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Introduction
The issue for UE configured with two serving cells and with SUL in each cell was discussed in RAN #99. Finally, a RAN task was agreed and content of the task was listed as below. 
· UL/SUL indicator field is excluded from a DCI format 0_X.
· Task RAN4 to assess the additional, if any, RAN4 specification impact and UE implementation impact for a UE configured with two serving cells, each with SUL; report to RAN#100 with the goal of striving for potential normative work supporting the case where a UE is configured with two serving cells, each with SUL
· E.g., whether back-to-back transmissions between two SUL carriers and back-to-back transmissions between SUL carrier and non-corresponding NUL carrier could be supported without any switching period, or 
· E.g., whether it is only feasible to support such configuration in the UL Tx switching framework with UE capability based switching period
· Example band combinations are referred to in RP-223553 (RP-230719)
· Further check the status in RAN#100
This contribution provides analysis from both spec impact as well as implementation impact for the task, and proposal based the analysis is also provided.
Discussion
The following band combinations for two SUL cells are considered in [2]. 
Table 1: NR Inter-band CA with two SUL cells
	NR CA
configuration
	Uplink CA
configuration or SUL configuration
	Power Class

	CA_n41A-n95A_ n79A-n98A
	SUL_n41A-n95A
SUL_n79A-n98A
CA_n41A-n79A
	PC3

	CA_n41A-n98A_ n79A-n95A
	SUL_n41A-n98A    
SUL_n79A-n95A
CA_n41A-n79A
	PC3

	CA_n41A-n83A_ n79A-n98A
	SUL_n41A-n83A    
SUL_n79A-n98A
CA_n41A-n79A
	PC3

	CA_n41A-n83A_ n79A-n95A
	SUL_n41A-n83A    
SUL_n79A-n95A
CA_n41A-n79A
	PC3

	CA_n78C_n81A-n84A
	SUL_n78A-n81A   
SUL_n78A-n84A
CA_n78C
	PC3

	CA_n78C_n80A-n84A
	SUL_n78A-n80A   
SUL_n78A-n84A
CA_n78C
	PC3

	CA_n78C_n84A-n89A
	SUL_n78A-n84A   
SUL_n78A-n89A
CA_n78C
	PC3


From the table, it is seen that in general the CA mechanism is utilized for the band combinations with two SUL cells. In other words, the combinations included in the WI have no difference from other combinations in a different basket or spectrum related WIs proposed by RAN4. Specifically, for the column of UL CA or SUL configurations, it just lists the configurations which should specify the RF requirements, as band combination specific requirements are always studied and specified configuration by configuration as usual, nothing new. And in last RAN4 meeting, the draft big CR for the combinations captured in the WID was endorsed, which only define the band combination specific requirements, e.g. delta Tib, Rib, supported BCS, etc. In this sense, we don’t think the WI NR CA band combinations with two SUL cells in Rel-18 has direct relationship to the ongoing WI multi-carrier enhancements discussed in RAN1.                                                                                                                                                                                                                                                                                                                                                                                                                                                       
Observation 1: The NR CA band combinations with two SUL cells in Rel-18 is a RAN4 spectrum related WI, which follows the usual study methodology for band combinations to specify the band combination specific requirements. 
Though the WI itself has no direct relationship with the RAN1 discussion, to fulfil the RAN task, we would like to take a band combination in the WI, i.e. CA_n41A-n95A_ n79A-n98A, as an example to analyse the spec impact and implementation impact when Tx switching feature is considered for the band combination. 
Firstly, 2UL is assumed for Tx switching from Rel-16, which is also the assumption for Rel-18 3/4 bands Tx switching feature. It is well known that switching period is based on UE reported capability. With the endorsed CR in RAN4, the common understanding is that the values adopted in Rel-16/17 are also applicable for the cases supported in Rel-18, i.e. 35us, 140us and 210us. 
Cases for back-to-back transmissions between two SUL carriers and back-to-back transmissions between SUL carrier and non-corresponding NUL carrier for the example band combination can be considered as:
Case 1: 
UE supports one of the SUL band in band combinations of SUL_n41A-n95A or SUL_n79A-n98A at a time, e.g. n95 in cell 1 of SUL_n41A-n95A then switches to the other SUL band, e.g. n98 in cell 2 of SUL_n79A-n98A, or vice versa. 
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(a)                                            (b)
Figure 1: Tx switching between two SUL cells (SULband1->SULband2)
It is known that the switching time between SUL and NUL in the same cell is 0us in Rel-15, which means that the Tx chains and PLLs are available in advance for the SUL and NUL band in the band pair. While for two SUL cells, the switching time depends on UE implementation. 
One alternative implementation is shown in Figure 1 (a). For this kind of UE implementation, when SUL in cell1 switches to SUL in cell2, though the Tx chain could be kept unchanged, but the PLL needs to be retuned, thus switching period is needed. 
Another alternative implementation is shown in Figure 1 (b). Normally multiple Tx chains including PA as well corresponding filter are supported by the RFIC and frontend modules, which provides the possibility that Tx chain and PLL are ready for the switching in advance if the preparation could be done in the case with the knowledge of timely scheduling info. For this case, the switching period for SUL bands in two cells could still be 0us. 
On the other hand, nowadays, 3Tx for two bands is also studied for UE with a new Rel-18 WI, which further provide the possibility that 0us switching between SUL bands for two cells with acceptable increasing implementation complexity. 
