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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the previous RAN4 meetings several proposals have analysed and discussed the need for requirements related to the UE transmit timing adjustment under the beam switch. RAN4 has not yet agreed the requirements. However, the discussions have further converged and a WF was agreed to analyse several aspects related to the UE timing adjustment requirements [1]. According to the WF [1]: 
· 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 paper we analyse different aspects identified in the above WF for further investigation and express our view on specifying the corresponding requirements. 
2. Analysis of UE Timing Requirements Under Beam Switch

2.1 Threshold for one shot timing adjustment

In the WF two options have been identified which differ in that as to when the UE should start one shot adjustment after the RX beam switch or the change in the active TCI state. In both options the UE is required to perform autonomous adjustment when the magnitude of the time difference between the old beam and the new beam exceeds Te. 

We prefer option # 1, in which case when the magnitude of the time difference between the old beam and the new beam exceeds Te, the UE shall adjust its timing in one shot. This is to ensure that the UE applies timing adjustment without any delay. Otherwise with option # 2, the UE signals during gradual adjustment phase may not arrive at the base station well within the CP length. This will severely degrade signal reception quality at the base station. 
· Proposal # 1: The UE shall adjust its uplink timing 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 the UE initial timing error (Te) defined in section 7.1.1 of TS 38.133.

2.2 Interruption due to RX/TX beam switch

It was proposed in [3] that, if 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”. The timing change of 0.57µs corresponds to a distance of 171 m. This level of change is not very likely but it is still probable. If the timing change is 0.57µs is large than the signal quality of the associated symbol will be degraded. We agree with the proposal to allow an interruption of 1 symbol in UL and DL immediately after the beam switch. 
· Proposal # 2: If the change in the downlink timing between old beam and new beam at the UE is more than one CP length then an interruption of 1 symbol is allowed for both DL and UL transmission immediately after the beam switch.

2.3 Direction of timing adjustment

It is also for further investigation whether the one shot timing adjustment is applied in the same or opposite direction compared to the direction of the DL timing change.

As described in [2], the UE measures the received downlink timing difference (T) between the old and the new beams. For the next transmission targeting the new beam, the UE should adjust its uplink transmit timing by 2xΔT with respect to the DL reception time of the new beam to account for the change in the uplink path assuming UL and DL symmetry. 

The UE should adjust its uplink timing in opposite direction to compensate the delay in the reception time of the received signal at the UE. In other word the UE should advance its uplink timing by two times the change in the downlink timing wrt the reception of the new beam. This is because the reception time at the base station should be the same regardless of the change in the DL timing at the UE. The BS has to receive the uplink signals from all UEs i.e. UEs which have performed beam switch and also UEs whose uplink timing has not changed. This timing change is not due to mobility rather due to beam switch.
· Proposal # 3: Upon detecting RX beam switch and/or change in active TCI state switch, the UE shall adjust its uplink transmit timing wrt the new beam reception timing with two times the difference between the reception timings of the old beam and the new beam.
2.4 Applicable signal quality 
It is also for further study whether the requirements are applicable for certain side conditions e.g. in terms of SSB Es/Iot. 
It has been previously pointed out in [4] that at low SINR the UE may not be able to accurately track the downlink timing and therefore any timing estimation at the UE would be unreliable. 
However, if the UE can receive the new beam regardless of the time difference between the two beams (old and the new beams) then the UE should be able to adjust its timing accurately. The low SINR condition is not likely to occur since the timing procedure is applied only in the serving cell. The RLM and mobility procedure should ensure that the serving cell quality is at reasonsable level e.g. SINR ≥ -3 dB. Nevertheless, the requirements can be defined for signal quality in terms SSB Es/Iot ≥ -3 dB. This is the same side condition used for link recovery procedures (beam management) in the serving cell. More specically, L1-RSRP reporting requirement for beam management are defined down to SSB Es/Iot ≥ -3 dB for SSB based or CSI-RS Es/Iot ≥ -3 dB for CSI-RS based. 
· Proposal # 4: The UE timing adjustment requirement upon detecting RX and/or change in active TCI state are applicable provided that the following side conditions are met for the beams: SSB Es/Iot ≥ -3 dB or CSI-RS Es/Iot ≥ -3 dB. 
3. Summary
In this paper we have futher analysed the impact of UE receive beam switch and/or change in the active TCI state on the initial transmit timing requirements. The following are the main proposals:
· Proposal # 1: The UE shall adjust its uplink timing 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 the UE initial timing error (Te) defined in section 7.1.1 of TS 38.133.
· Proposal # 2: If the change in the downlink timing between old beam and new beam at the UE is more than one CP length then an interruption of 1 symbol is allowed for both DL and UL transmission immediately after the beam switch.
· Proposal # 3: Upon detecting RX beam switch and/or change in active TCI state switch, the UE shall adjust its uplink transmit timing wrt the new beam reception timing with two times the difference between the reception timings of the old beam and the new beam.
· Proposal # 4: The UE timing adjustment requirement upon detecting RX and/or change in active TCI state are applicable provided that the following side conditions are met for the beams: SSB Es/Iot ≥ -3 dB or CSI-RS Es/Iot ≥ -3 dB. 
A CR to introduce requirements based on the above proposals is provided in [5].
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