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1 Introduction
The new Rel-16 WI on high speed train scenario for NR was approved in [1]. The WID contains an objective to investigate and specify necessary RRM core requirements [1]: 
· Investigate and specify the UE RRM core requirements for: 
· Idle and inactive mode:

· Cell reselection including cell identification and measurement requirements
· Connected mode

· Cell identification requirements
· Measurement delay requirements
· Study whether to introduce beam management related requirements, e.g. L1-RSRP measurement
· Study the impact on RLM and UL timing.

· If needed other requirements are not precluded. If needed, signalling impact should be discussed in RAN2.
In this contribution we analyse the impact of high speed up to 500 km/hour on UE transmit timing specified in section 7.1 of TS 38.133.
2 Background
The RRM requirements including UE transmit timing requirements have not been studied or analysed for any high speed train (HST) scenario. 
A similar exercise was carried out to study the UE transmit timing requirement under HST for LTE. The conclusion from LTE HST was that for UE speed above 350 km/hour the maximum autonomous timing adjustment step (Tq) should be 5.5 Ts for cell bandwidth equal to or larger than 5 MHz [2]. The corresponding changes were agreed [3] and introduced in TS 36.133 v 16.3.0.
A similar analysis is needed for NR under HST for UE speed up to 500 km/hour. In section 7.1.2.1 the Tq is specified as function of SCS of the UL signal as shown in table Table 7.1.2.1-1 in TS 38.133. The HST requirement in NR is only applicable for only FR1. 
7.1.2.1
Gradual timing adjustment
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 [image: image1.wmf]c
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 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.

Table 7.1.2.1-1: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate

	Frequency Range
	SCS of uplink signals (KHz)
	Tq
	Tp 

	1
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	5.5*64*Tc
	5.5*64*Tc

	2
	60
	2.5*64*Tc
	2.5*64*Tc

	
	120
	2.5*64*Tc
	2.5*64*Tc

	NOTE:
Tc is the basic timing unit defined in TS 38.211 [6]


3 Analysis of Timing Adjustment Requirements under HST

At higher speed the UE timing may experience time drift. More specifically the time draft is caused due to the following main factors [3]: 

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

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

· Digital RF margin.

In NR the UE derives its UL timing based on SSB of the 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 in FR1 shall be within ± 0.1 ppm according to TS 38.101-1. 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*64 Tc). After applying the digital RF margin of 1.5*64 Tc the Tq should be at least 5*64 Tc = 320 Tc to cope with the speed of 500 km/hour. The existing requirement for Tq for all SCS is 5.5*64 Tc = 340 Tc. This means the existing value of Tq is sufficient for the UE speed up to 500 km/hour.  
· Observation # 1: To cope with the speed of 500 km/hour the maximum adjustment step size shall be at least 320 Tc while the existing requirement on Tq is 340 Tc regardless of SCS in FR1.
· Proposal # 1: The existing UE transmit timing requirements defined in section 7.1 of TS 38.133 are adequate enough for the UE speed of up to 500 km/hour. No new or change in any UE timing requirement is needed. 
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 in NR. The main observation and proposal are as follows:
· Observation # 1: To cope with the speed of 500 km/hour the maximum adjustment step size shall be at least 320 Tc while the existing requirement on Tq is 340 Tc regardless of SCS in FR1.
· Proposal # 1: The existing UE transmit timing requirements defined in section 7.1 of TS 38.133 are adequate enough for the UE speed of up to 500 km/hour. No new or change in any UE timing requirement is needed. 
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