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1. Introduction
According to the work plan [1], RAN2 is expected to discuss and decide detailed design of UE capabilities and RRC configuration in this meeting.
	RAN2#121 (0.5 TU)
RAN4#106 (RF:0.5 TU, RD:0.5 TU)
	RAN2
· Discuss and decide some detailed design for UL Tx switching schemes across up to 3 or 4 bands, including
· Down-selection of necessary enhancements of UE capability for UL Tx switching schemes across up to 3 or 4 bands with considering different scenarios (e.g., required UE capability conditions)
· Down-selection of necessary enhancements of RRC configuration for UL Tx switching schemes across up to 3 or 4 bands with considering different scenarios
RAN4
Finalize any remaining details on necessary RAN4 impacts for UL Tx switching schemes across up to 3 or 4 bands



In the previous RAN2 meeting, we achieved two agreements on UE capabilities [2].
	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 this contribution, we provide
- status of open issues still under discussion in RAN1 or RAN4, and
- status of resolved issues in RAN2 and other WGs.
Note that, on the other hand, we listed open issues that should be discussed now in RAN2 in [3].

2. Discussion
2.1. Open issues in RAN1 and RAN4
2.1.1  UE capability – Switching period
RAN4 agreed that switching periods should be reported per band pair, and the set of periods are the same as Rel-17 [4]:
	Agreement:
On the length of switching period:
· For UL switching period with Tx switching across 3 or 4 bands, RAN4 agreed to reuse the same set of values as in Rel-16/17, i.e., {35 us, 140 us, 210 us} for UL CA and SUL.
· The length of switching period is applied per band pair for each band combination. 
· For each band pair, the switching period can be the same or different for 1Tx-2Tx switching and 2Tx-2Tx switching based on UE reporting, which is similar as in Rel-17.
· Note: For UE reporting different periods for 1Tx-2Tx switching and 2Tx-2Tx switching for a band pair, similar to Rel-17, it is RAN4 understanding that the 2Tx-2Tx switching period is applied when 2Tx-2Tx switching mode is configured.
· For the same band pair, RAN4 has not concluded on whether the same or a different value can be reported for the specific band pair supporting Tx switching across 3 or 4 bands in Rel-18 compared to Tx switching across 2 bands specified in Rel-16/17.


Then RAN4 informed RAN2 of “Issue 1” described as follows via the LS approved in October meeting [5]. (Note that RAN4 did not conclude this issue in the last meeting.):
	Issue 1: Length of switching period
For the same band pair, RAN4 discussed whether the same or a different value can be reported for the specific band pair involved in Tx switching across 3 or 4 bands in Rel-18 compared to Tx switching across 2 bands specified in Rel-16/17, and will further discuss based on the following options:
· Option 1: Reuse the same switching period for each band pair as UE reported in Rel-16/17, i.e., UE does not need to report new or larger switching period per band pair for Rel-18.
· Note: with the understanding that the switching period in Rel-18 could be different for different band pairs, according to the granularity of per band pair per BC agreed in the last meeting.
· Option 2: Although the set of switching periods is the same as in Rel-16/17, a different value can be reported for each band pair in Rel-18 band combination with 3/4 bands. 
· Option 3: Option 1 for switchedUL, and Option 2 for dualUL.


In short, RAN4 already agreed that switching period is reported per band pair, but RAN4 is still discussing whether a separate UE capability for Rel-18 should be introduced or not. RAN2 can wait for RAN4 conclusion to start discussing how to implement UE capability of switching periods.
Observation 1.	For UE capability of switching periods, RAN2 can wait for RAN4 to conclude whether a separate UE capability for Rel-18 should be introduced or not.

2.1.2  UE capability – UL transmission while switching
RAN4 informed RAN2 of "Issue 1" via LS [5]:
	Issue 1: Impact from switching of one Tx chain on the other Tx chain
When one of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), the other Tx chain is maintained on a different band (named “band C”) and the number of Tx chain on band C is unchanged due to the switching:
· In addition to the baseline UE assumption agreed in RAN4 #104e, RAN4 has agreed to 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.
· RAN4 will further discuss and decide the granularity of the optional UE capability based on the following options:
· Option a: per band pair per BC
· Option b: per band per band pair per BC
· Other options are not precluded


As described above, RAN4 agreed to introduce optional UE capability to allow, e.g., continuing UL transmission on band C without interruption while switching like A+C => B+C. RAN4 is still discussing to determine the granularity of this UE capability, so RAN2 can wait for RAN4 conclusion to start discussing how to implement this UE capability.
Observation 2.	For UE capability to allow UL transmission while switching, RAN2 can wait for RAN4 to decide the granularity of reporting.

