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1
Introduction
The following agreements related to fine time/frequency tracking RS have been agreed in RAN1#89-ah2 [1]:
Agreements:
· Slide 3 and slide 4 in R1-1711766 are agreed with the following updates:

· N: add value of 1

· B: 50 RBs assuming SCS=15KHz (FFS, for other SCS values)

Agreements:

· 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

The following agreements related to NR-PBCH RE and SS-block composition have been agreed in RAN1#89AH2:
Agreements:
· For the case of 2 PBCH symbols within the SS block: PSS-PBCH-SSS-PBCH

· PBCH RE mapping: Alt. 1, NR-PBCH coded bits of the NR-PBCH code block(s) are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block

The following agreements related to NR-PBCH RE and SS-block composition have been agreed in RAN1#89AH2:
Agreement:
· Equal DMRS density across NR-PBCH with 3 RE/PRB/Symbol
Agreement:
· DMRS have the same RE position in all NR-PBCH symbols
In this contribution, the different aspects of fine time-frequency tracking RS design are discussed.
2
On TRS Design for NR 
As discussed in previous RAN1 meetings, the target of TRS is to provide support for a fine tracking of frequency, timing estimation error, delay and Doppler spread estimation. The need for a fine tracking of frequency and timing depends on the robustness of  PDSCH and PDCCH against frequency and timing error as well as channel estimation capability/need at UE-side. Since PDSCH leverages higher order MCSs with respect to PDCCH, the performance of PDSCH is more prone for frequency and timing estimation errors. 
As earlier discussed in the context of initial access agenda item, initial coarse timing and frequency synchronization is performed based SS-block signals, i.e. PSS/SSS. In previous meeting, two PBCH symbols associated with DMRSs with one  symbol time difference between them have been agreed to be supported within the SS-block. Furthermore, the RE pattern design of DMRS associated with PBCH was agreed to be 3 RE/PRB/symbol. As a result of these agreements, it can be assumed that DMRS associated with PBCH in SS-block can be exploited to support different functionalities of TRS, i.e. frequency- and timing error estimation as well as delay spread estimation. Further simulation results are provided in the next section to support this view. Even though there can be a bandwidth difference between SS-block and PDCCH/PDSCH, the impact of this difference can be assumed to be relatively small for the TRS functionalities. In addition to existing SS-block design, NR specification provides support for the use of DMRS and PTRS associated with PDSCH. As previously discussed under separate RS agenda items, aforementioed RSs provide extensive support for different mobility scenarios, i.e. at high and low speeds. Therefore, it is hard to justify the need of separate RS to cover these functionalities NR. Based on these observations on already existing NR specification support, the signals within SS-block and DMRS as well as PTRS as such can enable a feasible support for the purpose of TRS functionalities in NR.  
Observation 1: Current agreements of SS-block, DMRS and PTRS design in NR enable a feasible support for the purpose of TRS functionalities.

Related to previous meeting discussion in [1] “on how to handle the case of intial access and idle (mode (e.g., the necessity of TRS or not, default value if TRS is necessary, etc), “, the latest agreements of SS-block design, in addition to PSS and SSS signals,  can enable to the utilization of SS-block signals, i.e. two DMRSs associated with PBCH, for the purpose of fine time and frequency tracking as well as delay spread estimation in initial access mode. In IDLE mode, UE is assumed to perform measurements for cell selection/re-selection based SSS signal within SS-block as well as paging reception. The paging channel reception is scheduled via DCI carried by PDCCH and transmitted in associated PDSCH. Both PDCCH and PDSCH related to paging are assumed to be transmitted with low order MCS. Therefore, both channels are assumed to be robust against for frequency and tracking errors leading to no need for extra TRS signal in addition to SS-block

Related to previous meeting discussion on FFS points, “whether the tracking performance enhancement is needed for long DRX”, the discussion relates to time overlapps between UE DRX on time timers and SS-block transmissions as well as UE oscillator implementation chracteristics.  Since RAN1 has not made agreement or discussion on UE oscillator drifting models, it is difficult to continue discussion on the need of performance enchancement for DRX. 

