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1. Introduction
In the previous meeting, the agreements on fine time/frequency tracking, NR-PBCH and CSI-RS are as follows: 
	Agreements:

· Slide 3 and slide 4 in R1-1711766 are agreed with the following updates:

· N: add value of 1

· B: 50 RBs assuming SCS=15KHz (FFS, for other SCS values)

Agreements:

· TRS is UE-specifically managed

· NR supports TRS for multi-TRP transmission

· Details FFS

· FFS how to handle the case of initial access and idle mode (e.g., the necessity of TRS or not, default value if TRS is necessary, etc)

· FFS how to handle multi-beam transmission

· FFS: whether the tracking performance enhancement is needed for long DRX
Agreements:

· For the case of 2 PBCH symbols within the SS block: PSS-PBCH-SSS-PBCH

Agreement:
· Equal DMRS density across NR-PBCH with 3 RE/PRB/Symbol

Agreement:

· DMRS have the same RE position in all NR-PBCH symbols
Agreements:

· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management

· Value of D>=1 represents RE/RB/port within a OFDM symbol.

· For the case of 1-port

· No CDM

· Subcarrier spacing within a PRB for D>1

· Even spacing

· Constant subcarrier spacing across PRB(s)

· Constant subcarrier spacing within a BWP

· FFS the values of D 

· For the case of 2-port:

· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)

· FFS: the potential number of CSI-RS OFDM symbols for beam management

· FFS: other values of X and D for beam management 

· In the LS to RAN4, add “RAN1 are discussing the respective possible limited set values of D for 1-port and 2-port CSI-RS resource, e.g., taking from {1, 2, 3, 4, 6}. RAN4 is also welcome to provide inputs to select the values of D for 1-port and 2-port CSI-RS resources, respectively”.


In RAN1 #88bis meeting, it was agreed that BW of PBCH is equal to 288 subcarriers with 2 OFDM symbols [1]. In RAN1 #89 meeting, it was agreed that PBCH supports single antenna port, and precoder cycling in the frequency domain is precluded [2]. In RAN1 NR Adhoc#2 meeting, it was also agreed that self-contained DMRS for PBCH demodulation has the frequency density of 3RE/PRB/symbol, and the same RE position in all PBCH symbols. In this contribution, we show the feasibility and performance of the self-contained DMRS in PBCH as fine time/frequency tracking RS.
2. Discussion on fine time tracking 
In this section, we discuss the feasibility of self-contained DMRS in PBCH from fine time tracking perspective. 
· Time offset resolution
Time offset resolution is determined by BW. Here, the resolution is lower as BW decreases. In RAN1 #88bis, it was also 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, time offset due to lower time resolution is at most -4 or 4 compared to 36MHz (total # of available subcarriers =1200). Accordingly, the resulting performance loss will be negligible. 
· Pull-in range of time offset and maximum resolvable delay spread 
RS density in frequency domain determines pull-in range of time offset and maximum resolvable delay spread. In the previous meeting, it was agreed that self-contained DMRS in PBCH has the density of 3RE/PRB/symbol, which is one of the candidates of TRS RE density per PRB. Note that PBCH supports a single antenna port and precoder cycling in the time domain is precluded in RAN1#89 meeting. As a result, self-contained DMRS in PBCH provides sufficient BW and frequency density to estimate time offset and delay spread. 
Observation 1: PBCH DMRS can provide sufficient accuracy for fine time tracking.

3. Discussion on fine frequency tracking 
In this section, we discuss the feasibility of self-contained DMRS in PBCH from frequency offset estimation perspective. Also, we discuss the feasibility of front-loaded DMRS and additional DMRSs from Doppler spread estimation 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 the performance loss in terms of spectral efficiency was negligibly small compared with no residual CFO case for residual CFO up to 100Hz. 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 increase of resource overhead. 
· Fine frequency offset tracking using PBCH DMRS
In this subsection, we provide evaluation results on fine frequency offset tracking based on PBCH DMRS plotted in Figure 2. Then, Figure 3 shows CDF curves of CFO estimator at SNR=-6dB based on the DMRS. Also, Figure 3 includes three curves on fine frequency tracking performance with 1, 5 and 10 occasions of PBCH.  
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Figure 2 Self-contained DMRS in PBCH
Table 2 summarizes residual CFO range at given probability based on CDF curves from Figure 3. Here, we observed that it provides residual CFO smaller than 200Hz at 95% probability through gathering 5 PBCH occasions. Accordingly, required accuracy on residual CFO for PDSCH decoding can be achieved within 5 PBCH occasions by using PBCH DMRS. 
Observation 2: PBCH DMRS can provide sufficient accuracy for fine frequency offset estimation.
Table 2 Residual CFO Range at given probability

	
	1 PBCH
	5PBCH
	10 PBCHs

	90%
	-334Hz ~ 334Hz
	-130kHz ~130kHz
	-92Hz~92Hz

	95%
	-473Hz ~ 473Hz
	-179kHz~179kHz
	-123Hz ~123Hz
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Figure 3 CDF of CFO estimator with 1, 5, 10-occasions of PBCH
· Maximum resolvable Doppler spread

In [2], it was agreed that additional DMRS symbols have the same density of front- loaded DMRS in the frequency domain. Also, [4] shows that additional DMRS should be transmitted at speed above 30km/h. Therefore, UE can estimate Doppler spread by using front-loaded DMRS and additional DMRS symbols. At that time, several PDSCHs may be needed for better estimation of Doppler spread, which is an UE implementation issue. Nevertheless, this approach can mitigate bulky RS designs for Doppler spread which may occupy multiple symbols within a slot.   

Observation 3: Doppler spread can be estimated by using front-loaded PDSCH DMRS and additional PDSCH DMRS.
· Tracking performance enhancement based on CSI-RS for beam management 
In RAN1 NR Ad-hoc#2 meeting, it was agreed that CSI-RS resource with 1-port and 2-ports can be used for beam management where its frequency density is equal to or larger than 1 RE/RB/port. Moreover, 1-port case adopts no CDM. Therefore, UE can improve time/frequency tracking performance by using configured CSI-RS resource(s) for beam management by implementation. It should be noted that its periodicity can be configured by UE specific manner. Accordingly, CSI-RS configured for beam management purpose can be freely utilized to further enhance time/frequency tracking performance in addition to PBCH DMRS. 
Proposal 1: PBCH DMRS should be a baseline RS for fine time/frequency tracking for both idle and connected UEs. For RRC connected UEs, no additional RS seems to be required for finer time/frequency tracking besides RSs configured/usable already, i.e., CSI-RS configured for beam management and PDSCH DMRS.
4. Conclusion
In this contribution, we discussed feasibility of PBCH DMRS for fine time/frequency tracking. From the discussion, our observations and proposals are given as follows:
Observation 1: PBCH DMRS can provide sufficient accuracy for fine time tracking.

Observation 2: PBCH DMRS can provide sufficient accuracy for fine frequency offset estimation.
Observation 3: Doppler spread can be estimated by using front-loaded PDSCH DMRS and additional PDSCH DMRS.
Proposal 1: PBCH DMRS should be a baseline RS for fine time/frequency tracking for both idle and connected UEs. For RRC connected UEs, no additional RS seems to be required for finer time/frequency tracking besides RSs configured/usable already, i.e., CSI-RS configured for beam management and PDSCH DMRS.
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