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1. Introduction
In the previous meeting, the agreements on fine time/frequency tracking and NR-PBCH are as follows: 
	Agreements:
· Support a RS with X MHz bandwidth for time tracking, where X can be

· Alt 1: system bandwidth

· Alt 2: bandwidth part

· FFS configured or fixed 

· Alt 3: maximum UE bandwidth reported by UE capability

· Alt 4: PBCH bandwidth

· Other alternatives are not precluded

· FFS the number of values of X (e.g., whether or not as a function of frequency range)

· For time and frequency domain RE spacing of tracking RS, at least the following aspects are TBD in RAN1#89

· Subcarrier spacing according to frequency range

· Periodicities

· Frequency densities

· Timing of fine time/frequency tracking

· E.g. before SIB decoding, before PDCCH decoding, before PDSCH decoding, etc.

· The structure of the RS

· E.g. time density/burst

Agreements:
· The WF in R1-1706800 is agreed with the following updates:

· Slide 2 is updated to:

· The RS(s) for fine time and frequency (T/F-) tracking should consider

· Whether T and F tracking use independent RS(s) respectively, or same RS

· The number of antenna ports for the RS(s)

· Whether already existing RS(s) used for other purposes can be used also for T and/or F tracking

· Whether the RS(s) are periodic or aperiodic

· Whether RS bandwidth and/or periodicity  is configurable

· If it is configurable, the approach can be, e.g. by RRC, SIB , MIB,…

· Study the need of additionally scheduled to help UE from long CDRX wakeup

· Multi-beam operation

· The RS(s) can be used for delay spread estimation and Doppler spread estimation

· frequency offset= [0.1]ppm
Agreements:
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)

· PBCH phase reference: DMRS

· PBCH TTI: 80 msec

Agreements:
· Number of symbols per SS block 

· 1 symbol NR-PSS

· 1 symbol NR-SSS

· 2, 3 or 4 symbols NR-PBCH (to be decided once the payload and NR-PBCH design has been agreed)

· FFS: Multiplexing of TSS/TSCH in SS block if TSS/TSCH is agreed to be introduced

· In a single SS block, the symbols are consecutive
Working assumption:

· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 

· FFS: Same or different antenna port(s) are defined for NR-PSS, NR-SSS and NR-PBCH within an SS block

· Companies are encouraged to further evaluate NR-PBCH performance


In these agreements, self-contained DMRS for PBCH demodulation was considered as one of candidates for fine time tracking RS. This signal can be transmitted periodically and shared between UEs, so that UE can perform periodic fine time tracking without excessive RS overhead. 
In this contribution, we discuss feasibility of self-contained DMRS for PBCH as fine time/frequency tracking RS.
2. Discussion on fine timing tracking 
In this section, we discuss the feasibility of self-contained DMRS in PBCH from fine time tracking perspective. 
· Timing offset resolution
Timing offset resolution is determined by BW. Here, the resolution is lower, as BW decreases. In RAN1 #88bis, it was agreed that BW of PBCH is equal to 288 subcarriers with 2 OFDM symbols. For given subcarrier spacing 30kHz, therefore, its BW is equal to 8.64MHz (=30kHz X 288). In this case, timing offset due to lower timing resolution is at most -4 or 4 compared to 36MHz (total # of available subcarriers =1200). Accordingly, the resulting performance loss is negligible. 
· Pull-in range of timing offset and maximum resolvable delay spread 
RS density in frequency domain determines pull-in range of timing offset and maximum resolvable delay spread. In LTE, timing offset and delay spread are estimated through CRS whose frequency density per RB is equal to 1/3. Figure 2 shows that self-contained DMRS in PBCH has a density per RB of 1/3 like CRS in LTE. As a result, self-contained DMRS in PBCH is enough to estimate timing offset and delay spread.
· Transmission Scheme for PBCH

In our companion contribution in [1], following schemes are considered as candidates of transmission scheme for PBCH:

1 Alt.1: Time domain precoding vector switching (TD-PVS) scheme

2 Alt.2: Cyclic Delay Diversity (CDD) scheme

3 Alt.3: Frequency domain precoding vector switching (FD-PVS) scheme

Evaluation results in [1] shows that FD-PVS provides the worst BLER performance. This is due to the fact that its channel estimation performance is poorer than other schemes, and detailed discussion can be checked in [1]. In this regard, self-contained DMRS in PBCH would have the same (similar) precoding, which enables estimation of timing offset/delay spread. 
Observation 1: Self-contained DMRS in PBCH can provide enough estimation accuracy of timing offset and delay spread if DMRS in PBCH would have the same precoding. 
3. Discussion on fine frequency tracking 
In the previous meeting, it was agreed that PBCH has at least 2 OFDM symbols in SS-block. In this case, self-contained DMRS in PBCH, as plotted in Figure 2, may be used for estimation of residual CFO. In this section, we discuss the feasibility of the DMRS from fine frequency tracking perspective. 
· 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 [1]. 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 3 and Figure 4. 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 2: 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
4. Conclusion
In this contribution, we discussed feasibility of self-contained DMRS for PBCH as fine time/frequency tracking RS. From the discussion, our observations are given as follows:
Observation 1: Self-contained DMRS in PBCH can provide enough estimation accuracy of timing offset and delay spread if DMRS in PBCH would have the same precoding. 
Observation 2: The fine frequency tracking through self-contained DMRS for PBCH is enough to guarantee the performance of PDSCH with front-loaded DM-RS.
From the above observations, we can see that self-contained DMRS in PBCH can be considered as fine time/frequency tracking RS. Accordingly, our proposal is as follow:
Proposal 1: Self-contained DMRS in PBCH should be supported as fine frequency/time tracking RS.
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