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Introduction
In RAN1 NR adhoc#2 meeting, the following agreements on the TRS have been made:
Further discussion, especially to narrow-down (possibly selecting) the possible range/set of values for the following parameters for TRS:
· X: the length of TRS burst in terms of number of slots (14-symbol slots)
· {1} or {2} or {1, 2}
· Note: 2 may be needed at least for cold start
· Y: the TRS burst periodicity in terms of number of slots（ms）
· Consider further at least these values: 5, 10, 20, 40, 80 ms
· Consider less than 5ms for e.g. HST scenario, etc.
· Sf: TRS subcarrier spacing
· 4
· 2
· 6
· Note: not all the combinations of values for N, B and Sf are supported. Down selection in next meeting
· St: TRS symbol spacing within a slot
· Non-uniformly spaced
· Uniformly spaced
· FFS on the values
· N: Number of OFDM symbols per TRS within a slot
· 1
· 2
· 4
· B: TRS bandwidth in terms of number of RBs
· [bookmark: OLE_LINK8]~24 RBs assuming SCS=15KHz (FFS, for other SCS values)
· 50 RBs assuming SCS=15KHz (FFS, for other SCS values)
· FFS for WB operation with multiple BWPs

The tracking RS is used for frequency tracking, time delay tracking, delay spread estimation and Doppler spread estimation. In this contribution, we give our evaluation results of different TRS burst period, different subcarrier spacing, different symbol spacing within a slot and different TRS bandwidth, considering frequency tracking performance.
Discussion
In our evaluation, the TRS burst length (X) is 1 slot (14 OFDM symbols), the number of OFDM symbols included for TRS in one slot is 2, as shown in figure 1. 
[image: ]
 Figure 1 TRS pattern

Evaluation results of different TRS burst periodicity(Y = 10/20ms)
The performance of BLER and frequency estimation error are given in figure 2 and figure 3 . From the two figures, we can see that with the incensement of TRS burst periodicity，the performance of BLER and estimation error are getting worse, when the TRS burst periodicity is 20ms, the BLER is 10^-2 without further declining. the reason is that with the incensement of TRS burst periodicity, the accumulative frequency offset increased. 
[image: ]
Figure 2 the BLER performance with different burst period
[image: ]
Figure 3 the CDF of frequency estimation error with different burst period
Evaluation results of different subcarrier spacing(Sf = 2,4,6)
In this section we give the evaluation results of TRS with different subcarrier spacing of Sf = 2,4,6 as shown in figure 4 to figure 6. 
[image: ]
 Figure 4 Sf  = 2
[image: ]
Figure 5 Sf  = 2
[image: ]
Figure 6 Sf  = 6
The performance of BLER and frequency estimation error are given in figure 7 and figure 8 respectively. From the two figures, we can see that the difference of three options of TRS subcarrier spacing are marginal considering the performance of both BLER and estimation error. Because the frequency estimation error is estimated based on the phase rotation angle of TRS in different symbols, the change of TRS subcarrier spacing has marginal affect to the performance when the number of OFDM symbols per TRS within a slot is fixed.
[image: ]
Figure 7 BLER performance with different TRS subcarrier spacing
[image: ]
Figure 8 the CDF of frequency estimation with different TRS subcarrier spacing
Evaluation results of TRS symbol spacing(St = 3,7)
In this section we give the evaluation results of TRS with different subcarrier spacing of St = 3,7 as shown in figure 9 to figure 12. 
[image: ]
Figure 9 St  = 7
[image: ]
Figure 10 St  = 3
[image: ]
Figure 11 BLER performance with different TRS symbol spacing
[image: ]
Figure 12 the CDF of frequency estimation error with different TRS symbol spacing
From the figures we can see that the performance of both BLER and CDF of frequency estimation error are better when the TRS symbol spacing St = 7, because the frequency estimation error is based on the phase rotation angle of different symbols, the TRS symbol spacing is the main factor to affect frequency estimation error.
Evaluation results of different TRS bandwidth（B = 24RB/50RB）
In this section we give the evaluation results of TRS with different TRS bandwidth, from Figure 13 and Figure 14, we can see that the difference of two options of TRS bandwidth are marginal considering the performance of both BLER and CDF of frequency estimation error, because the increasing of TRS bandwidth is increasing the TRS PRB numbers used to estimate frequency error, the change of TRS bandwidth has marginal affect to the performance when the number of OFDM symbols per TRS within a slot is fixed.


[image: ]
Figure 13 BLER performance with different TRS bandwidth 
[image: ]
Figure 14 the CDF of frequency estimation error with different TRS bandwidth
Conclusion
In this contribution, we give our evaluation results of different TRS burst period, different subcarrier spacing, different symbol spacing within a slot and different TRS bandwidth considering frequency tracking using TRS. From the evaluation results, we can see that the symbol spacing is the main factor to affect the frequency estimation error of TRS when considering frequency tracking performance using TRS.
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Appendix simulation assumptions
Table 1: Simulation Assumption for LLS
	Channel model
	TDL-A+AWGN

	Delay spread
	300ns

	Carrier frequency
	4GHz

	UE speed
	3km/h

	MCS
	64QAM

	Subcarrier spacing
	15kHz

	TRS bandwith
	24/50（RB）

	TRS burst period
	10,20（ms）

	Channel estimation
	LMMSE

	Base frequency offset
	900Hz
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