Observation 2: Without RAN1 agreement of UE oscillator drifting models, it is hard to make any decision on the need of performance enhancement for DRX.
Proposal 1: Support to use the existing reference signals, i.e. DMRS associated with PBCH and PDSCH as well as PTRS, for the purpose of TRS functionalities.

3
Numerical Results

In this section, link-level evaluation results for the agreed parameter down-selection with different TRS configurations are provided. Here, the value of CFO, i.e. 650 Hz, used to to represent a residual frequency error after coarse frequency offset estimation based on PSS and SSS signals. The periodicity of SS-block is equal to 80ms. Further details of the simulation parameters are summarized in Appendix.

Figure 1 a) B=24 and b) B=50 show the standard deviation of frequency error estimate for different TRS configurations with a velocity of 3km/h. Here, different TRS configuration parameter combinations are mentioned in the legend text. In Figure 1 a), the agreed SS-block based fine frequency error estimate is marked with black colour. As can be seen, the largest difference between configurations is at low SNR range. However, as discussed earlier, frequency error impacts more severely to high order MCSs that require high SNR. The differences between different configurations are very small at high SNR range e.g. 20 dB. As shown in Figure 1 b) B=50, similar difference between frequency error estimates between different configurations can be seen as with B=24. In comparison with B=24, due to enhanced capability for noise averaging with the double amount of REs associated with RS, the performance of different configurations is improved at low SNR range, whereas the performance remains same at high SNR range.    
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Figure 1 Standard deviation of residual frequency estimate with B=24 and B=50 and velocity of 3km/h.
Figure 2 a) B=24 and b) B=50 show the standard deviation of timing error estimate for different TRS configurations with a velocity of 3km/h. Here, different TRS configuration parameter combinations are mentioned in the legend text. In Figure 2 a), the agreed SS-block based fine timing error estimate is marked with black colour. As can be seen, the largest difference between different configurations is at low SNR range. However, as discussed earlier, timing error impacts more severely to high order MCSs that operate at high SNR range. As long as the time duration of CP can cover both residual timing error offset and delay spread of channel, the impact of residual timing error for the performance of PDSCH remains small in CP-OFDM based systems. The differences between different configurations are very small at high SNR range e.g. 20 dB. As shown in Figure 1 b) B=50, similar difference between frequency error estimates between different configurations can be seen as with B=24. In comparison with B=24, due to enhanced capability for noise averaging with double amount of REs associated with RS, the performance of different configurations is improved at low SNR range, whereas the performance remains same at high SNR range.
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Figure 2 Standard deviation of residual timing estimate with B=24, B=50 and velocity of 3km/h.
In previous meeting RAN1-89ah2, it was agreed that the down-selection for TRS configuration parameters needs to be done in RAN1-90. Table 1 summarizes the proposed parameters for TRS. 
Table 1 Proposed parameters for TRS.
	Parameter
	Frequency offset tracking
	Timing offset tracking
	Delay spread estimation 
	Doppler spread estimation

	X
	1
	1
	1
	Use DMRS and/or PTRS 

	Y
	80ms
	80ms
	80ms
	

	N
	2
	2
	2
	

	B
	24
	24
	24
	

	Sf
	4
	4
	4
	

	St
	2
	2
	2
	


Proposal 2: Support the use of the following parameters for TRS: X=1, Y=80ms, N=2, B=24, Sf =4 and St =2.  

4
Conclusions
In this contribution, the different aspects of TRS design have been considered. 
Based on the discussions, the following observations have been made:

Observation 1: Current agreements of SS-block, DMRS and PTRS design in NR enable a feasible support for the purpose of TRS functionalities.

Observation 2: Without RAN1 agreement of UE oscillator drifting models, it is hard to make any decision on the need of performance enhancement for DRX.
Based on the discussions, the following proposals have been made:

Proposal 1: Support to use the existing reference signals, i.e. DMRS associated with PBCH and PDSCH as well as PTRS, for the purpose of TRS functionalities.

Proposal 2: Support the use of the following parameters for TRS: X=1, Y=80ms, N=2, B=24, Sf =4 and St =2.  
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Appendix – Simulation Assumptions
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