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Introduction
The Rel-18 WID on Multi-carrier enhancements has as second objective to study and if necessary, specify UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations.
In this contribution we provide our views on the dynamic carrier switching mechanism across the configured bands, the supported switching configurations and the UE switching capabilities.
Background
Rel-16 supports UL Tx switching for 2 inter-band carriers on 2 bands for the cases of EN-DC, inter-band NR CA and SUL. Rel-17 introduces support for 1Tx-2Tx switching between 1 carrier on band A and 2 contiguous carriers in band B, as well as support for 2Tx-2Tx switching. Note that Rel-17 doesn’t provide new functionality for the EN-DC case.
Switching cases and scope of Rel-16 and Rel-17 UL Tx switching are summarized in Tables 1 and 2.
Table 1: UL Tx Switching in Rel-16
	Rel-16
UL Tx switching
	· Switching between Case 1 and Case 2 as below for two UL carriers case inter-band EN-DC without SUL, inter-band UL CA, and standalone SUL for UE supporting maximum 2 concurrent transmissions
	Case 1 
	1 Tx on carrier 1 and 1 Tx on carrier 2

	Case 2 
	0 Tx on carrier 1 and 2 Tx on carrier 2 



Note: Case 1 could be divided into Case 1A (1 transmission on carrier 1 and 0 transmission on carrier 2) and Case 1B (1 transmission on carrier 1 and 1 transmission on carrier 2) considering whether there is transmission on carrier 2.



Table 2: UL Tx Switching in Rel-17

	Rel-17
UL Tx switching
	· Switching across carriers for NR inter-band UL CA and SUL for UE supporting maximum 2 concurrent transmissions
· For UL Tx switching based on SUL band combination or UL CA band combination 
	
	Number of Tx chains (carrier 1 + carrier 2)

	Case 2
	0T+2T

	Case 3
	2T+0T



· For UL Tx switching based on UL CA band combination
	
	Number of Tx chains (carrier 1 + carrier 2)

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T



· For UL Tx switching where 1 carrier on band A and 2 contiguous aggregated carriers on band B, and band A is for SUL or non-SUL and band B is a non-SUL band
	 
	Number of Tx chains (band A + band B)

	Case 1
	1T+1T

	Case 2
	0T+2T


and
	 
	Number of Tx chains (band A + band B)

	Case 2
	0T+2T

	Case 3
	2T+0T


· For UL Tx switching based on UL CA band combination
	 
	Number of Tx chains in WID (band A + band B)

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T






A Rel-16 UE supporting UL Tx switching, e.g., for the UL inter-band case, can be implemented using two options. These are Option 1 (Switched UL) and Option 2 (Dual UL). When Option 1 is implemented, simultaneous transmission from two bands is not possible, whereas Option 2 allows for it. The Rel-16 UE needs to report in its UE capability signaling which switching option it supports. The UE reported capability value can be one of “Option 1”, “Option 2” and “Option 1 and Option 2”. Other switching capabilities such as supported interruption time must also be reported by the UE.
UE capability signaling for the Rel-17 UL 2Tx-2Tx switching option was agreed in RAN2#119. Capability parameter uplinkTxSwitching-OptionSupport2T2T-r17 indicates which option is supported for dynamic UL 2Tx-2Tx switching for inter-band UL CA. switchedUL represents option 1, dualUL represents option 2, both represents both option 1 and option 2 as specified in TS 38.214. The field is mandatory for inter-band UL CA cases where UE supports dynamic UL 2Tx-2Tx switching. The UE indicating support of this feature shall indicate support of at least one common switching option between uplinkTxSwitching-OptionSupport2T2T-r17 and uplinkTxSwitching-OptionSupport-r16.
As by RAN#96, Inter-band UL CA Option 1 (switched UL) and Option 2 (dual UL) for Rel-18 UL Tx switching using 3 or 4 different bands where either all 3 or 4 CCs are NUL was prioritized for Q3/2022 work in RAN1/2/4. Alternatively, at most 1 SUL can be configured for the UE for a corresponding NUL band in addition to at most 2 other NUL bands. Note that intra-band 2-CC contiguous CA within one non-SUL band is to be supported as by Rel-17. However, no progress was made in RAN#97 with respect to the support of additional SUL combinations such as {SUL+NUL} + {SUL+NUL}. Note that following RAN#97, the WID was updated such that the number of multiple TAGs is limited to up to 2.
UE complexity reduction for Rel-18 UL Tx switching
In the RAN1#110bis-e meeting, working assumptions were made to specify UL Tx switching schemes up to 4 bands in Rel-18 and if Rel-18 UL Tx Switching for 3 or 4 bands is supported, both Switched UL and Dual UL are supported. In our view, both WAs can be confirmed.
Proposal 1: Confirm the RAN1#110bis-e working assumptions
· Specify UL Tx switching schemes across up to 4 bands in Rel-18
· Both Switched UL and Dual UL are supported in Rel-18 UL Tx Switching

The following agreement was made in the RAN1#110bis-e meeting.
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


