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1. Introduction
RAN1 received LSs from RAN2 and RAN4 regarding Rel-18 UL Tx switching [1-3].
In this contribution, we discuss on contents in each LS.

2. Discussion on RAN4 LS regarding definition and understanding of T0 [1]
In [1], RAN4 asked following question regarding the definition and understanding of T0.
	RAN4 would like to ask RAN1 one question:
In sub-clause 6.1.6 of TS 38.214, it is specified that:
If an uplink switching is triggered for an uplink transmission starting at T0, after T0-Toffset, the UE is not expected to cancel the uplink switching, or to trigger any other new uplink switching occurring before T0 for any other uplink transmission that is scheduled after T0-Toffset, where Toffset is the UE processing procedure time defined for the uplink transmission triggering the switch given in clause 5.3, clause 5.4, clause 6.2.1, clause 6.4 and in clause 9 of [6, TS 38.213].
On the definition and understanding of T0:
· When gNB provides sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, in RAN4 understanding, the T0 is the starting time for an uplink transmission on the switched-to carrier from network scheduling perspective and the starting time of actual uplink transmission from UE perspective. 
· When gNB does not provide sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, and the switching period is located at the switch-to carrier according to the RRC signalling uplinkTxSwitchingPeriodLocation, UE may omit uplink transmission on certain symbol(s) on the switch-to carrier. In this case, is T0 the starting time of uplink transmission from network scheduling perspective, or the starting time of actual uplink transmission from UE perspective?



As described in the first bullet in above RAN4 LS, when gNB provides sufficient time gap before T0, T0 is the start timing of scheduled UL transmission, and it is also the start timing of actual UL transmission after switching. This is aligned with the following agreement made at the RAN1#112 that when gNB provides sufficient time gap before T0, the switching period is absorbed by the time of no UL transmission allocated so that there is no interruption on the scheduled UL transmission starting from T0.
	Agreement
· If the gNB provides sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier to absorb the switching period,
· The time of no UL transmission allocated absorbs the switching period
· Neither of the uplink transmissions (the one ending on the switch-from carrier nor the one starting on the switch-to carrier) are interrupted by the switching period.
· The setting of uplinkTxSwitchingPeriodLocation has no impact.


On the other hand, as described in the second bullet in above RAN4 LS, when gNB does not provide sufficient time gap between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, the starting time of actual UL transmission may or may not be aligned with the starting time of scheduled UL transmission depending on whether the switching period is located on the switch-from carrier(s) or the switch-to carrier(s). When the starting time of actual UL transmission and the starting time of scheduled UL transmission are not aligned due to the switching period located on the switch-to carrier(s), we think T0 should be the starting time of scheduled UL transmission which is earlier than the starting time of actual UL transmission (T0 + switching period). Since the switching period location can be determined after the switch-to carrier(s) is/are indicated by UL scheduling information, the starting time of actual transmission may not be determined just after the reception of the UL scheduling information. Hence, if T0 is the starting time of actual UL transmission, the timing that UE can determine T0 – Toffset is unclear for gNB. 
Proposal 1: RAN1 answer to RAN4 question in R1-2304313 is below.
· When gNB does not provide sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, and the switching period is located at the switch-to carrier according to the RRC signalling uplinkTxSwitchingPeriodLocation, the T0 is the starting time for an uplink transmission on the switched-to carrier from network scheduling perspective.

In [1], RAN4 also informed following agreement regarding fallback to Rel-16/17 UL Tx switching, and we think it is mainly information to RAN2 for capability design. 
	· 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. 





3. Discussion on RAN2 LS regarding RRC configuration of Tx state [2]
In [2], RAN2 asked RAN1 to check following RAN2 agreements regarding RRC configuration of Tx state (oneT or twoT) if there is any issue.
	RAN2#121
· 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.
RAN2#121bis-e
· P2: RAN2 reuse uplinkTxSwitching-DualUL-TxState-r17 to indicate the state of Tx chains for dualUL mode.

