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Discussion
1 Introduction
The RS(s) for fine time and frequency tracking in NR is still under discussion. The agreed WF in previous meeting has indicated the direction for further evaluation. It is captured below,
· 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

In this contribution, we provide our analysis, design proposal and the simulation results based on the simulation assumption in the WF.
2 Whether already existing RS(s) used for other purposes can be used also for T and/or F tracking
From the previous meeting, some agreements on the reference signal were made, 

· NR-SSS: occupy 127 consecutive subcarriers with default periodicity 20ms

· NR-PBCH DMRS: map to 288 subcarriers in default 2 OFDM symbols. The precoder cycling is applied

From functionality point of view, NR-SSS can actually be used for time tracking and delay spread estimation. The tracking granularity (resolution) is around 0.52us (66.67us/128) for SCS=15KHz, and this granularity is independent of the system bandwidth. The resolvable tracking range is the whole OFDM symbol time, namely 66.67us for SCS=15KHz.
From tracking purpose there is no need to have such wide tracking range, and the finer tracking granularity other than 0.52us is preferred, especially for larger bandwidth. One main reason is for the UE transmit timing.
In 7.1 of 36.133, it states that,

The UE shall have capability to follow the frame timing change of the connected eNode B. The uplink frame transmission takes place 
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 before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell.
The requirement on the initial transmission timing error Te and the maximum time adjustment step Tq are all related to the downlink bandwidth. It is seen in below that the tighter requirement is applied to larger bandwidth cases in LTE.
If NR-SSS is adopted as the reference signal to detect the first path, the requirement for uplink transmit timing error should be independent of the downlink bandwidth. 
In LTE, the tracking granularity of CSI-RS for CSI acquisition is 0.086us (66.67us/12/64) for 10MHz bandwidth. It is natural to assume that NR-CSI-RS for CSI acquisition also has same property. If the first path detection is defined by CSI-RS, the transmit timing requirement can be kept as the same as that in LTE. The main concern on CSI-RS is the short tracking range of 5.55us, which is between +-2.775us. The misdetection is likely to occur when the delay spread is large, for example the ETU channel.
Fig. 1 and 2 show the observed channel impulse response by CSI-RS and CRS respectively under ETU channel. Then it is quite clear that the misdetection rate for detecting the first path based on CSI-RS based observation is higher due to the wrapping around effect. So CSI-RS is not suitable as the reference signal for detecting the first path of the corresponding downlink frame from the reference cell.
Based on the above discussion, NR-SSS has wider tracking range but looser tracking granularity. CSI-RS for CSI acquisition has finer tracking granularity but narrower tracking range. Combining both to leverage the advantages of the two reference signals seems to be the possible solution. However, we want to point out that, the periodicity of CSI-RS for CSI acquisition is configurable. The performance may not be aligned among different UEs when different CSI-RS periodicity is configured. Also the antenna port for NR-SSS and NR-CSI-RS could be different. The QCL between NR-SSS and NR-CSI-RS needs the justification.
We don’t preclude the possibility that the combination of NR-SSS and NR-CSI-RS for CSI acquisition can be adopted for time delay tracking, delay spread estimation and uplink transmit timing basis. The configurable periodicity of CSI-RS and the different antenna port for NR-SSS and NR-CSI-RS are our concern. As such, our preference is to have one type of reference signal which is common for all the UEs in a cell to serve the purpose.

The precoder cycling is applied to the NR-PBCH DMRS. In this way it may not allow the UE for time delay tracking and delay spread estimation. It allows frequency offset tracking since there are two symbols for DMRS. The 20ms periodicity of SS-block is our concern for tracking the signal in high speed condition. For Doppler spread estimation, the NR-PBCH DMRS with two symbols in time domain is definitely not sufficient. From our implementation experience, allocating four RS symbols in time domain in one slot is needed. Allocating 6 or 8 RS symbols in time domain in two consecutive slots could also be needed by considering different algorithm implementation.
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Observation 1: NR-SSS has sufficiently wide tracking range, which is 66.67us for SCS=15KHz. NR-SSS has tracking granularity as 0.52us (66.67us/128)
Observation 2: If NR-SSS is adopted as the reference signal to detect the first path, the requirement defined in RAN4 for uplink transmit timing error should be independent of the downlink bandwidth. It means the performance requirement should be looser than that in LTE
Observation 3: CSI-RS for CSI acquisition has relatively narrow tracking range, which is 5.55us for SCS=15KHz. CSI-RS for CSI acquisition has tracking granularity as 0.086us (66.67us/12/64) for 10MHz bandwidth

