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1. Introduction
For Rel-18 UL Tx switching, the agreed-in-principle BLCRs have been finished via the post email discussion [1] after RAN2#122 meeting. In RAN2#123[2], the baseline running CR for TS38.331 on introducing multi-cell scheduling was determined. 
In addition corrections to UL Tx switching were discussed with following agreements achieved [2]:
	· aligning with Rel-17 UL Tx switching, the RRC configuration switching2T-DualUL-r18 applies to both of dualUL and switchedUL, which simplifies the UE behavior. The field name is changed to switching2TMode-r18
· the other P are postponed. 

· Change the uplinkTxSwitchingBandPairList field to mandatory for first configuration.
· Specify switching2T-DualUL is always present for band pair(s) when 2Tx-2Tx UL Tx switching is configured (can revisit if there are problems)
· Specify the 1Tx-2Tx/1Tx-1Tx switching period is applied to band pair(s) when switching2T-DualUL is absent


This contribution will discuss the leftover issues identified for UL Tx switching as well as propose the update to the baseline running CR for TS38.331 on introducing multi-cell scheduling.
2. Discussion on remaining issues for UL Tx switching
2.1 Clarification on switching2TMode-r18
In RAN4 #107 meeting, RAN4 confirmed semi-static RRC configuration is used to indicate whether 2T-2T switching period is applied for a UL Tx switching and sent reply LS [3] to RAN2.
	RAN4 agrees that option 2 matches RAN4 understanding with the following understanding:
· Option 2 means semi-static RRC configurations and gNB configures which switching cases are applied to 2Tx-2Tx switching period.
· Regarding the granularity, RAN4 suggests per band pair granularity, i.e., 
· if gNB configures as 2Tx-2Tx switching period applies to a band pair between switching (e.g., band A and band B), 2Tx-2Tx switching period applies to the switching cases between the band pair 
· 2P(band A)+0P(band B) <=> 0P(band A)+2P(band B)  
· 1P(band A)+0P(band B) <=> 0P(band A)+2P(band B) 
· 0P(band A)+1P(band B) <=> 2P(band A)+0P(band B) 
· 1P(band A)+0P(band B) <=> P(band A)+1P(band B) 

· if the gNB does not configure the band pair for 2Tx-2Tx, then the Tx switching period for 1Tx-2Tx should be applied.


Per band pair IE switching2T-DualUL-r18 (now is changed to switching2TMode-r18) is introduced for indicating whether 2Tx-2Tx switching period is applied to a band pair. For the issue whether 1Tx switching period is applied to the band pair when switching2T-Mode-r18 field is absent, companies have the concern that 2Tx-2Tx switching may not be able to be performed with 1Tx switching period. As a consequence, following agreements were made during RAN2#123, that 2Tx-2Tx switching period is indicated by NW when NW configures 2Tx-2Tx switching mode to the band pair, which prevent the UE from utilizing the 1Tx switching period for 2Tx-2Tx switching.
	· Specify switching2T-DualUL is always present for band pair(s) when 2Tx-2Tx UL Tx switching is configured (can revisit if there are problems)
· Specify the 1Tx-2Tx/1Tx-1Tx switching period is applied to band pair(s) when switching2T-DualUL is absent


