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Introduction
During a number of meetings RAN4 has been discussing the issue of UE autonomous beam change and the need for a larger one-shot adjustment of the UE UL transmit timing adjustment. In this paper we analyse the problem and give our view for Rel-15.
Discussion
In RAN4#92bis the WF [1] was agreed listing a number of topics to analyze:
1. The impacts of uplink reception at gNB side due to one-shot adjustment
2. The accuracy of one-shot timing adjustment (Te1)
3. The threshold H for applying one-shot adjustment
4. Interruption requirement due to one-shot adjustment
5. Maximum value limitation for one-shot timing adjustment
Current applicable UE transmit timing accuracy and UE autonomous gradual timing adjustment are listed in 38.133 section 7.1.2.1. Currently the UE UL transmit timing accuracy requirements states:
When the transmission timing error between the UE and the reference timing exceeds ±Te then the UE is required to adjust its timing to within ±Te. The reference timing shall be (NTA + NTA_offset)*Tc before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules: 
1) The maximum amount of the magnitude of the timing change in one adjustment shall be Tq. 
2) The minimum aggregate adjustment rate shall be Tp per second. 
3) The maximum aggregate adjustment rate shall be Tq per 200 ms. 
where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table 7.1.2.1-1
Rel-15 NR defines that the UE autonomous change must be gradual, and the changes must follow the rules and must be small enough such that it does not cause estimation problems of the TA on the gNB side. Already available gNB’s in the field assume that the UE is following the specified time adjustment requirements and adapts e.g. the implemented TA tracking algorithms accordingly.
Rel-15 gNB’s are already available in the field.
In RAN4 it was identified, that in some conditions the UE may switch beam (autonomously) which may lead to a larger change in the DL affecting the UL transmit timing error - larger than Te. The UE should then adjust the UL transmit timing to be within the Te again. However, the current (above) Te adjustment rules only allow the UE to change UL timing in certain maximum step per time.
It was understood in RAN4 that a UE autonomous beam change may lead to a change in DL reference time and thereby UL transmit timing change that would not be possible to adjust with Te within a reasonable time if following the current adjustment rules. Therefore, RAN4 started to discuss the possibility to allow UE to make a larger one-time adjustment of the UL transmit timing and introduce related UE requirements. A draft set of requirements are now in section 7.1.2.2 (with the actual requirement TBD).

In the discussions in RAN4, the understanding so far has been, that such UE autonomous one-time UL transmit timing adjustment would be allowed only when the current gradual UL timing adjustment would not be applicable (e.g. the Te error gets too large to allow UE adjustment of the UL transmit timing to within Te within a reasonable time frame).
One-shot timing adjustment is only allowed when gradual timing adjustment cannot be applied.
This approach would also work fine assuming it will not lead to gNB impact. I.e. if the one-shot adjustment done on the UE side is agnostic to the gNB. 
Any one-shot UL transmit timing adjustment due to UE autonomous beam change shall be agnostic to the gNB.
Stating these two basic principle proposals we look into the 5 listed topics.

Impact of uplink reception due to one-shot adjustment
The one-time adjustment will be agnostic to the gNB only if the Te after applying the one-time adjustment is within existing Te limits.
Hence, to ensure that the one-shot UL timing adjustment is agnostic for the gNB, the timing requirements would need to be the same as already defined for UE gradual UL timing adjustment as defined in section 7.1.2.1.
A one-shot adjustment is agnostic to gNB when the Te after adjustment is within the gradual UL timing adjustment limits Te.
If the UL transmit timing error is not within Te, there is a risk that the UL transmissions from the UE will start to cause interference in the UL. Looking at what may happen to PUSCH reception in case of improper reception due to inaccurate UL transmit timing we have:
· Inter-symbol interference
· Decoding performance degradation
· Problems with TO estimation which in worst case may lead to unrecoverable reception
Due to the severe and significant impact on the UL reception on gNB in case of inaccurate UL transmit timing adjustment (gradual or one-shot), we propose to introduce one-shot timing adjustment in Rel-15 only if the UL transmit timing error is within ±Te after the one-shot adjustment.
No additional relaxation in UL transmit error is allowed due to one-shot adjustment.
If applying one-shot timing adjustment, the transmission timing error shall stay within ±Te after the adjustment
Another aspect is the DL time tracking on the UE side. It is assumed that the UE will continuously track the DL timing of the serving cell and beam. The UE may autonomously change it Rx beam, but the gNB Tx beam will not change due to UE autonomous Rx beam change.
For DL time tracking the UE has multiple reference signals available – SSB, CSI-RS and TRS. TRS is assumed as always being present for the UE which is also the assumption for SSB and CSI-RS. I.e. RAN4 will need to assume realistic scenario and assumptions when discussing the DL time tracking. RAN4 should also differ between no DRX case (where the DL reference signals are assumed measured by the UE in a continuous manner) and DRX (where UE is not required to continuously measure the DL reference signals).
The current issue of one-time adjustment is in our view only present during non-DRX case when UE is expected to measure DL reference signals and track DL timing closely. We expect that as the gNB Tx is not changed but only the UE Rx, the DL reference timing is in fact accurate even if the UE Rx beam changes. Hence, the UE is expected to track the gNB DL signal accurately independently from used Rx beam used. 
Our understanding is that the UE shall be able to adjust its timing based on either the received time DL timing difference between the two Rx beams or based on the DL timing of the new UE Rx beam. Hence, the UE shall be able to account the DL Rx timing of the new Rx beam with same accuracy as former Rx beam (gNB Tx beam has not changed).

