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1. Introduction

In this paper, timing control is discussed in terms of timing accuracy and timing advance update. This is a resubmission of [7] with some modifications. Timing synchronization has been considered in [2]-[4] from the viewpoint of, e.g., physical channels to be used for the timing estimation. Timing update rate in the range of 0.5 s has been presented in [4]-[6]. The outline of the paper is following: The impact of different timing accuracies to throughput is presented in Section 2. In Section 3, requirements for timing advance update rate are considered and update rate for timing advance is proposed based on the considerations. A brief summary is given in Section 4. 

2. Timing Accuracy
Timing between UE signals needs to be sufficiently accurate, that is, within a fraction of cyclic prefix [1]. Inaccurate timing results in interference between adjacent sub-carriers assigned to different users as well as between consecutive sub-frames assigned to different users. 
In the following, the impact of interference from users on adjacent sub-carriers on link throughput is compared for several timing accuracies. The considered scenario is the worst case scenario in the sense that  the timing difference between adjacent users is the maximum possible for the given timing accuracy ±TA as illustrated in Figure 1. In addition, the signals for UE #1 and #3 were received P dBs  stronger than the signal for UE #2, thus, making the interference situation significantly more difficult.  

The throughput with incremental redundancy HARQ and maximum number of retransmissions of 4  was measured for the UE #2 at the SNR point of 1% residual BLER for perfectly time synchronized UEs. The results were simulated in TU channel with 3 km/h terminal velocity, 5 MHz system bandwidth, 7.68 MHz sampling rate, and sub-frame format defined in [1] with 4.04 µs  and 5.08 µs CP durations (31 and 39 samples). Other parameters are listed in Table 1.  
Throughput was simulated for positive and negative timing differences between UE #2 and UE #1 & UE#3. With positive timing differences, the signal from UE#2 was received earlier than the signals from UE#1 and UE#3 as illustrated in Figure 1. With negative timing differences, signal from UE#2 was received later than the signals from UE#1 and UE#3. The throughput loss for the positive timing differences is presented in percentages in Table 2. Negative timing differences were simulated for the Simulation Scenario 2, and the throughput deterioration was recorded to be less than for the positive timing differences.  
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Figure 1 Illustration of the considered UE signal timing scenario.
Table 1 Parameters used in the evaluations.
	
	Modulation & Coding
	Bandwidth allocation for UE (# subcarriers)
	Power difference P

	Simulation Scenario 1
	16-QAM, 2/3
	96 
	6 dB

	Simulation Scenario 2
	QPSK, 1/3
	12
	18 dB

	Simulation Scenario 3
	QPSK, 1/3
	12
	12 dB


Table 2 Losses in link throughput due to timing errors @ 1% residual BLER
	TA
	Throughput loss

	
	Simulation Scenario 1
	Simulation Scenario 2
	Simulation Scenario 3

	± 0.52 µs     (±4 samples)
	0%
	4%
	1%

	± 0.78 µs     (±6 samples)
	0%
	5%
	2%

	± 1.04 µs     (±8 samples)
	0%
	7%
	2%

	± 1.56 µs     (±12 samples)
	2%
	13%
	4%

	± 2.08 µs     (±16 samples)
	6%
	32%
	9%


Based on the presented results, the throughput deterioration due to timing accuracy of  ±1.04 µs or less remains acceptable, even in as difficult interference situations as the considered simulation scenarios are. When the timing accuracy is ±1.56 µs or more, performance deteriorates rapidly. 
The timing accuracy used in the previous discussion is defined in terms of the actual arrival time of the signals. However, a margin for the timing estimation errors at the receiver needs to be made in the definition of timing control, especially for the cases when the system bandwidth is 1.25 MHz and/or when only control information or low rate data is transmitted in UL. 
Based on the presented results, the timing accuracy of ±1.04 µs in terms of the actual arrival times is found reasonable, and allowance of ±0.52 µs is made for the timing estimation errors, reflecting the 1.25 MHz system bandwidth. Therefore, we propose timing accuracy of ±0.52 µs to be used in the timing control and, hence, in the definition of timing advance update rate.
3. Timing Advance Update Rate
The TA update rate needs to be sufficient for compensating for the timing drift due to the changes in the propagation delay caused by the UE movement. Based on the previous proposal, round-trip propagation delay changes up to ±0.52 µs can be allowed between consecutive TA commands. Round-trip propagation delay change of ±0.52 µs corresponds to the change of 78 meters in the propagation path. The time needed for the 0.52 µs change in the round-trip propagation delay is presented against terminal velocity in Figure 2 for a ‘flat Earth’ environment; LoS propagation is assumed as well as that the direction of UE movement is uniformly distributed over 360 degrees. In the figure, the time is presented for the quartiles of the UE direction distribution.
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Figure 2 Time needed for a 0.52 µs change in the round-trip propagation delay. 
It can be noted that the time needed for the 0.52 µs change is 0.78 s even at the terminal velocity of 360 km/h. The time is significantly larger – in order of several seconds – for terminal velocities below 30 km/h. 
Propagation delay may also change significantly when propagation paths appears or disappears. Typical example of such scenario is when UE moves around a corner in a Manhattan kind of street grid. A terminal propagates 6.5 meters in 0.78 s at the velocity of 30 km/h. Hence, one can assume that timing update period in the range of 0.78 s is short enough to cope with such propagation delay changes even in difficult propagation environments.  

Based on previous discussion, we see that there is no need for TA to be updated faster than ones in 500 ms which supports even UE velocity of 360 km/h with a safe margin. Timing advance can be updated either on per-need basis as suggested e.g. in [8] or periodically.  We see that binary commands with 0.52 µs step are sufficient for TA commands on per-need basis and ternary commands for periodic TA commands.
4. Conclusions
In this contribution, timing accuracy and TA update rate were considered. We propose  that timing control maintains ±1.04 µs overall timing accuracy, which includes ±0.52 µs margin for timing estimation. We see also that there is no need for TA to be updated faster than once in 500 ms which supports even UE velocity of 360 km/h with a safe margin. Timing advance can be updated either on per-need basis with binary commands or periodically with ternary commands.
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