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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 NR AH#2 meeting [1], the agreements regarding TRS for time and frequency were:
· For TRS framework, the considered values for the 6 parameters for further down-selection are
· X (the length of TRS burst in terms of number of 14-symbol slots)
· {1} or {2} or {1, 2}
· Note: 2 may be needed at least for cold start
· Y (the TRS burst periodicity in ms)
· Consider further at least these values: 5, 10, 20, 40, 80 ms 
· Consider less than 5ms for e.g. HST scenario, etc.
· N (Number of OFDM symbols per TRS within a slot)
· 1, 2, 4
· B (TRS bandwidth in terms of number of RBs)
· ~24 RBs assuming SCS=15KHz (FFS, for other SCS values)
· 50 RBs assuming SCS=15KHz  (FFS, for other SCS values)
· FFS for WB operation with multiple BWPs 
·  Sf (TRS subcarrier spacing)
· 4, 2, 6
· Note: not all the combinations of values for N, B and Sf are supported. Down selection in next meeting
· St (TRS symbol spacing within a slot)
· Non-uniformly spaced 
· Uniformly spaced 
· FFS on the values
· TRS is UE-specifically managed
· NR supports TRS for multi-TRP transmission
· Details FFS
· FFS how to handle the case of initial access and idle mode (e.g., the necessity of TRS or not, default value if TRS is necessary, etc)
· FFS how to handle multi-beam transmission
· FFS: whether the tracking performance enhancement is needed for long DRX
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 design parameters
In way forward R1-1711766, the set of design parameters of fine time and frequency tracking for down-selection was agreed. Related to time and frequency synchronization, the NR-SS burst structure and PBCH DMRS also reached further agreement in the ad hoc meeting [2]:
· For the case of 2 PBCH symbols within the SS block: PSS-PBCH-SSS-PBCH
· Equal DMRS density across NR-PBCH with 3 RE/PRB/Symbol
· DMRS have the same RE position in all NR-PBCH symbols
The new agreement will have positive impact on the coarse time and frequency synchronization and hence affects the TRS design for fine time and frequency tracking. To down-select the TRS design parameters, we list preferred set of parameters in Table 1:
Table 1 TRS design parameter down-selection
	TRS parameters
	Options in agreed WF R1-1711766
	Preference

	X(the length of TRS                          burst in terms of number of 14-symbol slots)
	{1}
{2}
{1,2}
	{2} 

	Y(the TRS burst periodicity in ms)
	5ms
10ms
20ms
40ms
80ms
	-  At least 5ms should be supported
-  Less than 5ms for HST scenarios, e.g. 2.5ms for SCS 30KHz when HST

	N(Number of OFDM symbols per TRS within a slot)
	1
2
4
	2 

	B (TRS bandwidth in terms of number of RBs)
	~24 RBs if SCS>15kHz
50 RBs if SCS=15KHz
	 >=24RBs, prefer 40 RBs

	Sf (TRS subcarrier spacing)
	4
2
6
	4 and frequency aligned

	St(TRS symbol spacing within a slot)
	Non-uniformly spaced
Uniformly spaced
	5/6/7 OFDM symbols spacing between two TRS symbols within a slot



[image: ]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 and 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. QCL assumption between DMRS and TRS will be different depending on the conclusion of QCL assumption between narrow and wide beams. In case the same QCL assumption could be made between narrow and wide beams, Figure 1 shows the QCL assumption among the NR reference signals with wide TRS beam.
[image: ]
Figure 1 QCL assumptions with wide TRS beam

The DMRS for broadcast channel referring to the DMRS used for the demodulation of SIB, RRC signaling, paging and etc. before the TRS is configured. Figure 2 shows the QCL assumption among the NR reference signals with narrow TRS beam. Since data transmission may employ multiple narrow beams, multiple narrow TRS beams may be required for tracking. To support both of the scenarios, the configuration of TRS and its QCL association should be flexible.
[image: ]
Figure 2 QCL assumptions with narrow TRS beam

Proposal 1: Consider flexible TRS configuration and QCL association to support both wide and narrow TRS beam options

