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1. Introduction
In RAN#94e meeting, the Rel-18 RAN1-led work item on multi-carrier enhancement has been approved as [1], which has been further revised into [2], in which there are two major objectives focusing on (1) a solution for multi-cell PUSCH/PDSCH scheduling with a single DCI and (2) enhancements for multi-carrier UL operation, respectively. 
Specifically, the detailed objectives for the above-mentioned (2) enhancements for multi-carrier UL operation are provided in WID [2] as follows:   
	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



Starting from last meeting, 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 (May, 2022). Particularly, the following questions are raised in LS to RAN4 [3] to be studied on: 
	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.”


In this contribution, we would like to share our initial viewpoints to trigger the discussion on this work item, especially providing our analysis relevant to two questions in RAN1 LS. 
2 Discussion 
In the WID [2], enhancements for multi-carrier UL operation is focused on the UL Tx switching across 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs. 
2.1 Background of UL TX Switching in Rel-16/17
The objective should be regarded as the extension from Rel-16 and Rel-17 counterparts. In Rel-16, supporting Tx switching between 2 carriers on two bands has enabled for the three sceanrios of EN-DC, inter-band NR CA and SUL, while in Rel-17, the features of 1Tx-2Tx switching between 1 carrier on band A and 2 contiguous carriers in band B, as well as the 2Tx-2Tx switching between 2 or 3 carriers on two bands, are only supported for inter-band NR CA and SUL.
For information, the scope of Rel-16 and Rel-17 UL TX switching is summarized in the following table: 
	Rel-16 UL TX switching
	· Switching between case 1 and case 2 as below for two uplink carriers case inter-band EN-DC without SUL, inter-band UL CA and standalone SUL for UE supporting maximum two concurrent transmission 
	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 carrier2) and Case 1B (1 transmission on carrier 1 and 1 transmission on carrier 2) considering whether there is transmission on carrier2.

	Rel-17 UL TX switching
	· enable Tx switching between different cases across carriers based on SUL and NR inter-band uplink CA for UE supporting maximum two concurrent transmissions
· Specify UE requirements to enable Tx switching between cases
· The scenarios include
· For Tx switching based on SUL band combination, or uplink CA band combination 
	
	Number of Tx chains in WID (carrier 1 + carrier 2)

	Case 2
	0T+2T

	Case 3
	2T+0T


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

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T



· Specify UE requirements to enable Tx switching between cases, 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
· The scenarios include
· For Tx switching based on SUL band combination, or uplink CA band combination
	 
	Number of Tx chains in WID (band A + band B)

	Case 1
	1T+1T

	Case 2
	0T+2T


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

	Case 2
	0T+2T

	Case 3
	2T+0T


· For Tx switching based on uplink 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 design 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.
Despite RAN1 discussions during the last 3 RAN1 meetings, no consensus could be reached yet about the Rel-17 UE capability signaling in support of Rel-17 UL Tx switching., e.g., Alt.1: a new Rel-17 capability to signal supporting options of the Rel-17 feature 2Tx-2Tx UL Tx switching, or Alt.2: to use the combination of FG 22-1 and uplinkTxSwitchingPeriod2T2T or Rel-17 switching band combination. RAN#96 tasked RAN2 to complete the relevant signaling for Rel-17 UL switching. 

2.2 General WID Scope and UE RF Achitecture Analysis
Based on RAN1 conclusion from RAN1#109, EN-DC cases and UL only cell cases are explicitly excluded from the Rel-18 scope on UL TX switching.  
	From May 13th GTW session
Conclusion
· EN-DC cases are out of scope for Rel-18 UL Tx switching
Conclusion
· UL only cell cases are out of scope for Rel-18 UL Tx switching



Straightforwardly, we expect both inter-band CA and SUL can be studied in Rel-18. Furthermore, RAN#96 has issued the following guidance to RAN1/2/4.
 RAN provides following guidance to RAN1/2/4.
· If Rel-18 UL Tx switching is supported, 
· RAN1/2/4 shall focus on defining necessary mechanisms and requirements for UL Tx switching across 3 or 4 different bands in 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
· Further check additional scenarios in 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


Therefore, immediate priority for RAN1/2/4 work is to evaluate UL Tx Switching for the 3 or 4 band case using Option 1 or Option 2 without any SUL band, or for at most 1 SUL band and possibly including 2-CC intra-band contiguous CA in a band.
Observation 1: For Rel-18 UL Tx switching, only inter-band CA and SUL based Tx switching across up to 3 or 4 bands are in scope.

