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1 Introduction
The UE TX timing requirements for NR have been discussed in RAN4 for several meetings. Most recently in RAN4#83, the below agreements regarding the UE TX timing are captured in the WF [1].

	UE TX timing

· Further analysis on the impact of downlink and uplink subcarrier spacing, and RF/implementation margin for initial TX timing requirements

· Further analysis on NR timing advance requirements


In this paper, we will provide our views on UE TX timing requirements for NR. 
2 Discussion
In E-UTRA, the UE TX timing requirements are specified in section 7.1 of 36.133, and are defined for 
· TX timing error

· UE autonomous timing adjustment

TX timing error
The TX timing error in E-UTRA Te is given in Table 7.1.2-1 of 36.133 and copied below.
Table 7.1.2-1: Te Timing Error Limit
	Downlink Bandwidth (MHz)
	Te_

	1.4
	24*TS

	≥3
	12*TS

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


When determining the requirement on TX timing error, both the tracking performance achievable by the UE in DL and the desired synchronization accuracy in the UL, need to be considered. 

For E-UTRA, the problem is relatively simple – only one numerology of SCS 15kHz is supported, CRS assumed for tracking is available all the time and across the whole system BW, and system BW is same for UL and DL. The final requirement in E-UTRA is dependent on system BW. For 1.4MHz system BW the requirement is relaxed, considering that fact that the sampling rate will be lower in both UL and DL, and the amount of CRS for tracking is less. For NR, however, all those factors need to be re-visited. 

· SCS

NR supports different SCS ranging from 15kHz to 120kHz. The supported SCS depends on the frequency range, and could be different for UL and DL, and for data and control channels (e.g. SS). In general, the SCS of the DL RS (which is used for tracking) will not impact the tracking performance as the total energy available for tracking is not changing. 

On the other hand, the SCS of UL TX does set the desired synchronization accuracy. In order to avoid the inter-symbol and inter-user interference, the timing error in UL needs to be sufficiently small (like 12 Ts for 15kHz SCS and 144 Ts CP length as defined for E-UTRA) so that there is no degradation in UL demodulation. For NR with larger SCS for UL TX, the absolute CP length becomes smaller in linear scaling. This means the UL timing error should be scaled with the UL SCS also. For example, if 12 Ts requirement for 15kHz is re-used from E-UTRA, the error should be limited to 6 Ts 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: For NR smaller TX timing error is desired for larger SCS in UL, e.g. with linear scaling. 
· RS

It is not fully decided in RAN1 which RS will be used for tracking in NR. For connected mode, RAN1 is evaluating the need for TRS (Tracking RS). Also under consideration is the possible use of other RS (e.g. CSI-RS and DMRS) by UE implementation. For idle mode, however, the current assumption is that tracking is based on SS-block. It remains to be checked what is the achievable performance with SS-block based tracking, e.g., is the accuracy with one-shot tracking sufficient, and if not, what is performance with different SS-block periods. Once the need and design of TRS is confirmed by RAN1, RAN4 will also need to evaluate the tracking performance based on it.
Another difference between NR and E-UTRA is the availability of RS in time domain. In LTE CRS is transmitted in every DL subframe, so there is no such requirement on how long UE could maintain a certain TX timing accuracy, because even UE’s oscillator starts to drift quickly after the last tracking, it should be able to get tracked before the UL TX, e.g. in case of long DRX UE can wake up earlier than the actual DRX ON duration to get tracking. For NR e.g. with SS-block based tracking, there is nothing UE can track until the next SS-block period which may be 160ms later. This implies that UE should be able to maintain its TX timing accuracy for at least the period of SS-block. 
Observation 2: RAN4 needs to evaluate the tracking performance based on the RS (e.g. SS-block and/or TRS) agreed in RAN1.
Observation 3: With non-continuous RS for tracking, UE should be able to maintain the TX timing accuracy for some time. 
· BW   
BW is another important parameter in determining the UL TX error, as it sets the UE sampling rate and FFT size which in turn give the resolution for DL tracking and UL TX. Unlike E-UTRA where there is only system BW common for UL and DL, in NR the channel BW could be different for UL and DL, and UE operating BW could be also different from the channel BW. In the context of TX timing discussion, the referred E-UTRA system BW should correspond to UE operating BW in NR.
One possible way is to assume the minimum UE BW when defining the TX timing error, e.g. the BW of SS-block. However, this way may be too pessimistic since UE in most cases should work with higher BW in both UL and DL considering the minimum channel BW is 5MHz for <6GHz (50MHz for >24GHz). As the sampling rate is giving the upper bound of the tracking performance and TX accuracy, RAN4 may need to agree on a common assumption for the requirement definition.

Observation 4: RAN4 needs to agree on the UE operating BW based on which the TX timing error requirement will be defined. 
· RF margin   

In RAN4#83, it was discussed that achievable TX timing error should also include RF margin. On the other hand, RFF margin is specific with UE implementation, and it may not have obvious relationship with SCS or the UE operating BW that RAN4 can derive based on analysis. Therefore, it would be desirable if chipset vendors could provide more information on what RF margin should be considered in the TX timing error requirement. 
Observation 5: Inputs are needed from chipset vendors on what RF margin should be considered in the TX timing error requirement.
UE autonomous timing adjustment
In E-UTRA, three requirements are defined regarding the UE autonomous timing adjustment:

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 our understanding, the framework of the requirements can be re-used for NR, i.e. in 38.133 we will also define the requirements on maximum adjustment step, the maximum adjustment rate and minimum adjustment rate. 
The maximum adjustment rate is defined for E-UTRA as Tq, and the maximum adjustment rate is Tq per 200ms. Tq is defined as BW dependent since the sampling rate and thus the quantification error will change based on system BW, i.e. with smaller BW a larger granularity of the adjustment is allowed since there is larger uncertainty. A fixed RF margin of 1.5us is added on top of the quantification uncertainty. For NR, it is reasonable to define Tq in the same way.
Observation 6: The maximum step for UE autonomous timing adjustment (Tq) in NR can be derived in the same way as in E-UTRA, i.e. the uncertainty given by sampling rate plus fixed RF margin. 
This means Tq would be smaller for NR with larger sampling rate (large SCS and/or large UE operating BW), so that the adjustment is in finer granularity. On the other hand, with larger SCS (shorter symbol and CP length) and increased mobility (up to 500km/h), one may consider to allow more frequent adjustment because a small residual error for 15kHz SCS may have performance impacts for larger SCS. For example, the maximum adjustment rate can be defined as Tq per 100ms.

Observation 7: RAN4 may consider to allow more frequent UE autonomous timing adjustment in NR. 
3 Conclusions 

In this paper, we provided our views on the NR UE TX timing error and UE autonomous timing adjustment, and we have the following observations w.r.t. the related UE requirements.  
Observation 1: For NR smaller TX timing error is desired for larger SCS in UL, e.g. with linear scaling.
Observation 2: RAN4 needs to evaluate the tracking performance based on the RS (e.g. SS-block and/or TRS) agreed in RAN1.
Observation 3: With non-continuous RS for tracking, UE should be able to maintain the TX timing accuracy for some time.

Observation 4: RAN4 needs to agree on the UE operating BW based on which the TX timing error requirement will be defined. 
Observation 5: Inputs are needed from chipset vendors on what RF margin should be considered in the TX timing error requirement.
Observation 6: The maximum step for UE autonomous timing adjustment (Tq) in NR can be derived in the same way as in E-UTRA, i.e. the uncertainty given by sampling rate plus fixed RF margin.
Observation 7: RAN4 may consider to allow more frequent UE autonomous timing adjustment in NR.
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