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Discussion
1 Introduction
In previous meeting, there is agreement on the reference signal candidate for fine time and frequency tracking, as shown below.
Agreements:
· The candidate reference signal for time and frequency tracking  for study

· Demod RS for common control resource set or common control search space together with extension in time domain (if introduced)
· CSI-RS

· Consider the enhanced type in both time and frequency domain (if needed)

· Dedicated RS (if introduced)

· DMRS for PBCH (if introduced)

· MRS (if introduced)
· PT-RS
· PSS/SSS
· Note that it doesn’t mean that only one RS can serve tracking for time and frequency

 In this paper, we express our concern, and the initial simulation is conducted to check the tracking performance.
2 Discussion
In our view, the reference signal for fine time and frequency tracking needs to consider

· the availability on both idle mode and connected mode

· the availability before on duration in DRX
· the supporting for delay spread and Doppler spread estimation
· the configurability to support extreme condition, such as high speed train scenario
The cell-specific reference signal is the proper candidate to serve the above purposes, especially when the UE receives the signal from the primary serving cell (or primary TP).
From the experience in LTE, the UE specific reference signal for some conditions can also serve the purposes in connected mode. For example in Rel-11 CoMP, CSI-RS can be used for the time tracking on the signal from other TPs. In RAN4, the time tracking range by CSI-RS was identified as more limited than that by CRS. The frequency tracking range by CSI-RS is even more restricted. It means, the practical deployment should be carefully planned and the tight coordination between TPs is necessary.
In LTE, the delay spread estimation can be performed by using CSI-RS. For Doppler spread estimation, CSI-RS is not feasible.

It is also expected that in NR, the CSI-RS can still be applied for fine time and frequency tracking under some scenarios. The question is, what is the alternative reference signal to replace CRS for more general scenarios?

The “enhanced” CSI-RS, conceptually, can improve the applicability of CSI-RS on more scenarios. It is still doubtful on if CSI-RS can work as well as CRS in LTE.
To perform frequency offset estimation or Doppler spread estimation, it requires the reference signal to be available on several OFDM symbols in a slot. The associated antenna port should be the same. The original purpose of CSI-RS is to allow the UE to estimate the MIMO channel with large dimension, for example up to 32 ports, for CSI reporting. So the CSI-RS allocated at different RE and different OFDM symbol is actually associated with the different antenna ports. As such, when CSI-RS is applied to serve frequency tracking/Doppler spread estimation purpose, it can’t simultaneously be applied for MIMO channel estimation, and possibly the additional signalling should be given to indicate that the CSI-RS located at different OFDM symbols come from the same antenna port.  
The CSI-RS is of CDM structure, which means 2 REs are occupied even for one port. The increasing density on frequency and time domain by CSI-RS for tracking purpose will certainly impact the available RE number for PDSCH.
Our consideration is to modify CRS in LTE by utilizing one port with configurable bandwidth and periodicity for tracking purpose, as shown in Fig. 7. The default bandwidth and periodicity can be specified. It depends on the scenario to increase the density by signalling.

Observation 1: In LTE, the UE specific reference signal for some conditions (with limited tracking range) can also serve the fine time and frequency tracking purpose in connected mode
Observation 2: In LTE, the delay spread estimation can be performed by using CSI-RS. For Doppler spread estimation, CSI-RS is not feasible.

