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

Agreement
· For N=2+2, X=2, TRS symbols have the same symbol positions in the two consecutive slots
· DMRS and TRS are at least TDMed from UE perspective
· One of the following symbol positions per slot can be configured by RRC, 
· Option 1: symbol 4 and 8 (symbol index starts from 0)
· Option 2: symbol 5 and 9
· Option 3: symbol 6 and 10
· Note 1: Potential down selection can be done until next meeting. It is not limited to select only one option
· Note 2: RRC signaling to configure TRS as above can be related to the existing RRC signaling for DMRS, CSI-RS, etc.
· Note 3: It is not precluded to have additional options
Agreement:
· TRS can be configured as one-port CSI-RS resource(s) with the agreed parameters on St, Sf, N, B, X and Y

· FFS on one or multiple resources

· Note: TRS is also supported in above-6GHz

· FFS on the parameters X, N, St

· FFS: TRS periodicity
· For below 6GHz, TRS periodicity 10ms, 20ms, 40ms and 80ms are supported

· For RAN4 information, 10ms is introduced for high speed train scenario

· Note: It is up to the editor to capture the periodicity in units of slots

· TRS BW can be equal to BW of BWP

· UE is not expected to be simultaneously configured with TRS BW equal to BWP and TRS periodicity of 10ms if the BWP is larger than 50 RBs 

· FFS on CSI-RS measurement restriction functionality can be configured between TRS bursts

· Sf=4
· FFS: Additional Sf values 

· for below 6GHz

· FFS on X=1

In this contribution, the remaining  aspects of fine time-frequency tracking RS design for NR are discussed.
2
Discussion on TRS Support in NR 
Regarding to per slot RRC configured TRS configurations, RRC based CSI-RS configuration framework requires a TRS specific enhancement into it. More specifically, to enhance support for CSI-RS based flexible TRS specific configurations in NR, shigher layer configured parameter, i.e. TRS_INFO, is introduced to configure CSI-RS resources for TRS specific purposes. The higher layer configured parameter, TRS_INFO, consists of three different elements {element 1, element 2, element 3}: 

· Element 1: boolean value information element associated with the CSI-RS resource, i.e, TRS purposes to {‘ON/OFF’}. 
· Element 2: CSI-RS resource CSI-set ID or SSB resource indicator being used with this specific resource. 
· Element 3: CSI-RS resources ID(s) or CRIs or SS-block resource that are used with this specific resource ID. 
Enhanced CSI-RS based higher layer configured framework can enable flexibly different TRS specific configurations for below and above 6GHz. Furthermore, the flexible configuration framework can enable the joint use of different reference signals and synchronization signal block (SSB) resources leading to significantly reduced reference signalling overhead as well as more efficient system operation. Especially, at above 6GHz the flexible configurability is expected to impact largely to system operations and to reduce reference signal overhead.      
Observation 1: To enhance TRS specific configurability in CSI-RS resource configuration framework, it is beneficial to include higher layer configured parameter TRS info into CSI-RS resource configuration framework.
At above 6GHz, it is expected that TRS configuration(X=2, N=2+2) with analog/hybrid analog-digital antenna array architechtures imposes scheduling restrictions in spatial domain in two consecutive time slots. Therefore, it is beneficial to use TRS configuration(X=1, N=2) to reduce scheduling restrictions at above 6GHz.  

Observation 2: Since the use of TRS configuration(X=2, N=2+2) with analog/hybrid analog-digital antenna array architechtures imposes scheduling restrictions in spatial domain in two consecutive time slots, it is beneficial to use TRS configuration(X=1, N=2) to reduce scheduling restrictions at above 6GHz.  

