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Introduction
[bookmark: P3]In this contribution, we share our views on the open issues of UL Tx switching schemes across up to 3 or 4 bands.
Discussion
Decision on the introduction of UL Tx switching scheme
It was pointed out at RAN1#109-e that the switching time by UL Tx switching causes serious performance loss and the gain by UL Tx switching may be lost while UE complexity remains there. An LS is sent to RAN4 to get more detailed information on the switching time. We understand the achievable performance gain should be justified by the reasonable complexity for both UE and network. Otherwise, this feature won’t be implemented. Meanwhile, the following observation was also made regarding the performance gain by multi-carrier UL Tx switching, which says that the performance gain is confirmed under a certain condition (highlighted in yellow shadow below), and other cases were not evaluated. 
Four contributions (R1-2203136, R1-2204724, R1-2204909, R1-2205131) 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.

According to the simulation assumptions used for the evaluations, the contributors apply CA with frame boundary offset to avoid the presence of simultaneous UL slot for TDD carriers as much as possible (See Figure 1 and Table 1 below). It deems to us that the performance gain obtained by the efficient use of Tx chain (i.e. unused Tx chain in a carrier with DL slot is switched to a carrier with UL slot). 

[image: ]
Figure. 1. Example of TDD UL/DL configurations (From R1-2203136)
Table 1:Example of TDD UL/DL configurations (From R1-2205131)
	Band index
	Band 1
	Band 2
	Band 3
	Band 4

	Carrier Frequency
	4.9GHz
	2.6GHz
	700MHz
	2GHz

	System Bandwidth
	100MHz
	100MHz
	20MHz
	20MHz

	Frame configuration
	DDDSUDDSUU
(unaligned frame boundary: SUDDSUUDDD)
	DDDDDDDSUU
	FDD
	FDD

	S(DL:UL)
	10D:2G:2U
	6D:4G:4U
	-
	-

	Sub-carrier Spacing
	30KHz
	30KHz
	30KHz
	30KHz



On the other hand, to our understanding, the TDD UL/DL configuration is restricted by the local regulatory or coexistence role, and hence it is not always easy for some regions/countries to change TDD UL/DL configuration. While such a TDD UL/DL configuration is available for some operators, we are not sure if it is applicable to any regions. For the worst case, this functionality will be a regional one. Given this fact, we see the need to consider this aspect when our final decision (whether UL Tx switching scheme is specified or not) is made.
[bookmark: Observation1]Observation 1:
· The best TDD UL/DL configuration and slot offset by CA with unaligned frame boundary may not be available due to regional coexistence rule and regulatory restriction. 
· When RAN1 makes a final decision on the introduction of multi-carrier UL Tx switching scheme, we should consider the potential performance loss due to the potential restriction of TDD UL/DL configuration. 
Mechanisms for dynamic Tx carrier switching
The following agreements on the switching was made at RAN1#109-e:
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

The following was also approved to reduce the potential UE complexity:
Agreement
Following proposals to address the concern on UE/gNB complexity increase or scheduling restriction due to UL Tx switching across larger number of bands compared with Rel-16/17 are identified in contributions submitted at RAN1#109-e, and companies are encouraged to investigate pros and cons of the proposals so that one or some of them may be down-selected after the down-selection of the mechanism for dynamic Tx carrier switching across the configured bands
· UE can report the supports of only some of concurrent UL cases (combinations of 2 bands for concurrent UL transmissions)
· Switching across 0/1/2 ports is supported only for 2 configured bands out of 3 or 4 configured bands and other bands support switching across 0/1 port only
· Only switching across 0/1 port is supported across all configured bands when 3 or 4 bands are configured
· Prioritization rules between uplink carriers are specified
· No restriction on the UEs choice of MIMO capability on any of the bands/CCs involved in the UL Tx switching band combination is introduced
· After one RF state switch, the next RF state switch must occur after 14 symbols or later (FFS: which SCS is assumed for the symbol duration)
· Note: Other solutions are not precluded
Note: each proposal assumes certain mechanism for dynamic Tx carrier switching across the configured bands, and hence some or all of the proposals may not be necessary depending on the down selection of the mechanism for dynamic Tx carrier switching across the configured bands

The benefit of Alt-1 is the flexibility, and the maximum performance gain can be achieved by this flexibility while the highest complexity is required to UEs. Meanwhile, Alt-2 can achieve the least functional change on top Rel-17 Tx switching. Alt-3 would be helpful from UE implementation perspective because UE is not required to manage many switching combinations. 
In our understanding, the gain by this technology is derived by the efficient use of Tx chain (i.e. unused Tx chain in a carrier with DL slot is switched to a carrier with UL slot) as described in section 2.1. Therefore, the switching pattern is something predetermined, and we don’t think the scheduling restriction introduced by Alt-2 or Alt-3 brings severe performance degradation. 
Beside the specification impact and UE complexity, we believe all the alternatives will work. However, Alt-3 based solution would be the good compromise considering the UE complexity reduction and flexibility. More detailed design of Alt-3 based solution is given below:
· UE capability is introduced to report the available combinations of anchor and non-anchor band at a UE
· Justification: UE is not required to implement all the band combination for UL Tx switching. 
· Anchor and non-anchor relationship among CCs is configured by gNB based on the UE capability, and the actual UL Tx switching can be performed among the CCs. 
· FFS: the details of anchor/non-anchor relationship
· Justification: 
· UE is not required to keep the UL Tx information for each CC by limiting the switching cases
· Actual UL carrier switching is performed by UL grant and/or RRC configuration for UL transmission
· Carriers with anchor and non-anchor relationship cannot be scheduled simultaneously, i.e. gNB scheduler shall avoid such situations. 
· Justification: this is the mechanism used in Rel-17, i.e. spec impact would be limited. 
Further techniques to reduce UE complexity can be discussed after this switching scheme is agreed. However, from our point of view, additional UE complexity reduction would be needed as UE capability can solve the problem. 
[bookmark: Proposal1]Proposal 1:
· If dynamic Tx carrier switching scheme is specified, adopt Alt-3 with the following understanding:
· UE capability is introduced to report the available combinations of anchor and non-anchor band for a UE
· Anchor and non-anchor relationship among CCs is configured by gNB
· FFS: the details of anchor/non-anchor relationship
· Actual UL carrier switching is performed by UL grant and/or RRC configuration for UL transmission
· Carriers with anchor and non-anchor relationship cannot be scheduled simultaneously, i.e. gNB scheduler shall avoid such situations. 
[bookmark: Observation2]Observation 2:
· No additional restriction is necessary to reduce UE complexity if Alt-3 above is supported
Conclusion
Our observations and proposals are summarized below: 
Observation 1:
· The best TDD UL/DL configuration and slot offset by CA with unaligned frame boundary may not be available due to regional coexistence rule and regulatory restriction. 
· When RAN1 makes a final decision on the introduction of multi-carrier UL Tx switching scheme, we should consider the potential performance loss due to the potential restriction of TDD UL/DL configuration. 
Proposal 1:
· If dynamic Tx carrier switching scheme is specified, adopt Alt-3 with the following understanding:
· UE capability is introduced to report the available combinations of anchor and non-anchor band for a UE
· Anchor and non-anchor relationship among CCs is configured by gNB
· FFS: the details of anchor/non-anchor relationship
· Actual UL carrier switching is performed by UL grant and/or RRC configuration for UL transmission
· Carriers with anchor and non-anchor relationship cannot be scheduled simultaneously, i.e. gNB scheduler shall avoid such situations. 
Observation 2:
· No additional restriction is necessary to reduce UE complexity if Alt-3 above is supported
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