UL/DL reciprocity assumption
One additional thing to consider in the discussion is the how well it can be assumed (and when it can be assumed) that there is good reciprocity between DL and UL? In case there is not a good reciprocity between the DL and the UL it may be very difficult for the UE to accurately estimate the correct UL transmit timing after a beam change. Additionally, an accurate estimate of the DL timing difference between the two involved beams is equally important to get accurate estimate how much to adjust the UL transmit timing.
The basic principle should be, that the UE – prior to autonomous beam change – estimate the DL timing accurately enough on the current beam and the target beam to estimate whether the change will lead to a change in UL transmit timing beyond ±Te. If this is not the case the UE need not change the UL transmit timing. If the change is larger than Te the UE need to estimate whether to apply existing gradual adjustment or one-shot adjustment. In both cases the end result shall be that the UL transmit timing error is within Te after the autonomous switch. Otherwise such autonomous beam switch is not agnostic to the gNB which could have significant impact on UL reception on gNB side.

Interruptions due to one-shot adjustment
In RAN4#92bis the aspect of interruptions due one-shot timing adjustment was discussed. As the UE Rx beam change is UE implementation and not controlled by the network it seems difficult to define any requirements related to this. This would need more discussion in RAN4. 
No interruptions are allowed for UE autonomous Rx beam Change.

Summary
Following is a short summary of our view concerning the open items listed in [1]:
1. The impacts of uplink reception at gNB side due to one-shot adjustment
· the impact can be severe and lead to a loss in the connection at worst. It should also be noted that there are already gNB’s in the field which will be impacted by devices not following the current UE UL transmit timing accuracy and autonomous adjustment rules.
2. The accuracy of one-shot timing adjustment (Te1)
· The accuracy of the UE UL transmit timing accuracy after applying a one-shot adjustment shall be the same as current accuracy requirement.
3. The threshold H for applying one-shot adjustment
· One shot timing adjust is only allowed when the current gradual UL timing adjustment would not be applicable (Hence, the Te error gets too large to allow UE adjustment of the UL transmit timing to within Te within a reasonable time frame).
4. Interruption requirement due to one-shot adjustment
· No interruptions are allowed for UE autonomous Rx beam Change
Conclusion
In this paper we have discussed the open issues of UE autonomous Rx beam change and the potential need for a larger one-shot adjustment of the UL transmit timing error. We presented our views with the conclusion that if one-shot adjustment of the UL transmit timing error due to UE autonomous beam change, the resulting Te after the adjustment must stay within the current UL transmit timing error.
1. [bookmark: _Hlk21033594]One-shot timing adjustment is only allowed when gradual timing adjustment cannot be applied.
Any one-shot UL transmit timing adjustment due to UE autonomous beam change shall be agnostic to the gNB.
No additional relaxation in UL transmit error is allowed due to one-shot adjustment.
If applying one-shot timing adjustment, the transmission timing error shall stay within ±Te after the adjustment
No interruptions are allowed for UE autonomous Rx beam Change.

The UL transmit timing error shall be within Te after the autonomous Rx beam switch. Otherwise such autonomous beam switch is not agnostic to the gNB and this will have significant impact on UL reception on gNB side on gNBs already deployed.
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