At higher carrier frequencies, different  DL beam management (BM) procedures P1-P3 will be used to indentify and perform the alignment of TX and RX beams at gNB and UE sides, respectively. Therefore, from a system perspective to reduce scheduling restrictions as well as reference signal overheads associated with TRS(X=2, N=2+2), it is beneficial to combine the TRS resources with periodic CSI-RS resources used for DL BM P1 procedures and/or with SSB resources at above 6GHz. It is worth noting that the reductions of reference signal overheads can also be obtained by combing the use of reference signals for TRS at below 6GHz.   

Observation 3: From a system perspective to reduce scheduling restrictions as well as reference signal overheads, it would be beneficial to combine the TRS resources with periodic CSI-RS resources used for DL BM P1 procedures and/or with SSB resources at above 6GHz. The reductions of reference signal overheads can be also obtained by combing the use of reference signals for TRS at below 6GHz.   

Figure 1 shows  an example of the exploitation of periodically transmitted downlink P1 beam management CSI-RS resources for TRS functionality at above 6GHz. Two separate CSI-RS resource sets have been user-specifically configured by RRC, namely, CSI-RS set 1 and CSI-RS set 2. Furthermore, each CSI-RS resource set is configured with four separate resources. Moreover, it is assumed that each resource is mapped  to single or multiple antenna ports associated with CSI-RS. The network configures DL P1/P2 beam management functionality by higher layer parameter, CSI-RS-ResourceRep to be ‘ON’. As a result of this, the TX beam direction of gNB  is kept fixed over the resources that are time-division-multiplexed with each other within the resource set. The number of resources within a CSI-RS set defines the number of repeated TX beams in time. By RRC-signaling the NR higher layer parameter, ResourceConfigType  associated  with resource sets is configured to be periodic.  The time periodicity of both sets is configured by higher layer parameter, CSI-RS-timeConfig, e.g. {5,10, 20, 40, 60, 80, 160, 320, 640} , in time/slot units. To enable UE to leverage configured CSI-RS resources also for TRS purposes, higher layer configured information element as a part of CSI-RS resource definition is introduced. The higher layer configured TRS_INFO parameter with ‘ON/OFF’ value indicates for UE whether CSI-RS resource shall be used for the computation of TRS purposes. Furthermore, this information element  includes also  set ID(s) /SSB index and CSI-RS resource ID(s)/SSB resources to inform UE about resource(s)  or set(s) based on which UE shall compute TRS related estimates.  For resources 1 and 3 within the resource set 1,  TRS_INFO is set to {‘ON’,-,3} and {‘ON’,-,1}, respectively. For resources 1 and 3 within the resource set 2,  TRS_INFO is set to {‘ON’,-,3} and {‘ON’,-,1}, respectively. Furthermore, in both sets 1 and 2 resources 1 and 3 and spatially quasi-colocated (QCL):ed with each other. Again, same QCL association is applied for the CSI-RS set 2. The resource element configuration for each resource is configured as 1-antenna port configuration with a specific resource element density per physical resource block, e.g. 1, 3, 4,6.  
As a result of the previous described configuration,  residual time-frequency offset estimation and Doppler  can be performed as a part of DL P1 beam management at UE side. To enable this, one symbol beam scheduling restriction for P1 in each measurement is introduced. In addition, the TRS transmission periodicity in time needs to aligned  the time periodicity of DL BM CSI-RS. Furthermore, the width of fine frequency offset estimation window is limited by the supported CSI-RS symbol locations in NR.  Despite of these limitations,  the proposal enables to signicantly reduce signaling overhead compared to the transmission of separate X=2 based TRS transmission.
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Figure 1 An example of the utilization of periodically transmitted  DL P1 beam management CSI-resources  for fine-and time frequency tracking.

