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Introduction
In RAN1#88 meeting, an LS was sent to RAN4 regarding time/frequency tracking accuracy requirement: 
	R1-1704103 LS on time and frequency tracking
RAN1 discussed the requirements of time and frequency tracking for NR for further RAN1 study of reference signals for fine time and frequency tracking. Considering a comparable wider range of carrier frequencies and UE mobility of NR than LTE, RAN1 kindly asks RAN4 to verify whether RAN1 can assume the LTE level of time/frequency tracking accuracy, e.g. ±0.1 PPM of carrier frequency, taking into account at least following aspects of NR:
· Carrier frequencies 
· UE mobility 
· Transmission bandwidth
· MCS
· Subcarrier spacing 
· Single and multiple TRP transmissions
· MIMO
To RAN4
· ACTION: RAN1 respectfully asks RAN4 to confirm the LTE requirements for time/frequency tracking is sufficient for RAN1 to continue future work for NR.


In this contribution, we discuss about the tracking accuracy requirements for NR and provide a tentative reply to the above LS.   
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LTE requirement on time/frequency tracking accuracy
In this subsection, we briefly introduce the time/frequency tracking procedure and requirements in LTE system.
LTE time/frequency tracking procedure:
1. First, a UE employs PSS/SSS signals for initial synchronization with a cell. After this step, residual timing error should be within CP length, frequency error should be less than subcarrier spacing (SCS). 
2. After the UE obtains coarse time/frequency synchronization in step 1, it does fine time/frequency tracking based on CRS signals. 
LTE requirement on time/frequency tracking accuracy
In LTE, RAN4 has no direct requirements for fine time/frequency tracking accuracy, however some requirements maybe related: 
1. Timing requirements are specified in TS36.133 section 7[1: 
The UE initial transmission timing error shall be less than or equal to Te, where the timing error limit value Te is specified in Table 7.1.2-1. 
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


2. Frequency error requirements (including UE downlink frequency tracking error and uplink transmission frequency error due to RF non ideality), [2] Section 6.5.1: 
The UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of one time slot (0.5 ms) compared to the carrier frequency received from the E-UTRA Node B. 
NR requirements on time/frequency tracking accuracy
RAN4 progress on time/frequency tracking  
RAN4 has the following agreements ([3], Section 6.2.2.8) regarding frequency error requirement: 
· For Range 1 (sub 6 GHz)
· Since it was identified that the same requirement as LTE (i.e. 0.1 ppm) can be reused, there is no open issue for the WI phase.
· For Range 2 (above 6 GHz)
· Since this spec verifies own signal quality, beam peak is used as a metric. It is FFS whether the same frequency error (0.1 ppm) can be reused in this range considering settling time, etc.
RAN4 has not made any agreements on the required timing error so far. 
Analysis of time/frequency error requirements
It is known that if the timing error  (i.e., the difference between the start position of the FFT window and the start position of the OFDM symbol at the receiver) is within , where  is the cyclic prefix (CP) length,  is the multipath delay, the timing error only introduces a phase rotation term on every subcarrier. While if the timing error is out of this range, it also introduces inter subcarrier interference (ISI). On the other hand, carrier frequency offset would break the orthogonality of OFDM subcarriers and introduces ISI as well. To ensure an acceptable demodulation performance, it is important to estimate the timing error and frequency offset and make compensation. In practice, how much timing error and frequency offset is acceptable then depends on RAN1 physical layer design. 
However, it is hard to obtain an explicit relationship between the demodulation performance and the required time/frequency tracking accuracy, especially considering the different numerologies, UE mobility conditions, transmission bandwidth, MCSs, etc. in NR. Determining whether a timing error or frequency offset is acceptable would most likely be based on simulation results and may be not be the same for different scenarios. One possible example is that as the subcarrier spacing increases, the requirement on the frequency offset can get relaxed while that on the timing error becomes more stringent. In addition, since high order modulation scheme is more sensitive to phase noise than lower order modulation scheme, high order modulation scheme may also require more stringent time/frequency error.       
Tentative Reply to the RAN1 LS
Based on above analysis, such tentative reply to RAN1 LS was given below:
	In general, it's hard to say whether existing LTE time/frequency accuracy can be a reference for NR system. It depends on many factors like numerology, UE mobility, modulation scheme, etc. It’s possible that the timing error and frequency error requirements in different scenarios are different.   
Regarding the frequency error, for sub 6 GHz, it was identified that the same requirement as LTE (i.e. 0.1 ppm) can be reused; for above 6 GHz, it is FFS whether the same frequency error (0.1 ppm) can be reused in this range considering settling time, etc. 


Conclusions
In this contribution, we provided an analysis on the time/frequency tracking issue for NR. In particular, based on current progress in RAN4, it is hard to determine whether the time error or frequency offset requirement in LTE applies for NR. Furthermore, atentative response to RAN1 LS was draft below:
	In general, it's hard to say whether existing LTE time/frequency accuracy can be a reference for NR system. It depends on many factors like numerology, UE mobility, modulation scheme, etc. It’s possible that the timing error and frequency error requirements in different scenarios are different.   
Regarding the frequency error, for sub 6 GHz, it was identified that the same requirement as LTE (i.e. 0.1 ppm) can be reused; for above 6 GHz, it is FFS whether the same frequency error (0.1 ppm) can be reused in this range considering settling time, etc. 
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