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1
Introduction
The following agreements related to fine time/frequency tracking RS have been agreed in RAN1#90:
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

The following agreements related to fine time/frequency tracking RS have been agreed in RAN1#AH3 [1]:
Agreement:
The TRS symbol number in each slot for X=2 

· At least 2+2 is supported
· FFS: Support of 3+1
Agreement:
· For TRS, support TRS burst length X=2 slot.

· A slot containing SSB can be configured for TRS 

· TRS may be TDM with SSB to avoid collision
· FFS: TRS may be FDM with SSB to avoid collision

Strive to have same burst pattern of TRS configurations with and without slot containing SSB
In this contribution, the different aspects of fine time-frequency tracking RS design are discussed.
2
Discussion on TRS Support in 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 at UE-side. The estimation capability of radio channel parameters at UE-side, related to Delay spread and Doppler spread/shift enable to leverage effectiviely the use of different RSs configuration options e.g. multiple DMRSs. 

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 (i.e. Comb-4). 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. Furthermore, to enhance support for different mobility scenarios in NR at high and low velocities, different combinations of DMRS and PTRS associated with PDSCH can be configured. The estimation capability of radio channel parameters at UE-side, especially relatated to Doppler spread/shift estimation, sets specific requirements for the time domain TRS burst structure as well as its time pediodicity. As a results of this, a plain SS-block based parameter estimator of a radio channel may have a limited capability to estimate Doppler spread/shift reliable.     
In above discussion, it is assumed that a SS-block is always configured on carrier or BWP. However, this assumption does not always hold if the transmission of SS-blocks is not configured on carrier or active DL BPW. Therefore, a connected mode UE does not have possibility to exploit SS-block based measurements for time-/freqeucuncy tracking functionalities of configured BPW or carrier. To enable time-/frequency error tracking support for UE on configured carrier or active DL BPWs without the presence of SS-block, user-specific TRS, i.e.. single-port CSI-RS, needs to be separately configured for each allocated BWP or carrier. Otherwise, the connected mode UE is not able to operate on carrier or active DL/UL BWP.
Observation 1: If SS-block is not available on a carrier or active BWP, user-specific TRSs, i.e. CSI-RS, needs to be configured. 

Related to the discussion on the necessity of TRS in idle mode, the latest agreements of SS-block design can enable 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 sufficiently robust against for frequency and tracking errors leading to no need for extra TRS signal in addition to SS-block

Observation 2: In idle mode, SS-block can provide sufficient support and no additional TRS is needed. 
Related discussion DRX and TRS, this 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 make progress on discussion on the need of performance enchancement for DRX. 

Observation 3: 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: If SS-block is not available on carrier or active BWP, NR supports user-specifically configured TRSs, i.e. single-port CSI-RSs.   

Proposal 2: In idle mode, SS-block can provide sufficient support and no additional TRS is needed.
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.

3.1 Frequency Estimate

Figure 1 a) B=24 and b) B=50 show the standard deviation of frequency error estimate for single shot, X=1, TRS transmission with different paramterizations, SCS=15KHz and 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. It is worth noting that the targetted 0.1ppm frequency estimation accuracy, i.e. 400Hz, can be achieved nearly with all parameter configurations. 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 at same level at high SNR range.    
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a) X=1 and B = 24.













b) X=1 and B = 50.
Figure 1 Standard deviation of residual frequency estimate with X=1,  B = {24,50}, SCS = 15KHz and velocity of 3km/h.
Figure 2 a) B=24 and b) B=50 show the standard deviation of frequency error estimate for X = 1 and X = 2 configurations with SCS=15KHz and different velocities of 3, 30 and 120 km/h. As can be seen, with both PRB allocations, i.e. 24 and 50, frequency estimation errors measurements over two slots outperforms single shot X = 1 measurements at low SNR range. At higher SNR range, the differences between these options becomes small. It can be observed that the configuration with B = 24 and higher velocities, i.e. >30 km/h results to larger frequency error estimate deviation with respect to B = 50. It is worth noting that the frequency error estimate can be further enhanced by configuring separate PTRS. 
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a) X={1,2} and B = 24.












X={1,2} and B = 50.


Figure 2 Standard deviation of residual frequency estimate with X={1,2}, B = {24, 50}, SCS = 15KHz  and with velocities of 3, 30 and 120 km/h.