However, based on the above agreement, it is still not crystal-clear whether there is a case that switching2TMode-r18 can still be configured even without 2Tx-2Tx UL switching mode itself being configured at the same time. This further has impacts on how the 2Tx-2Tx switching mode itself is configured to each band pair: if such a case does not exist, the switching2T-Mode-r18 can be used to indicate both configuration of 2Tx-2Tx switching mode as well as the switching period; otherwise, another parameter may be needed to indicate the configuration of 2Tx-2Tx switching mode itself, separately from switching2TxMode-r18. 
Observation 1: It remains unclear whether there is the case that for a band pair, the switching period in switching2TMode-18 is configured, but the 2Tx-2Tx switching mode itself is not configured. Further clarification on this case is needed to decide whether the switching2T-Mode-r18 itself is already sufficient to configure the per-band pair 2Tx-2Tx UL Tx switching feature along with the switching period. 
Referring to the RAN4 LS [3] above, it can be observed that RAN4 did not consider the case that gNB configures 2Tx-2Tx switching period while not configuring 2Tx-2Tx switching mode to a band pair, or the case gNB not configuring 2Tx-2Tx switching period while configuring 2Tx-2Tx switching mode. Therefore, we think the configuration for 2Tx-2Tx switching period and 2Tx-2Tx switching mode on a band pair should be aligned, and can be indicated together by the switching2TMode-18 itself. In other words, the presence of switching2TMode-r18 should always indicate that the UE shall use 2Tx-2Tx switching mode with the corresponding switching period on a band pair for the corresponding CG, whereas the absence of switching2TMode-r18 is used to indicate UE to use 1Tx switching period and 1Tx switching mode. Conceptually, this is just a simple extension of the per CG uplinkTxSwitching-2T-Mode-r17 to the per band pair per CG parameter switching2T-Mode-r18. 
Proposal 1: RAN2 clarifies that switching2T-Mode-r18 is present to indicate that both 2Tx-2Tx mode and associated switching period are configured per band pair.
As mentioned above, switching2T-Mode-r18 and Rel-17 uplinkTxSwitching-2T-Mode-r17 have basically the similar function, but are with different granularities. It is not clear how these two parameters (and associated parameters) are configured/used by the NW/UE in a coordinated way. The same issue is applied to other parameters for UL Tx switching for a UE that supports the Rel-18 enhancement. To prevent the ambiguity on which set of parameters UE shall use for UL Tx switching, only one set of parameters should be configured, i.e., either the set of UL Tx switching parameters in R16/17 (i.e. uplinkTxSiwtching-2T-Mode-r17 and related parameters) or the set of UL Tx switching parameters in R18 (i.e. uplinkTxSwitchingMoreBands-r18 and related parameters) is configured. For a UE supporting R18 UL Tx switching, we consider two cases:
· For 3/4 bands Tx switching on the configured CG, NW is not expected to configure UL Tx switching via R16/17 parameters, but via uplinkTxSwitchingMoreBand-r18, as R17 cannot support the 3/4 bands cases. 
· For 2 bands Tx switching on the configured CG, from the current in-principle agreed CR, it seems not prohibitive for the NW to configure UL Tx switching on the CG located on only one band pair via uplinkTxSwitchingMoreBand-r18. However, it is not desirable for the NW to configure UL Tx switching using both R16/17 UL Tx switching parameters fields and R18 Tx switching parameters, due to the ambiguity on which one the UE shall use. 
Therefore, especially for the 2 bands case, we propose to discuss if any clarification is needed to restrict the configuration of both existing Rel-16/17 parameters for UL Tx switching and the Rel-18 UL Tx switching parameters. 
Proposal 2a: For a UE capable of Rel-18 UL Tx switching, RAN2 confirms that for CG configured with Tx switching on 2 bands, it is up to NW implementation to configure either Rel-16/17 Tx switching parameters or Rel-18 Tx switching parameters, but not both. 
Proposal 2b: RAN2 discusses if any clarification is needed in the Spec, if Proposal 2a is agreeable.
[bookmark: _Hlk145598374]2.2 Switching period for the fallback band combinations
During RAN4#108 meeting [4], RAN4 confirmed that UE can support two BCs including the same band pair(s) which may have different switching periods, and have following recommended WF [5] for how to determine the switching period of such band pair(s) if configured by the NW on a CG.
	Recommended WF: 
· From RAN4 UE implementation perspective, when UE support the two Tx swiching band combinations of band A+B+C+D and band A+B+C+E, it is possible that UE has different switching periods for the same band pair, for example:
· For band A+B+C+D, A+B with period 35us, A+C with period 140us
· For band A+B+C+E, A+B with period 210us, A+C with period 35us
· In this case, RAN4 would like to ask RAN2 whether UE always report the periods for band combination A+B+C.
· If it is possible that UE does not additionally report the periods for band combination A+B+C, in RAN4 understanding, RAN4 ask RAN2 how the length of switching period for A+B and A+C are applied when the network configures band combination A+B+C for Tx switching.


