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Discussion
1 Introduction
The WF [1] has defined 6 parameters for the TRS (tracking RS) structure. Each existing RS can also be described by the 6 parameters. The purpose is to evaluate the performance based on different parameter settings, and then it will become clear on the proper parameter settings to meet the performance requirement. 
By going through this process, the evidence can be provided to inspect if the existing RS(s) are directly applicable for the tracking purpose, or the further revision is needed. 
In this contribution, we analyse the proper parameter settings for frequency offset tracking, time delay tracking, delay spread estimation and Doppler spread estimation. The support of multiple-TRP transmission and the operation for DRX mode are also discussed.
2 Definition of the TRS parameters 
The 6 parameters defined in the WF[1] are
· X: the length of TRS burst in terms of number of slots
· Y: the TRS burst periodicity in terms of number of slots
· Sf: TRS subcarrier spacing

· St: TRS symbol spacing within a slot
· N: Number of OFDM symbols per TRS within a slot

· B: TRS bandwidth in terms of number of RBs
3 Frequency offset tracking analysis 
The TRS for the frequency offset tracking needs to consider,

1, the frequency drift due to temperature effect on the crystal, especially during long DRX

2, the Doppler shift in high speed train scenario

3, the Doppler sign transition during long DRX in high speed train scenario
The reference architecture for frequency offset estimation and compensation is provided in Fig. 1 in order to analyse the feasible TRS design parameters for handling the frequency offset tracking. Based on this architecture, the raw estimate accuracy of the frequency offset is strongly related to the number of paired RS for delay correlation, and the two-TRS-symbol spacing St for the delay correlation. Note that the raw estimate accuracy also represents the one-shot accuracy.
TABLE 1 and 2 show the estimation error by the one-shot estimation at the raw estimate point in Fig. 1. The frequency offset is 1500Hz and 300Hz, respectively. Fig. 3 to Fig. 10 show the CDF curve of the estimation error on the one-shot estimation. The parameter St=1 means the two TRS symbols are adjacent. It is very clear that the case of S​t=3 outperforms St=1 on the one-shot accuracy. For St=1, the phase rotation angle induced by the frequency offset is smaller, leading to the lower corresponding SNR on the raw estimate (in the input of the loop filter).
The CDF curves in Fig. 3 to Fig. 10 also mean, the convergence of the tracking may take a couple of slots, especially when the SNR is lower. 

The number of TRS pair for delay correlation also represents the available TRS number in frequency domain, which can be expressed as Bx12/Sf by using the defined parameters. The larger number of TRS can effectively suppress the noise to improve the SNR at the loop filter input. Then the tracking time for convergence can be significantly reduced.
The St=1 configuration allows +/- 7KHz tracking range under SCS=15KHz, and the tracking range for St=3 is +/- 2.33KHz. From fine time and frequency tracking perspective, the larger tracking range for TRS is not needed. Instead, the accuracy is of the particular concern since the TRS is not expected to appear in each slot. 
The frequency drift due to the temperature effect on the crystal needs to consider,
1, the long DRX cycle length
2, the temperature stability (temperature-frequency) curve of the crystal
3, potential temperature drift rate during the long DRX cycle length

