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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 list and discuss open issues that we can address in this meeting.
Note that, on the other hand, we have gathered open issues pending on other WGs (and issues RAN2 does not have to discuss) in [3] just for your information.

2. Discussion
2.1. Switching option
2.1.1  UE capability
RAN1 informed RAN2 of following agreements via the LS sent in the October meeting [4]:
	Updated Proposed agreement 3.1.3
· Ask RAN2 to consider following alternatives for UE capability reporting about the supported UL Tx switching options
· Alt.1: report {switchedUL, dualUL, both} for each band pair in the band combination
· Alt.2: report {switchedUL, dualUL, both} for the band combination and report supported band pair for concurrent transmission for the band combination
· Note：If there is no report on the supported band pair(s) for concurrent transmission while the UE reports “dualUL” or “both” for the band combination, gNB may assume that the UE supports concurrent transmission on all the band pairs within the band combination
· Alt.3: report {dualUL} for each band pair in the band combination
· Note: Within the band combination, the UE shall be capable of being operated in switched UL mode for all band pairs


This issue was discussed online in the previous RAN2 meeting. Company preferences were divided to Alt.1 and Alt.2, and we could not achieve a conclusion. 
Now we provide our understanding on the comparison of these alternatives.
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Figure 1. Comparison of alternatives for UE capability reporting of switching options
Pros. of Alt.1: Simpler structure of signallings. Also, UEs have the flexibility of reporting as legacy, i.e., Alt.1 allows UEs to report to support "only dualUL" (support dualUL but not support switchedUL) per band pair. 
Pros. of Alt.2: UEs can save signallings of UE capabilities for switching options per band pair if that aligns to options supported by band combination that the band pair belongs to. Also, reporting options per band combination is the same way as Rel-16/17.
Observation 1. For UE capability of switching options, Alt.1 has simpler structure of signals as well as finer granularity of reporting than Alt.2.
Observation 2. For UE capability of switching options, Alt.2 can save signalling of UE capability for a band pair's option when it aligns to the options supported by band combination that the band pair belongs to. Also reporting options per band combination is the same way as Rel-16/17.
In terms of reporting granularity, at first, we would like to clarify details on what the delta of reporting granularity is (i.e., what the "only-dualUL" reporting enables). RAN1 achieved following agreements in the last meeting [5]:
	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 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



As long as seeing supported switching cases by UEs (highlighted in yellow), the switching cases on switchedUL is a subset of dualUL's. In other words, those UEs which support dualUL for a certain band pair seem to be always able to support all switching cases for switchedUL as well. In short, it may be not needed to have a granularity achieved by Alt.1.
However, we think that if Alt.2 is applied, i.e., UEs cannot report support of only-dualUL per band pair, there is a risk of reversing RAN1 discussion and agreements in past releases. When Rel-16 UL Tx switching was under discussion, RAN1 made following agreements:
RAN1#100bis-e [6]
	Agreements:
· For inter-band UL CA, if UE reports via capability signaling to support uplink Tx switching, UE further reports via capability signaling which option (between Option 1 and Option 2) is supported.
· Option 1: If uplink Tx switching is configured, UE is not expected to be scheduled or configured with UL transmission on carrier 2 for case 1. 
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P

	Case 2
	0T+2T
	0P+2P, 0P+1P 


 
· Option 2: If uplink Tx switching is configured, UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 for case 1.
· UE can be scheduled or configured with UL transmission on either carrier 1 or carrier 2.
· UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 simultaneously.
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	 
	 





RAN1#101-e [7]
	Agreements:
· For inter-band UL CA, if UE reports via capability signaling to support uplink Tx switching, the UE further reports a capability signalling indicating one of the followings for mapping between UL transmission ports and Tx chain. UE capability signalling design is up to RAN2.
· Option 1 only
· Option 2 only 
· Both option 1 and option 2
· UE can be configured with either Option1 or Option 2 via RRC signalling


Option 1 in RAN1#110bis-e agreements corresponds to switchedUL, and Option 2 is dualUL. As highlighted in yellow, RAN1 discussed what granularity the UE capability should have and concluded to include "Option 2 (i.e., dualUL) only". Furthermore, RAN1 did not change this principle in Rel-17. We think it should be too late to reverse this common understanding in RAN1 at this enhancements stage of UL Tx switching, that is why we should go with Alt.1.
Observation 3. For UE capability of switching options, RAN1 discussion in past releases decided to introduce "only-dualUL" reporting. Alt.1 aligns to this legacy of granularity.
On top of that, we would like to point out that, if we go with Alt.2, some band pairs can be inconsistent-likely reported as "do not support concurrent transmission themselves but the band combination they belong supports dualUL". Of course, we know this means that the UE does not support concurrent transmission on that band pair, but it is true that Alt.2 forces us to make up with a note or field description to clarify this interpretation, and also makes it hard to read the spec.
Observation 4. For UE capability of switching options, Alt.2 will force RAN2 to clarify in the spec what it means that a band pair does not support concurrent transmission while the band combination it belongs to supports "dualUL".
Proposal 1.	For UE capability of switching options, introduce a per-band-pair UE capability to report supported switching options for Rel-18 UL Tx switching.