Observation 4: The misdetection rate for detecting the first path based on CSI-RS based observation is higher due to the wrapping around effect. So CSI-RS is not suitable as the reference signal for detecting the first path of the corresponding downlink frame from the reference cell
Observation 5: NR-SSS has wider tracking range but looser tracking granularity. CSI-RS for CSI acquisition has finer tracking granularity but narrower tracking range. Combining both to leverage the advantages of the two reference signals seems to be the possible solution. However, the periodicity of CSI-RS for CSI acquisition is configurable. The performance may not be aligned among different UEs when different CSI-RS periodicity is configured. Also the antenna port for NR-SSS and NR-CSI-RS could be different. The QCL between NR-SSS and NR-CSI-RS needs the justification.

Observation 6: The precoder cycling is applied to the NR-PBCH DMRS. In this way it may not allow the UE for time delay tracking and delay spread estimation. It allows frequency offset tracking since there are two symbols for DMRS. The 20ms periodicity of SS-block is our concern for tracking the signal in high speed condition
Observation 7: For Doppler spread estimation, the NR-PBCH DMRS with two symbols in time domain is definitely not sufficient. From our implementation experience, allocating four RS symbols in time domain in one slot is needed. Allocating 6 or 8 RS symbols in time domain in two consecutive slots could also be needed by considering different algorithm implementation
Proposal 1: The configurable periodicity of CSI-RS and the different antenna port for NR-SSS and NR-CSI-RS are our concern. As such, our preference is to have one type of reference signal which is common for all the UEs in a cell to serve the purpose
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Fig. 1: The estimated CIR from CSI-RS for ETU channel.  Fig. 2: the estimated CIR from CRS for ETU channel  

