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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the last RAN4 meeting (RAN4#88 meeting), there were proposals for specifying requirements related to the UE transmit timing adjustment under the beam switch [1]. 
In this paper we also analyse the impact of the requirements related to the UE transmit timing adjustment under the beam switch and express our view how to capture such requirements. 
2. Impact of Beam Switching on UE Timing
The UE initial transmit timing is derived by the UE based on the first detected path of the SSB of the reference cell e.g. PCell or PSCell. However when the UE initial transmission timing error exceeds Te then the UE is required to adjust its timing to within Te by using smaller steps as defined in section 7.1.2 of TS 38.133. In this situation the purpose of requiring the UE to make smaller transmit timing adjustment (aka autonomous adjustments) is to prevent any abrupt change in the UE timing which in turn may lead to reception problem at the base station. 
However currently the UE behaviour in terms of its transmit timing adjustment is unclear when the UE switches its receiver (RX) beam and/or when the reference cell switches its transmitter (TX) beam. Unless the UE behaviour is explicitly clarified there is risk that the UE under beam switch might also make smaller autonomous adjustment in its transmit timing when the UE timing error exceeds Te. 
The existing UE transmit timing requirements are dervived based on SSB of the reference cell. It is therefore assumed that the UE will use only SSB for timing adjustment. However the CSI-RS beam switch can also occur in the reference cell. The impact on UE timing adjustment due to both SSB based and CSI-RS based beam switching needs further analysis. The UE is configured with multiple beams as part of beam management. It is also not clear if the UE will detect the TX beam switch based on explicit indication from the network or based on UE autonomous decision e.g. UE detects that another beam becomes strongest beam. Similarly it needs clarification whether or not the RX beam switch is related to the UE receiver beam sweeps applied for measurements in FR2.  In order to make the requirements meaningful it is therefore important to define the terms RX and TX beam switch as part of the timing adjustment requirements.
However one relevant beam change scenario is when the LOS signal reception at the UE is blocked and only the reflected NLOS signal is present at the UE or the other way around i.e. NLOS signal reception at the UE is blocked and only the reflected LOS signal is at the UE. Furthermore compared to LTE, the CP length in mmWave (e.g. at SCS of 120kHz) is reduced by a factor of 8 resulting in much less margin. 
Figure 1 illustrates an example which shows that the UE receives old and the new beams at time instances TLOS and TNLOS respectively. Therefore the UE measures the received downlink difference (T) between the two beams. For the next transmission targeting the new the UE should adjust its uplink transmit timing as 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. 
[image: ]
Figure 1: UE transmit timing adjustment wrt the old beam reception time in response to the beam switch.
In summary upon the occurrence of the RX and/or TX beam switch the UE will adjust its uplink transmit timing wrt the new DL reception timing by applying two times the difference between the reception timings of the old beam and the new beam. The UE will transmit next time (after the beam switch) using the adjusted timing.The adjustment can become large e.g. larger than Te. However in this case due to the change in the beam the UE transmission after applying the adjustment (as stated above) is expected to be received at the base station within the CP. Therefore under the beam switch it seems more appropriate that the UE does not follow the small adjustment step approach. 
It was also proposed in [1] that:
· if the DL timing delay is more than the above threshold, UE is allowed to initiate a random access procedure to obtain accurate timing.

If the UE can receive the new beam regardless of the time difference between the two beams (old and the new beams) then there is no reason for the UE to initiate any random access procedure.  

The UE is expected to initiate the random access procedure in response to the beam failure detection. However this is part of the beam management (BM) procedure and is addressed by the corresponding BM requirements being specified in section 8.5 (Link Recovery Procedures) of TS 38.133.  
· [bookmark: _Hlk521686910]Proposal # 1: Upon detecting RX and/or TX beam 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 # 2: Upon detecting RX and/or TX beam switch, the UE shall not perform any gradual autonomous adjustment in its uplink transmit timing even if the magnitude of the difference between the reception timings of the old beam and the new beam exceed Te, where Te is specified in Table 7.1.2-1 of TS 38.133.
· Proposal # 3: Upon detecting RX and/or TX beam switch, the UE shall NOT initiate any random access procedure regardless of the difference between the reception timings of the old beam and the new beam.
· Proposal # 4: The criteria for defining beam switch needs further analysis. 
· Proposal # 5: The impact on UE timing adjustment due to both SSB based and CSI-RS based beam switching needs further analysis. 
3. Summary
In this paper we have futher analysed the impact of RX and/or TX beam switching on the initial transmit timing requirements. The following are the main proposals:
· Proposal # 1: Upon detecting RX and/or TX beam 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 # 2: Upon detecting RX and/or TX beam switch, the UE shall not perform any gradual autonomous adjustment in its uplink transmit timing even if the magnitude of the difference between the reception timings of the old beam and the new beam exceed Te, where Te is specified in Table 7.1.2-1 of TS 38.133.
· Proposal # 3: Upon detecting RX and/or TX beam switch, the UE shall NOT initiate any random access procedure regardless of the difference between the reception timings of the old beam and the new beam.
· Proposal # 4: The criteria for defining beam switch needs further analysis. 
· Proposal # 5: The impact on UE timing adjustment due to both SSB based and CSI-RS based beam switching needs further analysis. 
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