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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 further analyse the impact on the gNB and give our view for Rel-15 and later.
In Reno meeting (RAN4#93) a WF [2] was agreed and additionally, it was agreed:
Agreement
Further discuss one shot timing adjustment in RAN4 #94. If requirements are not finalized in RAN4 #94 then remove one shot timing adjustment requirements from Rel-15
It is important to highlight that there are already deployments in the field assuming Rel-15 behavior. 
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
And in RAN4#93 another WF was agreed in [2]. The progress in RAN4#93 and the discussions did as such not progress very much and no conclusions were reached concerning the open aspects listed in WF [1]. These remained open and un-answered. 
This paper discusses those open aspects and the feasibility of introducing one shot UL transmit timing adjustments. The very basic problem described initially was based on the scenario where the UE autonomously would change its Rx beam due to certain UE specific conditions.
Under the assumption that the network settings were kept unchanged and network understanding of the network configured UE settings (both related to DL configurations and UL configurations) were unchanged, it has been discussed that the UE autonomously could change the DL settings (panel and/or spatial filter) leading to a significant change in the DL path. This change in DL path could potentially lead to a larger change in the DL timing which then again would mean that the UL transmit timing would need to be adjusted.
The needed update in the UL transmit timing would be larger than what could be handled by the one step gradual adjustment according to the existing requirements, which could lead to a slow adaptation in the UL transmit timing. For these cases it was discussed to allow UE to perform a larger one step adjustment under the conditions that it would be agnostic to the gNB. 
Keeping it agnostic to the gNB is important due to the fact that there are already deployed gNB in the field which would be impacted by such changes. Secondly, if these updates are UE implementation without any UE requirements and not agnostic to the gNB, it may impact the gNB performance negatively. And this is likely to impact the overall system performance.

Background
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 UEs in the field are following the existing specified time adjustment requirements and adapts TA tracking accordingly.
[bookmark: _Hlk32597525]Rel-15 gNB’s are already available in the field.
Existing Rel-15 gNB’s assume that UEs follow the existing specified time adjustment requirements.
The UE adjusts the UL Tx TA based on the DL draft. Goal is to keep UE drift/movement visible on network side without doubling the impact. Network will still see the drift/movement and will based on need update the TA accordingly. 
In this way the UL transmitted signal by UE is always within the gNB reception window (within which all UL transmissions from all UE’s in same cell/beam would need to be received).
If DL path changes significantly and takes a big ‘jump’ leading to larger drift, this would resemble e.g. UE using outdated TA. Such big stepwise change will currently be visible on gNB side as UE gradual TA update only works in a gradual manner with maximum step size and maximum accumulated step size within a maximum time period (Tq and Tp). 
Hence, having big single step change in the UL transmit timing may lead to that the UE Tx falls outside the gNB Rx window. This could be resolved by allowing the UE to perform an update of the UL transmit timing with a larger step size than currently allowed – or alternatively allow UE to make graduate updates more frequently than currently allowed.

UE Transmit timing update
If UE makes a large autonomous TA adjustment due to change of UE Rx beam, this needs to be agnostic to the gNB (at least in Rel-15). Hence, after the UE one-step adjustment the UE UL Transmit timing accuracy, should ensure that the transmitted UL signal by the UE should still be within the gNB reception window. This means that UE UL transmit adjustment should be 2 times the change in the DL timing and still be within ±Te.
Additionally, it shall also allow gNB to keep tracking of the UL timing to enable continued tracking of any change to the applied TA in the UE.
We have 2 requirements for introducing larger step in UL transmit timing adjustment:
1) TA adjustments step size: 2*(DL1-DL2). (in agreement with WF, both the DeltaT and adjustment step)
2) Accuracy after the adjustment shall stay within ±Te
Once the larger one-step adjustment has been applied, the UE is allowed further gradual transmit timing adjustment according to 7.1.2.1 immediately after the one-shot adjustment. The accuracy (±Te) would depend on whether the adjustment is done for the first transmission in a DRX cycle or not (aligned with the current transmit timing accuracy)

In last meeting RAN4 discussed further regarding concerning the Te accuracy (Te1) after applying a one-shot timing adjustment. In the WF two options were listed:
· Option 1: The baseline is the same as initial timing transmission timing error Te.
· Option 2: No accuracy requirements for one shot timing adjustment.
Obviously, from a system point of view, option 2 is not acceptable. Concerning option 1 additional margin for Te1 was left TBD and listed two potential sources that could impact the timing error:
· DL reference timing estimation error: As this discussion is about UE autonomous Rx change the DL Tx is unchanged. The UE will have followed the DL timing as closely as needed to comply to the existing transmit timing accuracy requirements. Hence, the UE will have accurate DL timing of the DL paths before the switch and the DL path after the switch. Both DL paths are sourced by the same gNB DL Tx but only received via different DL paths (which is the source of the DeltaT). In one way this resembles ‘normal’ DL TCI state change except that the new DL is only changed on UE side but clearly QCL Type-D.
· Timing drift due to DL reference timing estimation may be conducted long time ago during Rx beam sweeping: As just discussed – the source of the DL path has not changed, and UE shall track the DL timing of the source accurately enough to fulfill UL transmit timing accuracy. It is very unclear what ‘long time ago’ means. However, we assume we can split between first Tx in a DRX cycle and other (like what is already done currently for UL transmit timing accuracy). The timing accuracy on DL2 (new DL path) is the same as for the DL1 (current DL path) as the transmission source and the RS used for the UE time tracking is unchanged. The main difference is in the DL time difference. Secondly, the UE would need to have recent DL measurement of the DL2 as otherwise the UE would not have information enough to decide the switch of the DL path.

