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Introduction
[bookmark: _Ref473802466][bookmark: _Ref462669569]RAN #96 meeting updated the WID based on the agreement of M-TAG. Meanwhile, RAN Plenary provides guidance on the multiple carrier scenarios as below. 
	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




Meanwhile, RAN1 #109-emeeting achieved following agreements which could be used as starting point.
	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
Agreement
· Send LS to RAN4 to ask their feedback on the potential increase of switching period and complexity in the case of UL Tx switching across 3 or 4 bands
· In the LS, observations based on the evaluation results and alternative switching mechanisms discussed in RAN1 are captured for the information to RAN4
· In the LS, RAN1 also asks RAN4 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



Based on the RAN guidance, RAN1 should focus on inter-band UL CA Option 1 and 2 without SUL, and inter-band UL CA Option 1 with SUL with high prority.  Other scenarios would be further checked in RAN#97. 
In this paper, we provide our views on the open issues based on above RAN guidance and RAN1 agreements.

[bookmark: OLE_LINK2]General switching scenarios
As stated above, RAN#96 provided clear guidance on the UL Tx switching scenarios. Therefore, to make further progress, we propose to follow RAN guidance and only focus inter-band UL CA Option 1 and 2 without SUL, and inter-band UL CA Option 1 with SUL.  
Proposal 1: Following RAN#96 guidance, RAN1 #110 only focus inter-band UL CA Option 1 and 2 without SUL, and inter-band UL CA Option 1 with 1 SUL, and does not discuss other additional scenarios before further guidance.
For Rel-18, RAN1 agreed to study and, if necessary, specify the enhancement for multi-carrier UL operation with up to four bands. 
Table 1 summarizes the general switching cases for up to 4 bands. In Table 1, we list three possible cases – Case 1 for 1Tx on two bands, Case 2 for all Tx on single band among all the bands, and Case 3 for all Tx on another band (different from Case 2). The fractions a, b, c and d are used to indicate which band(s) take the Tx chain. 

Table 1 General switching cases for Rel-18
	
	Tx status of each band, may be contiguous CA of some band (Band A, B, C, D)
	

	Case 1
	aT + bT + cT + dT 
	Two out of {a, b, c, d} are “1” and the rest are “0”

	Case 2
	aT + bT + cT + dT
	One out of {a, b, c, d} is “1” or “2” and the rest are “0”

	Case 3
	aT + bT + cT + dT
	Another one of {a, b, c, d} is “1” or “2” and the rest are “0”




Proposal 2: Use the switching cases in Table 1 for Rel-18 UL Tx switching discussion.

Inter-band CA without SUL
In RAN1 #109-emeeting, following agreement was approved to further study and down-select among the alternatives. 
	· 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




Among the three alternatives, Alt. 1 is dynamic switching between any 2 bands among the configured 3 or 4 bands, which would be 6 switching cases for 3 bands switching and 10 switching cases for 4 bands switching. On top of Alt. 1, Alt. 2 provides some flexibility on processing time as it allows network to indicate the switching band pairs by DCI or MAC-CE. If the indicated band pairs are from the same candidate pairs with Alt. 1, the complexity & the cost are almost same as Alt. 1. However, if the candidate band pairs are a subset of Alt. 1 and reported as UE capability, the complexity could be reduced namely. It would be good that proponents of Alt. 2 could elaborate the details on the band pair candidates. Alt. 3 defines an anchor band which is capable of switching to any other bands (aka non-anchor bands). To reduce the RF searching complexity, we prefer to considering fixing one Tx chain on anchor band and leave another Tx flexibly switching between anchor and non-anchor bands. Furthermore, to reduce the memory cost, we suggest to only allow direct switching between anchor and non-anchor band, the two non-anchor bands switching could use anchor band as a bridge. 
Below we want to share our views on the implementation complexity which comes from two aspects – Memory & RF aspects. We also analyse the three alternatives accordingly. 
Memory
· The memory for switching complexity is consumed by RF components for Tx switching. To optimize the fast switching the UE needs larger memory to store the RF configurations, status and some data before and after switching. The memory is needed *for each switching band pair*, *not for each band*. 
· Alt. 1 has the most switching pairs, even for SwitchedUL (Option 1), and thus requires a large among of memory. The switching pairs for Option 1 could be with 12 band pairs (A->B, B->A, A->C, C->A, A->D, D->A, B->C, C->B, B->D, D->B, C->D, D->C). Alt. 3 SwitchedUL only have 6 band pairs (A->B, B->A, A->C, C->A, A->D, D->A). Unfortunately, this memory is usually dedicated for certain band pair, which could not be recycled and shared by different band pairs even the switching would be in different time. Alt. 2 has similar memory requirements as it needs to be prepared as network might indicate any band pairs in next MAC-CE or DCI. The only advantage of MAC-CE based indication is more preparation time is allowed compared to Alt. 1.