Figure 2 shows  an example of the exploitation of periodically transmitted downlink P1 beam management CSI-RS (CSI-RS set 1) and separately configured resources for 1-AP CSI-RS resources (CSI-RS sets 2,3 ) as well as separately configured resources for 1-AP CSI-RS resources (CSI-RS sets 4,5 ) for TRS functionality. All CSI-RS resource sets with resources therein have been user-specifically configured by RRC, namely, CSI-RS sets 1-5. Moreover, it is assumed that each resource is mapped  to single or multiple antenna ports associated with CSI-RS. By RRC-signaling the NR higher layer parameter, ResourceConfigType  associated  with resource sets is configured to be periodic. The time periodicity of both set 2 and 3 is configured by higher layer parameter, CSI-RS-timeConfig, e.g. {5,10, 20, 40, 60, 80, 160, 320, 640}, to be same as with the CSI-RS set 1  in time/slot units.  The time periodicity of CSI-RS sets 4 and 5 is configured to be shorter in time with respect to set 1,2, and 3. Here, TRS_INFO is set to {ON, {2, 3},-} for resources 1 and 3 in  CSI-RS resource set 1. For resource set 2 the TRS_info parameter is set  to {ON, sets {1,3},-} and set 3 {ON, sets{1,2},-}. Furthermore,  resources 1 and 3 are spatially QCL:ed with each other in resource set 1. Moreover, the resource 1 in both sets 2 and 3, is spatially QCL:ed with resources 1 and 3 within the resource set 1. Additionally, resource 1 in both sets 4 and 5 are QCL:ed with each other. The resource element configuration for each resource is configured as 1-antenna port configuration with a specific resource element density per physical resource block, e.g. 1, 3, 4,6.  
As a result of the given configuration,  residual time-frequency offset estimation and Doppler spread/shift estimation can be performed based on P1 BM CSI-RS resources, i.e. set 1 and separately configured resources, i.e. set 2 and 3 UE side. Additionally, instead of performing delay spread estimation on CSI-RS resource,  delay spread estimation at UE-side can be performed based DMRS resource elements associated with physical shared data channel transmission (PDSCH) which may provide more accurate delay spread estimation. Moreover, the time periodicity of CSI-RS sets 4, 5 is configured to be shorter with respect to the CSI-RS sets 1 and 2. As a result of this, enhanced time and frequency offset tracking as well as Doppler spread/shift estimation can be enabled with reduced refence signal overhead.
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Figure 2 The joint use of periodically configured DL BM P1 CSI-RS resources (CSI-RS set 1) with periodically configured 1-AP CSI resources (CSI-RS sets 2,3 ) and additional 1-AP CSI-RS resources (CSI-RS sets 4,5).

Observation 4:  CSI-RS BM P1  + (first CSI-RS) 1-AP TRS(X=1, N=2) enables to perform Doppler  and fine frequency and timing offset estimation.  

Observation 5: (second CSI-RS) 1-AP TRS(X=1, N=2) enables to perform fine frequency and timing offset estimation with shorter time periodicity with respect to CSI-RS BM P1+ first CSI-RS resource pair.  

