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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, the discussion on UL timing adjustment with beam switch has been put on the table [1]. In this contribution, we provide our view on this topic and propose the requirement for timing adjustment when beam switching occurs.
Discussion
In TS 38.133 section 7.1.1, the UE UL transmit timing is stated as follows:

“The UE shall have capability to follow the frame timing change of the connected gNB. The uplink frame transmission takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. The reference cell is PSCell in case of EN-DC. UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are defined in the following requirements…”
When UE operates with multiple beams, the DL reference timing and UL timing should be based on a certain pair of Tx-Rx beams. For example, after base-station selects the Tx beam based on some criteria, UE chooses the corresponding Rx beam. Then the DL timing and UL timing are derived based on this “best” Tx-Rx beam pair. When either Tx beam or Rx beam changes due to beam switching, UE need to adjust its DL reference timing as well the corresponding UL transmit timing.  
Proposal 1: 
· When UE operates with multiple beams, both DL reference timing and UL transmit timing are derived based on a certain pair of Tx-Rx beams. 
· When either Tx beam or Rx beam changes due to beam switching, UE need to adjust its DL reference timing as well the corresponding UL transmit timing.  

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. From UE perspective, the accurate DL timing can be derived by PSS/SSS detection procedure. However, such timing acquisition procedure requires SSB and takes one or more SMTCs to complete, which will decrease the UE transmission performance. Thus, it is desirable to have a threshold such that UE only perform the initial access timing acquisition procedure to obtain DL timing if the timing difference between old and new beams are above this threshold. The design of the threshold should make sure that base-station doesn’t lose timing and then allow autonomous adjustments to bring it within timing error tolerance.   

It is proposed that ± ½ CP length is the threshold for DL timing adjustment with beam switching. Specifically, when UE detects that DL timing has changed within ± ½ CP length, UE can adjust its uplink timing up to by the changed value on reference DL timing; when UE detects that DL reference timing has changed more than ± ½ CP length, UE is allowed to initiate a random access procedure to re-obtain the DL timing.   

[bookmark: _Ref522715717]Table 1: ½ CP length for different SCS
	SCS
	½ CP length in Ts

	15kHz
	80Ts

	30kHz
	44Ts

	60kHz 
	26Ts

	120kHz
	17Ts



Thus it is proposed:
Proposal 2: When beam switch occurs, UE needs to adjust the DL timing according the new beam pair. If the DL timing difference between old beam and new beam is
· less than threshold Δ, UE can directly adjust its DL and UL timing by Δ;
· greater or equal to threshold Δ, UE needs to initiate a random access procedure to obtain the DL timing first, and then adjust its UL timing based on the detected DL timing.
The threshold Δ is defined in Table 2.
[bookmark: _Ref525904579]Table 2: Threshold Δ in TS
	SCS
	Δ in Ts

	15kHz
	80Ts

	30kHz
	44Ts

	60kHz
	26Ts

	120kHz
	17Ts




Conclusion
In this contribution, UL timing adjustment with beam switching is discussed and the proposals are listed as follows,
Proposal 1: 
· When UE operates with multiple beams, both DL reference timing and UL transmit timing are derived based on a certain pair of Tx-Rx beams. 
· When either Tx beam or Rx beam changes due to beam switching, UE need to adjust its DL reference timing as well the corresponding UL transmit timing.  
Proposal 2: When beam switch occurs, UE needs to adjust the DL timing according the new beam pair. If the DL timing difference between old beam and new beam is
· less than threshold Δ, UE can directly adjust its DL and UL timing by Δ;
· greater or equal to threshold Δ, UE needs to initiate a random access procedure to obtain the DL timing first, and then adjust its UL timing based on the detected DL timing.
The threshold Δ is defined in Table 2.
Table 2: Threshold Δ in TS
	SCS
	Δ in Ts

	15kHz
	80Ts

	30kHz
	44Ts

	60kHz
	26Ts

	120kHz
	17Ts
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