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Introduction
In RAN1#88, the following agreements were made [1]: 
	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
· The RS design for time and frequency tracking should study
· Tracking range for the frequency error
· E.g. in LTE, CRS: +/-2KHz, DMRS: +/-1KHz, CSI-RS: +/-100Hz 
· Resolution for the timing error
· E.g. in LTE, PSS/SSS: 1us,  10MHz BW CRS: 0.1us
· Transmission timing e.g. burst period and off duration
· Transmission bandwidth, e.g. wideband, partial band
· The support of different sets of QCL parameters
· The support of Delay spread estimation and Doppler spread estimation
· The detailed signaling mechanism
· Prepare draft LS to RAN4 in R1-1703949 until Thursday – Hoondong (Samsung) for
· Check whether same level of time/frequency tracking accuracy, e.g. ±0.1 PPM, is enough or not regardless of wider range of NR carrier frequency
· Evaluation is encouraged
· PDSCH decoding performance including SIB under the realistic time/frequency tracking and compensation
· Performance when DRX in connected mode is configured 
· FFS, evaluation assumptions including channel model, modeling drift of local oscillator after DRX period
· Note: Channel model example is as follows
· Fixed value, for example 300Hz for frequency error and 1us for timing error
· Dynamic model
· CDL model with time varying AOA/ZOA for time varying Doppler shift
· For very high speed, consider RAN4 4-path HST model
· Self-defined model



Based on the submitted contributions in RAN1#88bis for this agenda item ([2] - [11]), the following issues are identified and summarized in the following sections.   
1. The requirement on reference signal design to serve fine time and frequency tracking
2. The type of reference signal for fine time and frequency tracking
3. The derivation of reference signal for fine time and frequency tracking
4. Additional support on the scenario and functionality

1 The requirement on reference signal design to serve fine time and frequency tracking 
According to the views from the companies, the reference signal design to serve fine time and frequency tracking needs to consider:
· For time tracking
· Resolvable tracking range (determined by the RS spacing in terms of RE number in frequency domain)
· The tracking granularity (determined by the RS bandwidth)
· For frequency tracking
· Resolvable tracking range (determined by the RS spacing in terms of OFDM symbol number in time domain)
· Number of RS symbols in a burst
· The periodicity of burst
· The number of ports

The type of reference signal for fine time and frequency tracking
· Cell specific
· UE specific
· Cell specific + UE specific for joint operations

The derivation of reference signal for fine time and frequency tracking
At this moment, there are three different views on how to derive the reference signal for fine time and frequency tracking
· Apply the existing reference signal: PBCH DMRS
· Revise the existing reference signal: CSI-RS
· Design the new reference signal

Additional support on the scenario and the functionality
Based on the offline feedback and the Tdoc contents, the RS for fine time and frequency tracking also considers
· The support in idle mode and in connected mode
· The support for CDRX wake up
· The support of beam sweeping for multi-beam operation
· The support of multi-point and multi-panel transmission
· The support of delay spread estimation and Doppler spread estimation 

WFs
In addition to the above topics, the following WFs are identified for this topic to the best of our knowledge:

· [R1-1706224]  “WF on Time/Frequency Tracking”, Samsung, Qualcomm, Xinwei, Ericsson, CATT, MediaTek
· [R1-1706553]  “WF on RS for time and frequency tracking and the evaluation assumptions”, MediaTek, Samsung
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