2.1.2  RRC configuration
RAN1 informed RAN2 of following agreements via the LS [2]:
	Updated Proposed agreement 3.1.4
· Ask RAN2 to consider following alternatives and specify gNB configuration
· Alt.1: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination)
· Alt.2: configure {switchedUL, dualUL} for combination(s) of serving cells (i.e., for each band pair in the band combination)
· Alt.3: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination), and configure combination(s) of serving cells (i.e., as supported serving cell pair(s) for each band pair in the band combination) for concurrent transmission


RAN1 provided three alternatives for RRC configuration of switching options, Alt.1, Alt.2, and Alt.3. We provided fixed Alt.3, i.e., Alt.3-2, in the last meeting [8].
	· Alt.3-2: Introduce a field, uplinkTxSwitchingOption-r18, in CellGroupConfig. Also introduce a field, uplinkTxSwitching-ConcurrentTx-EnabledBandList-18, in ServingCellConfig. The UE is enabled concurrent transmission for pairs of serving cells which hold the other carrier’s number (carrier1, ..., carrier4) in uplinkTxSwitching-ConcurrentTx-EnabledBandList-18 each other.



We would like to provide our understanding on these alternatives. Note that "per-band-pair configuration" is not present in the current RRC configuration, thus if we agree on Alt.2 or Alt.3, which requires to configure parameters per band pair, we have to implement that IE from scratch.
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Figure 2. Comparison of alternatives for RRC configuration of switching options
Alt.1
Pros: The least work is needed to change the spec, i.e., all change needed is to add a field to configure a switching option under CellGroupConfig. Especially, we can avoid discussing how to implement a new concept of "per-band-pair" configuration.
Cons: Less flexibility of configuration, i.e., all the network can do is to configure switchedUL to all band pairs in the cell group or to configure dualUL to allow concurrent transmission on all band pairs that a UE reported it supports concurrent transmission on.
Alt.2
Pros: The finest granularity of configuration, i.e., the network can allow or not allow concurrent transmission for every band pair.
Cons: We have to implement "per-band-pair" configuration.
Alt.3
We understand Alt.2 is better than Alt.3 in terms of simplicity. We mean by "simplicity" that Alt.2 can achieve the same functionality as Alt.3 by fewer new signals, on top of that, Alt.3 allows for gNB to turn off concurrent transmission of some cell pairs while configuring the cell group they belong as "dualUL" so some clarification in the spec could be needed (as you know this concern is the same as that we have on Alt2 for UE capability for switching option).
Alt3-2
Pros: The finest granularity of configuration, i.e., a gNB can allow or not allow concurrent transmission for every band pair. Also, RAN2 will not have to implement an IE for configuration per cell pair.
Cons: Tricky structure of signaling. 
The easiest way is to agree on Alt.1. If this is acceptable for every company, all RAN2 have to do is to introduce a new field in CellGroupConfig to configure an option per UE.
Observation 5. For RRC configuration of switching options, Alt.1 does not assume a separate configuration per band pair that results in the least spec impact.
If companies think gNB should configure concurrent transmission per band pair, we think Alt.2 is a good choice because it takes less signalling overhead than Alt.3, and it looks like a more straightforward configuration per band pair than Alt.3-2.
Observation 6. For RRC configuration of switching options, if Alt.1 cannot be accepted, Alt.2 is a good choice because of simple structure and less signalling overhead.
Proposal 2. 	For RRC configuration of switching options, RAN2 discuss whether Alt.1 (configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination)) can be applied. If not, RAN2 down-select Alt.2 (configure {switchedUL, dualUL} for combination(s) of serving cells (i.e., for each band pair in the band combination)).

2.2. Clarification of ambiguous Tx state (RRC configuration)
In the last RAN1 meeting, the following agreements were achieved [5].
	Agreement:
In Case#2 where two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, if oneT is indicated via uplinkTxSwitching-DualUL-TxState, one Tx chain is switched to band C and associated band for another Tx chain is determined by new RRC parameter which is down-selected from following alternatives.
· An associated band is configured for each band so that another Tx chain is associated with the configured band (as associated band for the transmitting band)
· E.g., associated band for each transmitting band is configured as {B for A}, {A for B}, {A for C} and {C for D}. 
· When 1 port transmission on band C is scheduled and Tx chains are currently associated with band A and B, Tx chain associated with band B is switched to band C while another Tx chain associated with band A remains unchanged (because band A is associated band for band C)
· When 1 port transmission on band D is scheduled and Tx chains are currently associated with band A and B, Tx chain associated with band A (or B) is switched to band D while another Tx chain associated with band B (or A) is switched to band C (because band C is associated band for band D)
If there is one band where concurrent transmission with any other band is not supported, NW does not configure an associated band for the band. In such case, even if oneT is configured, UE performs switching as twoT is configured when 1 port transmission on the band is scheduled


