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Introduction
[bookmark: _Hlk58595024]In this contribution we share our views on the first draft of CR agreed for multi-carrier enhancements in NR Rel-18 in RAN1#112bis-e [1]. In particular, we provide our views on UL Tx switching in the draft CR for TS 38.214
Also, in section 3, we share our views on remaining maintenance issues for Rel-18 multi-carrier enhancements including multi-cell scheduling and UL Tx switching.
Discussion on UL Tx switching (draft CR TS 38.214)
Minimum separation time (clause 6.1.6 in draft CR for TS 38.214)

In the table below, TP related to minimum separation time is captured for clause 6.1.6 in TS 38.214

	For uplink switching with 3 or 4 uplink bands
-	The UE does not expect to perform more than one uplink switching in a reference slot with µUL, where the µUL corresponds to the maximum subcarrier spacing of the active UL BWPs of all the configured uplink carriers.
[-	If there are two contiguous intra-band carriers in one band, the UE may assume that the two carriers will be configured with the same subcarrier spacing.]
-	Within any two consecutive reference slots corresponding to numerology µUL, when the UE first performs one uplink switch and later performs another uplink switch and at least three bands are involved in the transmissions before the first switch, between the first switch and the second switch, and after the second switch,
[-	the separation time between the start of all transmission(s) after the first switch and the start of all transmission(s) after the second switch is not expected to be less than max {X, Y}, where
-	X = 500 µs if the UE reported [MinSwitchSeparation] capability, otherwise X = 0 µs, and
-	Y is the switching gap  applied to the second switch.]




First aspect in related to the text for the subcarrier spacing assumption for the two contiguous intra-band carrier. In our view, there is a clear conclusion on this from the previous meeting and based on that the corresponding text should be included in the specification. Therefore, we propose to agree on the text in square brackets.

Proposal 1: Agree on the text (remove square brackets) for the assumption on the subcarrier spacing for two contiguous intra-band carriers for inclusion in clause 6.1.6 for the drat CR for TS 38.214:

	[-	If there are two contiguous intra-band carriers in one band, the UE may assume that the two carriers will be configured with the same subcarrier spacing.]



Second aspect is related to minimum separation time requirement in case of 3 or 4 bands and two switching instances within two reference slots. In our view, the exact TP to be adopted here would depend on the UE feature discussion. Currently, there are a couple of aspects related to inclusion of X=0us as one of the candidate value and the UE behaviour in the case when minimum separation time is not reported by UE. In our view, from technical perspective, UE always reports a capability that is advanced in comparison to a default capability. For this feature, the default capability would be that UE doesn’t support 2 switching instances involving more than 2 bands within  two reference slots. And the advanced capability would then be that UE is able to support 2 switching instances involving more than 2 bands within the two reference slots. Furthermore, for the advanced capability, UE can report one value from the candidate set {0us,500us).
Based on this, if agreed in UE feature discussion, the text can be updated as :



	-	If UE reports [MinSwitchSeparation], then the separation time between the start of all transmission(s) after the first switch and the start of all transmission(s) after the second switch is not expected to be less than max {X, Y}, where
-	X = 500 µs if the UE reported is the reported value by the UE  [MinSwitchSeparation] capability, otherwise X = 0 µs, and
-	Y is the switching gap  applied to the second switch

-	Otherwise, if UE doesn’t report [MinSwitchSeparation], then the UE is not expected to be triggered with two switching instances involving 3 or 4 bands within two reference slots




Proposal 2: For the TP on minimum separation time between two switching instances involving 3 or 4 bands within two reference slots, following updated TP can be supported (provided, if similar agreement is made in the UE features agenda) for inclusion in clause 6.1.6 of draft CR for TS 38.214

	-	If UE reports [MinSwitchSeparation], then the separation time between the start of all transmission(s) after the first switch and the start of all transmission(s) after the second switch is not expected to be less than max {X, Y}, where
-	X = 500 µs if the UE reported is the reported value by the UE  [MinSwitchSeparation] capability, otherwise X = 0 µs, and
-	Y is the switching gap  applied to the second switch

