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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#89 meeting [1], way forward on RS for time and frequency tracking was agreed:
· Fine/time frequency tracking RS (TRS) structure may include burst structure and TRS structure inside a burst
· Whether the term “TRS” appear in specifications is FFS
· RS(s) can be the existing ones, revision of the existing ones, or new ones
· The parameters for burst structure are at least
· X: the length of TRS burst in terms of number of slots
· Y: the TRS burst periodicity in terms of number of slots
· TRS supports a single port
· FFS: Other numbers of TRS ports, resources, etc
· TRS has an equal RE spacing in frequency domain within a TRS bandwidth
· FFS: Whether multiple values are supported
· Note that more than one equal RE spacing can be considered
· FFS on TRS configuration details
In this contribution we provide our inputs on the tracking signal design parameters and discuss the remaining issues of reference signal for fine time and frequency tracking.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]TRS burst design parameters
In the agreed way forward R1-1709640, the design parameters for fine time and frequency tracking are specified by,
· The parameters for TRS structure inside a burst are at least:
· 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 
· The parameters for burst structure are at least
· X: the length of TRS burst in terms of number of slots 
· Y: the TRS burst periodicity in terms of number of slots
From our performance evaluation results and experiences gained from LTE development, our preference on the setting of parameters is following:
Proposal 1:
· The parameters for TRS structure inside a burst:
· Sf: 4 for repetition structure or 6 for staggered structure  
· St: The smallest value of St should be no greater than 2 and St could be non-uniform within a TRS burst, e.g. (2,4)  or (1,3)
· N: 4-6 OFDM symbols carrying TRS within a burst
· B: 50 RBs for larger transmission bandwidth configuration, 24 RBs or full bandwidth for smaller transmission bandwidth configuration
· The parameters for burst structure:
· X: x=1 for 14 OFDM symbol slot or x=2 for 7 OFDM symbol slot
· Y: 5ms TRS burst period to set the corresponding value of y
Non-equal TRS subcarrier spacing in frequency domain on different TRS carrying OFDM symbols within a TRS burst may result in degraded time/frequency tracking performance and ineffective time/frequency tracking resource utilization, thus TRS should be transmitted with equal subcarrier spacing among all of the TRS carrying OFDM symbols.
Proposal 2: Same Sf is used for all of the TRS carrying OFDM symbols within the TRS burst

Remaining issues of TRS design
· Concurrent fulfillment of various tracking functionalities within the burst 
There are four desired tracking functionalities the TRS design aims to perform: fine time tracking, fine frequency tracking, path delay spread and Doppler spread. Different TRS bursts with different parameter settings could be configured to perform one or more tracking since the time and frequency resource density requirements may not be the same for different tracking targets. While if we divide the tracking functionality into subsets and configured different TRS bursts to track, we have the configuration flexibility at the cost of increased tracking resource overhead and more complex implementations. Since the resources for various tracking functionalities largely overlapped, it’d better to configure to perform all of the tracking functionalities within the common TRS burst to reduce resource overhead and simplify implantation.
Proposal 3: Common TRS burst is configured for all of the tracking functionalities  

· Is TRS essential for SIB decoding
The answer to this question will be an important factor to determine how and when TRS should be configured. In RAN1#89 meeting, it was agreed that:
· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 
· Same antenna port is defined for NR-PSS, NR-SSS and NR-PBCH within an SS block
· Single antenna port based transmission scheme for NR-PBCH is transparent to UEs
· Note that frequency domain PC is precluded
· DMRS for NR-PBCH is mapped on every NR-PBCH symbol
· Note: frequency domain RE density for DMRS is FFS
From the agreement, NR-PSS, NR-SSS and NR-PBCH within an SS block will be transmitted with the same antenna port and DMRS for NR-PBCH is mapped on every NR-PBCH symbol. Thus NR-SSS and NR-PBCH DMRS within the burst could be used for time and frequency tracking. With proper implementation the coarse time and frequency tracking performance could be improved compared to synchronization derived from SSS or PBCH only. The question is then whether the improved coarse synchronization is sufficient for SIB decoding. To answer the question, performance evaluation should be done.  
Proposal 4: Check whether coarse synchronization derived from NR-SS is sufficient for SIB decoding  
To further improve the accuracy of coarse synchronization, the signal within the NR-SS burst could be arranged for better tracking performance. As an example with two NR-PBCH symbols, PBCH+PSS+SSS+PBCH provide a better NR-SS composition. The DMRS of two NR-PBCH symbols could be aligned in frequency location with density 2-3 RE per RB.
· QCL assumption between wide and narrow beams
In high frequency wireless communication, narrow beam providing high beamforming gain is usually employed at both transmitter and receiver sides. There could be many narrow beam directions. It will be a great resource overhead if TRS is sent in each beam direction. To reduce overhead, TRS is sent only in several wider beam directions. Then the question is: Can we have the QCL assumption in terms of average delay, frequency offset, delay spread and Doppler spread between wide and narrow beams? With wider beam, more paths could be observed the average delay changes. But if the change is small compared to CP length, its impact on demodulation performance can be ignored. Frequency offset may be observed between narrow and wider beams if they point to different direction. The magnitude of frequency offset depends on the angle offset of the pointing directions and UE moving speed which could be significant in high mobility case. Frequency offset results in degradation of channel estimation and demodulation performance at high SNR. The degradation could be potentially mitigated through other RS, e.g. PTRS. The path delay spread and Doppler spread difference between narrow and wide beam could affect the channel estimation performance. Evaluation should be performed to check the impact of performance degradation.
Proposal 5: Check the QCL assumption between narrow and wide beams  