P3-2: Baseline R2 “understanding” 
When the UE is indicated to switch from two bands to one different band (e.g. A+B => C), follow below logic when determine the switched Tx:
- If network indicates 1port transmission on band C,
and uplinkTxSwitching-DualUL-TxState is set to oneT, and the associated band is configured to band C:
---- Switch 1Tx chain to band C and switch another Tx chain to associated band;
- Else if network indicates 1port transmission on band C, but uplinkTxSwitching-DualUL-TxState is not configured or is set to twoT, or associated band is not configured to band C:
---- Switching 2Tx chains to band C.



Above is based on the RAN1 agreement that existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState is reused to solve the issue on ambiguous switching state, and when switching is from A+B to 1 port on C and oneT is indicated, UE determines the associated band for another Tx chain based on new RRC parameter. What RAN2 additionally agreed is that if switching is from A+B to 1 port on C but the network does not configure uplinkTxSwitching-DualUL-TxState or associated band for band C, both Tx chains switch to band C as in the case that twoT is configured. There should be no problem as it is quite straightforward and simplest behaviour as switching both Tx chains to same band is the same behaviour as in switched UL case.
Observation 1: Following RAN2 agreement has no issue from RAN1 perspective, and hence no reply to R1-2304327 is necessary.



4. Discussion on RAN2 LS regarding report of switching periods [3]
In [3], RAN2 provided following questions to RAN1/4 regarding the report of switching periods.
	RAN2 could not achieve conclusion, but has agreed an intention below in RAN2#121bis-e:
	In support of RAN4 agreement, RAN2 intend to introduce support for 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). 



Question 1. (To RAN1 and RAN4)
[bookmark: _Hlk133515174]RAN2 respectfully asks RAN1 and RAN4 to take above agreement on RAN2 intention into account and asks for feedback if there is any issue.

RAN2 could not conclude whether the UE needs to explicitly report if it supports 2Tx-2Tx switching for every band pair used for Rel-18 UL Tx switching.
RAN2 is not sure which is the correct understanding:
· The UE always supports 2Tx-2Tx switching on a pair of bands if the UE supports 2 layers/ports UL MIMO on the two bands
· The UE may not support 2Tx-2Tx switching on a pair of bands even if the UE supports 2 layers/ports UL MIMO on the two bands (i.e., per-band-pair UE capability to report whether to support 2Tx-2Tx switching is needed, e.g. based on the presence/absence of 2Tx-2Tx switching period).
Question 2. (To RAN4)
RAN2 respectfully asks RAN4 to take below RAN2 assumptions into account and asks for feedback if there is any issue:
· For the band pair supporting 2Tx-2Tx switching, the UE always support 1Tx-2Tx switching.
· The UE reports whether it supports 2Tx-2Tx switching via per-band-pair UE capability.

RAN2 has discussed how the gNB knows which of the reported switching periods (for 1Tx-2Tx switching or for 2Tx-2Tx) should be applied for every switching but could not conclude.
Question 3. (To RAN4)
RAN2 respectfully asks RAN4 which of the options below matches RAN4 understanding on the selection of applied switching periods when both switching periods of 2Tx-2Tx switching and 1Tx-2Tx switching can be reported for the same band pair.
Option 1: Based on implicit rules, e.g. 2Tx-2Tx switching period is only applicable when performing UL switching between two bands (e.g. 2P+0P<=>0P+2P) and 1Tx-2Tx period is applied for the other switching cases (e.g. UL Tx switching that involves 3 or 4 bands, such as band A + band B<=>band C, band A+ band B <=>band C + band D). FFS on the switching case of 2P+0P<=>1P+1P.
Option 2: Based on explicit RRC configuration, i.e., gNB configures which period is applied. FFS on the granularity of the configuration.
Question 4. (To RAN1)
RAN2 respectfully asks RAN1 to take above discussion on RAN2 and question to RAN4 into account and asks for feedback if there is any issue.



Basically, the switching period report aspects have been discussed in RAN4 while RAN1 hasn’t discussed. In Rel-17, RAN1 asked RAN4 regarding separate reporting of switching period between 1Tx-2Tx switching and 2Tx-2Tx switching as below.
	Agreement:
Send LS to RAN4 asking following question:
· Question: For UL Tx switching in a band pair of a band combination, whether or not the switching time reported by a UE for 2Tx-2Tx switching can be different from that reported by the UE for 1Tx-2Tx switching.