-	Otherwise, if UE doesn’t report [MinSwitchSeparation], then the UE is not expected to be triggered with two switching instances involving 3 or 4 bands within two reference slots




Switching for 3 or 4 bands (clause 6.1.6.2.2 in draft CR for TS 38.214)

Multiple new cases/scenarios have already been captured in the draft CR for 3 or 4 bands UL Tx switching. In the table below is one of cases for which 2 different proposals are captured currently in clause 6.1.6.2.2 in draft CR for TS 38.214

	[-	When the UE is to transmit a 1-port transmission on one uplink carrier on the 1st band and the 2nd band, and if the preceding uplink transmission was a 1-port transmission on a carrier on the 1st band and/or the 3rd band, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers if UE doesn’t indicate [AdvancedCapabilityDefinedbyRAN4], where NTx1-Tx2 is the [uplinkTxSwitchingPeriod] that UE indicates for the band pair {2nd band, 3rd band}, otherwise the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers on the 2nd band and the 3rd band, where NTx1-Tx2 is the max of [uplinkTxSwitchingPeriod] that UE indicates for the band pair {1st band, 2nd band}, band pair {1st band, 3rd band}, band pair {2nd band, 3rd band}.]
[bookmark: _Hlk133418124][-	When the UE is to transmit a 1-port transmission on one uplink carrier on the 1st band and the 2nd band, and if the preceding uplink transmission was a 1-port transmission on a carrier on the 1st band and/or the 3rd band and the UE is under the operation state in which 1-port transmission can be supported in the 1st and 3rd band, if UE indicates [AdvancedCapabilityDefinedbyRAN4] for the 1st band then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers on the 2nd band and the 3rd band, otherwise then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers , where NTx1-Tx2 is the [uplinkTxSwitchingPeriod] that UE indicates for the band pair {2nd band, 3rd band}.]




In the above table, two alternate TP are shown for the following switching cases when advanced capability to transmit on the unchanged band is reported or not reported by UE:

· A(1Tx) + B(1Tx)  ->  A(1Tx) + C(1Tx)
· A(1Tx)/B(1Tx)     ->  A(1Tx) + C(1Tx)

In our view, although in principle, both the versions are somewhat similar, but the band pairs used to determine the switching gap in the first version of the text is unclear for the cases when UE reports the advanced capability. Basically, we don’t see any difference in terms of how the switching gap is determined for the case when UE reports advanced capability or doesn’t report it. From this point of view, the second version of the text is much clear and aligned. Therefore, the second version can be agreed, and first version can be removed.

Proposal 3: Adopt the following updates to the TP in clause 6.1.6.2.2 for the draft CR for TS 38.214 (adopt second version of the TP and remove the first version)

	[-	When the UE is to transmit a 1-port transmission on one uplink carrier on the 1st band and the 2nd band, and if the preceding uplink transmission was a 1-port transmission on a carrier on the 1st band and/or the 3rd band, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers if UE doesn’t indicate [AdvancedCapabilityDefinedbyRAN4], where NTx1-Tx2 is the [uplinkTxSwitchingPeriod] that UE indicates for the band pair {2nd band, 3rd band}, otherwise the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers on the 2nd band and the 3rd band, where NTx1-Tx2 is the max of [uplinkTxSwitchingPeriod] that UE indicates for the band pair {1st band, 2nd band}, band pair {1st band, 3rd band}, band pair {2nd band, 3rd band}.]
[-	When the UE is to transmit a 1-port transmission on one uplink carrier on the 1st band and the 2nd band, and if the preceding uplink transmission was a 1-port transmission on a carrier on the 1st band and/or the 3rd band and the UE is under the operation state in which 1-port transmission can be supported in the 1st and 3rd band, if UE indicates [AdvancedCapabilityDefinedbyRAN4] for the 1st band then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers on the 2nd band and the 3rd band, otherwise then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers , where NTx1-Tx2 is the [uplinkTxSwitchingPeriod] that UE indicates for the band pair {2nd band, 3rd band}.]





