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1. Introduction
In RAN4 #89 meetings, a WF [1] on synchronization design for TM2 for FR1 and FR2 was agreed with the following open issues to be solved in RAN4#90 meeting. 
	Based upon investigation and analysis, the RAN4 group should decide next meeting one of the following approaches to be taken for NR-FR1-TM2 and NR-FR2-TM2.
Option 1: The synchronization in NR-FR1TM2 and NR-FR2-TM2 current design is sufficient for measure for all applicable tests
 (
0
1
2
3
4
5
6
7
8
9
10 ms
)

Option 2: Create a synchronization slot(s) with full bandwidth DM-RS which will not be used for measurement but only for synchronization purposes, an example illustration shown below 
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Option 3: Create similar full bandwidth allocation of DMRS and PDCCH as in other full bandwidth TMs. Null any REs which are not part of NR-FR1-TM2 and NR-FR2-TM2 allocation.
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Option 4: Create more single PRB used for testing, illustrated example shown below. 
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Option 5: other options are not precluded for single PRB sync issue.



This paper will give our view on these open issues.
2. Discussion
The WF [1] pointed out that these are single PRB test model and may not have enough DM-RS density to ensure good estimation of timing and frequency needed for correction.  So the four DM-RS density options are agreed to be decided in RAN4#90.  In this contribution, we provide our simulation results for four DM-RS density options. Our evaluation in this paper will focus mainly on estimated frequency error and estimated timing error, which depend on the DM-RS density. The simulation assumptions for four DM-RS density options are shown in table 5-1 in the annex.

Table 2-1 maximum estimated frequency error of four DM-RS density options
	Option
	Maximum estimated frequency error (Hz)

	Option 1
	501

	Option 2
	21

	Option 3
	24

	Option 4
	589



The frequency error minimum requirement for Wide Area BS in TS 38.014 is 0.05 ppm. The 0.05ppm is equal to 175Hz for 3.5GHz.  The simulated maximum estimated frequency error of four DM-RS density options is shown in table 2-1. The maximum estimated frequency error of option 1 is 501Hz, which is greater than 175Hz. So the option 1 isn’t sufficient for measuring frequency error. 
Observation 1: The option 1 (current design) is not sufficient for measuring frequency error.

The CDF of estimated frequency error of four DM-RS density options is shown in Figure 2-1, which shows that the 99% CDF of estimated frequency error of option 2 and option 3 is 13Hz, and The 99% CDF of estimated frequency error of option1 and option 4 is 50Hz. It’s obvious that the estimated frequency error of option 2 and option 3 are better than option1 and option 4.  The estimated frequency error of option 2 and option 3 are equivalent, and the estimated frequency error of option 1 and option 4 are equivalent.
The CDF of estimated timing error of four DM-RS density options is shown in Figure 2-2, which shows that The 99% CDF of estimated timing error of option 2 and option 3 is 2 Ts, and The 99% CDF of estimated frequency error of option1 and option 4 is 7Ts. The estimated timing error of option 2 and option 3 are better than option1 and option 4. The estimated timing error of option 2 and option 3 are equivalent, and the estimated timing error of option 4 is a little better than option 1. 
From the simulation results, increasing DM-RS density can effectively improve estimation performance of timing and frequency. But since the DM-RS is UE-specific, it is allocated together with the PDSCH data. Option3 is not support by the NR standard. So we think synchronization slot(s) with full bandwidth DM-RS in the option 2 is preferred. 

Proposal 1: The synchronization design with full bandwidth DM-RS in the option 2 is preferred.
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Figure 2-1 the CDF of estimated frequency error of four DM-RS density options
[image: irt.emf]
Figure 2-2 the CDF of estimated timing error of four DM-RS density options



3. Conclusion
This contribution discussed the open issue for synchronization design for TM2 for FR1 and FR2 and gave our observations and proposals.
Observation 1: The option 1 (current design) is not sufficient for measuring frequency error.
Proposal 1: The synchronization design with full bandwidth DM-RS in the option 2 is preferred.
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5. Annex

Table 5-1 simulation assumption for four DM-RS density options
	Parameter 
	Value 

	Propagation
	TDL-C

	Frequency(GHz)
	3.5

	UE speed(km/h)
	3

	Modulation 
	16QAM

	Coding rate 
	2/3 

	Symbol type 
	CP-OFDM 

	HARQ 
	None 

	#antenna 
	1 

	Channel estimation 
	practical 

	Receiver type
	MMSE

	DMRS type
	Option1, Option2, Option3, Option 4

	Criteria 
	CDF of estimated frequency error and estimated timing error
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