[bookmark: _Hlk37418177]3GPP TSG RAN WG1 #110bis-e	R1-2210192
e-meeting, October 10th – 19th, 2022

Agenda item:		9.9.2
Source:	Nokia, Nokia Shanghai Bell
Title:	On Multi-Carrier UL Tx Switching
WI code:	NR_MC_enh-Core 
Document for:		Discussion and Decision
Introduction
[bookmark: _Hlk510705081]RAN#94 in December 2021 approved a new WI on Multi-carrier enhancements, and the WID was further revised (schedule update and WI identifier) in RAN#95 in [1] and yet again in RAN#96 [2] (clarifying the applicability of the two-TAG note). RAN#97 further added a note on 2 TAGs [3] and provided additional guidance on the 2TAGs to RAN4: These WID updates and guidance to RAN4 on 2 TAGs is not expected to impact RAN1 work.
	Conclusions:
· Clarify in revised WID RP-222251 that the number of TAGs is limited to up to 2 for both 2 bands switching and more than 2 bands switching cases.
· For the work on UL Tx switching with 2 TAGs, RAN1/2 discussion can be triggered by RAN4 LS. No RAN1 spec impact is expected.



The second objective of the updated WID [3] (copied below) is to be further worked on in RAN1#110bis under the agenda item 9.9.2 Multi-carrier UL Tx switching scheme.
	2. Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· 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 (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Note: The number of TAGs is limited to up to 2.
· Note: Extension of TX switching for 2 bands to multiple TAG configurations is included in the scope. The work is limited to RAN4.
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed



In continuation of RAN1#109 discussions, RAN#96 had a discussion on target scenarios for Rel-18 UL Tx switching in [4] with additional guidance to WGs agreed as follows:
	RAN provides following guidance to RAN1/2/4.
· If Rel-18 UL Tx switching is supported, 
· RAN1/2/4 shall work focus on defining necessary mechanisms and requirements for UL Tx switching across 3 or 4 different bands at least for following scenarios during Rel-18 timeframein Q3 2022
· Inter-band UL-CA Option 1 (i.e., switched UL) and Option 2 (i.e., dual UL) without SUL band
· Inter-band UL CA Option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s)
· UL CA framework where UL CA is performed between NULs according to current RAN4 specifications should not be changed
· Note: switching across any band in this scenario is not precluded
· Intra-band two contiguous aggregated carriers within one non-SUL band out of 3 or 4 bands
· Other Further check additional scenarios as below can be discussed in RAN4#104e and RAN#97e, e.g.,
· {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}
· Simultaneous transmission across 2 bands in {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) (excluding simultaneous transmission between SUL and corresponding NUL)
· Mechanisms/requirements should not introduce restrictions on what were already supported in current specifications for UL Tx switching



There was no further progress on the scenario prioritization in RAN1#110 or in RAN#97.
1 Discussion 
RAN1#110 took the following working assumption on the UL Tx Switching mechanism, and further listed a set of potential candidates for UE complexity reductions for further consideration.
	Working Assumption
· If Rel-18 UL Tx switching is supported, following switching mechanism is considered as baseline for the Rel-18 UL Tx switching across 3 or 4 bands
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via dynamic grant and/or RRC configuration for UL transmission

	· RAN1 will support one or more of following complexity reduction options, considering at least the potential additional preparation time, additional interruption time, and RF complexity for certain switching cases/patterns, if Rel-18 UL Tx switching is supported based on Alt.1, and companies are encouraged to investigate options with striving for down-selection at RAN1#110bis-e.

	· Option 1: UE is allowed to support only some of concurrent UL cases (band pairs)
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: potential capability/RRC signaling

	· Option 2: UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching
· FFS: at least two bands should support up to 2 Tx as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for both switched UL and dual UL cases or only for dual UL case
· FFS: whether/how to reuse or extend existing capability/RRC signaling

	· Option 3: UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns
· FFS: specific switching cases/patterns where more preparation procedure time (or interruption time) is necessary, e.g., switching patterns not existed in Rel-17
· FFS: how long preparation procedure time and/or interruption time is necessary, and whether RAN4 involvement is necessary
· FFS: whether/how to report/indicate the specific switching cases/patterns and/or value(s) of preparation procedure time (or interruption time)
· FFS: what is the definition of preparation procedure time or interruption time, including whether interruption happens during the preparation procedure time and whether it includes switching period
· FFS: whether/how long minimum interval between two succeeding UL Tx switching is necessary

	· Option 4: UE is allowed to support only some of band pairs for tx switching
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for switched UL and/or dual UL 
· FFS: potential capability/RRC signaling

