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1. Introduction
In RAN1 #88 [1], the agreements on fine time/frequency tracking are as follows: 
	Agreements:
· The candidate reference signal for time and frequency tracking  for study

· Demod RS for common control resource set or common control search space together with extension in time domain (if introduced)

· CSI-RS

· Consider the enhanced type in both time and frequency domain (if needed)

· Dedicated RS (if introduced)

· DMRS for PBCH (if introduced)

· MRS (if introduced)

· PT-RS

· PSS/SSS

· Note that it doesn’t mean that only one RS can serve tracking for time and frequency

· The RS design for time and frequency tracking should study

· Tracking range for the frequency error

· E.g. in LTE, CRS: +/-2KHz, DMRS: +/-1KHz, CSI-RS: +/-100Hz 

· Resolution for the timing error

· E.g. in LTE, PSS/SSS: 1us,  10MHz BW CRS: 0.1us

· Transmission timing e.g. burst period and off duration

· Transmission bandwidth, e.g. wideband, partial band

· The support of different sets of QCL parameters

· The support of Delay spread estimation and Doppler spread estimation

· The detailed signaling mechanism

· Prepare draft LS to RAN4 in R1-1703949 until Thursday – Hoondong (Samsung) for

· Check whether same level of time/frequency tracking accuracy, e.g. ±0.1 PPM, is enough or not regardless of wider range of NR carrier frequency

· Evaluation is encouraged

· PDSCH decoding performance including SIB under the realistic time/frequency tracking and compensation

· Performance when DRX in connected mode is configured 

· FFS, evaluation assumptions including channel model, modeling drift of local oscillator after DRX period

· Note: Channel model example is as follows

· Fixed value, for example 300Hz for frequency error and 1us for timing error

· Dynamic model

· CDL model with time varying AOA/ZOA for time varying Doppler shift

· For very high speed, consider RAN4 4-path HST model

· Self-defined model


In these agreements, PSS/SSS or self-contained DMRS for PBCH demodulation or MRS was considered for fine frequency tracking. These signal can be transmitted periodically and shared between UEs, so that UE can perform periodic fine frequency tracking without excessive RS overhead. 
After fine frequency tracking, PBCH and/or PDSCH is decoded with residual CFO which represents residual estimation error after fine frequency tracking.  The residual CFO results in ICI and phase rotation in the frequency domain. If channel (e.g. PBCH) comprises one or two OFDM symbol(s) or self-contained DMRS is employed, the phase rotation would rarely affect decoding performance. On the contrary, if channel (e.g. PDSCH) comprises several OFDM symbols and front loaded DMRS is employed, the phase rotation significantly degrades decoding performance even for low residual CFO. This is because the phase rotation accumulates as the distance between PDSCH OFDM symbol and fronted loaded DMRS is larger. Accordingly, residual CFO should be small so that it does not affect the decoding performance. 

In this contribution, we discuss feasibility of self-contained DMRS for PBCH as fine frequency tracking RS based on PDSCH decoding performance.
2. Evaluation Results
· Spectral efficiency of PDSCH in the presence of residual CFO
In the followings, we show PDSCH decoding performance in terms of spectral efficiency according to different residual CFO values. Table 1 shows simulation setup for PDSCH decoding.
Table 1. Simulation setup
	Carrier Frequency
	2 GHz
	CFO 
	1.5kHz

	Subcarrier Spacing
	15kHz
	# of Physical RBs
	8

	Channel
	CDL-C(300ns, 3km/h)
	# of System RBs
	100

	Channel Estimation
	Ideal
	Modulation &  Code Rate
	QPSK(1/3)

	Max # of retransmissions
	4
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Figure 1 Spectral Efficiency
From Figure 1, it was observed that for residual CFO up to 100Hz, the performance loss in terms of spectral efficiency was negligibly small compared with no residual CFO case. For residual CFO=200Hz, the spectral efficiency is noticeably degraded. From the simulation results, it can be concluded that CFO should be less than at least 200Hz (~0.1 ppm) in order to keep benefits of front-loaded DM-RS for even low MCS without any increases of resource overhead. 
· Fine tracking using self-contained DMRS for PBCH
Figure 3 and Figure 4 show CDF curves of CFO estimator at SNR=-6dB based on self-contained DMRS for PBCH as illustrated in Figure 2. More details on PBCH design can be found in our companion contribution [2]. Figure 3 and Figure 4 corresponds to fine frequency tracking with 10 and 50 occasions of PBCH, respectively, to improve the CFO estimation performance.  
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Figure 2 Three types of PBCH
Table 2 shows residual CFO range at given probability based on CDF curves in Figure 2 and Figure 3. Here, we observed that 3 symbol spacing provides residual CFO smaller than 100Hz at 95% probability through gathering 10 or 50 PBCH occasions, while 1 symbol spacing achieves the accuracy at 90% probability through gathering 50 PBCH occasions. In summary, if self-contained DMRS for PBCH, as plotted in Figure 2-(c), is employed, required accuracy on residual CFO for PDSCH decoding can be achieved within 10 PBCH occasions. 
Observation 1: The fine frequency tracking through self-contained DMRS for PBCH is enough to guarantee the performance of PDSCH with front-loaded DM-RS.
Table 2 Residual CFO Range at given probability

	
	10 PBCHs
	50 PBCHs

	
	1 symbol spacing
	3 symbol spacing
	1 symbol spacing
	3 symbol spacing

	90%
	-190Hz ~ 190Hz
	-60Hz ~ 60Hz
	-80Hz ~ 80Hz
	-30Hz ~ 30Hz

	95%
	-240Hz ~ 240Hz
	-80Hz ~ 80Hz
	-105Hz ~ 105Hz
	-35Hz ~ 35Hz
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Figure 3 CDF of CFO estimator with 10-subframes
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Figure 4 CDF of CFO estimator with 50-subframes
3. Conclusion
In this contribution, we discussed feasibility of self-contained DMRS for PBCH as fine frequency tracking RS based on PDSCH decoding performance. From the discussion, our observation is given as follows:
Observation 1: The fine frequency tracking through self-contained DMRS for PBCH is enough to guarantee the performance of PDSCH with front-loaded DM-RS.
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