It should be noted that existing UEs in many cases only support at most 2 TX. Few commercially available UEs currently support 3 TX and then mostly for purpose of few selected EN-DC band combinations where RF isolation is more easily achievable. When considering the smartphone form factor and current silicon design, heat dissipation and IMD generated by concurrently operating TX paths impose constraints. The continued support of up to 2 TX by the UE can be expected to remain the mainstream solution for some time to come. In this sense, the R18 WID aims to introduce UL TX switching for the 2 TX UEs in terms of the number of supported NR bands, e.g., at least 3, but possibly up to 4 NR bands.
For Rel-18 UL Tx switching enhancement, it is still under RAN1 discussion whether the dynamic TX carrier switching across all the support switching cases (i.e., across 3 or 4 bands) are possible: Particularly, the below Alt.1 allows more flexible dynamic switching, while Alt.2 and Alt.3 provide limitation by different manners. 
	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



Observation 2: RAN1 has not yet concluded that dynamic TX carrier switching across all the support swtiching cases (i.e., across 3 or 4 bands) are possible.

2.3 Discussion on Reply LS to R1-2205502
There are two questions raised in LS to RAN4 [3], and we will provide our analysis and drafted reply accordingly: 
Q1: 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?

The lengths of TX switching periods in Rel-16/17 depends on UE architecture and UE capability accordingly, for which candidate options includes {35μs, 140 μs, 210μs}. It should also be noted that RAN4 defintion of TX switching period does not contain the transition period, which is 10us for NR UL carrier. For UE architecture discussed in Rel-16 TX switching specifically, different periods of TX switching time may be desired based on whether: 
        - TX PA is commonly used between two UL carriers: 
                  if yes, processing time is desired to reload PA from one carrier to another. 
        - PLL is commonly used between two UL carriers: 
                  if yes, processing time is desired to reload PLL from one frequency to another.

For TX switching across 3 or 4 bands, if dedicated PA and PLL are prepared for the UL carrier in the switch-to band, we see no extra switching period is required, i.e., 35us is usually regarded as the switching time required if dedicated PA and PLL are prepared. If no dedicated PA and PLL are prepared and reload processing time is needed, we expect additional switching period would be of necessity since UE complexity is expected to be increased to handle additional bands in RF switches, for TX switching across 3 or 4 bands in comparison to 2 bands. However, we still regard the current two options {140us, 210us} can still be used to cover the TX switching case between bands, as long as the same switch-to and switch-from band pair is under consideration.
Proposal 1: RAN4 provide the following reply to Q1 raised in RAN1 LS: 
· ”RAN4 expects additional switching period would be of necessity since UE complexity is expected to be increased to handle additional bands in RF switches, for TX switching across 3 or 4 bands in comparison to 2 bands.
· For a certain pair of switch-to and switch-from bands, RAN4 see no strong necessity of adding new values or increasing the values of Rel-16/17 UE capability options for TX switching period in case of UL Tx switching across 3 or 4 bands in comparison to 2 bands. But the detailed values may depend on specific band combinations, which still need further study. 
· TX switching period required depends on whether or not dedicated PA and/or PLL are prepared for the UL carrier in the switch-to band.”

Q2: 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?
 