2.1.3  UE capability – Minimum separation time
RAN1 made following agreements in the last meeting [6].
	Agreement
Following restrictions are applied for Rel-18 UL Tx switching across 3 or 4 bands.
· The UE does not expect to perform more than one uplink switching within a reference slot based on µUL = max(µUL, 1, µUL, 2, µUL, 3) in case of 3 bands, µUL = max(µUL, 1, µUL, 2, µUL, 3, µUL, 4) in case of 4 bands, where µUL, 1, µUL, 2, µUL, 3, µUL, 4 are SCSs of active UL bandwidth parts of the bands in the band combination
· If there are two consecutive intra-band carriers in one band, µUL, 1 = max(µUL, 1-1, µUL, 1-2), where µUL, 1-1 and µUL, 1-2 are SCSs of active UL bandwidth parts of the carriers in the band
· (working assumption) If two uplink switching are triggered and result in UL transmissions on more than 2 bands within any two consecutive reference slots, then the time duration between the end of all transmission(s) prior to 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 sum 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}


As described above, RAN1 agreed to introduce a UE capability to report the minimum separation time, in other words, to report the lower bound of time intervals between two consecutive UL switches which are required in addition to switching gaps (i.e., switching periods). RAN1 has not determined the granularity of this UE capability, so RAN2 can wait for RAN1 to conclude.
Observation 3.	For UE capability of the minimum separation time, RAN2 can wait for RAN1 to conclude the granularity of reporting.

2.1.4  RRC configuration – Switching period location
RAN4 informed RAN1 and RAN2 of “Issue 4” described as follows via the LS approved in October [5]:
	Issue 4: Location of switching period
· For single-TAG case, RAN4 agreed to reuse the Rel-16/17 approach (i.e., semi-static configuration of switching period on one of the band for each switching band pair) and discuss further details for Rel-18 Tx switching scenario in RAN1.
· Meanwhile, RAN4 has not concluded on the switching period location for 2-TAG case, with further discussions ongoing.


i.e., RAN4 agreed to reuse the semi-static configuration of switching period location (in other words, gNB configures via RRC configuration which band houses the switching period when switching) and left the details to RAN1. Then RAN1 discussed how to configure switching options via RRC and listed following alternatives [7]:
	Updated proposed agreement 6
Down-select a solution for the ambiguity issue on switching period location from following alternatives.
· Alt.1: switching period location is configured per band pair
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to highest carrier frequency among the bands configured with switching period location as TRUE
· Alt.2: switching period location is configured per band pair, and the priority list of bands is also configured
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to the band with lowest priority among bands configured with switching period location as TRUE
· Alt.3: gNB configures “switching-from band” or “switching-to band”
· If gNB configures “switching-from band” as switching period location, switching period is located on band(s) where preceding transmission is performed
· Alt.4: gNB configures switching period location per switching case
· In 3 bands case, gNB configures switching period location for each of switching case pair such as {A - B}, {A - C}, {B - C}, {A+B - C}, {A+C - B}, {B+C - A}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A - B}, {A - C}, {A - D}, {B - C}, {B - D}, {C - D}, {A+B - C}, {A+B - D}, {A+C - B}, {A+C - D}, {A+D - B}, {A+D - C}, {B+C - A}, {B+C - D}, {B+D - A}, {B+D - C}, {C+D - A}, {C+D - B}, {A+B – C+D}, {A+C – B+D}, {A+D – B+C}
· Alt.4-rev: gNB configures switching period location per configured 3 or 4 bands
· In 3 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {B, C}, {A, B, C}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {A, D}, {B, C}, {B, D}, {C, D}, {A, B, C}, {A, B, D}, {B, C, D}, {A, B, C, D}
· Alt.5: gNB configures priorities to each carrier/band.
· The UE determines the switching period location on the band that is not with the highest priority.


In short, RAN1 has not determined the granularity of RRC configuration of switching period location, so RAN2 can wait for RAN1 to conclude.
Observation 4.	For RRC configuration of switching period location, RAN2 can wait for RAN1 to conclude the granularity of RRC configuration.