In the context of above RAN4 agreed WF, actually RAN4 intended to ask RAN2 two questions: First question is whether UE always reports the an additional switching period for BC “A+B+C” in addition to the super-BC “A+B+C+D” and “A+B+C+E”, where the same band pair(s) A+C and A+B have different switching period values; Second question is how the UE gets synchronized with the NW on which specific switching period should be applied for band pairs “A+B” and “A+C”, if CG is configured by the NW on the “A+B+C”.
For the First question, we think it depends on whether “A+B+C” is a fallback BC of “A+B+C+D” and “A+B+C+E”. Specifically, if the “A+B+C” is a fallback BC and thus can only include a switching period for “A+B” and “A+C” that are already covered by “A+B+C+D” and “A+B+C+E”, it does not need to be additionally reported in UE capability, according to the fallback BC definition. In the other way around, if there is a BC “A+B+C” that can include the switching period for “A+B” or “A+C” that is the same neither in “A+B+C+D” nor “A+B+C+E”, then it cannot be regarded as a fallback BC, and an extra reporting for that BC is needed. 
If above is common understanding, additional reporting of the switching period of the “A+B+C” is not needed, in case it is a fallback BC of “A+B+C+D”/“A+B+C+E”; otherwise additional reporting is needed. Since this looks just like the legacy way on how we treat the fallback BC, no Spec change seems needed for present running CR of UE capability reporting  [6] based on current fallback BC framework.  
Proposal 3: RAN2 confirms that the switching periods of the band pair(s) in a BC do not need to be additionally signaled, in case this BC is a fallback BC (meaning the periods can already be covered by the parent BC(s)); Otherwise, they need to be reported additionally. No Spec impact is needed for UE capability reporting. 
For the Second question, to address the ambiguity issue to determine the switching period actually applied for band pairs “A+B”/“A+C” when the NW configures CG with BC “A+B+C”, the NW may need to indicate the exact switching period that it needs UE to use on band pairs “A+B”/“A+C”. This may be done by indicating the band combination based on which the NW configures the UL Tx switching on this CG configuration, or explicitly indicating the specific periods configured. RAN2 may further discuss how such indication is specifically supported in the Spec.   
Proposal 4: In case multiple BCs for 3/4 bands UL Tx switching reported in UE capability contain the band pair(s) for the configured CG, RAN2 discusses how the NW indicates the specific switching period values that UE shall apply for these band pairs (e.g. indicating the specific BC whose switching periods apply, indicating specific periods values, etc.).
3. Discussion on issues for Multi-cell Scheduling
3.1 Number of rows in table for combination of co-scheduled cells
For a set of cells which is configured for multi-cell scheduling using DCI format 0_3 and DCI format 1_3, if the table defining combinations of co-scheduled cells for the set of cells is configured, an indicator in the DCI is included and points to one row of the table. The table for DL/UL scheduling via DCI format 1_3/0_3 for the set of cells is configured by ScheduledCellCombo-ListDCI-1-3/ScheduledCellCombo-ListDCI-0-3. The size of the indicator which points to the row of table in the DCI is equal to ceil(log2(N)), where N is the number of rows in the table.
Per the LS on Rel-18 higher layer parameters list from RAN1 [7] and the RAN2 running CR on multi-cell scheduling [8], max number of rows (N) in the table is 16, which implies that there are at most 16 combinations of co-scheduled cells for cells set.
	ScheduledCellCombo-ListDCI-1-3
	Configure the table for combinations of co-scheduled cells for DL scheduling via DCI format 1_3
	SEQUENCE (SIZE (1..16)) OF ScheduledCellCombo