Associated band related case (clause 6.1.6.2.2 in draft CR for TS 38.214)

In the table below, text related to associated band cases with and without advanced UE capability is captured in square brackets in clause 6.1.6.2.2 in draft CR for TS 38.214:

	[-	When the UE is to transmit a 1-port transmission on one uplink carrier on the 1st band and if the preceding uplink transmission was a 1-port transmission on a carrier on the 2nd and/or 3rd band and the UE is under the operation state in which 1-port transmission can be supported in the 2nd and 3rd band,
-	if UE indicates [AdvancedCapabilityDefinedbyRAN4] for the 2nd band and is configured with uplinkTxSwitching-DualUL-TxState set to 'oneT', and the band associated with the 1st band is configured as 2nd band, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers on the 1st band and the 3rd band, where NTx1-Tx2 is the [uplinkTxSwitchingPeriod] that UE indicates for the band pair {1st band, 3rd band}.
-	if UE indicates [AdvancedCapabilityDefinedbyRAN4] for the 3rd band and is configured with uplinkTxSwitching-DualUL-TxState set to 'oneT', and the band associated with the 1st band is configured as 3rd band, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers on the 1st band and the 2nd band, where NTx1-Tx2 is the [uplinkTxSwitchingPeriod] that UE indicates for the band pair {1st band, 2nd band}.
-	otherwise, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers, where NTx1-Tx2 is the max of [uplinkTxSwitchingPeriod] that UE indicates for the band pair {1st band, 2nd band} and for the band pair {1st band, 3rd band}.]




In our view, the above text in the table correctly captures the UE behavior based on the agreements from previous meeting. However, there is one missing scenario for the switching case discussed. Basically, the switching cases discussed above are:

· A(1Tx) + B(1Tx)  ->  C(1Tx)
· A(1Tx)/B(1Tx)     ->  C(1Tx)

Now, based on the text, only the scenario where the associated band for 1st band is either configured as 2nd band or 3rd band. However, the possibly when the associated band for 1st band is configured as 4th band is not included. This will impact how the switching gap will be determined. Basically, the switching gap will be based on the maximum of the switching period that the UE indicates for the band pair {1st band, 2nd band}, band pair {1st band, 3rd band}, band pair {4th band, 2nd band}and band pair {4th band, 3rd band}. Therefore, the corresponding case should also be included.

Proposal 4: Adopt the following updated text proposal for the associated band switching cases in clause 6.1.6.2.2 in draft CR for TS 38.214 (remove square brackets from the currently captured text and add another case when 4th band is configured as associated band for the 1st band)

	[-	When the UE is to transmit a 1-port transmission on one uplink carrier on the 1st band and if the preceding uplink transmission was a 1-port transmission on a carrier on the 2nd and/or 3rd band and the UE is under the operation state in which 1-port transmission can be supported in the 2nd and 3rd band,
-	if UE indicates [AdvancedCapabilityDefinedbyRAN4] for the 2nd band and is configured with uplinkTxSwitching-DualUL-TxState set to 'oneT', and the band associated with the 1st band is configured as 2nd band, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers on the 1st band and the 3rd band, where NTx1-Tx2 is the [uplinkTxSwitchingPeriod] that UE indicates for the band pair {1st band, 3rd band}.
-	if UE indicates [AdvancedCapabilityDefinedbyRAN4] for the 3rd band and is configured with uplinkTxSwitching-DualUL-TxState set to 'oneT', and the band associated with the 1st band is configured as 3rd band, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers on the 1st band and the 2nd band, where NTx1-Tx2 is the [uplinkTxSwitchingPeriod] that UE indicates for the band pair {1st band, 2nd band}.
-	otherwise, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers, where NTx1-Tx2 is the max of [uplinkTxSwitchingPeriod] that UE indicates for the band pair {1st band, 2nd band} and for the band pair {1st band, 3rd band}.]