Therefore, at least for Question 1 (i.e., regarding the introduction of separate per-band pair reporting of switching period between 1Tx-2Tx switching and 2Tx-2Tx switching), our preference is to rely on RAN4 for answering RAN2 questions.
Proposal 2: RAN1 should rely on RAN4 for answering Question 1 in R1-2304333.

Regarding the Question 4, RAN2 asked Question 3 to RAN4 while RAN2 also asked Question 4 to RAN1 because in which case the reported switching periods for 1Tx-2Tx switching or 2Tx-2Tx switching are applied was discussed in RAN1 in Rel-17 as below.
	Agreement
For a UE capable of 2Tx-2Tx switching and configured with UL Tx switching via uplinkTxSwitching, to differentiate the switching delay for 1Tx-2Tx switching from that for 2Tx-2Tx switching, a new RRC parameter is used to indicate 1Tx-2Tx switching mode or 2Tx-2Tx switching mode.
· If 1Tx-2Tx mode is derived by the new RRC parameter, then there is one uplink (or one uplink band in case of intra-band) configured with uplinkTxSwitching, on which the maximum number of antenna ports among all configured P-SRS/A-SRS and activated SP-SRS resources should be 1 and non-codebook based UL MIMO is not configured. RAN1 assume the uplink is configured with RRC parameter “carrier1” by RAN2.
· The default value of the new RRC parameter is 1Tx-2Tx switching mode.
· In a configured switching mode, the switching gap duration for a triggered uplink switching is equal to the switching time capability value reported for the switching mode.
· Note: This RRC parameter doesn’t imply any restriction on application of non-codebook transmission together with UL Tx switching.


In addition, it is specified in TS 38.214 that “The switching gap  is indicated by UE capability uplinkTxSwitchingPeriod2T2T if uplinkTxSwitching-2T-Mode is configured, and uplinkTxSwitchingPeriod otherwise:”. Therefore, the outcome of the discussion such as whether Option 1 or Option 2 is applied may have RAN1 specification impact.
However, RAN1 has not been discussed on switching periods for 1Tx-2Tx switching and 2Tx-2Tx switching for Rel-18. So, according to the guidance from RAN1 chair, RAN1 cannot discuss whether Option 1 or Option 2 should be applied at the RAN1#113 meeting as it would require new agreement. So, what RAN1 can do at the RAN1#113 meeting would be to rely on RAN4 for answering Question 3 while RAN1 can discuss whether/how the outcome of the discussion on Question 3 in RAN4 is captured in RAN1 specification in future meeting.
Observation 2: Although Question 3/4 may have RAN1 specification impact, what RAN1 can do at the RAN1#113 meeting would be to rely on RAN4 for answering Question 3 while RAN1 can discuss whether/how the outcome of the discussion on Question 3 in RAN4 is captured in RAN1 specification in future meeting.



5. Conclusion
In this contribution, we discussed on LSs from RAN2 and RAN4 regarding Rel-18 UL Tx switching, and following proposals and observations were made.
Proposal 1: RAN1 answer to RAN4 question in R1-2304313 is below.
· When gNB does not provide sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, and the switching period is located at the switch-to carrier according to the RRC signalling uplinkTxSwitchingPeriodLocation, the T0 is the starting time for an uplink transmission on the switched-to carrier from network scheduling perspective.
Observation 1: Following RAN2 agreement has no issue from RAN1 perspective, and hence no reply to R1-2304327 is necessary.
Proposal 2: RAN1 should rely on RAN4 for answering Question 1 in R1-2304333.
Observation 2: Although Question 3/4 may have RAN1 specification impact, what RAN1 can do at the RAN1#113 meeting would be to rely on RAN4 for answering Question 3 while RAN1 can discuss whether/how the outcome of the discussion on Question 3 in RAN4 is captured in RAN1 specification in future meeting.
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