To make the Rel-18 UL Tx Switching for 3 or 4 bands feature with 2 Tx chains viable, it is necessary to allow for different UE & modem vendor implementation paths. If it is required to implement full flexible 2p/1p/0p port switching for any carrier in any NR band with UL MIMO support for which the UE also indicates support for Rel-18 UL Tx switching using 3- or 4-bands, such a feature is not likely to be implemented. If the UE implementation provides support for UL MIMO in an NR band, such support can be separately indicated by the UE through the corresponding UE capability signaling for the supported NR band and band combination. Like in earlier releases, it should not become a prerequisite requirement for the UE to implement the UL MIMO feature for the NR band for purpose of implementing the UL Tx switching feature, e.g., require support for 2p switching capability when UL MIMO is supported in the NR band by the UE. Feature independence is required.
Therefore, we consider that the approach to be taken for Rel-18 UL Tx switching in the 3- or 4-bands case is to assume by default the availability of only 1 Tx chain per NR band when Rel-18 UL Tx switching is supported by the UE. Selective switching of another Tx chain for purpose of either 2p/1p/0p or 1p/0p switching cases from another NR band should be allowed in the signaling design by the core specifications. However, the Rel-18 UE indicates its 2p/1p/0p switching capability separately for those NR bands where such a feature is supported and then only for some selected configured band and band combinations.
Proposal 2: Support Alt.1: no restriction for both switched UL and dual UL and for both 3 bands and 4 bands

Rel-18 UL Tx switching and state ambiguity
Introduction of UL Tx Switching for the 3 and 4 bands cases in Rel-18 results in a larger number of ambiguous Tx states. The number of possible ambiguous switching cases and corresponding states of the UE UL Tx chains depend on the Rel-18 UE capability and the corresponding port mappings.
In RAN1#110bis-e, the following working assumption was made.
Working Assumption
At least for dual UL, reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state at least for following cases
· Case#1 of the issue: two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, but there are multiple possible switching cases where 1P on band B is supported
· if twoT is indicated, both of two Tx chains are switched to band B
· if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A
· Case#2 of the issue: two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, but there are multiple possible switching cases where 1P on band C is supported
· if twoT is indicated, both of two Tx chains are switched to band C
· if oneT is indicated, one Tx chain is switched to band C while how to determine the associated band for another Tx chain is FFS
· Alt.1: based on gNB’s configuration/indication e.g., new RRC parameter
· Alt.2: based on predefined rule
· Other alternative is not precluded
· FFS for other potential cases


For Case #1 when either oneT or twoT is indicated to the UE, the existing RRC parameter uplinkTxSwitching-DualUL-TxState resolves ambiguity with respect to the Tx switching state in the dual UL case.
For Case#2 when oneT is indicated, one Tx chain is switched to band C while it was left FFS how to determine the associated band for the other Tx chain. For the example of Rel-18 UL Tx switching for 3 bands A, B, and C, if the current state is 1T+1T+0T and next transmission is 0p+0p+1p, then for oneT being indicated, either 1T+0T+1T or 0T+1T+1T could result. One possible solution is then that a priority order is assigned to the configured bands. This priority can be used by the UE to determine the resulting Tx states. For example, if band A had a higher assigned priority than band B, 1T+0T+1T would result, otherwise 0T+1T+1T would be selected by the UE. In principle, such a priority order can be determined as rule in the L1 specifications (Alt.2), or the priority order can be indicated by RRC (Alt.1).
To preserve the principle of Rel-17 RRC-based indication for UL TX Switching, we prefer Alt.1 for Rel-18. In general, to preserve flexibility and control by the gNB scheduler implementation, gNB configuration using RRC parameter indication is the more flexible and future-proof approach.
Proposal 3: Confirm the above RAN1-110b-e working assumption that at least for dual UL the existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState is reused to solve the issue on ambiguous switching state at least for the identified Case#1 and Case#2
Proposal 4: For Case#2 if oneT is indicated, ambiguity how to determine the associated band for the other Tx chain is resolved via Alt.1 gNB configuration/indication, e.g., new RRC parameter

The following agreement was made in the RAN1#110bis-e meeting.
Agreement
Consider following alternatives on the supported switching cases (Tx chain states) for each scenario
· Scenario#1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, 
· Alt.1-1: only switching cases (Tx chain states) with 2T are assumed
· In case of 3 bands, 3 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}) are assumed 
· 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 
· Alt.1-2: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· Scenario#2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands, 
· Alt.2-1: for the band where 2 ports UL transmission is not supported, switching cases (Tx chain states) with 1T-1T can be assumed
· FFS: detailed switching cases to be assumed with different number of bands supporting up to 2 ports UL transmission
· Alt.2-2: only switching cases (Tx chain states) with 2T are assumed
· Assumed switching cases are same as Scenario#1
· Alt.2-3: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· FFS: Scenario#3: For dual UL, if 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, 
· Alt.3-1: corresponding switching case(s) with 1T-1T for the band pair(s) are not assumed
· FFS: if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission only on some of the bands
· Alt.3-2: corresponding switching case(s) with 1T-1T for the band pair(s) are assumed
· Assumed switching cases are same as the case where UE supports dual UL for all band pairs in the band combination


