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Introduction
In RAN4 #90 meeting, a WF on UE timing adjustment is approved [1] and the content of this WF is duplicated as below
	· Specify rules for UE transmit timing adjustment when UE switches its RX beam autonomously or in response to the active TCI state change in gNodeB.
· Discussion:
· Upon RX beam switch or active TCI state change the UE shall adjust its transmit timing as follows:
· Option 1: timing adjustment in one shot if the magnitude of the change in the downlink timing (T) at the UE between the old and new beam is greater than Te i.e. gradual timing adjustment shall NOT be applied.
· Option 2: gradual timing adjustment if T is less than or equal to threshold (H) but greater than Te; otherwise one shot timing adjustment (i.e. if  T> H).
· Requirement will be based on one of the above two options:
· RAN4 decision will be based on BS and UE impact, complexity and implementation.  
· Other solutions are not precluded.
· It is FFS whether the beam switch will cause any interruption. 
· FFS whether one shot timing adjustment is in the same or opposite direction of DL timing change.
· Conditions/scenarios:
· The above requirements are specified under the following assumptions:
· The UL channel on which transmit timing is being adjusted is QCL’d to the same RS on which the DL channel timing is being tracked and
· The old and target beam’s SSB Es/Iot is FFS.



In this contribution, we provide our view on this topic of UE 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.  
In [2], the following two scenarios are identified in which UE has to switch its Rx beam for data reception.
· Scenario 1: Network indicates a new TCI-state to UE for PDCCH/PDSCH decoding, in which UE can either switch to a new Rx beam or stay at the previous Rx beam for the new TCI-state depending the link quality.
· Scenario 2: UE may autonomously changes its Rx beam for better link quality, which could occur due to UE’s rotation or object blocking by the environment. In this case, timing that UE will switch its Rx beam is completely unknown to network.
If the reference timing difference between the two beams at UE is ∆T, this implies that the DL propagation delay becomes ∆T longer. UE should adjust its uplink transmit timing by ΔT with respect to the DL reception time of the new beam and the timing difference at gNB due to the Rx beam changes is 2×ΔT assuming UL and DL symmetry.
Assume that the DL delay path changes 100ms, which results in a change in timing is ΔT = 0.33us, which is roughly 28% and 56% of the CP length for UL SCS 60kHz and 120kHz [2]. Another factor to be taken into account is the delay spread, which will cause inter-symbol interference if it is larger the CP length. According the study for mm-wave cellular systems [3], the typical delay spread for 28GHz and 38 GHz frequencies is 0.3us.  Thus the total time from ΔT and delay spread will be around 0.63us which is larger than one CP for 120 kHz SCS. Under such case, UE timing adjustment will cause performance degradation if interruption is not allowed.  
Figure 2 shows the data path change 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.  




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

Observation 1: UE timing adjustment due to Rx beam switch shall cause performance degradation for 120 kHz SCS.
Although it good for network to allow UE to cause interruption in this case, it is difficult to provide the location of the interruption when TRS is used as reference signal for Rx beam switching. Thus, we suggest not defining requirement for interruption caused by UE timing adjustment due to beam switch. 
Observation 2: No requirement shall be defined for the interruption caused by UE timing adjustment due to beam switch.
It is observed that when ∆T>0 the propagation distance between gNB and UE becomes longer. Then UE should start UL transmission earlier by ∆T. Thus, it is proposed: 
Observation 3: UE should perform one shot timing adjustment in the opposite direction of DL timing change.
In WF [1], it also raises the question on the threshold for one short time adjustment. Specifically, UE will perform timing adjustment in one shot if the magnitude of the change in the downlink timing (T) larger than this threshold, otherwise gradual timing adjustment is applied. According to TS38.133, Tq is defined to be “the maximum amount of the magnitude of the timing change in one adjustment”. Thus, we can reuse Tq as the threshold for deciding if UE should performe one short timing adjustment. 
Proposal 1: When beam switches, UE can perform timing adjustment in one shot if the magnitude of the change in the downlink timing (T) at the UE between the old and new beam is greater than Tq; otherwise gradual timing adjustment requirement defined TS 38.133 should be applied.  

Conclusion
In this contribution, we provide analysis on UE timing adjustment with beam switching. The proposals are listed as follows,
Observation 1: UE timing adjustment due to Rx beam switch shall cause performance degradation for 120 kHz SCS.
Observation 2: No requirement shall be defined for the interruption caused by UE timing adjustment due to beam switch.
Observation 3: UE should perform one shot timing adjustment in the opposite direction of DL timing change.
Proposal 1: When beam switches, UE can perform timing adjustment in one shot if the magnitude of the change in the downlink timing (T) at the UE between the old and new beam is greater than Tq; otherwise gradual timing adjustment requirement defined TS 38.133 should be applied.  
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