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1. Introduction
A revised WID on Multi-carrier enhancements was approved in RANP#96. RAN4 related objectives are highlighted in yellow as following:
	4.1	Objective of SI or Core part WI or Testing part WI
1. Specify a solution for multi-cell PUSCH/PDSCH scheduling (one PDSCH/PUSCH per cell) with a single DCI [RAN1]
· Identify the maximum number of cells that can be scheduled simultaneously
· Consider both intra-band and inter-band CA operation
· Consider both FR1 and FR2
· The single DCI shall be optimized for 3 or more cells for the multi-cell PUSCH/PDSCH scheduling
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: 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

4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.

1. Specify RRM test cases related to core requirements on UL Tx switching schemes across up to 3 or 4 bands
[RAN4]




According to TU allocation, RAN4 will start discussion from RAN4#104e. In this contribution, we provide our view on this topic.
2. Discussion
In RAN1#109e, an LS [2] was approved to RAN4 on RAN1 agreement on UL Tx switching across 3 or 4 bands in Rel-18:
	1. Overall Description:
According to the approved WID on Multi-carrier enhancements for NR, RAN1 has started the discussion on UL Tx switching across 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs at RAN1#109-e meeting.
Based on the contributions submitted to the RAN1#109-e meeting, RAN1 made following observations based on evaluation results.
RAN1 observation
· Four contributions [1], [2], [3] and [4] from three companies show their evaluation results on UL Tx switching across 3 or 4 bands at RAN1#109-e meeting.
· All evaluation results show the performance gain of UL Tx switching across 4 bands compared with UL Tx switching across 2 bands, assuming TDD bands with different TDD UL/DL configurations are included in 4 bands.
· Evaluation results in [1] show the performance gain of UL Tx switching across 4 bands compared with UL Tx switching across 3 bands.
· Evaluation results in [2] show that the performance gain of UL Tx switching across 4 bands compared with UL Tx switching across 2 bands depends on achievable switching period, and the longer switching period for UL Tx switching across 4 bands compared with UL Tx switching across 2 bands leads to reduction of the performance gain. Other evaluation results did not consider the impact of longer switching period for UL Tx switching across 4 bands compared with UL Tx switching across 2 bands. 
· Evaluation results in [4] observe that the gain highly depends on the scheduling mechanism.
· The range of performance gains shown in four contributions varies depending on the simulation assumptions.

In addition, RAN1 is under discussion to identify possible mechanisms for dynamic Tx carrier switching across the 3 or 4 configured bands and following agreement was made.
Agreement 
· Companies are encouraged to investigate pros and cons of following possible mechanisms for dynamic Tx carrier switching across the configured bands, and RAN1 strives for the down-selection at RAN1#110
· 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 UL grant and/or RRC configuration for UL transmission
· Alt.2: NW indicates 2 bands out of the configured bands (3 or 4 bands) via DCI or MAC-CE, and dynamic Tx carrier switching between indicated bands is same as Rel-17
· Alt.3: One anchor band is selected among configured bands (3 or 4 bands), and dynamic Tx carrier switching can be performed only from the anchor band to a non-anchor band and from a non-anchor band to the anchor band
· Note: Other mechanisms are not precluded

Based on the above observations and agreement, RAN1 also agreed to send this LS to respectfully ask RAN4’s feedback on the potential increase of switching period and UE’s complexity in case of UL Tx switching across 3 or 4 bands in comparison to 2 bands. RAN4’s prompt feedback will be appreciated and would be helpful for potential down-selection at RAN1#110.
Additionally, RAN1 would like to also ask RAN4’s feedback on whether following assumption can be considered as baseline UE assumption/behavior even in case of the UL Tx switching across 3 or 4 bands.
· “When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain which is in any of bands is also not expected to be used for transmission during the switching period.”

2. Actions:
To RAN WG4
ACTION: 
· RAN WG1 would like to respectfully ask RAN WG4 to provide their feedback on potential increase of switching period and UE’s complexity in case of UL Tx switching across 3 or 4 bands in comparison to 2 bands. 
· RAN WG1 would like to respectfully ask RAN WG4 to provide their feedback on whether following assumption can be considered as baseline UE assumption/behavior even in case of the UL Tx switching across 3 or 4 bands.
· “When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain which is in any of bands is also not expected to be used for transmission during the switching period.”



The first question from RAN1 is potential increase of switching period and UE’s complexity in case of UL Tx switching across 3 or 4 bands in comparison to 2 bands. According to previous RAN4 discussion on switching period in R16/R17 UL Tx switching, the switching period comes from RF tuning/retuning and some other baseband preparation time. Until R17, UE can indicate three different capabilities on switching period:
ULTxSwitchingBandPair-r16 ::=       SEQUENCE {
    bandIndexUL1-r16                    INTEGER(1..maxSimultaneousBands),
    bandIndexUL2-r16                    INTEGER(1..maxSimultaneousBands),
    uplinkTxSwitchingPeriod-r16         ENUMERATED {n35us, n140us, n210us},
    uplinkTxSwitching-DL-Interruption-r16 BIT STRING (SIZE(1..maxSimultaneousBands)) OPTIONAL
}
 