The temperature stability curve may depend on the cuts, AT, SC for example, on the crystals. The temperature drift rate may depend on the crystal placement in the device and the thermal insulation. Considering the slope in the temperature stability curve (ppm/oC), the temperature drift rate (oC/sec) and the experience learned from LTE, the frequency drift rate (ppm/sec) in worst case should consider 0.16 ppm/sec. Let’s further consider the DRX cycle length 2.56 seconds, and the carrier frequency 5GHz, then the frequency offset is 0.16ppm x 2.56s x 5GHz = 2048Hz before waking up in DRX. 
In high speed train deployment of using bi-directional RRHs, the negative maximum and positive maximum of the Doppler shift are reached around at Ds/4 and 3Ds/4 when the distance between two RRHs is Ds, as shown in Fig. 2. The maximum Doppler shift without the sign by considering Ds=1000m, Dmin=100m, speed 350km/hr and carrier frequency=4GHz is 1.2KHz, where Dmin is the distance between the RRH and the rail. But luckily, the maximum frequency jump 2x1.2KHz = 2.4KHz may not happen during the 2.56s DRX length in this case.
Fig. 11 to 14 show the BLER under residual CFO for different MCS configurations. The residual CFO values are selected based on TABLE 1 and 2. In Fig. 11 for MCS=23, the 100Hz residual CFO has caused significant performance degradation. The smaller MCS is more resistant to the residual CFO.
However, we still can see that in Fig. 14 for MCS=5, the 300Hz residual CFO has still induced around 2dB degradation.
A general question we have heard is, can the PDSCH DMRS be used for frequency offset estimation? The answer for us is yes, but it should be up to the UE implementation. The reason is, the number of PDSCH DMRS is not a constant for all UEs. It depends on the scheduled number of PRBs for each UE. Then the tracking performance is surely different on the two UEs with different scheduled number of PRBs. 
Another concern is the symbol spacing between two DMRS symbols. In LTE, the symbol spacing is 7. For NR, some companies have identified that, as the additional DMRS is allocated more than 7 symbols away from the front loaded one, the performance can be significantly improved when there is speed. However, the resolvable tracking range is more limited when the spacing between two DMRS symbols is larger.
Based on the above, it has been identified that, the frequency offset estimation accuracy is strongly related to the parameter St, B and Sf. Note that B and Sf determine the number for average. Our preference on these parameters are, St= 3, B= 32 and Sf= 6.
Observation 1: From fine time and frequency tracking perspective, the larger tracking range for TRS is not necessary. Instead, the accuracy is of the particular concern since the TRS is not expected to appear in each slot
Observation 2: For frequency offset estimation, the St=1 configuration allows +/- 7KHz tracking range under SCS=15KHz, and the tracking range for St=3 is +/- 2.33KHz. The case of S​t=3 outperforms St=1 on the one-shot accuracy. For St=1, the phase rotation angle induced by the frequency offset is smaller, leading to the lower corresponding SNR on the raw estimate (in the input of the loop filter)

Observation 3: For frequency offset estimation, the accuracy improvement when the average number is increased from 32 to 64 is more significant than that by the average number being increased from 64 to 96
Observation 4: For frequency offset estimation, when considering the frequency drift rate 0.16 ppm/sec as the worst case of the crystal, the frequency offset can be up to 2048Hz under 2.56s DRX length and 5GHz carrier frequency
Observation 5: The maximum Doppler shift without the sign by considering Ds=1000m, Dmin=100m, speed 350km/hr and carrier frequency=4GHz is 1.2KHz, where Dmin is the distance between the RRH and the rail. But luckily, the maximum frequency jump 2x1.2KHz = 2.4KHz may not happen in the 2.56s DRX length in this case

Observation 6: For frequency offset estimation, the parameters St is the most dominating factor on the accuracy. The number of TRS pair for delay correlation accumulation, expressed as Bx12/Sf, is another key factor
Observation 7: For frequency offset estimation, using PDSCH DMRS for this purpose up to the UE implementation

Proposal 1: For frequency offset estimation, St= 3, is the most suitable parameter to provide sufficient tracking range and (St: TRS symbol spacing within a slot)
Proposal 2: For frequency offset estimation, B=32 and Sf=6 are the acceptable parameters for the number of TRS pair for delay correlation as 64
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            Fig. 1, reference architecture for frequency offset tracking analysis
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Fig. 2, the Doppler frequency shift under high speed train(R4-161951)
	
