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Introduction
In uni-directional HST FR2 scenario there is an effect of large propagation delay jump during the switch between neighbouring RRHs. This effect causes issues both in DL and in UL. During the RAN4 #100-e the ways to deal with the DL issues were agreed but the uplink timing is still under discussion. The following was captured in the WF [1] during RAN4 #100-e:
	Uplink timing 
· RAN4 will further study the below options to address uplink timing issues 
· Option 1: One shot UE autonomous large uplink timing adjustment
· Option 2: Other implementation/deployment based solution 


In this contribution we provide our view on the solutions of uplink timing issue.
Discussion
[bookmark: _Hlk85758495]The uplink timing issue caused by large propagation delay jump during the switch between neighbouring RRHs is illustrated in Figure 1. On the top of the figure the TDD operation between the UE and gNB using RRH1 is shown. Here RRH1 is the one for which RACH procedure was done and corresponding TA command was sent to UE to reflect the propagation delay Tp1. 
After switching to RRH2 (shown in the middle of Figure 1) the propagation delay jumps significantly (Tp2 > Tp1). The round-trip delay is affected by that jump twice, so gNB expecting the UL signal to be received at the same timing as for RRH1 will actually receive it delayed by 2*(Tp2-Tp1)
[bookmark: _Hlk85756653]To resolve this issue UE need to adjust its transmit timing by Tadj = 2*(Tp2-Tp1) as it is shown in the bottom of Figure 1. Currently only gradual timing adjustment is allowed by spec where the step of adjustment is very small. To deal with large timing jumps we need to apply one-short large timing adjustment.
Proposal 1: One-shot large timing adjustment of 2*ΔT can be applied to resolve the issue of uplink timing. ΔT is the magnitude of DL timing jump.
	

Figure 1. FR2 HST TDD operation timing 



During previous meeting we brought up the following list of issues which should be discussed before enabling this feature:
· The threshold for applying one-shot adjustment
· The accuracy of one-shot timing adjustment 
· Interruption requirement due to one-shot adjustment
· Maximum value limitation for one-shot timing adjustment
These issues were raised during the discussion of one-shot timing adjustment feature back in Rel-15. At that time, they were kept open and the whole feature was dropped. To simplify the agreement convergence, we propose to focus on defining One shot timing adjustment requirements specifically for FR2 HST not distracting to other use cases.

The threshold for applying one-shot adjustment
For FR2 HST scenario there are certain moments when one-shot timing adjustment is required – RRH switching. From the UE point of view it is TCI state switching. However, triggering one-shot timing adjustment every TCI state switching is unnecessary because such adjustment is not needed for TCI state switching within one RRH. We propose to add a condition: one-shot timing adjustment of 2*(Tp2-Tp1) need to be done when UE performs its TCI state switching and the (Tp2-Tp1) is larger than the gradual timing adjustment step.
Proposal 2: The one-shot timing adjustment should be triggered at the TCI state switching if the DL timing jump is larger than the gradual timing adjustment step

The accuracy of one-shot timing adjustment 
The accuracy of one-shot timing adjustment mostly depends on the accuracy of DL timing estimation. The adjustment considers two estimations – for transmission from RRH1 (Tp1) and for transmission from RRH2 (Tp2). This gives us an error 2*DL_error in the timing jump estimation. The adjustment considers twice the magnitude of the timing jump, so the total accuracy of one-shot timing adjustment will be 4*DL_error. DL_error is downlink timing estimation error and quantization error due to the time chip granularity which can be derived from the sampling time interval on DL as 1/(2∆fmax*Nf), where ∆fmax is SCS size and Nf is FFT size 
Proposal 3: The accuracy of one-shot timing adjustment is 4*DL_error. 
DL_error is downlink timing estimation and quantization error due to the time chip granularity which can be derived from the sampling time interval on DL as 1 / (2∆fmax*Nf), where ∆fmax is SCS size and Nf is FFT size.

Interruption requirement due to one-shot adjustment
For FR2 HST scenario the interruptions due to one-shot timing adjustment are not expected.

Maximum value limitation for one-shot timing adjustment
As we can see from Figure 1, if Tadj will be too large, there will be no time left for UE RX-TX switching. However, this should be addressed by correct GP configuration which is Network responsibility.

The one-shot timing adjustment is non-trivial procedure for NR. RAN4 need to define whether any signalling for this feature support is needed from UE or Network.
Proposal 4: RAN4 to agree on whether the network or UE signalling for one-shot timing adjustment support is needed.
Conclusion
In this paper we provide our views on timing related requirements for FR2-2. The following proposals were made:
Proposal 1: One-shot large timing adjustment of 2*ΔT can be applied to resolve the issue of uplink timing. ΔT is the magnitude of DL timing jump.
Proposal 2: The one-shot timing adjustment should be triggered at the TCI state switching if the DL timing jump is larger than the gradual timing adjustment step
Proposal 3: The accuracy of one-shot timing adjustment is 4*DL_error. 
DL_error is downlink timing estimation and quantization error due to the time chip granularity which can be derived from the sampling time interval on DL as 1 / (2∆fmax*Nf), where ∆fmax is SCS size and Nf is FFT size.
Proposal 4: RAN4 to agree on whether the network or UE signalling for one-shot timing adjustment support is needed.
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