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1. Introduction

This contribution provides some view on switching period length required based on the discussion from RAN4 #92 meeting, 
In RAN #85 meeting, a modified WID includes on UE requirements to allow switching between two uplink carriers was endorsed in [2] after extensive discussion, and the following objective for FR1:
· 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.

2. Discussion
2.1  Length of switching period
In RAN4 #92 meeting, the following agreements were reached regarding the length of the switching period:
· 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

Analyze for the case of UE capable of two simultaneous transmissions, the switch timing requirement. The length of the switching time is based on the follows:
Assumptions:

1. Two transmit chains capable of operating simultaneously, for this analysis, we do not assume additional chains that are in standby mode.
2. RF retuning after the start of the switching

Considerations for switching time

1. Load time for frontend components 
2. PLL relocking time

3. Loading of the RF parameters (configuration dependent)

4. RFIC programming and internal calibration

5. ET parameter loading time (if ET mode is applied)

The following are different switching cases:

1. Case 1 to Case 2 (F1, F2 to F2)
a. Inter-band ENDC (LTE on F1, NR on F2) ( UL MIMO (2TX on F2)

i. FDD+TDD ( TDD NR (ex. DC_28A_n78A ( n78)

ii. TDD+TDD( TDD NR (ex. DC_41A_n78A( n78)

b. Inter-band UL CA ( UL MIMO (2TX on F2)

i. FDD+TDD to TDD (ex. CA_n28-n78 ( n78)

ii. TDD+TDD to TDD (ex. CA_n78-n79 ( n78)
c. NR+SUL (SUL on F1, NR on F2) ( UL MIMO (2TX on F2)
i. SUL_n78-n80 ( n78
2. Case 2 to Case 1 (F2 to F1, F2)
a. UL MIMO (2TX on F2) ( Inter-band ENDC (LTE on F1, NR on F2)
b. UL MIMO (2TX on F2) ( Inter-band UL CA
i. TDD to TDD + TDD (n78 ( CA_n78-n79)

c. UL MIMO (2TX on F2) ( NR+SUL (SUL on F1, NR on F2)
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For case where the switching target is single TX only, the switching time is about 126µs

For case where the switching target is NR CA, for example CA_n78-n79, total of 8 RX configurations and 2 TX configurations may need to be loaded. The time for this switching is about 136µs. The configuration time maybe shortened with more optimized implementation. The PLL lock and internal cal time maybe shorted if additional circuits are used internal to RFIC.
In above cases, RFFE as well as ET configuration is done in parallel during the RF retuning, no additional time is needed.

Observation 1: Max switching time including configuration time is less than 140µs, this maybe speed up further if more optimization and additional standby chains are added with some shared components like baseband filters.
Proposal 1: UE capabilities for the length of switching period [X] µs, with values 0 µs, 35µs, 140µs, 900µs, set the default [X] to 140µs.
The question whether transient period of 10 µs in LTE or 20 µs in NR is included, we believe it should be excluded if there is no system impact. 

Proposal 2: the switching period is exclusive of the transient period which is 10µs for NR and 20µs for LTE. 
2.3  DL interruption due to UL switching

In our view, DL interruption can be avoid in implementation, however, if for certain band combinations that can’t be avoided, DL interruption maybe allowed during switching time but should be shorter than the UL switching period.
Proposal 3: Clarify on how to handle DL interruption during UL switching.
3. Conclusion

The following are the summary the findings:
Observation 1: Max switching time including configuration time is less than 140µs, this maybe speed up further if more optimization and additional standby chains are added with some shared components like baseband filters.

Proposal 1: UE capabilities for the length of switching period [X] µs, with values 0 µs, 35µs, 140µs, 900µs, set the default [X] to 140µs.
Proposal 2: the switching period is exclusive of the transient period which is 10µs for NR and 20µs for LTE. 

Proposal 3: Clarify on how to handle DL interruption during UL switching.
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