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1. Introduction
In RAN #75 meeting, the WID of NR was approved in [1], the RRM specification related scopes are duplicated as below,

	·    Radio Resource Management
· Conducted RRM requirements for below 6GHz 
· Note: Conducted and/or OTA RRM requirements for between 6GHz and 24 GHz will be specified once bands within this range are introduced into WID
· OTA RRM requirements for above 24GHz
· Requirements for Non-Stand-alone operation
· Requirements related to following procedures are not included.
· Idle mode mobility 
· Requirements for Stand-alone operation
· OTA test aspect affecting UE RF, BS RF and RRM core requirements


In the TS38.803, the timing related study is suggested to be started in WI stage. In current LTE specifications, timing requirement includes UE Tx timing, UE Rx-Tx time difference, UE RSTD measurement, timing advance and so on, and most of timing related requirements are based on the time unit Ts. However in NR systems, the smallest unit might be changed due to the different numerologies and wider bandwidths.
In this contribution, we provide some view on the possible timing requirements for NR.  
2. Discussion

2.1. Smallest time unit 
In current LTE, because the subcarrier spacing is 15KHz and the biggest system BW is 20MHz(FFT size 2048). Then the smallest time unit of LTE system is defined in TS36.211, as below,

Throughout this specification, unless otherwise noted, the size of various fields in the time domain is expressed as a number of time units 
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In NR, different numerologies and wider bandwidths will be introduced, then the smallest unit might be changed. Since the time unit is one of the most common parameters for NR systems, it’s very important to settle down this definition before the timing requirement design. There might be different some alternatives for defining this smallest time unit in NR systems. 
Alternative 1: use the maximum FFT size and corresponding subcarrier spacing size to derive the TS_NR (assumed as smallest time unit of NR systems) regardless of frequency range.
The up-bound of subcarrier number and sub-carrier spacing size is studied in TR38.802, which is duplicated as below,

From RAN1 specification perspective, maximum channel bandwidth per NR carrier is 400MHz in Rel-15. Note that all details for channel bandwidth at least up to 100 MHz per NR carrier are to be specified in Rel-15. At least for single numerology case, candidates of the maximum number of subcarriers per NR carrier is 3300 or 6600 in Rel-15 from RAN1 specification perspective. NR channel designs should consider potential future extension of these parameters in later releases, allowing Rel-15 UE to have access to NR network on the same frequency band in later release.
A subframe duration is fixed to 1ms and frame length is 10ms. Scalable numerology should allow at least from 15kHz to 480kHz subcarrier spacing. All numerologies with 15 kHz and larger subcarrier spacing, regardless of CP overhead, align on symbol boundaries every 1ms in NR carrier.  
Based on the TR38.802 from RAN1, the one example of smallest time unit TS_NR can be equivalent to 1/(60000*8192). 8192 is derived from “maximum subcarrier number (6600) rounding to the closest FFT size(8192)”, the 60000 is because the maximum of channel BW is 400MHz. The BW here is only used for example, and the final BW shall be decided by RAN4 in the WI stage.
Alternative 2: use the maximum subcarrier spacing size and corresponding FFT size to derive the TS_NR (assumed smallest time unit of NR systems) regardless of frequency range.

Then based on the TR from RAN1, the one example of smallest time unit TS_NR can be equivalent to 1/(480000*1024). The FFT size 1024 is because the maximum of channel BW is 400MHz and the subcarrier spacing is 480kHz. The smallest time unit in alternative 2 is same as in alternative 1. The BW here is only used for example, and the final BW shall be decided by RAN4 in the WI stage.
According to the calculations in alt1 and alt2, the smallest time unit of NR system is Ts/16, Ts is the smallest time unit of EUTRAN system. 

Observation: based on the current RAN1 TR38.802, the smallest time unit TS_NR for R15 NR system is Ts/16, Ts is the smallest time unit of EUTRAN system. The smallest time unit of NR system shall depend on the max BW which will be decided by RAN4 in the WI stage.
In current TS36.133, most of  the timing related requirements are using Ts as a time unit for the requirement description and it is more readable than using the absolute value in ‘ms’ or ‘us’, and it can easily reflect the relation between timing requirement and different BWs. Similarly, we also can use the TS_NR (assumed smallest time unit of NR systems) for the NR timing requirement. Thus, for NR timing requirements, if the smallest time unit is TS_NR, we propose that,

Proposal 1: prioritize to use the value in unit of TS_NR (assume TS_NR is the smallest time unit of NR systems) rather than an absolute value in the timing related requirements, e.g. UE Tx timing.
Moreover, in current LTE requirement, some of the timing related parameters are relevant to the BW, e.g. Te and Tq in Tx timing requirement, which are duplicated as 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


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 NR, since multiple SCS (subcarrier spacing) are supported and different SCS may result into different symbol duration, the symbol duration with different SCS for the same BW may be diverse. If the symbol duration are different under same BW, then the Tq or Te value may be different even for the same BW. For example, if the DL BW is 10MHz and SCS is 15KHz, then Tq may be 3.5Ts (just use LTE Tq as an example) and symbol duration is 66.7us; and if the DL BW is 10MHz and SCS is 120KHz, then the symbol duration is changed to 8.34us, and in this case 3.5Ts may not be suitable for this short symbol duration case even though the BW is still 10MHz. So we propose to also consider SCS for the parameter setting in timing requirement, e.g. Te and Tq if needed.
Proposal 2: Besides BW, we shall also consider SCS in the parameter setting for timing requirement, e.g. Te and Tq if needed.

3. Conclusions

In this contribution, we provide some view on the possible timing requirements for NR.   
Observation: based on the current RAN1 TR38.802, the smallest time unit TS_NR for R15 NR system is Ts/16, Ts is the smallest time unit of EUTRAN system. The smallest time unit of NR system shall depend on the max BW which will be decided by RAN4 in the WI stage.
Proposal 1: prioritize to use the value in unit of TS_NR (assume TS_NR is the smallest time unit of NR systems) rather than an absolute value in the timing related requirements, e.g. UE Tx timing.
Proposal 2: Besides BW, we shall also consider SCS in the parameter setting for timing requirement, e.g. Te and Tq if needed.
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