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Discussion
1 Introduction
The always-on CRS which is commonly adopted for fine time and frequency tracking in LTE systems doesn’t exist in NR. At this moment, the topic of “fine time and frequency tracking of channel” is still under discussion and in below the issues captured from R1-1706800 and R1-1706588 are listed,
1. What is the RS design requirement for fulfilling fine time and frequency tracking performance?
2. Whether already existing RS(s) used for other purposes can be used also for T and/or F tracking

3. Whether T and F tracking use independent RS(s) respectively, or same RS
4. Whether the RS(s) are periodic or aperiodic
5. Whether the RS bandwidth and/or periodicity is configurable

6. What is the number of antenna ports for fine time and frequency tracking?
7. What is the RS type? Cell specific? UE specific? Or by both?
8. What is the design and mechanism to support fine time and frequency tracking under multi-beam operation?

This contribution is to focus on summarizing the companies’ views [1]-[9] for the above mentioned issues.
2 Summary
2.1 What is the RS design requirement for fulfilling fine time and frequency tracking performance?
Contribution summary:
Huawei [1]: Proposal 1: To ensure satisfactory time tracking performance, the time tracking reference signal should meet the minimum requirements:
· Subcarrier spacing: <=3
· Bandwidth: Configurable
· Repetition within a burst:>= 6

· Periodicity: Configurable
Proposal 2: To ensure satisfactory frequency tracking performance, the frequency tracking reference signal should meet the minimum requirements:
· Number of tones in frequency:>= 30 tones

· Repetition within a burst: >=4

· Transmission gap:  3-6 OFDM symbols
· Frequency draft between updates: Configurable
Proposal 3: To ensure satisfactory delay/Doppler spread estimation performance, the reference signal for estimation should meet the minimum requirements:
· Number of tones in frequency: >=100 tones

· Repetition within a burst: >=6

· Transmission gap:  >=3 OFDM symbols
Intel [3]: Proposal 2: the RS with no less than 25RB is recommended to achieve better time/frequency tracking accuracy

MediaTek [4]: 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

Samsung [5]: Proposal 3: NR supports wideband cell-specific TRS configured via PBCH (or RMSI in PDSCH)

Sony [6]: Proposal 1: All CCs/beams should include RS for the fine time-frequency tracking
Qualcomm [7]: Proposal 1: For tracking RS, at least 1/4 RS density in frequency should be guaranteed to allow robust TTL. 
Proposal 2: For tracking RS, at least 10MHz BW should be guaranteed if the system BW is larger than 10MHz.
Ericsson [8]: Proposal 1: To enable robust time and frequency tracking the tracking RSs should not use CDM to separate ports. 
Proposal 4: RSs for time tracking should be regularly spaced in the frequency to simplify the tracking algorithms 

2.2 Whether already existing RS(s) used for other purposes can be used also for T and/or F tracking

Contribution summary:

ZTE [2]: Proposal 1: Use CSI-RS for fine time/frequency tracking
MediaTek [4]: 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 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 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

Ericsson [8]: Observation 3: Configuration needs for the Tracking RS is in many ways similar to the configuration needs of the CSI-RS i and it can be further discussed whether the tracking RS can be an instance of CSI-RS or a completely new signal is needed.

Observation 4: Time tracking with sufficient performance for optimizing channel estimation can in many cases be done using a BW equal to the data allocation, even for small allocations.

Nokia [9]: Observation: PSS/SSS and DMRS of PBCH maybe be jointly used for fTFT, however they may be configured with same periodicity.

Observation: MRS seems a promising candidate for fTFT, being characterised by: configurable time periodicity which may be higher than PSS/SSS, low amount of ports (1 or maximum 2), cell specific configurability.

Observation: Demodulation RS of control might provide higher time density as MRS, however in slot aggregation they are not present. 

Observation: PT-RS seems a friendly configuration in terms of time/frequency/port footprint, however the Ue specific nature make it less attractive. 

2.3 Whether T and F tracking use independent RS(s) respectively, or same RS
Contribution summary:

MediaTek [4]: 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).

2.4 Whether the RS(s) are periodic or aperiodic
This issue is not discussed from the submitted contributions

2.5 Whether the RS bandwidth and/or periodicity is configurable

Contribution summary:

Huawei [1]: Proposal 6: The tracking RS transmission bandwidth, periodicity and the total number of ports used should be signaled.
Proposal 7: The UE specific configuration(s), periodicity for tracking and its QCL assumption to DMRS port(s) are configured and signaled to UE.

ZTE [2]: Proposal 2: Support configurable bandwidth for RS for time/frequency tracking.

Proposal 3: Support configurable periodicities, timing offset, frequency densities, time densities for RS for time/frequency tracking.

Proposal 4: For RS for time/frequency tracking, support same subcarrier spacing with data transmission.

Samsung [5]: Proposal 1: Consider following options for transmission bandwidth of tracking RS:

· Option 1: System bandwidth

· Option 2: Bandwidth part

· Option 3: Maximum UE bandwidth reported by UE capability

Nokia [9]: Proposal: Needs to be possible to turn it OFF, even that in such situation it is unclear the UE behaviour which likely needs ot be complemented by other RS

2.6 What is the number of antenna ports for fine time and frequency tracking?
Contribution summary:

Huawei [1]: one port
MediaTek [4]: one port

Ericsson [8]: number of ports for the RSs used for time and frequency tracking ports should be aligned with the number of ports for the DL PTRS

Nokia [9]: One port RS should be targeted
2.7 What is the RS type? Cell specific? UE specific? Or by both?
Contribution summary:

Huawei [1]: The UE specific configuration(s), periodicity for tracking and its QCL assumption to DMRS port(s) are configured and signaled to UE
ZTE [2]: UE specific (by using CSI-RS)
MediaTek [4]: cell specific

Samsung [5]: cell specific (revise CSI-RS)

Nokia [9]: cell specific

2.8 What is the design and mechanism to support fine time and frequency tracking under multi-beam operation?

Contribution summary:

Intel [3]: consider CSI-RS for beam management
Sony [6]: The network side should provide an information regarding synchronization situation among CCs and/or beams from transmitter perspective so that the UE can reduce the synchronization opportunity
3 Conclusion
It is understandable to minimize the new RS design in NR. The new RS design is, however, necessary, if the existing RS(s) can’t meet the performance requirement. 
For the issue of “What is the RS design requirement for fulfilling fine time and frequency tracking performance?”, the very limited simulation results are provided and there is no performance comparison among companies’ proposals. As such, we think the further evaluation is needed before making decision on using the existing RS(s), revising the existing RS(s) and designing the new RS(s).
Based on the above summary, we propose that
Proposal 1: The further simulation is needed for checking the performance of the proposed RS patterns from the companies and for comparing with the existing RS(s)
Proposal 2: Build up the email discussion thread so that the companies can propose the RS pattern and further simulation assumption as previously did for DMRS evaluation. Bring the results in June ad-hoc meeting

Proposal 3: The more detail of fine time and frequency tracking for multi-beam and multi-TRP operation should be proposed in June ad-hoc meeting
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