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1 Introduction
In the last RAN4 meeting the WF on RRM requirements for HST was approved in [1]. Based on this WF RAN4 is expected to analyse at least the following aspects of the RRM requirements:
· RAN4 RRM shall focus on the following requirement impacts for HST feature:
· Cell reselection requirements in idle mode
· Measurement requirements in connected mode (single carrier)
· DRX
· Non-DRX
· Measurement requirements of SCC with both active Scells and deactivated SCells 
· RLM
· Measurement accuracy
· FFS: UE Tx timing, i.e., Tq
In this contribution we further analyze the impact of high speed up to 500 km/hour on timing parameter, Tq, specified in section 7.1 of TS 36.133
2 Analysis of Timing Adjustment Requirements under HST
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


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.

· The speed dependent time drift (T350) at 350 km/hour over a duration of 200 ms is about 65 ns.

· The speed dependent time drift (T500) at 500 km/hour over a duration of 200 ms is about 93 ns.

The difference between time drifts at the two speed levels is about = 28 ns i.e. 

(T = T500 - T350 = 28 ns < 1 Ts (1 Ts ( 32.55 ns)
The change ((T) is not very significant since it is less than 1 Ts while the maximum aggregated adjustment rate at BW ≥ 10 MHz is ±3.5 Ts. 
However, time drift (TDF) due to both Doppler and the frequency errors in the UE also need to be considered. The UE frequency error is within ± 0.1 ppm. At 2.7 GHz the Doppler frequency is about 1250 kHz for 500 km/hour. This means the errors due to Doppler frequency can be ± 0.463 ppm (= 1250/2.7GHz) and total frequency errors can be up to ± 0.563 ppm (including frequency errors of ± 0.1 ppm). This means the total time drift due to Doppler and frequency error over 200 ms period shall be 112.6 ns. This means the total time drift (T500 +TDF) at 500 km/hour shall be about 93 ns + 112.6 ns = 205.6 ns (( 6.31 Ts). This means for channel bandwidth ≥ 5 MHz the Tq needs to be increased to at least 6.5 Ts. Our preference is to increase Tq to 7 Ts to account for implementation margins etc. The UE can apply larger value of Tq if the UE is configured with high speed flag. 
· 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 6.31 Ts, which is larger than the maximum autonomous step size at BW ≥ 5 MHz. 
· Proposal # 1: The maximum adjustment rate aggregated rate (Tq/200 ms) and the maximum adjustment step size (Tq) shall be increased to 7 Ts to support UE speeds up to 500 km/hour for bandwidth equal to or larger than 5 MHz.
3 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 7 Ts to support UE speeds up to 500 km/hour for bandwidth equal to or larger than 5 MHz.
A CR to specify the Tq under high speed scenario is provided in [3].
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