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Introduction
The discussion on UE timing requirement by far has focused on the situation where no beam switching occurs. In RAN4 #88 meeting, UL timing adjustment with beam switch has been firstly discussed [1]. In this contribution, we provide our view on this topic and propose the requirement for timing adjustment when beam switch occurs.
Discussion
The DL reference timing at UE is derived based on the DL SSB of the reference cell. When the UE transmit timing error between UE and the reference timing exceeds ±Te then the UE is required to adjust its timing to within ±Te. Once a beam switch occurs, the UE first needs to adjust the DL reference timing according to the new beam pair and then update the corresponding UL timing. Thus the DL reference timing and UL timing are derived by UE based on a certain pair of Tx-Rx beams. Specifically, after gNB selects the Tx beam based on some criteria and UE selects the corresponding Rx beam, the DL timing and UL timing are derived based on this stable Tx-Rx beam pair. When either Tx beam or Rx beam changes due to beam switching, UE needs to adjust its DL reference timing as well the corresponding UL transmit timing.  
Proposal 1: 
· DL reference timing and UL transmit timing are derived by UE based on a certain Tx-Rx beam pair. 
· When either Tx beam or Rx beam changes due to beam switching, UE needs to adjust its DL reference timing as well the corresponding UL transmit timing.  



[bookmark: _Ref528697765]Figure 1. UE timing adjustment with Rx beam changing.

One relevant Rx beam change scenario is that the propagation delay of new Rx beam and old Rx beam changes dramatically. One example is single TRP scenario where the LOS signal reception at the UE is blocked and only the reflected NLOS signal is present at the UE or NLOS signal reception at the UE is blocked and only the reflected LOS signal is at the UE, which is shown in Figure 1 (a). Another example is multiple TRP scenario shown in Figure 1 (b), where UE switches Rx beam from one TRP to another. Assume that  the DL reference timing difference between the two Rx beams at UE is ∆T = TRxBeam1 - TRxBeam2, where TRxBeam1 and TRxBeam2 denote the first path arrival time for old Rx beam and new Rx beam. UE should adjust its DL timing as well as the UL transmit timing by ΔT with respect to the reception time of the new Rx beam. As a result, the timing difference at gNB due to the Rx beam changes is 2×ΔT due to UL and DL symmetry.




[bookmark: _Ref528703457]Figure 2. Transmission interruption due to UE timing adjustment with beam switching

From UE perspective, it is crucial to know the amount of the timing jump (ΔT) since the timing difference of two Rx beams may have an impact on the overall system performance. Denote dBeam1 and dBeam2 to be the propagation distance between UE and gNB for Rx beam1 and Rx beam2. We consider the typical deployment of cell radius 100m~300m, and select the worst case scenarios to evaluate ΔT: 
· dBeam1 =100m, dBeam2 = 300m,  then ΔT = 0.67 µs
· dBeam1=200m, dBeam2= 400m, then ΔT = 0.67 µs
· dBeam2 =300m, dBeam2 = 600m, then ΔT = 1 µs
[bookmark: _GoBack]If the timing jump at UE is less than one CP length, UE can autonomously adjust timing without causing performance degradation.  However, if ΔT > CP length (i.e., CP = 0.57 µs for SCS=120 kHz), it will cause interruption to data transmission at UE side. More precisely, if the propagation distance difference between two Rx beams is more than 171m (for 120 kHz SCS), the transmission will be interrupted for both DL and UL at UE. Figure 2 shows the scenario when beam switches from Rx beam 1 to Rx beam 2 at slot 2 and new beam has shorter propagation delay. Since new DL timing is earlier than old DL timing on the slot 2, UE has to truncate UL signal (up to one symbol) and will receive truncated DL signal. Thus, when Rx beam switch occurs at SCS=120 kHz, the timing difference between old Rx beam and new Rx beam can cause an interruption of up to 1 symbol to both DL and UL transmission. It is also shown in Figure 2 that the timing jump at gNB side could be even larger (2×ΔT could be multiple CPs), but it may be acceptable for network depending on the gNB implementation.  
As a summary, it is proposed:
Proposal 2: When UE adjusts timing with beam switching and the DL timing difference between old beam and new beam is more than one CP length (i.e., it is more than 0.57µs for 120 kHz SCS), an interruption of at least 1 symbol is allowed for both DL and UL transmission.

Conclusion
In this contribution, we provide analysis on UE timing adjustment with beam switching. The proposals are listed as follows,
Proposal 1: 
· DL reference timing and UL transmit timing are derived by UE based on a certain Tx-Rx beam pair. 
· When either Tx beam or Rx beam changes due to beam switching, UE needs to adjust its DL reference timing as well the corresponding UL transmit timing.  


Proposal 2: When UE adjusts timing with beam switching and the DL timing difference between old beam and new beam is more than one CP length (i.e., it is more than 0.57µs for 120 kHz SCS), an interruption of at least 1 symbol is allowed for both DL and UL transmission.
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