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Introduction
In RAN1 NR AdHoc meeting, the following agreements on fine time/frequency tracking were made [1]:
	Agreements:
· 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




This contribution provides Samsung’s views on fine time/frequency tracking for NR.
Time/frequency tracking
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Tracking in LTE and NR
In LTE, after establishing frequency synchronization and subframe and OFDM symbol timing during the initial cell search, the UE should keep tracking the time/frequency offset in order to maintain synchronization to the cell and avoid reductions in the reception SNR of DL physical signals and channels. The time/frequency tracking process consists of estimating the time/frequency offsets of the received DL signals and adjusting the local time/frequency of the UE receiver in accordance to the estimated time/frequency offsets. In LTE, a dedicated tracking RS is not supported, i.e. which physical signals or channels are used for the estimation of the time/frequency offsets at the UE receiver is an implementation aspect. Since predefined pattern signals in LTE such as the PSS/SSS and the CRS can well suit the purpose, time/frequency tracking implementations based on either or both of the PSS/SSS and the CRS have likely been adopted in many legacy LTE UEs.
However, a UE might be hard to expect such periodic sequences with high time/frequency densities, periodicities, and transmission bandwidths. It implies that time/frequency tracking in NR might not be an implementation issue like LTE. Furthermore, regardless of standalone/non-standalone operation scenarios of NR, an assumption on separate RF chains for NR and LTE seems hard to be precluded since some scenarios where NR is deployed on a different band from LTE should be considered as well. Thus, the time/frequency offsets incurred on the RF chains for the respective bands are likely to be different and the multipath delay profile in the respective bands, which affects the time synchronization, would be different especially in deployments with band specific RRHs. Due to these reasons, fine time/frequency tracking issues should be carefully studied in NR under relevant operation scenarios.
Time tracking
Through time tracking operations, the UE aligns its receiver’s local timing to that of the DL signals received from the serving cell. An important metric in time tracking is time resolution which is defined as the minimum time granularity the UE can estimate and adjust between the received DL signal and its local timing. The achievable time resolution depends on the implemented algorithm for time tracking and more importantly on the structure of the timing measurement signal.
In particular, the bandwidth of the timing measurement signal is critical to the achievable time resolution because the time resolution is inversely proportional to the signal bandwidth. The larger the bandwidth of the timing measurement signal is, the higher the time resolution is. In case of LTE, for example, comparing the PSS/SSS sent on the center 1.08 MHz bandwidth and the CRS sent over the whole DL transmission bandwidth, the achievable time resolution by CRS is roughly 18 times higher than that by PSS/SSS in case of 20 MHz DL transmission bandwidth, unless a sophisticated time tracking algorithm is implemented in the UE receiver. Early-late type correlators employed in CDMA modems can be an example algorithm to improve the achievable time resolution, but increase the complexity of OFDM receivers exploiting FFT based design and operations in general. Also if we consider the SS block design with smaller CP length and symbol length for the sake of low latency, the time tracking becomes more important for both sub6GHz and over6GHz in NR to keep the time synchronization error within the range of CP length. Given that the maximum DL transmission bandwidth and the maximum modulation order in NR would increase much higher than those for LTE, a wideband tracking RS seems play important roles in NR.
Another important aspect is the time/frequency RE density of the timing measurement signal. The timing offset estimation gets more accurate with increasing the number of resource elements in the timing measurement signal. In LTE, it has been shown that CRS can provide enough level of time/frequency RE density for wideband system such as 20 MHz DL transmission bandwidth. In case of narrow bandwidth like 1.4 MHz, PSS/SSS also can be utilized for accurate time tracking. In NR, however, the DL transmission bandwidth would be configurable and can be changed (semi-)dynamically. Therefore, required time/frequency RE density for time tracking per NR operation scenario should be studied.
Proposal 1: For fine time tracking, support wideband tracking RS. 
· FFS, time/frequency RE density of the tracking RS.
Frequency tracking
Compared to the case of time tracking, the bandwidth of the measurement signal for frequency tracking is less important and thus a narrow band signal like the PSS/SSS can be well suited for estimating and aligning the frequency between the UE’s receiver and the received DL signal. However, similar to the bandwidth of the synchronization measurement signal being important for time tracking, the time density of the synchronization measurement signal impacts frequency tracking performance. 
In LTE, according to the UE performance/RF specification TS 36.101 [2], the UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of one time slot (0.5 ms) compared to the carrier frequency received from the eNB. For example, in case of 4 GHz carrier frequency, the frequency offset between the UE’s receiver and the received DL signal can be in the ±400 Hz range. The UE receiver has to perform frequency tracking continuously so that the residual frequency offset observed in each slot does not exceed ±400 Hz range and thus the SNR of received DL signal is not significantly degraded. For high speed UEs, the additional frequency offset due to the Doppler shift can exacerbate the SNR degradation. For example, for a UE speed of 100km/h and carrier frequency of 4GHz, the resulting Doppler frequency offset is in the range of ±741Hz. If the UE does not continuously keep tracking of the frequency offset and accordingly correct the frequency error, the frequency tracking can go off the convergence range. Although rigorous evaluation may be necessary, estimating and correcting the frequency offset every 5ms or even longer periodicity (e.g., 10ms) based on PSS/SSS does not seem sufficient enough considering RAN4 requirement and the Doppler effect. Therefore, the RS to achieve reliable tracking is necessary especially when we consider the larger SS periodicity in NR and still try to achieve low latency of the synchronization before DL signal detection.
Since NR should support high carrier frequency and high UE mobility such as above 6 GHz and up to 500 km/h, corresponding effects on frequency tracking should be considered. For instance, it is recommended to send LS to RAN4 to check whether same level of accuracy, i.e. ±0.1 PPM is enough or not regardless of wider range of NR carrier frequency. Regarding the additional frequency offset due to the Doppler shift various options should be studied taking into account trade-off between overhead and performance according to various NR operation scenarios.
Proposal 2: It is recommended that RAN1 sends LS to RAN4 to check whether same level of accuracy, i.e. ±0.1 PPM is enough or not regardless of wider range of NR carrier frequency.
Possible candidates for RE patterns/signalling & configuration
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The TRS configuration may include e.g., the number of antenna ports, periodicity, timing offset, RS pattern, etc. The TRS configuration may include the parameters, e.g., on/off, number of antenna ports, RE pattern, periodicity, timing offset, etc. In some special cases, the TRS can be switched off to save the network power consumption. For example, the TRS may not be necessary in case of the smaller system bandwidth of the PDSCH to transmit DL SIBs. If the PDCCH and/or the SIBs signals are sent over large system bandwidth, the SINR requirement as low as -6dB for sub6GHz or -18dB for over6GHz is still challenging to achieve fine time/frequency synchronization with short latency and detect the DL signals with low MCS considering the worst case of the cell-edge users.
Table 1 and Table 2 represent Samsung’s views on tracking RS RE pattern candidates and signalling & configuration candidates, respectively.
[bookmark: _Ref473750265]Table 1. Tracking RS RE pattern examples
	Candidates
	Comments