Proposal 1. 	RAN2 start discussing following issues after RAN1 conclusion.
- UE capability of the minimum separation time
- RRC configuration of switching period location
Proposal 2. 	RAN2 start discussing following issues after RAN4 conclusion.
- UE capability to report switching periods
- UE capability to allow UL transmission while switching

2.1.5  UE capability – New band combination composed of 3 or 4 bands
We [8] and another company [9] raised an open issue in each TDoc for the past RAN2 meeting: whether a new UE capability to report supported band groups composed of 3 or 4 bands should be introduced.
The goal is to ensure that the network always knows what band combination (of 3 or 4 bands) the UE supports Rel-18 UL Tx switching across. We understand there are two alternatives:
Alt.1: Explicit reporting.
Introduce a new list of band combinations. One band combination is composed of 3 or 4 bands. The network regards that the UE supports Rel-18 UL Tx switching across the bands in the new band combinations.
Alt.2: Implicit reporting. 
Do not introduce band combinations like Alt.1. The network regards that the UE supports Rel-18 UL Tx switching across three or four bands when the UE reported to support all the band pairs within that set of bands.
Observation 5.	For UE capability of a new band combination composed of 3 or 4 bands, RAN2 have two alternatives to ensure that the network always knows what band combination (of 3 or 4 bands) the UE supports Rel-18 UL Tx switching across; explicit reporting and implicit reporting.
Although we were negative to explicit reporting in the last meeting, now we are convinced, and we are neutral.
The point is whether there is a per-band-pair UE capability that is mandatorily reported for all the band pairs the UE support Rel-18 UL Tx switching across. For example, if a per-band-pair UE capability can fallback to Rel-17 or 16 (in other words, that UE capability can be absent, then the network applies the values reported via capabilities in former release signallings), the network cannot know whether the UE supports Rel-18 switching across that band pair unless another per-band-pair UE capability is mandatorily reported. In this example, Alt.2 does not work.
We understand it depends on RAN1 and RAN4 conclusions on granularities of UE capabilities. There are three remaining FFSs as described in 2.1.1. ~ 2.1.3. At first, we would like to see what they agree.
Observation 6.	For UE capability of a new band combination composed of 3 or 4 bands, RAN2 can wait RAN1 and RAN4 to conclude their FFSs on granularities of UE capabilities.
Proposal 3. 	RAN2 can start discussing whether to introduce a separate band combination composed of 3 or 4 bands after RAN1 and RAN4 concludes FFSs on granularity of UE capabilities. If a mandatory per-band-pair UE capability for Rel-18 UL Tx switching appears, RAN2 do not have to introduce a new band combination.

2.2. Resolved issues
2.2.1  UE capability – DL interruption
We achieved following agreement in RAN2#120.
	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).


Thus, we have nothing to do more for the issue on UE capability of DL interruption.
Observation 7.	RAN2 finished discussion on UE capability of DL interruption.

2.2.2  UE capability – UL-MIMO coherence
We achieved following agreement in RAN2#120,
	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).


i.e., we have concluded to make a change just on the field description of uplinkTxSwitching2T2T-PUSCH-TransCoherence-r17. Stage-3 discussion can be done in running CR.
Observation 8.	RAN2 finished stage-2 discussion on UE capability of UL-MIMO coherence.

2.2.3  UE capability – Supported switching case
We raised the potential issue on UE capability to report supported switching case in our contribution in RAN2#120 [8] (UE Caps Issue #9). To make a short story short, RAN1 was discussing what states of Tx chains should be supported by UEs, and they did not precluded to use UE capability. However, in November meeting, RAN1 decided not to use UE capability. Corresponding agreements are following [6]:
	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
Agreement:
For dual UL, if a UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission on all the bands in the band combination, corresponding switching case(s) with 1T-1T for the band pair(s) where concurrent transmission is not supported are not assumed.
 