-	if UE is configured with uplinkTxSwitching-DualUL-TxState set to 'oneT', and the band associated with the 1st band is configured as 4th band, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers, where NTx1-Tx2 is the max of [uplinkTxSwitchingPeriod] that UE indicates for the band pair {1st band, 2nd band}, band pair {1st band, 3rd band}, band pair {4th band, 2nd band}and band pair {4th band, 3rd band}.






Discussion on remaining maintenance issues for multi-carrier enhancements
Multi-cell scheduling

In RAN1#111, it is agreed that DMRS antenna port indication field can either be configured as Type 1A field or Type 2 field [2]. Furthermore, in RAN1#112, following agreement has been made [3]:

Agreement
For a set of cells configured for multi-cell scheduling using DCI format 0_X/1_X, 
· the size of a Type-1A field in the DCI format 0_X/1_X is determined as maximum field size of active BWP among all cells within the set of cells.
· the size of a Type-1B field in the DCI format 0_X/1_X is equal to ceiling(log2(N)), where N is the number of rows in RRC-configured table with each row containing multiple indexes for all cells within the set of cells. 
· The Type-1B field indicates one row of the configured table 
· The Type-1B index for a cell points to a corresponding index in a RRC configured table applicable for DCI format 0_1/1_1 or MAC CE activated values. 
· the size of a per cell Type-2 field in the DCI format 0_X/1_X is determined based on active BWP for each cell.

With Type 1A field type for DMRS antenna port indication, there is going be an issue in cases when the indicated index by single bitfield is not available in all of the DMRS tables corresponding to each of the co-scheduled cells. For example, if for the first co-scheduled cell, DMRS table for DMRS type 1 and max_length = 1 is configured, while for the second co-scheduled cell, DMRS table for DMRS type 1 and max_length = 2 is configured, then index from 0-15 can be used for first cell and index 0-31 can be used for second cell. However, since only single index is used for both cells, therefore, if any index greater than 15 is indicated, then it is not clear on what index to use for first cell. In our view, one possibility to solve this issue is to configure a default index for DMRS antenna port indication table when the indicated entry by DCI format 0_X/1_X is not valid for one or more of co-scheduled cells. 

Proposal 5: For DMRS antenna port indication with format 0_X/1_X, when the field type is 1A and when the indicated index by single bitfield is not valid/available in the DMRS table for a co-scheduled cell, then a default index is applied for DMRS antenna port indication from one of the below options:
· Option 1: default index can be the lowest index value in the table for the co-scheduled cell 
· Option 2: default index can be the higher valid index value in the table for the co-scheduled cell

UL Tx switching

For UL Tx switching, one remaining issue is related to the UL Tx switching case of  A(1Tx) + B(1Tx) -> C(1Tx) + D(1Tx) when it is triggered by two DCIs. It needs to be discussed under what conditions this can be considered as single switching instance or two switching instances, for example first DCI triggering A+B->C and the second DCI triggering A+B->D. In our view, this should be specified to avoid any ambiguity between the network and the UE because the switching gap durations might be different considering which of the two scenarios is assumed. In our view, the baseline condition should be that at least the UE is able perform the switching simultaneously in a single switching period location (based on the two triggers), i.e. no two different switching period location should be required by UE to perform switching, otherwise, UE determines these two triggers of UL Tx switching as two different UL Tx switching instances. One example scenario is illustrated in Figure 1.

[image: ]

Figure 1: Illustration of switching case A+B->C+D triggered by two DCIs

Proposal 6: For UL Tx switching case A(1Tx) + B(1Tx) ->  C(1Tx) + D(1Tx) triggered by two DCIs, the baseline requirements should be that the UE is able perform the switching simultaneously in a single switching period location (based on the two triggers), i.e. no two different switching period location should be required by UE to perform switching, otherwise, UE determines these two triggers of UL Tx switching as two different UL Tx switching instances

Furthermore, to ensure that the baseline condition is met, one possibility in terms of triggering timeline can be considered. The possibility could be specified in terms of when the second DCI triggering the UL Tx switching is received by the UE. Essentially, it should be at least received before T0 – max{Toffset1, Toffset2} to allow for UE to determine the switching gap duration. Otherwise, UE might already start the switching process for the first UL Tx switching trigger and therefore, the second trigger then needs to be considered as separate switching instance..



