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Introduction
In RAN4 meeting #90bis, the WF [1] on the WI of enhancement for LTE in high speed scenario is approved. The agreement on UL timing are listed as follows:
	· [bookmark: _GoBack]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 this contribution, we provide analysis on the enhancement on UL timing in high speed scenario
Enhanced autonomous uplink timing adjustment in high speed scenario
In order to guarantee the uplink performance, theoretically network would expect the uplink transmission from all the UE in the same cell arrive at BS at the same time. Since the distance from UE to BS for each UE is different, network can configure different timing advance (TA) command for each UE. To avoid TA command signalling overhead, UE is allowed to adjust its uplink timing autonomously after movement. However, there are some restrictions on UE autonomous time adjustment. In LTE, the restrictions can be found in TS36.133:
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 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 maximum autonomous adjustment rate can be found in 3), which is Tq per 200ms. However, as velocity increased, UE needs faster timing adjustment rate. Current Tq may not be sufficient for extreme high speed scenario, e.g. 500km/h high speed train. 
According to [2], the downlink timing might change due to UE movement and frequency error of operating carrier. Table 1 shows the calculation of time drift with different UE speeds, where ±0.1 PPM frequency error is assumed.

[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Table 1: Calculation of time drift due to UE movement and frequency error
	Time Drift

	Frequency error
	±0.1 PPM

	Time drift due to frequency error per 200ms
	20 ns

	Supported max speed of UE movement
	30 km/h
	60 km/h
	120 km/h
	350 km/h
	500 km/h

	[bookmark: OLE_LINK50][bookmark: OLE_LINK51]Time drift due to UE movement per 200ms
	5.6ns
	11.1 ns
	22.2 ns
	64.8 ns
	92.6 ns

	Total time drift per 200ms
	25.6 ns
(0.78 Ts)
	31.1 ns
(0.95 Ts)
	42.2 ns
(1.29 Ts)
	84.8 ns
(2.61 Ts)
	112.6 ns
(3.46 Ts)

	Note: The time length of Ts equals to 1/30720000 second (≈ 32.55 ns)



As shown in Table 1, if the supported mobile speed in R15 LTE is up to 350 km/h, the total time drift due to UE movement and frequency error is 84.8 ns (≈ 2.61 Ts) per 200ms. If the supported mobile speed in R16 LTE is up to 500 km/h, the total time drift due to UE movement and frequency error is 112.6 ns (about 3.46 Ts) per 200ms. 
In baseband, the UE transmit signals is quantized in time domain and the sampling rate relies on uplink bandwidth. The UE in typical implementation will use lower sampling rate for smaller bandwidths. The time adjustment step in baseband shall be an integral number of sampling period. Besides, the RF margin shall also be considered and the DigRF error in LTE (i.e. 1.5Ts) could be reused as the implementation margin.
Table 2: Restricts of maximum autonomous timing adjustment step size (Tq)

	Parameters
	Values

	Minimum Bandwidth of UL transmission
	1.4MHz
	3MHz
	5MHz
	10MHz

	UL Sample rate 
	16Ts
	8Ts
	4Ts
	2Ts

	Supporting Max UE speed
	350 km/h
	2.61 Ts
	2.61 Ts
	2.61 Ts
	2.61 Ts

	
	500 km/h
	3.46 Ts
	3.46 Ts
	3.46 Ts
	3.46 Ts

	Tq (without DigRF error)
	16Ts
	8Ts
	4Ts
	3.46Ts

	Tq (with 1.5Ts DigRF error)
	17.5 Ts
	9.5 Ts
	5.5 Ts
	5Ts

	Note: The time length of Ts equals to 1/30720000 second (≈ 32.55 ns)



As we analyse above, the UE timing adjustment rate is relate to the time drift rate and baseband timing quantization. If UE moving speed is 500km/h, the corresponding timing drift will be larger than UL sampling rate with BW=10MHz. Hence, the following is proposed for the requirement on maximum autonomous timing adjustment step size:
Proposal 1: In high speed scenario, the maximum aggregate adjustment rate shall be Tq_HST per 200ms where the maximum autonomous time adjustment step Tq_HST is specified in the following table
Table 3: Maximum Autonomous Time Adjustment Step for High Speed Scenario 
	Downlink Bandwidth (MHz)
	Tq_HST

	1.4
	17.5*TS

	3
	9.5*TS

	5
	5.5*TS

	10
	5*TS

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



Conclusions
In this contributions, we provide our view on the enhancement for UE timing related requirement in high speed scenario. The proposals are drawn as below,
Proposal 1: In high speed scenario, the maximum aggregate adjustment rate shall be Tq_HST per 200ms where the maximum autonomous time adjustment step Tq_HST is specified in the following table
Table 3: Maximum Autonomous Time Adjustment Step for High Speed Scenario 
	Downlink Bandwidth (MHz)
	Tq_HST

	1.4
	17.5*TS

	3
	9.5*TS

	5
	5.5*TS

	10
	5*TS

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



Reference
[1] R4-1904804, “Way forward on RRM requirements for Rel-16 LTE HST enhancement”, Qualcomm, RAN4 Meeting 
#90bis.
[2] R4-1713400, “Further considerations on UE timing adjustment requirements in NR,” Huawei, HiSilicon, RAN4 
Meeting #85.



8

1