	PSS/SSS
	· Time tracking performance can be degraded when the system bandwidth is large.
· Possibly provides fine frequency tracking at least for low mobility UEs.

	CSI-RS
	· Possibly provides fine time tracking performances for various operation scenarios via wideband RS transmission, configurable time/frequency density, etc.
· Possibly provides rate matching and interference management functionalities for tracking RS via ZP CSI-RS.
· Can also be used for cell-wide beam management for multi-beam case

	DM-RS for broadcast/unicast/control
	· May not be suitable for time tracking (hard to secure wideband transmission).
· Possibly robust to UE mobility (relatively high RE density than other RSs).

	PT-RS
	· May not be suitable for time tracking (hard to secure wideband transmission).
· May not be suitable for below 6 GHz carrier frequency.

	Dedicated RS
	· Can be optimized for time/frequency tracking.
· May not be suitable for RS RE reuse.



[bookmark: _Ref473750272]Table 2. Tracking RS signalling & configuration examples
	Candidates
	Comments

	MIB (in PBCH) or remaining minimum system information (in secondary PBCH for multi-beam >6GHz)
	· Decoding performance of PDCCH and SIB(s) is guaranteed.
· Shortest latency to achieve the fine time/freq. synchronization after MIB detection.
· Semi-static configuration to switch on/off TRS or change the configuration parameters if the MIB is periodically transmitted/updated.
· Tight overhead control by limiting the number of configuration parameters or parameter combination patterns in MIB.

	Control resource set (if defined and its configuration indicated by MIB)
	· Decoding performance of PDCCH in very low SNR range may not guaranteed.
· Decoding performance of SIB(s) is guaranteed.
· Medium latency to achieve the fine time/freq. synchronization after the control resource set detection
· Semi-static configuration to switch on/off TRS or change the configuration parameters if the control resource set is periodically transmitted/updated
· Overhead control by limiting the flexibility for configuration parameters

	SIB (in PDSCH)
	· Decoding performance of PDCCH and SIBs in very low SNR range may not guaranteed
· Higher latency to achieve the fine time/freq. synchronization after the SIBs detection
· Semi-static configuration to switch on/off TRS or change the configuration parameters if the SIB is transmitted/updated
· Less overhead control on the flexible configurations 

	RRC
	· Decoding performance of SIB(s) and PDCCH in low SNR range may not be guaranteed.
· Higher latency to achieve the fine time/freq. synchronization after the RRC detection
· Semi-static configuration to switch on/off TRS or change the configuration parameters if the RRC is periodically transmitted/updated.
· Possibly provide high flexibility for configuration parameters



Based on the observations above, following proposals can be drawn:
Proposal 3: NR supports wideband cell-specific TRS configured via PBCH (or PBCH2 in multi-beam case)
Proposal 4: CSI-RS shall be designed so that it can be used as tracking RS
[bookmark: _GoBack]Conclusions
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In this contribution, Samsung’s views on fine time/frequency tracking for NR is presented. Based on above discussions, the following proposals are made:
Proposal 1: For fine time tracking, support wideband tracking RS. 
· FFS, time/frequency RE density of the tracking RS.
Proposal 2: It is recommended that RAN1 sends LS to RAN4 to check whether same level of accuracy, i.e. ±0.1 PPM is enough or not regardless of wider range of NR carrier frequency.
Proposal 3: NR supports wideband cell-specific TRS configured via PBCH (or PBCH2 in multi-beam case)
Proposal 4: CSI-RS shall be designed so that it can be used as tracking RS
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