	SNR= 18dB
	SNR= 10dB
	SNR= 2dB 
	SNR= -6dB

	St= 1, avg num= 96
	41Hz
	94Hz
	273Hz
	1244Hz

	St= 1, avg num= 64
	47Hz
	110Hz
	320Hz
	1607Hz

	St= 1, avg num= 32
	68Hz
	162Hz
	537Hz
	2337Hz

	St= 1, avg num= 16
	91Hz
	235Hz
	890Hz
	2593Hz

	St= 3, avg num= 96
	12Hz
	28Hz
	78Hz
	505Hz

	St= 3, avg num= 64
	16Hz
	37Hz
	102Hz
	563Hz

	St= 3, avg num= 32
	22Hz
	52Hz
	143Hz
	1175Hz

	St= 3, avg num= 16
	32Hz
	83Hz
	491Hz
	1306Hz


  TABLE 1, freq offset = 1500Hz. Estimation error statistics based on one shot estimation at the raw estimate point in Fig. 1

	
	SNR= 18dB
	SNR= 10dB
	SNR= 2dB 
	SNR= -6dB

	St= 1, avg num= 96
	33Hz
	84Hz
	240Hz
	1190Hz

	St= 1, avg num= 64
	40Hz
	103Hz
	546Hz
	1451Hz

	St= 1, avg num= 32
	64Hz
	167Hz
	594Hz
	2260Hz

	St= 1, avg num= 16
	91Hz
	230Hz
	804Hz
	2388Hz

	St= 3, avg num= 96
	10Hz
	26Hz
	81Hz
	440Hz

	St= 3, avg num= 64
	13Hz
	34Hz
	105Hz
	496Hz

	St= 3, avg num= 32
	21Hz
	53Hz
	170Hz
	778Hz

	St= 3, avg num= 16
	30Hz
	78Hz
	331Hz
	850Hz


TABLE 2, freq offset = 300Hz. Estimation error statistics based on one shot estimation at the raw estimate point in Fig. 1
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Fig. 3, CFO=1.5KHz, St=1, avg number=96, SNR=2dB   Fig. 4, CFO=1.5KHz, St=1, avg number=64, SNR=2dB
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Fig. 5, CFO=1.5KHz, St=1, avg number=32, SNR=2dB   Fig. 6, CFO=1.5KHz, St=1, avg number=16, SNR=2dB
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Fig. 7, CFO=1.5KHz, St=3, avg number=96, SNR=2dB  Fig. 8, CFO=1.5KHz, St=3, avg number=64, SNR=2dB
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Fig. 9, CFO=1.5KHz, St=3, avg number=32, SNR=2dB  Fig. 10, CFO=1.5KHz, St=3, avg number=16, SNR=2dB
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Fig. 11, BLER under residual CFO, MCS=23, 1 layer    Fig. 12, BLER under residual CFO, MCS=19, 2 layers
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Fig. 13, BLER under residual CFO, MCS=13, 1 layer    Fig. 14, BLER under residual CFO, MCS=5, 1 layer
4 Time delay tracking analysis
The TRS for the time delay tracking needs to consider,
1, the timing drift due to the co-crystal architecture, especially during the long DRX 
2, the signal’s time delay in high speed train scenario
The reference architecture for time delay estimation and compensation is provided in Fig. 15 in order to analyse the feasible TRS design parameters for handling the time delay tracking. The coherent combining through the interpolation in a slot at the pre-FFT stage is able to suppress the noise to further improve time delay estimation accuracy. On the other hand, the coherent combining can’t be applied if NR-SSS is used (N = 1).
The time delay of the received signal is related to the distance between the base station and the UE. Let’s consider the speed 350 km/hr. The UE moves around 2 meters in 20ms (SS block periodicity). The time delay of the received signal is shifted by 2/(3x108) = 6.7ns. It takes around 100ms to shift one basic timing unit Ts.
So in our view, the time delay tracking is less sensitive to the parameter Y. The TABLE 3 shows the time delay estimation error statistics for different N, B and Sf values. As B=32 and Sf=4, there are 32x12/4 = 96 TRS. The 128-point IFFT size is applied. As B=32 and Sf=6, the TRS number is 64 and therefore the 64-point IFFT is applied. The 32-point IFFT is applied to the case of B=16 and Sf=6. 
It is seen in TABLE 3 that as N is increasing, the estimation error is reduced. The coherent combining can effectively supress the noise to improve the estimation accuracy. It is also interesting to see that for the case of Sf=4 ( 3 TRS in 12 REs), it doesn’t necessarily outperform the case of Sf=6. The parameter Sf is to control the resolvable tracking range, and the parameter B determines the resolution. So we don’t see any particular benefit to increase the RS density in the frequency domain when B is fixed. Then Sf=6 is sufficient and the corresponding tracking range can be up to +- NCP length. B should be at least >= 24 for better estimation performance.
From our results, the parameters N and B are two dominating factors on the time delay estimation accuracy. The time delay ambiguity issue can be identified by using NR-SSS since NR-SSS can observe +- 33.3us for SCS=15KHz.
The more detailed observation can be seen from Fig. 16 to 18, for different N values. The coherent combining can effectively suppress the noise. Fig. 19 to 24 show the CDF curves of the estimation error.
Based on the above, we have,

