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1. Introduction
UE requirements on Tx switching between two uplink carriers has been extensively discussed in RAN4#92bis and RAN4#94 meeting[1-4]. According to the WF [4] agreed in RAN4#93, the following opens need to be further discussed in RAN4#94 meeting.
· Length of UL switching period for defining UE RF requirements
· Handling DL reception interruption
The contribution will discuss these open issues for switching between case 1 and case 2.
2. Discussion
2.1  Length of switching period
The following agreements were reached during RAN4#92bis 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


At first, it should be noted that, the outgoing LS to RAN2 agreed to only keep 3 value for the 
For the non-zero value of switching period, 3 options as shown above were discussed during RAN4#93. 
35us would be the best solution from system performance gain perspective. However 35us is seen a little bit challenging for some UE vendors and seem hard to only keep this value. Regarding large values, e.g. 250us, it is rather long period since about 8 symbols for 15 kHz SCS and more than 15 symbols for 30 kHz SCS will be impacted for a single 2-way switching. Tx switching gain mainly comes from the UL MIMO transmission in higher TDD bands. Usually operator will not allocate too many uplink time slot in their network due to the traffic asymmetric nature between uplink and downlink. If the switching period is placed on carrier 2 (TDD carrier), the system performance will be more sensitive to the length of the switching period. As shown in [5], for FDD/TDD CA/SUL case, 250 us switching period will make the switching gain very marginal or negative when the switching period is located on the higher TDD bands. The gain by using 250us switching period is not guaranteed as long as we cannot avoid locating the switching period on higher TDD bands. If we want to make this feature useful, vendors should try to minimize the switching delay. So our preference is to use Option B as a compromise. 
Proposal 1: It is proposed to adopt Option B: {35us, 140us} for non-zero value.
Regarding 0us switching period, it is not possible with current implementation with 2 Tx RF chains. However the standard should not preclude a UE vendor to implement 3 Tx RF chains but only activate 2 at a time. On the other hand, this value is meaningful from future proof point of view. Since UE is not mandated to realize 0us and it is a UE capability issue, we don’t see an issue to keep this value.
Proposal 2: 0 us switching period can be kept.
2.2  Handling DL reception interruption
Potentially there are 3 options to address the DL reception interruption due to the RF Chain switching.
· 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 synchronous UL-DL configurations the same UL-DL pattern
· Other duplex mode combinations: allowed for one or two DL carriers based on UE capability reporting

It should be noted that in RAN4 specification DL interruption is usually specified in the unit of slot irrespective how long the Tx switching period is. 2 or 4 slots/10ms will be impacted depending on the TDD frame configuration on carrier 2. This kind of performance loss will further reduce the Tx switching performance gain. From system performance point of view the interruption should be avoided as much as possible. However, whether DL interruption can be avoided or not is closely related to the Band combination and implementation. Simple way is only specify this feature for those combinations that can avoid interruption issue and do not consider those problem combinations from performance point of view. 
Proposal 3: Only specify this feature for those combinations that can avoid DL interruption issue.
3. Conclusion
The contribution discussed the open issues on Tx switching between case 1 and case 2. We have the following proposals for consideration.
Proposal 1: It is proposed to adopt Option B: {35us, 140us} for non-zero value.
Proposal 2: 0 us switching period can be kept.
Proposal 3: Only specify this feature for those combinations that can avoid DL interruption issue.
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