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Introduction
Since fine time/frequency tracking after course time/frequency tracking via synchronization signal(s) can affect the performances of downlink and uplink transmission/reception, how to guarantee time/frequency tracking performance in NR should be carefully investigated taking into account various aspects. Consequently, the following agreements on fine time/frequency tracking were made in RAN1#90 meeting [1]:
	Working assumptions:
· At least X=2 is supported
· FFS on X= 1 and 4
· Check whether X=1 can provide sufficient Doppler spread estimation performance
· Total symbol number summed over X=2 slots is 4 (Consider further 2+2 and 3+1, support one or both (FFS)). 
· Consider further the positions, taking into account DMRS
Agreements:
· Consider further supporting the bandwidth of TRS to be configured up to the bandwidth of the BWP in addition to ~24, ~50 RBs, and make decision in next meeting
· Sf=4 
· Y>=160ms is not supported. Consider further down-selection on other values agreed in RAN1AdHoc2 
Agreements:
· A UE can be configured multiple TRS at least if the UE supports multi-TRP/multi-panel deployment
· Details FFS
· TRS can be QCLed with PDSCH DMRS, regarding at least delay spread, average delay, Doppler shift and Doppler spread. 
· Configuration / signalling details FFS
· Note: The QCL assumption may be implicit via QCL assumption with other RS
· FFS for other QCL parameters
· TRS sequence is based on PN generator
· Study whether TRS is needed in idle mode
· For example, paging, RMSI, RAR demodulation performance by considering without TRS for Doppler spread estimation
· Study whether TRS needs to be configured on a BWP/carrier without SS block
· Study the relationship between SS burst, TRS, and DRX ON duration especially with longer DRX cycle
· The slots with TRS can be immediately after SS burst before the starting point of DRX ON duration. The DRX ON timing is aligned with SS burst within a number of slots
· There is timing offset between TRS and SS burst. The DRX ON timing is aligned with SS burst, or with TRS within a number of slots 
· Configure aperiodic TRS before the starting point of DRX ON duration, so that DRX ON timing is independent of SS burst appearance 
· Other solutions are not precluded
Agreements:
· For a connected mode UE, UE is expected to receive UE-specific RRC configuration of TRS at least for sub-6 GHz
· Before receiving the RRC configuration of TRS, FFS



This contribution provides Samsung’s views on TRS and is revised from [2].
Time/frequency tracking
1 
2 
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, in NR, 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.
Figure 1 depicts performances of timing and frequency offset estimation based on PSS and SSS. Figure 1 shows that timing offset error would be occurred with the probability less than 5%. (It is noted that the sampling timing, i.e. the resolution of timing offset estimation, is quiet low, about 260ns, based on the PSS/SSS bandwidth.) In case of frequency offset estimation, the 90% offset error could be {1.15, 0.77, 0.42} ppm for {-6, -3, 0} dB SNR, respectively. Given that the remaining errors are larger than the requirement of ±0.1 ppm, it is expected that the PDSCH decoding performance can be degraded if only PSS/SSS are used for time/frequency tracking.
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[bookmark: _Ref481611495]Figure 1. Timing and frequency offset estimation performances based on PSS and SSS

In Figure 2, NR-PDSCH BLER performances according to various time/frequency offset conditions are compared. Figure 2 implies that up to 5dB PDSCH decoding performance loss compared with fixed 0.1 ppm CFO can be observed, if the UE rely on the time/frequency tracking based on PSS/SSS only as predicted above. Since the performance degradation can be occurred in the low MCS as well, it is preferred to support time/frequency tracking RS before PDCCH or SIB reception at UE side. One may argue that in case of RMSI and SIB1, repetition can be used to resolve this issue, if similar design with LTE is adopted. However, it should be noted that PDCCH for RMSI/SIB1 scheduling cannot use combining, since the CCE could be different in the CORESET. Therefore, decoding performance of PDCCH for RMSI and/or SIB1 should be considered as one of requirement for fine time/frequency tracking. Detailed evaluation assumptions are provided by Appendix.
Based on the discussions above, the following proposals can be made:
Proposal 1: NR supports at least one default configuration of TRS for non-RRC-CONNECTED UEs.
· Decoding performance of PDCCH for RMSI and/or SIB1 should be considered as one of requirement for fine time/frequency tracking.
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[bookmark: _Ref481612517]Figure 2. NR-PDSCH BLER performance comparison according to various time/frequency offset conditions
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CSI-RS is a possible candidate to meet the fine time/frequency tracking requirements in NR. Firstly, CSI-RS possibly provides fine time tracking performances for various operation scenarios via wideband RS transmission, configurable time/frequency density, etc. For instance, as agreed in RAN1 NR-AH#2, 1-port CSI-RS resource can have >1 RE/RB/port CSI-RS RE density without CDM. Furthermore, CSI-RS can provide rate matching and interference management functionalities for tracking RS via ZP RS. Applicability for both single and multi-beam operations is another advantage of CSI-RS for fine time/frequency tracking.
Figure 3 is an example of 1-port CSI-RS resources with (X, N, Sf, St) = ({1 or 2}, 2, 4, 3). In Figure 3, 2 PDCCH OFDM symbols and 2 front-loaded DMRS OFDM symbols are assumed. As described in our companion contribution [3], the 1-port CSI-RS resources for time/frequency tracking can share the CSI-RS resources for CSI acquisition.
Based on the discussions above, following proposals can be drawn:
Proposal 2: 1-port CSI-RS in Figure 3 can be used as tracking RS
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[bookmark: _Ref481658349]Figure 3. An example of 1-port CSI-RS resources with (X, N, Sf, St) = ({1 or 2}, 2, 4, 3);
Conclusions
4 
In this contribution, Samsung’s views on fine time/frequency tracking for NR is presented. Based on above discussions, the following observation and proposals are made:
Proposal 1: NR supports at least one default configuration of TRS for non-RRC-CONNECTED UEs.
· Decoding performance of PDCCH for RMSI and/or SIB1 should be considered as one of requirement for fine time/frequency tracking.
Proposal 2: 1-port CSI-RS in Figure 3 can be used as tracking RS
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[bookmark: _GoBack]Figure 3. An example of 1-port CSI-RS resources with (X, N, Sf, St) = ({1 or 2}, 2, 4, 3);
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Table 1. LLS evaluation assumptions
	Parameters
	Assumptions

	PDSCH Bandwidth
	10MHz

	Subcarrier spacing
	15kHz

	Carrier frequency
	2.5GHz

	FFT size
	1024 for PDSCH, 256 for PSS/SSS

	Number of Tx RBs
	6 RBs

	Channel coding
	1/3 Turbo code

	MCS
	QPSK, coding rate=1/2

	Antenna config.
	2x2

	SS block periodicity
	20 ms

	PSS/SSS sequence
	Length 127 M-sequence

	PSS/SSS interference
	Ideal

	Tx scheme
	2-port precoder cycling

	Channel model
	TDL-C

	Channel estimation
	2D MMSE

	Delay spread
	300ns

	Velocity
	3km/h

	Initial CFO
	0.1 ppm
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