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1. Introduction

In RAN4#100-e, the RRM progress was approved in WF [1]. This contribution continues to provide the analysis on timing requirements in FR2 HST. 
2. Discussion
In uni-directional operation in scenario A, RRH switching point is where the UE switches from the source RRH beam to the target RRH beam based on maximizing SNR among detected beams [2]. Figure 1 in [2] is duplicated as below. Large and sudden propagation delay difference happens at the switching point.
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Figure 1. Switching point in uni-directional operation

In bi-directional operation scenario B, there are three schemes shown in Figure 2 [2]. In scheme-2, when UE is close to RRH site and in the coverage hole, beam switch would happen. In the area UE would also experience large and sudden propagation delay difference. 
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Figure 2. bi-directional operation scenario B
The sudden and large propagation delay difference in uni-directional scenario A is more severe than in scenario B. As Ds=700m, the sudden propagation delay difference in worst case is about 2.33us which is far greater than CP length @120kHz. UE uplink timing is based on DL timing reference. If the uplink transmission takes place at 
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before the downlink timing, the arrived uplink in network would exceed CP.
To solve the propagation delay sudden change problem, one shot timing adjust scheme was proposed [1].
	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 the following, we provide our considerations on the feasibility of one shot UL timing adjustment.
The whole idea of one shot timing adjustment is when the magnitude of the (T exceeds H then the UE shall adjust its transmission timing in one adjustment only once. Otherwise when the magnitude of the (T ≤ H then the UE shall adjust its transmission timing according to gradual timing adjustment. The UE transmit timing immediately after applying the one shot timing adjustment shall be: [image: image6.png](Npg + Nrgoffer) + 2%(T, — T,)
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-
T1 is the reception time at the UE just before the one shot timing adjustment,

-
T2 is the reception time to be used at the UE just after the one shot timing adjustment.
In FR2 HST, (T is the propagation delay difference between RRH0 and RRH1 and H can be set as a value which is close to and less than (T. The timeline of one shot UL timing adjustment is given in Figure 3. At first RRH0 serves UE. When UE arrives switching point, the served RRH is switched from RRH0 to RRH1. Then the condition ((T exceeds H) would be satisfied. UE performs one shot UL timing adjustment, i.e., UE transmit timing is T2- TA- 2*(T. Herein UE UL timing is automatically compensated by 2*(T through one shot timing adjustment. The reception timing at network side is perfect and network doesn’t notice the large timing changes. After one shot UL timing adjustment, gradual timing adjustment is performed afterwards. The target of gradual timing adjustment is to gradually adjust UL timing to the “target UL reference timing” (marked with red point). In Figure 3, UE is not moving, then DL timing is not changed. The gradual timing adjustment 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 in TS 38.133.

Therefore with multiple times of gradual UL timing adjustment, the UL timing is approaching to “target reference timing”. From network side, the UL reception is gradually drifting. The gradual timing adjustment procedure is going on until network indicates a new TA.
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Figure 3. Time line for one shot timing (DL reference timing 1 is not changed)
It shall be noted that in Figure 3, UE is not moving, it means that DL reference timing 1 is not changed. In gradual timing adjustment, the maximum aggregate adjustment rate is assumed, that is, Tq per 200 ms. Tq is 2.5*64*Tc @ 120KHz SCS (equivalent 407ns/s). However in FR2 HST scenario, UE is fast moving. After one shot adjustment, UE moved away with 350kmp, then the DL reference timing is rapidly changed accordingly. Assuming scenario A, DL timing change rate is about 324ns/s (UE speed/ light speed). Therefore it would need 28s to achieve the latest reference timing (2.33us/(407-324)ns/s) assuming TA is unchanged, where latest UL reference timing is (latest DL timing- TA). As Ds is 700m, it is definite that UE has switched to another RRH after 28s. 
It is also possible that network indicates a new TA command after several times of gradual timing adjustments (not reached to target UL reference timing yet). However the new TA is based on the received uplink timing from network side, which includes the compensating residuals due to one shot timing adjustment, therefore the new indicated TA may be relatively small. Moreover the UE downlink timing rapidly drifts. UE transmits uplink based on the updated DL timing and new indicated TA. The consequence is that the reception timing at network is still late. Therefore this would result in multiple TA updates. If the compensation residual due to one shot timing can’t be eliminated until UE switches to new RRH, then these errors would be continuously accumulated. Therefore the network reception performance may be impacted. 

Based on the above discussion, we think further considerations on whether one shot timing adjustment scheme can be applicable to high speed scenario are needed.
Proposal: The feasibility of one shot timing adjustment scheme in high speed scenario shall further consider some aspects:
- After one shot uplink timing adjustment, UE performs gradual timing adjustment. Gradual timing adjustment has some limitations, e.g., maximum aggregate adjustment rate shall be Tq per 200 ms;

- DL timing is also rapidly changed due to UE high speed moving;

- Whether compensation residual due to one shot timing can be eliminated until UE switches to new RRH (either by gradual timing adjustment or new TA indication);

- The possible performance impact.
3. Conclusion
This contribution provides the analysis on one shot timing adjustment in FR2 HST. Below we summarize our proposal:

Proposal: The feasibility of one shot timing adjustment scheme in high speed scenario shall further consider some aspects:

- After one shot uplink timing adjustment, UE performs gradual timing adjustment. Gradual timing adjustment has some limitations, e.g., maximum aggregate adjustment rate shall be Tq per 200 ms;

- DL timing is also rapidly changed due to UE high speed moving;

- Whether compensation residual due to one shot timing can be eliminated until UE switches to new RRH (either by gradual timing adjustment or new TA indication);

- The possible performance impact.
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