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1 Introduction
The UE TX timing and timing advance requirements for NR has been discussed in RAN4-NR-AH#2, and following agreement were made [1].

	It is agreed to specify the initial UE transmit timing error (Te) and the maximum autonomous adjustment step size (Tq) considering the factors including

· downlink bandwidth of the reference signals in Hz, which are used to derive the timing,

· uplink normal CP length of the signal transmitted,

· uplink bandwidth in Hz. 

Interested companies are invited to investigate the detailed impact of the factors listed
It is agreed to specify the timing advance adjustment accuracy considering the factors including 

· uplink normal CP length of the signal transmitted,

· uplink bandwidth in Hz.

Interested companies are invited to investigate the detailed impact of the factors listed


From the discussion, the factors that impact the Tx timing accuracy and TA adjustment accuracy are identified, but the concrete numbers for the requirements are still open. In this paper, we will provide our views on UE transmit timing requirement for NR.
2 Discussion 
We will first focus our discussion on initial timing error Te, analyze different factors that will impact its requirement, and give our suggestion how the requirement should be defined. Then we will discuss timing adjustment error Tq and TA adjustment error. 
Initial 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. As UE UL TX timing is derived from DL tracking, the tracking performance needs to be checked. It is still not fully clear from RAN1 which RS (e.g. SSB or TRS) UE should use for tracking in different cases (e.g. Idle, C-DRX). Therefore, in this paper, we will assume SSB is used for DL tracking, as this is the worst case. When TRS is used, UE should be able to get better tracking accuracy and faster synchronization. 
SSB contains 288 subcarriers, since it is serving cell that is concerned for Tx timing error, we assume both PSS/SSS and DMRS for PBCH can be used for tracking. Theoretically, the tracking accuracy is given by the sampling interval when receiving the SSB. We assume UE uses 512 FFT for receiving SSB, in Table we list the SSB BW and the sampling interval of SSB with different SCS.

In LTE the Tx timing accuracy is defined as 24Ts for 1.4MHz and 12Ts for >=3MHz. The sampling interval for 1.4MHz and 3MHz are 16Ts and 8Ts, respectively. In both cases, the timing error is defined as 1.5 times the sampling interval. We think the same accuracy should be achievable for NR, but as 12Ts is considered as enough for 15kHz SCS in UL, we would expect the tracking performance is 3 times the sampling interval, in order to allow some margin for UE implementation. 
Table 1: BW, sampling interval of SSB with different SCS, and the expected tracking accuracy
	SCS (kHz)
	15
	30
	120
	240

	BW (MHz)
	4.32
	8.64
	34.56
	69.12

	Sampling interval (Ts)
	4
	2
	1/2
	1/4

	Expected tracking accuracy (Ts)
	12
	6
	3/2
	3/4


Observation 2: With SSB, UE can achieve the Tx timing accuracy of 12Ts / N, where N = SCS_ssb / 15kHz and SCS_ssb is the concerned SCS for SSB.
UL BW is another limiting factor in Tx timing accuracy, as UE does not have enough resolution to achieve better Tx accuracy than the UL sampling interval. Therefore, the question is what would UE UL operating BW. In LTE, the UL operating BW is always the cell BW, regardless of the actual Tx BW scheduled or configured. In our view, in NR the same principle can be followed, e.g. we should not assume UE UL operating BW is 1 PRB if UE is only scheduled on 1 PRB. 
On the other hand, the concept of BWP (BW part) has been introduced for NR in RAN1. UE is not expected to always operate on the cell BW, but a subset that is called BWP. RAN1 has agreed [2] that “The bandwidth of a bandwidth part is at least as large as the SS block bandwidth”. Of course, here there is a question what SSB BW should be used for determining the BW of BWP in UL. In our view, it should be the SSB BW based on the SCS of UL Tx. For example, if UL Tx is with 120kHz SCS, the BW of the BWP (or UE operating BW) should be no less than 34.56MHz. If this is the case, and based on our analysis for DL RS BW, the UL Tx BW would not be a problem for achieving desired timing accuracy.
So far, the impact of UL Tx BW on the timing accuracy is clear, but input on the UE UL operating BW are needed from RAN1.

Observation 3: UE UL operating BW is the upper limit of Tx timing accuracy, and input on the UE UL operating BW are needed from RAN1.
Based on our current understanding, UL Tx BW would not be a problem for achieving desired timing accuracy, so we think UE Tx timing accuracy requirement is determined by DL RS BW as 12Ts / N, where N = SCS_ssb / 15kHz and SCS_ssb is the SCS for SSB. There may be problem if UL SCS is small (requiring strict accuracy) but DL RS BW is small, e.g. 15kHz SCS. In such cases, the achievable accuracy cannot meet the desire from UL demodulation point of view, so network needs to make sure to provide enough DL RS BW e.g. with TRS, if UL SCS is small. 

Observation 4: Network needs to make sure to provide enough DL RS BW e.g. with TRS, if UL SCS is small.

Proposal 1: UE Tx timing accuracy requirement is determined by DL RS BW as 12Ts / N, where N = SCS_ssb / 15kHz and SCS_ssb is the SCS for SSB.
For autonomous timing adjustment accuracy (Tq), the discussion is similar as for Te. In LTE, Tq is derived as the sampling interval plus some margin from MIPI DigRF. We think the same approach can be re-used to derive the requirement in NR. 
Based on our current understanding that UL Tx BW would not be a problem for achieving desired timing accuracy, Tq would be limited by DL RS BW. From Table 1, the sampling interval is 4Ts for 15kHz SCS, then Tq should be 4Ts / N + Margin, where N = SCS_ssb / 15kHz and SCS_ssb is the SCS for SSB. The margin can be further discussed in RAN4.

Proposal 2: UE autonomous timing adjustment accuracy requirement is determined by DL RS BW as 4Ts / N + Margin, where N = SCS_ssb / 15kHz and SCS_ssb is the SCS for SSB. 
Timing advance adjustment accuracy is defined as 4Ts in LTE. 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 Tq with UL SCS in order to avoiding any degradation to UL demodulation. Then for UL Tx BW, based on our current understanding it would not be a problem for achieving desired timing accuracy. Therefore, our suggestion timing advance adjustment accuracy is 4Ts / N, where N = SCS_ssb / 15kHz and SCS_ssb is the SCS for SSB.
Proposal 3: Timing advance adjustment accuracy is 4Ts / N, where N = SCS_ssb / 15kHz and SCS_ssb is the SCS for SSB.
3 Conclusions 

In this paper, we provided our views on UE Tx timing requirements in 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: With SSB, UE can achieve the Tx timing accuracy of 12Ts / N, where N = SCS_ssb / 15kHz and SCS_ssb is the concerned SCS for SSB.
Observation 3: UE UL operating BW is the upper limit of Tx timing accuracy, and input on the UE UL operating BW are needed from RAN1.
Observation 4: Network needs to make sure to provide enough DL RS BW e.g. with TRS, if UL SCS is small.

Proposal 1: UE Tx timing accuracy requirement is determined by DL RS BW as 12Ts / N, where N = SCS_ssb / 15kHz and SCS_ssb is the SCS for SSB.
Proposal 2: UE autonomous timing adjustment accuracy requirement is determined by DL RS BW as 4Ts / N + Margin, where N = SCS_ssb / 15kHz and SCS_ssb is the SCS for SSB. 

Proposal 3: Timing advance adjustment accuracy is 4Ts / N, where N = SCS_ssb / 15kHz and SCS_ssb is the SCS for SSB.
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