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1 Introduction
The UE transmit timing requirements for NR has been discussed in several RAN4 meetings. Three requirements have been addressed under this agenda. 

· UE transmit timing error Te
· Maximum Autonomous Time Adjustment Step Tq
· Timing advance adjustment accuracy 
In RAN4-NR-AH#3, WF [1] was agreed, which captures for each requirement the main consideration factors and the options on how the requirement could be specified. In RAN4#84bis, the requirements were further discussed and for timing advance adjustment accuracy, the agreement was made and captured in [2]. However, the other two requirements are still open. 
In this paper, we will provide our views on how requirements for UE Tx timing error and UE autonomous timing adjustment should be specified for NR.
2 Discussion 
2.1 UE Tx timing error
The WF in [1] regarding UE Tx timing error is 

	· Both UE implementation and network UL performance should be taken into account when discussing requirement for Te:
· From UE aspect, Te is determined by BW of DL RS used for timing estimation
· From network aspect, with larger SCS UE is required to maintain finer Te in order to guarantee UL performance.
· The initial UE transmit timing error in NR is scaled 
· Option 1: with UL SCS, provided that network can provide enough DL RS BW. 
· Option 2: with BW of DL RS and UL SCS.


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 UE Tx timing accuracy 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 one of the limiting factors in determination of achievable accuracy. We have analyzed the impact of UL Tx BW in our previous papers and it is briefly repeated in Table 1 below. Basically, we listed for each UL SCS the minimum Tx BW as agreed in RF session, and the resulted sampling interval without oversampling. When determining the achievable Tx timing accuracy, we are using the same assumption as for LTE, i.e. UE is required to achieve Tx timing accuracy of 1.5 times sampling interval. From Table 1, we find that from UL Tx BW perspective, the achievable Tx timing accuracy is equal to or better than the desired accuracy for each UL SCS.
Table 1: Relationship between UL SCS and UE transmit timing error Te
	UL SCS (kHz)
	15
	30
	60
	120

	Min. UL Tx BW (MHz)
	5
	5
	10
	50

	UL sampling interval (Ts)
	4
	4
	2
	1/2

	Achievable Tx timing accuracy (Ts) = 1.5 times UL 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 limiting factor in achievable accuracy is the BW of DL RS used for timing estimation. In previous meetings, we have based our analysis on the assumption that DL timing estimation is based on SSB. In RAN1#90bis, a re-design of PBCH was agreed as below, which leads the reduction of SSB BW from 24 PRBs to 20 PRBs.

	· For both sub-6 and above-6, reduce the PBCH to X PRB per symbol and add Y PBCH PRBs to SSS symbol with no other redesign
· Working assumption: 
· X=20 
· Y=2*(24-X) 


The reduction of SSB BW means UE timing estimation resolution in DL is worse if it is fully based on SSB. As an example, with 15kHz SSB SCS, UE sampling interval for receiving SSB is 8Ts with 20 PRBs BW, compared to 4Ts with 24 PRBs BW. If we use the LTE assumption that UE can achieve timing estimation error of 1.5 times sampling interval, the achievable timing accuracy is reduced 6Ts to 12Ts. If UL SCS is 60kHz, the accuracy (which equals to 24% of the CP length) is clearly not enough for UL demodulation performance. Therefore, other RS for DL timing estimation may have to be used.
RAN1 has been discussing the Tracking RS (TRS), and in RAN1#90bis below agreement was made. In our view, both SSB and TRS should be considered when defining the UE Tx timing error requirement, and BW of the DL RS for timing estimation should be the maximum between SSB BW and TRP BW.
	Agreement
Following TRS BWs are supported in NR

· min(BWP, ~50RBs)

· FFS: BWP

UE is not expected to receive TRS outside the BWP
TRS RB position is configured by gNB

Agreement: TRS can be configured on a carrier or on an active BWP when SS block is not present
Conclusion:

Periodic SS burst and periodic TRS burst can be arranged such that the UE can utilize one SS burst and one TRS burst for AGC adjustment and T/F tracking before DRX ON

