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1 Background

RAN4 has received an LS from RAN1 in [1] with a question on the anticipated time/frequency tracking accuracy for further RAN1 studies of NR reference signals for fine time and frequency tracking, particular with regard to higher carrier frequencies and UE mobility as compared to LTE; RAN1 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
Given the current status uf the RAN1 specifications, the situation is slightly complicated as any decision by RAN4 on the minimum requirement on frequency/time accuracy would depend on prior RAN1 decisions of the RS structure. 
Notwithstanding, in this contribution we discuss a first RAN4 reply can contain information on the relative receiver oscillator stability expected at mmW frequencies along with a request on further explicit information about RAN1 candidate RS arrangements. Some background on existing RAN4 studies of the tracking accuracy for LTE is also provided in this contribution as a background. 
A draft LS reply is supplied in [2].
2 Basic frequency accuracy for mmW bands
For E-UTRA, the frequency tracking accuracy at the UE is manifested as a requirement on the UL modulated carrier in relation to the carrier frequency received from the eNB, from 36.101:
6.5
Transmit signal quality

6.5.1
Frequency error

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

Thus the ±0.1 PPM requirement verifies the frequency accuracy of both the receiver and the transmitter: tracking of the received signal from the eNB (the test generator in the test case) and generating a transmitted signal with the desired frequency accuracy. 

The requirement for LTE is relative and based on reception on both synchronisation and use of CRS for fine frequency tracking. In the absence of more detailed information on the RS design for NR, RAN4 could at least supply information on the expected relative accuracy of the relative frequency accuracy of the basic frequency generation. 
.  
For the XO, one may use a high frequency XO to keep phase noise contribution low when operating at mmW frequencies. However, such an XO will be much more sensitive to temperature and aging and generally have larger tolerances. One possibility is to lock the HF XO to a conventional LF XO that must be implemented anyway for legacy RAT support. In other words, with such a solution we will benefit from the low phase noise of the HF XO and the accuracy of the LF XO. Hence the relative frequency accuracy of the XO may be comparable to the corresponding for LTE that is behind the existing ±0.1 PPM requirement.
3 Related work on time/frequency tracking for LTE
In addition to the basic RF XO accuracy, RAN4 should request more details from RAN1 regarding available RS and the RS structure in order to provide an answer on the time/frequency tracking accuracy.
In the absence of an “always-on” signal for NR, an answer on whether or not +/-0.1 PPM is feasible is highly dependent on the available RS and RS structure. Comparing to LTE with its CRS we observe that
· for RRM performance requirements RSRP/RSRQ accuracy is defined based on CRS, which is used for timing and frequency tracking; 
· for DRX in a practical implementation, the CRS preceding the DRX is used for the timing and frequency tracking; thus +/-0.1 ppm is doable;
· for MIMO demodulation, such as TM9 and TM10, even if DMRS is used for the demodulation, the CRS is still assumed for the channel characteristic analysis, such as frequency offset estimation, Doppler estimation, etc; 
· for some scenarios, such as COMP scenario 4, the CRS can not be used for the frequency estimation as PDSCH transmission point is different from the CRS transmission point. For this scenario, the signal from two different transmission points are expected to have very small frequency offset; otherwise a large performance loss will result; 
· extensive simulation campaigns have investigated the frequency offset impact on MIMO performance; higher MCS is more sensitive to the frequency estimation error, it is therefore beneficial to keep a lower residual frequency error for data decoding especially for higher MCS; 
· in the LAA case, the CRS transmission is sparse but a DRS is configured. Furthermore, the signal transmission is in burst mode with CRS in each burst; thus, +/-0.1 ppm is doable. 
4 Conclusions
With regard to the requested information by RAN1 on NR time/frequency tracking in their LS [1], RAN4 can only provide information on the expected accuracy of the basic frequency generation at this stage, along with a request for more information from RAN1 on the anticipated RS structure for a more detailed RAN4 reply in a further LS exchange. 
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