Observation 6: DMRS associated with PDSCH enables to perform accurate delay spread estimation without extra signalling overheads. 
Figure 3 shows an example of the exploitation of periodically transmitted SSB and separately configured resources for 1- AP CSI-RS resources (CSI-RS sets 1,2 ) as well as separately configured resources for 1-AP CSI-RS resources (CSI-RS sets 3,4 ) for TRS functionality. All CSI-RS resource sets with resources therein have been user-specifically configured by RRC, namely, CSI-RS sets 1-4. Moreover, it is assumed that each resource is mapped  to single or multiple antenna ports associated with CSI-RS. By RRC-signaling the NR higher layer parameter, ResourceConfigType  associated  with CSI resource sets 1,2,3,and 4 is configured to be periodic. The time periodicity of set 1 is configured by higher layer parameter, CSI-RS-timeConfig, to be aligned with the time periodicity of SSB. Here, TRS_INFO is set to {ON, SSB 8,-} for resources 1 in both CSI-RS resource sets 1 and 2. Furthermore, CSI-RS resources of set 1 and 2 are spatially QCL:ed with DMRS resources associated with PBCH with SSB.  Additionally, resources 1 and 1 are spatially QCL:ed with each other over resource sets 1 and 2. Moreover, the resource 1 in both sets 2 and 3, is spatially QCL:ed with each others. Additionally, resource 1 in both sets 3 and 4 are QCL:ed with each other. The resource element configuration for each resource is configured as 1-antenna port configuration with a specific resource element density per physical resource block, e.g. 1, 3, 4,6. 
As a result of the given configuration,  residual time-frequency offset estimation and Doppler spread/shift estimation can be performed based on SSB- resources and CSI-RS sets 1 and 2 at UE side. Additionally, instead of performing delay spread estimation on CSI-RS resource,  delay spread estimation at UE-side can be performed based DMRS resource elements associated with physical shared data channel transmission (PDSCH) which may provide more accurate delay spread estimation.  Moreover, the time periodicity of CSI-RS sets 3, 4 is configured to be shorter with respect to the CSI-RS sets 1 and 2. As a result of this, enhanced time and frequency offset tracking as well as Doppler spread/shift estimation can be enabled with reduced refence signal overhead.
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Figure 3 The joint use of periodical SSB  with periodically configured 1-AP CSI resources (CSI-RS sets 1,2 ) and additional 1-AP CSI-RS resources (CSI-RS sets 3,4).
Observation 7: SSB(3,5) + (first CSI-RS) 1-AP TRS(X=1, N=2) enables to perform Doppler and fine frequency and timing offset estimation.  

Observation 8: (second CSI-RS) 1-AP TRS(X=1, N=2) enables to perform fine frequency and timing offset estimation with shorter time periodicity with respect to SSB+ first CSI-RS resource pair.  

Proposal 1: To enhance higher layer configurability  of CSI-RS based  TRS RRC-configurations,  support higher layer configured parameter, i.e. TRS_INFO, to configure CSI-RS resources for TRS purposes. The higher layer configured parameter, TRS_INFO, consists of three different elements {element 1, element 2, element 3}: 

· Element 1: boolean value information element associated with the CSI-RS resource, i.e, TRS purposes to {‘ON/OFF’}. 
· Element 2: a CSI-RS resource CSI-set ID or SSB resource indicator being used with this specific resource. 
· Element 3: CSI-RS resources ID(s) or CRIs or SS-block resource that are used with this specific resource ID. 
Proposal 2: Support CSI-RS based TRS configuration(X=1,N=2) both below and above 6GHz. 
Proposal 3: Support for above 6GHz, the joint use of CSI-RS based TRS configuration(X=1, N=2) and CSI-RS BM P1-P3 resource configurations. 

Proposal 4: Support for below and above 6GHz, the joint use of CSI-RS based TRS configuration (X=1, N=2) and SSB resource configurations.

Proposal 5: To enable accurate and low reference signal overhead based delay spread estimation at below and above 6GHz, support DMRS associated with PDSCH based delay spread estimation. 

Proposal 6: Support for above 6GHz the joint use of CSI-RS based TRS configurations and SSB and/or CSI-RS BM P1-P3 resource configurations with the following parametrization: 
· X=1, N=2, St=4, Sf=4
· Different periodicities can be configured for different resource pairs or resources in the context of joint use of reference signal and SSB resources. 
3
Numerical Results

In this section, link-level evaluation results for the agreed parameter down-selection with different TRS configurations are provided. Firstly, the throughput performance of the PDSCH in the presence of frequency drifting of UE oscillator is evaluated. Secondly, the throughput performance of TRS based Doppler estimation is evaluated. 

The frequency drifting of oscillator at UE-side is modelled with linear model by assuming the frequency drift rate of 0.16 ppm/s. The set of different time periodicities, i.e. {10, 20, 40, 80}ms for CSI-RS based TRS is considered. Further details of the simulation parameters are summarized in Appendix.