Observation 8: For time delay estimation, the coherent combining through the interpolation in a slot at the pre-FFT stage is able to suppress the noise to further improve time delay estimation accuracy. On the other hand, if NR-SSS is considered, the coherent combining can’t be applied

Observation 9: For time delay estimation, the case of Sf = 4 ( 3 TRS in 12 REs) doesn’t necessarily outperform the case of Sf=6 on the estimation accuracy. So we don’t see any particular benefit to increase the RS density in the frequency domain when B is fixed. Then Sf = 6 is sufficient
Observation 10: For time delay estimation, the parameters N and B are two dominating factors on the accuracy. The time delay ambiguity issue can be identified by using NR-SSS since NR-SSS can observe +- 33.3us for SCS=15KHz
Proposal 3: For time delay estimation, N should be >= 2 to allow the coherent combining in a slot with TRS in order to improve the estimation accuracy. B is at least >= 24. Sf = 6 since Sf = 4 doesn’t improve the accuracy
	
	SNR= 10dB
	SNR= 2dB
	SNR= -2dB 
	SNR= -6dB

	N=1, B=32, Sf=4
	0.04us
	0.33us
	0.64us
	1.6us

	N=2, B=32, Sf=4
	0.04us
	0.05us
	0.2us
	0.93us

	N=4, B=32, Sf=4
	0.04us
	0.05us
	0.19us
	0.45us

	N=1, B=32, Sf=6
	0.05us
	0.2us
	0.4us
	1.2us

	N=2, B=32, Sf=6
	0.05us
	0.13us
	0.31us
	0.75us

	N=4, B=32, Sf=6
	0.06us
	0.07us
	0.14us
	0.4us

	N=1, B=24, Sf=6
	0.1us
	0.3us
	0.82us
	1.35us

	N=2, B=24, Sf=6
	0.1us
	0.14us
	0.48us
	1.17us

	N=4, B=24, Sf=6
	0.1us
	0.13us
	0.25us
	0.4us

	N=1, B=16, Sf=6
	0.25us
	0.6us
	1.2us
	2us

	N=2, B=16, Sf=6
	0.18us
	0.35us
	0.73us
	1.28us

	N=4, B=16, Sf=6
	0.18us
	0.23us
	0.35us
	1.0us


       TABLE 3, time delay estimation error statistics for SCS=15KHz. The estimation is based on TRS in one slot
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           Fig. 15, reference architecture for time delay tracking analysis
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Fig. 16, channel power profile for N=1, B=32, Sf=4         Fig. 17, channel power profile for N=2, B=32, Sf=4
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Fig. 18, channel power profile for N=4, B=32, Sf=4
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 Fig. 19, N=1,B=32, Sf=4, SNR=-2dB, CDF of est error      Fig. 20, N=1,B=32, Sf=6, SNR=-2dB, CDF of est error
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Fig. 21, N=1,B=16, Sf=6, SNR=-2dB, CDF of est error        Fig. 22, N=2,B=32, Sf=4, SNR=-2dB, CDF of est error
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 Fig. 23, N=2,B=32, Sf=6, SNR=-2dB, CDF of est error       Fig. 24, N=2,B=16, Sf=6, SNR=-2dB, CDF of est error
5 Delay spread estimation analysis
The delay spread is a crucial parameter for channel estimation. The delay spread estimation accuracy could be impacted by the time delay estimation error. The parameter B of controlling the resolution is also a dominating factor. Fig. 25 to 30 show the clean channel power profile by different B, Sf and IFFT size. Note that B=50 and Sf=6 in Fig. 30 is the configuration of CRS in LTE.
The B=10 and Sf=1 in Fig. 25 is the configuration of NR-SSS. It is seen that for B=10 and 16, the channel power profile is quite different from that by B=50. And for B=24 and 32, the channel power profile looks more similar to that by B=50. It means the resolution is an important parameter to reflect the real channel impulse response.
Observation 11: For delay spread estimation, the channel power profile due to smaller B (TRS bandwidth) looks different from that by larger B
Proposal 4: For delay spread estimation, we prefer B >=24