Conditions for applying update
The current UE requirement requires that the UE shall adjust the UL transmit timing to be within the Te when the transmission timing error between the UE and the reference timing exceeds ±Te. Such adjustment (when required) shall be done according to the rules in 38.133 section 7.1.2.1 (listed in section 2). 
This leads to that the UE transmit timing error can be adjusted with maximum of Tq = 2.5*64*Tc per 200ms, in steps of maximum Tq in FR2 (where Tc is the basic timing unit defined in TS 38.211).
The one-shot transmit timing adjustment shall only be used if the current gradual UL transmit timing adjustment is not able to adjust the UL transmit timing within a reasonable time. I.e. there are two aspects to consider:
· What is considered as a reasonable time?
· When is the current gradual timing adjustment failing?
Looking at the current requirements in 38.133 they state (in summarized format):
· The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ](NTA for PRACH is defined as 0)
· [image: ] (in Tc units) for other channels is the difference between UE transmission timing and the downlink timing immediately after when the last timing advance in clause 7.3 was applied
When the transmission timing error between the UE and the reference timing exceeds Te following steps apply for the UE:
· Adjust the UL timing to within Te.
· The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
· The maximum aggregate adjustment rate shall be Tq per 200 ms
This basically means two things:
1) UE can apply gradual UL transmit timing adjustment with maximum Tq, which means gradual adjustment of the UL transmit timing can be done for one-step changes up to Te+Tq.
2) As the maximum adjustment can at most be done once per 200ms the maximum Te+Tq, this maximum change can be done with current accuracy.
Only if the timing adjustment step need become larger than Te+Tq is the UE allowed adjust in a step larger than Tq provided that UE UL transmit timing error stay within Te.
[bookmark: _Hlk32597556]One-shot timing adjustment is only allowed when gradual timing adjustment cannot be applied.
Only in the situation where current gradual UL transmit timing adjustment cannot be applied is the UE allowed to perform an adjustment in one larger step. I.e. when the timing to be adjusted exceed threshold H.
H = Te+Tq.
The timing error, Te, on UE side after performing the one-shot UL timing adjustment needs to be within the Te of the reference timing. This approach would ensure that the one-shot timing adjustment is agnostic to the gNB and that the gNB timing advance tracking algorithms works even if UE autonomously changes its Rx settings. I.e. 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.
If the accuracy of the one-shot adjustment of the UL transmit timing is not within Te of the reference timing after the adjustment, this may lead to that the gNB would send a TA command to the UE to update the current TA such that the UE UL transmissions stays within the UL gNB reception window. Meanwhile, the UE may continue to adjust the UL transmit timing as the accuracy settles. This sort of behavior could lead to long settling times of the TA and UL transmit accuracy which is not beneficial.
Stating these three basic principle proposals we look into the 5 listed topics earlier listed by RAN4 as open aspects to address.

Impact of uplink reception due to one-shot adjustment
The one-time adjustment will be agnostic to the gNB only if the timing error, Te, after applying the one-time adjustment is within existing ±Te timing error limits of the reference timing before the one-shot adjustment.
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 timing error, Te, after one-shot adjustment is within the ±Te of the reference timing used before the one-shot adjustment.
If the UL transmit timing error is not within ±Te, of the reference timing used before the adjustment, there is a risk that the UL transmissions from the UE will start to cause interference in the UL Additionally, this can impact the gNB UL time tracking of the UE and reception of the UL transmissions. 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 at gNB side in case of inaccurate UL transmit timing adjustment (gradual or one-shot), we only see introduction of the one-shot timing adjustment feasible in Rel-15 if the UL transmit timing error is within ±Te of the reference timing after the one-shot adjustment.
No additional relaxation in UL transmit error relaxation is introduced when applying one-shot adjustment.
When applying one-shot timing adjustment, the transmission timing error shall stay within ±Te of the reference timing 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 (as also discussed in in section 2.2). 
RAN4 could 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. 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 (originating from same source) or based on the DL timing of the new UE Rx beam. Hence, the UE is 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. 
UE autonomous UL transmit timing can only be applied assuming UL/DL reciprocity.
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 compared to the reference timing. 
If this is not the case the UE need not change the UL transmit timing: 
· If the change is larger than ±Te but less than or equal to H, the UE shall apply existing gradual UL transmit timing adjustment. 
· If the change is larger than H the UE applies one-shot UL transmit timing adjustment.
In both cases the resulting UL transmit timing accuracy shall be within ±Te of the reference timing after the autonomous switch. 
Otherwise the UE autonomous Rx beam switch is not agnostic to the gNB which could have significant impact on UL reception on gNB side.
However, if there is no UL reciprocity the UL timing may not fully follow a change in the DL. Hence, even if the DL changes this may not mean that the UL is changed, and autonomous update of the UL transmit timing may in fact have opposite effect than what was intended.

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.

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.
Initially we observe:
1. Rel-15 gNB’s are already available in the field.
Existing Rel-15 gNB’s assume that UEs follow the existing specified time adjustment requirements.
A one-shot adjustment is agnostic to gNB when the timing error, Te, after one-shot adjustment is within the ±Te of the reference timing used before the one-shot adjustment.
UE autonomous UL transmit timing can only be applied assuming UL/DL reciprocity.
And we propose following:
1. [bookmark: _Hlk21033594]One-shot timing adjustment is only allowed when gradual timing adjustment cannot be applied.
H = Te+Tq.
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 relaxation is introduced when applying one-shot adjustment.
When applying one-shot timing adjustment, the transmission timing error shall stay within ±Te of the reference timing 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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