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Introduction
In RAN4 April 86bis meeting, considering some possible implementations only with two PLLs, a way forward for ~0us and ~130us switching time between the NR UL and NR SUL transmissions was agreed in [1]. In this Tdoc, we further discuss the switching time issue with the consideration of UL-MIMO. 
Discussion
To our understanding, the switching time agreement [1] do not take MIMO into consideration. For ~0us switching time, the basic assumption is that UE can get PDCCH and prepares in advance. Note that, the baseline of LTE behaviour is no UL-MIMO. We are unsure if UL-MIMO should be considered in SUL scenario. One possible scenario is that UE turns to SUL when it faces UL coverage issue (i.e., cell-edge). For such case, UL-MIMO performance gain may be limited.
Observation 1: ~0us switching time is based on the assumption of no UL-MIMO transmission. 
Proposal 1: RAN4 decide if UL-MIMO is considered in SUL scenario.
Proposal 2: Support of UL-MIMO for SUL is added in feature list if RAN4 decide to have this scenario.

Assuming that support of UL-MIMO is considered in SUL, we suggest to revisit switching time requirement. In [1], a possible implementation (Implementation 1) consisting of three transmitters with two PLLs was proposed as shown in Figure 1:
Implementation 1
3.5GHz/Bn78 NR UL
1.8GHz/B3 LTE UL
0.8GHz/Bn82 NR SUL

Figure 1: architecture for 3-band SUL
It shows that, to support 3 bands cases, the NR UL and NR SUL share the same PLL. To change carrier frequencies from NR UL band to NR SUL band or from NR SUL band to NR UL band, ~130us switch time is needed for PLL relocking. For the same architecture, a possible implementation (implementation 2) for SUL with 2x2 MIMO or 2 Tx precoding applications is shown in Figure 2.
[image: ]              [image: ]        

Figure 2: possible architecture for SUL with UL-MIMO

For implementation 2 in Figure 2, it shows that the two RF paths share the same PLL for 2x2 MIMO or 2 Tx precoding. When the UE is scheduled to change from NR UL in slot n to NR SUL in slot n+1, switching time for PLL relocking is needed. We think the issue is similar to 3-band SUL case, so we suggest to have ~130us switch time between NR UL and NR SUL. That is, 2 or 4 OFDM symbols are needed for SCS = 15kHz and SCS = 30kHz, respectively.
Proposal 3: ~130us switching time for SUL with UL-MIMO case is needed.

3 Conclusion
This contribution further discusses switching time between NR UL and NR SUL for MIMO and Tx precoding applications. Two proposals are given as below:
Observation 1: ~0us switching time is based on the assumption of no UL-MIMO transmission. 
Proposal 1: RAN4 decide if UL-MIMO is considered in SUL scenario.
Proposal 2: Support of UL-MIMO for SUL is added in feature list if RAN4 decide to have this scenario.
Proposal 3: ~130us switching time for SUL with UL-MIMO case is needed.
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