     The path is wrapped around. 
3 Whether T and F tracking use independent RS(s) respectively, or same RS
As discussed in previous section, when the performance is not considered, the NR-SSS can actually be adopted for time delay tracking and delay spread estimation, and the NR-PBCH DMRS can be used for frequency offset tracking. So, T and F tracking can actually use independent RS(s).
The critical issue is that which existing RS is suitable for Doppler spread estimation. 4 RS symbols in a slot for Doppler spread estimation is the RS requirement from our side. PT-RS of increasing the density in time domain could be the candidate for Doppler spread estimation. However, the PT-RS is UE specific and the presence could also depend on the scheduled MCS. It is also not expected to have high speed operation at the above 6GHz band.
The PT-RS density in time domain is higher than the need for Doppler spread estimation. We can also consider the proper decimation of PT-RS as the RS solution for Doppler spread estimation at sub 6GHz band, and make it as cell specific RS. The port number can be as one.
If the reference signal is designed (or revised) for Doppler spread estimation, it can naturally be used for frequency offset tracking. Furthermore, increasing the RS density in frequency domain and making it as a wideband signal can simultaneously support the time delay tracking and delay spread estimation. Fig. 3 and 4 show the feasible RS structure.  
Observation 8: When the performance is not considered, the NR-SSS can actually be adopted for time delay tracking and delay spread estimation, and the NR-PBCH DMRS can be used for frequency offset tracking. So, T and F tracking can actually use independent RS(s).
Observation 9: PT-RS of increasing the density in time domain could be the candidate for Doppler spread estimation. However, PT-RS is UE specific and the presence could also depend on the scheduled MCS. It is also not expected to have high speed operation at the above 6GHz band
Observation 10: If the reference signal is designed (or revised) for fulfilling Doppler spread estimation, it can naturally be used for frequency offset tracking. Furthermore, increasing the RS density in frequency domain and making it as a wideband signal can simultaneously allow the time delay tracking and delay spread estimation
Proposal 2: The reference signal for Doppler spread estimation is needed. 4 RS symbols in a slot for Doppler spread estimation is the RS requirement from our side. We consider the new RS (TFT-RS) by allocating at the CSI-RS symbols. The density is 8 RE/port/RB and one port is needed
Proposal 3: The PT-RS density in time domain is higher than the need for Doppler spread estimation. We can also consider the proper decimation of PT-RS as the RS solution for Doppler spread estimation at sub 6GHz band, and make it as cell specific RS. The port number can be as one 
4 RS pattern and the corresponding characteristic for evaluation
Our simulation considers the allocation of the DMRS, CSI-RS and TFT-RS as shown in Fig. 3. The TFT-RS of the same antenna port is allocated at the CSI-RS symbols. The reason is CSI-RS may not fully utilize 48 REs in 4 symbols. In LTE, it is 40 REs for CSI-RS.
In Fig. 3, the density of TFT-RS is 8 RE/port/RB. Assuming that when the 4 CSI-RS symbols may not be consecutive as shown in Fig. 5, the frequency offset tracking capability is
· the tracking range can be between +/- 7KHz if taking TFT-RS at symbol x and x+1, for performing the delay correlation
· the tracking range can be between +/- 2.33KHz if taking TFT-RS at symbol x and y for performing the delay correlation, and y = x+3
· the tracking range can be between +/- 1.75KHz if taking TFT-RS at symbol x and y for performing the delay correlation, and y = x+4
· the tracking range can be between +/- 1.4KHz if taking TFT-RS at symbol x and y for performing the delay correlation, and y = x+5
Note that the delay correlation on RS between adjacent symbols is not preferred due to the small phase rotation, even though the tracking range is much wider.
For time delay tracking in NCP, the tracking granularity is 0.087us (66.67us/6/128) for SCS=15KHz under 10MHz bandwidth. The tracking range is between +/-5.55us (+-66.67us/6/2). For time delay tracking in ECP by using the staggered form also shown in Fig. 5, the tracking granularity is the same as that in NCP. The tracking range can be improved to be between +/-11.11us (+/- 2NCP).
So basically, the TFT-RS pattern in Fig. 5 has provided comparable tracking performance as that by CRS in LTE. Interestingly, the pattern which is non-uniform in time domain can provide wider Doppler spread estimation capability than CRS in LTE. It is due to the time domain structure of having two adjacent RS.
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  Fig. 3, example of RS pattern for evaluation      Fig. 4, example of RS pattern for evaluation
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    Fig. 5, TFT-RS pattern structure in NCP and ECP for evaluation
5 Simulation results

Fig. 6 is the test scenario A, targeting on the high speed (350km/hr) and the short distance between RRH and the track rail. It is expected that Doppler shift change can be fast when the UE passes the RRH.
The path loss model follows the 36.101, and the link adaptation is performed. The UE has stronger received power when it is approaching the RRH and at the same time, the change of Doppler shift happens.
It is seen in Fig. 7 that, the Doppler shift change is around 1200Hz in 0.1 second. If TFT-RS is allocated at each slot, equivalently 12Hz is compensated in 1ms. Fig. 8 shows the tracking performance when TFT-RS is only at slot 0. The BLER is increasing quickly due to the high MCS scheduling during the Doppler frequency transition period. Fig. 9 shows the adaptive loop filter adjustment and then the BLER is improved as compared to Fig. 8.
The scenario in Fig. 10 is to check the highway speed and the longer distance between RRH and the road. The Doppler transition is quite slow as compared to Fig. 6. In Fig. 11 the BLER jumping-up is not present. 
Observation 11: Transmitting TFT-RS on all slots for high speed train scenario may not be necessary by the proper UE implementation, for example the adaptive loop filter mechanism. However, keeping certain periodicity is still needed to facilitate the UE implementation
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   Fig. 6, test scenario A: UE under 350km/hr and short distance between RRH and the track rail
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Fig. 7-a: tracking trajectory when TFT-RS at all slots   Fig. 7-b: zoom in of Fig. 7-a for Dopper shift tracking
     Top: Doppler shift tracking

  Middle: time delay tracking

  Bottom: accumulated BLER
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 Fig. 7-c: link adaptation scheduling
    Top: reported CQI index (enable UE side OLLA)