Observation 3: The Doppler spread estimation is very crucial to the UE. The residual frequency offset or the sudden frequency change which is not compensated will shift the Doppler spectrum. The channel estimation which takes the shifted Doppler spectrum into account can try to recover the loss

Observation 4: To perform frequency offset estimation or Doppler spread estimation, it requires the reference signal to be available on several OFDM symbols in a slot. The associated antenna port should be the same
Observation 5: The CSI-RS allocated at different RE and different OFDM symbols is actually associated with the different antenna ports. Then, when CSI-RS is applied to serve frequency tracking/Doppler spread estimation purpose, it can’t simultaneously be applied for MIMO channel estimation, and possibly the additional signalling should be given to indicate that the CSI-RS located at different OFDM symbols come from the same antenna port

Observation 6: The CSI-RS is of CDM structure, which means 2 REs are occupied even for one port. The increasing density on frequency and time domain by CSI-RS for tracking purpose will certainly impact the available RE number for PDSCH

Proposal 1: Modify CRS in LTE by utilizing one port with configurable bandwidth and periodicity for tracking purpose. The default bandwidth and periodicity can be specified. It depends on the scenario to increase the density by signalling
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Fig. 1, Doppler spectrum with the center at 0Hz       Fig. 2, the shifted Doppler spectrum. CE should capture 

                                              the spectrum to be shifted to calculate the appropriate 

                                              coefficients for channel interpolation  
3 Initial simulation results
We consider the tracking performance under the high speed train scenario. It is well known that there would be large Doppler frequency jump from positive frequency to negative frequency when the train passes through the RRH. The RRH deployment scenario in the simulation is D​s=500m and Dmin=5m, which is proposed by Docomo in Rel-13 RAN4 HST SI for their network plan.
The speed is 350km/hr, so it takes 5.14 seconds for the train to move from one RRH to another one, as shown in Fig. 6. The simulation gets started from 4.6 seconds in order to observe the tracking performance when the Doppler frequency jumps. Fig. 3, 4 and 5 show the results by allocating tracking RS at the different slot number. The tracking RS in all the slots is shown in Fig. 3, slot 0 and 5 in Fig. 4, and only slot 0 in Fig. 5. Also note that there are 4 symbols with tracking RS in a slot, which is of staggered form as shown in Fig. 7. The tracking RS bandwidth is 32 resource blocks in the simulation. The tracking loop filter bandwidth is wider in Fig. 4 and 5 since the density in time is looser.
It is quite evident that, under the scenario with frequent and significant frequency change, the RS density in time is crucial.
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     Fig. 3, tracking RS at all slots              Fig. 4, tracking RS at slot 0 and 5
  [image: image5.jpg]freq tracking curve





    Fig. 5, tracking RS only at slot 0
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 Fig. 6, simulation setting for bi-directional channel to check the tracking performance when the Doppler frequency moves quickly from positive to negative.
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          Fig. 7, location for tracking RS (and the corresponding RS for demod/CSI)
4 Conclusion
Observation 1: In LTE, the UE specific reference signal for some conditions (with limited tracking range) can also serve the fine time and frequency tracking purpose in connected mode

Observation 2: In LTE, the delay spread estimation can be performed by using CSI-RS. For Doppler spread estimation, CSI-RS is not feasible.

Observation 3: The Doppler spread estimation is very crucial to the UE. The residual frequency offset or the sudden frequency change which is not compensated will shift the Doppler spectrum. The channel estimation which takes the shifted Doppler spectrum into account can try to recover the loss

Observation 4: To perform frequency offset estimation or Doppler spread estimation, it requires the reference signal to be available on several OFDM symbols in a slot. The associated antenna port should be the same

Observation 5: The CSI-RS allocated at different RE and different OFDM symbols is actually associated with the different antenna ports. Then, when CSI-RS is applied to serve frequency tracking/Doppler spread estimation purpose, it can’t simultaneously be applied for MIMO channel estimation, and possibly the additional signalling should be given to indicate that the CSI-RS located at different OFDM symbols come from the same antenna port

Observation 6: The CSI-RS is of CDM structure, which means 2 REs are occupied even for one port. The increasing density on frequency and time domain by CSI-RS for tracking purpose will certainly impact the available RE number for PDSCH 

Proposal 1: Modify CRS in LTE by utilizing one port with configurable bandwidth and periodicity for tracking purpose. The default bandwidth and periodicity can be specified. It depends on the scenario to increase the density by signalling[image: image8.emf]