· No further specification impact may be necessary


Observation 3: The BW of the DL RS for timing estimation should be the maximum between SSB BW and TRP BW.
In our view, the BW of DL RS for timing estimation could be the limiting factor for considered for UE Tx timing error requirement, so it should be taken into account in the requirement. The requirement should be defined in such a way that it does not exceed the achievable accuracy considering the DL RS BW, and at the same time, it does not over-require the UE to achieve unnecessary good accuracy (e.g. when DL RS BW is large while UL SCS is small). Considering the BW of TRS can be configured flexibly, a formula may be better than the table to describe the dependencies. Our proposal is given below on high level, and we also have companion TP to illustrate how to describe it in the spec.
Proposal 1: UE Tx timing accuracy Te is defined as max(1.5*Tsample, Te_desire), where Tsample is the sampling interval based on BW of the DL RS for timing estimation as in Observation 3, and Te_desire is given in Observation 1.
2.2 UE autonomous timing adjustment 
The WF in [1] regarding maximum autonomous time adjustment step Tq is 

	· It is FFS for the following options
· Option 1: Tq should be fixed
· Option 2: Tq needs to be scaled with DL bandwidth of RS used for timing estimation and UL SCS
· Option 3: Tq needs to be scaled with UL bandwidth and UL SCS
· Interested companies are encouraged to provide further analysis in RAN4 #84bis


The discussions in previous meetings are mainly about the maximum adjustment step Tq. In RAN4#84bis, however, it was discussed that in LTE Tq is both the maximum adjustment step size and also the maximum aggregate adjustment rate per 200ms, and in NR they may need different considerations. Also the minimum adjustment rate also needs to be discussed. Therefore, we will discuss all three rules for UE autonomous timing adjustment together in this paper. 
Below is the text in latest version of 38.133 regarding UE autonomous timing adjustment. 
	When the transmission timing error between the UE and the reference timing exceeds (Te, the UE shall be capable of changing the transmission timing according to the received downlink frame of the reference cell, and is required to adjust its timing to within (Te. The reference timing shall be 
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 before the downlink timing of the reference cell. All adjustments made to the UE uplink timing 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 [TBD]*Tc per second.

3)
The maximum aggregate adjustment rate shall be Tq per [200]ms.


In our view, the maximum adjustment step size and the maximum aggregate adjustment rate per 200ms, do not need to be scaled linearly with the UL SCS, UL BW or BW of DL RS for timing estimation; instead, the minimum aggregate adjustment rate may need to be scaled with UL SCS. 

The maximum adjustment step size and the maximum aggregate adjustment rate per 200ms should in principle not be scaled with anything, as UE is always allowed to make adjustment with smaller step size or rate, and there is requirement that UE should with the adjustment keep the timing error smaller than Te. On the other hand, the time drift between two adjustment steps may be different depending on frequency range, since high speed is not expected to be supported in FR2. In this sense, it may make sense to define them differently for FR1 and FR2. In our paper for RAN4#84bis [3], we proposed to have Tq fixed as 5.5Ts, and we think this still applies to FR1. For FR2 a smaller value like 3.5Ts may be enough.

Proposal 2: The maximum adjustment step size and the maximum aggregate adjustment rate per 200ms are 5.5Ts for FR1 and 3.5Ts for FR2.
The minimum aggregate adjustment rate per second, however, will impact the autonomous adjustment step size, so it should be scaled with UL SCS. For example, the minimum adjustment rate defined for LTE (15kHz UL SCS) may be too large for 30/60/120kHz SCS, since UE may be making adjustment in small steps to keep the Tx timing error within Te, which is also scaled with UL SCS based on our Proposal 1, and a large minimum adjustment rate may mean UE has to make some big adjustment with which UE may not be able to keep the Tx timing error within Te. In our view, this minimum aggregate adjustment rate per second should be scaled linearly with UL SCS. The UL BW and DL RS BW have already been considered in Te, so they should not be accounted in this requirement.
Proposal 3: The minimum aggregate adjustment rate per second is defined as 7Ts / 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 requirements for UE transmit timing error and UE autonomous time adjustment.
Observation 1: From UL demodulation perspective, the UE Tx timing accuracy 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: The BW of the DL RS for timing estimation should be the maximum between SSB BW and TRP BW.
Proposal 1: UE Tx timing accuracy Te is defined as max(1.5*Tsample, Te_desire), where Tsample is the sampling interval based on BW of the DL RS for timing estimation as in Observation 3, and Te_desire is given in Observation 1.

Proposal 2: The maximum adjustment step size and the maximum aggregate adjustment rate per 200ms are 5.5Ts for FR1 and 3.5Ts for FR2.
Proposal 3: The minimum aggregate adjustment rate per second is defined as 7Ts / N, where N = SCS_UL / 15kHz and SCS_UL is the SCS of UL Tx.
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