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1 Introduction
In the last RAN4 meeting the WF on RRM requirement enhancement for HST was approved in [1]. Based on this WF RAN4 is expected to analyse at least the following aspects of the RRM requirements:
In the last RAN4 meeting the following agreements were made regarding the impact of high-speed scenario up to 500 km/hour on the UE timing requirements in section 7.1 of TS 36.133:

Agreement: For HST, Tq number

· The current Tq has to be increased at least for the case when bandwidth is larger than 10MHz.

· The concrete number needs more discussion.

· For smaller bandwidth, FFS

In order to address the open issue related to the value of Tq and impact on the smaller bandwidth a WF on RRM requirement enhancement for HST was also approved in [1]. Based on this WF, the following 3 options for Tq and bandwidth were identified for further analysis:

· Option 1(Ericsson): maximum adjustment step size (Tq) shall be increased to 7 Ts to support UE speeds up to 500 km/h for bandwidth equal to or larger than 5 MHz

· Option 2(Intel, QC): maximum adjustment step size (Tq) shall be increased to 5 Ts to support UE speeds up to 500 km/h for bandwidth equal to or larger than 10 MHz

· Option 3(Huawei): maximum adjustment step size (Tq) shall be increased to 5.5 Ts to support UE speeds up to 500 km/h for bandwidth equal to or larger than 10 MHz
In this contribution we further analyse the impact of high speed up to 500 km/hour on timing parameter, Tq, specified in section 7.1 of TS 36.133.
2 Background
The existing RRM requirements are applicable to UE speed up to 350 km/hour under HST-SFN scenario (Annex B.3A (HST-SFN scenario) in TS 36.101). This corresponds to Doppler speed of about 875 Hz at 2.7 GHz. 
It is therefore important to evaluate the impact of UE operating in HST scenario with speed above 350 km/hour but up to 500 km/hour on the relevant timing related requirements. It was also proposed in [2] that since UE speed is high, the requirement on Tq needs to be changed. However no analysis was provided.
When the magnitude of the UE initial transmit timing error exceeds Te (defined in section 7.1.1 of TS 36.133) the UE is required to autonomously but gradually adjusts its timing in small steps. The maximum autonomous timing adjustment step, Tq, is defined in Table 7.1.2-2 in TS 36.133 as shown below. The maximum aggregate rate over 200 ms period shall also be Tq. 
All adjustments made to the UE uplink timing under the above-mentioned scenarios shall follow these rules:

1)
The maximum amount of the magnitude of the timing change in one adjustment shall be Tq seconds.

2)
The minimum aggregate adjustment rate shall be 7*TS per second.

3)
The maximum aggregate adjustment rate shall be Tq per 200ms.

where the maximum autonomous time adjustment step Tq is specified in Table 7.1.2-2.

Table 7.1.2-2: Tq Maximum Autonomous Time Adjustment Step
	Downlink Bandwidth (MHz)
	Tq_

	1.4
	17.5*TS

	3
	9.5*TS

	5
	5.5*TS

	(10
	3.5*TS

	Note: TS is the basic timing unit defined in TS 36.211


3 Analysis of Timing Adjustment Requirements under HST

The value of Tq was analysed in the previous contributions in [2-3]. In our earlier we also consider the impact of Doppler on the timing drift. But we agree that Doppler impact can be inherently mitigated due to the UE speed. However, the time drift is impacted due to: 

· time drift of the DL reference signal at the UE, 

· time drift due to frequency errors in the UE, and¨

· Digital RF margin.

The UE derives its UL timing based on DL timing of the reference cell. At higher speed there is larger time variation or time drift (Td) of the DL reference signal received at the UE. The time drift over a given time period (T0) can be estimated as follows:

Td = V*T0/C

Where V is the UE speed and C is the speed of light.

· Based on the above expression the speed dependent time drift (T500) at 500 km/hour over a duration of 200 ms is about 93 ns.
· The time drift (TDF) due to the frequency errors in the UE also needs to be considered. The UE frequency error is within ± 0.1 ppm. This means the time drift due the frequency error over 200 ms period is 20 ns. 
The total time drift (T500 +TDF) at 500 km/hour shall be about 93 ns + 20 ns = 113 ns (( 3.46 Ts). Taking into account the digital RF margin we agree that the Tq should be increased to around 5 Ts. This means for channel bandwidth ≥ 10 MHz the Tq needs to be increased to at least 5 Ts. 
· Observation # 1: The magnitude of the maximum time drift of DL reference signals at the UE used for UL autonomous timing adjustment over 200 ms is about 5 Ts, which is larger than the maximum autonomous step size at BW ≥ 10 MHz. 
· Proposal # 1: The maximum adjustment rate aggregated rate (Tq/200 ms) and the maximum adjustment step size (Tq) shall be increased to 5 Ts to support UE speeds up to 500 km/hour for bandwidth equal to or larger than 10 MHz.
4 Summary

In this paper we have analysed the impact of the UE under HST operation with speed up to 500 m/hour on the UE transmit timing requirements. The main proposal is as follows:
· Proposal # 1: The maximum adjustment rate aggregated rate (Tq/200 ms) and the maximum adjustment step size (Tq) shall be increased to 5 Ts to support UE speeds up to 500 km/hour for bandwidth equal to or larger than 10 MHz.
A CR to specify the Tq under high speed scenario is provided in [4].
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