In the email discussion, the issue on introducing new per-band-pair capability to report the switching period for Rel-18 is discussed. Following proposal is made:
“Proposal 6.	Continue discussion to down-select from following alternatives.
Alt.1:	RAN2 introduce one per-band-pair UE capability to report a length of a switching period.
Alt.2a:	RAN2 introduce two per-band-pair UE capabilities, a length of a switching period for 1Tx-2Tx switching (like Rel-16) and that for 2Tx-2Tx switching (like Rel-17). If the UE supports both 1T-2T and 2T-2T switching for the band pair, the UE shall report both capabilities.
Alt.2b:	RAN2 introduce two per-band-pair UE capabilities, a length of a switching period for 1Tx-2Tx switching (like Rel-16) and that for 2Tx-2Tx switching (like Rel-17). If the UE supports both 1T-2T and 2T-2T switching for the band pair, the UE can report
- both capabilities.
- either of capabilities to be applied to both switching. (FFS on which is reported.)”

As we commented to this issue in the email discussion, we don’t think it’s good for UE to report only one single switching period if the UE supports both 1T-2T and 2T-2T switching for the band pair, as it has been agreed by RAN1 that the value for 1Tx-2Tx switching and 2Tx-2Tx switching periods can be different. And we don’t think UE only has to report the larger value if the switching period for 1T-2T/2T-2T is different, because the network should know the exact values for the 1T-2T and 2T-2T switching periods respectively. Two per-band-pair capabilities should be introduced for reporting the switching period for 1T-2T and 2T-2T respectively for Rel-18 switching. So, Alt.1 should be ruled out.
Proposal 5: RAN2 to agree on introducing two per-band-pair capabilities for reporting the switching period for 1T-2T and 2T-2T respectively for Rel-18 switching.
On the other hand, UE does not need always report the capabilities for both switching periods. When UE supports both 1T-2T and 2T-2T switching, the switch period of 2T-2T may be equal with that of 1Tx-2T (probably it is). In that case, the UE can only report the capability for switching period of 1T-2T for signalling reduction and the network will know the same value is applied to the switching period of 1T-2T. Both two capabilities are reported when the switching period of 2T-2T is different to that of 1Tx-2Tx. 
Proposal 6: If the UE supports both 1T-2T and 2T-2T switching for the band pair, UE can only report the capability for switching period of 1T-2T if the capability for the switch period of 2T-2T is the same as that for the switch period of 1Tx-2T.
2.2   Other issues
2.2.1 Minimum separation time for Rel-18 UL Tx switching 
In RAN1#112 meeting, it was agreed to introduce a UE capability for minimum separation time (X):
	Agreement
Confirm the working assumption with following updates
(working assumption) If two uplink switching are triggered and UL transmissions involved in the two uplink switching are on more than 2 bands within any two consecutive reference slots, then the time duration between the start of all transmission(s) after the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a maximum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}


In RAN1’s agreement, X is a per UE capability, the value can be 0us or 500us.
Proposal 7: Introduce a per UE capability to report the minimum separation time for Rel-18 UL Tx switching. The value set of this capability is {0us, 500us}. 
2.2.2  Transmission during the time gap of different switching periods
RAN4 discussed whether introduce an optional UE capability to indicate UE supports to transmit on the Tx chain switched first during the time duration of (Tswitch_2 - Tswitch_1) for the case of Tx switching between two different band pairs with different lengths of switching periods.
	Issue 1-2-2: 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 (denoted as Tswitch_1 and Tswitch_2 for the switching periods of Tx chain #1 and Tx chain #2 respectively, and Tswitch_1 < Tswitch_2), select one of the two options in RAN4 #106:
· Option 1: In addition to the baseline UE assumption, introduce advanced optional UE ability to allow the Tx chain #1 to be used for transmission during the time duration of (Tswitch_2 - Tswitch_1)
· Further discuss the granularity of the optional UE capability:
· Option 1a: per band pair per BC
· Other options are not precluded
· Option 2: Do not introduce the advanced optional UE ability. 


In RAN4#106 meeting, no further agreement on this issue.
Proposal 8: For Rel-18 Tx switching, wait for more input from RAN4 on whether to introduce a separate capability for UE transmitting on the Tx chain switched first during the time gap of different switching periods.
3 Conclusion
In this contribution, we discuss the leftover issues from the post email discussion[1] and the additional UE issues for Rel-18 UL Tx switching across 3 or 4 bands, based on which we have the following proposals. 
Observation 1: For Approach 2, UE may need to report the FSC row(s) each for 2 UL bands where the Rel-16/17 switching is not supported by the UE, which may not be valid from RAN2 perspective. 
Observation 2: For Approach 1 (to report 3/4 FeatureSetUplink in one row of FSC for the 3/4 UL bands of Rel-18 Tx switching), no enhancement to the FeatureSetCombination is observed.
Observation 3: It is possible the information for Rel-16/17 switching can be derived from the FSC rows of 3/4 bands for Rel-18 switching.
Observation 4: It is also possible the information for Rel-16/17 switching cannot be derived from FSC rows for Rel-18 switching.
Proposal 1: If Approach 1 is adopted, if information of Rel-16/17 switching can be derived from the FSC rows for 3/4 UL bands of Rel-18 switching, reporting of FSC rows for Rel-16/17 can be omitted; otherwise, the FSC rows for Rel-16/17 should be reported explicitly.
Observation5: For Approach 1, UE does not need to support all the possible Rel-16/17 switching involved in the FSC row(s) of 3/4 bands for reporting Rel-18 switching if it is not indicated by the Rel-16/17 band pair/switching period.
Observation 6: The first note in P1 is not an issue for Approach 1.
Proposal 2: Approach 1 is adopted for the FSC reporting for Rel-18 UL Tx switching if both Rel-18 and Rel-16/17 UL Tx switching are supported for the same band combination.
Proposal 3: The network does not configure the associated band to a band when dualUL on the band pair of the band and this associated band is not supported by UE.
Proposal 4: RAN2 to agree on following UE behaviors when it is indicated to switch from two bands to a different band (A+B=>C):
· If the associated band is configured, UE checks the uplinkTxSwitching-DualUL-TxState:
· If one Tx is configured by the uplinkTxSwitching-DualUL-TxState, UE switches one Tx chain to band C and switches the other Tx chain to the associated band (A, B or D);
· If two Tx is configured, UE switches both two Tx chains to band C.
· Otherwise, UE switches both two Tx chains to band C whatever configured by the uplinkTxSwitching-DualUL-TxState.
Proposal 5: RAN2 to agree on introducing two per-band-pair capabilities for reporting the switching period for 1T-2T and 2T-2T respectively for Rel-18 switching.
Proposal 6: If the UE supports both 1T-2T and 2T-2T switching for the band pair, UE can only report the capability for switching period of 1T-2T if the capability for the switch period of 2T-2T is the same as that for the switch period of 1Tx-2T.
Proposal 7: Introduce a per UE capability to report the minimum separation time for Rel-18 UL Tx switching. The value set of this capability is {0us, 500us}.
Proposal 8: For Rel-18 Tx switching, wait for more input from RAN4 on whether to introduce a separate capability for UE transmitting on the Tx chain switched first during the time gap of different switching periods.
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