	· Other options are not precluded



1.1 Functional part of the RAN1#110 working assumption
The first part of the working assumption is functionally compatible with the Rel-16/17 UL Tx switching as the UE is expected to transmit on the UL carrier it is scheduled to or configured to transmit at any given time. In that respect the WA is a good way forward and should be confirmed.
Proposal 1: Confirm the 1st part of the RAN1#110 working assumption as below
Working Assumption
· If Rel-18 UL Tx switching is supported, following switching mechanism is considered as baseline for the Rel-18 UL Tx switching across 3 or 4 bands
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via dynamic grant and/or RRC configuration for UL transmission

1.2 Complexity reduction part of the RAN1#110 working assumption
The second part of the working assumption is a list of FFS points for UE complexity reduction solutions that are to be considered for UE implementation simplification. The part that was not addressed in the lead-bullet to the FFS points is the network complexity. It should be a given that the UE complexity reductions should not lead to network or system complexity increase or compromise the Rel-18 network implementation compatibility with Rel-16/17 network implementations. Rel-18 UE capabilities that don’t work with Rel-18 configuration in a Rel-17 environment are de-facto not supporting the feature and should not be allowed by the specification either.
Proposal 2: The UE complexity reduction solutions adopted should not increase the network implementation complexity

Option 1: UE is allowed to support only some of concurrent UL cases (band pairs)
	· Option 1: UE is allowed to support only some of concurrent UL cases (band pairs)
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: potential capability/RRC signaling



In Rel-16/17 the DualUL capable UE was expected to be able to transmit 1-port transmission on each uplink simultaneously. The direct extension of the DualUL capability would imply that the UE indicating this capability should be able to transmit two 1-port transmissions at any band pair out of the more than 2 bands in the band combination. If this assumption can be kept, the specification would be simplified, and the network would not need to prepare for UEs with different band pair capabilities. Thus the generalization that the DualUL capable UE can simultaneously transmit 1-port on any band pair, that would reduce the risk of market fragmentation and help the network up-take of the feature.
Proposal 3: Complexity reduction Option 1 is not supported: 
· A DualUL capable UE is required to be able to transmit simultaneously two 1-port transmissions on any band pair out of the band combination 

Option 2: UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching
	· Option 2: UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching
· FFS: at least two bands should support up to 2 Tx as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for both switched UL and dual UL cases or only for dual UL case
· FFS: whether/how to reuse or extend existing capability/RRC signaling



The UL Tx switching of Rel-16 was specified between two UL carriers, one a single-port and the other a dual-port UL bands with one carrier in each band. Rel-17 extended this to support 2-port to 2-port switching with also support for UL CA on one of the two uplink bands.
When extending the UL Tx Switching to more than two bands it would seem natural not to require all the UL bands to support 2-port transmission. In general, the UE’s number of Tx ports is already a band-specific pcapability and it can remain so with Rel-18 UL Tx Switching. 
Proposal 4: Complexity reduction Option 2 is supported: 
· Do not require the UE to support 2-port transmission in all the bands in a UL Tx Switching band combination 

Option 3: UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns
	· Option 3: UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns
· FFS: specific switching cases/patterns where more preparation procedure time (or interruption time) is necessary, e.g., switching patterns not existed in Rel-17
· FFS: how long preparation procedure time and/or interruption time is necessary, and whether RAN4 involvement is necessary
· FFS: whether/how to report/indicate the specific switching cases/patterns and/or value(s) of preparation procedure time (or interruption time)
· FFS: what is the definition of preparation procedure time or interruption time, including whether interruption happens during the preparation procedure time and whether it includes switching period
· FFS: whether/how long minimum interval between two succeeding UL Tx switching is necessary



The increased PUSCH preparation time due to UL Tx Switching means that a different DCI-to-PUSCH delay needs to be accommodated in the UL scheduler implementation. The Rel-16/17 relaxation to the UE processing time requirement needs to be factored in the scheduler implementation when the UL Tx Switching feature is rolled out. This can be understood as legacy when Rel-18 UL Tx Switching UEs are brought into the system with enhanced support allowing the gNB to pick the UE’s transmit band out of a larger set of bands than in Rel-16/17. If this enhancement ends up coming with a negative impact on the PUSCH latency that requires the scheduler to re-thing the DCI-to-PUSCH timing relationship the Rel-18 compatibility as an add-on enhancement to Rel-16/17 is lost. The additional UE relaxation for DCI-to-PUSCH processing time budget would be introduced at the cost of additional network complexity and increased PUSCH latency making these UEs less attractive to be supported by a network that already reaps the most benefits of the switching framework with Rel-16/17 UL Tx Switching.
Observation 1: The additional UE relaxation for DCI-to-PUSCH processing time budget would be introduced at the cost of additional network complexity and increased PUSCH latency.
Proposal 5: Complexity reduction Option 3 is not supported: 
· Do not introduce additional UE processing time relaxation to the PUSCH preparation procedure time or interruption time for Rel-18 UL Tx Switching than is allowed for Rel-16/17 UL Tx Switching
 