RF
· To further reduce the complexity, for Alt. 3 we prefer no direct switch between two non-anchor bands. For example, if the 1st state is Tx at band A+B (A as anchor), and target case is Tx at band A+C, the Tx on B needs to go back to A and then to C which means switching only between anchor and non-anchor bands. 
· Note that when we say ‘go back to A’, we don’t mean that an actual transmission needs to be scheduled and performed in band A. Rather, we mean simply that any B  C switch would have to allow enough time in principle to go through an RF state switch sequence of B  A  C, irrespective of whether transmission in A is involved or not. 
· To avoid the required resource increased exponentially if both Tx chains are capable of dynamic switch, we think there should be no restriction on the UEs choice of MIMO capability on any of the bands/CCs involved in the Rel-18 UL Tx switching band combination. We prefer Alt. 3 only allow one Tx chain switching flexibly, some cases like Tx at band B+C, C+D would be precluded as it requires both Tx chains on anchor band switches to two different non-anchor bands.
· Meanwhile, as the switching bands increase, the UE needs to monitor more switching decisions we propose to avoid frequent scheduling within 14 consecutive symbols.

Due to above implementation complexity considerations, we propose to adopt Alt. 3 as below.
Proposal 3: For inter-band UL CA Option 1 and Option 2 without SUL, adopt following for UL Tx switching among 3 or 4 bands.
· Identify an anchor band in the switching band combination. For any RF state switch, either the switch-to or switch-from carrier/band must be the anchor band, and no direct switch between non-anchor bands.
· Indirect switch between non-anchor bands is allowed.
· Indirect switch means that the gap time is increased, which in principle allows going through a two-step RF state switch sequence {non-anchor  anchor  other non-anchor}, irrespective of whether transmission in anchor in the middle state is performed or not.  
· No restriction on the UEs choice of MIMO capability on any of the bands/CCs involved in the Rel-18 UL Tx switching band combination.
· After one RF state switch, the next RF state switch must occur after 14 symbols or later. 
· Which SCS assumed for symbol duration is TBD.


Beyond the implementation complexity, the required standard efforts to support the new switching mechanism should also be taken into consideration, especially for the limited TU consideration. One example is which band to take the switch period. In Rel-16/17, one of the two bands is configured to take the switching period by RRC IE - uplinkTxSwitchingPeriodLocation. This switching period location could be configured on one of carriers of two CA bands or one of NUL & SUL bands. The configured band would be impacted once switching, and no scheduling is expected during the switching period. 
For Alt. 1 & Alt. 2, current RRC configuration may not work as there are some chance that none of the two dynamic switch bands is configured with switching period location. Take three bands switching as an example, if the RRC configuration indicates band A to take the switching period. Alt. 1 allows dynamic switching between any two bands. If the switching is between band B and C, there would be ambiguity as none of them is configured with switching period location. Alt 2 may have similar issue as the dynamic switching band pair is indicated by DCI or MAC-CE, which is much more frequent than RRC configuration.
Alt. 3 defines an anchor band in the switching band combination. For any RF state switch, either the switch to or switch from carrier/band must be the anchor band. The switching period could be configured on the anchor band or non-anchor band, and the current switching period location configuration mechanism would work properly.
Observation: For down-selection among three alternatives, minimize the standard efforts should be preferred. One example is which band to take the switching period, 
· Alt. 1 and Alt. 2 would require new configuration mechanism as current RRC configured switching period location may not work if none of the two dynamic switch bands is configured with switching period location. 
· Alt. 3 could reuse current configuration mechanism with minimized efforts as the switching period could be configured on the anchor band or non-anchor band. 


In the rest part of this section, we provide views on the two options of Inter-band CA without SUL.

Inter-band CA Option 1 without SUL
[bookmark: OLE_LINK4]As we explained above, Rel-18 extends the dynamic switching from 2 bands to 3 or 4 bands. To avoid the required resource increasing exponentially, there should be no restriction on the UEs choice of MIMO capability on any of the bands/CCs involved in the Rel-18 UL Tx switching band combination. Case 2 is where the anchor band takes all Tx and Case 3 is the non-anchor band takes all Tx. 

[bookmark: OLE_LINK5]Table 2 CA Option 1 switching cases
	
	Tx status of each band, may be contiguous CA of some band (Band A, B, C, D)
	

	Case 2
	aT + bT + cT + dT
	The anchor band is “1” or “2” and the rest are “0”

	Case 3
	aT + bT + cT + dT
	A non-anchor band is “1” or “2” and the rest are “0”



Based on Proposal 3 above, we propose RAN1 using a generic description for the mapping tables as in Table 3.