 Bottom: the estimated equivalent SNR for MI calculation
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Fig. 8: tracking trajectory when TFT-RS only at slot 0  Fig. 9: tracking trajectory when TFT-RS only at slot 0
 Top: Doppler shift tracking                       Top: Doppler shift tracking when the UE enable 

                                               adaptive loop filter adjustmentt
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Fig. 10, test scenario B: UE under 120km/hr and     Fig. 11, tracking trajectory when TFT-RS only at slot 0  
longer distance between RRH and the highway road
6 Conclusion
Based on the above, we have

Observation 1: NR-SSS has sufficiently wide tracking range, which is 66.67us for SCS=15KHz. NR-SSS has tracking granularity as 0.52us (66.67us/128)
Observation 2: If NR-SSS is adopted as the reference signal to detect the first path, the requirement defined in RAN4 for uplink transmit timing error should be independent of the downlink bandwidth. It means the performance requirement should be looser than that in LTE

Observation 3: CSI-RS for CSI acquisition has relatively narrow tracking range, which is 5.55us for SCS=15KHz. CSI-RS for CSI acquisition has tracking granularity as 0.086us (66.67us/12/64) for 10MHz bandwidth

Observation 4: The misdetection rate for detecting the first path based on CSI-RS based observation is higher due to the wrapping around effect. So CSI-RS is not suitable as the reference signal for detecting the first path of the corresponding downlink frame from the reference cell
Observation 5: NR-SSS has wider tracking range but looser tracking granularity. CSI-RS for CSI acquisition has finer tracking granularity but narrower tracking range. Combining both to leverage the advantages of the two reference signals seems to be the possible solution. However, the periodicity of CSI-RS for CSI acquisition is configurable. The performance may not be aligned among different UEs when different CSI-RS periodicity is configured. Also the antenna port for NR-SSS and NR-CSI-RS could be different. The QCL between NR-SSS and NR-CSI-RS needs the justification.

Observation 6: The precoder cycling is applied to the NR-PBCH DMRS. In this way it may not allow the UE for time delay tracking and delay spread estimation. It allows frequency offset tracking since there are two symbols for DMRS. The 20ms periodicity of SS-block is our concern for tracking the signal in high speed condition

Observation 7: For Doppler spread estimation, the NR-PBCH DMRS with two symbols in time domain is definitely not sufficient. From our implementation experience, allocating four RS symbols in time domain in one slot is needed. Allocating 6 or 8 RS symbols in time domain in two consecutive slots could also be needed by considering different algorithm implementation

Observation 8: When the performance is not considered, the NR-SSS can actually be adopted for time delay tracking and delay spread estimation, and the NR-PBCH DMRS can be used for frequency offset tracking. So, T and F tracking can actually use independent RS(s).

Observation 9: PT-RS of increasing the density in time domain could be the candidate for Doppler spread estimation. However, PT-RS is UE specific and the presence could also depend on the scheduled MCS. It is also not expected to have high speed operation at the above 6GHz band

Observation 10: If the reference signal is designed (or revised) for fulfilling Doppler spread estimation, it can naturally be used for frequency offset tracking. Furthermore, increasing the RS density in frequency domain and making it as a wideband signal can simultaneously allow the time delay tracking and delay spread estimation

Observation 11: Transmitting TFT-RS on all slots for high speed train scenario may not be necessary by the proper UE implementation, for example the adaptive loop filter mechanism. However, keeping certain periodicity is still needed to facilitate the UE implementation

Proposal 1: The configurable periodicity of CSI-RS and the different antenna port for NR-SSS and NR-CSI-RS are our concern. As such, our preference is to have one type of reference signal which is common for all the UEs in a cell to serve the purpose

Proposal 2: The reference signal for Doppler spread estimation is needed. 4 RS symbols in a slot for Doppler spread estimation is the RS requirement from our side. We consider the new RS (TFT-RS) by allocating at the CSI-RS symbols. The density is 8 RE/port/RB and one port is needed

Proposal 3: The PT-RS density in time domain is higher than the need for Doppler spread estimation. We can also consider the proper decimation of PT-RS as the RS solution for Doppler spread estimation at sub 6GHz band, and make it as cell specific RS. The port number can be as one 
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