Observation 2: Switching period between two SUL bands in two cells could be both 0us, or based on reported UE capability, which depends on choice of UE implementation even without increasing the hardware complexity. 
Case 2: 
UE supports one of the SUL band in band combinations of SUL_n41A-n95A or SUL_n79A-n98A at a time, e.g. n95 in cell 1 of SUL_n41A-n95A, then switches to the NUL band, e.g. n79, in cell 2 of SUL_n79A-n98A. 
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(a)                                            (b)
Figure 2: Tx switching between two SUL cells (SULband1->NULband2)
Similarly, for switching between SUL band and NUL band in different cells, it is also possible to support Tx switching framework with UE capability-based switching period or without switching period, which is the choice of UE implementation even based on the same UE architecture. 
Observation 3: Switching period between SUL band and NUL band in two cells could be both 0us, or based on reported UE capability, which depends on choice of UE implementation even without increasing the hardware complexity. 
In addition, from UE implementation perspective, especially from the RF point of view, there is no difference for the Tx chain or PLL to support a SUL band or a NR band. What matters is whether the applicable requirements are available for a specific band combination or a band configuration. 
Regarding the specification impact, actually the draft big CR for Tx switching time mask for 3/4 bands was endorsed in last RAN4 meeting [3], though there are some remaining issues, but the main framework is quite stable, and the time mask requirement is also applicable to case 1 and case 2 as above. 
Observation 4: The time mask requirements in the endorsed CR can already cover the cases mentioned in the RAN task, and no additional specification impact is foreseen to support a UE configured with two serving cells, each with SUL. 
With above analysis and observations, we think a reasonable conclusion from RAN4 perspective could be made and focus on how to support the clear operator demand and better utilize the precious spectrum. The proposed conclusion from RAN4 for the task is as follows:
For a UE configured with two serving cells, each with SUL, RAN4 studied the following cases discussed in RAN #99 plenary meeting:
· E.g., whether back-to-back transmissions between two SUL carriers and back-to-back transmissions between SUL carrier and non-corresponding NUL carrier could be supported without any switching period, or 
· E.g., whether it is only feasible to support such configuration in the UL Tx switching framework with UE capability based switching period
From implementation perspective, it is concluded that with capability based switching period or without switching period are both feasible, which depends on switching cases and the choice of UE implementation. 
From specification perspective, with the Tx switching mechanism specified in RAN4, i.e. UE capability based switching period, there is no additional RAN4 specification impact. 
We thereby propose to approve a WF to record the RAN4 conclusion for the RAN task and report to RAN in #100 meeting with such a conclusion.
Proposal 1: It is proposed to conclude in RAN4 that from both implementation and spec impact perspective, with completion of CRs for two SUL cells band combinations and Tx switching for 3/4 bands, there is no additional work needed to support a UE configured with two serving cells, each with SUL.
Conclusion
This contribution provides consideration on the issue for UE configured with two serving cells and with SUL in each cell. Based on the analysis, we have the following observations and proposal:
Observation 1: The NR CA band combinations with two SUL cells in Rel-18 is a RAN4 spectrum related WI, which follows the usual study methodology for band combinations to specify the band combination specific requirements. 
Observation 2: Switching period between two SUL bands in two cells could be both 0us or based on reported UE capability, which depends on choice of UE implementation even without increasing the hardware complexity. 
Observation 3: Switching period between SUL band and NUL band in two cells could be both 0us or based on reported UE capability, which depends on choice of UE implementation even without increasing the hardware complexity. 
Observation 4: The time mask requirements in the endorsed CR can already cover the cases mentioned in the RAN task, and no additional specification impact is foreseen to support a UE configured with two serving cells, each with SUL. 
Proposal 1: It is proposed to conclude in RAN4 that from both implementation and spec impact perspective, with completion of CRs for two SUL cells band combinations and Tx switching for 3/4 bands, there is no additional work needed to support a UE configured with two serving cells, each with SUL.
For a UE configured with two serving cells, each with SUL, RAN4 studied the following cases discussed in RAN #99 plenary meeting:
· E.g., whether back-to-back transmissions between two SUL carriers and back-to-back transmissions between SUL carrier and non-corresponding NUL carrier could be supported without any switching period, or 
· E.g., whether it is only feasible to support such configuration in the UL Tx switching framework with UE capability based switching period
From implementation perspective, it is concluded that with capability based switching period or without switching period are both feasible, which depends on switching cases and the choice of UE implementation. 
[bookmark: _GoBack]From specification perspective, with the Tx switching mechanism specified in RAN4, i.e. UE capability based switching period, there is no additional RAN4 specification impact. 
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