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    Fig. 25, B=10, Sf=1, 128-IFFT                   Fig. 26, B=16, Sf=6, 32-IFFT
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     Fig. 27, B=24, Sf=6, 64-IFFT                     Fig. 28, B=32, Sf=6, 64-IFFT
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     Fig. 29, B=32, Sf=4, 128-IFFT                 Fig. 30, B=50, Sf=6, 128-IFFT (CRS configuration)
6 Doppler spread estimation analysis

The Doppler spread is another critical parameter for channel estimation. We would like to express our main concern on the existing RS that, the RS in one or two symbols don’t suffice to perform Doppler spread estimation for the receiver. In time domain, the RS in four symbols in a 14-symbol slot is needed.
So, the parameter N is the dominating factor for Doppler spread estimation. We consider N=4 in a slot.
The Doppler spread estimation can improve the demodulation performance when the residual frequency offset is present. The Doppler spectrum may look wider (or shifted) when the frequency offset is not compensated completely. Then the proper interpolation coefficients in time domain can be generated based on the observed Doppler spectrum.
Fig. 31 to 34 are the BLER curves when the CE interpolation coefficients are properly adjusted based on the Doppler spread estimation. The performance improvement is significant as compared to Fig. 11 to 14.

Observation 12: The Doppler spread estimation can improve the demodulation performance when the residual frequency offset is present. The Doppler spectrum may look wider (or shifted) when the frequency offset is not compensated completely. Then the proper interpolation coefficients in time domain can be generated based on the observed Doppler spectrum

Proposal 5: For Doppler spread estimation, consider N=4 in a slot
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 Fig. 11, BLER under residual CFO, MCS=23, 1 layer        Fig. 31, BLER under residual CFO, MCS=23, 1 layer
                                                  With Doppler spread estimation to adjust interpolation
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 Fig. 12, BLER under residual CFO, MCS=19, 2 layers       Fig. 32, BLER under residual CFO, MCS=19, 2 layers
                                         With Doppler spread estimation to adjust interpolation
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Fig. 13, BLER under residual CFO, MCS=13, 1 layer         Fig. 33, BLER under residual CFO, MCS=13, 1 layer    

                                                  With Doppler spread estimation to adjust interpolation
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 Fig. 14, BLER under residual CFO, MCS=5, 1 layer         Fig. 34, BLER under residual CFO, MCS=5, 1 layer
                                                  With Doppler spread estimation to adjust interpolation
7 TRS parameters linking to the existing RSs

From the above discussion, we have concluded that

· For frequency offset estimation, we prefer St = 3, B = 32 and Sf = 6

· For time delay estimation, we prefer N >= 2 , B >= 24 and Sf = 6
· For delay spread estimation, we prefer B >= 24
· For Doppler spread estimation, we prefer N = 4
The PBCH DMRS has the property of B = 24 and N = 2. So it is a good candidate for time delay estimation and delay spread estimation. It is not sure if St = 3 for PBCH DMRS at this moment.
The NR-SSS has the property of B = 10 and N = 1. We don’t consider it as the good candidate for fine time and frequency tracking. Instead, it can be used for identifying the timing ambiguity.

