3GPP TSG-RAN WG4 Meeting #91

                                                                                  R4-1906491
Reno, US, 13th– 17th May, 2019
Title: 

Discussion on uplink timing on high speed scenario
Source: 
Huawei, HiSilicon
Agenda item:
7.15.2.4
Document for:
Discussion
1. Introduction

In the last meeting, some proposals on the timing adjustment for high speed scenario were proposed. This paper provides further discussion on this topic.
2. Discussion
In TS 36.133, the Tq is specified as below,

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


In the following we analyse Tq when the velocity is 350 km/h and 500 km/h.
The UE shall be capable of changing the transmission timing according to the received downlink frame when the timing advance is not considered. In other words, the UE shall adjust the uplink transmission timing in order to follow the change of downlink frame timing has been detected. So the adjustment rate of uplink transmission timing shall follow the downlink timing change rate of the reference cell. The downlink timing might change due to frequency error and UE movement.
-Time drift due to frequency error per 200ms is 20ns, assuming ±0.1 PPM frequency error
-Time drift due the UEs in motion

· A user moving at 350 km/h :

The equivalent speed of such a user, expressed in meter per second is:

V = 97.2 m/s

This can therefore be assimilated to a time drift of: 

T = V/ Light_celerity = 97.2 / 3E108 = 324 ns

The time drift per 200ms is 64.8ns.
· A user moving at 350 km/h :

The equivalent speed of such a user, expressed in meter per second is:

V = 138.9 m/s

This can therefore be assimilated to a time drift of: 

T = V/ Light_celerity = 138.9 / 3E108 = 463 ns

The time drift per 200ms is 92.6ns.
The total time drift per 200ms from UE side is calculated as below.
· A user moving at 350 km/h: 20ns+64.8ns=84.8ns

· A user moving at 500 km/h : 20ns+92.6ns=112.6 ns
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. For different UL bandwidth, the sample period is different as shown in Table 1. As above calculated, the total timing drift per 200ms.for UE supported speed 350km/h and 500km/h is 84.8ns (≈ 2.61 Ts) or 112.6ns (≈ 3.46 Ts) respectively. Since the timing adjustment step length should not be less than 1 sampling interval, then the adjust step for both velocity for 1.4MHz, 3MHz and 5MHz shall be equal to one sample interval, and the adjust step for 10MHzshall be equal to two sample intervals.
Table 1: Restricts of maximum autonomous timing adjustment step size

	Parameters
	Values

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

	Sample interval of UL transmission
	16Ts
	8Ts
	4Ts
	2Ts

	Time drift
	350 km/h
	84.8ns=2.61 Ts

	
	500 km/h
	112.6 ns=3.46 Ts

	Adjust step length 
	16Ts
	8Ts
	4Ts
	4Ts


In LTE phase, Tq considers digital RF error as well. It is almost 1.5Ts. So the Tq for 350km/h and 500km/h take the digital RF error into account is calculated as in Table 2.
Table 2: Restricts of maximum autonomous timing adjustment step size Tq for 350km/h and 500km/h
	Parameters
	Values

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

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


Proposal: The maximum autonomous timing adjustment step Tq (per 200ms) for 350km/h or 500km/h is suggested to be defined as follows:
	Downlink Bandwidth (MHz)
	Tq_

	1.4
	17.5*TS

	3
	9.5*TS

	(5
	5.5*TS

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


3. Conclusions

This contribution discuss the timing adjustment step Tq for high speed scenario.
Proposal: The maximum autonomous timing adjustment step Tq (per 200ms) for 350km/h or 500km/h is suggested to be defined as follows:
	Downlink Bandwidth (MHz)
	Tq_

	1.4
	17.5*TS

	3
	9.5*TS

	(5
	5.5*TS

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