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1. Introduction

The switching time between two uplink carriers was discussed in RAN4#92 meeting. And in RAN#85 meeting, new objective of switching time are added to the existing WID on RF requirements for NR FR1 [1]. The objectives are as below:

	· 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.


In this contribution, we discuss the scenarios and potential RF requirements in order to allow the switching.

2. Discussion
2.1 Scenarios

According to the WID, the objective is to 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 


In order to have better understanding on the scenarios in WID, we list the details of the switching cases. 

· For switching between case 1 and case 2 in inter-band EN-DC without SUL case:

Case 1: 1Tx on LTE carrier 1 and 1Tx on NR carrier 2

Case 2: 0Tx on LTE carrier 1 and 2Tx on NR carrier 2

· For switching between case 1 and case 2 in inter-band UL CA case including both FDD+TDD and TDD+TDD CA:

Case 1: 1Tx on NR carrier 1 and 1Tx on NR carrier 2

Case 2: 0Tx on NR carrier 1 and 2Tx on NR carrier 2
For inter-band UL CA, both FDD+TDD and TDD+TDD should be considered. For TDD+TDD, if the uplink slots between two carriers are not overlapped, switching between two TDD UL carriers can be achieved. 

Proposal 1: for inter-band UL CA scenario, both FDD+TDD and TDD+TDD CA should be considered.
· For switching between case1 and case2 in standalone SUL case:

Case 1: 1Tx on SUL carrier 1 and 0Tx on NUL carrier 2

Case 2: 0Tx on SUL carrier 1 and 2Tx on NUL carrier 2

SUL allows 1Tx transmission at one time, so the case 1 will become 1Tx on SUL carrier and 0Tx on NUL carrier since no NUL uplink is scheduled at that time. And in SUL case, only SUL+TDD band combinations are considered according to TS38.101-1. 
Proposal 2: for standalone SUL scenario, only TDD+SUL band combinations are considered, and the switching between case 1 and case 2 as below for two uplink carriers for UE supporting maximum two concurrent transmission.
	Case 1 
	1 Tx on carrier 1 and 0 Tx on carrier 2

	Case 2 
	0 Tx on carrier 1 and 2 Tx on carrier 2 


2.2 RF requirements

According to the WID, at least RF requirements of time mask need to be specified in RAN4, including the length of the switching period and the location of the switching period. 
The length of switching period
Regarding the length of switching period, several options were discussed in last RAN4 meeting.
· Option 1: 35 us (China Telecom, CMCC, Huawei)
· Option 2: 140us (China Telecom, Spreadtrum, Mediatek)

· Option 3: 0us (Qualcomm, Spreadtrum, CMCC)
· Option 4: 900 us (Qualcomm)
· Option 5: other values are not precluded.

The values are derived based on different UE implementations. However, from system performance perspective, 900us switching time will lead to the loss of almost one subframe for each switching occasion. Taken the below figure as an example, 36% loss compared to the 0us switching time.
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Proposal 3: 900us should not be considered for switching due to the performance loss.
The location of switching period
Regarding the location of switching period, several options were discussed in last RAN4 meeting.
· 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 EN-DC, existing time mask of switching between LTE and NR places switching period in NR carrier. In order to avoid any change on LTE side, we propose the switching period location for EN-DC is on NR carrier.

For UL CA and SUL, there are some options to fix the location of switching period on one carrier, e.g. the switching period in 1Tx carrier for UL CA and the switching period in SUL carrier for SUL. The fixed switching period will restrict the network flexibility. So we prefer to allow the semi-static configuration of switching period in 1Tx carrier or 2Tx carrier.
Proposal 4: Regarding the location of the switching period, it is proposed that:
· For EN-DC

· Option 1: in NR carrier

· For both UL CA and SUL

· Option 1: semi-statically configured in 1Tx carrier or 2Tx carrier
3. Conclusion
In this contribution, we discuss the scenarios and potential RF requirements in order to allow the switching. The proposals are provided as below:

Proposal 1: for inter-band UL CA scenario, both FDD+TDD and TDD+TDD CA should be considered.

Proposal 2: for standalone SUL scenario, only TDD+SUL band combinations are considered, and the switching between case 1 and case 2 as below for two uplink carriers for UE supporting maximum two concurrent transmission.
	Case 1 
	1 Tx on carrier 1 and 0 Tx on carrier 2

	Case 2 
	0 Tx on carrier 1 and 2 Tx on carrier 2 


Proposal 3: 900us should not be considered for switching due to the performance loss.

Proposal 4: Regarding the location of the switching period, it is proposed that:

· For EN-DC

· Option 1: in NR carrier

· For both UL CA and SUL

· Option 1: semi-statically configured in 1Tx carrier or 2Tx carrier
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