Observation 4: Support for higher mobilty operation, i.e. >30km/h, for X=1 and X=2 can be enhanced by configuring PTRS. 
Figure 3 shows the standard deviation of residual frequency estimate error with different TRS bandwidths, B={12,24,50, 100}, SCS=30kHz and the number of slots X={1,2}. As can be seen, all bandwidth options with X=2 can clearly achieve smaller frequency estimate error with respect to the bandwidth options with X=1. Furthermore, by increasing the TRS bandwidth to be larger than 50 PRBs, especially with X=2, neglible improvement in the accuracy of frequency estimate can be achieved. It is worth noting that required 0.1ppm frequency estimate accuracy, i.e. 400Hz, can also be achieved with options of X=1 and B>12.   
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Figure 3 Standard deviation of residual frequency estimate with X={1 [5,8] ,2 [5 8 – 5 8]}, B = {12,24, 50,100},  SCS=30KHz  and with velocity of 3 km/h.

Observation 5: By increasing the TRS bandwidth to be larger than 50 PRBs, especially with X=2, neglible improvement in the accuracy of frequency estimate can be achieved.
Figure 4 shows the standard deviation of residual frequency estimate error with different TRS bandwidths, B={12, 24, 50, 100}, SCS=30kHz and different symbol locations, i.e. [5 8 – 5 8]and [5 8 11 - 11], associated with X=2. As can be seen, the option with X=2 associated with [5 8 – 5 8] symbol positions can enable the computation of more accurate frequency estimate with respect to another option with [5 8 11 - 11]. Similar to previous results in Figure 3, neglible improvement in the accuracy of frequency estimate can be achieved by using B>50. 
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Figure 4 Standard deviation of residual frequency estimate with SCS=30KHz, B = {12,24, 50,100}, X=2 [5 8 – 5 8] and X=2 [5 8 11 - 11], and with velocity of 3 km/h.

Observation 6:TRS configuration X=2 associated with [5 8 – 5 8] symbol positions can enable the computation of more accurate frequency estimate with respect to the option with X=2 and [5 8 11 - 11].
Figure 5 shows the throughput performance of PDSCH w/ rank 1 associated with front-loaded DMRS, velocity of 3km/h, SCS=30kHz, 16-QAM and Rc=1/2. Here, two different TRS configuration are considered: X=1, N=2 [5 8] and X=1, N=3 [5 8 11]. As can be seen, the TRS option with X=1, N=3 [5 8 11] with all bandwidth configurations can achieve better throughput performance with respect to X=1, N=2 [5 8]. Furthermore, it can be observed that similar level performance can be achieved with narrower TRS bandwidth with X=1, N=3 [5 8 11], B=24 compared with X=1, N=2 [5 8], B=50.  Since overheads associated with TRS have not been taken into account in the results, the simulation results do not fairly reflect performance differences of  TRS configurations.
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a) TRS: X=1, N=2 [5, 8], B={12,24,50,100}


b) TRS: X=1, N=3 [5, 8, 11], B={12,24,50,100}
Figure 5 Throughput performance of PDSCH w/ rank 1 associated with front-loaded DMRS, velocity of 3 km/h, SCS=30kHz, 16-QAM and Rc=1/2.
Observation 7: Similar PDSCH throughput performance can be achieved with narrower TRS bandwidth with X=1, N=3 [5 8 11], B=24 compared with X=1, N=2 [5 8], B=50.

Observation 8: Overheads associated with TRS have not been taken into account in the computation of throughputs.

Figure 6 shows the throughput performance of PDSCH w/ rank 1 associated with front-loaded DMRS, velocity of 3km/h, SCS=30kHz, 16-QAM and Rc=1/2. Here, two different TRS configuration are considered: X=2, N=2+2[5 8 – 5 8] and X=2, N=3 +1 [5 8 11 - 11]. As can be seen, the TRS option with X=2, N=2 +2 [5 8 – 5 8] can achieve better throughput performance with respect to X=2, N=3+1 [5 8 11 - 11 ]. Furthermore, it can be observed that close to similar throughput performance can be achieved independent of TRS bandwidths with X=2, N=2+2 [5 8 – 5 8]. It is worth noting that  even the smallest TRS bandwidth, B=12, can achieve similar performance as with B=100. 
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a) X=2 an N=2+2 [5,8, 5,8] 