3.1 Frequency Estimate

Regarding to the down-selection of  available three options, from the perspective of frequency offset estimation, all different symbol position options share same symbol spacing within a slot, i.e. St=4, i.e. option-1[4 8], option-2[5 8], option-3[6 10], resulting to a similar throughput performance. Therefore, only one of them is used to perform frequency offset estimation. 
Observation 9: From the perspective of frequency offset estimation, all three different symbol position options, i.e. option-1[4 8], option-2[5 8], option-3[6 10], share same symbol spacing, St=4, within a slot resulting to a similar throughput performance.
Figure 4a) (X=2, N=2+2), B=24, b) (X=2, N=2+2), B=50,Figure 5 a) (X=1,N=1), B=24, Figure 5 b) (X=1,N=1), B=50  show the PDSCH throughput comparison of TRS transmission with different paramterizations, frequency drift rate of 0.16 ppm/s, SCS=15KHz, and  velocity of 3km/h. Here, different TRS burst periodicities are mentioned in the legend text. The throughput results take into account the reference signal overhead of different TRS configurations. The result of the ideal frequency offset estimation without any overhead is marked with black colour. As can be seen, to track frequency drifting of UE oscillator accurately enough, the burst periodicity of 40ms provides overall the best throughput performance over considered SNR range. Even though the burst periodicity of 10ms enables to track the most accurately the drifting, it causes also the highest overhead leading to worst throughput performance at high SNR range. As shown, the results between two bandwidth options, i.e. B=24 vs. B=25, with different burst periodicities lead nearly to the same throughput performance.   

Observation 10: The bandwidth size of TRS has a minor impact to frequency offset estimation performance in both (X=1, N=2) and (X=2, N=2+2) TRS configurations. 
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Figure 4 PDSCH throughput with TRS (X=2, N=2+2), frequency drift rate of 0.16 ppm/s, B = {24,50} PRBs, Y={10, 20, 40, 80}ms, SCS = 15KHz and velocity of 3km/h.
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b) B=50 PRB

Figure 5 PDSCH throughput with TRS(X=1, N=1), frequency drift rate of 0.16 ppm/s , B = {24,50}PRBs, Y={10, 20, 40, 80}ms, SCS = 15KHz and velocity of 3km/h.

Figure 6 a) Y=80ms, a) Y=40ms, Figure 7 a) Y=20ms and Figure 7 b) Y=10ms, show the throughput comparison between TRS(X=1,N=2) and (X=2, N=2+2) with different bandwidth options, i.e. B=24 and B=50. When the TRS burst periodicity is less than 40ms, the reference signal overhead related to the TRS configuration (X=2, N=2+2) degrades significantly the throughput performance of PDSCH. TRS (X=1,N=2) outperforms. Therefore, it is beneficial to support the TRS configuration (X=1, N=2).  
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b) Y=40 ms

Figure 6 PDSCH throughput with TRS(X=1, N=2) and (X=2, N=2+2), frequency drift rate of 0.16 ppm/s,Y ={80,40}ms, B = {24,50}, SCS = 15KHz and velocity of 3km/h.
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Figure 7 PDSCH throughput comparison between (X=1, N=2) and (X=2, N=2+2) with frequency drift rate of 0.16 ppm/s ,Y ={20,10}ms, B = {24,50}, Y ={20,10}ms, SCS = 15KHz and velocity of 3km/h.

Observation 11: When the TRS burst periodicity is less than 40ms, the reference signal overhead related to the TRS configuration (X=2, N=2+2) degrades significantly the throughput performance of PDSCH. 
Observation 12: Due to reduced reference signal overhead of TRS (X=1,N=2) with respect to (X=2, N=2+2), it is beneficial to support the TRS configuration (X=1, N=2) at below and above 6 GHz. 