Based on our knowledge, there is no existing RS(s) to satisfy the requirement of N = 4 except PT-RS. However, PT-RS is configured for some particular conditions and it is UE-specific. There is agreement in previous meeting that,
· For an X-port CSI-RS resource, at least for X = 1, support density D >= 1 RE/port/PRB

         Note: For X = 1, CDM code value(s) assumed to be 1
Fig. 35 shows the example of the CSI-RS configuration for tracking purpose. The density is 8 RE/port/PRB. The other REs in the CSI-RS symbols without being occupied by TRS can allocate CSI-RS for acquisition or allocate the data. Note that the PRB here may stand for the region of 14 symbols and 12 REs. The TRS arrangement in this example can be used for estimating the time delay, frequency offset, delay spread and Doppler spread.
Based on the above, we have,
Observation 13: The PBCH DMRS has the property of B = 24 and N = 2. So it is a good candidate for time delay estimation and delay spread estimation. It is not sure if St = 3 for PBCH DMRS at this moment

Observation 14: The NR-SSS has the property of B = 10 and N = 1. We don’t consider it as the good candidate for fine time and frequency tracking. Instead, it can be used for identifying the timing ambiguity

Observation 15: There is no existing RS(s) to satisfy the requirement of N = 4 except PT-RS. However, PT-RS is configured for some particular conditions and it is UE-specific
Proposal 6: Consider the CSI-RS agreement that port number=1, density > 1 and CDM value=1 configuration can serve the tracking purpose, especially for Doppler spread estimation
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   Fig. 35, TRS configuration based on the agreement in CSI-RS in May meeting

8 Extension to support multiple-TRP transmission

The TRS can be configured in the same slot as shown in Fig. 36 for multiple-TRP transmission. The TRS is non-overlapping at the RE level (non-colliding). The TRS for different TRPs can also be configured at different slots. Then the TRS is non-overlapping at the slot level. 

As the TRS from different TRPs are transmitted in the same slot, the overlapping at the RE level (colliding) can also be considered. The UE can apply TRS-IC to improve the tracking accuracy.
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    Fig. 36, TRS configuration for multiple-TRP transmission
Proposal 7: The TRS from multiple TRPs can be overlapping and non-overlapping (colliding and non-colliding) at the RE level. The TRS-IC can be applied to improve the tracking accuracy
9 TRS configuration for DRX
In our view, the paging occasion, and the ON duration of long DRX can be scheduled after the occurrence of SS blocks. The TRS can be allocated in the following slots after the SS blocks. In this way, the UE doesn't need to wake up too earlier. The UE power can be saved significantly.  
It also means, the parameter X, the length of TRS burst in terms of number of slots, can be different for different scenarios. We see the benefit of X > 1 before the DRX ON duration. Normally X is equal to 1.
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    Fig. 37, The consecutive slots with TRS can be allocated after the SS blocks
Observation 16: The parameter X, the length of TRS burst in terms of number of slots, can be different for different scenarios. We see the benefit of X > 1 before the DRX ON duration

Proposal 8: For DRX mode, the paging occasion, and the ON duration of long DRX can be scheduled after the occurrence of SS blocks. The TRS can be allocated in the following slots after the SS blocks
10 Conclusion
Based on the above, we have

Observation 1: From fine time and frequency tracking perspective, the larger tracking range for TRS is not necessary. Instead, the accuracy is of the particular concern since the TRS is not expected to appear in each slot

Observation 2: For frequency offset estimation, the St=1 configuration allows +/- 7KHz tracking range under SCS=15KHz, and the tracking range for St=3 is +/- 2.33KHz. The case of S​t=3 outperforms St=1 on the one-shot accuracy. For St=1, the phase rotation angle induced by the frequency offset is smaller, leading to the lower corresponding SNR on the raw estimate (in the input of the loop filter)

Observation 3: For frequency offset estimation, the accuracy improvement when the average number is increased from 32 to 64 is more significant than that by the average number being increased from 64 to 96