	ScheduledCellCombo-ListDCI-0-3
	Configure the table for combinations of co-scheduled cells for UL scheduling via DCI format 0_3
	SEQUENCE (SIZE (1..16)) OF ScheduledCellCombo


According to the definition for ScheduledCellCombo which configures each row of table for co-scheduled cell combinations, at least one co-scheduled cell and at most 4 co-scheduled cells for a set of cells can constitute a row of the table.
	ScheduledCellCombo
	Configure each row of the table for combinations of co-scheduled cells for DL scheduling via DCI format 1_3 and for UL scheduling via DCI format 0_3, where index with value INTEGER (0...3) of co-scheduled cell refers to ScheduledCell-ListDCI-1-3 for DL and ScheduledCell-ListDCI-0-3 for UL
	SEQUENCE (SIZE (1..4)) OF INTEGER (0..3)


But in fact, there are at most 15 different combinations of co-scheduled cells for a set of cells:
· 4 combinations for 1 co-scheduled cell for a set of cells
· 6 combinations for 2 co-scheduled cells for a set of cells
· 4 combinations for 3 co-scheduled cells for a set of cells
· 1 combination for 4 co-scheduled cells for a set of cells
So, the max number of rows in the table configuring combinations of co-scheduled cells should be changed to 15. We propose following change to the running CR:
MC-DCI-SetOfCells-r18 ::=             SEQUENCE {
     …
     ScheduledCellCombo-ListDCI-1-3-r18  SEQUENCE (SIZE (1..165)) OF ScheduledCellCombo-r18                  OPTIONAL,   -- Need R
     ScheduledCellCombo-ListDCI-0-3-r18  SEQUENCE (SIZE (1..165)) OF ScheduledCellCombo-r18                  OPTIONAL,   -- Need R
     …
}

SetOfCellsId-r18 ::=  INTEGER (0..3)

ScheduledCellCombo-r18 ::=  SEQUENCE (SIZE (1..4)) OF INTEGER (0..3)

-- TAG-SERVINGCELLCONFIG-STOP
-- ASN1STOP
Proposal 5: Change the max number of rows in the table configuring combinations of co-scheduled cells to 15.
4. Conclusion
In this contribution, we discuss the updates to RRC configuration on multi-carrier enhancement, based on which we have the following proposals. 
Observation 1: It remains unclear whether there is the case that for a band pair, the switching period in switching2TMode-18 is configured, but the 2Tx-2Tx switching mode itself is not configured. Further clarification on this case is needed to decide whether the switching2T-Mode-r18 itself is already sufficient to configure the per-band pair 2Tx-2Tx UL Tx switching feature along with the switching period. 
Proposal 1: RAN2 clarifies that switching2T-Mode-r18 is present to indicate that both 2Tx-2Tx mode and associated switching period are configured per band pair.
Proposal 2a: For a UE capable of Rel-18 UL Tx switching, RAN2 confirms that for CG configured with Tx switching on 2 bands, it is up to NW implementation to configure either Rel-16/17 Tx switching parameters or Rel-18 Tx switching parameters, but not both. 
Proposal 2b: RAN2 discusses if any clarification is needed in the Spec, if Proposal 2a is agreeable.
[bookmark: _GoBack]Proposal 3: RAN2 confirms that the switching periods of the band pair(s) in a BC do not need to be additionally signaled, in case this BC is a fallback BC (meaning the periods can already be covered by the parent BC(s)); Otherwise, they need to be reported additionally. No Spec impact is needed for UE capability reporting.
Proposal 4: In case multiple BCs for 3/4 bands UL Tx switching reported in UE capability contain the band pair(s) for the configured CG, RAN2 discusses how the NW indicates the specific switching period values that UE shall apply for these band pairs (e.g. indicating the specific BC whose switching periods apply, indicating specific periods values, etc.).
Proposal 5: Change the max number of rows in the table configuring combinations of co-scheduled cells to 15.
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