Proposal 7: For NR Rel-18 UL Tx switching, for the switching case A(1Tx) + B(1Tx) ->  C(1Tx) + D(1Tx) triggered by two DCIs and when T0 is the starting point for UL transmissions on both the switch-to bands, then the end of second DCI triggering the UL Tx switching should be received by UE no later than T0 – max{Toffset1, Toffset2}.

Furthermore, in the scenario, illustrated in Figure 1, both the UL transmissions on band C and band D have the same starting point. However, for the scenario when the starting point for the UL transmission on band C and band D are not same, then the T0 to be used for determining the DCIs timeline should be the one that occurs earlier among the 2, i.e. T0 = min{T01,T02}

Proposal 8: For NR Rel-18 UL Tx switching, for the switching case A(1Tx) + B(1Tx) ->  C(1Tx) + D(1Tx) triggered by two DCIs, and when T01 and T02 are the starting points for UL transmissions on each of the switch-to bands, then the end of second DCI triggering the UL Tx switching should be received by UE no later than min{T01,T02} – max{Toffset1, Toffset2}

Conclusion
In this contribution, we have discussed our views on the initial draft CR for multi-carrier enhancements in NR Rel-18 and provided following proposals for the draft CR on TS 38.214. Furthermore, we also share our views on remaining maintenance issues for multi-cell scheduling and UL Tx switching.

Proposal for Draft CR TS 38.214 on UL Tx switching

Proposal 1: Agree on the text (remove square brackets) for the assumption on the subcarrier spacing for two contiguous intra-band carriers for inclusion in clause 6.1.6 for the drat CR for TS 38.214:

	[-	If there are two contiguous intra-band carriers in one band, the UE may assume that the two carriers will be configured with the same subcarrier spacing.]




Proposal 2: For the TP on minimum separation time between two switching instances involving 3 or 4 bands within two reference slots, following updated TP can be supported (provided, if similar agreement is made in the UE features agenda) for inclusion in clause 6.1.6 of draft CR for TS 38.214:


	-	If UE reports [MinSwitchSeparation], then the separation time between the start of all transmission(s) after the first switch and the start of all transmission(s) after the second switch is not expected to be less than max {X, Y}, where
-	X = 500 µs if the UE reported is the reported value by the UE  [MinSwitchSeparation] capability, otherwise X = 0 µs, and
-	Y is the switching gap  applied to the second switch

-	Otherwise, if UE doesn’t report [MinSwitchSeparation], then the UE is not expected to be triggered with two switching instances involving 3 or 4 bands within two reference slots




Proposal 3: Adopt the following updates to the TP in clause 6.1.6.2.2 for the draft CR for TS 38.214 (adopt second version of the TP and remove the first version):

	[-	When the UE is to transmit a 1-port transmission on one uplink carrier on the 1st band and the 2nd band, and if the preceding uplink transmission was a 1-port transmission on a carrier on the 1st band and/or the 3rd band, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers if UE doesn’t indicate [AdvancedCapabilityDefinedbyRAN4], where NTx1-Tx2 is the [uplinkTxSwitchingPeriod] that UE indicates for the band pair {2nd band, 3rd band}, otherwise the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers on the 2nd band and the 3rd band, where NTx1-Tx2 is the max of [uplinkTxSwitchingPeriod] that UE indicates for the band pair {1st band, 2nd band}, band pair {1st band, 3rd band}, band pair {2nd band, 3rd band}.]
[-	When the UE is to transmit a 1-port transmission on one uplink carrier on the 1st band and the 2nd band, and if the preceding uplink transmission was a 1-port transmission on a carrier on the 1st band and/or the 3rd band and the UE is under the operation state in which 1-port transmission can be supported in the 1st and 3rd band, if UE indicates [AdvancedCapabilityDefinedbyRAN4] for the 1st band then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers on the 2nd band and the 3rd band, otherwise then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers , where NTx1-Tx2 is the [uplinkTxSwitchingPeriod] that UE indicates for the band pair {2nd band, 3rd band}.]