Pre-TRS configuration enhancement
It was agreed that TRS configuration is UE-specific. The configuration is usually signaled to UE through RRC message. Also to normal operation, UE needs to decode system information messages, e.g. SIBs. Thus UE has to perform receptions of SIBs, RRC signaling and etc. with only coarse synchronization derived from initial access stage, e.g. NR-SS burst. Coarse synchronization, especially coarse frequency synchronization with large oscillator residual offset, degrades the message demodulation and decoding performance, especially in low SNR case. For robust message decoding under coarse synchronization, we may need to transmit message with some enhancements.
PTRS designed in 3GPP NR targets wireless communication in high frequency band where RF components exert larger phase noise on the transmitted and received signal. The phase noise causes Inter-Carrier-Interference (ICI) and Common Phase Error (CPE). Usually, the CPE has more significant impact on the demodulation performance, especially for high code rate and high modulation order transmissions. PTRS is transmitted in additional to the DMRS. PTRS contains known reference QPSK modulated signal with configurable time and frequency density. UE utilize the received PTRS to detect the CPE and compensate it correspondingly. In low frequency band, typically PTRS is not configured since the phase noise is less an issue. In high frequency band, SIB and RRC signaling are low code-rate, small bandwidth and QPSK modulated transmission for which PTRS is not configurable. To increase the robustness, we propose to enhance SIB and RRC signaling transmission with additional PTRS of certain time/frequency density even when the phase noise is not an issue for these scenarios. UE derives the residual phase rotation of modulated symbols under coarse synchronization from the reception of PTRS, compensate it. UE needs to be aware of the PTRS existence and its time/frequency density to correctly perform rate matching around PTRS.
NR-DMRS was designed to be frontloaded. Only one DMRS symbol located at the front of slot will be transmitted in normal case. For low SNR and high mobility scenarios, additional DMRS symbol located at later part of the slot is also transmitted. To enhance the SIB and RRC signaling decoding prior to TRS configuration, we could always transmit the additional second DMRS symbol regardless of current scenarios to help UE combat residual frequency offset under coarse synchronization.  
Proposal 2: Consider enhancing SIB and RRC signaling transmission with PTRS/additional DMRS prior to TRS configuration   

TRS pattern
With the proposed TRS design parameters as describe in previous section, we can form the TRS pattern. Figure 3 shows one example of the basic TRS pattern. Multiple TRS configuration to support multiple panel/point transmission could be easily generated by frequency shifting the basic pattern.
[image: ]
Figure 3 Basic TRS pattern example
If in case some of the parameters need to track separately or more density is required, e.g. for DRX, more basic patterns may be needed to define. When TRS collides with other signals or channels, rules should be specified to handle the collision and possible rate matching.
As an alternative way to form the pattern and configurations and to avoid design a complete new set of TRS and the associated collision rules, we could also form the TRS pattern by configuring multiple one-port existing CSI-RS as one set. The set of signal is regarded as the new one-port TRS serving one or more specific tracking functionalities. The new TRS may be assumed to be QCL to certain DMRS ports with certain respects for UE channel estimation and data demodulation, e.g. in terms of fine time, delay spread and Doppler spread. By the set of one-port CSI-RS, not only TRS density requirement can be flexibly configured and satisfied, we may also reuse all of CSI-RS design aspects, e.g. flexible periodicity, rate matching, colliding rules and multiple configurations. The only things need to be designed are: configuration rules, configuration signaling and QCL assumptions and its signaling. The design and implementation complexities could be greatly reduced.  Figure 4 shows forming TRS by the set of NR one-port non-CDM CSI-RS.
[image: ]
Figure 4 Example of forming TRS pattern by configuration of set of one-port CSI-RS
To facilitate beam management and time/frequency tracking, 3GPP NR likely to define one-port non-CDM CSI-RS. The number of RE per RB and per OFDM is greater than 1, e.g. 3 as in the figure. In this example, we configure TRS by the set consisting two one-port, non-CDM CSI-RS configurations: C2+C10. The configuration may follow certain rules, for example:
· The resulting TRS signal in one OFDM symbol are evenly spaced in frequency domain which should be naturally satisfied by the design of one-port, non-CDM CSI-RS. While if denser TRS in frequency is needed, we can aggregate more one-port, non-CDM CSI-RS configurations along the frequency domain as long as the evenly spaced condition still holds
· The adjacent OFDM symbols carrying TRS should satisfy certain distance rules
· TRS transmission bandwidth configuration is within certain range
· TRS transmission periodicity configuration is within certain range
· The configured TRS is assumed to be QCL with certain DMRS ports with respect to certain QCL parameters
If needed, multiple sets of TRS could be configured with different density or period to track different QCL parameters. Since CSI-RS could be aperiodically triggered, TRS configured in this way also inherent the feature which is very useful in DRX. 
Proposal 3: Considering forming TRS pattern with configuration of set of one-port CSI-RS signal

[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: Consider flexible TRS configuration and QCL association to support both wide and narrow TRS beam options
Proposal 2: Consider enhancing SIB and RRC signaling transmission with PTRS/additional DMRS prior to TRS configuration
Proposal 3: Considering forming TRS pattern with configuration of set of one-port CSI-RS signal  
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