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1 Introduction
The UE TX timing and timing advance requirements for NR has been discussed in RAN4#84, but there was not agreement. During the discussion, the main question was whether the requirements should be defined based on the need from UL demodulation perspective (UL SCS), or on the UE achievable accuracy (DL RS BW and UL Tx BW), or a combination of the two. Also, some companies commented that UL Tx BW may be the bottleneck in determining UE achievable accuracy. 
The UE timing advance requirements for NR has also been discussed in RAN4#84, without agreement. However, there was common understanding that the TA adjustment accuracy should be scaled with UL SCS.

In this paper, we will provide our views on UE transmit timing and TA requirements for NR.
2 Discussion 
We will first focus our discussion on timing error Te, analyze different factors that will impact its requirement, and give our suggestion how the requirement should be defined. 
UE timing error Te, as agreed in [1], is impacted by DL BW of the reference signals (in Hz) which are used to derive the timing, UL normal CP length of the signal transmitted which is determined by UL SCS, and UL BW (in Hz). 
UL SCS sets the desired Tx timing accuracy. In order to avoid the inter-symbol and inter-user interference, the timing error in UL needs to be sufficiently small (like 12Ts for 15kHz SCS and 144Ts CP length as defined for LTE) so that there is no degradation in UL demodulation. For NR with larger SCS for UL, the absolute CP length becomes smaller in linear scaling. This means from the need perspective the UL timing error should be scaled with the UL SCS. For example, if 12Ts requirement for 15kHz is re-used from LTE, the error should be limited to 6Ts with 30kHz SCS for UL. 

We also want to highlight that the UE Tx frequency error is likely to be larger in high frequency range (>24GHz), and in this case, the UL performance may be more vulnerable to timing error. We understand that it is hard to evaluate the impact at this stage since the designs of UL physical channels have not been completed in RAN1, but it is better to check the UL demodulation performance with the required Tx timing error once the evaluation starts in RAN4.   

Observation 1: From UL demodulation perspective, the initial UE timing error Te is desired to be 12Ts / N, where N = SCS_UL / 15kHz and SCS_UL is the SCS of UL Tx. 
Although the desire is clear, it still remains to be seen if it is feasible for UE to achieve this accuracy. UL Tx BW is mentioned as the limiting factor in determination of achievable Tx timing accuracy, as the accuracy cannot be better than the sampling interval (unless with oversampling), which is determined by the UL Tx BW. Table 1 below lists for each UL SCS, the corresponding minimum UL Tx BW, the sampling interval, the achievable and desired Tx timing accuracy.
The minimum Tx BW for each SCS was agreed in RF session in RAN4#84 [2]. When determining the achievable Txt timing accuracy, we are using the same assumption as for LTE. In LTE, the timing accuracies for 3MHz and 1.4MHz systems are 12Ts and 24Ts, based on the sampling interval of 8Ts and 16Ts. It means UE is required to achieve Tx timing accuracy of 1.5 times sampling interval, and we believe it should at least hold for NR. The desired Tx timing accuracy is applying Observation 1, i.e. it is scaling with UL SCS, based on 12Ts for 15kHz SCS.  

From Table 1, it can be seen that for all SCS the desired Tx timing accuracy can be achieved. In case of 15 and 120kHz SCS, the achievable accuracy is better than what are needed, and in our view, there is no strong reason to force UE to achieve such good accuracy. Therefore, it is reasonable to define the Tx timing accuracy requirement simply based on UL SCS.

Table 1: Relationship between UL SCS and Tx timing accuracy
	UL SCS (kHz)
	15
	30
	60
	120

	Min. Tx BW (MHz)
	5
	5
	10
	50

	Sampling interval (Ts)
	4
	4
	2
	1/2

	Achievable Tx timing accuracy (Ts) = 1.5 x sampling interval
	6
	6
	3
	3/4

	Desired Tx timing accuracy (Ts)
	12
	6
	3
	3/2


Observation 2: From UL Tx BW perspective, achievable Tx timing accuracy is equal to or better than the desired accuracy for each UL SCS.
Another factor limiting the Tx timing accuracy is the DL RS BW, as UL timing is derived from DL tracking. The full picture of UE tracking is not clear yet, e.g. which RS (SSB or TRS) would be used under which case (initial Tx or autonomous adjustment). Also, as the SCS and BW can be different between UL and DL in NR, there may be problem if UL SCS is large (requiring strict accuracy) but DL RS BW is small (tracking accuracy is not good enough). In such cases, UE cannot be required to meet the desired requirement from UL demodulation perspective, instead network needs to make sure to provide enough DL RS BW e.g. with TRS. 
Observation 3: Network needs to make sure to provide enough DL RS BW e.g. with TRS, so that UE can meet the desired requirement from UL demodulation perspective.