3.2 Doppler Estimate

In this section, the throughput performance of PDSCH in the presence of difference UE velocities, i.e. 30, 60, and 120 km/h, with TRS based Doppler estimation is evaluated. 
It worth noting that the results of this sub-section are preliminary and will be updated later.
Figure 8 a) (X=2, N=2+2), 30km/h, Figure 8 b) (X=2, N=2+2), 60km/h, Figure 9 a) (X=2, N=2+2), 120km/h and Figure 10  a) (SSB [3,5] + (X=1, N=2)), 30km/h Figure 10 b) (SSB+(X=1,N=2)), 60km/h show the throughput performance of PDSCH in the presence of different velocities with TRS based Doppler estimation. The result of the ideal frequency offset estimation without any overhead is marked with black colour.  Instantenous  Doppler estimate is used to optimize the length of Wiener filter in time for DMRS associated with PDSCH. It is worth noting that the results have been obtained without any filtering of one-shot Doppler estimates. By implementing filtering of instantanous Doppler estimates, the final Doppler estimate used in channel estimator could be improved resulting improved throughput performance of PDSCH. In comparison of TRS (X=2, N=2+2), the joint use of SSB[3,5] and (X=1, N=2) uses only 24 PRBs. Furthermore, its time periodicity differs from TRS (X=2, N=2+2). These results will be updated later to share comparable parametrization.      
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a) velocity= 30 km/h











b) velocity=60 km/h
Figure 8 PDSCH throughput with different TRS (X=2, N=2+2) configurations:Y ={10,20}ms, B = {24,50} and SCS = 15KHz.
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Figure 9 PDSCH throughput with different TRS (X=2, N=2+2) configurations, Y ={10,20}ms, B = {24,50}, SCS = 15KHz and velocity of 120 km/h.
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b) velocity=60 km/h

Figure 10 PDSCH throughput with different (SSB [3,5] + (X=1, N=2)) configurations, Y ={40,80}ms, B = {24,50}, and SCS = 15KHz.

Figure 11 a) velocity =30km/h  and Figure 11 b) velocity =60km/h show the PDSCH throughput comparison when  TRS(X=2, N=2+2) and (SSB[3,5] + X=1, N=2) are used to provide instaneous Doppler estimate for Wiener based DMRS channel estimator. As can be observed, the joint use of SSB [3,5] and (X=1, N=2) can achieve at least as good performance as TRS(X=2, N=2+2). It is worth noting that these preliminary results do not take properly into account SSB overhead in the case of TRS (X=2, N=2+2). Therefore, by taking the overhead properly into account in the results, it results the joint use of SSB and (X=1, N=2) to outperform TRS(X=2, N=2+2). These results will be updated later.   
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Figure 11 PDSCH throughput with different (SSB[3,5] + (X=1, N=2)) and TRS (X=2, N=2+2) configurations, Y ={10, 20, 40,80}ms, B = {24,50}, SCS = 15KHz.
Observation 13: To improve estimation accuracy of instantanous  Doppler estimate, it would be benefical to introduce filtering for instataneous Doppler spread estimates. 
Observation 14: To enable enhanced Doppler estimation support for the TRS configuration(X=1, N=2), TRS can be combined with SSB resources and/or DL BM P1 CSI-RS resources  leading to a improved throughput performance without increasing any reference signal overhead. 

Observation 15: The bandwidth size of TRS has a minor impact to Doppler estimation.

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: To enhance TRS specific configurability in CSI-RS resource configuration framework, it is beneficial to include higher layer configured parameter TRS info into CSI-RS resource configuration framework.

Observation 2: Since the use of TRS configuration(X=2, N=2+2) with analog/hybrid analog-digital antenna array architechtures imposes scheduling restrictions in spatial domain in two consecutive time slots, it is beneficial to use TRS configuration(X=1, N=2) to reduce scheduling restrictions at above 6GHz.  

Observation 3: From a system perspective to reduce scheduling restrictions as well as reference signal overheads, it would be beneficial to combine the TRS resources with periodic CSI-RS resources used for DL BM P1 procedures and/or with SSB resources at above 6GHz. The reductions of reference signal overheads can be also obtained by combing the use of reference signals for TRS at below 6GHz.   

