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1. Introduction

In RAN4, the impacts of Tx-Rx beam transition on UE timing were discussed. In this contribution, we provide our analysis on impacts of Tx-Rx beam transition.
2. Discussion
In NR, UE will perform L1-RSRP measurements on the RS resources configured for beam management and report the L1-RSRP results to BS for Tx beam selection. If the Tx beam at BS side is reselected, then the corresponding best Rx beam at UE side may be changed. When the beam pair is switched, the downlink reception timing at UE side might be drifted due to propagation environment change.
At UE side, the downlink reception timing drift can be tracking based on the configured RS resources (SSB or TRS). Even no beam pair switching, UE shall be capable of tracking the downlink reception timing drift and autonomous adjust uplink transmit timing according to the downlink reception timing.

As defined in section 7.1.2 of TS38.133, the autonomous uplink time adjustment step shall not be larger than Tq. 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 beam pair 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. There are two alternatives:

Alternative 1: UE need to adjust uplink transmit timing with multiple steps under the autonomous time adjustment restrictions.

Alternative 2: UE is allow to adjust uplink transmit timing with one step.
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.
Observation 1: The beam pair switching may cause a time drift of uplink receptions at BS side.
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Figure 1: Diagram of BS/UE Timing Change when Tx/Rx Beam switching in option 1
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Figure 2: Diagram of BS/UE Timing Change when Tx/Rx Beam switching in option 2
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 Alternative 1 will be longer than the duration with Alternative 2. 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 beam pair is switched.

3. Summary
Based on the agreed simulation assumptions, this contribution provides the simulation results of PDCCH performance with different configurations, and the followings are provided.
Observation 1: The beam pair switching may cause a time drift of uplink receptions at BS side.
Proposal 1: The UE autonomous time adjustment restrictions does not apply when beam pair is switched.
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