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Introduction
In the previous RAN1, fine tracking of time and frequency were discussed and the following was concluded
· For fine time/frequency tracking, consider
· The required RE resource/patterns
· E.g. CSI-RS, RS for mobility (if adopted, may be CSI-RS or other RSs), DM-RS for broadcast/unicast/control (if introduced), PT-RS, a dedicated RS (if required), etc.
· Other RSs are not precluded
· The required periodicity and the corresponding configurations
· Tracking performance
In this contribution, we consider a few procedures for a device to perform fine tracking of frequency/time that all rely on measuring on configured DL reference signals. The required structure of such reference signals is discussed as well.
Discussion
A device needs to perform frequency/time tracking on some downlink reference signals not only to ensure reliable communications with a base station but also to enable high bit rates. For reliable communications, in the sense of being able to detect PDCCH or receive PDSCH of low MCS, it might be sufficient with a course tracking of the time and frequency while fine tracking would be necessary to receive PDSCH of high MCS as well as to enable accurate CSI reporting. There are multiple alternatives to address fine tracking of frequency/time where at least one of the following procedures could be considered:
1. The UE can acquire fine tracking of frequency/time via configured mobility RS, or periodically configured CSI-RS or any other configured RS that is not directly associated with transmission of downlink physical layer channels. In all cases, the UE can perform fine tracking prior to demodulation of PDCCH and PDSCH. 
2. The UE can acquire fine tracking of frequency/time in conjunction with PDCCH detection via associated DMRS or via associated DMRS together with some additional RS or via a configured fine tracking RS that are embedded into PDCCH transmissions. As in 1. the UE performs fine tracking prior detection of PDCCH.
3. The UE can acquire fine tracking of frequency/time after the detection of PDCCH via DMRS associated with PDSCH or via the PDSCH DMRS together with some additional RS or via a configured fine tracking RS that are embedded into PDSCH transmissions such as PTRS. Alternatively, the UE can acquire fine tracking via a triggered CSI-RS either in case of PDSCH absence or that the DMRS is not sufficient for fine tracking. In all these cases, the UE performs fine tracking after the detection of PDCCH.
· The network ensures that the UE can, regularly, perform course tracking on configured RS to enable PDCCH detection.
· The UE may need to acquire fine time tracking from PDCCH in the case of an uplink grant.
In the third alternative, the network can dynamically indicate the presence of tracking RS via PDCCH whereas in the first and second alternatives above the presence of tracking RS would need to be semi-statically configured. However, in all the above alternatives reference signals to aid fine tracking of frequency/time are only transmitted when there are either active users or users that are in DRX. In the case of long DRX cycles, the network would need to ensure that the UE can keep track of the frequency/time such that it can at least detect PDCCH when transmitted.
Observation 1: In designing reference signals to be used for fine tracking of time/frequency one may consider either a single step design that provides fine tracking directly or a two steps design that includes a first course tracking step.
Fine tracking of the time can be done on a one-dimensional reference signal of sufficiently large scheduling bandwidth and density in frequency domain while fine tracking of the frequency requires a 2-dimensional signal design with a separation in time that enables high accuracy and avoids aliasing. If assuming a maximum frequency error of 10% of the subcarrier spacing prior to the fine tracking the separation in time should not be more than 4 OFDM symbols (15kHz spacing and 10% error requires a sampling distance of at most 333). The reference signal density in frequency domain for fine tracking of the frequency can be relatively sparse in comparisons to fine time tracking.
Observation 2: A 2-dimensional reference signal design is needed for fine frequency tracking while fine time tracking can be done on a one-dimensional reference signal of sufficiently large bandwidth and density
· A relative sparse 2-dimensional reference signal design would be sufficient for fine frequency tracking whereas fine time tracking would require higher density in frequency
· In a reference signal design that can be used for both fine tracking of time and frequency, at least one instant of the 2-dimensional reference signal can be transmitted with lower density in frequency
Observation 3: If the network operation is such that a frequency error can be at most 10% of the subcarrier spacing prior the fine tracking, the separation in time of two instants of the RS should not be more than 4 OFDM symbols
If mobility RS, CSI-RS and DMRS are to be considered for fine tracking, a 2-dimensional design would thus be needed for these reference signals. This may have some implications on how to perform beam sweeping, on supporting analog beamforming as well as on the possibility to support early decoding if a time separation of 4 OFDM symbols is to be considered. Although stay-in-the box principle and self-contained transmissions (in the sense that all reference signals needed for the demodulation are included) should be the baseline in NR one may in the case of fine tracking rely on configurable tracking reference signals that can be transmitted without a direct physical layer channel association. It can be noticed that if the frequency tracking signal would be embedded into PDSCH, then the signal both needs to maintain the 4 OFDM symbol separation and at the same time enable early decoding. It can further be noticed that fine frequency tracking can be performed significantly more seldom than the frequency of PDSCH transmissions.
Observation 4: For short 2-3 OFDM symbol low latency transmissions, a desirable separation of 4 OFDM symbols in time for accurate fine frequency tracking is not possible.
Observation 5: For typical PDSCH transmissions, additional reference signals for fine frequency tracking can be accommodated but may hinder early decoding.
Proposal 1: Study fine frequency tracking procedures using a configured UE-specific DL reference signal decoupled from PDSCH DMRS.
Conclusion
In this contribution, we considered some procedures for a device to perform fine tracking of frequency/time that all rely on measuring on configured DL reference signals. The required structure of such reference signals was discussed as well. The following observations and proposals were made:
Observation 1: In designing reference signals to be used for fine tracking of time/frequency one may consider either a single step design that provides fine tracking directly or a two steps design that includes a first course tracking step.
Observation 2: A 2-dimensional reference signal design is needed for fine frequency tracking while fine time tracking can be done on a one-dimensional reference signal of sufficiently large bandwidth and density
· A relative sparse 2-dimensional reference signal design would be sufficient for fine frequency tracking whereas fine time tracking would require higher density in frequency
· In a reference signal design that can be used for both fine tracking of time and frequency, at least one instant of the 2-dimensional reference signal can be transmitted with lower density in frequency
Observation 3: If the network operation is such that a frequency error can be at most 10% of the subcarrier spacing prior the fine tracking, the separation in time of two instants of the RS should not be more than 4 OFDM symbols
Observation 4: For short 2-3 OFDM symbol low latency transmissions, a desirable separation of 4 OFDM symbols in time for accurate fine frequency tracking is not possible.
Observation 5: For typical PDSCH transmissions, additional reference signals for fine frequency tracking can be accommodated but may hinder early decoding.
[bookmark: _GoBack]Proposal 1: Study fine frequency tracking procedures using a configured UE-specific DL reference signal decoupled from PDSCH DMRS.
