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1. Introduction
UE requirements on Tx switching between two uplink carriers has been discussed depending on the operator request [1]. The follow-up discussion in RAN#85 reached consensus [2] on including such feature in Rel-16 scope. Finally the following scope was updated to the on-going WI “RF requirements for NR frequency range 1” [3].
· Specify UE requirements to allow 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 

· UE RF requirements, e.g., time mask RF requirements and other necessary RF requirements if any
· The options agreed at RAN4 #92 in R4-1910531 can be considered as starting point
· Study if there are any impact to interruption and delay requirements, and specify the RRM requirements if needed
· RAN1 will further study by Dec 2019 if there are any RAN1 potential impacts based on RAN4 LS if any
· No new TDM pattern will be defined, i.e. scheduling-based switching is assumed. 
· Finalization of RAN4 requirements and approval of RAN4 CRs shall be based on RAN1 LS  
· Strive to minimize RAN1 impact. 
· Strive to achieve no impact to RAN1 E-UTRAN spec 
· Strive to avoid defining location of switching period impacting RAN1 spec 
· Define per band per band combination or per band combination UE capability signaling if needed
Note 1: Only addressing the case of co-located and synchronized network deployment for the two UL carriers
Note 2: Only addressing the case of single TAG for the two UL carriers for SUL and for UL CA
Note 3: The above objectives will not relax the existing requirements specified in Rel-15 38.101-3 for band combinations allowing single uplink transmission
Note 4: The UE is configured with two different uplink carrier frequencies.


The contribution will discuss the UE RF requirements to allow switching between case 1 and case 2.
2. Discussion
Actually this issue has been extensively discussed in RAN4#92 based on operator input [1] and some consensus has been reached during the Ad Hoc meeting in RAN4#92 [4]. The following sections will address the open issue by taking the consensus in [4] as a starting point.
2.1  Length of switching period
The following agreements were reached in [4]:
· Based on the input in this meeting, consider different UE capabilities for the length of switching period, including 0us, 35us, 140 us, 900 us.
· Other options are not precluded
· Technical analysis on the numbers are encouraged
· For UEs supporting switching period larger than [X] us, it can be assumed that this UE does not support the Tx switching between two uplink carriers.
· Intend to limit the number of options if possible


As has been extensively discussion in previous meeting in the context of SRS carrier switching feature, the length of switching period needed for UE to switching from one carrier to another is implementation dependent. We think the same conclusion is applicable for switching between case 1 and case 2 from implementation point of view.  
However it was agreed in [4] to try down scoping the switching options for switching period between case 1 and case 2 from the performance point of view, e.g. a threshold is proposed to be defied to exclude UEs with very long switching period from such feature. It is observed that 900us is a rather long period since more than twelve symbols for 15 kHz SCS and more than 25 symbols for 30 kHz SCS will be impact for one-way switching. From our point of view the performance gain will be impacted to a large extent if we allow such switching period. We propose to exclude such switching options and define the threshold as 140us. For UEs with longer switching period than 140us, it can be assumed that it does not support the feature of switching between case 1 and case 2.
Proposal 1: For UEs supporting switching period larger than 140 us (X=140us), it can be assumed that this UE does not support the feature of switching between case 1 and case 2.
2.2  Location of switching period
The following agreements were reached in [4]:
· For the location of the switching period, the following options are for further considerations and down-selection:
· For EN-DC
· Option 1: in NR carrier
· Option 2: UE follows BS schedule
· Options for both UL CA and SUL
· Option 1: semi-statically configured in 1Tx carrier or 2Tx carrier
· Option 2: UE follows BS schedule
· Option 3: on UL carrier without PUCCH with A/N
· Options for UL CA only, but not for SUL
· Option 1: the switching period is placed in 1Tx carrier
· Options for SUL only, but not for UL CA
· Option 1: the switching period is placed in SUL carrier


For the case of EN-DC with SUL in the current spec, time masks have been defined for non-simultaneous transmission between E-UTRA and NR in TDM based NR UL sharing from UE perspective in the same channel. The additional switching time was put on NR slot for both switching direction. We think similar approach can be considered for the switching time between case 1 and case 2. The benefit of such approach is that it can avoid the impact to E-UTRA mode at the maximum. 
During the scope discussion in RAN#85, it was agreed not to relax the existing time mask requirements specified in 38.101-3 for band combinations allowing single uplink transmission. To avoid confusions and potential risk of relax current requirements, we propose to specify time mask requirements separately for UEs supporting 2 uplink carriers switching of inter-band EN-DC without SUL.
Proposal 2: The switching period is located on NR carrier for EN-DC. 
Proposal 3: Separate set of time mask requirements should be defined for two uplink carriers switching of inter-band EN-DC without SUL.
For the case of inter-band UL CA and standalone SUL, we think either put the switching period on SUL carrier or put it on the normal NR carrier is fine since both carriers are NR modes.. In the agreement above, it is proposed to locate the switching period on 1Tx carrier for UL CA only case and to locate the switching period on SUL carrier for SUL only case. One fact to be noted is that the SUL carrier is usually a lower band carrier. From the current spec, all the available SUL bands are below 2.5 GHz and only single Tx is allowed. From this point of view, SUL carrier is usually 1Tx capable and the agreement for inter-band CA and standalone SUL cases are aligned. So, it is proposed to locate the Rx switching period on 1Tx carrier for inter-band CA and standalone SUL. The additional benefit of such approach is that the throughput performance will be better since there is no impact to 2Tx carrier.
Proposal 4: It is proposed to locate the switching period on 1Tx carrier for both inter-band CA and standalone SUL.
	

2.5  UE capability reporting
It is proposed to report the UE capability on per band combination basis. 
Proposal 5: Report the capability per pair of uplink bands in each band combination.
3. Conclusion
The contribution discussed the UE requirements on Tx switching between case 1 and case 2 for inter-band EN-DC, inter-band CA and standalone SUL. We have the following proposals for consideration.
Proposal 1: For UEs supporting switching period larger than 140 us (X=140us), it can be assumed that this UE does not support the feature of switching between case 1 and case 2.
Proposal 2: The switching period is located on NR carrier for EN-DC. 
Proposal 3: Separate set of time mask requirements should be defined for two uplink carriers switching of inter-band EN-DC without SUL.
Proposal 4: It is proposed to locate the switching period on 1Tx carrier for both inter-band CA and standalone SUL.
Proposal 5: Report the capability per pair of uplink bands in each band combination.
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