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1. Introduction
A way forward on NR RRM working guideline [1] in RAN4#83 meeting was approved. One of the agreed studies concerns UE transmit timing requirements:

	· Consideration of requirements for NR UE transmit timing



In this contribution, we provide an initial analysis on UE transmit timing requirements. The LTE legacy requirements of UE transmit timing are used as baseline when analyzing whether those rules can be re-used for NR.
2. UL Transmit Timing Requirements

As defined in TS 36.133 [2], a legacy UE should follow the frame timing change of the connected eNode B. The uplink frame transmission takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in the following table. 
Table 7.1.2-1 (TS 36.133) Te Timing Error Limit (in TS 36.133)
	Downlink Bandwidth (MHz)
	Te_

	1.4
	24*TS

	≥3
	12*TS

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



In addition, all adjustments made to the UE uplink timing shall follow additional rules, such as 
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq seconds.
2)	The maximum aggregate adjustment rate shall be Tq per 200ms.
where the maximum autonomous time adjustment step Tq is specified in the following table.
Table 7.1.2-2 (TS 36.133) 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


As shown above, the requirements for Te and Tq are defined based on the downlink carrier bandwidth.
The initial transmission timing error (Te) mainly comes from the error of downlink timing detecting and the error of Tx chain setting. And also the use of larger downlink bandwidth improves the timing measurement accuracy.
In LTE, the legacy downlink timing tracking algorithms are generally based on finding the sample position that maximizes the correlation to a prior known reference signal, e.g. SSS or CRS. However, in NR, the frame/slot/symbol timing of the cell can be obtained from an SS block and whether CSI-RS can be used for timing detecting is ongoing in RAN1. Once RAN1 make the decision on downlink reference signal used for timing tracking, in order to evaluate the transmission timing error, the legacy timing tracking algorithms can be reused for NR.
Observation 1: In order to evaluate the transmission timing error, the legacy timing tracking algorithms can be reused for NR, once RAN1 make the decision on downlink reference signal used for timing tracking.
The requirements should ensure that the timing error is within half a CP length, hence, different length of CP can have different sensitivity with respect to transmit timing errors. In NR, both normal CP (5.2 or 4.7µs) and extended CP (16.67 µs) are supported, thus, a larger offset from the ideal transmit timing can be accepted for extended CP without leading to inter-symbol interference and associated leakage to adjacent subcarriers i.e. inter-carrier interference. Hence, the UE initial transmission timing error requirement should be defined based on normal CP. Moreover, RAN4 agreed that NR minimum carrier bandwidth is 5MHz for frequency range up to 6GHz and 50MHz for frequency range from 6GHz to 52.6GHz [3]. From the simulation results of evaluating timing error in legacy LTE, the larger downlink bandwidth can have the better timing measurement accuracy performance. Thus, the legacy requirement of UE initial transmission timing error defined for larger or equal than 3MHz can be reused.
Proposal 1: For frequency range below 6GHz, the NR UEs shall follow the requirement of Te defined for larger than or equal to 3MHz in Table 7.1.2-1 in TS 36.133
Proposal 2: For frequency range below 6GHz, the NR UEs shall follow the requirement of Tq defined for 5MHz and larger than or equal to 10MHz in Table 7.1.2-2 in TS 36.133
3. Conclusion
In this contribution, we provide an initial analysis on UE transmit timing requirements. The LTE legacy requirements of UE transmit timing and those rules can be reused for NR for below 6GHz. And the following proposals are made:
Observation 1: In order to evaluate the transmission timing error, the legacy timing tracking algorithms can be reused for NR, once RAN1 make the decision on downlink reference signal used for timing tracking.
Proposal 1: For frequency range below 6GHz, the NR UEs shall follow the requirement of Te defined for larger than or equal to 3MHz in Table 7.1.2-1 in TS 36.133
Proposal 2: For frequency range below 6GHz, the NR UEs shall follow the requirement of Tq defined for 5MHz and larger than or equal to 10MHz in Table 7.1.2-2 in TS 36.133
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