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1. Introduction

The switching period between two uplink carriers was discussed in RAN4#93 meeting, and a way forward was approved in [1].
In this contribution, we further discuss the scenarios and potential RF requirements for switching.

2. Discussion
2.1  Length of the UL switching period

	Agreements in last meeting:

· Length of UL switching period for defining UE RF requirements: 

· Non-zero value 

· Option A: {35us, 140 us, 250us} or {1, 4, and 7} OFDM symbols for 30kHz SCS 

· Option B: {35us, 140 us} or {1, 4} OFDM symbols for 30kHz SCS 

· Option C: only 35us 

· FFS whether to define 0us switching period 


For the length of switching period, RAN4 agreed that no more than three Tx switching periods, as UE capability, will be specified. 
For non-zero values, 35us and 140us are confirmed by most companies from UE implementation perspective. 250us takes 7 symbols (half slot) for 30KHz. Since the switching between two uplink carrier can happen frequently, from performance gain perspective, we propose to not consider 250us as a candidate value for switching.

Regarding the value 0, companies have concern since the UE implementation of 2Tx chain cannot achieve 0us. It was agreed in RAN4 that if UE does not report the capability, it means UE does not support the feature of switching between case 1 and case 2. Currently, there is no capability for 0us switching. 0us switching is not exactly the same capability as UL CA + UL MIMO. UL CA+MIMO also requires additional baseband processing besides the additional RF chains. If UE has more than 2Tx chains, but due to some limitation on baseband processing capability or UE power consideration, it does not support the simultaneous 3 UL transmission, the switching mechanism can be adopted in this case. Hence, we think it is not appropriate to preclude any UE implementation. Otherwise, for UE that is capable of 0us switching period, network cannot schedule the switching properly. 
Proposal 1: Define 0us, 35us, 140us as the length of the UL switching period.
2.2 DL reception interruption
	Agreements in last meeting:

· Option A: Define different capabilities for UEs with and without DL reception interruption 

· If UE does not report this capability, it means there is no DL reception interruption. 

· Option B: DL reception interruption is not allowed. 

· Option C: 

· No DL reception interruption for the following duplex mode combinations: (carrier 1 + carrier 2) 

· SUL+TDD
· FDD+TDD 

· TDD+TDD with the same UL-DL pattern 

· Other duplex mode combinations: allowed for one or two DL carriers based on UE capability reporting 


Switching between uplink carriers can happen very frequently, if DL reception interruption is allowed, the DL throughput will be decreased. One solution could be to define the capabilities for UEs with and without DL reception interruption (Option A). Then it depends on the network whether to enable the switching depending on the DL performance. However, this solution increases the signaling overhead and network complexity. 
Another solution is to not allow any DL reception interruption. If UE requires interruption for certain band combination (Option B), UE cannot report the support of Tx switching. This solution is less flexibility. If the band combination from one operator requires DL reception interruption, then it is no chance for the use of the switching, even in the scenario that DL load is not very high. 
From our understanding, option C is a compromise solution. Three different scenarios are considered for switching between case 1 and case 2, including inter-band EN-DC without SUL, inter-band UL CA and standalone SUL. Among the scenarios, SUL+TDD, TDD+TDD with the same UL-DL pattern should not require any DL interruption since no DL transmission will happen during the switching. Regarding FDD+TDD, according to last meeting discussion, whether interruption is needed is band combination dependent. So for FDD+TDD or other duplex mode combinations, different capabilities can be defined for UEs with and without DL reception interruption. 
Hence, we propose a new option as following:
· No DL reception interruption for the following duplex mode combinations: (carrier 1 + carrier 2) 

· SUL+TDD 
· TDD+TDD with the same UL-DL pattern 

· Other band combinations: Define different capabilities for UEs with and without DL reception interruption. If UE does not report this capability, it means there is no DL reception interruption. 

Proposal 2: it is proposed that: 
· No DL reception interruption for the following duplex mode combinations: (carrier 1 + carrier 2) 

· SUL+TDD 
· TDD+TDD with the same UL-DL pattern 

· Other band combinations: Define different capabilities for UEs with and without DL reception interruption. If UE does not report this capability, it means there is no DL reception interruption. 

3. Conclusion
In this contribution, we discuss the remaining open issues for switching period between case1 and case2, the proposals are provided as follows:
Proposal 1: Define 0us, 35us, 140us as the length of the UL switching period.
Proposal 2: it is proposed that: 

· No DL reception interruption for the following duplex mode combinations: (carrier 1 + carrier 2) 

· SUL+TDD 
· TDD+TDD with the same UL-DL pattern 

· Other band combinations: Define different capabilities for UEs with and without DL reception interruption. If UE does not report this capability, it means there is no DL reception interruption. 
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