Observation 4:  CSI-RS BM P1  + (first CSI-RS) 1-AP TRS(X=1, N=2) enables to perform Doppler  and fine frequency and timing offset estimation.  

Observation 5: (second CSI-RS) 1-AP TRS(X=1, N=2) enables to perform fine frequency and timing offset estimation with shorter time periodicity with respect to CSI-RS BM P1+ first CSI-RS resource pair.  

Observation 6: DMRS associated with PDSCH enables to perform accurate delay spread estimation without extra signalling overheads. 
Observation 7: SSB(3,5) + (first CSI-RS) 1-AP TRS(X=1, N=2) enables to perform Doppler and fine frequency and timing offset estimation.  

Observation 8: (second CSI-RS) 1-AP TRS(X=1, N=2) enables to perform fine frequency and timing offset estimation with shorter time periodicity with respect to SSB+ first CSI-RS resource pair.  

Observation 9: From the perspective of frequency offset estimation, all three different symbol position options, i.e. option-1[4 8], option-2[5 8], option-3[6 10], share same symbol spacing, St=4, within a slot resulting to a similar throughput performance.
Observation 10: The bandwidth size of TRS has a minor impact to frequency offset estimation performance in both (X=1, N=2) and (X=2, N=2+2) TRS configurations. 
Observation 11: When the TRS burst periodicity is less than 40ms, the reference signal overhead related to the TRS configuration (X=2, N=2+2) degrades significantly the throughput performance of PDSCH. 
Observation 12: Due to reduced reference signal overhead of TRS (X=1,N=2) with respect to (X=2, N=2+2), it is beneficial to support the TRS configuration (X=1, N=2) at below and above 6 GHz. 

Observation 13: To improve estimation accuracy of instantanous  Doppler estimate, it would be benefical to introduce filtering for instataneous Doppler spread estimates. 
Observation 14: To enable enhanced Doppler estimation support for the TRS configuration(X=1, N=2), TRS can be combined with SSB resources and/or DL BM P1 CSI-RS resources  leading to a improved throughput performance without increasing any reference signal overhead. 

Observation 15: The bandwidth size of TRS has a minor impact to Doppler estimation.

Based on the discussions, the following proposals have been made:

Proposal 1: To enhance higher layer configurability  of CSI-RS based  TRS RRC-configurations,  support higher layer configured parameter, i.e. TRS_INFO, to configure CSI-RS resources for TRS purposes. The higher layer configured parameter, TRS_INFO, consists of three different elements {element 1, element 2, element 3}: 

· Element 1: boolean value information element associated with the CSI-RS resource, i.e, TRS purposes  {‘ON/OFF’}. 
· Element 2: a CSI-RS resource CSI-set ID or SSB resource indicator being used with this specific resource. 
· Element 3: CSI-RS resources ID(s) or CRIs or SS-block resource indicator that are used with this specific resource ID. 
Proposal 2: Support CSI-RS based TRS configuration(X=1,N=2) both below and above 6GHz. 

Proposal 3: Support for above 6GHz, the joint use of CSI-RS based TRS configuration(X=1, N=2) and CSI-RS BM P1-P3 resource configurations. 

Proposal 4: Support for below and above 6GHz, the joint use of CSI-RS based TRS configuration (X=1, N=2) and SSB resource configurations.

Proposal 5: To enable accurate and low reference signal overhead based delay spread estimation at below and above 6GHz, support DMRS associated with PDSCH based delay spread estimation. 

Proposal 6: Support for above 6GHz the joint use of CSI-RS based TRS configurations and SSB and/or CSI-RS BM P1-P3 resource configurations with the following parametrization: 

· X=1, N=2, St=4, Sf=4

· Different periodicities can be configured for different resource pairs or resources in the context of joint use of reference signal and SSB resources. 
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Appendix – Simulation Assumptions
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