Proposal 4: Adopt the following updated text proposal for the associated band switching cases in clause 6.1.6.2.2 in draft CR for TS 38.214 (remove square brackets from the currently captured text and add another case when 4th band is configured as associated band for the 1st band)

	[-	When the UE is to transmit a 1-port transmission on one uplink carrier on the 1st band and if the preceding uplink transmission was a 1-port transmission on a carrier on the 2nd and/or 3rd band and the UE is under the operation state in which 1-port transmission can be supported in the 2nd and 3rd band,
-	if UE indicates [AdvancedCapabilityDefinedbyRAN4] for the 2nd band and is configured with uplinkTxSwitching-DualUL-TxState set to 'oneT', and the band associated with the 1st band is configured as 2nd band, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers on the 1st band and the 3rd band, where NTx1-Tx2 is the [uplinkTxSwitchingPeriod] that UE indicates for the band pair {1st band, 3rd band}.
-	if UE indicates [AdvancedCapabilityDefinedbyRAN4] for the 3rd band and is configured with uplinkTxSwitching-DualUL-TxState set to 'oneT', and the band associated with the 1st band is configured as 3rd band, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers on the 1st band and the 2nd band, where NTx1-Tx2 is the [uplinkTxSwitchingPeriod] that UE indicates for the band pair {1st band, 2nd band}.
-	otherwise, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers, where NTx1-Tx2 is the max of [uplinkTxSwitchingPeriod] that UE indicates for the band pair {1st band, 2nd band} and for the band pair {1st band, 3rd band}.]

-	if UE is configured with uplinkTxSwitching-DualUL-TxState set to 'oneT', and the band associated with the 1st band is configured as 4th band, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers, where NTx1-Tx2 is the max of [uplinkTxSwitchingPeriod] that UE indicates for the band pair {1st band, 2nd band}, band pair {1st band, 3rd band}, band pair {4th band, 2nd band}and band pair {4th band, 3rd band}.




Maintenance issues 

Proposal 5: For DMRS antenna port indication with format 0_X/1_X, when the field type is 1A and when the indicated index by single bitfield is not valid/available in the DMRS table for a co-scheduled cell, then a default index is applied for DMRS antenna port indication from one of the below options:
· Option 1: default index can be the lowest index value in the table for the co-scheduled cell 
· Option 2: default index can be the higher valid index value in the table for the co-scheduled cell

Proposal 6: For UL Tx switching case A(1Tx) + B(1Tx) ->  C(1Tx) + D(1Tx) triggered by two DCIs, the baseline requirements should be that the UE is able perform the switching simultaneously in a single switching period location (based on the two triggers), i.e. no two different switching period location should be required by UE to perform switching, otherwise, UE determines these two triggers of UL Tx switching as two different UL Tx switching instances

Proposal 7: For NR Rel-18 UL Tx switching, for the switching case A(1Tx) + B(1Tx) ->  C(1Tx) + D(1Tx) triggered by two DCIs and when T0 is the starting point for UL transmissions on both the switch-to bands, then the end of second DCI triggering the UL Tx switching should be received by UE no later than T0 – max{Toffset1, Toffset2}.

Proposal 8: For NR Rel-18 UL Tx switching, for the switching case A(1Tx) + B(1Tx) ->  C(1Tx) + D(1Tx) triggered by two DCIs, and when T01 and T02 are the starting points for UL transmissions on each of the switch-to bands, then the end of second DCI triggering the UL Tx switching should be received by UE no later than min{T01,T02} – max{Toffset1, Toffset2}
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