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Introduction
In RAN4, the impacts of Tx-Rx beam transition on UE timing in FR2 were discussed for several meeting cycles. In this contribution, we provide further discussion on the impacts on UE timing requirements.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]According to the previous discussion in RAN4, it was observed that the downlink reception timing at UE side might be drifted due to propagation environment change when beam transition occurs on FR2 serving carrier. Some solutions were provided [1] to handle with the time drift issues, which can be summarized as follows:
Solution 1: For a gNodeB-triggered beam switch, the gNodeB to provide timing adjustment via a TA command. UE should not perform any autonomous adjustment.
Solution 2: For a UE-triggered beam switch, the UE should adjust its uplink timing up to a threshold upon beam switch. If the DL timing delay is more than the above threshold, UE can initiate a random access procedure to obtain accurate timing.
UE would perform L1-RSRP measurements on the RS resources configured for beam management and report the best N L1-RSRP results as well as the associated RS resource indexes to the gNodeB. The gNodeB may reselect a new Tx beam based on the reported L1-RSRP results. However, the gNodeB only could find the index of best Tx beam but couldn’t obtain the corresponding UE Rx beam timing information for this best Tx beam. So, the gNodeB couldn’t know the time drift at UE side before BS Tx beam is switched. Then, the gNodeB also couldn’t decide the proper TA command for the new Tx beam.
Observation 1: The gNodeB could not obtain the timing information of new Tx beam before UE switches to new Tx beam.
At UE side, the downlink reception timing drift can be tracking based on the SSB (or TRS) signals. UE shall be capable of tracking the downlink reception timing drift and autonomous adjust uplink transmit timing according to the downlink reception timing. The gNodeB shall also be able to tracking the uplink reception timing based on the uplink RS signals and send new TA command to UE when the time drift is observed.
Observation 2: The UE is capable of tracking the downlink fine timing changes of serving cell based on SSB signals and correspondingly adjusting uplink transmission timing.
As defined in TS38.133, the UE autonomous uplink time adjustment step shall not be larger than Tq. The UE autonomous timing adjustment requirements was discussed based on the continuous and slow time drifting due to UE moving and digital RF error, without considering the instantaneous timing drift due to propagation environment change. 
If the downlink reception timing drift due to beam pair switching is smaller than Tq, then UE shall be capable of changing the uplink transmit timing with one step, which will not cause significant degradation in uplink reception performance. When the downlink reception timing drift due to UE beam switching is larger than Tq, RAN4 need to study on whether UE is allow to adjust uplink transmit timing with one step in order to align with the downlink reception timing.
The uplink transmit timing equals to the downlink reception timing minus a timing advance command. However, the value of timing advance command is still based on the previous beam pair after beam pair switching. At BS side, the beam pair switching will lead to an uplink reception timing drift. When the uplink reception timing drift due to beam pair switching exceeds a tolerance value, the uplink transmission performance may be degraded a lot during this time period.
When UE switches beam pair #1 to beam pair #2, It is assumed that the propagation delay will change from Tprop1 to Tprop2 and the downlink reception timing drift at UE side is assumed as Tdiff (=Tprop2-Tprop1).
Option 1: UE adjust uplink transmit timing in one step, as shown in figure 1, the uplink reception timing drift at BS side will be 2Tdiff.
Option 2: UE does not adjust uplink transmit timing, as shown in figure 2, the uplink reception timing drift at BS side will be Tdiff.


Figure 1: Diagram of BS/UE Timing Change when Tx/Rx Beam switching in option 1


Figure 2: Diagram of BS/UE Timing Change when Tx/Rx Beam switching in option 2
[bookmark: _GoBack]No matter whether UE adjust uplink transmit timing or not, the uplink reception timing drift will be caused after beam pair switching. Since the TA adjustment at BS side lags behind UE transmit timing adjustment, the duration of uplink reception timing drift with multiple steps’ adjustment will be longer than the duration with one step adjustment. So, the maximum autonomous time adjustment requirements may not be quite suitable for beam switching. Hence, it is suggested that UE is allowed to adjust uplink transmit timing in one step for beam pair switching.
Proposal 1: The UE autonomous time adjustment restrictions does not apply when UE beam is switched.
Conclusions
This contribution provide analysis on impacts of Tx-Rx beam transition on UE timing requirements, and the followings are provided.
Observation 1: The gNodeB could not obtain the timing information of new Tx beam before UE switches to new Tx beam.
Observation 2: The UE is capable of tracking the downlink fine timing changes of serving cell based on SSB signals and correspondingly adjusting uplink transmission timing.
Proposal 1: The UE autonomous time adjustment restrictions does not apply when UE beam is switched.
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