Observation 4: For frequency offset estimation, when considering the frequency drift rate 0.16 ppm/sec as the worst case of the crystal, the frequency offset can be up to 2048Hz under 2.56s DRX length and 5GHz carrier frequency

Observation 5: The maximum Doppler shift without the sign by considering Ds=1000m, Dmin=100m, speed 350km/hr and carrier frequency=4GHz is 1.2KHz, where Dmin is the distance between the RRH and the rail. But luckily, the maximum frequency jump 2x1.2KHz = 2.4KHz may not happen in the 2.56s DRX length in this case

Observation 6: For frequency offset estimation, the parameters St is the most dominating factor on the accuracy. The number of TRS pair for delay correlation accumulation, expressed as Bx12/Sf, is another key factor

Observation 7: For frequency offset estimation, using PDSCH DMRS for this purpose up to the UE implementation

Observation 8: For time delay estimation, the coherent combining through the interpolation in a slot at the pre-FFT stage is able to suppress the noise to further improve time delay estimation accuracy. On the other hand, if NR-SSS is considered, the coherent combining can’t be applied

Observation 9: For time delay estimation, the case of Sf=4 ( 3 TRS in 12 REs) doesn’t necessarily outperform the case of Sf=6 on the estimation accuracy. So we don’t see any particular benefit to increase the RS density in the frequency domain when B is fixed. Then Sf=6 is sufficient

Observation 10: For time delay estimation, the parameters N and B are two dominating factors on the accuracy. The time delay ambiguity issue can be identified by using NR-SSS since NR-SSS can observe +- 33.3us for SCS=15KHz

Observation 11: For delay spread estimation, the channel power profile due to smaller B (TRS bandwidth) looks different from that by larger B
Observation 12: The Doppler spread estimation can improve the demodulation performance when the residual frequency offset is present. The Doppler spectrum may look wider (or shifted) when the frequency offset is not compensated completely. Then the proper interpolation coefficients in time domain can be generated based on the observed Doppler spectrum

Observation 13: The PBCH DMRS has the property of B = 24 and N = 2. So it is a good candidate for time delay estimation and delay spread estimation. It is not sure if St = 3 for PBCH DMRS at this moment

Observation 14: The NR-SSS has the property of B = 10 and N = 1. We don’t consider it as the good candidate for fine time and frequency tracking. Instead, it can be used for identifying the timing ambiguity

Observation 15: There is no existing RS(s) to satisfy the requirement of N = 4

Observation 16: The parameter X, the length of TRS burst in terms of number of slots, can be different for different scenarios. We see the benefit of X > 1 before the DRX ON duration. Normally X is equal to 1

Proposal 1: For frequency offset estimation, St= 3 is the most suitable parameter to provide sufficient tracking range and (St: TRS symbol spacing within a slot)
Proposal 2: For frequency offset estimation, B=32 and Sf=6 are the acceptable parameters for the number of TRS pair for delay correlation as 64 (B: TRS bandwidth in terms of number of RBs; Sf: TRS subcarrier spacing)
Proposal 3: For time delay estimation, N should be >= 2 to allow the coherent combining in a slot with TRS in order to improve the estimation accuracy. B is at least >= 24. Sf = 6 since Sf = 4 doesn’t improve the accuracy (N: Number of OFDM symbols per TRS within a slot)
Proposal 4: For delay spread estimation, we prefer B >=24

Proposal 5: For Doppler spread estimation, consider N=4 in a slot

Proposal 6: Consider the CSI-RS agreement that port number= 1, density > 1 and CDM value=1 configuration can serve the tracking purpose, especially for Doppler spread estimation
Proposal 7: The TRS from multiple TRPs can be overlapping and non-overlapping (colliding and non-colliding) at the RE level. The TRS-IC can be applied to improve the tracking accuracy
Proposal 8: For DRX mode, the paging occasion, and the ON duration of long DRX can be scheduled after the occurrence of SS blocks. The TRS can be allocated in the following slots after the SS blocks
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