b) X=2 an N=3+1 [5,8,11] 
Figure 6 Throughput performance of PDSCH with rank 1 associated with front-loaded DMRS, velocity of 3 km/h, SCS=30kHz, 16-QAM and Rc=1/2.
Observation 9: Similar throughput performance can be achieved independent of TRS bandwidths with X=2, N=2+2 [5 8 – 5 8].
Figure 7 shows the throughput performance of PDSCH w/ rank 2 associated with front-loaded DMRS, velocity of 3km/h, SCS=30kHz, 16-QAM and Rc=1/2. Here, two different TRS configuration are considered: X=2, N=2+2 [5 8 – 5 8] and X=2, N=3+1 [5 8 - 11 11]. Similar to previous rank 1 results, the TRS option with X=2, N=2 +2 [5 8 – 5 8] can achieve better throughput performance with respect to X=2, N=3+1 [5 8 11 - 11]. Furthermore, it can be observed that close to similar throughput performance can be achieved with all TRS bandwidths with X=2, N=2+2 [5 8 – 5 8], even with the smallest TRS bandwidth, B=12. Despite the PDSCH throughput merit of the configuration with X=2, N=2 +2, the configuration X=2, N=2 +1 [5 8 11 - 11] may also needed for Doppler spread/shift
 
[image: image11]

 SHAPE  \* MERGEFORMAT 
[image: image12]
Figure 7 Throughput performance of PDSCH with rank 2 associated with front-loaded DMRS, velocity of 3 km/h, SCS=30kHz, 16-QAM and Rc=1/2.
Observation 10: For the estimation of frequency offset, TRS configuration with X=2, N=2+2 [5 8 – 5 8] can provide better PDSCH throughput results with respect to configuration with X=2, N=3+1 [5 8 11 - 11]. 
Observation 11: Despite the PDSCH throughput merit of the configuration with X=2, N=2 +2, the configuration X=2, N=2 +1 [5 8 11 - 11] may also needed for Doppler spread/shift estimation.
3.2 Timing Estimate 

Figure 6 a) B=24 and b) B=50 show the standard deviation of timing error estimate for different TRS configurations with SCS=15KHz  and a velocity of 3km/h. Here, different TRS configuration parameter combinations are mentioned in the legend text. In Figure 6 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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a) X=1 and B=24














b)  X=1 and B=50

Figure 8 Standard deviation of residual timing estimate with B={24, 50}, SCS=15KHz  and velocity of 3km/h.
Proposal 3: Support at least TRS configuration with X=2, N=2+2 [5 8 – 5 8].
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: If SS-block is not available on a carrier or active BWP, user-specific TRSs, i.e. CSI-RS, needs to be configured. 

Observation 2: In idle mode, SS-block can provide sufficient support and no additional TRS is needed. 

Observation 3: Without RAN1 agreement of UE oscillator drifting models, it is hard to make any decision on the need of performance enhancement for DRX.
Observation 4: Support for higher mobilty operation, i.e. >30km/h, for X=1 and X=2 can be enhanced by configuring PTRS. 
Observation 5: By increasing the TRS bandwidth to be larger than 50 PRBs, especially with X=2, neglible improvement in the accuracy of frequency estimate can be achieved.
Observation 6:TRS configuration X=2 associated with [5 8 - 5 8] symbol positions can enable the computation of more accurate frequency estimate with respect to the option with X=2 and [5 8 11 - 11].
Observation 7: Similar PDSCH throughput performance can be achieved with narrower TRS bandwidth with X=1, N=3 [5 8 11], B=24 compared with X=1, N=2 [5 8], B=50.

Observation 8: Overheads associated with TRS have not been taken into account in the computation of throughputs.

Observation 9: Similar throughput performance can be achieved independent of TRS bandwidths with X=2, N=2+2 [5 8 – 5 8].
Observation 10: For the estimation of frequency offset, TRS configuration with X=2, N=2+2 [5 8 - 5 8] can provide better PDSCH throughput results with respect to configuration with X=2, N=3+1 [5 8 11 - 11]. 
Observation 11: Despite the PDSCH throughput merit of the configuration with X=2, N=2+2, the configuration X=2, N=2+1 [5 8 11 - 11] may also needed for Doppler spread/shift estimation.
Based on the discussions, the following proposals have been made:

Proposal 1: If SS-block is not available on carrier or active BWP, NR supports user-specifically configured TRSs, i.e. single-port CSI-RSs.   

Proposal 2: In idle mode, SS-block can provide sufficient support and no additional TRS is needed.
Proposal 3: Support at least TRS configuration with X=2, N=2+2, St=3
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Appendix – Simulation Assumptions
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