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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 [1-4]. RAN4 has not yet agreed the requirements but it was decided to introduce these requirements in Rel-15.
In this paper we further 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 the 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 TX or RX beam switch might also make smaller autonomous adjustment in the UE transmit timing when the UE timing error exceeds Te. 
TCI states:
The existing UE transmit timing requirements are derived based on SSB of the reference cell. It is therefore assumed that the UE will use only SSB for timing adjustment. The UE autonomously switches its RX beam. However, the TX beam switching is associated with the change in the TCI state. The UE can be configured with up to 128 TCI states via RRC as shown below. Each TCI state is associated with CSI-RS and SSB (addressed by SSB index). However, one TCI state per physical channel (PDCCH or PDSCH) is active and is activated via DCI or MAC command as explained below. 
The TCI states of the PDCCH and PDSCH can be the same or they can be different. The TCI state for PDCCH is only set via MAC CE command according to section 10.1, TS 38.213. But the TCI state for PDSCH is set via DCI according to section 5.1.5, TS 38.214. However, for PDSCH there is alos down selection via MAC command. If only TCI state of the PDCCH (i.e. if PDSCH TCI state is not signaled via DCI) then the UE assumes the same TCI state for both PDCCH and PDSCH. In this case the same SSB index and CSI-RS resource are used for PDCCH and PDSCH reception. But if the TCI states of PDCCH and PDSCH are different then the UE will switch its RX beam for receiving PDCCH and PDSCH. The SSB index associated with the TCI state in turn corresponds to the SSB based TX beam used by the UE for deriving its uplink timing.

TCI-State information element (TS 38.331)
TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                        OPTIONAL,   -- Need R
    ...
}
QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                                   OPTIONAL,   -- Need R
    bwp-Id                              BWP-Id                                                          OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}

2.1 UE timing adjustment after RX/TX beam switch
A relevant beam change scenario comprises a LOS signal reception at the UE being 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 received at the UE. 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 beam, 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 time 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 [4] 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”. The concern is 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 there is no reason for the UE to initiate any random access procedure. 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. 

2.2 Interruption due to RX/TX beam switch

It was proposed in [3] that, “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”.

We agree with this proposal to allow an interruption of 1 symbol in UL and DL immediately after the beam switch. 
· [bookmark: _Hlk521686910]Proposal # 1: 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 # 2: 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 # 3: The UE timing adjustment requirement upon detecting RX and/or TX beam switch are applicable provided that the following side conditions are met for the beams: SSB Es/Iot ≥ -3 dB.
· Proposal # 4: If the downlink timing difference 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.
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 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 # 2: 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 # 3: The UE timing adjustment requirement upon detecting RX and/or TX beam switch are applicable provided that the following side conditions are met for the beams: SSB Es/Iot ≥ -3 dB.
· Proposal # 4: If the downlink timing difference 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 # 5: The impact on UE timing adjustment due to both SSB based and CSI-RS based beam switching needs further analysis. 
A CR to introduce requirements based on the above proposals is provided in [5].
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