Scenarios #1 and #2 cover the case of switched UL. In Scenario #1, Alt.1-1 follows the principles and assumptions of Rel-17 UL Tx switching. In the following, we discuss the design alternatives for bands where 2 ports UL transmission is not supported, and 1T-1T can be assumed for switched UL.
Below we consider 2 examples for the 3-band case, using Option 1 (switched UL) and Option 2 (dual UL).
In the first example (Table 3), the UE supports UL Tx Switching for 3 bands with up to 1 Tx chain on 2 of the configured bands, while supporting up to 2 Tx chains on the 3rd configured band. Port switching cases in red result in gNB-side ambiguities with respect to next possible UE Tx state. If the previous transmission was 0P+1P+0P and the next transmission is 0P+0P+1P, the next UE Tx state can be Case 1 or Case 2.
In the second example (Table 4), the UE supports UL Tx Switching for 3 bands with only 1 Tx chain on 1 of the configured bands, while supporting up to 2 Tx chains on the 2nd and 3rd configured bands. Port switching cases in red result in gNB-side ambiguities with respect to next possible UE Tx state. If the previous transmission was 0P+1P+0P and the next transmission is 0P+0P+1P, the previous Tx state can be Case 3 or Case 4 and the next UE Tx state can be Case 1 or Case 6.

Table 3: Rel-18 UL Tx Switching for 3 bands and UE supporting {1Tx, 1Tx, 2Tx} configuration
	 
	Number of Tx chains
(Carrier 1 + Carrier 2 + Carrier 3)
	Number of antenna ports for UL transmission (Carrier 1 + Carrier 2 + Carrier 3)

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

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

	Case 6
	1T+0T+1T
	1P+0P+0P, 0P+0P+1P



Table 4: Rel-18 UL Tx Switching for 3 bands and UE supporting {1Tx, 2Tx, 2Tx} configuration
	 
	Number of Tx chains
(Carrier 1 + Carrier 2 + Carrier 3)
	Number of antenna ports for UL transmission (Carrier 1 + Carrier 2 + Carrier 3)

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

	Case 3
	0T+2T+0T
	0P+1P+0P, 0P+2P+0P

	Case 4
	1T+1T+0T
	1P+0P+0P, 0P+1P+0P

	Case 6
	1T+0T+1T
	1P+0P+0P, 0P+0P+1P



The number of resulting ambiguous Tx states during port switching of the UE impacts the number of required switching intervals and corresponding interruption times. Using Table 3 as example, when the previous transmission was 0P+0P+1P and the next transmission is 0P+1P+0P, either no Tx chain switch is necessary (when the next UE Tx chain state remains in Case 2) or 1 switch (when the UE re-configures to Case 1).
Ambiguous Tx states from the gNB perspective result in inefficiencies. For a number of switching cases, interruption time must be allocated by the gNB before UL scheduling can resume on the target UL carrier after UL Tx Switching than what is minimally necessary, e.g., assuming a switch to Case 1 in the example of Table 3. Another issue is the resulting specification effort when trying to capture the increased number of possible switching cases and their associated interruption times to be assumed by the gNB in the core specifications. Consideration must also be given to RAN4/5 testability of the resulting number of UL Tx Switching cases for 3 and 4 bands.
In our view, it is best to mandate simple and unambiguous UE behaviour. For the example in Table 3, the next assumed Tx state can simply always be the one which results in the smallest number of UE Tx chain switches, e.g., if the previous transmission was 0P+1P+0P and the next transmission is 0P+0P+1P, the next state remains in Case 2.
Proposal 5: For Rel-18 UL Tx Switching with 3 or 4 bands, when more than one resulting state of Tx chain configuration is possible for the UE during UL Tx switching, the UE assumes the state resulting in the smallest number of Tx switches

Conclusion
In this contribution, we made the following observations and proposals:
Proposal 1: Confirm the RAN1#110bis-e working assumptions
· Specify UL Tx switching schemes across up to 4 bands in Rel-18
· Both Switched UL and Dual UL are supported in Rel-18 UL Tx Switching
Proposal 2: Support Alt.1: no restriction for both switched UL and dual UL and for both 3 bands and 4 bands
Proposal 3: Confirm the above RAN1-110b-e working assumption that at least for dual UL the existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState is reused to solve the issue on ambiguous switching state at least for the identified Case#1 and Case#2
Proposal 4: For Case#2 if oneT is indicated, ambiguity how to determine the associated band for the other Tx chain is resolved via Alt.1 gNB configuration/indication, e.g., new RRC parameter
Proposal 5: For Rel-18 UL Tx Switching with 3 or 4 bands, when more than one resulting state of Tx chain configuration is possible for the UE during UL Tx switching, the UE assumes the state resulting in the smallest number of Tx switches
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