Option 4: UE is allowed to support only some of band pairs for tx switching
	· Option 4: UE is allowed to support only some of band pairs for tx switching
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for switched UL and/or dual UL 
· FFS: potential capability/RRC signaling



It is not entirely clear what the option 4 entails, and additional discussions are needed before being able to conclude if something should be adopted or not.
This type of limitation would seem to be geared from the UE indicating that it can move a Tx chain from Band 1 to Band 2 and from Band 2 to Band 3, but not from Band 1 to Band 3. Similar limitation can considered applicable to “SingleUL” and to “DualUL” type of devices, if allowed. 
Not supporting some transitions: The primary point of the first main bullet of the working assumption in our view is that any valid UL Tx band/port combination transmission can be scheduled without worrying of which valid UL Tx band/port combination transmission was taking place immediately before. The limitation that some transitions are not allowed would seem to somewhat undermine not just the working assumption but also the overall point of extending the UL Tx Switching functionality to more than 2 bands. 
It is understood that each UE Tx chain may not necessarily be able to support all the bands in the UL Tx Switching band combination. It maybe necessary to e.g. have one Tx chain support bands 1, 2, and 3 and the other Tx chain might support only bands 3 and 4. However, we see this sort of limitation related to option 2.
Proposal 6: Complexity reduction Option 4 is not supported: 
· All transitions from one valid band/port combination transmission to another valid band/port combination transmission of the indicated band combination should be supported by the UE

1.3 Additional SUL scenarios
The RAN#96 guidance asked the RAN1/2/4 to further check the extension of SUL mechanism in the context of UL Tx switching [4]:
	RAN provides following guidance to RAN1/2/4.
· If Rel-18 UL Tx switching is supported, 
[…]
· Other Further check additional scenarios as below can be discussed in RAN4#104e and RAN#97e, e.g.,
· {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}
· Simultaneous transmission across 2 bands in {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) (excluding simultaneous transmission between SUL and corresponding NUL)
· Mechanisms/requirements should not introduce restrictions on what were already supported in current specifications for UL Tx switching



The Rel-16/Rel-17 specifications define separately switching for CA and switching for SUL. Introducing support for a switching combination where both CA and SUL exist (either of the two cases mentioned in the RAN guidance) would lead to needing to introduce another flavour of UL Tx Switching for a combined CA+SUL uplink Tx switching scenario. The implications of this depend on the CA switching mechanism adopted for the 3- or 4-band UL Tx Switching, hence it is not possible to assess the compatibility or additional work needed for the CA+SUL combination before the CA case has gained more maturity
Proposal 7: Postpone the discussion on the UL Tx Switching with a SUL cell in a CA configuration until after UL Tx Switching for 3 or 4 bands in the CA configuration has gained more maturity

Conclusion
In this contribution the following observations and proposals are made:
On the functional part of the working assumption:
Proposal 1: Confirm the 1st part of the RAN1#110 working assumption as below
Working Assumption
· If Rel-18 UL Tx switching is supported, following switching mechanism is considered as baseline for the Rel-18 UL Tx switching across 3 or 4 bands
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via dynamic grant and/or RRC configuration for UL transmission

On the UE complexity reduction FFS points:
Proposal 2: The UE complexity reduction solutions adopted should not increase the network implementation complexity
Proposal 3: Complexity reduction Option 1 is not supported: 
· A DualUL capable UE is required to be able to transmit simultaneously two 1-port transmissions on any band pair out of the band combination 
Proposal 4: Complexity reduction Option 2 is supported: 
· Do not require the UE to support 2-port transmission in all the bands in a UL Tx Switching band combination 
Observation 1: The additional UE relaxation for DCI-to-PUSCH processing time budget would be introduced at the cost of additional network complexity and increased PUSCH latency.
Proposal 5: Complexity reduction Option 3 is not supported: 
· Do not introduce additional UE processing time relaxation to the PUSCH preparation procedure time or interruption time for Rel-18 UL Tx Switching than is allowed for Rel-16/17 UL Tx Switching
Proposal 6: Complexity reduction Option 4 is not supported: 
· All transitions from one valid band/port combination transmission to another valid band/port combination transmission of the indicated band combination should be supported by the UE

On additional scenarios:
Proposal 7: Postpone the discussion on the UL Tx Switching with a SUL cell in a CA configuration until after UL Tx Switching for 3 or 4 bands in the CA configuration has gained more maturity
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