ULTxSwitchingBandPair-v1700 ::=     SEQUENCE {
    uplinkTxSwitchingPeriod2T2T-r17     ENUMERATED {n35us, n140us, n210us}     OPTIONAL
}
Note that switching period is much shorter than RF tuning/retuning time according to RF design. For instance, the switching time agreed in SRS switching is up to 900us:
SRS-SwitchingTimeNR ::= SEQUENCE {
switchingTimeDL ENUMERATED {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us} OPTIONAL,
switchingTimeUL ENUMERATED {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us} OPTIONAL 
}
Another example is according to RRM specification gap design, switching time is 0.5ms for frequency range FR1 and 0.25ms for frequency range FR2. 
When measurement gaps are needed, the UE is not expected to detect SSB which start earlier than the gap starting time + switching time, nor detect SSB which end later than the gap end – switching time. Switching time is 0.5ms for frequency range FR1 and 0.25ms for frequency range FR2.
To our understanding, the reason why we only have up to 210us switching period in UL Tx switching is mainly about the throughput degradation. We can understand if the switching period is too long, network may choose not to trigger UL Tx switching. However, as the feature is being enhanced further and further, higher and higher UE complexity is foreseen. In R16, only 1T change is supported from 1T+1T to 0T+2T. In R17 2T change is supported, e.g. from 0T+2T to 2T+0T. Now in R18, the number of candidate bands for UL is to be increased to 3 or even 4 bands. Note according to the scope the UE is still a 2Tx capable UE, which means in R18 UE may be configured with more UL bands than its simultaneous transmission capability. For alt.1 and alt.3, network may trigger UL Tx switching among all the candidate bands. We conservatively assume additional UE complexity is needed to support UL Tx switching among 3 or 4 bands which is more than UE simultaneous UL Tx capability. 
[bookmark: _Ref111019513]Observation 1: extra UE complexity can be foreseen depending on UE implementation to support alt.1 and alt.3.
However, no significant extra complexity is required for alt.2. During band pair selection procedure (NW indicates 2 bands out of the configured bands (3 or 4 bands) via DCI or MAC-CE), UE can prepare for the coming UL Tx switching in advance.
[bookmark: _Ref111019518]Observation 2: no significant UE complexity can be foreseen to support alt.2. Existing switching period agreed in R16/R17 can be reused.

Another question from RAN1 is on UL availability during UL Tx switching,
· RAN WG1 would like to respectfully ask RAN WG4 to provide their feedback on whether following assumption can be considered as baseline UE assumption/behavior even in case of the UL Tx switching across 3 or 4 bands.
“When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain which is in any of bands is also not expected to be used for transmission during the switching period.”
Technically speaking, if another Tx chain is in the same band involved in the switching, it is not expected to be used for Tx during switching period. Even if the Tx chain is in another band which is not involved in the switching, interruption may also be needed depending on UE implementation and band combination. Conservatively, RAN4 confirms RAN1 assumption, i.e. another Tx chain is not expected to be used during switching period.
[bookmark: _Ref111019523]Observation 3: if another Tx chain is in the same band involved in the switching, it is not expected to be used for Tx during switching period. Even if the Tx chain is in another band which is not involved in the switching, interruption may also be needed depending on UE implementation and band combination.
[bookmark: _Ref111019505]Proposal 1: conservatively, RAN4 shall confirm the assumption from RAN1 that “When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain which is in any of bands is also not expected to be used for transmission during the switching period.”
	
Besides the LS, RAN4 is also expected to study the multiple TAG scenario according the objective.
· Note: Extension of TX switching for 2 bands to multiple TAG configurations is included in the scope. The work is limited to RAN4.
One of the impacts is on interruption design in RRM domain. According to [3] interruption during UL Tx switching comprises the following aspects:
	
	NR Slot length (ms)
	Uplink Tx switching period Note1

	
	
	35us
	140us
	210us

	0
	1
	2
	3
	4

	1
	0.5
	3
	6
	7

	2
	0.25
	4
	10
	14

	Note 1: Uplink Tx switching period depends on UE capability uplinkTxSwitchingPeriod



· The above table considers the interruption uncertainty due to MRTD and TA adjustment accuracy, where MRTD=3us.
· Interruption length in the above table is expressed by:
ceil((switching period+2*TA adjustment uncertainty+6us-CP length)/symbol duration)+1
· No DL interruption is allowed in the downlink carrier(s) which is not indicated by uplinkTxSwitching-DL-Interruption.

In multiple TAG scenario, we probably cannot assume MRTD=3us. Therefore, longer interruption is expected. The exact interruption can be discussed once the target MRTD is determined.
[bookmark: _Ref111019527]Observation 4: in multiple TAGs scenario, longer interruption is expected. Exact interruption length depends on supported MRTD.


3. Conclusion
In this contribution, we provide initial discussion on R18 CA enhancement. After discussion the following conclusions are provided:
Observation 1: extra UE complexity can be foreseen depending on UE implementation to support alt.1 and alt.3.
Observation 2: no significant UE complexity can be foreseen to support alt.2. Existing switching period agreed in R16/R17 can be reused.
Observation 3: if another Tx chain is in the same band involved in the switching, it is not expected to be used for Tx during switching period. Even if the Tx chain is in another band which is not involved in the switching, interruption may also be needed depending on UE implementation and band combination.
Proposal 1: conservatively, RAN4 shall confirm the assumption from RAN1 that “When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain which is in any of bands is also not expected to be used for transmission during the switching period.”
Observation 4: in multiple TAGs scenario, longer interruption is expected. Exact interruption length depends on supported MRTD.
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