Proposal 1: UE Tx timing accuracy requirement is determined as 12Ts / N, where N = SCS_UL / 15kHz and SCS_UL is the SCS of UL Tx, provided that network provides enough DL RS BW.
Next we will discuss timing adjustment step size Tq.
Table 2 below lists for each UL SCS, the corresponding minimum UL Tx BW, the sampling interval, the achievable autonomous timing adjustment accuracy.   
Table 2: Relationship between UL SCS and autonomous timing adjustment accuracy
	UL SCS (kHz)
	15
	30
	60
	120

	Min. Tx BW (MHz)
	5
	5
	10
	50

	Sampling interval (Ts)
	4
	4
	2
	1/2

	Achievable autonomous timing adjustment accuracy (Ts) = 1.5 + sampling interval
	5.5
	5.5
	3.5
	2


Achievable autonomous timing adjustment accuracy is directly related UL Tx BW, so it does not scale with UL SCS. It may be a question if UE should be required to use smaller step size for larger SCS, e.g. whether Tq = 5.5Ts is enough for 30kHz SCS. In our view, Tq is the maximum allowed adjustment step and maximum aggregate adjustment rate per 200ms, but it does not prevent UE to apply a smaller adjustment, if UE can accurately detect the drift of DL timing. The amount of DL timing drift is not dependent on UL SCS or UL Tx BW, so it may not make sense to scale the autonomous timing adjustment step size with either of them. 
Of course, for larger UL SCS, more accurate adjustment is required, and that means network should provide enough DL RS BW for UE to track.   
In LTE, Tq is derived as the UL/DL sampling interval plus some margin from MIPI DigRF (1.5Ts), so it is scaled with system BW, but our understanding is that this is because UE can achieve better tracking performance with larger DL BW. For NR, the RS used for tracking and where it is transmitted in the DL BW can be flexible, so we think there may be no need to scale Tq with UL or DL BW, but what is important is to ensure the UL Tx timing accuracy is within Te after autonomous adjustment. 
Proposal 2: UE autonomous timing adjustment step size Tq is fixed as 5.5Ts. 
Finally, we will discuss TA adjustment accuracy requirement. 

Timing advance adjustment accuracy is defined as 4Ts in LTE for all system BWs from 1.4MHz to 20MHz. In [1] it is agreed that the accuracy is impacted by the UL normal CP length of the signal transmitted which is determined by UL SCS, and UL BW (in Hz). Similar as Te, there is a desire to scale TA additament accuracy with UL SCS in order to avoiding any degradation to UL demodulation. For UL Tx BW, we understand it is irrelevant for this requirement, since the TA adjustment accuracy is the relative error between UL Tx timing before and after TA adjustment, and the sampling interval has same effect for timing before and after the adjustment. 
Proposal 3: Timing advance adjustment accuracy is 4Ts / N, where N = SCS_UL / 15kHz and SCS_UL is the SCS of UL Tx.
3 Conclusions 

In this paper, we provided our views on UE Tx timing and TA requirements for NR.
Observation 1: From UL demodulation perspective, the initial UE timing error Te is desired to be 12Ts / N, where N = SCS_UL / 15kHz and SCS_UL is the SCS of UL Tx.
Observation 2: From UL Tx BW perspective, achievable Tx timing accuracy is equal to or better than the desired accuracy for each UL SCS.
Observation 3: Network needs to make sure to provide enough DL RS BW e.g. with TRS, so that UE can meet the desired requirement from UL demodulation perspective.
Proposal 1: UE Tx timing accuracy requirement is determined as 12Ts / N, where N = SCS_UL / 15kHz and SCS_UL is the SCS of UL Tx, provided that network provides enough DL RS BW.

Proposal 2: UE autonomous timing adjustment step size Tq is fixed as 5.5Ts.
Proposal 3: Timing advance adjustment accuracy is 4Ts / N, where N = SCS_UL / 15kHz and SCS_UL is the SCS of UL Tx.
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