· Multi-panel and multi-point transmission support
The narrow beam resulting from the applying of beamforming to combat large signal propagation loss is more venerable to blocking effects. Multi-point transmission is often an effective method to compact blocking. Narrow beams pointing to different directions also naturally provide near orthogonal channels which facilitates the multi-stream data transmission from different transmission point to increase the throughput. For multi-point transmission, the RS carrying QCL assumptions should be flexibly configured and grouped to support various QCL functionalities, e.g. fine time/frequency tracking.
Various antenna architecture implementations are possible to achieve the required beamforming gain. One implementation may employ multiple antenna panels where each antenna panel contains analog antenna array. Different antenna panel may point to different directions and driven by different oscillators. At high frequency with very narrow beams, the large scale QCL parameters may be quite different depending on the beam pointing directions. Thus even for the transmission from the same transmission point, different data stream may come from different antenna panels and beam directions which results in different large scale QCL parameters, e.g. delay spread, frequency offset and etc. The RS design for fine time/frequency tracking should take the antenna architecture variations into account to have flexible QCL association and indication. 
To accommodate the multi-panel and multi-point transmission scenarios, the TRS should have more than one configuration. Multiple TRS could be configured to the UE. 
Proposal 6: TRS should be designed with multiple configurations and UE could be configured with multiple TRS simultaneously

· TRS carrying OFDM symbol location
The transmission of TRS should avoid the collision with other important channels, e.g. SS, control channel, DMRS and etc. One simple solution is to transmit TRS at the OFDM symbols allocated for potential CSI-RS transmission unless the time or frequency density requirements for TRS could not be met.
Proposal 7: Consider to place TRS transmission at OFDM symbols allocated for CSI-RS if TRS time and frequency density could be met 
[bookmark: _Ref129681832]Conclusion
In this contribution we provide our input on the setting of TRS design parameters. We also discuss the remaining issue of TRS design and provide our proposals. In summary we have the following proposals:
Proposal 1:
· The parameters for TRS structure inside a burst:
· Sf: 4 for repetition structure or 6 for staggered structure  
· St: The smallest value of St should be no greater than 2 and St could be non-uniform within a TRS burst, e.g. (2,4)  or (1,3)
· N: 4-6 OFDM symbols carrying TRS within a burst
· B: 50 RBs for larger transmission bandwidth configuration, 24 RBs or full bandwidth for smaller transmission bandwidth configuration
· The parameters for burst structure:
· X: x=1 for 14 OFDM symbol slot or x=2 for 7 OFDM symbol slot
· Y: 5ms TRS burst period to set the corresponding value of y
Proposal 2: Same Sf is used for all of the TRS carrying OFDM symbols within the TRS burst
Proposal 3: Common TRS burst is configured for all of the tracking functionalities  
Proposal 4: Check whether coarse synchronization derived from NR-SS is sufficient for SIB decoding 
Proposal 5: Check the QCL assumption between narrow and wide beams  
Proposal 6: TRS should be designed with multiple configurations and UE could be configured with multiple TRS simultaneously
Proposal 7: Consider to place TRS transmission at OFDM symbols allocated for CSI-RS if TRS time and frequency density could be met 
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