Table 3 CA Option 1 mapping between Tx state and Tx layers
	
	Tx state of each band, may be contiguous CA of some band (Band A, B, C, D)
	
	Transmission layers

	Case 2
	aT + bT + cT + dT
	The anchor band is “1” or “2” and the rest are “0”
	Anchor band: ≥1 layer 

	Case 3
	aT + bT + cT + dT
	The non-anchor band is “1” or “2” and the rest are “0”
	Non-anchor band: ≥1 layer




Proposal 4: Adopt Table 3 for CA Option 1 without SUL mapping between Tx state and Tx layers.

Inter-band CA Option 2 without SUL
In Rel-16 and Rel-17, CA Option 2 allows simultaneous transmission from two bands/carriers, which is the major difference with Option 1. 
As we explained above, Rel-18 extends to 3 or 4 bands. To avoid the required resource increase exponentially, we propose to restrict the UEs choosing of MIMO capability on any of the bands/CCs involved in the UL Tx switching band combination in Table 4. 
· Case 1 is anchor and non-anchor simultaneous Tx.
· Case 2 is the anchor band takes all Tx. 
· Case 3 is non-anchor band takes all Tx. 

Table 4 CA Option 2 switching cases
	
	Tx status of each band, may be contiguous CA of some band (Band A, B, C, D)
	

	Case 1
	aT + bT + cT + dT 
	The anchor and one non-anchor band are “1” and rest are “0”

	Case 2
	aT + bT + cT + dT
	The anchor band is “1” or “2” and the rest are “0”

	Case 3
	aT + bT + cT + dT
	The anchor band is “1” or “2” and the rest are “0”



With considering the simultaneous transmissions, we propose to adopt the Table 5 for CA Option 2 mapping between Tx status and Tx layers.

Table 5 CA Option 2 mapping between Tx state and Tx layers
	
	Tx state of each band, may be contiguous CA of some band (Band A, B, C, D)
	
	Transmission layers

	Case 1
	aT + bT + cT + dT 
	The anchor and one non-anchor band are “1” and rest are “0”
	Anchor band: 1 layer
Non-anchor band: 1 layer

	Case 2
	aT + bT + cT + dT
	The anchor band is “1” or “2” and the rest are “0”
	Anchor band: ≥ 1 layer 

	Case 3
	aT + bT + cT + dT
	The non-anchor band is “1” or “2” and the rest are “0”
	Non-anchor band: ≥ 1 layer




Proposal 5: Adopt Table 5 for CA Option 2 without SUL mapping between Tx state and Tx layers.

Inter-band CA Option 1 with SUL
In Rel-16 and Rel-17, switching between SUL and the serving cell is supported. In Rel-17, the non-SUL band could be 2 contiguous carriers and one of it should be the NUL paired with SUL. Another change is the UL MIMO is enabled on SUL carrier in Rel-17.
RAN#96 provided clear guidance on Inter-band CA with SUL. RAN1 #110 should focus on Inter-band UL CA Option 1 with 1 SUL within the band combination. Other scenarios would be further checked in RAN#97, which include 2 SUL within the band combination, simultaneous Tx across 2 bands in SUL band combinations.
For CA Option 1 with SUL, the switching mechanism should be based on Inter-band UL CA Option 1 without SUL, while the anchor band should be a NUL band. As in Table 6 below, Case 2 is where the anchor band takes all Tx and Case 3 is the non-anchor band takes all Tx. 
  
Table 6 CA Option 1 with SUL switching cases (assuming one of A, B, C, D is SUL, another is it’s serving cell)
	
	Tx status of each band, may be contiguous CA of one NUL band
	

	Case 2
	aT + bT + cT + dT
	The anchor band is “1” or “2” and the rest are “0”

	Case 3
	aT + bT + cT + dT
	A non-anchor band is “1” or “2” and the rest are “0”



For Inter-band CA Option 1 with SUL switching, the transmission layer mapping could be described as in Table 7. 

Proposal 6: For inter-band UL CA Option 1 with SUL, adopt following for UL Tx switching among 3 or 4 bands.
· Identify an anchor band in the switching band combination among the NUL bands. 
· For any RF state switch, either the switch-to or switch-from carrier/band must be the anchor band, and no direct switch between non-anchor bands. 
· Indirect switch between non-anchor bands is allowed.
· Indirect switch means that the gap time is increased, which in principle allows going through a two-step RF state switch sequence {non-anchor  anchor  other non-anchor}, irrespective of whether transmission in anchor in the middle state is performed or not.  
· No restriction on the UEs choice of MIMO capability on any of the bands/CCs involved in the Rel-18 UL Tx switching band combination
· After one RF state switch, the next RF state switch must occur after 14 symbols or later. 
· Which SCS assumed for symbol duration is TBD.