Although these agreements include a phrase "which is down-selected from following alternatives", I confirmed my RAN1 colleague that they are already done that down-selection and the phrase was forgot to remove.
As highlighted in yellow, RAN1 agreed to introduce RRC parameter per band that indicates another band.
The purpose of this configuration is a bit complicated, but if you would like to know details, please read above RAN1 agreements and the following story on background.
If a UE is transmitting on two bands, and then switches to one band that does not support 2-port transmission, one of two Tx chain is not used for transmission. And if the configuration of Tx chain is "oneT" (i.e., "unused" Tx chain is associated with a band that is not transmitted on by the other Tx chain), since in Rel-18 there is more than one "unused bands", this is ambiguous indication. Thus, RAN1 clarified which band the "unused" Tx chain is associated in every case, e.g., when Tx chains transmits Band A and B, then switches to Band B only, the "unused" Tx chain stays in Band A… and so on. Above agreement is for one of considered situations, i.e., when Tx chains transmits Band A and B then switches to Band C only, and if the cell group is configured as oneT, the "unused" Tx chain moves to (or stays at) the band that is configured as associated with Band C.
As required by RAN1, we should introduce an RRC configuration that associates a band to another band where the unused Tx chain is switched to when the switch is from concurrent transmission on two bands to 1 Tx transmission on another band.
Observation 7. For RRC configuration to clarify ambiguous Tx state, RAN1 requires RAN2 to introduce an RRC configuration that associates a band to another band.
Proposal 3. 	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.

2.3. Two-port UL transmission (UE capability)
RAN1 made following agreements in October meeting [9].
	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


Then RAN1 made following agreements [6].
	Agreement:
There is no restriction on number of bands supporting up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands.
· It is up to UE capability to support 2 ports UL transmission on none/some/all of the 3 or 4 bands
· Note: UE with only 1 Tx chain is not expected to perform UL Tx switching (no spec impact)


In our understanding on yellow part, RAN2 is required to allow UEs to support 2-port transmission on only some of bands out of 3 or 4 bands for UL Tx switching, in terms of UE capabilities. RAN1 also agreed that there is no restriction of the number of bands that support 2-port transmission. We think these requirements can be already achieved by reusing per-FS UL-MIMO UE capabilities, thus, we propose to do nothing.
Observation 8. For UE capability of 2-port UL transmission, legacy per-FS UL-MIMO UE capability can reflect the RAN1 agreements that a UE is allowed to support 2-port transmission only on some of bands.
Proposal 4. 	For UE capability of 2-port UL transmission, RAN2 reuse the per-FS UL-MIMO UE capability (no spec change).

3. Summary and proposal
UE capability of switching options
Observation 1. For UE capability of switching options, Alt.1 has simpler structure of signals as well as finer granularity of reporting than Alt.2.
Observation 2. For UE capability of switching options, Alt.2 can save signalling of UE capability for a band pair's option when it aligns to the options supported by band combination that the band pair belongs to. Also reporting options per band combination is the same way as Rel-16/17.
Observation 3. For UE capability of switching options, RAN1 discussion in past releases decided to introduce "only-dualUL" reporting. Alt.1 aligns to this legacy of granularity.
Observation 4. For UE capability of switching options, Alt.2 will force RAN2 to clarify in the spec what it means that a band pair does not support concurrent transmission while the band combination it belongs to supports "dualUL".
Proposal 1. 	For UE capability of switching options, introduce a per-band-pair UE capability to report supported switching options for Rel-18 UL Tx switching.

RRC configuration of switching options
Observation 5. For RRC configuration of switching options, Alt.1 does not assume a separate configuration per band pair that results in the least spec impact.
Observation 6. For RRC configuration of switching options, if Alt.1 cannot be accepted, Alt.2 is a good choice because of simple structure and less signalling overhead.
Proposal 2. 	For RRC configuration of switching options, RAN2 discuss whether Alt.1 (configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination)) can be applied. If not, RAN2 down-select Alt.2 (configure {switchedUL, dualUL} for combination(s) of serving cells (i.e., for each band pair in the band combination)).

RRC configuration to clarify ambiguous Tx state
Observation 7. For RRC configuration to clarify ambiguous Tx state, RAN1 requires RAN2 to introduce an RRC configuration that associates a band to another band.
Proposal 3. 	For RRC configuration to clarify ambiguous Tx state, RAN2 should introduce an RRC configuration that associates a band to another band which an unused Tx chain is switched to when the switch is from concurrent transmission on two bands to 1 Tx transmission on another band.

UE capability of 2-port UL transmission
Observation 8. For UE capability of 2-port UL transmission, legacy per-FS UL-MIMO UE capability can reflect the RAN1 agreements that a UE is allowed to support 2-port transmission only on some of bands.
Proposal 4. 	For UE capability of 2-port UL transmission, RAN2 reuse the per-FS UL-MIMO UE capability (no spec change).
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