Based on existing RAN4 discussion and assumption, TX switching will incur interruption to another TX chain, which comes from the fact that the coupling effects of reloaded PLL or retuning of other RF parts or BB clock base may need to be modified. Furthermore, the DAC in the TX chain with TX switching may have to be halted because TX switched DAC sampling rate is changed. Based on all these reasons, the switching time needs to be applied to the Tx chain without TX switching too.
Proposal 2: RAN4 provide the following reply to Q2 raised in RAN1 LS: 
· ”RAN4 see the proposed assumption can’t be hold for all UE implementations. Specifically, coupling effects of reloaded PLL, retuning of RF parts or BB clock base, or DAC sampling rate change in the TX chain with TX switching may also have impact on another TX chain’s transmission during the switching period.”

3. Conclusion
In this contribution, we provided our initial viewpoints to trigger the discussion on this work item, accordingly the following observations and proposals are obtained: 
Observation 1: For Rel-18 UL Tx switching, only inter-band CA and SUL based Tx switching across up to 3 or 4 bands are in scope.
Observation 2: RAN1 has not yet concluded that dynamic TX carrier switching across all the support swtiching cases (i.e., across 3 or 4 bands) are possible.

For RAN4’s reply to RAN1 LS (R1-2205502), the following proposals are provided: 
Proposal 1: RAN4 provide the following reply to Q1 raised in RAN1 LS: 
· ”RAN4 expects additional switching period would be of necessity since UE complexity is expected to be increased to handle additional bands in RF switches, for TX switching across 3 or 4 bands in comparison to 2 bands.
· For a certain pair of switch-to and switch-from bands, RAN4 see no strong necessity of adding new values or increasing the values of Rel-16/17 UE capability options for TX switching period in case of UL Tx switching across 3 or 4 bands in comparison to 2 bands. But the detailed values may depend on specific band combinations, which still need further study. 
· TX switching period required depends on whether or not dedicated PA and/or PLL are prepared for the UL carrier in the switch-to band.”
Proposal 2: RAN4 provide the following reply to Q2 raised in RAN1 LS: 
· ”RAN4 see the proposed assumption can’t be hold for all UE implementations. Specifically, coupling effects of reloaded PLL, retuning of RF parts or BB clock base, or DAC sampling rate change in the TX chain with TX switching may also have impact on another TX chain’s transmission during the switching period.”
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1	Overall description
[bookmark: _Hlk110937455]RAN4 would like to thank RAN1 for the LS in R1-2205502 on UL Tx switching across 3 or 4 bands in Rel-18. Based on the discussion in RAN4, at least for the inter-band CA case without SUL and the inter-band CA case with at most 1 configured SUL for the UE, the responses to two questions contained in RAN1 LS are provided as follows:

· 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. 
[RAN4 Response] RAN4 expects additional switching period would be of necessity since UE complexity is expected to be increased to handle additional bands in RF switches, for TX switching across 3 or 4 bands in comparison to 2 bands.	For a certain pair of switch-to and switch-from bands, RAN4 see no strong necessity of adding new values or increasing the values of Rel-16/17 UE capability options for TX switching period in case of UL Tx switching across 3 or 4 bands in comparison to 2 bands. But the detailed values may depend on specific band combinations, which still need further study. TX switching period required depends on whether or not dedicated PA and/or PLL are prepared for the UL carrier in the switch-to band.

· 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.”
[RAN4 Response] RAN4 see the proposed assumption can’t be hold for all UE implementations. Specifically, coupling effects of reloaded PLL, retuning of RF parts or BB clock base, or DAC sampling rate change in the TX chain with TX switching may also have impact on another TX chain’s transmission during the switching period.

RAN4 would respectfully ask RAN1 to take the above information into account for the future work.  
2	Actions
To RAN WG1 
ACTION: 	
RAN4 would respectfully ask RAN1 to take the above information into account for the future work.  

3	Dates of next TSG RAN WG4 meetings
TSG-RAN WG4 Meeting #104-Bis-e			10th Oct. – 19th Oct. 2022		Online Meeting.
TSG-RAN WG4 Meeting #105					14th Nov. – 18th Nov. 2022		Canada.