Agreement:
For dual UL, if UE supports concurrent transmission on all band pairs and supports up to 2 ports UL transmission on all the bands in the band combination, all possible switching cases with 1T-1T and 2T are assumed
· In case of 3 bands, 6 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}, {1T, 1T, 0T}, {1T, 0T, 1T}, {0T, 1T, 1T}) are assumed.
· In case of 4 bands, 10 switching cases ({2T,0T,0T,0T}, {0T,2T,0T,0T}, {0T,0T,2T,0T}, {0T,0T,0T,2T}, {1T,1T,0T,0T}, {1T,0T,1T,0T}, {1T,0T,0T,1T}, {0T,1T,1T,0T}, {0T,1T,0T,1T}, {0T,0T,1T,1T}) are assumed.
Agreement:
For dual UL, if UE supports up to 2 ports UL transmission only on some of the bands in the band combination, corresponding switching case(s) with 2T for the band where up to 2 ports transmission is not supported are assumed
· If the UE does not support concurrent transmission on specific band pair(s) in the band combination, corresponding switching case(s) with 1T-1T for the band pair(s) where concurrent transmission is not supported are not assumed


Therefore, we think RAN2 do not have to discuss it anymore.
Observation 9.	For UE capability of supported switching cases, RAN1 concluded not to use UE capability, thus RAN2 do not have to discuss.
2.2.4  RRC configuration – 2-port UL transmission
RAN1 made following agreements in October meeting [10]:
	Agreement
If Rel-18 UL Tx switching for 3 or 4 bands is supported, UE is allowed to support only some of band(s) for up to 2 ports UL transmission based on UE capability
· Further down-select from the following alternatives
· Alt.1: no restriction for both switched UL and dual UL and for both 3 bands and 4 bands
· Alt.2: at least one band should support up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands
· Alt.3: at least two bands should support up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands
· Details on the UE capability such as whether existing per-FS UL-MIMO capability can be reused or not are further discussed
· Details on the gNB configuration/indication such as whether/how to additionally indicate 2 ports UL transmission mode for a band/cell are further discussed
· Existing MIMO mechanism for MIMO mode indication should be reused
· Note: UE is also allowed to support all bands for up to 2 ports UL transmission, and the design of Rel-18 UL Tx switching for 3 or 4 bands does not impose any restriction


As highlighted in yellow, RRC configuration to indicate bands to do 2-port UL transmission was FFS.
However, in November meeting, RAN1 did not make agreement on this issue. Moreover, RAN1 finished discussion on restrictions on Tx states while most companies do not seem to be interested to make a configuration as long as we can see in [7] (Chapter 5).
We think RAN1 won't discuss the issue on RRC configuration of 2-port UL transmission anymore. This is why we regarded this issue as "Resolved", but we are open to if other companies are interested to raise discussion in RAN2.
Observation 10. For RRC configuration of 2-port UL transmission, RAN2 do not have to discuss because RAN1 finished their discussion without introducing any RRC configuration.

3. Summary and proposal
Observation 1.	For UE capability of switching periods, RAN2 can wait for RAN4 to conclude whether a separate UE capability for Rel-18 should be introduced or not.
Observation 2.	For UE capability to allow UL transmission while switching, RAN2 can wait for RAN4 to decide the granularity of reporting.
Observation 3.	For UE capability of the minimum separation time, RAN2 can wait for RAN1 to conclude the granularity of reporting.
Observation 4.	For RRC configuration of switching period location, RAN2 can wait for RAN1 to conclude the granularity of RRC configuration.
Proposal 1. 	RAN2 start discussing following issues after RAN1 conclusion.
- UE capability of the minimum separation time
- RRC configuration of switching period location
Proposal 2. 	RAN2 start discussing following issues after RAN4 conclusion.
- UE capability to report switching periods
- UE capability to allow UL transmission while switching
Observation 5.	For UE capability of a new band combination composed of 3 or 4 bands, RAN2 have two alternatives to ensure that the network always knows what band combination (of 3 or 4 bands) the UE supports Rel-18 UL Tx switching across; explicit reporting and implicit reporting.
Observation 6.	For UE capability of a new band combination composed of 3 or 4 bands, RAN2 can wait RAN1 and RAN4 to conclude their FFSs on granularities of UE capabilities.
Proposal 3. 	RAN2 can start discussing whether to introduce a separate band combination composed of 3 or 4 bands after RAN1 and RAN4 concludes FFSs on granularity of UE capabilities. If a mandatory per-band-pair UE capability for Rel-18 UL Tx switching appears, RAN2 do not have to introduce a new band combination.
Observation 7.	RAN2 finished discussion on UE capability of DL interruption.
Observation 8.	RAN2 finished stage-2 discussion on UE capability of UL-MIMO coherence.
Observation 9.	For UE capability of supported switching cases, RAN1 concluded not to use UE capability, thus RAN2 do not have to discuss.
Observation 10. For RRC configuration of 2-port UL transmission, RAN2 do not have to discuss because RAN1 finished their discussion without introducing any RRC configuration.
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