Table 7 CA Option 1 with SUL mapping between Tx state and Tx layers
	
	Tx state of each band, may be contiguous CA of one NUL band
	
	Transmission layers

	Case 2
	aT + bT + cT + dT
	The anchor band is “1” or “2” and the rest are “0”
	Anchor band: ≥1 layer 

	Case 3
	aT + bT + cT + dT
	The non-anchor band is “1” or “2” and the rest are “0”
	Non-anchor band: ≥1 layer




Proposal 7: Adopt Table 7 for CA Option 1 with SUL mapping between Tx state and Tx layers.
  
Which band takes the switching period
In Rel-16/17, one of the two bands is configured to take the switching period by RRC IE - uplinkTxSwitchingPeriodLocation. This switching period location could be configured on one of carriers of two CA bands or one of NUL & SUL band. The configured band would be impacted, and no scheduling is expected during the switching period. 
For Rel-18 UL Tx switching, the dynamic switching would involve more than two bands and current RRC configured switching period location may not work for Alternative 1 and 2. 
As we discussed in above, if RAN1 adopts Alt. 3 as switching mechanism, there is no need to update the current RRC configuration structure. If Alt. 1 or 2 is preferred, RAN1 needs to discuss and decide the new switching period location as at least one of the dynamic switching band pair should take it. Considering the limited TU, we would suggest adopting Alt. 3 as it is compatible with legacy RRC configuration. 
Proposal 8: Considering limited TU, we propose to adopt Alt. 3 as switching mechanism to avoid further discussion of new switching period location configuration method.

Conclusions
In this paper, we have provided our views on Rel-18 UL Tx switching and made following proposals.
Observation: For down-selection among three alternatives, minimize the standard efforts should be preferred. One example is which band to take the switching period, 
· Alt. 1 and Alt. 2 would require new configuration mechanism as current RRC configured switching period location may not work if none of the two dynamic switch bands is configured with switching period location. 
· Alt. 3 could reuse current configuration mechanism with minimized efforts as the switching period could be configured on the anchor band or non-anchor band. 

Proposal 1: Following RAN#96 guidance, RAN1 #110 only focus inter-band UL CA Option 1 and 2 without SUL, and inter-band UL CA Option 1 with SUL, and does not discuss other additional scenarios before further guidance.
Proposal 2: Use the switching cases in Table 1 for Rel-18 UL Tx switching discussion.
Proposal 3: For inter-band UL CA Option 1 and Option 2 without SUL, adopt following for UL Tx switching among 3 or 4 bands.
· Identify an anchor band in the switching band combination. 
· For any RF state switch, either the switch-to or switch-from carrier/band must be the anchor band, and no direct switch between non-anchor bands.
· Indirect switch between non-anchor bands is allowed.
· Indirect switch means that the gap time is increased, which in principle allows going through a two-step RF state switch sequence {non-anchor  anchor  other non-anchor}, irrespective of whether transmission in anchor in the middle state is performed or not. 
· No restriction on the UEs choice of MIMO capability on any of the bands/CCs involved in the Rel-18 UL Tx switching band combination.
· After one RF state switch, the next RF state switch must occur after 14 symbols or later. 
· Which SCS assumed for symbol duration is TBD.
Proposal 4: Adopt Table 3 for CA Option 1 without SUL mapping between Tx state and Tx layers.
Proposal 5: Adopt Table 5 for CA Option 2 without SUL mapping between Tx state and Tx layers.
Proposal 6: For inter-band UL CA Option 1 with SUL, adopt following for UL Tx switching among 3 or 4 bands.
· Identify an anchor band in the switching band combination among the NUL bands. 
· For any RF state switch, either the switch-to or switch-from carrier/band must be the anchor band, and no direct switch between non-anchor bands.
· Indirect switch between non-anchor bands is allowed.
· Indirect switch means that the gap time is increased, which in principle allows going through a two-step RF state switch sequence {non-anchor  anchor  other non-anchor}, irrespective of whether transmission in anchor in the middle state is performed or not.  
· No restriction on the UEs choice of MIMO capability on any of the bands/CCs involved in the Rel-18 UL Tx switching band combination
· After one RF state switch, the next RF state switch must occur after 14 symbols or later. 
· Which SCS assumed for symbol duration is TBD.
Proposal 7: Adopt Table 7 for CA Option 1 with SUL mapping between Tx state and Tx layers.
Proposal 8: Considering limited TU, we propose to adopt Alt. 3 as switching mechanism to avoid further discussion of new switching period location configuration method.
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